Clinical utility of F wave parameters in unilateral S1
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Objective: To investigate the F wave parameters (F
duration, F minimum latency, F maximum latency, F
mean latency, F chronodispersion, and F persistence)
of the tibial nerve with unilateral S1 radiculopathy. We
evaluated the differences of these parameters between

05ClincialUtility20110024 237

the affected and unaffected sides and also with the
control group.

Methods: The study was performed from September
2007 to January 2008 in the Electrophysiology
Laboratory of Marmara University Medical Faculty,
Istanbul, Turkey. Bilateral tibial F waves were obtained
from 20 normal control subjects (control group) and
20 patients with unilateral S1 radiculopathy (patient
group). Minimum, maximum, and mean F latency
values were corrected by the subject’s height (F min/H,
F max/H, F mean/H). Needle electromyography was
performed in the patient group. The patients with a
history of diabetes, alcoholism, or other abnormality
known to affect peripheral nerves were excluded.

Results: In the control group, no significant differences
were found in any of the F-wave parameters between
the 2 sides. In the patient group, there were significant
prolongations of F duration, F min/H, F max/H, F
mean/H, and F chronodispersion on the lesion side.
Patients’ F durations of the affected and unaffected side
were significantly longer than the control group. The F
chronodispersion also showed significant prolongation
on the affected side in the patient group compared with
the control group. Among 20 patients, 15 had evidence
of denervation or polyphasic potentials on needle
electromyography.

Conclusion: The F wave study can be clinically useful
in the evaluation of S1 radiculopathies, especially in
patients with mild and early stage of the disease. Both
F duration and F chronodispersion have a higher
diagnostic value as compared to F min in the diagnosis
of lumbosacral radiculopathy, especially in cases with
normal findings on needle electromyography.
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-waves are distally recorded late responses evoked

by antidromic activation of motor neurons. The
routine evaluation of F-wave is usually limited to the
latency measurements.! However, the sensitivity of
minimum F-wave latency (F min) in radiculopathy is
found to be disappointing.*? The diagnostic yield with
F waves was found to be only 18% (5/28 patients) with
L5 or S1 radiculopathies.” Tonzola et al’> found late
response abnormalities in 26% (15 of 57 lumbosacral
radiculopathy patients). Therefore, other F-wave
parameters including chronodispersion (F chr), duration
(F dur), persistence (F pers), maximal (F max) and mean
(F mean) latencies have been examined to increase the
sensitivity of F-waves in detecting radiculopathy.*!!
Additionally, comparison of F-wave parameters between
the 2 sides was also found to be informative in patients
with unilateral root compression.' The aim of this study
was to investigate the F wave parameters of the tibial
nerve with unilateral S1 radiculopathy. We evaluated
the differences in these parameters between the affected
and unaffected sides and also compared the results with
the control group.

Methods. The study was performed from September
2007 toJanuary2008intheElectrophysiologyLaboratory
of Marmara University Medical Faculty, Istanbul,
Turkey. All electrophysiological data were recorded
with a Medelec Synergy Electroneuromyography
machine (VIASYS Healthcare, Old Woking, Surrey,
UK). Bilateral tibial F waves were obtained from 20
normal subjects (aged 32-65 years, mean 46.2 years;
8 men, 12 women) and 20 patients (aged 27-70,
mean 46.05; 9 men, 11 women) with unilateral S1
radiculopathy (Table 1). The diagnosis of unilateral
S1 radiculopathy required a clear history of low back
pain, which radiated in a S1 segmental distribution,
dermatomal sensory loss or numbness, ankle reflex loss,
or S1 segmental weakness.” All patients had at least one
of these clinical pictures. Intervertebral disc herniation
(L5/81) was also established by MRI in all patients.
Motor nerve conduction studies of the tibial nerve were
carried out to exclude a peripheral nerve lesion. There
was no abnormality in the nerve conduction study. The
patients with a history of diabetes, alcoholism, or other
abnormality known to affect the peripheral nerves were
excluded.

The F wave parameters (F dur, F min, F max, F mean,
F chr, and F pers) of the tibial nerve were investigated in
the control and patient groups. Subjects were asked to
relax and not to move their extremities. No facilitation
technique was used. For the F response, 20 stimuli were
given at a frequency of 0.5 Hz. Filter settings were 2-3
kHz, sensitivity was 1 mV, and sweep speed was 100ms.
The onset and ending components of the F wave were
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accepted as the first and the last F wave components
with at least 40 micromV of peak to peak amplitude
other than A waves. The evaluated F wave parameters
were: (a) persistence, or the number of definable F
waves divided by the number of stimuli, (b) minimum
latency, or the shortest latency to the onset of the first
deflection from baseline, (¢) maximum latency, defined
as the longest F-wave latency of the 20 consecutive
stimuli, (d) mean latency, or the mean F latency of
all traces, (e) chronodispersion, defined as difference
between minimum and maximum latency values, and
(f) duration of the F-waves from the take off to return
to the baseline. All F wave latency parameters were
adjusted according to the subject lengths [the data (ms)/
length (m)]. Minimum, maximum, and mean F latency
values were corrected by the subjects” height (Fmin/H,
Fmax/H, Fmean/H). Needle electromyography (EMG)
was performed in all patients. Spontaneous electrical
activity, polyphasic motor unit potentials, recruitment,
and maximal interference patterns were evaluated
subjectively. Skin temperature was maintained to be
above 32°C.

