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Background There is growing evidence of the valuable role of multimodal intraoperative neurophysiological moni-
toring (IONM) during spine and spinal cord surgeries, as it provides an opportunity to recognize functional changes
of the neural elements, usually in the reversible stage, during complex surgical manipulations. Therefore, it may
reduce the risk of postoperative neurological dysfunction and improve functional outcomes. The aim of the current
study was to evaluate the efficacy of multimodal IONM for preventing and predicting iatrogenic neurological dysfunc-

Results Significant alerts had occurred in 9 out of 24 patients; however, all the changes were reversible and did
not contribute to postoperative clinical deterioration. Only one case got worsened in the early postoperative follow-

Conclusion Intraoperative monitoring is a valuable tool in spine and spinal cord surgeries. Combined transcranial
motor-evoked potential (TcMEP), somatosensory-evoked potential (SSEP), and spontaneous electromyography (EMG)
monitoring may prevent permanent motor deficit and enhance the postoperative outcomes.
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Background

Recent years have witnessed remarkable advancements
in the technology of intraoperative neurophysiologi-
cal monitoring (IONM). Its use during spine and spinal
cord surgeries allows assessment of spinal cord function
through real-time feedback from sensory tracts, motor
tracts, and individual nerve roots, thus reducing the risk
of iatrogenic damage to the nervous system and providing
functional guidance to the surgeon and anesthesiologist
[1, 2]. The most commonly utilized IONM techniques
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include, but are not limited to, somatosensory-evoked
potentials (SSEPs), transcranial motor-evoked potentials
(TcMEDPs), and electromyography (EMG) [3].

Monitoring SSEPs is one of the most common intraop-
erative spinal monitoring modalities. The fact that they
can be recorded continuously and safely throughout the
procedure gives them the distinct advantage of provid-
ing information on signal transmission along the dorsal
columns of the spinal cord. SSEPs accurately reflect post-
operative sensory findings and, indirectly, motor function
due to the proximity of the dorsal column and corticospi-
nal tract [4, 5].

TcMEPs provide direct monitoring of the lateral and
ventral corticospinal tracts and are highly sensitive to
any minute change in the neural structures, especially
in spine surgeries [6, 7]. In order to activate motor
pathways, a series of high-voltage stimuli is applied to
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electrodes on the surface of the head to produce either
a motor contraction (muscle MEP) or a nerve action
potential (D-wave) that can be recorded [8].

Spontaneous or free-running EMG is frequently used
to monitor selective nerve root function during spinal
cord surgery [9]. In contrast to SSEPs, EMG is a “real-
time” recording from the peripheral musculature. Spon-
taneous EMG can aid in the prevention of postoperative
radiculopathy after spinal instrumentation surgery, such
as pedicle screw placement [10].

The use of SEPs, MEPs, and spontaneous EMG in
combination provides the tools required to optimize the
functional integrity of the neural pathway during a broad
spectrum of routine and complex spinal surgeries while
maximizing the efficacy of monitoring mild changes sug-
gestive of early reversible damage to the neural structures
[11-14].

This prospective study aimed to evaluate the efficacy of
multimodal IONM during spinal cord and spine surger-
ies for preventing and predicting iatrogenic postoperative
neurological dysfunction.

Methods

Subjects

Intraoperative TcMEP, SEP, and spontaneous EMG mon-
itoring were done for 24 patients who underwent spinal
cord or spine operations. All operations were performed
by neurosurgeons with extensive experience in these
types of spinal surgeries. Exclusion criteria include his-
tory of previous neurosurgery; any neurological disorders
that interfere with EMG signal, for example, myasthenia
gravis, botulism, dystonia, and muscle dystrophy [14—
16]; and contraindications to MEP like epilepsy, vascu-
lar clips, cardiac pacemakers, and convexity skull defects
[17].

Patient’s assessment

A preoperative and 1-week postoperative full neuro-
logical examination was performed for all the patients.
All patients were evaluated clinically using the Japa-
nese Orthopaedic Association (JOA) score [18]. Data
were compared to assess any postoperative neurological
deficit.

