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False-negative transcranial motor evoked potentials (TcMEPs)
during surgery for congenital lumbar kyphoscoliosis:
a case report
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INTRODUCTION: Transcranial motor evoked potential (TcMEP) monitoring is the gold standard for intra-operative neurological
monitoring (IOM) of motor pathways during complex spine surgery because of its high sensitivity and specificity. However,
although it is very low, the rate of false-negatives in TcMEP monitoring is not zero. Therefore, over-reliance on TcMEP monitoring
can cause potentially preventable motor deficits.
CASE PRESENTATION: We report a case of motor deficits due to nerve root stretch after surgical correction of a congenital lumbar
kyphoscoliosis in a 56-year-old woman. TcMEPs did not show any significant changes during surgery, whereas free-run
electromyography (EMG) demonstrated a long-lasting train activity in the left quadriceps femoris muscle (QF) after correction at the
osteotomy area. According to the normal findings on TcMEP monitoring, we did not release the correction. Postoperatively, a
significant decrease (grade 2-) in the manual muscle test for the left QF and iliopsoas muscle and hypesthesia of the left anterior
thigh was revealed. Fortunately, muscle strength was fully recovered without revision surgery at 6 months postoperatively;
however, numbness in the left anterior thigh persisted at 2 years after surgery.
DISCUSSION: Our report suggests that the possibility of false-negative TcMEPs should be kept in mind, especially during surgery
with a risk of nerve root injury. When abnormal findings in the free-run EMG, including long-lasting train activity, are observed,
surgeons should consider performing appropriate responses, such as the release of the correction, even when no substantial
changes are seen in the TcMEPs.
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INTRODUCTION
To enhance safety during complex spine surgery, such as that for
spinal deformity, intra-operative neurologic monitoring (IOM) is
typically performed, including transcranial motor evoked potential
(TcMEP) monitoring, somatosensory evoked potential (SSEP)
monitoring and free-run or triggered electromyography (EMG).
Of these technologies, TcMEP monitoring is regarded as the gold
standard for monitoring the intra-operative neurologic status of
the motor pathway.1 However, because the rate of false-negatives
in TcMEP monitoring is not zero, an over-reliance on TcMEP
monitoring can cause potentially preventable motor deficits.
Herein, we present a case involving an adult patient who

underwent deformity correction surgery for congenital lumbar
kyphoscoliosis, during which IOM demonstrated false-negative
TcMEPs accompanied by a true-positive free-run EMG.

CASE PRESENTATION
A 56-year-old woman with hemivertebrae of L4 and L5 presented
with severe kyphoscoliosis (Figure 1). The pre-operative standing
radiographs demonstrated an 83° thoracolumbar curve (T10-L4)
and 56° lumbar kyphosis (L1-S1). No neurologic abnormalities
were revealed in a pre-operative neurologic examination.
Surgical correction and fusion from T9 to the pelvis with

posterior vertebral column resection (PVCR) was performed under

general anesthesia and multimodal IOM (including SSEP, TcMEP
and free-run EMG). PVCR is a surgical procedure designed to
achieve the resection of the three-column of the spine, and is
typically used in cases of severe, rigid spinal deformities.2 For IOM,
the warning criteria included a 450% loss in amplitude or 410%
increase in the latency from baseline for SSEPs, and a 470% loss
in amplitude from baseline for TcMEPs.
The surgery was performed through a posterior-only

approach. After segmental spinal instrumentation using mainly
pedicle screws, PVCRs of L3 and L4 were performed with a
temporary rod on the right side. Then, two rods were placed on
the left side at the levels of T9-L2 and L5-sacrum (Figure 2a). IOM
did not demonstrate any significant changes during or after
these procedures. The proximal rod was connected to the distal
rod using domino-connectors, and the spinal column above the
PVCR area was translated to the right (Figure 2b). Just after this
procedure, the free-run EMG of the left quadriceps femoris
muscle (QF) demonstrated train activity composed of 20–30 Hz
spike waves that lasted ~ 30 min (Figure 3a). Therefore, we
checked the condition of the dura and neural elements, and
determined that the left L3 nerve root was stretched as the
result of the translational shift of the proximal spinal column at
the PVCR area; however, no mechanical contact with neural
elements or neural injury was observed, and the left L4 nerve
root was intact. Moreover, the TcMEP amplitude of the left QF

