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The clinical assessment of the level, extent and severity of spinal cord injury (SCI) can be
supplemented by electrophysiological recordings. These techniques also provide an early
diagnosis of neurological de®cits in patients with acute SCI and are of prognostic value even
in uncooperative patients. Electrophysiological recordings (motor evoked potentials (MEP)
and somato-sensory evoked potentials (SSEP)) are of similar signi®cance in predicting
functional outcome of ambulatory capacity, hand- and bladder function as the clinical
examination according to the ASIA standards. EMG, neurographic and re¯ex recordings of
acute SCI patients within spinal shock are even more sensitive in assessing an associated
damage of the peripheral motor pathways (ie of motoneurones and nerve roots) than the
clinical examination and allow the possibility of predicting the development of muscle tone or
muscle atrophy. The evaluation of impairment of the autonomic nervous system after SCI by
clinical examination is restricted. In contrast, recordings of the sympathetic skin response
(SSR) can provide information about the extent and level of lesions of the spinal sympathetic
nervous system which are related to autonomic dysfunction. Therefore, electrophysiological
recordings supplementary to the clinical examination are helpful for planning and selecting the
appropriate therapeutical approaches within the rehabilitation programme. Furthermore, they
allow the prediction of functional outcome and the objective assessment of recovery of speci®c
parts of the spinal and peripheral ®bre tracts.
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Introduction

In patients with acute traumatic lesions of the spine the
clinical examination is usually the ®rst and most
important diagnostic approach for the assessment of
a spinal cord injury (SCI). The clinical examination
delineates the level of the lesion, the extent of motor
and sensory de®cits, and initiates (neuro-) radiological
examinations (X-ray, CT scan, MRI). The results of
such examinations are essential in the choice of the best
therapeutical approach (ie surgical and conservative
procedures) and for planning the aims and determine
the limitations of the rehabilitation programme.

This review intends to show how far electrophysio-
logical recordings are able to broaden the clinical
assessment of an acute SCI patient and its con-
sequences. As electrophysiological recordings allow the
objective assessment and distinguishing between
lesions of di�erent parts of the peripheral and central

nervous systems they are of supplementary value to
the clinical examination and especially of importance
in patients who are not able to cooperate.1

The aim of this review is: (1) to illustrate the
signi®cance of electrophysiological recordings in the
diagnostic and prognostic assessment of patients with
acute SCI in relation to the clinical examination, (2) to
describe the most reliable recordings for predicting the
outcome of di�erent functions in SCI patients, and (3)
to monitor the extent of recovery of spinal cord
function (by recording spinal impulse transmission) in
relation to the degree of functional improvement
during the rehabilitation programme. The indications
and limitations of electrophysiological recordings in
the diagnostic assessment of acute SCI patients and
their value in comparison to the clinical examination
are discussed.

Clinical examination

For an adequate assessment of the relevance of
electrophysiological recordings in acute SCI patients
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the signi®cance of some clinical examinations will be
shortly reviewed. The clinical diagnosis of incomplete
motor and/or sensory SCI lesion, such as sacral
sparing, in patients with acute SCI provides a good
prognosis for recovery of spinal cord function.2,3

Furthermore, the clinical diagnosis of speci®c post-
traumatic spinal syndromes allows the estimation of
the degree of neurological recovery in acute SCI.4 Best
recovery is observed in the Brown-SeÁ quard (90%), less
in patients with central-cord (50%) and least in
patients with anterior cord-syndrome (16%).5,6 How-
ever, these, rather gross, clinical di�erentiations are not
sensitive enough to predict the recovery of special
functions like locomotion, hand- or bladder function,
which are of crucial importance for the functional
outcome and future independence of patients with SCI.

