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Abstract
115 cases operated by the senior author in 27 years utilizing neurophysiological monitoring, using anterior cervical discectomy 

and corpectomy and immediate fixation using MRI compatible titanium screw and plate under Neurophysiological monitoring of 
somato sensory evoked potential and motor evoked potential, which helped immensely in preventing damage to neural structure and 
improving results, both for spinal surgeon and the patients.

The results evaluated and review of literature done.
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Introduction

Anterior cervical plating by MRI compatible plate and screw de-
vice under Neurophysiological monitoring is very useful and safe 
procedure for patient and convenient for Neurosurgeons. It also 
maintains alignment and prevents graft extrusion. It also helps in 
preventing late deformities and also removes the need for a sec-
ondary posterior cervical procedure [1].

Procedure under Neurophysiologocal monitoring reduces 
chances of neural damage and smooth procedure for Neurosur-
geon.

Anterior Approach to cervical spine and fusion was first intro-
duced by Robinson and Smith (1958) [2] and latter by Clowards 
(1958) [3].

This approach is useful for single or two level disc prolapsed 
causing spondylotic radiculopathy, myelopathy or myeloradiculop-

athy or management of cervical spinal instability following trauma, 
multiple discectomy or corpectomy, cervical spondylosis or sublax-
ation due to pott’s spine.

Internal fixation and stabilization has high fusion rate and nil 
graft displacement by use of anterior casper plate fixation [4], sta-
bilization with anterior Asif plate fusion technique in acute cervical 
trauma has also been emphasized [5].

These are not MRI compatible and needed C-arm for putting 
screws and plate adequately, they also needed bi cortical penetra-
tion, which resulted in more time consuming and more complica-
tions.

Material and Methods

From 1994 till 2021, the senior author treated 115 cases of cer-
vical instability with monocortical locking screw and plate device, 
in various hospitals.
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Indications for the procedure were

•	 Trauma having sublaxation and dislocations (60 cases)

•	 Cervical spondylosis (multiple discectomy and corpectomy 
(45 cases)

•	 Step deformity and sublaxation due to healed pott’s spine or 
osteomyelitis (8 cases)

•	 Cases of Potts spine where the grafts were displaced from 
previous surgery (02cases).

There were 75 males and 40 were female patient.

Ages varied from 15 years to 75 years. 87 case were in 3rd and 
4rth decade 8 cases were in 2nd decade, and 17 cases in 5th decade, 3 
cases in 6th and 7th decade.

MRI picture of few cases are shown in picture 1-3.

Picture 1: Pre operative MRI.

Picture 2: Preoperative MRI.

Picture 3: Pre operative MRI.

The cervical locking plate was designed to stabilize the spine 
in one stage with decompression to obtain maximum construct ri-
gidity using relatively simple instruments. We used plates made of 
Pure Titanium in 2mm thickness in 15 lengths from 16 mm to 90 
mm depending upon requirement.

The plates have a pair of cranial caudal holes to accommodate 
cancellous anchor screw and a many intermediate holes in middle 
to anchor the graft.

Post operative x-ray is shown in picture 5, 6.

Neurophysiological monitoring (IONPM)

Intraoperative neurophysiological monitoring (IOM) in spinal 
surgery to reduce the incidence of postoperative neurological com-
plications., et al. neurological level. many techniques are available 
and motor and somatosensory evoked potentials are thought to be 
essential for better results of IONPM. Spinal cord evoked potentials 
(SEP) are observed and recorded over cord. Electrical stimula-
tion is given on the dorsal of spinal cord by an epidural electrode. 
Somatosensory evoked potentials(SSEP) provides the functional 
continuity of sensory pathways. That’s so from the terminal nerve 
through the dorsal column going up till the sensory cortex.

Motor evoked potentials (MEPs) consist of spinal, neuralc and 
musclular MEPs. MEPs performs selective and specific examination 
of the working intactness of descending motor pathways, starting 
from the motor cortex to the terminal muscles. Neurological sur-
geons must understand the monitoring techniques and read moni-
toring records properly to understand use IONPM for the proper 
decision making during the neurosurgery for safe spinal neurosur-
gery and better surgical results. 
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Somatosensory evoked potentials (SSEP)

SEPs were first utilized in the 1970s to assess and monitor the 
spinal cord function during spinal surgery for scoliosis treatment. 
After stimulating terminal nerves, SEPs are measured both from 
the spinal cord, epidural electrode and/or simultaneously from the 
sensory cortex of the brain [6]. Normally, the posterior tibial nerve 
is used for taking ssep traces. 