1Division of Orthopaedic Surgery, Department of Regenerative and Transplant Medicine, Niigata University Graduate School of Medical and Dental Sciences, Niigata City, Niigata,
Japan; 2Division of Anesthesiology, Niigata University Graduate School of Medical and Dental Sciences, Niigata City, Niigata, Japan and 3Department of Orthopedic Surgery,
Uonuma Kikan Hospital, Minami-Uonuma City, Niigata, Japan.
Correspondence: M Ohashi (masayuki-ohashi@ksh.biglobe.ne.jp)
Received 22 May 2017; revised 24 June 2017; accepted 10 July 2017

Citation: Spinal Cord Series and Cases (2017) 3, 17053; doi:10.1038/scsandc.2017.53
© 2017 International Spinal Cord Society All rights reserved 2058-6124/17

www.nature.com/scsandc

http://dx.doi.org/10.1038/scsandc.2017.53
mailto:(masayuki-ohashi@ksh.biglobe.ne.jp)
http://dx.doi.org/10.1038/scsandc.2017.53
http://www.nature.com/scsandc


was well maintained within the control levels (Figures 3b and c);
thus, we did not release the correction at the PVCR area. An
expandable cage was inserted into the PVCR area and closure of
the PVCR area was performed using compression forces. At the
end of the surgery, although the TcMEP amplitudes of the
monitored muscles (including the upper extremities) tended to
be decreased when compared with the control level (Figure 3b),
the TcMEP amplitude of the left QF was at 65% of the control
level (representing a 35% decrease; Figure 3c). During surgery,
the amplitude and latency of the SSEPs remained within normal
limits.
On wake-up from anesthesia, a neurologic examination

revealed a significant decrease (grade 2-) in the manual muscle

test for the left QF and iliopsoas muscle. At 1 day after surgery,
weaknesses in the left QF and iliopsoas muscle persisted, and
hypesthesia of the left anterior thigh was revealed; no other
neurological deficits were revealed. She underwent a CT scan
and MRI, which did not demonstrate any lesions capable of
causing a compression of neural elements with neurological
deficits. As muscle power and sensations in the left thigh
gradually improved each day, we did not perform any revision
surgeries, including release of the correction. Fortunately,
muscle strength was fully recovered and she could walk
independently at 6 months postoperatively; however, numbness
in the left anterior thigh persisted at 2 years after surgery
(Figure 4).

Figure 1. (a, b) Pre-operative standing radiographs (a, anteroposterior; b, lateral) show an 83° thoracolumbar curve (T10-L4) with a 10-cm
truncal shift to the left and a 56° lumbar kyphosis (L1-S1) with an 11.5-cm positive sagittal alignment. (c) Pre-operative 3-dimensional CT
reconstructions show severe thoracolumbar kyphoscoliosis due to hemivertebrae of the L3 and L4 vertebral bodies.

Figure 2. (a) After completion of the PVCRs, bilateral L3 (arrow head) and left L4 nerve roots (arrow) can be identified. (b) The deformity was
corrected by connecting the proximal and distal rods at the osteotomy level.
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DISCUSSION
Our patient was in one of the highest risk groups for neurological
deficits including nerve root injury because she had congenital
lumbar kyphoscoliosis and underwent 3-column osteotomies.3,4