One of the ®rst standardized clinical protocols for
the diagnosis of acute SCI was introduced by Frankel
and coworkers.7 This internationally well recognized
gradation, in combination with the level of lesion,
describes the extent of neurological and functional
de®cits. Follow-up examinations revealed that no
tetraplegic patient with a Frankel grade A lasting up
to 72 h post-trauma and only about half of tetraplegic
patients with a Frankel grade B achieved an
ambulatory capacity 1 year after trauma.8 However,
87% of tetraplegic patients with a Frankel grade C
were able to ambulate 1 year after trauma. Further-
more, the di�erent prognostic value of light touch or
pin prick sensation in incomplete SCI below the level
of lesion could be documented. In about 70% of
patients with acute SCI and loss of muscle function,
but preserved pin prick sensation below the level of
lesion, a functional relevant recovery of muscle
strength occurred. However, such a recovery was
seen in less than 20% of patients with preserved light
touch sensation but lacking pin prick sensation in the
respective dermatomes.2,9

In 1992 the American Spinal Injury Association
(ASIA) in cooperation with the International Medical
Society of Paraplegia (IMSOP) introduced a standar-
dized clinical examination protocol for SCI patients
which aims to quantify the extent of motor and
sensory de®cit.10 The ASIA protocol has been
recognized as a fast, simple and semiquantitative
protocol for neurological examination which focuses
on the special functions of SCI patients. The ASIA
protocol determines the level of lesion and scores the
preserved motor and sensory functions, di�erentiates
between complete or incomplete (presence of any
sensory or motor function in lowest sacral segment)
lesion and describes a zone of partial preservation.
Follow-up examinations using the ASIA protocol in
tetraplegic patients have shown that more than 80%
of functionally relevant neurological recovery is
achieved 3 ± 6 months post-trauma with a concomi-
tant recovery of upper and lower limb function.11 For
later periods, up to 2 years post-trauma, only a minor
neurological recovery can be expected without
additional relevant motor functions. In 90% of

patients with complete tetraplegia more than 1
month post-trauma, no recovery of any new motor
or sensory function does occur. In less than 10% of
patients there was a decrease of the neurological level
of lesion. By testing upper and lower limb motor
scores according to the ASIA protocol in acute SCI
patients it is possible to predict recovery of muscle
strength and functional outcome, such as the
ambulatory capacity.12

Electrophysiological recordings

Electrophysiological recordings have been used in the
management and care of SCI patients since 1970 but
are routinely performed only in a few SCI centres.
These techniques supplement clinical and neuroradio-
logical examinations and allow the di�erentiation
between lesions of the spinal (ie ascending and
descending ®bre tracts) and the peripheral nervous
system (eg radicular lesions, plexus, peripheral nerves).
They are especially useful compared to clinical
examination in uncooperative (due to drugs, language
barrier, psychogenic paresis) and unconscious (due to
head trauma, arti®cial ventilation) patients, as the
electrophysiological recordings are less dependent upon
the cooperation of the patient.13 The electrophysiolo-
gical recordings can be separated into those relevant to
central (spinal) or to the peripheral nervous system.

Recordings of spinal pathways

Somato-sensory evoked potentials (SSEP)
Using SSEP recordings the integrity of impulse
transmission of somato-sensory nerve ®bres through
parts of the spinal (mainly dorsal column) and
peripheral (peripheral nerve, plexus) nervous system
can be tested. Spinal lesions at di�erent levels can be
separated from a�ection of sensory nerve ®bres by
combined recordings of the SSEP from central (conus
medullaris, cervical spine, cortex) and peripheral
(plexus) parts of the nervous structures. The record-
ings are not a�ected by spinal shock and can reliably
be recorded even in sedated and unconscious
patients.14

