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F Wave Studies of Neurogenic
Intermittent Claudication in Lumbar
Spinal Stenosis

ABSTRACT

Bal S, Celiker R, Palaoglu S, Cila A: F wave studies of neurogenic intermittent
claudication in lumbar spinal stenosis. Am J Phys Med Rehabil 2006;85:135–
140.

Objective: Lumbar spinal stenosis (LSS) may result in neurogenic
claudication (NC), which is thought to be a result of transient ischemia
during exercise. In this study we evaluated the changes in F wave studies
before and immediately after walking stress in patients with NC.

Design: Twenty-six patients with LSS who had signs and symptoms of
NC and 20 healthy volunteers were included in this study. Routine motor
and sensory nerve conduction studies and tibial F wave studies were
performed in both groups. Immediately after walking stress test, tibial F
wave studies were repeated. Exercise treadmill protocol was used for
ambulation. Time to first symptoms and total ambulation time were re-
corded.

Results: After completion of the baseline electrophysiological exami-
nation, a walking stress test was performed using a treadmill, and 16
patients (61.5%) experienced neurogenic claudication during the trial.
The mean time to first symptoms was 2.0 � 3.5 mins (minimum � 0,
maximum � 14). In the control group 18 subjects (90%) completed the
trial without any symptoms, and 2 (10%) subjects had to stop at an
average of 10 mins because of generalized fatigue. Within 5 mins after
the walking stress test, tibial F wave studies were repeated in both groups.
There were significant increases in F latency values bilaterally in the
patient group (P � 0.001 for both sides) but not in control subjects (P �
0.435 for right side and P � 0.122 for left side).

Conclusion: Our data suggest that F wave studies after walking stress
test provide more information for the diagnosis of NC.

Key Words: Lumbar Spinal Stenosis, Neurogenic Intermittent Claudication, F Waves,
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Lumbar spinal stenosis (LSS) is defined as ab-
normal narrowing of the central canal, interverte-
bral nerve root foramina, or lateral recesses.1 The
main characteristic symptom of the patient with
LSS is neurogenic intermittent claudication,
which is characterized by pain and dysfunction
following exercise. The pain is relieved by the flex-
ion of the lumbar spine and is aggravated by ex-
tension of it.2 Although the etiology of neurogenic
claudication (NC) has not been cleared yet, acute
transient ischemia of lumbosacral roots during ex-
ercise and postural factors are frequently
blamed.3–7 Radiologic evaluation usually demon-
strates the structural lesion; however, it is ineffec-
tive in determining the functional status.8–10 Elec-
trophysiological studies to understand the
functional status are not helpful in diagnosis, es-
pecially not when performed in resting position.
Because transient ischemia is blamed in the patho-
genesis, some authors have stated that it would be
more appropriate to perform electrodiagnostic
studies after exercise, resulting in intermittent
claudication.11–14 However, these studies have had
conflicting results, and no single electrophysiolog-
ical test has proved to have reliable diagnostic
value. Assuming the pathogenesis of NC may be
due to a transient ischemia during exercise, in this
study we evaluated the changes in the tibial nerve
F wave before and immediately after walking stress.

METHODS
Twenty-six patients (18 female, 8 male) having

the diagnosis of LSS, confirmed by computerized
tomography (CT), were included in this study. All
patients had signs and symptoms of neurogenic
intermittent claudication. The patients were en-
rolled in the study due to certain criteria. These
criteria were as follows:

1. Pain in legs (calves and thighs) that worsened
by walking and relieved at rest

2. No signs of systemic or vascular diseases
3. Absence of findings that may indicate radiculop-

athy, polyneuropathy, myopathy, or neuromus-
cular transmission disorders in clinical and
electrophysiological evaluation