Anesthesia

All patients were anesthetized using the total intravenous
anesthesia protocol (TIVA), which consists of propo-
fol infusion (sedative-hypnotic) and fentanyl, which is
mostly used for analgesia. Some inhalation anesthet-
ics were used in induction, like isoflurane or sevoflu-
rane, only at low concentrations (0.6% or 0.8% minimal
alveolar concentration MAC). A single dose of 0.1 mg/
kg of atracurium (a short-acting muscle relaxant) was
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also administered to facilitate endotracheal intubation
[19]. It is important to note that early replacement of
blood loss was critical to avoid MEP changes induced by
hypotension.

Neurophysiological monitoring technique

Multimodal monitoring was used in spine and spinal
cord operations, including SSEP, Tc-MEPs, and EMG.
However, in some surgeries, like selective dorsal rhi-
zotomy operations, only EMG and MEP were recorded
to monitor the nerve root at risk. Monitoring was done
using Inomed (Emmendingen, Germany).

Baseline recordings were carried out after the skin inci-
sion to allow the muscle relaxant effect to wear off and
the depth of anesthesia to stabilize. They served as ref-
erences for the remainder of the surgery’s monitoring
period [20, 21].

SEPs were recorded throughout the surgeries. In the
upper extremity, a peripheral nerve (median or ulnar
nerve) was stimulated near the wrist and recorded via
subdermal needles or adhesive surface electrodes on the
scalp/parietal and frontal cortices at cp3 (2 cm behind
c3) and cp4 (2 cm behind c4). While in the lower extrem-
ity, the posterior tibial nerve at the foot was stimulated,
and recording was made from the scalp/cortex cpz (2 cm
behind cz)/fz in the lower extremities (according to the
10-20 international electrode system). The ground elec-
trode was placed at the base of the neck [22]. A decreased
amplitude by 50%, with associated increased latency of
more than 10% in comparison to the patient’s baseline
values, constitutes a warning sign [23].

TcMEPs were monitored by placing stimulating cork-
screw electrodes in the scalp. The stimulus points were
C3, C4, C1, C2, and Cz in accordance with the 10-20
international electrode system [24]. Needle electrodes
were used to record compound muscle action potentials
(CMAPs) from targeted muscles. Muscles are selected
based on the surgical procedures and spinal levels
involved.

High voltage (up to 1000 V) was applied using a train
of three to five stimuli with an interstimulus interval of 1
to 3 ms. Before administering an MEP stimulus, the sur-
geon and nearby staff were informed in order to prevent
unexpected patient movements from interfering with the
procedure. Every 2 to 5 min, MEPs were conducted. Dur-
ing the dissection of the spinal cord lesion, particularly
when addressing important areas, even more trials were
attained. A significant intraoperative change was defined
as a 50% reduction in amplitude [25].

It is worth mentioning that SEP and MEP in children
may differ from those in adult patients. The configuration
of SEPs becomes identical with that of adults after the age
of 3 years; however, the peak latencies are shorter than
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those of adults, which depend largely on the patient’s
height. This is due to the fact that the myelination of the
dorsal columns is not complete until about 8 years of age
[26]. Compared with older patients, stronger stimulation
is needed to produce MEP responses in children, reflect-
ing the immaturity of their motor pathway, which does
not fully develop until about 13 years of age [27]. This
wide range of normal values according to patients’ ages
highlights the importance of the baseline evaluation to
predict significant intraoperative changes.

Spontaneous EMG monitoring was done on differ-
ent muscles (at least two) according to the type of sur-
gery and nerve root at risk. It was done throughout the
operation; the surgeon was warned if a discharge of high
frequency and high amplitude was detected. Parameter
changes may be related to cauterization, surgical manip-
ulation, traction, or neurological injury. The surgeon was
immediately warned about changes to reverse the cause
and avoid any postoperative neurologic deficit [28].

Statistical analysis

The statistical analysis was done using SPSS Statistics
Version 20.0 (Armonk, NY: IBM Crop). Qualitative data
were represented as numbers and percentages. Quantita-
tive data were described as range (minimum and maxi-
mum), mean, standard deviation, and median.