Motor evoked potential (MEP)
Following the introduction of painless transcortical
magnetic stimulation by Barker and coworkers15 the
integrity of the cortical and spinal motor tract ®bres
can be assessed even in awake SCI patients.15 MEP due
to transcortical stimulation can be recorded from
di�erent proximal and distal muscles of the upper
and lower limbs, and can be used to assess the level
and extent of the SCI lesion. By combining magnetic
stimulation of cortical and peripheral nervous struc-
tures (spinal roots, plexus, peripheral nerves), lesions of
spinal and/or peripheral nerves underlying a muscle
paresis can be di�erentiated.16,17
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Sympathetic skin response (SSR)
The sympathetic skin response (SSR) is a simple and
non-invasive electrophysiological test to examine the
common e�erent pathways of the sympathetic nervous
system. Pathways from the spinal cord to the
sudomotor sweat glands of hands (palmar), feet
(plantar) and the perineal skin region transmitted by
pre- and post-ganglionic sympathetic nerve ®bres can
be evaluated. The SSR to supralesional magnetic or
electric stimulation can be recorded by conventional
surface EMG disc electrodes applied to the relevant
skin areas. This allows the assessment of lesions of the
spinal and peripheral sympathetic nerve ®bres subser-
ving respective skin areas.18

Recordings of peripheral pathways

Electromyographic (EMG) and neurographic
recordings
In SCI patients EMG and neurographic recordings
from upper and lower limb muscles are required in
order to assess accompanying peripheral nerve lesions
in poly-traumatic SCI patients. In addition, damage of
anterior horn cells and ventral nerve roots associated
with a SCI (including conus medullaris or motor ®bres
of the cauda equina) can be evaluated.

The combination of motor and sensory neuro-
graphic recordings allows the di�erentiation between
muscle paresis due to spinal anterior horn cell/
anterior nerve root lesions or peripheral nerve
damage (plexus, peripheral nerve).19 In the latter
disorder, both the peripheral sensory and motor nerve
®bres are a�ected, whereas in spinal lesions only the
motor nerve ®bres are a�ected while sensory nerve
®bres remain intact.20

Re¯ex-recordings
By studying H-re¯exes and F-waves it is suggested that
the impairment of motoneurone excitability due to
traumatic lesion, spinal shock and development of
spasticity can be assessed.21,22

The H-re¯ex (®rst description by Ho�man 1918) is
an electrically induced monosynaptic re¯ex (corre-
sponding to the tendon tap re¯ex), which includes the
function of a�erent, spinal-segmental and e�erent
pathways. The impulse volley evoked by submaximal
electrical stimulation of a�erent ®bres (Ia) of a mixed
peripheral nerve excites the a-motoneurones belonging
to the same muscle where the stimulated a�erent ®bres
originate by monosynaptic transmission. In contrast,
F-waves represent late motor responses observed
following supramaximal electrical stimulation of a
peripheral nerve causing an antidromic activation of a-
motoneurones. Therefore F-waves indicate preserved
conduction along the e�erent peripheral motor path-
way and are of diagnostic value in proximal nerve
lesions and are related to the excitability of the
segmental motoneurone pool.23

Prediction of functional outcome

Hand function
Patients with cervical SCI (30 ± 40% of SCI patients)
su�er from functional de®cits of both upper and lower
limbs. Impairment or loss of hand function needed for
grasping movements and skilled motor tasks are
among the most important factors restricting the
future independence of these patients.24 Therefore, an
early prediction of the outcome of hand function in
such patients is of crucial importance in planning the
rehabilitation programme and thus the degree of self-
independence to be expected. For studying functional
outcome of hand function a simpli®ed classi®cation25

into one of three most relevant types can be performed:
(a) active hand function=voluntary activity of the
intrinsic hand muscles (at least pulp- and lateral pinch),
(b) passive hand function=loss of voluntary activity of
intrinsic hand muscles. By using the tenodesis e�ect a
passive closing and opening of the ®ngers is achieved
and some gross grasping movements can be performed,
and (c) no hand function=complete loss of intrinsic
hand- and forearm muscle function without any active
grasping function of the hand.

