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Neurophysiological assessment of spinal 
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Abstract 

Somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs) are non-invasive neurophysiological 
tests that reflect the functional integrity of sensory and motor pathways. Despite their extensive use and description 
in human medicine, reports in veterinary medicine are scarce. SSEPs are obtained via peripheral stimulation of sensory 
or mixed nerves; stimulation induces spinal and cortical responses, which are recorded when sensory pathways 
integrity is preserved. MEPs can be obtained via transcranial electrical or magnetic stimulation; in this case, thoracic 
and pelvic limb muscle responses are captured if motor pathways are preserved. This review describes principles, 
methodology and clinical applicability of SSEPs and MEPs in companion animal medicine. Potential interferences of 
anesthesia with SSEP and MEP recording are also discussed.
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Background
Spinal cord injuries may lead to clinical signs ranging 
from localized pain to paresis or plegia, with or without 
preservation of conscious pain perception. Along with 
regenerative therapy, more attention should be given to 
diagnostic modalities and objective tools designed to 
monitor neural pathways as a predictor of outcome in 
veterinary medicine.

Neurophysiological studies involve a range of tests 
designed to record action potentials along sensory and 
motor pathways; such tests provide data on injury site 
and severity and help to assess the progression of spinal 
cord lesions (i.e., improvement or deterioration) [1, 2]. 
Some modalities can specifically evaluate the peripheral 
nervous system, as nerve conduction studies, others will 
also evaluate the central nervous system, as somatosen-
sory evoked potentials and motor evoked potentials, as 

described in this review. Intraoperative monitoring dur-
ing spinal surgery is also possible, with improved preven-
tion of iatrogenic injuries and more accurate prognosis 
[1, 3]. This review describes basic principles, methodol-
ogy and clinical applicability of evoked potential tests in 
small animals.

Search strategy
This overview was provided through searches of Pub-
med (http://www.ncbi.nlm.nih.gov/pubmed) and Google 
Scholar (https://scholar.google.com), using the terms 
“motor evoked potentials, somatosensory evoked poten-
tials, SSEPs and MEPs”. The titles and abstracts were eval-
uated and pertinent articles related to the current study 
were identified. Full-text manuscripts were then col-
lected and assessed in detail. Personal archives were used 
to illustrate SSEPs and MEPs recordings.

Review
Evoked potentials are neurophysiological tests designed 
to assess, among others, the functionality of neural 
pathways involved in spinal cord injuries. Somatosen-
sory evoked potentials (SSEPs) correspond to spinal and 
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cortical sensory responses recorded following electrical 
stimulation of a peripheral nerve, and reflect the func-
tionality of ascending sensory pathways. In contrast, 
motor evoked potentials (MEPs) correspond to periph-
eral muscular responses recorded following motor cortex 
stimulation and reflect the functionality of descending 
motor pathways [2, 4].

Neurophysiological techniques are extremely popu-
lar in human medicine and are particularly indicated for 
intraoperative monitoring during spinal surgery; how-
ever, reports on neurophysiological assessment of spinal 
cord injuries in veterinary medicine are scarce. Neuro-
physiological tests have been employed to record SSEPs 
[5, 6] and MEPs in healthy animals [7–10] and in cases 
of cervical spondylomyelopathy [11, 12], intervertebral 
disk disease [13], lumbosacral stenosis [14], hereditary 
diseases [15, 16] and traumatic injuries [17]. Their use in 
evaluation of responses to regenerative therapy [18] and 
in intraoperative monitoring during cervical spinal sur-
gery [19] has also been reported.

Somatosensory evoked potentials (SSEPs)
Principles
Somatosensory evoked potentials reflect the integrity of 
large-diameter sensory nerve fibers running through the 
dorsal funiculus. Potentials generated via stimulation of 
peripheral nerves are recorded at different levels of the 
nervous system, such as peripheral nerve, plexus, nerve 
roots, spinal cord segments and the sensory cortex. The 
tibial and median nerves are the nerves of choice for 
stimulation in pelvic and thoracic limbs respectively [2, 
5, 6]. Somatosensory evoked potentials correspond to the 
conscious proprioception pathway; therefore, SSEPs do 
not represent smaller diameter fibers conveying pain and 
temperature sensation and may be altered or absent even 
in individuals with nociception [2].