Results
The current study included 24 patients who underwent
IONM during their spine or spinal cord surgeries. A total
of 45.8% were males, while 54.2% were females. The age
of patients at the time of surgery ranged from 3 to 60
years (mean age = 16.21 + 17.33 years) (Table 1).

The most frequent spine operation was selective dor-
sal rhizotomy (SDR) representing 33.3% of cases, fol-
lowed by scoliosis; 16.7%, tethered cord; 8.3%, spinal cord

Table 1 Distribution of the studied cases according to their
demographic data (n = 24)

Demographic data No. %
Sex
Male 11 458
Female 13 542
Age (years)
<5 5 20.8
5-10 10 41.7
>10 9 375
Min.—max. 3.0-60.0
Mean + SD 1621 +17.33
Median (IQR) 7.0 (5.0-21.50)
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neurofibromatosis; and 4.2% for each of the remaining
spine operations (Table 2).

During monitoring, stable IONM was observed in 15
patients (62.5%). Intraoperative changes were recorded in
nine patients; three patients had SEP changes, while MEP
changes occurred in six operations, three of which were
accompanied by changes in spontaneous EMG (Table 3).

Figure 1 demonstrates a significant drop in amplitude
of MEP recorded from the left lower limb during surgical
correction of dorsal kyphosis. Fortunately, all the IONM
changes were repaired immediately after informing the
surgeons. No cases showed persistent, unrepaired intra-
operative changes (Table 4).

By comparing neurological examination using JOA
preoperatively versus postoperatively, the JOA scores
preoperatively were 12.88 + 2.5 (ranged from 8 to 16)
and postoperatively were 13.25 + 2.6 (ranged from 9 to
16). We found that 14 patients (58.3%) showed the same
examination, 9 patients (37.5%) showed some improve-
ment (mean = 1.1 + 0.3), and only one patient (4.2%)

Table 2 Distribution of the studied cases according to the spine
operation (n = 24)

Operation No. %

Cervical disc 1 4.2
Cervical lesion resection 1 4.2
D12-L3 lipoma 1 4.2
Dorsal kyphosis 1 4.2
Dorsal lesion 1 42
Dorsal spine tumor 1 4.2
Myelomeningocele 1 4.2
Spinal cord neurofibromatosis 2 84
Scoliosis 4 16.7
Selective dorsal rhizotomy 8 333
Spine cervical tumor C4-C5 1 4.2
Tethered cord 2 83

Table 3 IONM changes during spine/spinal cord surgeries

Operation Change in intraoperative parameters

SEP (n=3) MEP(n=6) EMG (n=3)

Cervical lesion resection 0 1 1
D12-L3 lipoma 1 0 0
Dorsal kyphosis 0 1 0
Dorsal lesion 1 0 0
Scoliosis 1 0 0
Selective dorsal rhizotomy 0 1 1
Spinal cord neurofibromatosis 0 2 0
Spine cervical tumor C4-C5 0 1 1

SD Standard deviation, IQR Interquartile range

IONM Intraoperative neurophysiological monitoring
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Fig. 1 MEP traces recorded from the left tibialis anterior muscle during surgical correction of dorsal kyphosis demonstrate a significant drop in MEP

amplitude (back arrow)

Table 4 Distribution of the studied cases

intraoperative changes

according  to

Table 5 Distribution of the studied cases according to JOA
clinical evaluation (n = 24)

Repaired change Unrepaired

No. % No. %
SEP (n=16) 3 188 0 0.0
MEP (n = 24) 6 25.0 0 0.0
EMG (n = 24) 3 125 0 0.0

SEP Sensory-evoked potential, MEP Motor-evoked potential, EMG
Electromyography

showed some worsening after the SDR operation (dete-
riorates by 1 point postoperatively) (Table 5). It is worth
mentioning that all cases that improved clinically (9
patients) did not experience IONM changes.

Surprisingly, the only case that deteriorated clinically
in the postoperative evaluation did not experience IONM
changes during the surgical procedures.