SSEP recordings by stimulation of upper limb
nerves allows the assessment of the level of cervical
SCI. In SCI patients with level of lesion C3 ±C6 the
median SSEP was pathological in about half (52%),
and ulnar SSEP in most (81%) of patients.25 In lesions
C6 ±T1 the median SSEP was less a�ected (520%)
whereas the ulnar SSEP was as pathological in more
than 85% of patients. In the latter study, all patients
with a loss of both median and ulnar SSEP achieved
no hand function. Patients who recovered a passive
hand function showed a pathological median SSEP in
about half and pathological ulnar SSEP in more than
90% of cases. In contrast, patients with normal
median and ulnar SSEP developed an active hand
function in more than 90% of cases. SSEP recordings
were of similar sensitivity (P50.001) as the ASIA
scores of the sensory functions in predicting the
outcome of hand function.

MEP recordings may also predict development of
hand function of tetraplegic patients following acute
cervical SCI.26 In cervical SCI the MEP recordings of
the abductor digiti minimi muscle were pathologically
a�ected in most patients (about 90%) and signi®cantly
di�erent from normal values (ANOVA, P50.05),
whereas the MEP recordings of the biceps brachii
muscle were less a�ected (in only about 20%). The
MEP recordings of the abductor digiti minimi muscle
were signi®cantly (P50.001) correlated to the outcome
of hand function, as this muscle is representative of
voluntary activity of intrinsic hand muscles. Most
patients (490%) who lack MEP of both biceps
brachii and abductor digiti minimi muscle following
acute SCI developed no or only a passive hand
function. Where abductor digiti minimi muscle MEP
was absent no patient regained an active hand
function. Furthermore, recordings of MEP from
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proximal upper limb muscles (ie biceps and triceps
muscle) predicted pushing and transfer abilities of the
patients (active vs electrical wheelchair), which are
most important for the activities of daily living and
self-independence.

Neurographic recordings of the median and ulnar
nerves in acute tetraplegic patients are also of
relevance in predicting hand function and to differ-
entiate between the development of a ¯accid or spastic
hand muscle paresis.27 In cervical lesions (C6 ±T1)
anterior horn cells and anterior nerve roots can be
damaged resulting in a ¯accid paresis of the intrinsic
hand muscles. The combined neurographic examina-
tion of sensory and motor nerve ®bres distinguishes
between peripheral (plexus, pheripheral nerve) and
spinal cord lesions and enables estimation of the extent
(complete or incomplete) of anterior horn cell damage
by the reduction of the compound muscle action
potential. By the examination of the median and ulnar
nerves it can be determined whether one or both
nerves are a�ected (representing intrinsic hand muscle
function) and whether both hands are similarly
a�ected. In a prospective study no tetraplegic patient
with complete loss of the compound action potential
of median and ulnar nerves regained an active hand
function; all of such patients developed a ¯accid
paresis of the intrinsic hand muscles.28 This is of
crucial relevance for the development of hand function
and for the decision at an early stage of the mode of
occupational therapy (eg splinting procedures, gloves).
Furthermore, the application of functional electrical
stimulation (FES) to improve hand function or the
indication for a muscle-tendon transfer operation is
in¯uenced by the outcome of hand function and the
muscle tone which can be expected.29

Ambulatory capacity
The tibial SSEP can be used to predict recovery of
lower limb function and is related to outcome of
ambulatory capacity. Earlier studies showed that a loss
of tibial SSEP in patients with acute SCI indicates a
poor recovery.30 In contrast, in most patients (480%)
with an initially elicitable tibial SSEP post-trauma
some ambulatory capacity recovered within 1 year
post-trauma. In addition, these patients showed a
signi®cantly higher initial motor score and recovery
of muscle function in follow-up examinations.31 For
studying the prognostic value of electrophysiological
recordings a gradation of the functional outcome of
ambulatory capacity into four functionally relevant
categories was applied.32,33 (a) full ambulatory
capacity=no restriction in the activities of daily living
and employment due to lower limb de®cit; (b)
functional ambulatory capacity=walking daily over a
distance of more than 500 m without personal
assistance. The use of one or two sticks and/or braces
is allowed. The ambulatory capacity is regularly used
in the activities of daily living and usable for
employment; (c) therapeutical ambulatory capa-

city=standing and walking is only possible by aid of
either a physiotherapist, two braces in parallel bars or
with two sticks and the assistance of an accompanying
person (the patient can perform these procedures only
as a therapeutical approach); (d) no ambulatory
capacity=not able to walk or stand. The patient may
have some voluntary muscle activity in the lower limbs.

