
Alexandria Journal of Medicine (2012) 48, 207–214
Alexandria University Faculty of Medicine

Alexandria Journal of Medicine

www.sciencedirect.com
ORIGINAL ARTICLE
Somatosensory-evoked potentials as an add-on

diagnostic procedure to imaging studies in patients

with lumbosacral spinal canal stenosis
Gihan A. Eltantawi
a,*,1, Marwa M. Hassan

a
, Hussein E. Sultan

a
,

Abdel Aziz A. Elnekiedy b, Hoda M. Abdel Naby a
a Department of Physical Medicine, Rheumatology and Rehabilitation, Faculty of Medicine, Alexandria University, Egypt
b Department of Radiodiagnosis, Faculty of Medicine, Alexandria University, Egypt
Received 9 August 2011; accepted 22 October 2011

Available online 19 July 2012
A

po

se

M

N

PT

so
*

E

H

ya

H
1

Pe

M

20

ht
KEYWORDS

Spinal canal stenosis;

Somatosensory-evoked

potentials
bbreviations: AP, anteroposte

tential; CT, computed tomo

nsory-evoked potential; LSS

RI, magnetic resonance im

CV, nerve conduction veloc

N, somatosensory-evoked po

matosensory-evoked potentia

Corresponding author.

-mail addresses: Gihan_yo

ussamradwan@yahoo.com (M

hoo.com (H.E. Sultan), elnek

oda_naby@yahoo.com (H.M

Present address.

er review under responsibilit

edicine.

Production an

90-5068 ª 2011 Alexandria

tp://dx.doi.org/10.1016/j.ajm
rior; CM

graphy;

, lumbo

aging; N

ity; PTN

tential o

ls.

unis@ya

.M. Ha

iedy@ya

. Abdel N

y of Ale

d hostin

Universit

e.2011.10
Abstract Introduction: Lumbo-sacral spinal stenosis (LSS) is a frequent cause for chronic low

back pain. The diagnosis is primarily radiological. Neural insult is not frequent in every case.

Although the degree and type of LSS can exactly be described with the current imaging studies,

the extent of neural impairment cannot be expressed by radiological means. Electrophysiological

investigations have an important role in determining the extent of neural compromise. The aim

of this study was to evaluate the validity of mixed and dermatomal somatosensory-evoked poten-

tials (SEPs) for the diagnosis of neurological compromise in LSS.
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Subjects: Twenty-two patients (11 men and 11 women) with CT and/or MRI-based confirmation

of LSS were enrolled. All patients went through thorough neurological and electrophysiological

examination. Twenty healthy individuals matching to patients for age and sex were enrolled in

the electrophysiologic tests as a control group.

Results: Classic neurogenic claudication was encountered in 86.4% of cases (19 patients). Exami-

nation revealed neurologic deficits in six patients (27.3%). MRI evidence of nerve root compression

was found in only 12 patients (54.5%). The incidence of electrophysiological abnormality was the

highest using dermatomal SEP (90.9%) followed by mixed SEP of the posterior tibial nerve (81.8

%), H-reflex comes next (59.1%), and finally F-wave, which showed the lowest incidence

(18.2%). The correlation analysis between different electrophysiologic items and the patient’s com-

plaint of neurogenic claudication was best with dermatomal SEP (77.3%), followed by mixed SEP

(68.2%) with a significant fair agreement.

Conclusion: Dermatomal and mixed SEPs had added to the clinical and radiological assessment of

patients with LSS providing evidence for root dysfunction. Their inclusion in routine evaluation of

those patients would help detection of functional integrity of the neural structures.