Pre versus postoperative JOA clinical No. %
evaluation

Worsen 1 4.2
The same 14 583
Improved 9 375

JOA Japanese Orthopaedic Association

Discussion

Multimodal intraoperative neurophysiological monitor-
ing provides a great deal of information for spinal sur-
geries. In this study, we monitored 24 patients and could
observe IONM changes in nine patients and postopera-
tive neurological deficits in only one patient. Most of the
changes were recorded during MEP monitoring (6/9
cases), followed by SEP changes (3/9 cases) and EMG
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(3/9 cases), which highlights the importance of MEP
monitoring during spine surgeries. Park et al. [23] pro-
posed the advantages of more sensitive MEP alerts for
preventing early neural damage as MEPs change earlier
than the SEP signal, which facilitates a quicker diagnosis
of impending spinal-cord injury [29]. This is especially
important for tumors where complete resection is the
most important prognostic factor, such as intramedul-
lary spinal cord ependymomas. Choi et al. used a 75%
amplitude reduction cutoff in their study [30], whereas
the current study used a 50% amplitude reduction cutoff.
Although Choi et al’s 75% reduction cutoff value elimi-
nated many false positives, it also resulted in one false-
negative case. Contrarily, setting the baseline at 50% for
surgery on 29 patients with cervical kyphosis resulted
in more false-positive MEP changes, thus reducing the
specificity of the monitoring modality [13].

In the current study, SEP was not monitored in selec-
tive dorsal rhizotomy (SDR) operations. This was related
to the limited ability of SEP monitoring to detect motor
symptoms and its associated false-positive alerts, as it
covers the dorsal sensory tract rather than the ventral
motor tract [31]. Moreover, Weinzierl et al. stated that
SEPs are less sensitive at detecting nerve root injuries and
thus could miss injuries caused by the process of pedicle
screw placement or nerve root traction [32]. Such prob-
lems can limit the use of SEPs as a standalone monitoring
tool.

In the study conducted by De Vloo et al., free-running
EMG was found to be valuable in identifying the ven-
tral or dorsal nature of the root during SDR operations,
where gentle tapping of the ventral roots resulted in a
clear EMG activity that was absent on gentle manipu-
lation of the dorsal root. Moreover, EMG was useful to
identify the level of the dorsal root to be divided, and the
stimulation threshold was crucial to detecting the root-
lets that were resected. Candidate rootlets for transec-
tion showed abnormal stimulation responses with no or
minimal anal sphincter involvement [33]. Additionally,
another recent study demonstrated the importance of
TcMEPs recording in SDR operations after each sensory
rootlet sectioning in order to reassure surgeons about the
maintained integrity of pathways after each sectioning
and to provide information to the neurosurgeon about
any possible muscular motor loss that may happen dur-
ing the root dissection process, where some motor fibers
are carried along with the sensory ones [34].

All the IONM alerts recorded during spine operations
were repaired. This highlighted the fact that in the cur-
rent study, all changes occurred in a reversible state of
damage. Therefore, they serve as critical alerts that the
surgeon can rely on to prevent irreversible harm to the
neural elements. Our findings coincide with those of Park
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et al. [23], as they demonstrated that a decrease in MEP
amplitude is not always associated with a postoperative
neurologic deficit but is useful in assessing early ischemic
or mechanical traction of the spinal cord. Deletis et al.
[35] also emphasized that the disappearance of MEPs
does not always imply permanent dysfunction.

The current study demonstrated only one false-neg-
ative case that showed no IONM changes, but clinical
and functional worsening was noticed directly after SDR
operation. However, a significant reduction in muscle
tone was observed immediately after SDR operations,
which unmasks weakness and difficulties in coordination
movements, and may contribute to worsening in postop-
erative clinical evaluation. Therefore, a specially tailored
rehabilitation program focusing on learning new move-
ment patterns is recommended in such cases [36]. No
true-positive or false-positive cases were reported. This
may be attributed to the small sample size of cases, as
multimodal IONM is not widely adopted in Egypt. In a
study conducted by Eggspuehler et al., 2 out of 246 cases
were false negatives, while 10 cases were true positives
and 2 were false-positive cases [37].

In this study, significant IONM alerts were dealt with by
immediate communication with the surgeon, investigating
the cause, and working upon it. Park et al. [23] found that
IONM changes could result from several factors, such as
hypotension, prolonged tumor resection, excessive cord
manipulations, local hypothermia, and dural flap traction.
Correcting the cause was useful for promoting recovery
for most of the deteriorated or lost MEPs. After investi-
gating all the previously mentioned factors, if the neuro-
physiologic abnormality persists, stopping further surgical
resection or removal of the implant may be considered.