A recent study33 demonstrated that no acute
tetraplegic patient with a loss of tibial SSEP up to 2
weeks post-trauma recovers full ambulatory capacity.
Only 20% of these patients achieved a functional or
therapeutical ambulatory capacity, while the remaining
80% were still non-ambulatory 6 months post-trauma
(Table 1). Most patients (70%) with elicitable but
pathological tibial SSEP (prolongation of SSEP
latency) developed a functional or therapeutical
ambulatory capacity, although some patients (10%)
regained a full ambulatory capacity. Most patients
(480%) with normal tibial SSEP latency developed a
full ambulatory capacity.

In patients with SCI and complete loss of lower
limb muscle function a loss of MEP in the leg muscles
was usually found.34 In approximately 80% of patients
with incomplete motor lesions a MEP could be
recorded from the anterior tibial muscle. The latter
patients had a signi®cant slowing of spinal conduction
velocity (a means of 32 m/s compared to a normal
value of about 60 m/s) and the MEP amplitudes were
reduced.35 In most of the patients (70%) with acute
SCI who subsequently recovered an ambulatory
capacity post-trauma a MEP from the anterior tibial
muscle was recorded. Most patients (about 80%) who
achieved a full ambulatory capacity had normal MEP
latencies of the anterior tibial and quadriceps femoris
muscles. Only a few (520%) acute SCI patients who
su�ered an initial loss of lower limb MEP ®nally
achieved a full or functional ambulatory capacity.26

The MEP values of lower limbs were similarly
sensitive in predicting recovery of ambulatory capa-
city as the ASIA motor scores of the lower limbs
(Table 2). Patients with an elicitable MEP in the lower
limb within the ®rst 4 days post-trauma showed the
best recovery of motor function and achieved at least a
functional ambulatory capacity.36

Neurographic recordings of tibial and peroneal
nerves can indicate lesions of the conus medullaris

Table 1 Relationship between initial tibial SSEP recordings
and outcome of ambulatory capacity in acute tetraplegic
patients (n=31)

Initial tibial
Outcome of ambulatory capacity after 6

months
SSEP result Full Functional Therapeutical No

Normal
latency

Pathological
latency

Loss of SSEP

83%

10%

0%

17%

60%

7%

0%

10%

13%

0%

20%

80%
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and the cauda equina. These results can be used to
predict the development of a spastic or ¯accid leg
muscle paresis, which is of great in¯uence for the
particular rehabilitation programme (eg functional
electrical stimulation (FES), development of spastic
muscle contractions, locomotor training on a tread-
mill). In addition, patients with severe motor nerve
®bre lesions tend to have a less favourable recovery
rate of lower limb muscle function. In follow-up
examinations any secondary development of motor
nerve lesion due to spinal (myelomalacia, post-
traumatic syringomyelia) or peripheral nerve damage
(nerve entrapments) can be assessed at an early stage
and enables the initiation of further diagnostic
(neuroradiology) and therapeutical interventions.27,37

Bladder function
Impaired bladder function is a major complication in
patients with complete and incomplete SCI. An early
diagnostic assessment and appropriate treatment of
neurogenic bladder dysfunction is mandatory in order
to improve life quality and expectancy of SCI
patients.38 The pudendal SSEP does not represent
autonomic nerve ®bres involved in bladder function.39