ª 2011 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.
1. Introduction

The syndrome of lumbosacral spinal canal stenosis (LSS) was
not widely diagnosed until Verbiest’s clinical description in

1954.1 The cardinal symptom of LSS is neurogenic claudica-
tion (NC), defined as diffuse buttock and leg pain, paresthesias
and cramping of one or both lower extremities induced by

walking and relieved by sitting or forward bending.2 Walking
ability can become substantially limited because of NC. The
condition may not be diagnosed until irreversible neurologic
damage has occurred.3 In patients with symptoms of stenosis,

magnetic resonance imaging (MRI) or computed tomography
(CT) with contrast should be used to localize the site of nerve
root entrapment.4 In most of the patients, early diagnosis and

treatment of spinal stenosis may prevent intractable pain and
permanent neurologic sequelae of chronic nerve root
entrapment.5

Although the extent and type of the spinal canal stenosis
can exactly be described with the current imaging studies,
the extent of neural impairment and its functional defects
cannot be expressed by radiological means.3 In cases with

typical NC symptoms and unequivocal imaging findings the
diagnosis is straightforward. However, not all patients are
present with typical symptoms and there is obviously no cor-

relation between the severity of stenosis detected by imaging
and clinical complaint. Recent MRI studies have shown that
mild to moderate stenosis can also be found in asymptomatic

individuals.6

Electrophysiological techniques are useful in evaluating
compressive lumbosacral radiculopathies, providing informa-

tion complementary to that obtained by imaging procedures.
It is hypothesized that electrophysiological recordings, espe-
cially somatosensory-evoked potentials (SEPs), indicate a
nerve root involvement complementary to the neurological

examination. They provide confirmatory information in less
obvious clinical conditions and help in exclusion of other
abnormalities.7

The aim of this study was to evaluate the role of mixed and
dermatomal somatosensory-evoked potentials as an add-on
diagnostic procedure to imaging studies in patients with LSS.
2. Subjects

Twenty-two patients with clinically suspected and radiologi-
cally confirmed LSS were randomly collected among those

attending at the Outpatient Clinic of Physical Medicine, Rheu-
matology and Rehabilitation Department, Faculty of Medi-
cine, University of Alexandria. Clinical diagnosis was based

on chronic back and/or leg pain for more than three months
with or without NC. Lumbar canal stenosis was diagnosed
radiologically by CT and/or MRI according to one or more
of the following findings8:

� Trefoil appearance of the spinal canal at axial images.
� Anteroposterior (AP) diameter of the midsagittal spinal

canal at the most stenotic level 612 mm at sagittal images
describing central spinal stenosis.
� The lateral recess measurements with a diameter 65 mm

describing lateral recess stenosis.

Patients were excluded if clinical, radiological and/or elec-
trophysiological evaluations revealed signs of: lumbosacral

plexopathy, peripheral neuropathy associated with any sys-
temic disease, neuromuscular disorder, spinal tumors, post
traumatic or surgical stenosis or spondylolithesis.

A control group of 20 healthy subjects free from any mus-
culoskeletal or neurological deficits were also included for the
determination of the normal electrophysiological values.

2.1. Methods

All patients were subjected to: (1) thorough history taking
focusing on the presence or absence of NC, (2) full neurological
examination of both lower limbs, (3) electrophysiological stud-
ies including sural sensory conduction study, posterior tibial

nerve (PTN) motor conduction study, peroneal motor conduc-
tion study, PTN F-response, gastrocnemius-soleus H-reflex,9

mixed SEP-PTN and dermatomal SEP (DSEP) of L3, L4,

L5 and S1.10 For the mixed SEP-PTN examination, right
and left PTN were stimulated just behind the medial malleolus,
with an intensity to create a slight twitch in the toes.
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Recordings were made from Cź and referred to Fz according

to the international 10–20 system. P37/N45 response was sta-
tistically evaluated. For DSEP examinations, stimulating elec-
trodes were placed on the inner side of the femur 4 cm above
the knee for the L3 dermatome; in the medial leg in the region

where the saphenous nerve ranges superficially for the L4 der-
matome; in the foot between the first and second toes for the
L5 dermatome; and lateral malleolus for the S1 dermatome.