The study was approved by the local Research Ethics
Committee of Marmara University Medical Faculty and
was conducted in compliance with ethical standards.
Written informed consent was obtained in all cases, and
the study was designed according to principles of the
Helsinki Declaration.

The Statistical Package for Social Sciences (SPSS
Inc., Chicago, IL, USA) for windows version 10.0
was used for evaluation of the data. Student’s paired t
test, Fisher’s exact test, and chi square, ANOVA, and
Dunnet tests were used for comparisons. The statistical
significance limit was accepted as p<0.05.

Results. There were no statistical differences
between the patient and control groups for age, gender,
and height (p>0.05) (Table 1). For testing the normal
distribution of electrophysiological findings, we used
Kolmogorov-Smirnov test. As p was >0.05 for all the
tested parameters, normal distribution was confirmed
and electrophysiological parameters of the both sides of

Table 1 - Gender, age, and height values of the patients with unilateral
S1 radiculopathy and control groups.

Characteristics Patient Control T-value  P-value
group group
Age (years) 46.05 + 9.62 46.2+¢9.29 t:-0.05 0.960
Gender x%:0.102  0.749
Men 9 (45%) 8 (40%)
Women 11 (55%) 12 (60%)
Height (meters) 1.67+0.06 1.63+0.07 t:1.60 0.118
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Table 2 - F-wave values of the patients with unilateral S1 radiculopathy
(on the affected side and unaffected side).

Variable Affected side Unaffected T-value  P-value
(n=20) side (n=20)

F duration 15.22+2.49 14.34+2.28 2.792 0.012

(msec)

F minimum/ 28.39+3.08 27.97+2.97 2.081 0.050

Height(msec)

F maximum/ 29.68+3.54 29.05+3.18 2.681 0.015

Height(msec)

F mean/ 28.99+3.21 28.54+3.00 2.371 0.028

Height (msec)

Chronodis- 2.3+1.27 1.68+0.91 3.715 0.001

persion (msec)

Persistence 99+4.47 100+0.00 -1 0.330

Table 3 - F-wave values of the control group and patients with unilateral
S1 radiculopathy (on the affected side).

Variable Patient Control T-value  P-value

group affected  group (n=40)

side (n=20)

F duration 15.2242.49 12.45+1.35 5.61 0.0001
(msec)
F minimum/ 28.39+3.08 28.56+1.35 -0.12 0.907
Height(msec)
F maximum/ 29.68+3.54 29.59+1.58 0.12 0.908
Height(msec)
F mean/ 28.99+3.21 29.07+1.44 -0.01 0.991
Height (msec)
Chronodis- 2.3+£1.27 1.68+0.66 2.13 0.037
persion (msec)
Persistence 99+4.47 100+0 -1.43 0.159

Table 4 - F-wave values of the control group and patients with unilateral
S1 radiculopathy (on the unaffected side).

Variable Patient Control T-value  P-value

group unaffected  group (n=40)

side (n=20)

F duration 14.34+2.28 12.45+1.35 4.06 0.0001
(msec)
F minimum/ 27.97+2.97 28.56£1.35 -0.87 0.388
Height(msec)
F maximum/ 29.05+3.18 29.59+1.58 -0.91 0.367
Height(msec)
F mean/ 28.54+3.00 29.07+1.44 -0.80 0.425
Height (msec)
Chronodis- 1.68+0.91 1.68+0.66 -0.49 0.623
persion (msec)
Persistence 100+0.00 100+0.00

the control group were evaluated in the same pool. The
upper limits of normal values for F-wave parameters
were obtained from the control group by calculating
mean +2 standard deviations (SD). The values not
within this range were considered as abnormal. In
the patient group, there was significant prolongation
of F dur, F min/H, F max/H, F mean/H, and F chr
on the lesion side (Table 2). The F dur on the affected
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Table 5 - The number of patients with unilateral S1 radiculopathy
showing F wave values in the normal range, and number of
patients showing values above the normal range, N=20.

Variable Affected side Unaffected side
Normal Above Normal Above

F duration 10 10 17 3

(msec)

F minimum/ 17 3 18 2

Height(msec)

F maximum/ 17 3 17 3

Height(msec)

F mean/ 18 2 18 2

Height (msec)

Chronodis- 14 6 17 3

persion (msec)

Persistence 20 20

and unaffected sides of the patients were significantly
longer than the control group (Tables 3 & 4). The F chr
also showed significant prolongation on the affected
side in the patient group when compared with the
control group (Table 3). Among 20 patients, 15 (75%)
had evidence of denervation or polyphasic potentials
on EMG. In those patients, 9 of them (60%) showed
prolongation in at least one of the F-wave parameters on
the affected side. Seven of them (7/15) had abnormal F
dur, and 5 of them had prolonged F chr. Prolongation
only in F dur was observed in 3 patients, prolongation
only in F chr was observed in 2 patients. Prolonged F
dur with chr was observed in one patient. Prolonged
F dur with F min was observed in one patient. All of
the F-wave parameters were prolonged in 2 patients.
In addition, 3 of those 9 patients with abnormality of
F-wave parameters on the affected side had prolonged
F-wave parameters on the non affected side. Two
patients showed prolongation in all F-wave parameters
and the other one had an abnormality only in F dur. In
the remaining 5 patients with mild S1 radiculopathy
on MRI and normal findings on EMG, the F dur was
found to be significantly prolonged in 2 patients on the
affected side. There was prolongation in F dur, F max,
and chr in one patient. No significant differences were
found in the other 2 patients (Table 5).

