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Multimodal intraoperative monitoring during
reduction of spine burst fracture and
dislocation prevents neurologic injury
Tong Yu, MMa, Yao Wang, MDa, Xi-Wen Zhang, MMb, Zhen-De Jiang, MMa, Xiu-Jie Zhu, MMa,
Qi-Yao Jiang, MMa, Jian-Wu Zhao, MDa,∗

Abstract
This study aims to evaluate the application of multimodal intraoperative monitoring (MIOM) in surgical treatment for spine burst
fracture and dislocation (SBFD) patients.
Eleven patients who underwent posterior reduction and instrumentation (PRI) for SBFD from June 2014 to July 2016were included

into the study. The function of the spinal cord was monitored by MIOM. The muscle strength of the lower extremities and American
Spinal Injury Association (ASIA) scores were, respectively, evaluated (before surgery, and at 1, 3, 6, and 12 months after surgery).
Furthermore, the extent of reduction was also assessed.
Muscle strength recovery, ASIA score changes, and the extent of reduction were correlated with MIOM results. Among the

11 patients who received surgery under MIOM, 8 patients with negative MIOM results during the operation did not demonstrate
neurological deterioration postoperatively and exhibited improvements in ASIA scores during follow-ups. However, among the
3 patients who encountered MIOM events (case 4, 7, and 8), 2 patients avoided nerve lesion and 1 patient suffered from neurologic
deterioration postoperatively.
The application of MIOM technology during PRI surgery may detect spinal cord impairment at the early stage, and operative

schemes can be modified before permanent nerve compromise is triggered by surgical manipulation.

Abbreviations: ASIA = American Spinal Injury Association, BBB = basso beattie bresnahan, CT = computer tomograph, ISCI =
iatrogenic spinal cord injury, MIOM = multimodal intraoperative monitoring, PRI = posterior reduction and instrumentation, SBFD =
spine burst fracture and dislocation, SSEPs = somatosensory evoked potentials, TcMEP = transcranial motor evoked potentials,
TEMG = triggered electromyography.
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1. Introduction

Spine burst fracture and dislocation (SBFD) is a common fracture
that frequently results from high energy trauma. Posterior
surgery is one of the most common surgical approaches in the
treatment of SBFD,[1–3] and posterior reduction and instrumen-
tation (PRI) has been successfully applied to spine unstable burst
fractures, as described by Dai et al[4] and Verlaan.[5] However,
fracture reduction and screw implantation are the 2 major high
risk manipulations during surgery, which may result in
neurological deterioration. Mechanical damage due to stretching
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of the nerve fibers during the reduction of the dislocation may
lead to catastrophic neurological impairment. In addition,
literatures have reported that the incidence of pedicle screw
misplacement ranged within 20% to 30%, and 1% of which
suffered from neurological damage that could bring about serious
consequences such as paralysis.[6,7] Therefore, it is relatively
indispensable for surgeons to clearly understand the real-time
feedback of nerve function during the critical phases of surgical
procedures. Kothbauer and Deletis.[8] and Hu et al[9] reported
that intraoperative monitoring could be perfectly applied in
spinal surgery, including scoliosis correction, intramedullary
tumor resection, and lumbosacral spinal canal surgery, and that
spinal cord monitoring technology can provide valuable
eletrophysiological signals. From the perspective of the authors
of the present study, MIOM technology could also be applied on
SBFD patients in PRI surgery to avoid spinal cord compromise,
such as themonitoring of the integrity of the spinal cord pathway,
especially when reduction and screw implantation are carried
out. The aim of the present study was to estimate the feasibility of
MIOM in surgical treatment for SBFD, and provide clinical
experience.

2. Material and methods

2.1. Patients

A total of 11 consecutive patients who underwent emergency PRI
surgery under MIOM at our institution between June 2014 and
July 2016 were included into the present study. All patients were
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Table 1

Patient characteristics.

Case no. Gender Age, years Level of lesion Reduction IOM
∗
change Additional neurological lesion

1 F 42 T12 Complete No None
2 F 28 T11 Complete No None
3 M 36 T11 Complete No None
4 M 41 T12 Incomplete TcMEP None
5 F 65 L1 Complete No None
6 M 59 T4 Complete No None
7 M 31 T1 Complete SSEP†, TcMEP‡, TEMGx Motor deficit
8 F 46 L1 Incomplete SSEP None
9 F 69 T12 Complete No None
10 F 18 T5 Complete No None
11 N 22 L2 Completely No None

IOM= intraoperative monitoring, SSEP= somatosensory evoked potential, TcMEP= transcranial motor evoked potentials, TEMG= triggered electromyography.
∗
Intraoperative monitoring.