Because of limitations associated with each individual IOM,
multimodal IOM (including TcMEP, SSEP and fee-run EMG
monitoring) has been widely used, especially in high-risk patients.
TcMEPs have high sensitivity (ranging from 75 to 100%) and

high specificity (ranging from 84 to 100%), and are widely
regarded as the gold standard for monitoring the motor pathway
during surgery.1 However, controversy still exists regarding
whether TcMEPs can entirely monitor spinal nerve root function.
Several authors have shown that TcMEPs are highly sensitive to
lumbar nerve root function,5–7 but others have emphasized that

TcMEPs cannot detect an isolated nerve root insult due to the
overlapping muscle innervation of adjacent root levels.8–10 In our
patient, the cause of the motor deficit was thought to be the
nerve root stretch of the left L3. Generally, QF is innervated by L2,
L3 and L4 nerve roots.11 Therefore, the TcMEPs of the left QF in
our patient may have been generated by the conduction of
transcranial stimuli through L2 and L4, even after an L3 nerve root
injury.
On the other hand, intra-operative free-run EMG is used to

detect compromise in motor pathways, mainly in the motor nerve
root, and provide real-time feedback, especially during spinal
surgeries where peripheral nerves or roots are at a risk of injury.1

Indeed, Gunnarson et al.12 reported that 77.5% of 213 consecutive
cases who underwent lumbosacral surgeries had at least one
activation of free-run EMG, resulting in a low specificity for free-
run EMG monitoring.5,12–14 This low specificity can cause free-run
EMG to be less reliable in predicting postoperative motor deficits
than TcMEPs, and can prevent surgeons from performing
appropriate responses to abnormal EMGs with normal TcMEPs
findings. There may be several reasons for the low specificity in
free-run EMGs. First, free-run EMG provides real-time feedback.
Therefore, it may lead one to alter the surgical procedures before
the occurrence of a severe or irreversible neural injury, elevating
the false-positive rate. Second, there are no definite warning
criteria for free-run EMGs. Generally, activity patterns in free-run
EMG are characterized as burst or train activity. Burst activity
consists of nonrepetitive asynchronous potentials, while train
activity consists of repetitive synchronous discharges that may last
for several minutes. Although burst potentials are associated with
any mechanical contact with the nerve root, the presence or
degree of burst potentials are not likely to be associated with
neural insult. On the other hand, sustained tonic activity in free-
run EMG has been reported to be related to sustained traction and
compression of nerve roots, and is more associated with neural
injury.5,7,12,15,16 However, several authors have included not only
train activity, but also burst activity, in the warning criteria for free-
run EMGs, which might result in high sensitivity and low specificity
in free-run EMG monitoring.12,14,17 Therefore, to establish definite
warning criteria for free-run EMG monitoring, it is necessary to
analyze true-positive cases in detail. In our patient, a true-positive
finding with long-lasting train activity in the free-run EMG of the

Figure 3. (a) Free-run EMG monitoring after spinal correction at the area of the PVCRs shows train activity composed of spike waves in the left
QF. (b) TcMEPs did not show any significant changes during surgery. (c) TcMEPs of the left QF are shown during the following time points: (1)
control, (2) after resection, (3) just after EMG train activity, (4) 30 min later and (5) at the end of surgery. APB, abductor pollicis brevis; FHB,
flexor halluces brevis muscle; TA, tibialis anterior muscle.

Figure 4. Anteroposterior (a) and lateral (b) standing radiographs at
2 years after surgery.
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left QF occurred after correction with a translation technique at
the PVCR area. Therefore, long-lasting train activity in free-run
EMG may be one of the warning criteria for postoperative motor
deficits.
In conclusion, the possibility of false-negative TcMEPs should be

kept in mind, especially during surgery with a risk of nerve root
injury. The present case was a rare case, but could represent cases
with potentially preventable motor deficits after surgery, provid-
ing a warning for an over-reliance on TcMEP monitoring. When
abnormal findings in the free-run EMG are observed (at least long-
lasting train activity), surgeons should consider appropriate
responses, such as the release of the correction, even when no
substantial changes are seen in the TcMEPs.
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The patient consented to the submission of this case report to the
journal.
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