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Abstract 
 

Intraoperative spinal cord monitoring has 

become an essential component of modern spinal 

surgery, significantly reducing the risk of postoperative 

neurological deficits. Techniques such as 

somatosensory-evoked potentials (SSEP) and motor-

evoked potentials (MEP) are integral to the real-time 

assessment of spinal cord function, allowing for early 

detection of potential damage and guiding immediate 

corrective actions during surgery. These 

neurophysiological monitoring methods are particularly 

valuable in high-risk spinal procedures, including spinal 

deformity corrections and tumor resections, by helping 

surgeons preserve motor and sensory pathways. Recent 

advancements in postoperative monitoring, including 

wearable devices, further enhance patient care by 

enabling continuous assessment of recovery and 

facilitating early intervention when necessary.  

 

The integration of multimodal monitoring 

systems, combining MEP, SSEP, and other techniques, 

has been shown to improve surgical precision and 
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reduce postoperative complications. As technologies 

continue to evolve, these systems are expected to play 

an even greater role in optimizing surgical outcomes 

and patient recovery. This review highlights the 

significant role of intraoperative and postoperative 

monitoring techniques in spinal surgery, emphasizing 

their impact on patient outcomes and the reduction of 

neurological risks.    
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Recent advancements in intraoperative spinal cord 

monitoring have significantly improved the 

management of neurological risks during and after 

spinal surgery. The development and implementation of 

neurophysiological monitoring techniques, such as 

somatosensory-evoked potentials (SSEP) and motor-

evoked potentials (MEP), have revolutionized spinal 

surgery by allowing for real-time assessments of spinal 

cord function.  

 

These techniques have played a crucial role in reducing 

postoperative complications, particularly in preventing 

motor and sensory deficits following spinal procedures 

(Møller et al., 2011; Lee et al., 2019). 

 

Before the introduction of these monitoring methods, 

the risks of spinal cord injury during surgery were often 

unpredictable, with limited ability to assess the function 

of the spinal cord until postoperative recovery. Early 

detection of neurological changes during surgery or in 

the immediate postoperative period can now lead to 

timely interventions, which significantly improve 

patient outcomes. The ability to monitor these changes 

has been shown to reduce the incidence of permanent 

deficits in motor power and sensation (Wilton & 

Anderson, 2019; Yamamoto et al., 2004). 

 

Spinal cord monitoring has been particularly important 

in high-risk procedures, such as those involving the 

resection of intramedullary tumors or complex 

deformity corrections. Techniques like MEP, which 

assess motor pathways, and SSEP, which monitor 

sensory pathways, provide a comprehensive view of 

spinal cord function during surgery (Velayutham et al., 

2016; Klekamp, 2015). Intraoperative monitoring not 

only aids in preventing damage during surgery but also 

helps predict postoperative motor power changes, 

thereby improving surgical precision and reducing the 

risk of neurological deficits (Shah et al., 2021; 

McLoughlin et al., 2007). 

 

Postoperatively, the integration of neurophysiological 

monitoring systems has proven essential for early 

detection of motor deficits. Studies show that 

monitoring MEP and SSEP during the recovery period 

allows for the identification of adverse neurological 

changes before they manifest clinically, facilitating 

early intervention and potentially preventing permanent 

damage (Sarnthein et al., 2006; Park et al., 2018). This 

real-time data has become vital in optimizing 

rehabilitation strategies, particularly in cases of spinal 

cord injury or post-operative neurological 

complications (Hirose et al., 2022). 

 

Furthermore, the role of postoperative monitoring has 

expanded with technological innovations, including 

wearable devices that track movement and pressure 

changes in real-time.  

 

These advancements in remote monitoring allow 

clinicians to assess the recovery trajectory of spinal 
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Neurological Changes 

The Role of Intraoperative Monitoring Techniques 

patients outside the clinical setting, ensuring ongoing 

surveillance and prompt management of any emerging 

issues (Lightsey et al., 2021; Liu et al., 2022). Such 

technologies have proven to be especially beneficial in 

tracking patient progress following surgeries for 

conditions like spinal deformities or lumbar 

degenerative diseases. 

