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Abstract.

BACKGROUND: Sciatica-related Foot Drop is a peripheral nervous condition that produces a loss of power in the ankle dor-
siflexion muscles. Functional electrical stimulation is a modality of electrical stimulation that produces muscle contraction in
a functional movement of the limb. This technique was utilized with positive effects in central nervous afflictions but it is not
known whether or not it has any influence in motor recovery following peripheral nervous system problems. This study aims to
clarify the effects of functional electrical stimulation on foot drop caused by peripheral nerve compression resulting from lumbar
disc herniation.

METHODS: Fifty patients were enrolled in our study; of whom 25 were treated with EMG triggered electrical stimulation
(EMG-FES) and 25 with heel-floor sensor triggered electrical stimulation (SWITCH-FES) during normal gait cycle. Patients
received functional electrical stimulation (with a pulse of 60 Hz and phase duration of 200 ms) once a day, for 30 minutes during
5 consecutive days, over a period of 4 weeks. Electrical diagnostic tests (nerve conduction velocity/NCV and the amplitude of
compound muscle action potentia/CMAP), dynamometry and Osvestry Disability Index scores were measured at baseline and
after treatment.

RESULTS: We found that axonal loss was lower in the EMG-FES group than in the SWITCH-FES group (p < 0.004). The
motor functional recovery was higher in terms of muscle force and overall functional status for the EMG-FES group compared to
the SWITCH-FES group. This was underlined by Dynamometry test with a p value of < 0.0001 and ODI score with a statistical
significant p value of < 0.0001.

CONCLUSIONS: The overall results showed that there was a significant increase in all the parameters studied for both types
of FES applications. However we found that the EMG triggered electrical stimulation technique had a higher influence on the
quality of the muscle action control. For patients who cannot yet produce minimal muscle active contraction we recommend
switch triggered stimulation first and then, immediately after the recovery of the motor control, to change to EMG triggered
functional electrical stimulation.
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1. Introduction

Foot drop refers to a significant weakness of ankle
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manual muscle testing (MMT), foot drop was catego-
rized as the ankle dorsiflexion power at MMT grade
3 or less [2—4]. It can be present in paretic/paralytic
lower limb determined by peripheral pathologies such
as degenerative conditions of the spine as well as cen-
tral nervous system pathology.

This relatively simple movement of foot elevation is
of major importance in ambulation. In the swing phase
of the gait cycle the inability of the patient to elevate
the forefoot may cause multiple falls and injuries, re-
ducing mobility and the quality of life. Furthermore,
the pathologically modified gait cycle can lead to sig-
nificant changes in the biomechanics of the lower limb
and spinal level, inducing forces that could create inap-
propriate musculoskeletal structural changes. Properly
management of this impairment during physiotherapy
is, therefore, important and consequential.

The most common degenerative conditions that can
cause foot drop are lumbar disc herniation and spinal
canal stenosis. In two case series it has been observed
that 57% of the patients suffering from foot drop had
lumbar disk herniation [5,6]. In another study that in-
cluded 46 cases of foot drop related to lumbar disease,
52% of the cases were due to disc herniation [4]. In
the majority of cases, the ankle dorsiflexion paresis ap-
pears when the sciatic nerve is compressed at the L4-
L5 level (L5 root) between 32%-73% [6,7], followed
closely by L5-S1, then L3-4. Due to the fact that foot
drop is seen as a serious problem underlying spinal
pathology, almost all cases are recommended for surgi-
cal treatment. Although the surgical treatment has been
noted to have a positive effect on foot drop recovery,
there is a general nonresponse rate between 21% and
49% [2,4,7,8].

Functional electric stimulation (FES) is a form of
electrical stimulation applied in physiotherapy prac-
tices on a nerve pathway or motor point to produce
muscle contraction that can be assimilated in the nor-
mal motor engram. The patient uses stimulation to ex-
ecute a functional movement and, depending on the
severity of the paresis, it can be used as a functional
substitute [9]. In the case of foot drop, the stimulation
is made on the common peroneal nerve. The forefoot
is raised by electrical stimulation during the dynamic
swing phase of the leg, and the patient’s gait is thus
improved [10,11].

The literature abounds in clinical studies regarding
utilization of FES for patients with upper neuron prob-
lems such as multiple sclerosis, Parkinson and stroke
but is utterly silent in what concerns the investigation
of the effects of FES on peripheral neuronal regenera-
tion and its muscle functional reintegration [12—-18].

The present study wants to clarify if FES is poten-
tially efficient in the functional re-education in foot
drop and muscle re-innervation due to peripheral nerve
injuries, and to compare two different techniques of
employing FES.