The SSEP due to pudendal nerve stimulation includes
somatic nerve ®bres from S2 ± S4, and is related to
somatic nerve function (external urethral sphincter,
EUS). While the vesical detrusor muscle is innervated
by parasympathetic nerve ®bres within the pelvic
nerve.40

Elicitable pudendal SSEP are indicative of a good
recovery of bladder function and are signi®cantly
related to the function of the external urethral muscle.
In a prospective study41 most of the paraplegic (90%)
and tetraplegic (about 70%) patients with acute SCI

and loss of pudendal SSEP showed a complete loss of
voluntary EUS function 6 months after trauma (Table
3).35 No patient of the latter groups achieved a normal
EUS function. The pudendal SSEP recordings proved
to be of similar value as the ASIA scores at predicting
outcome of bladder function. However, it is important
to note that both pudendal SSEP and ASIA scores
cannot indicate or predict the kind of detrusor versicae
dysfunction (eg upper versus lower motoneurone
lesion, hyper-/hypore¯exive bladder) which has to be
assessed by urodynamic examinations.38

The bulbocavernosus re¯ex is a sacral polysynaptic
re¯ex which can be elicited during spinal shock even
though tendon re¯exes of the lower limbs are
abolished. Therefore the loss of the bulbocavernosus
re¯ex during spinal shock in acute SCI patients
suggests an impairment of the conus medullaris or
cauda equina.42 Clinical and electrophysiological
examinations of the bulbocavernosus re¯ex give
indirect evidence about the function of the sacral
somatic nerves S2 ± S4 which are involved in bladder
function. An abolished bulbocavernosus re¯ex is
usually associated with the development of bladder
dysfunction due to a lower motoneurone lesion.
However, like clinical and SSEP examinations,
urodynamic characteristics of the detrusor muscle
(urine retention, renal re¯ux) cannot be predicted by
this re¯ex.43 In addition, the examination of the
bulbocavernosus re¯ex by needle EMG recordings
assesses acute muscle denervation and, in follow-up
examinations, signs of reinnervation.

The anal re¯ex as a typical sacral re¯ex is also
elicitable during spinal shock. Again, as with the
bulbocavernosus re¯ex the anal re¯ex is impaired by
lesions of the conus medullaris, cauda equina and
plexus sacralis.43 Although the external anal

Table 2 Relationship between ASIA scores, lower limb MEP values and ambulatory capacity in acute tetraplegic patients
(n=36)
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sphincter muscle is innervated by the S2 ± S4 roots
the activation of the external urethral sphincter
muscle is di�erent to that of the external urethral
sphincter muscle.44,45 Therefore, EMG recordings of
the anal sphincter muscle during urodynamic
examinations are of limited value in assessing the
behaviour and function of the external urethral
sphincter muscle.46

Autonomic dysfunction
In SCI descending tracts of the sympathetic nervous
system within the spinal cord can be damaged which
leads to a complete or incomplete disconnection of the
supraspinal sympathetic centres from the peripheral
e�ector organs (Figure 1).18,47 Complete tetraplegic
patients develop di�erent syndromes of sympathetic
failure with orthostatic hypotension, disturbance of the
circadian blood pressure regulation (diminished mod-
ulation of blood pressure but preserved heart frequency
modulation during the night periods due to intact
vagal innervation) and can su�er from autonomic
hyperre¯exia (AH).48 In tetraplegic patients the loss of
SSR in the hands was associated with the development
of AH in 93% of patients. Disorders of the
sympathetic nervous system were often missed clini-
cally as 62% of patients with AH did not complain of
any symptoms although severe blood pressure dysre-
gulation was monitored (24 h blood pressure monitor-
ing). In 27% of incomplete tetraplegic patients the
clinical examination was not su�cient to assess a
complete disconnection of the sympathetic nervous
system, although these patients su�ered from sympa-
thetic failure.49

Table 3 Relationship between pudendal SSEP in acute paraplegic patients (n=39) and outcome of external urethral sphincter
function