Evocation intensity was set at a level where the individual
would easily perceive the evocation, but would not sense pain
or would not twitch. Cortical responses were obtained from Cź

and referred to Fz according to the international 10–20 system.
SEP responses were recorded at 1.25–2.5 lV sensitivity, 100 ms
sweep speed, and 10 Hz–2 kHz filtration range. The average of

200 cortical responses was taken twice. The responses were sta-
tistically evaluated. In SEP-PTN and DSEP examinations, a
latency value above the cut-off point obtained from the control
group and/or an amplitude value below the cut-off point ob-

tained from the control group were evaluated as pathological.
CT and/or MRI imaging of the lumbosacral spine were per-

formed for all patients. MRI was performed in 14 patients

(64%), CT scans were performed in four patients (18%), and
both were done in four patients (18%). All the axial and sag-
ittal T2 weighted images in MRI and the axial images in CT

scans were used to determine the AP diameter of the spinal ca-
nal at the most stenotic level at the midline describing central
spinal stenosis and at the lateral recess describing lateral recess
stenosis.11 Mild central LSS is diagnosed if the AP diameter of

the most stenotic level 612 mm and >11 mm, moderate if
611 mm and >8 mm and severe if 68 mm. Also the cause
and levels of stenosis were determined.

Data were analyzed using the Statistical Package for Social
Sciences (SPSS ver. 17, Chicago, IL, USA).
3. Results

Twenty-two patients (50% men and 50% women) were en-

rolled in this study. Their mean age was 49.5 years (ranged
from 23 to 73 years). The control group consisted of 20 indi-
viduals, eight men (40%) and 12 women (60%). Their mean

age was 45.7 years (ranged from 24 to 70 years). There were
no statistically significant differences between patients and
control group as regards the sex (v2 = 0.305, p = 0.581) and
age (t= 1.904, p = 0.066).

Nineteen patients (86.5%) suffered from back/buttock and
leg pain, while only one patient (4.5%) had only back pain and
two patients (9%) had only leg pain. Sixty-four percent of pa-

tients experienced chronic pain for more than 6 months. Pain
was typically aggravated by lumbar extension and relieved
by lumbar flexion. Nineteen patients (86.5%) presented with

typical NC manifested as intermittent crampy diffuse radiating
thigh or leg pain with associated paresthesia during walking
relieved by sitting, squatting and lumbar flexion. None of the

patients experienced motor weakness or sphincteric distur-
bance.

3.1. Examination

Ninety-one percent of the patients walked with forward flexed
attitude. Clinical examination revealed decreased lumbar

lordosis in 19 patients (86.5%). Straight leg raising test was
positive on one side in three patients (13.5%) and bilaterally

in one patient. Motor deficit was present in two patients
(9%) with weak left tibialis anterior and extensor hallucis lon-
gus muscles (G3). Muscle tone and coordination were normal
in all patients.

Only three patients (13.5%) had sensory deficit manifested
as hypoesthesia along the left L5 dermatome in one patient,
along the left L5 and S1 dermatomes in another patient and

along the right L3, L4, L5 and left S1 dermatomes in the third.
Deep sensations were normal in all patients.

As regards the deep and superficial reflexes; ankle reflex was

depressed on one side in four patients (18%) and bilateral in
two patients (9%). Knee reflex was depressed on one side in
one patient (4.5%). Plantar reflex was normal in all patients.

Thus at the clinical level six patients were suspected to have
radiculopathy.

3.2. Radiological findings

Severe central LSS was diagnosed in one patient (4.5%), mod-
erate stenosis in 18 patients (82%) and mild stenosis in three

patients (13.5%). Lateral recess stenosis was found in seven
patients (32%). Its measurement ranged from 3 to 5 mm.
The most frequently stenotic level was L4/5 in 15 patients

(68.5%) followed by L3/4 in four patients (18%). The mean
mid-AP diameter at its most stenotic level was 10.3 mm (ran-
ged from 8 to 12 mm). Nineteen patients (86.5%) had more
than one stenotic segment.

Primary LSS was diagnosed in three patients due to short
pedicles in one patient and congenitally small canal in two
patients, whereas secondary LSS was diagnosed in 19 patients

due to combination of hypertrophied ligamentum flavum (five
patients), apophyseal arthrosis (seven patients), disk bulge or
herniation (12 patients), and spondylodegenerative changes

(13 patients).
In 54.5% of patients (12 patients) a significant nerve root

compression at its exit foramina was found in 1, 2 or 3 seg-

ments. S1 root was most frequently affected by compression
(six patients). Unilateral compression was found in 10 patients
and bilateral in two patients (L5 root in one patient and S1
root in the other).