4. Absence of previous surgical operations due to
LSS

Twenty healthy individuals (16 female, 4 male)
were included in this study as a control group.
Detailed medical history of the patients, including
information about duration and location of pain,
the walking distance without pain, the onset of
pain after walking, the methods of relieving the
symptoms, previous therapies, coexisting systemic
diseases, medications, and history of trauma were

recorded. The patients underwent systemic and
neuromuscular physical examination. Cervical,
thoracal, and lumbar radiograms were obtained.
Also, complete blood count, erythrocyte sedimen-
tation rate, blood glucose level, liver and kidney
function tests, serum electrolytes, vitamin B12,
and folic acid levels were studied to screen for the
possibility of other diseases affecting peripheral
nervous system. Lower-extremity arterial Doppler
ultrasonographic examinations of the patients
demonstrated no pathology. Only the patient group
underwent CT scans. The CT evaluation included
sagittal measurements of the central canal, lateral
recess, and height of the intervertebral foramina at
the levels of third, fourth, and fifth lumbar verte-
brae. All CT evaluations were performed by the
same radiologist, who had no information about
the clinical condition of the patients. Visual analog
scale (VAS) was used to determine the pain inten-
sity related to NC. In this 10-cm scale, 0 cm means
no pain at all, whereas 10 cm means severe un-
bearable pain. Patients marked their pain intensity
on the scale according to its severity. VAS was
performed two times, just before and after the
exercise treadmill tests.

Neurophysiological studies of all cases (pa-
tients and controls) were performed using Synergy
electrodiagnostic measurement unit (Medelec,
Wicker’s Medical) in the same EMG laboratory by
the same examiner (SB). All studies were done at a
room temperature of 22–24°C. Basic nerve conduc-
tion and F wave studies were performed after 15
mins of rest in an examination bed. Following this
baseline electrophysiological examination, both pa-
tients and controls performed exercise treadmill
tests, then F wave studies were repeated.

Nerve Conduction Studies
Motor conduction velocities were measured in

peroneal and tibial nerves bilaterally, by recording
surface electrodes (8-mm disc) from extensor digi-
torum brevis and abductor hallucis muscles, re-
spectively. Stimulation at supramaximal strength
was applied at ankle and knee level. Motor conduc-
tion velocities were also determined for the left
median and ulnar nerves.

Sensory conduction studies were performed
for sural nerves of both lower extremities and for
median and ulnar nerves of the left arm. Sural
potentials were recorded by surface electrodes at
the posterior to lateral malleolus. Median nerve
sensory potentials were recorded by ring electrodes
at digit 3 and ulnar nerve at digit 5.

F Wave Studies
F waves were recorded from abductor hallucis

muscle by supramaximal stimulation of tibial
nerves at ankle level. Ten consecutive stimuli were
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applied and F wave latency was measured from the
stimulus to the first deflection; the one with min-
imum latency was recorded.15

Filters were set between 30 Hz and 10 kHz. An
oscilloscope sweep speed of 10 ms/cm and a sensi-
tivity of 500�V were used.

The electrophysiological study results of the
subjects in both groups were compared with the
normal limit set that was determined in our EMG
laboratory.

Exercise Treadmill Test
Patients and controls were asked to walk on

the treadmill according to treadmill protocol,
which was defined by Deen et al.16 Treadmill pro-
tocol was preferred because it caused onset or
aggravation of symptoms, and it was objective and
quantitative. According to this protocol, the tread-
mill was set at a 0-degree inclination and the pa-
tient’s preferred walking speed. The time to occur-
rence of first symptoms (mins), total ambulation
time, and occurrence or aggravation of symptoms
(low-back pain, leg pain, fatigue etc.) was recorded
respectively. The examination was stopped after 15
mins or at the onset of severe symptoms that the
patient could no longer tolerate.

Tibial F wave studies were repeated for both
groups in the first 5 mins after the treadmill exer-
cise test.

Statistical Analysis
All statistical analysis was performed by using

Statistical Package for Social Sciences (SPSS) soft-
ware, version 8.0 for Windows. Differences between
patients and control subjects and repeated mea-
sures in each group were evaluated by nonparamet-
ric Mann-Whitney U and the Wilcoxon matched-
pairs signed-rank test, respectively. For correlation
between results, a Spearman ranked correlation

coefficient was performed. The level of significance
was set at a P value �0.05.

