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F-Wave Studies in LS Radiculopathic Patients Receiving
Automated Percutaneous Lumbar Disectomy

Chien-Hung Lai, Ming-Shium Hsieh,! Wei-Han Chiang,

Sung-Hui Tseng, Chao-Jung Chen, Shih-Ching Chen

Departments of Physical Medicine and Rehabilitation, and 1Orthopedics,
Taipei Medical University Hospital, Taipai.

Background and purpose: Herniated intervertebral disc with radiculopathy may prolong F-latency and
reduce F-persistence. The aim of this study was to investigate changes of F-waves in patients with L5
radiculopathy before and after automated percutaneous lumbar disectomy (APLD).

Methods: Eight patients (aged 26 to 39 years) with L5 radiculopathy were recruited. The L5 radiculopathy
was diagnosed by radicular pain and motor/sensory deficit and was confirmed by MRI. F-latency and per-
sistence of the deep peroneal nerve were measured before and after APLD. To enhance the F-wave re-
sponse, a stimulus duration of 0.3 ms was used, and patients were asked to contract the masseter mus-
cles.

Results: The F-persistence showed a significant increase (p < 0.05) after APLD (42.5% + 11.7% and
66.3 % + 10.6% before and after APLD, respectively). The F-latencies of the deep peroneal nerve
showed a decreasing trend after APLD (46.19 + 3.58 ms and 44.76 + 2.69 ms before and after APLD,
respectively). The increase of F-persistence may be explained by increased nerve excitability after
APLD. F-latency may lack the sensitivity to show the change after APLD because F-latency possibly re-
flects only a small portion of motor neuron fibers affected.

Conclusions: We conclude that F-persistence is more sensitive than F-latency in monitoring nerve root
decompression after APLD. Understanding the role of F-persistence in evaluating the nerve root condi-
tion requires further study. (J Rehab Med Assoc ROC 2000; 28(4): 213 — 219)
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ography (EMG) is helpful in evaluating lumbosacral

] INTRODUCTION [ ]

Electrophysiological techniques provide useful
information for both diagnosis and prognosis of lum-
bosacral radiculopathies. Examination of late potentials
such as F-wave or H-reflex as well as needle electromy-

radiculo- pathy!' .

Automated percutaneous lumbar disectomy (APLD)
is selective removal of nucleus pulpous from a herniation
site with various automated instruments under endoscopic
control. The mechanism was thought to be indirect

reduction of the disc hernia by an intranuclear vacuum
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phenomenon. Previous literature revealed that APLD
appears to be effective in the amelioration of lumbosacral

radiculopathy!**.

However, there are no reports on
detecting changes of root compression after APLD using
electrophysiological evaluations.

Although needle EMG is valuable for the diagnosis
of lumbosacral radiculopathy, changes of EMG with
lumbosacral radiculopathy after operation remain contro-
versial. Johnson and Fletcher', in a review of 100 cases
of lumbosacral radiculopathy, found that EMG showed an
increase in the recruitment pattern and reduction in the
number of fibrillation potentials and positive sharp waves
after recovery. In contrast, Negrin and coworkers!”)
reported a high percentage of no change with needle
Further-

more, both radiculopathy and root trauma after surgery

EMG after conservative or surgical treatment.

may show positive sharp wave and fibrillation potentials
The use of needle EMG

may not be sufficient to evaluate the recovery of root

on EMG of paraspinal muscles.

compression before and after surgery.

F-waves, late responses that can be recorded from a
muscle following supramaximal stimulation of motor
nerve fibers, are helpful in identifying the involved roots
and in determining the level of single disc prolapse™.
Compared with needle EMG, F-wave can detect abnor-
malities earlier. In addition, F-wave is capable of detect-
ing mild root lesions which do not cause axonal degen-
eration!'?,

F-latency and F-persistence are the most widely
used parameters of F-waves in detecting both generalized
and localized nerve disorders. Although these two pa-
rameters have been useful in evaluation of both upper and
lower motor neuron diseases, their diagnostic value in
detecting lumbosacral radiculopathies is not well deter-
mined. Furthermore, there are few reports of the use of
F-wave in detecting changes in lumbosacral radiculopa-
thy after surgical intervention.

Although F-waves have been commonly used to

evaluate lumbosacral radiculopathy, their role in moni-

toring the severity of radiculopathy is not well established.

The aim of this study was to investigate changes of
F-waves in patients with L5 radiculopathy before and
after APLD. Furthermore, the clinical usefulness of
F-waves is discussed.