Fig. 1 shows sagittal T2 weighted MRI of the lumbosacral
spine in one of the studied patients with LSS with the evidence
of nerve root compromise.

3.3. Electrophysiological recordings

The evaluation of the electrophysiological recordings is based
on reference values obtained from the control group. Values
exceeding the cut-off points (Youden Index) were considered

abnormal.

3.3.1. Nerve conduction studies

� Sensory conduction study of the sural nerve: None of the
patients demonstrated any abnormalities regarding sensory
conduction study of the sural nerve which excludes the pres-

ence of polyneuropathy.
� Motor conduction study of the PTN and peroneal nerve:
Reduced compound muscle action potential (CMAP)
amplitude of PTN was found in 40.5% of patients. Eighteen

percent of patients had mild slowing of motor nerve



Figure 1 (A) Sagittal T2 weighted MRI of lumbosacral spine showing decreased normal lumbar lordosis, stenotic bony canal (AP

diameter = 8.5 mm at L3/4 and L4/5 levels), diffuse posterior disk bulge at L4/5 together with thickened ligamentum flavum posteriorly

(arrow). (B) Axial T2 weighted image at L4/5 level showing diffuse posterior disk bulge slightly inclined to the right side encroaching upon

the ipsilateral exiting and traversing nerve roots, exaggerated by bony canal stenosis.
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conduction velocity (NCV) (unilateral in three patients,
bilateral in one patient) indicating axonal degeneration.

Reduced CMAP amplitude of the peroneal nerve was found
in 31.5% of patients. Thirteen percent of patients had mild
slowing of motor NCV (unilateral in two patients, bilateral

in one) indicating axonal degeneration.
3.3.2. Late responses

� F-response: Eighteen percent of patients (four patients) had

bilaterally delayed response as compared to age and height
matched control values. There was a statistically significant
difference between both groups as regards the F-wave min-

imal latency.
� H-reflex: Prolonged H-reflex latency was found in 59% of
patients (13 patients) as compared to age and height
matched control values. In 50% of these patients, the H-

reflex was bilaterally delayed. There was a statistically sig-
nificant difference between both groups as regards the H-
reflex latency.
3.3.3. Somatosensory-evoked potentials
There was a statistically significant difference between pa-
tients and controls as regards the latency and amplitude of

SEP-PTN and DSEP (Tables 1 and 2). Mixed SEP-PTN
abnormalities were detected in 18 patients, whereas DSEP
abnormalities at one or more levels were detected in 20 pa-

tients (Table 3). Abnormal DSEPs were found in four out
of six patients with clinically suspected radiculopathy and
in 16 patients without clinical evidence of radiculopathy.
Fig. 2 shows mixed SEP-PTN and DSEP of L3, L4, L5

and S1 recordings in a patient with LSS with evidence of
MRD consistent with LSS.
3.3.4. Frequency of different electrophysiological abnormalities
in the studied patients
The frequency of electrophysiological abnormalities is shown in
Table 3. It was found that the incidence of abnormality among
the patients was highest using the DSEPs study (20 patients;

91%) followed by the mixed SEP-PTN (18 patients; 82%). H-
reflex came next (13 patients; 59%) and finally F-wave which
showed the lowest incidence (four patients or 18%).

3.3.5. Correlation analysis between NC and SEPs
Fifteen out of the 19 patients with NC had mixed SEP-PTN

abnormality with a significant fair concordance (j = 0.26,
p= 0.034) and 68% agreement. Whereas, 17 out of the 19 pa-
tients with NC had DSEPs abnormalities with a significant fair

concordance (j = 0.31, p = 0.031) and 77.2% agreement.