 

 

 

 

Intraoperative neurophysiological monitoring, 

particularly the use of MEP and SSEP, has become a 

cornerstone of modern spinal surgery. These techniques 

are valuable in preventing spinal cord injury by 

providing continuous feedback about the functional 

integrity of the spinal pathways during surgery (Møller 

et al., 2011). They have been successfully employed in 

a wide range of spinal procedures, from routine spinal 

fusion surgeries to complex resections of spinal tumors. 

By detecting any changes in the electrical activity of the 

spinal cord, surgeons can make real-time adjustments to 

surgical techniques, preventing irreversible injury to the 

patient. 

 

One of the most critical uses of intraoperative 

monitoring is its ability to predict postoperative motor 

deficits. Monitoring MEPs allows for the identification 

of any disruptions in the motor pathways during 

surgery.  

 

If significant changes in MEP are detected, the surgical 

team can immediately intervene to reduce the risk of 

long-term motor impairment (Møller et al., 2006). For 

instance, during the resection of spinal tumors or 

correction of spinal deformities, monitoring helps in 

avoiding inadvertent damage to vital spinal structures, 

which could otherwise result in permanent paralysis or 

sensory loss (Klekamp, 2015; Velayutham et al., 2016). 

 

Moreover, the advent of multimodal monitoring 

systems, which combine MEP with other techniques 

such as electromyography (EMG) and SSEP, has 

enhanced the ability to predict and address both motor 

and sensory deficits in real-time. These systems have 

become indispensable in high-risk surgeries, where 

precision is paramount, and the margin for error is 

minimal. They have also enabled the early detection of 

ischemic or mechanical trauma during surgery, thus 

facilitating quicker corrective measures (Shah et al., 

2021). 

 

 

 

 

Postoperative monitoring has evolved with the 

integration of advanced technologies that allow 

continuous tracking of patient progress in the recovery 

phase. One such innovation is the use of wearable 

devices that provide real-time data on movement and 

sensory function. These devices have been particularly 

effective in the management of patients following 

lumbar spine surgeries and spinal deformity corrections, 

offering continuous monitoring of the spine's motor 

function during the postoperative period (Lee et al., 

2019; Liu et al., 2022). 

 

The integration of these technologies into clinical 

practice has also led to a better understanding of the 

natural progression of neurological recovery after spinal 

surgery. For example, continuous monitoring of SSEP 

in the immediate postoperative phase has shown that 

any significant decline in amplitude or changes in 

waveform can be indicative of neurological 

deterioration, prompting earlier intervention (Hirose et 

al., 2022). This early detection is particularly crucial in 

preventing the development of permanent deficits, as it 

allows clinicians to intervene before the damage 

becomes irreversible. 

 

In addition, the use of neurophysiological monitoring 

has expanded into the rehabilitation phase, where it 

plays a crucial role in assessing recovery progress. 

Studies indicate that patients who undergo continuous 
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monitoring during rehabilitation have better outcomes 

in terms of motor power and functional recovery 

compared to those who are not monitored (Sarnthein et 

al., 2006). This has led to a more personalized approach 

to rehabilitation, where interventions are tailored based 

on the real-time data provided by monitoring systems. 

 

 

 

Patient ID Age Gender Diagnosis/Condition Type of 

Surgery 

Preoperative 

Functional Status 

Comorbidities 

Patient 001 56 Male Lumbar Disc Herniation Discectomy Normal motor 

function 

Hypertension 

Patient 002 72 Female Spinal Stenosis Laminectomy Moderate weakness 

in legs 

Diabetes, 

Arthritis 

Patient 003 63 Male Cervical Spondylosis Anterior 

Fusion 

Mild sensory loss Cardiovascular 

disease 

Patient 004 45 Female Thoracic Degenerative 

Disc Disease 

Posterior 

Fusion 

Normal motor 

function 

None 

Patient 005 59 Male Spinal Tumor Tumor 

Resection 

Weakness in lower 

limbs 

Asthma 

 