Used data are stimulation, 0.2 ms duration; at, -3 Hz frequency; 
with intensity -25 mA. This is Given for one minute and averaging 
gives SSEP result [7]. Latency and amplitude are measured and de-
termined. Latency measures the time time and measures distance. 
Amplitude measures the power and is more variable vis a vis la-
tency. Monitoring of dorsal column intactness by SSEP is the com-
monest form in neurospinal surgery. 

Subdermal needle electrodes which are made of Platinum, used 
for stimulation and recording. Normally, following is considered 
50% decrease in amplitude (b) along with 10% increase in latency 
in comparison to baseline values of the patients, makes a warning 
signal. False negative SSEP monitoring happening during spinal 
surgery in 0.063% [8]. Multicenter, very vast, research has con-
cluded the result in reduction of postoperative paraplegia by more 
than 50%-60% with modality [9]. SSEP signals are good indicators 
of spinal cord function. But much better information about func-
tion of nerve root are provided by use of motor evoked potentials.

Direct waves MEP (or spinal motor evoked potentials) these 
waves are compound corticospinal action potentials started by 
the direct activation of axons and velocity(conduction) of nearly 
50 m/s [10], thus making it useful for monitoring the motor path-
ways up from the motor cortex up to level of the spinal electrode 
placement. This is gained by single transcranial electrical stimula-
tion of the of intensity by, 80-100 mA, and the total stimulus dura-
tion of 0.5-1 ms, using normal frequency of 0.5-2 Hz. Recording of 
which done from the epidural/ subdural space of cord [11]. This 
is directly generated electrical pulse and thus called “single stimu-
lus technique” of MEP or “spinal motor evoked potentials (MEPs)”. 
This does not require an averaging, but if few averages are taken 
it improves quality of MEP. This is also good because it provides 
real-time reading clinically. Warning sign are the decrease in wave 
amplitude by or more than 50 percent of original baseline value. Or 
when they cannot be detectable. This may indicate happening of or 

high probability of severe neurological deficits which may include 
injuries such as permanent paraplegia.

Other measurements can be used are 

•	 Neurogenic MEP

•	 Muscle MEP (or myogenic MEP)

•	 Spontaneous electromyography

Spontaneous or free-running electromyography (EMG) is used 
to see or observe selective nerve root functioning undergoing neu-
rospinal- cord spinal surgery. SEP and SSEP data are not real time. 
but EMG is truly “real-time” data observed from terminal muscles. 
Spontaneous EMG thus may illuminate operative radiculopathy 
while spinal instrumentation procedure being done. This also may 
include pedicle screw putting. Here no stimulation is required. This 
can be recorded continuously from particular peripheral muscle or 
muscle groups supplied by particular nerve roots which are at risk 
during operation [12-18]. 

Method of triggered EMG for observation of the intactness of 
lumbar pedicles while doing screw placement surgery and the ac-
curacy screw putting was described in 1922 by Calancie., et al. [19].

There is a decrease in electric threshold leading to immediate 
appearance of CMAPs of the muscles under consideration by the 
irritated or damaged nerve root that muscle group due to stimula-
tion using the screw [20]. 

Spinal cord evoked potentials

SCEP technique was first described in Japan during 1970s. Elec-
trical stimulation was put on the dorsal spinal cord by epidural 
electrodes during procedure [21] and evoked potentials are re-
corded over the spinal cord. The SCEP correspond to total of neural 
activities that originating from the upgoing and down coming tracts 
and neurons at the site of recording. The potentials so recorded are 
quite vigorous. They in reality show all activity of the tracts of the 
spinal cord, including dorsal columns and the corticospinal tracts 
along with others22. Therefore practically, SCEP cannot provide ac-
curate inputs regarding motor activities. It’s so because of presence 
of sensory-related potentials as well. These sensory potentials, are 
large in amplitude, and mask motor potentials.

Neurophysiological intra operative graph have been shown as 
graph 1 and 2.
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Graph 1: Representative case demonstrating clinical usefulness 
of intraoperative neuromonitoring in spinal surgery. A: MEP 
after applying rod to the screw heads using derotation ma-

neuver and cantilever maneuver. The amplitude of MEP (black 
line) at both lower more than 50% compared with the baseline 

amplitude (green line); B: The amplitude of MEP recovered after 
correction release by removal of the rods and set screws; C: The 
amplitude of MEP re-deteriorated extremities decreased after 

reassembly of the implants; D: The amplitude of MEP recovered 
finally after raising MAP and administration of dexamethasone. 
APB: Abductor pollicis brevis; ADQ: Abductor digiti quinti; TA: 
Tibialis anterior; AH: Abductor halluces; MEP: Motor evoked 

potential; MAP: Mean arterial pressure..