3.3.6. Correlation analysis between SEP and the radiological
findings
Mixed SEP-PTN was fairly correlated with imaging with an
agreement of 72.7%. DSEPs also showed an agreement of
50%, 68.2%, 63.6% and 63.6% at L3, L4, L5 and S1, respec-

tively, but all were not statistically significant.

3.3.7. Sensitivity and specificity of DSEP and mixed SEP-PTN
Considering NC as a comparative standard, the sensitivity and
specificity were estimated for DSEP and mixed SEP-PTN. The
sensitivity and specificity of DSEP were 91% and 66.7%,

respectively, and was higher than that of the mixed SEP of
PTN which were 84.2% and 33.3%, respectively.

4. Discussion

This study included 22 patients with LSS. The role of mixed

and dermatomal somatosensory-evoked potentials as an



Table 1 The P37 latency of mixed SEP-PTN and DSEPs of L3, L4, L5 and S1 in patient and control groups.

P37 latency Patient group Control group t-Test value p

Range Mean ± SD (ms) Range Mean ± SD (ms)

SEP-PTN(R) 37–56.8 44.7 ± 6 35–44 38.6 ± 1.9 4.325* 0.001

SEP-PTN(L) 37–62.2 46.2 ± 6.7 35–41.6 38.4 ± 1.7 4.611* 0.001

L3 DSEP(R) 30–59.6 37.3 ± 14.3 27.4–40.2 37.3 ± 4.2 2.242* 0.025

L3 DSEP(L) 32.4–54 38.5 ± 10.5 28–39.8 34.4 ± 2.9 3.164* 0.002

L4 DSEP(R) 37.6–66 47.8 ± 12.9 29.6–49.2 40.8 ± 4.4 3.665* 0.002

L4 DSEP(L) 39.2–4.2 50.7 ± 13.2 35.2–47.8 40.5 ± 3.2 4.435* 0.001

L5 DSEP(R) 40.2–69.6 54.9 ± 7.2 37.6–54 45 ± 3.7 4.384* 0.001

L5 DSEP(L) 45.2–65.4 49.3 ± 7.1 40–53.6 44.7 ± 3.5 3.741* 0.002

S1 DSEP(R) 38.2–70 49.4 ± 14 35.6–47.6 41.5 ± 3 3.893* 0.002

S1 DSEP(L) 41.4–73 51.2 ± 8.6 36–47.8 41.5 ± 2.5 4.523* 0.001

(R): right side recording, (L): left side recording.
* p< 0.05 (significant).

Table 2 The amplitude of mixed SEP-PTN and DSEPs of L3, L4, L5 and S1 in patient and control groups.

P37 amplitude Patients group Control group t-Value p

Range Mean ± SD (lV) Range Mean ± SD (lV)

SEP-PTN(R) 0.5–2.5 1.6 ± 0.6 4.5–10 5.5 ± 2 5.289* 0.000

SEP-PTN(L) 1–6.5 1.9 ± 1.1 3.5–9.5 4.7 ± 1.7 5.087* 0.000

L3 DSEP(R) 0.25–3 1.2 ± 0.7 2–4 2.8 ± 0.5 4.987* 0.000

L3 DSEP(L) 0.5–2.5 1.1 ± 0.6 2–5 2.8 ± 0.7 5.398* 0.000

L4 DSEP(R) 0.25–2 1.1 ± 0.6 2–7 3.6 ± 1.3 5.477* 0.000

L4 DSEP(L) 0.5–2.5 1.1 ± 0.7 2–5 3.2 ± 0.9 5.269* 0.000

L5 DSEP(R) 0.25–3 1.3 ± 0.6 1.5–7 3.7 ± 1.6 5.124* 0.000

L5 DSEP(L) 0.5–3 1 ± 0.8 2–9 3.4 ± 1 5.270* 0.000

S1 DSEP(R) 0.5–3.5 1.4 ± 0.8 2–9 4 ± 1.9 5.049* 0.000

S1 DSEP(L) 0.75–3 1.5 ± 0.6 2.5–6 3.9 ± 1.2 5.408* 0.000

(R): right side recording, (L): left side recording.
* p< 0.05 (significant).