2. Materials and methods
2.1. Participant recruitment and inclusion criteria

Fifty patients suffering from foot drop after surgical
decompression of the sciatic nerve were enrolled in our
study. We have only taken into consideration patients
with motor deficit after surgical treatment because we
wanted to exclude the neural compression factor and
to see whether the FES treatment alone can be utilized
as a last resort in the functional rehabilitation of the
paralytic forefoot. After clinical examination, all pa-
tients were included in the study. We explained what
the requirements were and all the patients gave their
signed informed consent before the beginning of the
trial. The study took place at the Physiotherapy and
Medical Rehabilitation Center from the University of
Medicine and Pharmacy “Grigore T. Popa” lasi and it
was carried out in accordance with the Helsinki Decla-
ration.

The patients were selected after applying the follow-
ing inclusion criteria: radicular nerve pinching caused
by herniated lumbar disc; the presence of paretic sci-
atica after discectomy; foot drop syndrome; muscu-
lar manual force test (MMT) < 3; capacity of signing
the informed consent. The exclusion criteria were: foot
drop syndrome by other etiology; vertebro-medullar
traumas; diabetes or other comorbidities that could in-
fluence the neuromotor system. The participants were
randomly assigned to two groups. The first group of 25
patients received FES triggered by electromyography
(EMG-FES) and the second group of 25 patients re-
ceived FES triggered by a foot-floor contact transmitter
placed bellow the heel (heel switch) (SWITCH-FES).

2.2. Electrical stimulation

FES was applied in both subgroups in 20 physiother-
apy sessions as follows: once a day for 30 minutes dur-
ing 5 consecutive days, over a period of 4 weeks. Stim-
ulation was performed on the affected limb by using
surface electrodes according to the principle of tran-
scutaneous electrical nerve stimulation (TENS). The
scientific literature provides information about the fre-
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quency and phase duration on static electrical stimu-
lation for peripheral nerve regeneration and axonal re-
pair (20 Hz) but it does not provide these parameters
for use of FES in peripheral nerve problems [19,20].
Taking into account that, with FES, we wanted to pro-
duce a continuous functional movement of the ankle
dorsiflexion and the frequencies lower than 40 Hz pro-
duced a jerky movement that could not be properly in-
tegrated in the gait cycle, we used a pulse of 60 Hz and
phase duration of 200 ms.

The device used to deliver the functional electrical
stimulation for the EMG-FES group was the SEMG +
stim module from the Chattanooga Intelect Advanced
Combo which is a clinical device. The sSEMG detec-
tion and the triggered stimulation were performed ac-
cording to the internal protocol of the device by an in-
tegrated circuit. For the acquisition of the SEMG signal
we have used three round electrodes measuring 4 cm
in diameter as follows: the cathode electrode placed
at 1-2 cm bellow the proximal fibular head (allow-
ing anatomical differences) on the common peroneal
nerve, the anode electrode distal on the tibialis anterior
muscle belly and the ground electrode on the distal part
of the tibialis anterior muscle.

SEMG triggered muscle stimulation is a protocol
that requires a patient to voluntarily contract a mus-
cle in order to initiate a certain movement. The pa-
tient is asked to generate a maximum contraction dur-
ing the 10 second capture time; the software will then
identify the maximum muscle effort automatically. The
sEMG evaluation is done through the detection of peak
to peak signal and is returned as a graphic numeri-
cal scale. If the measured SEMG level generated by
the muscles was equal to the previous registered signal
level, it triggers the system to deliver electrical stimu-
lation to the same muscles thereby assisting them dur-
ing functional movements (Fig. 1).

For the SWITCH-FES group electrical stimulation
was done with ODFS — Pace 1.0 (Odstock Dropped
Foot Stimulator) from Odstock medical Ltd. U.K. FES
was administered percutaneously via round electrodes
measuring 4 cm in diameter. The cathode electrode
was placed immediately under the proximal head of
the peroneus bone and the anode was placed on the
anterior face of the tibialis anterior muscle. In the
SWITCH-FES group the electrical contraction was de-
termined by a foot-floor sensor mounted under the
heel. When the heel is elevated during the gait cycle
the electrical stimulation is transmitted (Fig. 2).

Fig. 1. EMG triggered functional electric stimulation technique. A —
Placement of the electrodes for EMG signals capturing. Patient in
siting position is asked to contract tibialis anterior muscle during
10 seconds. B — Patient during walking with the aid of the FES. Dur-
ing the swing phase is required for the patient to achieve a minimal
active contraction to trigger the electrical stimulation.

Fig. 2. Switch triggered technique. A — Placement of the electrodes
and the heel-floor sensor. B — Patient walking with the aid of the FES.
At the beginning of the swing phase of the gait the patient elevates
the heel and the sensor from the underneath is released and in turn
the device triggers the electrical stimulation.

