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Abstract 
Background: Multimodal IONM (MIONM) has been introduced to cause reduction in neurological 
complications and improve surgical safety. It has been proposed as a novel IONM method for comprehensive 
assessment of neurological integrity during deformity correction surgery in kyphoscoliosis. MIONM includes 
Electromyography (EMG) which assesses nerve root function, Somatosensory evoked potentials (SSEPs) 
mainly for monitoring spinal cord function and Motor Evoked Potentials (MEPs) detects nerve root injury 
during spinal deformity correction.   
Objectives:  Baseline amplitude and latency time of Train of Four (TOF), Motor Evoked Potentials, 
Somatosensory Evoked Potentials were recorded two days before the surgery and after induction of anaesthesia, 
at the time of incision, after each pedicle screw and rod placement and at the time of closure. Persistent 
unilateral or bilateral reduction in amplitude ≤50% for SEPs or increase in latency (>10%) of the baseline 
SSEPs and ≤50% for TES-MEPs compared with baseline an increase in the latency of the MEPS of >50%, or 
significant change in the morphology (reduction in number of phases and complexity) and duration of the MEPs 
from one or more muscles, or an increase in the stimulus intensity required by >25%, or an increase in the 
number of stimulus trains required or Appearance of high amplitude waves in raw/triggered EMGs were 
defined. Follow up of patients for post-operative complication by performing MEPs and SSEPs after surgery 
were done. 
Methods and Materials: 7 Patients coming to ortho OPD with complaints of deformity of back and difficulty 
in walking were enrolled in the study. All subjects underwent deformity correction surgery using IONM for 
kyphoscoliosis in AIIMS Patna. Screening and Clinical examination of all the patients were done from Ortho 
OPD of AIIMS Patna after taking written informed consent. The NIM-Eclipse™ System is a multi-functional, 
32 channel monitor designed for intraoperative and ICU applications. The system was used to simultaneously 
monitor EEG, evoked potentials (EP) and spontaneous and triggered EMG activity. Epi Info 7.0 version for 
windows was used for data entry and analysis. Statistical analyses was performed using SPSS 20 for Windows.  
Case report: Mean age group of 7 patients was (21.43±6.9) years. Out of 7 patients, one was a k/c/o of 
Neurofibromatosis type 1 and 2 patients had a H/O ATT intake. On local examination, kypho-scoliotic 
deformity with lateral bending present, localised tenderness was present. Motor and sensory system examination 
were found to be normal. Final diagnosis of Kypho-scoliosis was made and patients were advised for admission 
for surgery. MIONM for these 7 diagnosed cases of kyphoscoliosis was done who underwent deformity 
correction surgery during September 2021 to august 2022 in AIIMS Patna. 
Conclusion: MIONM is an effective and accurate method of assessing nerve root function reducing post-
operative neurological complications in kyphoscoliosis cases.  
Keywords: Multimodal intraoperative neurophysiological monitoring, Motor-evoked potentials, 
Somatosensory-evoked potentials, Electromyography. 
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Introduction 

Intraoperative neurophysiological monitoring 
(IONM) has been utilized in an attempt to 
minimize neurological damage during surgery, to 

identify important neural structures in the operative 
field, and thus to avoid and limit significant 
postoperative impairments. [1] IONM now an 
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integral part of many surgical procedures. The first 
use of intraoperative neurophysiological testing 
dates back to the 1930s, when direct cortical 
stimulation was performed in order to identify the 
motor cortex of patients with epilepsy; however, it 
was only with the development of the commercial 
IOM machine in the early 1980s that the technique 
became widely used. [2] 

Intraoperative neurophysiologic monitoring 
(IONM) comprises of a set of neurophysiological 
investigations done during operative procedures 
introduced to cause reduction in neurological 
complications and improve surgical safety. It 
includes Electromyography (EMG) which assesses 
nerve root function, Somatosensory evoked 
potentials (SSEPs) mainly for monitoring spinal 
cord function and Motor Evoked Potentials (MEPs) 
detects nerve root injury during spinal deformity 
correction. [3,4] 