] METHODS ]

Subjects

Eight patients (5 males and 3 females) with low back
pain, aged 26 to 39 years (mean 31.8), were included in
this study. Of the eight patients, 4 of them had radicular
pain only, 2 had motor weakness and radicular pain, and
2 patients had both radicular pain and sensory abnormal-
ity. All of them had shown L4~5 herniated discs on MRI
before operation. Root compression caused by L4~5
herniated disc were confirmed by MRI. Patients with
upper motor neuron lesions, diabetes, renal failure,
alcoholism, or a history of any general diseases that had a
potential to cause peripheral nerve dysfunction were
excluded.

Procedure

Herniated discs were surgically treated by APLD in
all patients. Postoperative follow-up examinations were
performed 62 days to 78 days (mean 68 days) after
surgery. Before surgery, motor nerve conduction veloci-
ties (MNCV) of the deep peroneal and tibial nerves, and
sensory nerve conduction velocities (SNCV) of the
superficial peroneal and sural nerves were examined to
exclude cases with peripheral nerve lesions. L5 radiculo-
pathy was diagnosed by radicular pain and motor/sensory
deficit and confirmed by MRI before operation.

Before and after operation, F-latency and
F-persistence of the deep peroneal nerve were measured.
Ten supramaximal stimuli were delivered percutaneously
to the deep peroneal nerve on the ankle at a rate of 1 Hz.
The stimulus duration was set at 0.3 ms, and patients
were asked to contract the masseter muscles to enhance
the F-wave responses. Only F-waves with an amplitude of
40 UV (peak-to-peak) or more were recorded from the
extensor digitorum brevis. A sweep speed of 10
ms/division and a gain of 200 uV were used. F-latency
was determined as the minimal latency of the occurring
F-response. F-persistence was defined as the percentage
appearance of F-responses with respect to the number of
stimuli delivered.

The outcome of the operation was evaluated by
using the method introduced by Dullerud®. The evalua-

tion was based on a combination of resumption of work



and social activities, relief of pain, and reduction of
dosage of analgesics, and on clinical examination. The
following grading was used: very good—complete relief of
pain, return to pre-injury functional status, negative
straight leg raise test, no or minimal neurologic deficit;
good—-improved, but incomplete pain relief and/or some
residual neurologic deficit, occasionally requiring analge-
sic medication; unchanged-no improvement; poor—more

disabled compared to preoperative status.
Statistics

Wilcoxon signed rank test was employed to compare
F-wave characteristics between preoperative and postop-
erative values. Significance was defined as p values <
0.05 throughout.

] RESULTS ]
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All subjects in this study showed improved symp-
toms after APDL. They were graded either “very good”
or “good” in clinical evaluation after operation.

F-latency of the deep peroneal nerve showed a
decreasing trend after operation (Fig. 1). F-latencies of
the deep peroneal nerve were 46.19 £ 3.58ms and 44.76
2.69 ms preoperatively and postoperatively, respectively
(Table 1); however, there was no statistical significance
(p = 0.262) found.

Our observations in respect to the nature of
F-persistence are shown in table 1 and figure 2. The
F-persistence of the deep peroneal nerve was found to be
42.5 %=x 11.7 % and 66.3 % * 10.6 % preoperatively and
postoperatively, respectively. A statistically significant
increase of F-persistence was found postoperatively (p <
0.05).

The correlation between outcome and the change of
F-persistence was shown in Table2.
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Table 1. F-latency and F-persistence before and after APLD

Mean + SD
p value
Pre-op Post-op
F-latency (ms) 46.19 £3.58 44.76 £ 2.69 0.262
F-persistence (%) 425+ 11.7 66.3 +10.6 0.020*

Data are expressed as mean + standard deviation.
APLD = automated percutaneous lumbar disectomy
*significant increase of F-persistence after APLD (p <0.05 , Wilcoxon signed rank test)

Table 2. The outcome and the change of F-wave persistence before and after APLD

Peroneal F-wave Persistence (%)

Case outcome
Pre-op Post-op

1 very good 40 80 *
2 very good 50 80 *
3 good 40 60 *
4 good 60 60

5 very good 20 60 *
6 very good 40 70 *
7 very good 40 70 *
8 good 50 50

* Significant increase of F-persistence
“very good” means complete relief of pain, return to pre-injury functional status, negative straight leg raise test, no or

minimal neurologic deficit; “good” means improvement, but incomplete pain relief and/or some residual neurologic
deficit, occasionally requiring analgesic medication.