Methodology
Stainless steel electrode pairs (i.e., cathode and anode) 
inserted into the subcutaneous tissue over the distal end 
of the target nerve are used for stimulation. Proximal 
stimulation can recruit more fibers and then promote 
larger potentials, but can also cause more muscle reflex 
activity. Stimulation just above the carpus for the median 
nerve and just above the tarsus for the tibial nerve can 
stimulate enough number of fibers avoiding excessive 
muscle activity [2, 20]. The most negative electrode (cath-
ode) causes axon membrane depolarization, and should 
be placed 2 cm proximal to the anode, in order to avoid 
the anodal block of conduction [5, 6]. Surface electrodes 
are commonly used in humans; however, monopolar nee-
dle electrodes are recommended in dogs and cats due 

to greater skin thickness, larger amounts of subcutane-
ous fat and the presence of fur [2, 5]. Continuous stimuli 
applied to one limb at a time help to assess lesion later-
alization. Pulse duration of 0.1  ms is most widely used. 
Stimulus intensity is related to recruitment of nerve fib-
ers and the larger is the diameter of a fiber nerve, more 
easily it is stimulated. Moreover, with increasing stimulus 
intensity, more nerve fibers are recruited [20]. Therefore, 
pulse intensity (mA) is adjusted until a barely visible dis-
tal limb contraction is elicited indicating proper stimula-
tion of motor fibers in mixed nerves such as the tibial and 
median nerves, and this is subject to individual variation. 
Once a good motor twitch is obtained, increasing the 
stimulus intensity further does not increase SSEPs ampli-
tudes [20, 21].

Stimulus rates usually range from 2 to 5 Hz [4–6, 13], as 
amplitudes of scalp-recorded SSEPs can be modified by 
pulse rates above 2 Hz and spine recorded SSEPs by rates 
above 4 Hz [20]. Electrodes connected to the stimulator 
cause axons depolarization, with centrally (also periph-
erally) propagation, and SSEPs can be recorded from the 
spinal cord ascending tracts and finally in the scalp.

Filters are used to avoid activity not related to the gen-
erator under study that would interfere with the record-
ings. Commonly, a window from 10 to 4000 Hz in spine 
recorded SSEP and 10–3000  Hz for the scalp-recorded 
SSEP is used [5, 6, 17]. As signals under study are of very 
small magnitude, “Signal averaging” is applied to differ-
entiate signals of interest from other interferences. This 
signal is time-locked to the stimulus, while noise is a ran-
dom event. With averaging of repeated responses, noise 
is averaged out and the signal is averaged in [20].

As mentioned before, the sensory pathway may be fur-
ther subdivided and topographed using electrode pairs 
placed at different spinal segments [5, 14, 17]. For spinal 
cord SSEPs, the active recording electrodes are placed 
in the dorsal midline parallel to the edges of adjacent to 
spinous process, aiming the center of the interarcuate 
ligament. The reference electrode is positioned in the 
paraspinal muscles 1–3 cm lateral to the recording elec-
trode, at the same level. The active recording electrode 
can be advanced cranially to study different spinal cord 
segments, and also adjacent to a lesion, so that is pos-
sible to delimit the injury site. Ground electrode can be 
inserted subcutaneously preferably over a bone promi-
nence, as these are electrically inactive regions [5, 13, 14, 
17]. Along the spine, four contributions to SSEP record-
ing can be identified. They are the root component (at 
L7–S1 level), the cord dorsum potential (in the caudal 
lumbar area), the ascending evoked potential (at more 
rostral levels) and the medullary component (at the level 
of the cisterna magna) [5, 20].
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The root component is a potential that originates in 
the cauda equina nerve roots and can be detected on the 
three most caudal intervertebral spaces.

The cord dorsum potential is a triphasic potential that 
originates in the region of the spinal cord segments that 
receive input from sensory and mixed peripheral nerves. 
Therefore, it assess integrity of proximal sensory nerves, 
dorsal nerve roots, and spinal cord dorsal horn gray mat-
ter [22].