Somatosensory evoked potentials (SSEPs) are 
useful for monitoring dorsal column spinal cord 
function, and their use during correction of 
deformities has been shown to improve neurologic 
outcome. Motor-evoked potentials (MEP) are 
produced by transcranial electrical stimulation of 
the motor cortex, which results in direct 
depolarization of the pyramidal tract neurons and 
conduction down spinal pathways. Evoked 
potentials are then recorded as a myogenic 
response in the form of a compound muscle action 
potential (CMAP) via needle electrodes placed in 
distal muscle groups of non- paralyzed patients. 
Neurogenic motor-evoked potential has been 
shown to have 100% sensitivity.  

Neurogenic motor-evoked potential in conjunction 
with SSEP is recommended to improve the 
sensitivity and specificity of the neuromonitoring in 
scoliosis surgery. When used together, SSEP and 
NMEP permit sequential assessment of both the 
dorsal sensory and ventral motor columns, 
respectively. Electromyography (EMG) comprises 
of free run raw EMG and trigger EMG. Free-
running EMG detects mechanical irritation of the 
nerve. It can be recorded in the innervated muscles 
without electrical stimulation of the nerve. Trigger 
EMG is performed by electrically stimulating the 
nerves and recording the resulting compound 
muscle action potentials in the innervated muscle. 
Stimulated EMG is advantageous for the following 
reasons: operating surgeons can be informed of the 
anatomical variation of the motor nerves in 
individual patients; functions of the nerves can be 
identified which can be motor or sensory; and the 
proximity of the surgical procedures or device, 
such as a pedicle screw of the spine, to the 
endangered nerves can be observed. [4] 

The combination of SEPs, EMG and TES-MEPs 
provides global monitoring coverage of spinal cord 

function. Therefore, IONM has been proposed as a 
novel method for comprehensive assessment of 
neurological integrity during deformity correction 
surgery in kyphoscoliosis. Aim was to study the 
diagnostic accuracy of Intraoperative 
neurophysiologic monitoring (IONM) to assess 
surgical safety and postoperative neurological 
complications during deformity correction surgery 
in patients of kyphoscoliosis.  

Materials & Methods 

7 Patients coming to ortho OPD with complaints of 
deformity of back and difficulty in walking were 
enrolled in the study. All subjects underwent 
deformity correction surgery using IONM for 
kyphoscoliosis in AIIMS Patna. Screening and 
Clinical examination of all the patients were done 
from Ortho OPD of AIIMS Patna after taking 
written informed consent. The NIM-Eclipse™ 
System is a multi-functional, 32 channel monitor 
designed for intraoperative and ICU applications. 
The system was used to simultaneously monitor 
EEG, evoked potentials (EP) and spontaneous and 
triggered EMG activity. 

Baseline amplitude and latency time of Train of 
Four (TOF), Motor Evoked Potentials, 
Somatosensory Evoked Potentials were recorded 
two days before the surgery and after induction of 
anaesthesia, at the time of incision, after each 
pedicle screw and rod placement and at the time of 
closure. Persistent unilateral or bilateral reduction 
in amplitude ≤50% for SEPs or increase in latency 
(>10%) of the baseline SSEPs and ≤50% for TES-
MEPs compared with baseline an increase in the 
latency of the MEPS of >50%, or significant 
change in the morphology (reduction in number of 
phases and complexity) and duration of the MEPs 
from one or more muscles, or an increase in the 
stimulus intensity required by >25%, or an increase 
in the number of stimulus trains required or 
Appearance of high amplitude waves in 
raw/triggered EMGs were defined. Follow up of 
patients for post-operative complication by 
performing MEPs and SSEPs after surgery were 
done. 