The study has some limitations. The relatively small
number of patients, in addition to the heterogeneity
of the operation sites and nature, may have had some
impacts on the type and magnitude of the intraopera-
tive neuromonitoring changes. Moreover, there is a lack
of long-term follow-up of cases to assess signs of clinical
and functional improvement.

In conclusion

IONM has remarkably impacted the surgical manage-
ment of the spine and the spinal cord. Its use allows
monitoring different pathways and neural structures. The
multimodal data complement each other and are valuable
in decision-making during complex surgical procedures,
as safety is the primary concern in spine surgeries. It can
minimize the possibility of a new onset postoperative
neurological deficit with subsequent favorable postopera-
tive outcomes. It also constitutes an element of evidence
to detect the time and type of neurological damage that
influence medicolegal defensibility.
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Abbreviations

CMAP Compound muscle action potential

EMG Electromyography

IONM Intraoperative neuromuscular monitoring
JOA Japanese Orthopaedic Association

MAC Minimal alveolar concentration

MEP Motor-evoked potential

SDR Selective dorsal rhizotomy

SSEP Somatosensory-evoked potential

TcMEP Transcranial motor-evoked potential

TIVA Total intravenous anesthesia protocol

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/543166-023-00201-0.

Additional file 1: Supplementary 1. Type of changes IONM changesdur-
ing spine/ spinal cord surgeries.

Acknowledgements
Not applicable

Authors’ contributions

MI, WS, and MH performed the conceptualization and idea generation; OG
wrote the original draft; MH, WW, and OG analyzed the results; and all authors
shared in writing the manuscript.

Funding
No funding.

Availability of data and materials
The data sets used are available from the corresponding author on reasonable
request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee, Faculty of Medicine, Alex-
andria University, serial number 0106904, date: September 16, 2021. A written
informed consent form was signed by each participant.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Received: 25 May 2023 Accepted: 7 July 2023
Published online: 17 July 2023

References

1. Howick J, Cohen BA, McCulloch P, Thompson M, Skinner SA (2016) Foun-
dations for evidence-based intraoperative neurophysiological monitor-
ing. Clin Neurophysiol 127(1):81-90

2. Nuwer MR (2016) Measuring outcomes for neurophysiological intraop-
erative monitoring. Clin Neurophysiol 127(1):3-4

3. TamakiT, Kubota S (2007) History of the development of intraoperative
spinal cord monitoring. Eur Spine J 16:5140-5146

4. Epstein NE, Danto J, Nardi D (1993) Evaluation of intraoperative soma-
tosensory-evoked potential monitoring during 100 cervical operations.
Spine (Phila Pa 1976) 18(6):737-47

5. Nuwer MR, Dawson EG, Carlson LG, Kanim LE, Sherman JE (1995) Soma-
tosensory evoked potential spinal cord monitoring reduces neurologic
deficits after scoliosis surgery: results of a large multicenter survey.
Electroencephalogr Clin Neurophysiol 96:6-11

20.

21.

22.

23.

24.

25.

Page 6 of 7

Macdonald DB, Skinner S, Shils J, Yingling C (2013) American Society of
Neurophysiological Monitoring Intraoperative motor evoked potential
monitoring—a position statement by the American Society of Neuro-
physiological Monitoring. Clin Neurophysiol 124:2291-2316

Legatt AD, Emerson RG, Epstein CM, MacDonald DB, Deletis V, Bravo RJ
et al (2016) ACNS guideline: transcranial electrical stimulation motor
evoked potential monitoring. J Clin Neurophysiol 33(1):42-50

Acharya S, Palukuri N, Gupta P, Kohli M (2017) Transcranial motor evoked
potentials during spinal deformity corrections-safety, efficacy, limitations,
and the role of a checklist. Front Surg 4:8

Skinner SA, Nagib M, Bergman TA, Maxwell RE, Msangi G (2005) The initial
use of free-running electromyography to detect early motor tract injury
during resection of intramedullary spinal cord lesions. Neurosurgery 56(2
Suppl):299-314