RESULTS
The patient group consisted of 18 female and 8

male patients with a mean age of 58.9 � 9.8 yrs,
and the control group consisted of 16 females and
4 males with a mean age of 53.2 � 12 yrs. Clinical
characteristics of both groups are shown in Table
1. In the clinical examination, the straight leg
raising test was positive in 2 (7.6%) patients, and
negative in 24 (92.4%) patients. Four (15.4%) pa-
tients had clinical signs of neurological deficit.
These four patients had distal motor weakness,
whereas three (11.5%) of them had a slight loss of
tactile sensation along the L5 dermatome, and one
(3.8%) patient had a missing Achille’s reflex.
Healthy volunteers in the control group had nor-
mal neurological examinations. Complete blood
count, erythrocyte sedimentation rate, blood glu-
cose level, liver and kidney function tests, serum
electrolytes, vitamin B12, and folic acid levels were
all in normal ranges in both groups. All patients
underwent arterial Doppler ultrasonography exam-
ination, and no pathologic evidence was found.

According to the CT images of patients, the
measurement of distances of anteroposterior, lat-
eral recess, and neural foramen of the third, fourth,
and fifth levels of lumbar vertebrae are given in
Table 2.

Sensory conduction studies of patient and con-
trol groups were in normal ranges. Although mo-
tor conduction studies of both groups were in
normal ranges, there was a significant difference
between the two groups. Motor conduction veloc-
ities of peroneal nerves were decreased and distal
latencies of tibial nerves were delayed in the patient
group when compared with controls (P � 0.05).

Tibial F responses were present in both groups

TABLE 1 Clinical characteristics of patient and control groups

Patient Group Control Group
(n � 26) (n � 20) P

Age (M � SD), yrs 58.9 � 9.8 53.2 � 12.0 0.070
Sex (M/F) 8/18 4/16 0.509
Body mass index, kg/m² 28.0 � 4.5 29.0 � 4.6 0.379
Duration of symptoms, yrs 4.9 � 1.3 —
Distance walked without symptoms, m 210.3 � 198.6 —
Pain radiation

Thigh 2 (77%) —
Both thighs 5 (19.2%) —
Both calves 3 (11.5%) —
Low back—both legs 16 (61.5%) —

Trauma — —

M, mean; SD, standard deviation.
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except one (3.8%) subject in the patient group,
who was not involved in statistical analysis. Tibial F
wave latency was delayed bilaterally in four (15.3%)
patients and unilaterally (in symptomatic leg) in
one (3.8%) patient when compared with normal
limits. However, all subjects in the control group
exhibited F wave latencies in normal limits. Preex-
ercise latency values were 50.5 � 5 and 50.5 � 4.5
msn in the left and right tibial nerves, respectively,
in the patient group, and 48.8 � 4.1 and 49.0 � 3.0
msn in the left and right tibial nerves, respectively,
in the control group. Although there was a delay in
F latency values of the patient group when com-
pared with the control group, this delay was statis-
tically insignificant (P � 0.315 for the left side and
P � 0.392 for the right side).

According to the results of the treadmill exer-
cise test, total ambulation times for the patient and
control groups were 14.3 � 2.4 and 14.5 � 1.5
mins, respectively. In the patient group two (7.6%)
subjects had to leave the test—one because of
excessive fatigue, which occurred between 5 and 15
mins, and the other because of unbearable severe
symptoms, which occurred in �5 mins. The re-
maining 24 (92.4%) patients completed the test,
and 14 (53.8%) of these became symptomatic dur-
ing the test. The symptoms were leg pain in 5
(31.2%) patients, and leg and low-back pain in 11
(68.8%) patients. These symptoms appeared in 2 �
3.5 mins (minimum � 0, maximum � 14 mins) in
the patient group. In the control group, two (10%)
individuals left the test because of fatigue.