The ascending evoked potential is a compound action 
potential of small amplitude that can be difficult to detect 
in cranial thoracic and cervical areas due to the difficulty 
of inserting the electrodes properly. Finally, the medul-
lary component possibly originates in the cervical and 
medullary nuclei [20].

Another feature of spine-recorded SSEP is the evoked 
injury potential, which is the spinal evoked response 
obtained by volume recording after injury to the cord, 
and represent the action potentials ascending the cord 
tracts up to the site of injury but not passing it. It has also 
been used as an intraoperative localizing tool for acute 
spinal cord injury [20, 23].

For scalp recording, the active (also called record-
ing or different) electrode can be placed in the central 
zone, subcutaneously [5, 13, 17, 19]. Corkscrew (spiral) 
needle electrodes can be used for better adherence and 
minimization of external interferences [2, 5]. In the scalp, 
electrode position reflects the somatosensory area. A ref-
erence electrode placed centrally/frontally on the median 
plane and a ground electrode in the neck or on the fore-
limb position are also employed [2, 5].

Electrode pairs are connected to preamplifiers, then 
to specific channels in the equipment [4, 5]. Graphical 
representations of digitally recorded latency and ampli-
tude data are used to investigate conduction disturbances 
along the sensory spinal tract [2, 4, 5].

Recordings
Somatosensory evoked potential recordings are displayed 
on a computer screen; recordings and waves correspond-
ing to each limb are shown in different windows, which 
can be adjusted for improved visualization. Figure  1 
shows an example of SSEPs recorded from thoracic limb 
in a dog. Manually managed cursors are used to measure 
wave amplitude and latency [2, 4–6].

Clinical applicability
Somatosensory evoked potentials reflect sensory path-
way conductivity and integrity in areas that cannot be 
accessed using other electrodiagnostic tests and may 
therefore be used for investigation of central and periph-
eral neurological conditions [5]. The method is thought 

to be sensitive and specific for detection of peroperative 
complications, is user-friendly and can be combined with 
other neurophysiological diagnostic modalities [24, 25]. 
Thoracolumbar spinal cord injuries are expected to gen-
erate normal thoracic limb recordings and deteriorated 
pelvic limb recordings, with the magnitude of changes 
reflecting injury severity (i.e., the more severe the injury, 
the longer the latency and the lower the amplitude); alter-
natively, SSEPs may not be recorded [26]. In lateralized 
lesions such as lateral intervertebral disk extrusion, evi-
dence of lateralization should be apparent in recordings 
(Fig.  2). In human medicine, these modalities include 
monitoring many neurosurgical or orthopedic spine sur-
geries, such as embolization or tumor resections, aneu-
rysm repairs, peripheral nervous system surgeries, thus 
helping the safe surgical approach [2].

Observations
Somatosensory evoked potentials may be influenced by 
mechanical factors, ischemic conditions, systemic hypo-
tension, hypothermia, injectable anesthetics such as 
thiopental sodium, pentobarbital and ketamine hydro-
chloride, and volatile agents such as isoflurane, sevoflu-
rane and nitric oxide [2, 24]. Latency changes >10% and 
drops in amplitude of more 50% are alarming signs in 
intraoperative monitoring of human patients and should 
be reported to the surgeon in charge [27]. Somatosen-
sory evoked potentials reflect the functional integrity of 
the dorsal columns and therefore do not represent motor 
pathways, which may be individually compromised [2, 
24, 27].

Fig. 1  Somatosensory evoked potentials (SSEPs) recorded from scalp 
following median nerve stimulation in a dog. Latency (T1 = 13.08 ms; 
vertical bar) and peak-to-peak amplitude (A1–A2 = 8.54 µV; hori-
zontal bars) measurements are displayed. Gain = 2 µV/div; sweep 
speed = 5 ms/div
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Motor evoked potentials (MEPs)
Principles
Motor evoked potentials assess motor pathway integrity 
from the cerebral cortex to the muscles and can be gen-
erated via transcranial magnetic [8, 10–12] or electri-
cal stimulation [3, 7, 28]. While electrical stimulation is 
based on direct stimulation via subcutaneous electrodes 
inserted into the scalp, in transcranial magnetic stimula-
tion a coil is used to generate magnetic fields that are then 
converted into electric potentials. Both methods induce 
depolarization and trigger action potentials that propa-
gate along descending pathways related to the pyramidal 
and extrapyramidal systems; the first fibers descending 
from the cortex to the spinal cord form the corticospinal 
system [2, 10]. Extrapyramidal pathways correspond pri-
marily to the rubrospinal, reticulospinal, tectospinal and 
vestibulospinal tracts and are particularly relevant in dogs 
[29]. The need for anesthesia is a major downside of tran-
scranial electrical stimulation, as muscle contractions are 
painful, besides anticipated pain can occur [7].