† Somatosensory evoked potential.
‡ Transcranial motor evoked potential.
x Triggered electromyography.

Yu et al. Medicine (2018) 97:10 Medicine
diagnosed with fresh burst fracture dislocation, which occurred
at T4 in 1 patient, T5 in 1 patient, T11 in 3 patients, T12 in 3
patients, L1 in 2 patients, and L2 in 1 patient. Among these
patients, 1 patient presentedwith normal neurological function, 8
patients had incomplete paralysis, and 2 patients suffered from
complete paralysis (Tables 1 and 2). All patients underwent x-
rays, computer tomograph scans and MRI examinations
preoperatively. The grades of spinal cord function were,
respectively, evaluated (before surgery. and at 1, 3, 6, and 12
months after surgery; Table 3), according to the American Spinal
Injury Association (ASIA, Table 4) impairment scale system.
Muscle strength, including the quadriceps, anterior tibialis,
peroneus longus, gastrocnemius and soleus, were graded
according to the Medical Research Council scale.[10]

2.2. Anesthesia

General anesthesia with intubation was achieved using propofol
(200mg/kg), fentanyl (250mg), and midazolam (2mg) for all
patients. In addition, propofol (0.2–0.5mg/kg per hour) was
constantly infused for maintaining anesthesia. Short-acting
muscle relaxants with succinylcholine (1mg/kg) were only
provided during induction and intubation.
Table 3

Preoperative and postoperative American Spinal Injury Associa-
tion (ASIA) grades.

Case number Preoperative
Postoperative, months

1 3 6 12

1 D D E E E
2 C D D D E
3 D D D D E
4 E E E E E
2.3. MIOM techniques

MIOM, including somatosensory evoked potentials (SSEPs),
transcranial motor evoked potentials (TcMEP), and triggered
electromyography (TEMG), was conducted using the Nicolet
Endeavor CR IOM system.
The bilaterally posterior tibia nerves were stimulated by SSEP

at the ankle with an intensity of 16 to 40mA, a rate of 2. 9Hz,
and duration of 0.1 ms. SSEP was recorded from the needle
electrodes, which were placed on the scalp at locations C3 and
C4, and Cz was referenced to Fpz.
Table 2

Risk factors of iatrogenic spinal cord injury.

Risk factors ISCI
∗

Age Elder patients > young patients[30]

Gender Males > females[31]

∗
Iatrogenic spinal cord injury.

2

The TcMEP stimulating electrodes were placed on the scalp at
locations C1 and C2. A stimulation intensity that ranged within
100 to 400V was presented to the scalp at an interstimulus
interval of 2 ms for duration of 0.1 ms. TcMEP was recorded
from needle electrodes that were placed on the muscles, including
the bilateral vastus lateralis, tibialis anterior, gastrocnemius, and
abductor halluces.
TEMG was carried out with the stimulation of the head of

screws that were previously implanted. Cathodic electrical
stimulation was delivered through a brass electrode, which
was referenced to a needle type anode positioned in the
paraspinal muscle, with a stimulation intensity of 8.2mA, a
frequency of 2.5Hz, and duration of 0.3 ms.
2.4. Evaluations

The baselines of SSEP and TcMEP were measured after the
induction of anesthesia, but before the surgical operation. The
latency and amplitude of SSEP was continuously monitored, and
TEMG was generally performed after each screw insertion, as
required by the surgeon intraoperatively.
An abnormal SSEP was defined as a prolonged latency of more

than 10% or a peak-to-peak amplitude decline of more than
50%, when compared to baseline. An abnormal TcMEP was
defined as a TcMEP amplitude decrease of more than 50%. A
5 A B B B B
6 B B C C D
7 D A D D D
8 A A B B C
9 C C C C D
10 D E E E E
11 C C D D E



[11]

Table 4

American Spinal Injury Association (ASIA) impairment scale.