Epi Info 7.0 version for windows was used for data 
entry and analysis. Statistical analyses was 
performed using SPSS 20 for Windows. The data 
extracted from MEPs, SSEPs, EMG, TOFs and 
other continuous variables were analysed by 
comparing the mean values after checking for 
normality. The nominal and categorical variables 
were analysed using non parametric tests. 
Comparison of electrophysiological changes was 
done pre and post deformity correction surgery 
using Paired T Test. Correlation was studied using 
Pearson’s correlation if normal variance is present. 
Spearman’s Correlation test were used for non-
parametric data. Regression was used for 
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establishing quantitative relationship among 
variables. The continuous data was presented as 
mean with 95% confidence interval.  

Case Report: Mean age group of 7 patients was 
(21.43±6.9) years. Out of 7 patients, one was a 
k/c/o of Neurofibromatosis type 1 and 2 patients 
had a H/O ATT intake. On local examination, 
kypho-scoliotic deformity with lateral bending 
present, localised tenderness was present.  

Motor and sensory system examination were found 
to be normal. Final diagnosis of Kypho-scoliosis 
was made and patients were advised for admission 
for surgery. MIONM for these 7 diagnosed cases of 
kyphoscoliosis was done who underwent deformity 
correction surgery during September 2021 to 
august 2022 in AIIMS Patna. Reduction in MEPs 

and SSEPs amplitude of >50% were set as red 
flags. Post-operative causal nerve root pain and 
abnormal sensory movements of the lower 
extremities are the most common complications 
during these surgeries. Patterns of spinal cord 
injury were detected through IONM changes during 
spinal deformity correction surgery. 
Recommendations regarding the parameters that 
constituted an alert in IONM for scoliosis were 
made. We were able to identify direct trauma 
causes of IONM changes. The effects of the 
interventions performed in response to intra-
operative events and follow up of patients for 
postoperative complications were observed. 
Relation between different causes of IONM alerts 
and duration of recovery could be made through 
this case report. 

 

 
Figure 1: Showing technique of electrode placement for IONM during deformity correction surgery of 

Kyphoscoliosis. 
Figure 2: Showing recording of SSEPs, MEPs and raw EMGs on monitor screen as a part of IONM 

during deformity correction surgery of Kyphoscoliosis. 
 
 

 

Electrodes placement & MIONM monitoring during surgery
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Figure 3,4: MEPs recorded for patient no. 1 after 2 screws placement and at the time of closing of 

surgery. 

 
Figure 5,6: MEPs recorded for patient no. 2 at the time of incision and  after 2 screws placement. 

Electrodes placement & MIONM monitoring during surgery

Patient No. 2.
Date of Surgery: 25/10/2021

At the &me of incision A.er 2 screws placement
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Figure 7,8: MEPs recorded for patient no. 7 after screws and rod placement respectively. 

 
Discussion 

Research studies have been done on emphasizing 
the importance of using various modalities of 
IONM for improving the surgical outcome of 
kyphoscoliosis in different age groups but a pre-
defined protocol has not been properly established. 

Parthasarathy D et al. conducted a systematic 
review study on diagnostic accuracy of motor 
evoked potentials to detect neurological deficit 
during idiopathic scoliosis correction. The authors 
searched the PubMed and Web of Science database 
for relevant lists of retrieved reports and/ or 
experiments published from January 1950 through 
October 2014 for studies on TcMEP monitoring 
use during IS surgery. They concluded that a 
patient with a new neurological deficit resulting 
from IS surgery was 250 times more likely to have 
changes in TcMEPs than a patient without new 
deficit. The authors’ findings from 2102 operations 
in patients with IS show that TcMEP monitoring is 
a highly sensitive and specific test for detecting 
new spinal cord injuries in patients undergoing 
corrective spinal surgery for IS. They could not 
assess the value of TcMEP monitoring as a 
therapeutic adjunct owing to the limited data 
available and their study design. [5] 