Kaliya-Perumal AK, Charng JR, Niu CC, Tsai TT, Lai PL, Chen LH et al (2017)
Intraoperative electromyographic monitoring to optimize safe lumbar
pedicle screw placement-a retrospective analysis. BMC Musculoskelet
Disord 18(1):1-6

. Sutter M, Eggspuehler A, Grob D, Jeszenszky D, Benini A, Porchet F et al

(2007) The validity of multimodal intraoperative monitoring (MIOM)

in surgery of 109 spine and spinal cord tumors. Eur Spine J 16(Suppl
2):5197-5208

Tsirikos Al, Duckworth AD, Henderson LE, Michaelson C (2020) Multi-
modal intraoperative spinal cord monitoring during spinal deformity
surgery: efficacy, diagnostic characteristics, and algorithm development.
Med Princ Pract 29(1):6-17

Park P, Wang AC, Sangala JR, Kim SM, Hervey-Jumper S, Than KD et al
(2011) Impact of multimodal intraoperative monitoring during correction
of symptomatic cervical or cervicothoracic kyphosis. J Neurosurg Spine
14:99-105

Bhagat S, Durst A, Grover H, Blake J, Lutchman L, Rai AS et al (2015) An
evaluation of multimodal spinal cord monitoring in scoliosis surgery: a
single centre experience of 354 operations. Eur Spine J 24:1399-1407
Vitale MG, Skaggs DL, Pace GlI, Wright ML, Matsumoto H, Anderson RC

et al (2014) Best practices in intraoperative neuromonitoring in spine
deformity surgery: development of an intraoperative checklist to opti-
mize response. Spine Deform 2(5):333-9

Laratta JL, Ha A, Shillingford JN, Makhni MC, Lombardi JM, Thuet E et al
(2018) Neuromonitoring in spinal deformity surgery: a multimodality
approach. Global Spine J 8(1):68-77

Szelényi A, Senft C, Jardan M, Forster MT, Franz K, Seifert V et al (2011)
Intra-operative subcortical electrical stimulation: a comparison of two
methods. Clin Neurophysiol 122(7):1470-5

Onofrei LV, Henrie AM (2021) Cervical and thoracic spondylotic myelopa-
thies. Semin Neurol 41(3):239-246. https://doi.org/10.1055/5-0041-17251
44, (Epub 2021 May 19 PMID: 34010970)

Van der Walt JH, Thomas JM, Figaji A (2014) Intraoperative neuro-
physiological monitoring for the anaesthetist. South Afr J Anesth Analg
19:197-202

Chan MTV, Hedrick TL, Egan TD, Garcia PS, Koch S, Purdon PL et al (2020)
American Society for Enhanced Recovery and Perioperative Quality
Initiative Joint Consensus Statement on the Role of Neuromonitoring

in Perioperative Outcomes: Electroencephalography. Anesth Analg
130(5):1278-91

Walker CT, Kim HJ, Park P, Lenke LG, Weller MA, Smith JS et al (2020)
Neuroanesthesia guidelines for optimizing transcranial motor evoked
potential neuromonitoring during deformity and complex spinal surgery:
a Delphi consensus study. Spine (Phila Pa 1976) 45(13):911-20

Scibilia A, Terranova C, Rizzo V, Raffa G, Morelli A, Esposito F et al (2016)
Intraoperative neurophysiological mapping and monitoring in spinal
tumor surgery: sirens or indispensable tools? Neurosurg Focus 41(2):E18
Park Jong-Hwa, Hyun Seung-Jae (2015) Intraoperative neurophysiological
monitoring in spinal surgery. World J Clin Cases 3(9):765-773

Szelényi A, Kothbauer KF, Deletis V (2007) Transcranial electric stimula-
tion for intraoperative motor evoked potential monitoring: stimulation
parameters and electrode montages. Clin Neurophysiol. 118(7):1586-95.
https://doi.org/10.1016/j.clinph.2007.04.008. (Epub 2007 May 15 PMID:
17507288)

Slotty PJ, Abdulazim A, Kodama K, Javadi M, Hanggi D, Seifert V et al
(2017) Intraoperative neurophysiological monitoring during resection of
infratentorial lesions: the surgeon'’s view. J Neurosurg 126(1):281-8


https://doi.org/10.1186/s43166-023-00201-0
https://doi.org/10.1186/s43166-023-00201-0
https://doi.org/10.1055/s-0041-1725144
https://doi.org/10.1055/s-0041-1725144
https://doi.org/10.1016/j.clinph.2007.04.008

Elwakil et al. Egyptian Rheumatology and Rehabilitation

26.