Grade Impairment scale Functional status

A Complete No motor or sensory function is preserved in sacral segments S4–S5
B Incomplete Sensory, but not motor function, is preserved below the neurological level and extends through sacral segments S4–S5
C Incomplete Motor function is preserved below the neurological level, and the majority of key muscles below the neurological

level have a muscle grade of<3
D Incomplete Motor function is preserved below the neurological level, and the majority of key muscles below the neurological

level have a muscle grade ≥3
E Normal Motor and sensory function are normal
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normal TEMG response, which was described by Isley et al as
the absence of an electrical response on stimulation at 8.2mA,
indicated that the pedicle screw was not in contact with the spinal
cord or nerve root. Otherwise, the screw was regarded as in
contact with the adjacent neurological structure.
3. Results

MIOM was applied to 11 SBFD patients who received PRI
surgery. Ten patients did not exhibit additional neurological
deficits, while 1 patient (case 7) suffered from iatrogenic
neurological impairment postoperatively. Furthermore, 9
patients had complete reduction and 2 patients had incomplete
reduction. Moreover, MIOM events occurred in 3 patients (case
4, 7, and 8). The details are presented as follows:
Case 4: A 41-year-old male presented with T12 burst fracture–

dislocation and normal neurological function (Fig. 1). PRI was
performed under MIOM. During the operation, TcMEP
amplitude decreased to 25% of baseline when the dislocated
vertebra was corrected to its anatomical position. The surgeon
was informed, and further corrective operation was suspended.
Then, signal changes were resumed (Fig. 2). Fixation was
maintained with a minor degree of correction than that designed.
Postoperative neurological function was normal.
Figure 1. A 41-year-old male who suffered from T12 burst fracture–dislocation rec
3D reconstruction of CT image. (D) Axial CT image.
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Case 7: A 31-year-old female presented with minor motor and
sensory dysfunction related to T11 burst fracture. The
preoperative muscle strength of both lower extremities was
grade IV. After placing the last screw, TEMG response, which
was elicited with extremely low current (<8.2mA), was positive,
and the amplitudes of SSEP and TcMEP rapidly decreased. After
excluding for interfering factors, the operation was suspended in
time. The responsible screw was immediately removed, the SSEP
returned to approximately 80% of the baseline, but TcMEP
continued to decline to more than 50% at the end of the surgery.
After the operation, the patient was incapable of moving her
right lower extremity, of which muscle strength was grade 0.
After a month of rehabilitation exercise, she had grade II muscle
strength of the right lower extremity. One and a half month later,
she had good motor function recovery, which presented with
grade IV.
Case 8: A 46-year-old female demonstrated complete

paralysis caused by severe L1 burst fracture. Preoperative
lower extremity muscle strength was grade 0. MIOM
was initially attempted using SSEP, TcMEP, and TEMG, but
TcMEP and TEMG could not be elicited. Ultimately, only
SSEP was utilized. The SSEP amplitude decreased to approxi-
mately 50% of baseline when the investigators attempted to
completely correct the fracture dislocation. The surgery was
eived emergency PRI surgery. (A) Sagittal CT image. (B) Coronal CT image. (C)
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Figure 2. A typical TcMEP change associated with surgical manipulation. The amplitude of TcMEP decreased to 25% of baseline during surgery when the
reduction was performed. The change was reversed by appropriate measures and returned to baseline at end of the surgery. No additional postoperative
neurological injury was observed. TcMEP= transcranial motor evoked potentials.
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suspended and the recordings spontaneously improved.
The instrumentation was implanted with incomplete reduction.
The amplitude of SSEP returned to baseline at the end of the
surgery.
4

4. Discussion
SBFD is a common spinal injury that often results from high-
energy trauma. The principle for treating SBFD mainly includes
the decompression of neural structures, the correction of angular
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deformities, the restoration of vertebral body height, and the
obtainment of stable fixation.[4,5,12–14] Surgery for SBFD remains
technically demanding due to the potential risk of postoperative
neurological deterioration such as sensory loss, lower limb
weakness, and even paralysis. At present,MIOMhas been widely
utilized to prevent neurological compromise in scoliosis correc-
tion[15] and intramedullary tumor resection surgery.[16,17]

MIOM data has been trusted by various authors.[8,9,15–19]

However, no studies have focused on the intraoperative spinal
cord function detected by MIOM during the reduction of the
fracture and dislocation. Therefore, the present study was
conducted to estimate the feasibility of MIOM on SBFD patients
in PRI surgery.
SSEP, TcMEP, and TEMG are the 3 common modalities of

neurophysiological monitoring, and each has its advantages and
shortcomings. The combination of these 3 models can enable the
comprehensive intraoperative monitoring of spinal cord injury,
and further minimize the occurrence of false positive and false
negative events.[20] Typically, SSEP monitoring has been utilized
for continuous detection, while TcMEP and TEMG recording has
been used intermittently. SSEP can only monitor the integrity of
sensory pathways. Thus, injury to the motor pathways would be
missed and may result in postoperative motor deficit.[21] On the
other hand, TcMEP and TEMG could help in perfectly offsetting
this shortage. SSEP and TcMEP have important roles in the
procedure of fracture reduction. Meanwhile, TEMG plays a
crucial role in identifying the position of the pedicle screw.
Therefore, these 3 modalities were chosen for spinal cord
monitoring in PRI surgery.
SBFD can be extremely unstable injuries that always need