Table 3 Frequency of electrophysiological abnormalities in

the studied patients.

Recorded parameter Frequency of

pathological

findings

Sural NCV (m/s) 0

CMAP amplitude of PTN (mV) 9 (41%)

Motor NCV of PTN (m/s) 4 (18%)

CMAP amplitude of peroneal nerve (mV) 7 (32%)

Motor NCV of peroneal nerve (m/s) 3 (13.5%)

Minimal F-wave latency (ms) 4 (18%)

H-reflex latency (ms) 13 (59%)

SEP-PTN latency (ms) 16 (73%)

SEP-PTN amplitude (lV) 18 (82%)

L3 DSEP latency (ms) 17 (77%)

L3 DSEP amplitude (lV) 19 (86.5%)

L4 DSEP latency (ms) 18 (82%)

L4 DSEP amplitude (lV)
L5 DSEP latency (ms) 20 (91%)

L5 DSEP amplitude (lV) 20 (91%)

S1 DSEP latency (ms) 19 (86.5%)

S1 DSEP amplitude (lV) 19 (86.5%)
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add-on diagnostic procedure to imaging studies was evaluated
in those patients.
Clinical examination revealed decreased lumbar lordosis in
19 patients (86.5%). Other studies suggested that diminished
lumbar extension constitutes the most significant finding in

LSS. Patients with LSS tend to walk with a stooped forward
gait and even maintain this posture while standing.12 Their
pain is exacerbated with lumbar extension as the cross-sec-

tional area of the spinal canal is reduced as the lumbar spine
moves from flexion to extension.13 Straight leg raising test
was negative in most of the patients (82%). It is reported that

this test is generally negative in LSS patients, differentiating it
from acute disk herniation.14

Neurological examination revealed abnormalities in only
27% of patients. Depressed ankle reflex was the commonest

(27%). Hyposthesia of the legs came next (13.5%), lastly
motor weakness was found in 9% of patients. Similar find-
ings were reported by Vranken et al.,12 who found sen-

sory-motor deficits in less than 20% of patients. The
paucity of clinical signs seen in this group of patients was
consistent with what has been reported by others.15,16 As

the neurological findings, even in severe LSS, are mainly
non-specific (no characteristic pattern of sensory-motor defi-
cit) the diagnosis of LSS based on the neurological examina-

tion is challenging. Also since the nervous system adapts
over time and the development of stenosis is slow and grad-
ual, it takes time for sufficient axonal damage to occur and
cause signs and symptoms.17



Figure 2 Mixed SEP-PTN and DSEP of L3, L4, L5 and S1 traces of a patient with LSS. Mixed SEP showing normal latency and

amplitude on right side stimulation but prolonged latency and low amplitude on left side. At the L3 level, wave forms are absent on the

right side but of normal P1 latency and low amplitude on the left side. At the L4 level, normal P1 latency on the right side and prolonged

on the left side with low amplitude bilaterally. At the L5 level, the wave forms are absent bilaterally. At the S1 level, also markedly

prolonged and attenuated response bilaterally. (R.) right side recording, (L.): left side recording.
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In the current study central LSS was diagnosed in the CT
and/or MRI scans of all the patients. There was an accompa-
nying lateral recess stenosis in seven of them. Nineteen patients
(86.5%) had more than one stenotic level. The most frequent

stenotic level was L4/L5 in 15 patients (68.5%) followed by
L3/4 in four patients (18%). Egli et al.7 found multilevel steno-
sis in 88% of patients and the most frequent stenotic level was

also L4/L5 in 72%. Imaging can distinguish mono- and multi-
segmental stenosis, as well as the severity of the stenosis that,
however, is not related to the pain symptoms or clinical signs.

Therefore, imaging is of restricted value for diagnosing the
clinical relevance of LSS.7
Whereas all cases presented with CT/MRI evidence of ste-
nosis, radiological evidence of neural compromise (root insult)
was diagnosed in 54.5% of patients of this study. S1 nerve root
was the most frequently affected level shown by imaging stud-

ies. Assessment of functional rather than structural neural le-
sion was achieved by electrophysiological studies.