Discussion. In the current study, we found that
detailed assessment of F-wave parameters, especially F
dur and F chr, might help the detection of abnormality
in patients with S1 radiculopathy. The utility of needle
EMG is a well-known entity in the electrophysiological
examination of radiculopathies. A complementary profit
can be obtained by investigation of F-wave parameters in
patients with mild radiculopathy in whom needle EMG
shows no denervation.'" Reports on the sensitivity of F-
wave parameters for lumbosacral radiculopathy (LSR)
have ranged from 18% to 80-90%.>'°

Neurosciences 2011; Vol. 16 (3) 239
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In the study with the lowest sensitivity, Aminoff et
al,” compared the diagnostic utility of needle EMG and
late responses in 28 patients with L5 or S1 radiculopathy.
They found the diagnostic yield for F-wave as 18%,
and reported that with the evaluation of H-reflex, the
sensitivity of the electrophysiological tests had been
increased to 41% (9/22 with S1 radiculopathy). On
the other hand, EMG showed denervation potentials in
75% of the patients.” Tonzola et al’ found late response
abnormalities in 15 of 57 LSR patients. In another study
that investigated the utility F-wave latencies in L5 root
compression, needle EMG showed abnormalities in all
of the 24 patients. On the other hand, at least one of the
different F-wave parameters was found to be abnormal
in only 7 patients (29.2%).* However, F dur and F chr
were not studied in those reports and the diagnostic
utility of F-wave investigations was found to be higher
when more than one of the F-wave parameters were
studied (namely, duration, and chronodispersion).®'* In
our study, by assessment of different F-wave parameters,
we found significant abnormalities in the patient
group.

Toyokura et al'! investigated F min/H, and F dur of
the tibial nerve in 27 patients with mild S1 radiculopathy
patients and in 46 healthy subjects. Similar with our
findings, they found no significant differences between
the 2 sides in any of the F-wave parameters in the control
group. Additionally, they reported longer F min/H and
F dur on the affected side than the non-affected side and
the control group. The differences were more evident in
F dur."" In a recent report, combined utilization of F
min, F chr, F pers, and side to side differences resulted
in 55% sensitivity and 100% side concordance for
detecting cervical radiculopathy, 4/31 (13%) of the
cases had at least one abnormal F wave parameter,
despite normal electromyography findings.'* In another
report, differences in several F wave parameters between
the injured and normal side of patients with unilateral
lumbosacral radiculopathy were found.”

Interpretation of F dur abnormalities is generally not
simple. It generally shows no great difference between
the sides and does not correlate with age and gender.
The F dur is thought to be modulated by the number of
motor units and motor conduction properties driven by
central excitability and increased F dur has been reported
in several upper and lower motor lesions.'**® Prolonged
F dur with normal F min in S1 radiculopathy might
be explained by the coexistence of fibers with normal
conduction time and fibers with prolonged conduction
time caused by conduction delays at the root lesion and
axonal loss of large fibers. The F dur is also influenced
by the size of the individual motor unit. Enlargement
of the motor unit following collateral reinnervation
may prolong F dur in patients with radiculopathy."
Chronodispersion, which is defined as the difference
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between F min and F max latency values, was found
to be prolonged in our patient group. Panayiotopoulos
and Chroni'” noted that prolonged F dur might precede
the appearance of increased F chr in mild neuropathy.
In another report, the results indicated a high diagnostic
sensitivity of F chr, at least in radiculopathies of the lower
limbs."* The sensitivity of F chr seems to depend on the
length of the nerve. This is in line with the concept that
F chr is a measure of the variability of conduction in
different axons in the whole nerve. This underscores the
usefulness of F chr for detecting mild abnormalities."
The prolongation of F chr is most likely due to the effect
of focal demyelination, which results in root lesions in
differential slowing."

The main limitation of our study is the small
sample size. In addition, there was no blinding of the
patients from the evaluators. For future research, F wave
parameters, especially F dur, and F chr can be examined
in patient groups that contain more subjects.

In conclusion, according to our findings, we conclude
that F dur and F chr have a higher diagnostic value
than the other F-wave parameters for the diagnosis of
LSR. Additionally, assessment of F-wave parameters is
complementary in the evaluation of L5/81 radiculopathy
and may have a diagnostic utility especially in patients
with mild and early stages of the disease, and particularly
in cases with normal findings on needle EMG.
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