Figure 1 Loss of SSR in hand, feet and perineal skin area
depending on the level of complete spinal cord lesion (type
1 ± 3); preservation in lesions of the conus/cauda (type 4)
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Development of muscle tone
In acute SCI tendon re¯exes are abolished and the
muscle tone is reduced below the level of lesion. This
combination of symptoms in acute SCI is called `spinal
shock'. However, for this diagnosis any accompanying
peripheral nerve lesions, which could be responsible for
the abolished tendon re¯exes and reduced muscle tone
have to be excluded.50

In contrast H-re¯exes can be elicited during spinal
shock, at a time when tendon re¯exes of the lower
limb are still lost.51 This con®rms that the re¯ex arc is
preserved and no accompanying peripheral nerve
lesions below the level of lesion are present. These
patients are prone to develop increased muscle tone
and signs of spasticity.52

By F-wave recordings the integrity of the e�erent
motor pathways can be assessed but they are
in¯uenced by spinal shock.53 In about half of patients
with acute tetraplegia during spinal shock F-waves of
the median and ulnar nerves could not be recorded.54

At 3 months post-trauma in most (80%) and 6 months
post-trauma in all patients F-waves could be recorded.
This recovery correlated with resolving spinal shock.
While the F-wave latencies were not a�ected in spinal
lesions, the F-wave persistence (number of elicitable F-
waves to 20 repetitive stimulations) was found to be
related to spinal shock.

Spinal cord recovery

By the ASIA protocol and the clinical scales of
outcome (ambulatory capacity, transfer capabilities,
bladder function) the functional recovery of patients
after acute SCI can be assessed. However these scales
are less sensitive in evaluating the extent of spinal cord
recovery (ie improved spinal impulse transmission), as
the functional and motor outcome can be improved
due to alternative functional strategies and adaptations
of the peripheral and spinal motor systems below the
spinal cord damage. Especially in incomplete SCI
patients the ASIA sensory and motor scores show an
increment, which is related to the improvement of the
patients' condition. In studies using SSEP and MEP
recordings it could be shown that functional recovery is
not in parallel with recovery of spinal impulse
transmission.55 Tibial SSEP in incomplete SCI
patients at an acute, post acute (6 months after
trauma) and chronic (46 months after trauma) stage
showed no improvement of pathological SSEP,
although the patients showed a signi®cant functional
improvement. The same was true for MEP recordings:
the prolonged latencies did not recover, while the
amplitudes showed some increment (Figure 2). There-
fore, only by the combination of clinical and
electrophysiological examinations can functional and
spinal cord recovery be distinguished. Both human and
animal studies show that there is a very restricted
recovery of impulse transmission within the spinal
cord, which can be compensated by plastic processes
within the spinal cord below the level of lesion and by

`extra-spinal' mechanisms.56 ± 58 These observations
may be important in the evaluation of new therapeutic
strategies directed to spinal cord recovery.

Conclusion

The combination of clinical and electrophysiological
recordings in acute SCI patients represent reliable
predictors about the degree of recovery of upper and
lower limb functions. Electrophysiological recordings
are of similar sensitivity to the ASIA scores and
provide additional information about the level and
extent of lesions of the central (spinal) and peripheral
parts of the nervous system (Table 4). In uncooperative
patients, where the clinical examination is of restricted
value, electrophysiological recordings are superior to
the ASIA protocol. With the combination of appro-
priate examination techniques it is possible to predict
the recovery of hand function, ambulatory capacity,
bladder function and autonomic dysfunction, all of
which are of relevance in SCI patients in respect to life

Figure 2 MEP recordings (normal value=thin line) in
incomplete SCI (bold line) show a primary loss of fast
conducting tract ®bres with prolongation of MEP latency and
reduction of amplitude
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quality and expectancy. Furthermore, the application
of both clinical and electrophysiological recordings can
help to assess spontaneous spinal cord recovery and to
evaluate new therapeutic approaches.
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