Reductions of the CMAP amplitude of PTN in 41% of pa-

tients and of peroneal nerve in 32% indicate axonal damage.
The nerve compression leads to an axonal damage and eventu-
ally a Wallerian degeneration of the peripheral nerve. CMAP

abnormalities in assessment of radiculopathies are limited by
the overlapping root innervation.15
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Eighteen percent of patients showed mild slowing of motor

NCV of the PTN and 13.5% showed mild slowing of motor
NCV of the peroneal nerve. Slowing of motor conduction
velocities between proximal and distal stimulation sites is
uncommon and, if present, limited in degree due to the over-

lapping root innervation. Decrease in motor conduction would
be restricted to the mild slowing seen with the loss of the larg-
est, fastest conducting motor fibers.15

F-wave showed the lowest incidence of abnormality among
the studied electrophysiological parameters (18%). H-reflex
showed abnormality in 59%. Egli et al. [7] obtained similar

results. They found F-wave abnormalities in 15% of 54 pa-
tients scheduled for surgery for LSS and H-reflex abnormali-
ties in 52%. F-wave study may be normal in root disease, as

this test evaluates the integrity of only the ventral roots.15

But in demyelinating polyneuropathic disorders F-wave study
is of high sensitivity.18 H-reflex evaluates the integrity of both
the dorsal and ventral roots but it detects only S1 root dys-

function. Also H-reflex in normal individuals decreases with
age so it must be interpreted cautiously in old age groups.19

In this study abnormal mixed SEP-PTN recordings were

found in 18 patients (82%). Similar findings were detected by
Egli et al.,7 who found mixed SEP-PTN abnormalities in
78% of the studied 54 patients.

Dermatomal SEP abnormalities were found in 91% of the
patients at more than two levels so multiple lumbosacral root
disease (MRD) criteria were fulfilled. SEPs have to demon-
strate an abnormality at more than one level to be considered

abnormal; otherwise, it would represent single root disease not
MRD, the signature of LSS.20 Similar findings were reported
by other studies. In a study by Slimp et al.,21 25 out of 26 pa-

tients (96%) with LSS had abnormal DSEPs. In another study
by Tokuhashi et al.,22 90% of 34 patients with LSS had abnor-
mal DSEPs. Snowden et al.23 found DSEPs study to be a use-

ful diagnostic test of CT/MRI documented LSS. The insidious,
low grade compression of the cauda equina roots occurring in
LSS causes impaired proximal nerve conduction best detected

by DSEPs study.20 Hall et al.24 utilized mixed SEPs and
DSEPs in evaluating 66 patients with LSS. Abnormal record-
ings were obtained from stimulation of L5 and S1 dermatomes
in 62 of them. The P37 latency remained unchanged but the

amplitude of the waveform diminished to 50% or less of con-
trol. The presence of these abnormal responses was correlated
with the surgical result.

It was found in this work that the incidence of electrophys-
iological abnormalities among the patients is highest using the
DSEPs study (91%) followed by the mixed SEPs from the

PTN (82%). Moreover, the sensitivity and specificity of DSEPs
were 91% and 66.7%, respectively, and were higher than that
of the mixed SEP-PTN which were 84.2% and 33.3%, respec-

tively. Similar results were obtained by Snowden et al., 25 who
evaluated DESPs in 155 patients with spinal stenosis and re-
ported a sensitivity of 93%. Also Dumitru and Dreyfuss26 at-
tained a sensitivity of 93% for DSEPs in LSS patients.

Specificities may be more important than sensitivities since
false positive studies could lead to harmful patient manage-
ment.27 Mixed SEP-PTN showed fewer abnormalities than

DSEP as it is dependent on conduction through L4, L5 and
S1 nerve roots.24 So it may be normal even if DSEPs are
abnormal.