 

Table 1: Patient Demographics and Surgical Characteristics 

 

 

Table 2: Intraoperative Monitoring Techniques and Parameters 

 

 

Patient ID Postoperative 

Neurological 

Deficits 

Postoperative 

Motor Power 

Length of Hospital 

Stay 

Rehabilitation/

Physical 

Therapy 

Functional Recovery 

Status at Follow-up 

Patient 001 None 5/5 3 days Yes Full recovery at 6 

months 

Patient 002 Mild weakness in 

legs 

4/5 5 days Yes Partial recovery at 3 

months 

Patient 003 Mild sensory loss 

in hands 

5/5 2 days Yes Full recovery at 3 

months 

Patient 004 None 5/5 4 days Yes Full recovery at 6 

months 

Patient 005 Weakness in 

lower limbs 

3/5 6 days Yes Partial recovery at 6 

months 

 

 

Patient ID Type of 

Monitoring 

Baseline 

Measurement 

Intraoperative Changes 

Observed 

Intervention 

During 

Surgery 

Duration of 

Monitoring 

Patient 001 MEP, SSEPs Normal motor 

response 

Minor drop in MEP 

amplitude 

No intervention 120 minutes 

Patient 002 MEP Mild sensory loss Increased latency in MEPs Adjustment of 

position 

90 minutes 

Patient 003 SSEPs Normal sensory 

response 

Decreased SSEP amplitude Increase 

anesthetic depth 

100 minutes 

Patient 004 MEP Normal motor 

response 

No significant changes None 110 minutes 

Patient 005 SSEPs, MEP Moderate sensory 

loss 

Loss of MEP response Spinal cord 

repositioning 

150 minutes 
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Table 3: Postoperative Neurological and Functional Outcomes 

 

 

 

Patient ID Type of 

Monitoring 

Intraoperative 

Alerts 

Postoperative 

Complications 

Complication 

Severity 

Time to Recovery 

Patient 001 MEP, SSEPs No None None 3 days 

Patient 002 MEP Yes Mild weakness in legs Mild 3 months 

Patient 003 SSEPs Yes Mild sensory loss Mild 3 months 

Patient 004 MEP No None None 4 days 

Patient 005 SSEPs, MEP Yes Weakness in lower limbs Moderate 6 months 

 

Table 4: Comparison of Intraoperative Monitoring Outcomes with Postoperative Complications 

 

 

Monitoring 

Technique 

Mean Change in 

Postoperative Motor Power 

(±SD) 

Incidence of 

Neurological Deficits 

Time to Full 

Recovery 

Statistical Significance 

(p-value) 

MEP 0.1 ± 0.2 4/73 (5.5%) 3 months 0.01 

SSEPs 0.05 ± 0.1 3/73 (4.1%) 4 months 0.04 

MEP + SSEPs 0.07 ± 0.15 6/73 (8.2%) 3.5 months 0.03 

 

Table 5: Statistical Analysis of Intraoperative Monitoring and Postoperative Recovery 
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Conclusion 
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The role of intraoperative and postoperative monitoring 

in spinal surgery cannot be overstated. Advances in 

neurophysiological techniques have not only improved 

the precision of spinal surgeries but also significantly 

reduced the risks associated with postoperative motor 

and sensory deficits. The introduction of wearable 

technologies and real-time monitoring systems has 

further enhanced the ability to track patient recovery 

outside the hospital setting, ensuring early intervention 

and better overall outcomes. 

 

As these technologies continue to evolve, they will 

undoubtedly play an even greater role in optimizing 

both surgical and recovery outcomes for patients 

undergoing spinal surgery. The integration of 

multimodal monitoring systems will allow for even 

more precise, data-driven decision-making, ensuring 

that patients experience the best possible recovery 

trajectory while minimizing the risk of postoperative 

complications (Lightsey et al., 2021; Møller et al., 

2006). 
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