Following the exercise test, VAS values of pa-
tient and control groups were repeated. Pre- and
postexercise findings of VAS values are presented in
Table 3. There was a significant difference in pre-
and postexercise VAS values of the patient group (P
� 0.001).

The pre- and postexercise minimum F latency
values of both groups are shown in Table 4. The
values demonstrated that there was a significant
postexercise delay in F latency of the patient group
when compared with preexercise values (P � 0.001
for both sides). However, there was no significant
difference between pre- and postexercise F latency
values of the control group (P � 0.435 for right
side and P � 0.122 for left side).

In the patient group there was a significant
correlation between symptomatic walking distance
and total ambulation time in the exercise treadmill
test (r � 0.452, P � 0.021). However, there was no
significant correlation between exercise test pa-
rameters and duration of patients’ complaints,
time to occurrence of symptoms after walking, CT
measurements of the spinal canal, or electrophys-
iological parameters.

DISCUSSION
LSS is becoming one of the most common

causes of low-back pain, especially in older pa-
tients, and has become a frequent indication for
lumbar spine surgery in older age groups.17 The
diagnostic criteria for LSS are not clearly estab-
lished. In the literature, the definition of LSS is

TABLE 2 The computerized tomography measurements of central canal, lateral recess, and
intervertebral foramen of the third, fourth, and fifth levels of lumbar vertebrae of patients

L3-4 L4-5 L5-S1
M � SD, mm M � SD, mm M � SD, mm

Spinal canal (sagittal) 15.2 � 3.2 14.5 � 3.6 14.8 � 4.3
Neural foramen (height)

Right 4.9 � 1.7 4.9 � 2.3 5.1 � 2.5
Left 4.8 � 2.1 4.8 � 2.6 4.7 � 1.7

Lateral recess (sagittal)
Right 6.0 � 1.9 5.2 � 1.9 4.8 � 2.2
Left 5.6 � 1.9 4.9 � 1.3 5.0 � 2.2

M, mean; SD, standard deviation.

TABLE 3 Pre- and postexercise visual analogue scale values of both groups

VAS, cm VAS, cm
Preexercise (M � SD) Postexercise (M � SD) P Value

Patient group (n � 26) 1.23 � 1.55 2.28 � 2.38 �0.001*
Control group (n � 20) 0 � 0 0 � 0 1.00

VAS, visual analogue scale; M, mean; SD, standard deviation.
*P � 0.05.
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frequently made according to radiologic measure-
ment of the spinal canal.18 Although there are
certain radiologic criteria, the criteria for clinical
diagnosis are still not available. Imaging tech-
niques have a value in the diagnosis of LSS, but
pathologic states diagnosed with these methods
may not fully represent the neural function in the
clinical setting.8,9 Uden et al. have demonstrated
LSS with myelography in subjects without any
clinical symptoms; however, they also have dem-
onstrated normal myelography findings in patients
with intermittent claudication.10 In our study, all
of the patients with neurogenic claudication had
LSS due to CT findings. However there was no
correlation between CT findings and clinical pa-
rameters such as symptoms, duration of symp-
toms, or electrophysiological study results.

In the diagnosis of LSS, besides the imaging
methods, the value of data obtained from medical
history and physical examination have limited
value. Mostly, in the presence of severe symptoms
that inform significant pathology, the physical ex-
amination may give very little information. In our
study, although 100% of the patients were symp-
tomatic, only four (15.4%) had a neurological def-
icit. Baramki et al., in a study of 30 patients with
LSS, reported that only 30% of patients had posi-
tive findings in their physical examinations.12

Different electrophysiological test protocols
that are designed to assess the functional evalua-
tion of spinal cord and roots have been used. John-
son et al. demonstrated that motor conduction
velocity was normal in spinal stenosis, except in
cases with total occlusion at myelography.8 In our
study, we found that motor and sensory conduc-
tion velocities were in normal ranges in both
groups. Although motor conduction studies of
both groups were in normal ranges, there was a
significant difference between two groups. Motor
conduction velocities of peroneal nerves were de-
creased and distal latencies of tibial nerves were
delayed in the patient group when compared with
controls (P � 0.05). These findings may be due

either to the presence of a mild neuropathy or to
the difference in age distribution of patient and
control groups. Although the difference was not
significant (P � 0.07), the patient group was older
than the controls. We believe that nerve conduc-
tion studies should be performed in patients with
LSS to rule out polyneuropathy, as reported by
Baramki et al.12