] DISCUSSION ]

F-wave

The F wave allows the electromyographer to assess
motor conduction along the proximal segments of nerves.
It is a late muscle potential that results from the backfir-
ing of antidromically activated anterior horn cells. The
minimal F-latency, used in this study, represents the
shortest time needed for the O-motor neuron fibers to
conduct the impulse throughout the antidromic and
orthodromic pathway. Whereas, the F-persistence repre-
sents the spinal motor neuron excitability. The reappear-
ance of individual motor unit within a series of F-waves
is believed to be indicative of the selectivity of motor
neuron populations available for F-wave.

In this study, the stimulus duration of the F-wave
test was modified. The normal value of F-persistence of
the deep personal nerve was 37% =425% in a previous
study by using a duration of 0.2 ms of rectangular electric

pulsest'”

. This low rate of appearance is not clinical
useful. In order to produce a better frequency, we used a
stronger stimulation, modified the stimulus duration to
0.3 ms, and contracted the masseter muscles as a facili-

tating maneuver.
F-latency

Reports of changes of F-latency in patients with
lumbosacral radiculopathy are contradictory. Toyokura
and Murakami!'! measured F-latency in 100 patients with
L5-S1 radiculopathy to examine the sensitivity and
characteristics of F-wave abnormalities detected. The
results indicated that the sensitivity and specificity of
F-latency for radiculopathy were 70% and 100%, respec-
tively. F-latency abnormalities were correlated to neither
needle EMG nor clinical findings. They concluded that
F-wave study is clinically useful in evaluation of radicu-
lopathy independent of needle EMG or clinical findings.
However, F-latency was also reported to be less sensitive
in detecting radiculopathy™*'"). Aminoff and coworkers®
found that only 5 out of 28 patients with radiculopathy
had F-latency abnormalities. In the present study, al-
though decreasing tendency was found, there was no
significant difference in F-latency before and after the
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operation. This result implies that the change of the
demyelination of the motor neuron might be too small to
affect the F-latency. The low sensitivity may be due to the
F-latency presenting a slowing conduction of only a small
portion of the motor neuron fibers. That is, F-latency may
not increase if only a small portion of the motor neuron
fibers is affected.

F-persistence

The results of this study show that F-persistence
significantly increased after APLD. Voulgaris and co-
workers?) compared F-persistence between 41 patients
with L5-S1 radiculopathy and normal subjects. They
found that F-persistence of patients with radiculopathy
was significantly lower than that of controls. The de-
creased F-persistence could be explained by a reduced
motor neuron excitability because of disruption of the
circuit retaining the muscle tone. In this study, the nerve
root was decompressed in the patients with radiculopathy
after APLD. Motor neuron excitability may be improved
after nerve root decompression. The increased
F-persistence, therefore, may be explained by increased
motor neuron excitability after APLD.

In this study, even though F-persistence and clinical
symptoms both improved after APLD, F-latency did not
significant decrease. The different result between the
F-latency and the F-persistence can be explained by
F-latency reflecting only the condition of demyelination
of motor neuron. F-persistence, however, can test not
only the demyelination of the motor neuron, but also axon
loss and dorsal root lesion'?. Furthermore, because of the
low sensitivity of F-latency in detecting demyelination of
motor neurons, F-latency might not have decreased with
improvement of demyelination after APLD.

Although F-persistence significantly increased and
the clinical symptoms improved after APLD in this study,
the clinical usefulness of F-persistence in evaluating
lumbosacral radiculopathy remains to be determined.
Further studies are needed to increase the number of
subjects to determine the sensitivity of the F-persistence
in detecting radiculopathy. In addition, F-persistence
varies in patients with lumbosacral radiculopathies. To
correlate the F-persistence to the severity of clinical
symptoms before or after operation, a larger number of
subjects are needed. The normal range of F-persistence
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must be established. Furthermore, for assessing the
clinical usefulness, both F-persistence and F-latency
should be examined immediately before and after opera-
tion, and at 3-month and I-year follow up to assess
short-term and long-term changes in F-waves. Finally, to
increase the sensitivity of F-persistence, increasing the
number of stimuli given to evoke the F-wave may be
needed.

In summary, F-persistence significantly increased in
patients with L5 lumbosacral radiculopathies after APLD.
In addition, the result of F-latency showed a decreasing
trend after APLD. The F-wave study may offer additional
useful information for detecting the condition or severity
of radiculopathy. However, further study is required to
determine the role of F-persistence in evaluating the

nerve root condition.
] CONCLUSIONS ]

The results of this study showed that F-persistence is
more sensitive than F-latency for objective assessment of
surgical decompression of L5 radiculopathy. Under-
standing the role of F-persistence in evaluating the nerve
root condition requires further study.
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