In contrast, transcranial magnetic stimulation can be 
performed in sedated animals [8, 12] and does not require 
special preparation in humans [10]. However, electrical 
stimulation is less impacted by anesthetic drugs and is 
therefore the method of choice for intraoperative moni-
toring [2]. Also, motor responses induced via transcranial 
magnetic stimulation are easier to capture following vol-
untary movements of the target limb made upon request, 
which is not applicable to animal patients [2].

Methodology
For magnetic stimulation, a coil of wire generates the mag-
netic field, and it is positioned over the motor cortex, with 
the purpose to create a pulsed electric current [10]. For 
electric stimulation, cork screw electrodes provide better 
attachment to the scalp for proper transcranial stimula-
tion and should be inserted centrally and above the left 
and right hemispheres, then connected to the stimulator. 
Active electrodes connected to the anode are expected 
to elicit better responses on the contralateral side. Multi 
pulses of 0.05  ms duration, individually adjusted to 
supramaximal intensity and frequency of 250 Hz are used 
[2]. Potentials are captured via needle electrodes inserted 
into target muscles, particularly those caudal to the injury 
site, although cranially located muscles may be employed 
as sentinels. The extensor carpi radialis and cranial tibial 
muscles (thoracic and pelvic limbs respectively) are the 
muscles of choice for MEP capture in dogs [11, 12, 18].

Recordings
As with SSEPs, MEP wave latency and amplitude val-
ues are displayed and measured on a computer screen 
(Fig. 3); SSEPs and MEPs should not be recorded simulta-
neously due to potential stimulation artifact interferences 
[4].

Clinical applicability
Motor evoked potentials have similar clinical applica-
bility to SSEPs; however, motor pathways are reflected 

Fig. 2  Somatosensory evoked potentials (SSEPs) recorded from a dog presenting with thoracolumbar spinal injury. Tracings obtained following 
left (a) and right (b) median nerve and left (c) and right (d) tibial nerve stimulation. Lack of SSEP following right pelvic limb stimulation reflects a 
spinal lesion caudal to right-sided cervical enlargement. Latency (ms; vertical bar) and peak-to-peak amplitude (µV) measurements are displayed. 
Gain = 1 µV/div (a, b and c) or 2 µV/div (d); sweep speed = 5 ms/div (a, b) or 15 ms/div (c, d)
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instead, and therefore a different system with specific 
functions and anatomical location [2]. Normal thoracic 
limb MEPs with altered pelvic limb MEP latency and 
amplitude should be expected in thoracolumbar spinal 
injuries. As with SSEPs, recording abnormalities are con-
sistent with lesion severity [30, 31], (i.e., the more severe 
the injury, the grater the latency and the lower the ampli-
tude), although they do not seem to correlate with prog-
nosis for recovery. MEPs may not be recorded caudal to 
the injury site [32, 33] (Fig. 4).

Observations
Motor evoked potential changes occur more rapidly than 
SSEP changes under ischemic conditions; therefore this 
technique is more sensitive for detection of intraopera-
tive spinal injuries [4, 24, 32, 33].