Graph 2: SSEP showing no change in comparison to base line.

Operative procedure

Standard anterior cervical approach was used. In traumatic 
cases traction was applied and x-ray were taken to see reducibility. 
Fracture segment were drilled out along with removal of protrud-
ing disc. Cortical plates of superior and inferior vertebral bodies, 

osteophytes and breaking or compressing portion of body are 
drilled out and removed.

Tricorticate graft taken from iliac crest was inserted and space 
left was filed with chips of cancellous bone. Drill holes were made 
using guide to a constant depth of 14 mm holes were then tapped. 
Thereafter plate was fixed using foundation screw which was in-
serted flushed with the body surface, the locking screw were in-
serted to lock in the foundation screw.

Post operatively a Philadelphia cervical collar is advised along 
with antibiotic for a week.

Sutures removed on 7th day. X- Ray were also done on same day. 
Post operative MRI done only when the case failed to improve sat-
isfactorily.

Post operative x-ray shown in picture 4, 5.

Picture 4: Post operative X- Ray.

Picture 5: Post operative x –ray.
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Results

Post operative found in 7 cases which responded to appropri-
ate antibiotics. Temporary recurrent nerve paralysis developed in 
5 cases which improve within a week. Dysphasia for solid food de-
veloped in 2 cases which improved within 10 days.

70 cases performed on C 5/6 level, While 40 case on C 6/7 while 
5 cases were performed in 4 cases.

Cases in which cage or peek were used, not included in this 
study. In two cases there was displacement of screw and plate 
which required reexploration and refixation with use of bone ce-
ment and larger diameter of screws. Both cases had fall. 

Postoperative photographs of patient shown in picture 6, 7.

Picture 6: Post operative picture of patient.

Picture 7: Post operative picture of patient.

Discussion

Anterior metallic plating for treatment of acute cervical trauma 
is well established but the indication in degenerative disease were 
unclear [23-30,32-35,37-39,42].

 The excellent outcome for plating in cervical trauma, the imme-
diate stabilization, and theoretical advantages of decreasing graft 
migration have made the procedure attractive option in degenera-
tive disease [23,26-31,33,34,36,38,40,41,43].

Several studies have shown the superiority of plating over fu-
sion techniques in patients with degenerative cervical spine. It was 
also shown to have fewer graft extrusion and early return to work 
in comparison to fusion technique [40].

Caspar and Pitzen reported that graft migration was reduced in 
multilevel fusion and plating and completely illuminated in single 
level fixation and plating. They also showed increased fusion rate 
in anterior cervical plating.

Zdeblick., et al. showed that plating increases the biomedical 
rigidity and supported their use in traumatic condition but fusion 
rate was unchanged in their study and therefore they did not sup-
port their use in degenerative conditions [43].

Plating also increases surgeons confidence and patient security 
by using neurophysiological monitoring during surgery and plat-
ing increases the stability of the construct, obviate the use of exter-
nal orthosis, thereby promoting early mobilization and therefore 
economical. Early mobilization leads to improved pulmonary func-
tion and care, decreased incidence of deep venous thrombosis, and 
other morbidity associated with prolonged immobilization.

In our study patient undergoing plating, returned to usual activ-
ity much sooner with decreased rate of complications due to use of 
neurophysiological monitoring during surgery.

One or two levels of anterior discectomy and fusion with anteri-
or plating for cervical trauma, cervical disc disease and spondylosis 
and Pott’s spine is safe and effective procedure under neurophys-
iologial monitoring.

Conclusion

Although we cannot monitor every function of the spinal cord 
during spinal surgery, the technology of IONPM has markedly de-
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veloped. It is certain that the significance and utilization of IONPM 
during spinal surgery will increase because of medicolegal issues 
as well as its usefulness. All neurospinal surgeons should know and 
understand the principles of the IONPM monitoring. IONPM obser-
vations and results of such monitoring records adequately to use 
for benefit of patients. Thus IONPM observation and results for de-
cision making during the neurosurgery for safe neurosurgery, for 
favorable surgical outcome and the Neurospinal surgeon’s medico-
legal and ethical as well as safety of his patients.

Use of Neurophysiological monitoring is safe, infuses confidence 
of surgeon during surgery and increases security of patients due 
to decreased injury and complications due to monitoring during 
surgery. Plating as such takes less time easier to apply and causes 
less complication as well. Use of neurophysiological monitoring 
decreases further the chances of complications. Titanium Plating 
has advantage of being MRI compatible with better fusion rate and 
does not prevent its use in the future evaluation or reevaluation of 
those patients.
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