Chen Yu et al. studied the role of multimodal intra-
operative neurophysiological monitoring (IONM) 
in percutaneous endoscopic transforaminal lumbar 
interbody fusion surgery. MIONM data from 113 
consecutive patients who underwent PE-TLIF 
surgeries between June 2018 and April 2020 were 
retrospectively reviewed. Postoperative 
neurological deficits were documented and 
analyzed, and the efficacy and specificity of 
various IONM techniques were compared. They 
found that MIONM is more effective and accurate 
than unimodal monitoring in assessing nerve root 
function during PE-TLIF surgeries, reducing both 
neurological complications and false-negative 
findings. We recommend MIONM in PE-TLIF 
surgeries. [6] 

Yew Long Lo et al. did a systematic re-evaluation 
of intraoperative motor-evoked potential 
suppression in scoliosis surgery. Over a 5-year 
period, 250 patients with adolescent idiopathic 
scoliosis (AIS) who underwent corrective surgery 
with IOM were retrospectively analyzed for MEP 
suppression (MEPS). Their study suggested that 
early recognition of MEPS is important to prevent 
false positives in the course of IONM for spinal 
surgery. [7] 

Patient No. 7.
Date of Surgery: 08/08/2022

A.er screws placement A.er rod placement
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Parthasarathy D et al did a meta-analytical study on 
Diagnostic Accuracy of Combined Multimodality 
Somatosensory Evoked Potential and Transcranial 
Motor Evoked Potential Intraoperative Monitoring 
in Patients with Idiopathic Scoliosis. A systematic 
literature search was performed using 
PubMed/MEDLINE, Web of Science, and 
EMBASE from 1974 to January 2015. Seven 
studies comprising a total of 2052 patients with 
Idiopathic scoliosis were included in their meta-
analysis. The results of this meta-analysis 
demonstrated that combined multimodality SSEP 
and TcMEP monitoring possess some advantage 
over use of each alone, and that intraoperative 
neurophysiological monitoring may provide a 
valuable biomarker in detection of impending 
neurological injury. [9] 

Vishal K Kundnani et al. did an evaluation of 354 
consequtive cases undergoing Multimodal 
intraoperative neuromonitoring in corrective 
surgery for adolescent idiopathic scoliosis.  The 
study group consisted of 354 (female = 309; male = 
45) patients undergoing spinal deformity corrective 
surgery between 2004 and 2008. Patients were 
monitored using electrophysiological methods 
including somatosensory-evoked  

Potentials and motor-evoked potentials 
simultaneously. They concluded that neurogenic 
motor-evoked potential (NMEP) monitoring 
appears to be superior to conventional SSEP 
monitoring for identifying evolving spinal cord 
injury. Used in conjunction, the sensitivity and 
specificity of combined neuromonitoring may 
reach up to 100%. Multimodality monitoring with 
SSEP + NMEP should be the standard protocol to 
be used. [10] 

Daniel M et al. did a research study 
Neurophysiological Detection of Impending Spinal 
Cord Injury during Scoliosis Surgery. They 
reviewed the intraoperative neurophysiological 
monitoring records of 1121 consecutive patients 
(834 female and 287 male) with adolescent 
idiopathic scoliosis (mean age, 13.9 years) treated 
between 2000 and 2004 at four paediatric spine 
centres. This study found the advantage of 
monitoring the spinal cord motor tracts directly by 
recording transcranial electric motor evoked 
potentials in addition to somatosensory evoked 
potentials. Transcranial electric motor evoked 
potentials are exquisitely sensitive to altered spinal 
cord blood flow due to either hypotension or a 
vascular insult. Changes in transcranial electric 
motor evoked potentials are detected earlier than 
are changes in somatosensory evoked potentials, 
thereby facilitating more rapid identification of 
impending spinal cord injury. [12] 

 

Conclusion 

MIONM is more effective and accurate than 
unimodal monitoring in assessing nerve root 
function during kyphoscoliosis surgeries, reducing 
both neurological complications and false-negative 
findings. Thus, MIONM is an effective and 
accurate method of assessing nerve root function 
reducing post-operative neurological complications 
in kyphoscoliosis cases.  
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