Anesthesia in SSEP and MEP assessment
Chemical restriction is required for SSEP and MEP 
recording in veterinary medicine; however, common 
sedating and anesthetic agents may attenuate or even 
suppress motor and somatosensory responses. Hypnotic-
opioid combinations such as intravenous propofol and 
remifentanil are routinely used in human patients [25, 28, 
34] submitted to electrical stimulation. The hyperpolari-
zation (i.e., creation of a more negative resting potential 

in cell membranes) induced by volatile anesthetic agents 
such isoflurane decreases neuronal excitability and may 
prevent action potentials from reaching motor cortex 
and motor neuron depolarization thresholds [27, 34–36]. 
Several anesthetic protocols have been described in vet-
erinary medicine. The use of drugs such as xylazine and 
dexamedetomidine, midazolam, sufentanil [5, 12, 37–39], 
ketamine, methohexital and isoflurane [37, 40] has been 
reported; anesthetic induction and maintenance through 
constant rate infusion of propofol [15, 35] has also been 
proposed. While MEPs can be obtained via transcranial 
magnetic stimulation in sedated patients, strong contrac-
tion of masticatory muscles induced by electrical stimu-
lation dictates the need for general anesthesia and the 
use of protectors to prevent tongue laceration when this 
technique is employed. Body temperature oscillations 
may interfere with recordings; therefore, this parameter 
must be monitored [10, 19].

SSEPs and MEPs in veterinary medicine
Application of these diagnostic modalities in veterinary 
medicine is still limited, and two major limiting factors 
should be mentioned. First, different anesthetic protocols, 
mainly with substances that strongly suppress cortical 
activity, can definitely impair proper recordings. Second, 
mild clinical signs due to spinal cord injury can drasti-
cally influence, or even prevent recordings. More inves-
tigation and standardization should be determinant for 
better and more trustable results, and more information 
extracted from human medicine should be of great ben-
efit to application in animals. SSEPs and MEPs have been 
used alone or in combination to complement neurological 
examination, as well as for disease characterization and 
functional classification of spinal cord injuries [15–17, 
20, 26, 31, 37, 40–42]. Several aspects need to be further 
investigated and defined before results can be compared 
between studies. Electrode insertion sites, particularly of 
scalp electrodes used for SSEP capture or MEP induction 
via transcranial magnetic or electric stimulation, must 
be standardized. In dogs, extensive anatomical variabil-
ity in head shape (e.g., brachycephalic vs. dolichocephalic 

Fig. 3  Motor evoked potentials recorded from the extensor carpi 
radialis muscle following transcranial electrical stimulation in a dog. 
Latency (T1 = 16.77 ms; vertical bar) and peak-to-peak amplitude 
(A1–A2 = 1127.27 µV; horizontal bars) measurements are displayed. 
Gain = 200 µV/div; sweep speed = 15 ms/div

Fig. 4  Motor evoked potential recordings (MEPs) in a dog presenting with thoracolumbar spinal injury. Tracings obtained following left (a) and 
right (b) extensor carpi radialis and left (c) and right (d) cranial tibial muscle stimulation. MEP capture in a, b and c and absence in d is consistent 
with right-sided spinal lesion. Latency (ms; vertical bar) and peak-to-peak amplitude (µV) measurements are displayed. Gain = 100 µV/div (a, b) or 
15 µV/div (c, d); sweep speed = 15 ms/div
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breeds) is likely to interfere with correct location of stim-
ulation and signal capture sites. Latency and amplitude 
reference values are also open to question, given the wide 
variability even between individuals of the same breed [11, 
31]. A single study describes the use of SSEPs for intra-
operative monitoring of dogs with spinal cord dysfunc-
tion [19]. The value of evoked potentials possibly resides 
in the contribution of such tests to objective assessment 
of recovery or deterioration of neurological conditions 
via paired or serial comparisons of recordings obtained 
from the same animal. Also, intraoperative monitoring 
significantly increases procedure safety (i.e., prevention 
of iatrogenic lesions) and prognostication accuracy. Just 
as human patients, dogs and cats would certainly benefit 
from intraoperative neurophysiological monitoring dur-
ing spinal surgery [43, 44].

Conclusions
Somatosensory and motor evoked potentials reflect the 
functional integrity of ascending (sensory) and descend-
ing (motor) pathways and therefore have diagnostic and 
prognostic value. Somatosensory and motor evoked 
potentials constitute promising tools for assessment and 
follow up of neurological conditions and provide signifi-
cant contributions to intraoperative monitoring of spinal 
procedures.
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