In the current study six patients had radiculopathy at the
clinical level. Of them, four were found to have DSEP abnor-
malities at one or more levels. In 16 patients with no clinical

evidence of radiculopathy, SEP abnormalities were evident
(subclinical radiculopathy). Those results indicate that SEP
abnormalities may be encountered even in the absence of
demonstrable sensory deficit and therefore support the idea

that SEP studies are more sensitive indicator of spinal nerve
root dysfunction than the clinical sensory examination.28

Mixed SEP-PTN and DSEP recordings in a previous study

indicated that SEP recordings can confirm NC due to cauda
equina involvement.29 In the current study 15 out of the 19
patients with NC had mixed SEP-PTN abnormality and 17

out of the 19 had DSEP abnormalities. Failure to detect
abnormalities in some patients may be explained by doing
the test in resting condition. These results may be changed if

the same tests were done following walking till the symptoms
appear as provocative tests. These changes may be reversible
as the pathogenesis of NC is thought to be due to relative
ischemia of the cauda equina roots during exercise.30,31

Correlation analyses between the different electrophysio-
logic items and NC revealed that the observed agreement
was best with DSEP studies (77.2%) followed by mixed SEP-

PTN (68%) with a significant fair agreement.
Mixed SEP-PTN was fairly correlated by imaging with an

agreement of 72.7%. DSEPs also showed an agreement of

50%, 68.2%, 63.6% and 63.6% at L3, L4, L5 and S1 levels,
respectively, but all were not significant. Fisher et al.32 men-
tioned that SEP studies correlated well with MRI in the
diagnosis of lumbosacral radiculopathy. The contradiction

between Fisher’s results and our results can be explained
by the fact that DSEPs in the current study revealed several
bilateral affections whereas imaging revealed bilateral nerve

root compression in only two patients. This is in agreement
with other authors who found that in large series of patients
referred for lumbosacral root assessment, electrophysiologic

changes are often bilateral. This is because the lumbosacral
roots can be compromised not only at their exit foramina
as appears in CT or MRI but also anywhere in the cauda

equina within the spinal canal, where the roots are quite
compact.

In accordance with other studies there is not always a di-
rect relationship between an abnormal DSEP level and the

stenotic levels found on imaging because the rootlets in the
lumbar and sacral regions pass through multiple spinal seg-
ments as they course through the spinal canal. Thus, the

term multiple lumbosacral root disease (MRD) is a more
accurate label than LSS for the results of a DSEP studies.
Neurophysiologically, single root disease could occur in

LSS, but its presence could also indicate a herniated nucleus
pulposus.20

Out of the 10 patients with radiological evidence of unilat-

eral compression of one or more roots, nine patients showed
bilateral DSEP abnormalities. Moreover, in eight patients with
no radiological evidence of root compression, DSEPs revealed
abnormalities in one or more levels. These findings indicate

that DSEPs are more superior to imaging studies in the ability
to detect neurological compromise in patients with radiologi-
cal evidence of LSS. In a controlled blind study of electrodiag-

nosis and MRI for older subjects it was found that imaging did
not differentiate symptomatic from asymptomatic persons
with LSS, whereas electrodiagnosis did. So, it is believed that

radiographic findings alone are insufficient to justify surgery
for spinal stenosis.33
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5. Conclusion

In conclusion, mixed and dermatomal SEP studies can reflect

the extent of neurological deficits in LSS patients even earlier
before the patients develop the classic symptoms (subclinical
cases). SEP techniques have the ability to detect abnormalities
in patients with LSS more than late responses. DSEP studies

have a role in the diagnosis of LSS by demonstrating multiple
root abnormalities. They are more sensitive than mixed SEP in
the diagnosis of neurological deficits in LSS patients. They can

be used as an add-on diagnostic procedure to imaging studies
in patients with LSS.

It can be recommended that a combination of clinical, radio-

logical and electrodiagnostic tests, especially DSEPs, should be
included in the evaluation of patients with suspected LSS. Data
on CT and MRI findings of the lumbar spine of asymptomatic

subjects should be interpreted cautiously as radiologic findings
may not represent physiologically important LSS. Further stud-
ies correlating imaging and electrophysiological procedures
with operative findings need to be done to document the role

of these diagnostic studies in accurate evaluation of LSS
patients.
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