The pathogenesis of neurogenic claudication
seen in LSS is still not clear; however, postural and
ischemic factors are frequently blamed.5,6 This rel-
ative ischemia is thought to take place around the
roots of cauda equina. The conditions causing
compression at this location may result in in-
creased vulnerability to ischemia. Electrophysio-
logical studies can help demonstrate the functional
abnormalities in patients with neurogenic claudi-
cation. However, some authors reported that per-
forming these studies at rest may give misleading
results, so these studies should be performed after
conditions that trigger aggravation of symp-
toms.11–14

Considering this point of view, we applied the
treadmill exercise test to patient and control
groups, then we repeated electrophysiological
studies. There was no significant difference in pre-
exercise tibial F latency values between the two
groups (P � 0.05). However, when we examined
bilateral tibial F wave studies performed within the
first 5 mins following the exercise, there was a
significant difference between pre- and postexer-
cise values of the patient group. In the control
group, there was no difference in pre- and postex-
ercise values of tibial F latencies. Tang et al. stud-
ied the effect of postural changes on F waves in
patients with LSS and nerve root irritation of
lumbo-sacral nerves, and demonstrated a delay in F
wave latencies when changing position from lying
to standing up.19 Similarly, London et al. examined
the effect of exercise on F wave parameters in two
patients with neurogenic claudication. Following
20 mins of walking, the patients became symptom-
atic, and tibial F wave studies were repeated. They

TABLE 4 Pre- and post exercise values of F wave latencies in both groups

Preexercise Postexercise
(M � SD) (M � SD) P

Patient group
Right F wave latency, msn 50.5 � 4.5 51.8 � 4.8 0.001*
Left F wave latency, msn 50.5 � 5.0 51.6 � 4.9 0.001*

Control group
Right F wave latency, msn 49.0 � 3.0 49.5 � 3.4 0.435
Left F wave latency, msn 48.8 � 4.1 49.4 � 4.2 0.122

M, mean; SD, standard deviation.
* P � 0.05.
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reported a delay in F wave latency at 10 mins of
exercise.11 As we demonstrated in our study, delay
in tibial F latency following the exercise may sug-
gest the presence of a conduction block in proximal
motor axons at the motor-root level, due to isch-
emia. However, to more precisely ascertain the
proximal block, it should be demonstrated that
postexercise distal nerve conduction studies were
normal.

In our trial, only F waves were evaluated to
demonstrate transient conduction block or slowing
in motor axons. However, sensory symptoms re-
sulting from NC do not exhibit F wave changes.
Studies to evaluate the sensory axons in the dorsal
roots, such as an H reflex study, should be carried
out.

By using the treadmill test protocol16 to pro-
duce claudication, we were able to record total
ambulation time and time to occurrence of first
symptoms more objectively. Also, we were able to
control environmental factors such as walking aim
and speed. The treadmill test allowed us to assess
the relationship between exercise treadmill test
parameters (total ambulation time, time to occur-
rence of first symptoms), clinical parameters, and
electrophysiological results. We demonstrated that
in the patient group there was a significant rela-
tionship between symptomatic walking distance
and total ambulation time in the exercise treadmill
test. However, there was no significant relationship
between exercise test parameters and certain clin-
ical parameters such as duration of patients’ com-
plaints, time to occurrence of symptoms after
walking, CT measurements of the spinal canal, or
electrophysiological parameters.

In conclusion, dynamic F wave studies, if per-
formed when the patients are symptomatic, may be
helpful in explaining the pathophysiology of neu-
rogenic claudication. Further studies investigating
the role and durability of different dynamic elec-
trophysiological changes are needed to clarify the
pathophysiology of NC.
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