27.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

(2023) 50:31

Levin DN, Strantzas S, Steinberg BE (2019) Intraoperative neuromonitor-
ing in paediatric spinal surgery. BJA Educ 19(5):165-171

Lieberman JA, Lyon R, Feiner J, Diab M, Gregory GA (2006) The effect of
age on motor evoked potentials in children under propofol/isoflurane
anesthesia. Anesth Analg 103:316-321

YuT, Li QJ, Zhang XW, Wang Y, Jiang QY, Zhu XJ et al (2019) Multimodal
intraoperative monitoring during surgical correction of scoliosis to avoid
neurologic damage. Medicine (Baltimore) 98(15):e15067

Schwartz DM, Auerbach JD, Dormans JP (2007) Neurophysiological
detection of impending spinal cord injury during scoliosis surgery. J Bone
Jt Surg Am 89:2440-2449

Choil, Hyun SJ, Kang JK, Rhim SC (2014) Combined muscle motor and
somatosensory evoked potentials for intramedullary spinal cord tumour
surgery. Yonsei Med J 55:1063-1071

Hilibrand AS, Schwartz DM, Sethuraman V, Vaccaro AR, Albert TJ (2004)
Comparison of transcranial electric motor and somatosensory evoked
potential monitoring during cervical spine surgery. J Bone Joint Surg Am.
86-A:1248-1253

Weinzierl MR, Reinacher P, Gilsbach JM, Rohde V (2007) Combined motor
and somatosensory evoked potentials for intraoperative monitoring:
intra- and postoperative data in a series of 69 operations. Neurosurg Rev
30:109-116

De Vloo P, Huttunen TJ, Forte D, Jankovic |, Lee A, Hair M, Cawker S, Chugh
D, Carr L, Crowe BHA, Pitt M, Aquilina K (2020) Intraoperative electrophysi-
ology during single-level selective dorsal rhizotomy: technique, stimula-
tion threshold, and response data in a series of 145 patients. J Neurosurg
25(6):597-606

Abou Al-Shaar H, Imtiaz MT, Alhalabi H, Alsubaie SM, Sabbagh AJ (2017)
Selective dorsal rhizotomy: a multidisciplinary approach to treating
spastic diplegia. Asian J Neurosurg. 12(3):454-465

Kothbauer K, Deletis V, Epstein FJ (1997) Intraoperative spinal cord moni-
toring for intramedullary surgery: an essential adjunct. Pediatr Neurosurg
26:247-254

Velnar Tomaz, Spazzapan Peter, Rodi Zoran, Kos Natasa, Bosnjak Roman
(2019) Selective dorsal rhizotomy in cerebral palsy spasticity - a newly
established operative technique in Slovenia: a case report and review of
literature. World J Clin Cases 7(10):1133-1141

Eggspuehler A, Sutter MA, Grob D, Jeszenszky D, Porchet F, Dvorak J
(2007) Multimodal intraoperative monitoring (MIOM) during cervical
spine surgical procedures in 246 patients. Eur Spine J 16 Suppl 2(Suppl
2):209-15. https://doi.org/10.1007/500586-007-0424-9. (Epub 2007 Jul 4.
PMID: 17610090; PMCID: PMC2072893)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s00586-007-0424-9

	Impact of multimodal intraoperative neurophysiological monitoring of the spinal cord during spine and spinal cord surgeries
	Abstract 
	Background 
	Results 
	Conclusion 

	Background
	Methods
	Subjects
	Patient’s assessment
	Anesthesia
	Neurophysiological monitoring technique
	Statistical analysis

	Results
	Discussion
	In conclusion
	Anchor 16
	Acknowledgements
	References