operative management.[1,2,14,22] However, the reduction of the
dislocation may cause stretch injury to the spinal cord and
inferior clinical outcomes. Therefore, it is critical for the surgical
team to take measures to prevent this impending neurologic
injury as soon as possible. In the present study, 2 (case 4 and 8)
MIOM events were observed in the fracture-reduction process.
The surgeon considered that the decrease in amplitudes were
associated with the corresponding operation manipulation. After
the exclusion of systemic or anesthetic factors, the corresponding
actions were immediately taken, including the suspension of
further reduction, flushing the dura with warm normal saline to
wash out the blocking potassium,[17] intravenous methylprednis-
olone therapy, and the elevation of mean arterial pressure to
improve regional spinal cord perfusion. No additional postoper-
ative deficits were observed. We attribute this early detection of
neurological deficit to the utilization of MIOM.
Instrumentation with the screw–rod system has been success-

fully applied in SBFD patients for the stabilization of the spinal
column.[22] However, instrumentation in unstable spine fractures
remains challenging due to unstable segments, destroyed
anatomical landmarks, and discrepancies in anatomic orienta-
tion.[23] Furthermore, the misplacement of pedicle screws can
result in a high incidence of neurological complications.[24] Esses
et al[25] reported that 4.7% of patients experienced nerve root
lesions postoperatively. Jahangiri et al[26] suggested that the
sensitivity of MIOM in detecting malpositioned screws depends
on the frequency and accuracy of data collection. In the present
series, case 7 encountered neurological complications caused by
pedicle screw misplacement, which was early detected by TEMG,
SSEP, and TcMEP. The misplaced screw may lead to canal
narrowing and spinal cord compression, and delayed interven-
tion may result in serious consequences. It is paramount to collect
TcMEP and TEMG immediately after the implantation of each
5

screw, in order to timely detect the spinal cord injury. In a study
conducted by Dimar et al[27], the spinal canals of 42 rats were
placed with spacers. These rats were divided into 5 groups, and
the decompression time was prolonged by 0, 2, 6, 24, and 72
hours. Neurological function recovery was evaluated by trans-
cranial magnetic motor evoked potentials and serial basso beattie
bresnahan motor scores. The results of this study suggested that
early decompression is beneficial to the recovery of spinal cord
injury. Furthermore, neurological outcomes were related to the
time length of spinal cord compression. The longer the
compression, the worse the result was. In addition, other
studies[28,29] in humans also demonstrated that spinal cord
contusion and canal narrowing may benefit from early
decompression. In the present study, it was concluded that
MIOM can reflect the poor function of the spinal cord as soon as
possible, alert surgeons to immediately take actions, and
ultimately minimize the lesion degree of the spinal cord. In the
present study, a patient (case 7) with motor deficit was able to
receive great help from MIOM. It was suspected that if MIOM
was not carried out during the procedure, more severe or
irreversible spinal cord injury might have occurred.
The present data demonstrates that the use of MIOM in PRI

surgery could promptly detect iatrogenic neurological injury.
Therefore, rapid response by appropriate intraoperative inter-
ventions can be taken to minimize the injury. Second, stable
MIOM recordings encourage surgeons to reduce the dislocation,
even when the anatomical situation is extremely difficult.
Although positive results were achieved in the present study,

this study has a few limitations that should be mentioned. First, 2
patients (case 5 and 8) presented with complete paralysis and
nontypical SSEP was elicited during surgery. Furthermore,
MIOM was not able to identify the motor pathway injury
caused by the surgical operation. Second, when using TEMG to
determine the position of the screw, only the nerve dysfunction
could be detected, and other injuries such as vascular injury could
not be found. Therefore, patients with complete paralysis should
be given more attention to prevent iatrogenic lesion, and it is
necessary to verify the position of the pedicle screws by x-ray
fluoroscopy intraoperatively. Further large-scale patients of spine
injury should be included to evaluate the effectiveness of MIOM
technology in PRI surgery for SBFD patients.
5. Conclusions

The application of MIOM technology during PRI surgery may
detect spinal cord impairment at the early stage, and operative
schemes can be modified before the permanent neurological
compromise is triggered by surgical manipulation.
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