2.3. Functional evaluation

The demyelination and axonal loss were assessed
by studying nerve conduction at the beginning and at
the end of the treatment. For electrophysiological in-
vestigations the electromyograph Neuro — MEP Mi-
cro was used. The stimulodetection examination was
realized in the motor fibers of peroneal nerve. We
took into consideration the nerve conduction velocity
(NCV-m/s) to evaluate the demyelination and the am-
plitude of compound muscle action potential (CMAP-
mV) to evaluate the axonal loss [21]. The surface elec-
trodes were used to obtain muscular response accord-
ing to the principle “belly-tendon” (the active electrode
was placed on the muscle belly and the reference elec-
trode on its tendon). The ground was placed between
distal stimulation and the recording electrodes. Prox-
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imal site of stimulation was placed behind the fibu-
lar head and distal site was ankle (between the ex-
tensor digitorum longus and extensor hallucis longus
tendons. The extensor digitorum brevis muscle rep-
resented the collection point of the recording. For
data acquisition, specific settings were used: sensitiv-
ity (500 V-2 mV), frequency ranges (20 Hz-5 kHz),
sweep (5 ms/division).

Muscle force was tested also in order to correlate the
functional restoration of the link between the nerve and
muscle. The MMT as described by the Medical Re-
search Council [22] is a manual force test performed by
the physiotherapist and is too subjective to the physio-
therapists experience and sensitivity to produce accu-
rate data. To obtain more objective measurements we
used the “make test” from the handheld dynamome-
try technique (HHD). The muscle force test was per-
formed twice and we took into consideration the sum
of the two muscle force values. We used a Baseline®
hydraulic push-pull dynamometer [23-25].

The overall functional status was evaluated by the
Oswestry Disability Index (ODI) because foot drop
caused by radicular compression is closely related to
lumbar column status. ODI is an index derived from
the Oswestry Low Back Pain Questionnaire used by
clinicians and researchers to quantify disability for
low back pain and its related dysfunctions. The self-
completed questionnaire contains ten topics concern-
ing intensity of pain, lifting, ability to care for oneself,
ability to walk, ability to sit, sexual function, ability
to stand, social life, sleep quality, and ability to travel.
Oswestry Disability Index is currently considered by
many as the gold standard for measuring the degree of
disability and estimating quality of life in a person with
low back and leg pain [26].

2.4. Statistical analysis

The statistical analysis of the results was performed
using the BioStatAnalystSoft software package. Be-
cause we have only a limited number of patients, we
tested the normality of the distributions and we used
the Shapiro-Wilk normality test. In our study all data
was normally distributed except for gender. In the case
of gender analysis, we opted for the nonparametric
Chi-square test. The results were expressed as mean
=+ standard deviation for normally distributed contin-
uous variables. To determine the differences between
the groups we used Test t-Student for normally dis-
tributed continuous variables, and the chi-square test
for categorical variables. The values p < 0.05 were
considered statistically significant.

Table 1
Data analysis before and after the treatment
EMG N =25 Switch N =25 p
4440+ 7.69 42924673 0431

Mean age (years)

Gender (male/female) 14/11 12/13 0.360
NCV (m/s)
Initial 45.60 =4.40 4522 +3.68  0.747
Final 4652 +4.43 4592 4+3.62  0.607
0 NCV 1.20 £ 1.08 0.78 £0.70  0.110
CMAP (mV)
Initial 1.25+0.35 1.13+0.27  0.197
Final 1.89 £ 0.49 1.61 £043  0.038
0 CMAP 0.64 +0.18 048 £0.19  0.004
Dynamometry (Kgf)
Initial 11.04 £2.57  12.124£3.50  0.220
Final 1572 +£296 1492 +4.04 0571
& dynamometry 444 £+ 1.26 2.84 +£1.02 0.0001
ODI score
Initial 3584 £6.90 3436+470  0.380
Final 19.72 £5.38  22.08 £4.58  0.101
4 ODI score 16.12 £3.46 12.28 + 1.51 0.0001

6 = initial = final.
3. Results

In our study the first group was made up of 25 pa-
tients (14 males and 11 females), with mean age of
44.40 £ 7.69 years old, received FES triggered by
electromyography and the second group of 25 patients
(12 males and 13 females), with mean age of 42.92 £+
6.73 years old, received FES triggered by a foot-floor
contact transmitter placed bellow the heel.

We did not find any statistical differences in gender
(Chi-square test, p = 0.360) and age (t-Student, p =
0.431) between the groups.

The results for both groups of nerve conduction ve-
locity were not statistically significant. However, in
the analysis made on CMAP we found differences be-
tween the two groups. For the EMG-FES group CMAP
registered initially 1.252 £ 0.357 mV, and after the
therapy it went to 1.894 £+ 0.490 mV. The CMAP for
SWITCH-FES group initially was 1.134 + 0.273 mV,
and after the treatment it was 1.615 & 0.435 mV (Ta-
ble 1).

At the end of therapy, CMAP increased for the
EMG-FES group with 0.642 + 0.180 microV (52%),
and for SWITCH-FES group with 0.481 % 0.199 mi-
croV (43%), with statistical difference between groups
(p < 0.004).

The most important and different results between the
patients treated with EMG-triggered electrical stimu-
lation versus switch group were found in the scores of
the tests that evaluated the functional status related to
capacity of movement and capacity of carrying out nor-
mal life activities. The Dynamometry results were at
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the beginning 11.04 4 2.57 Kgf and 15.72 + 2.96 Kgf
at the end of the treatment for the EMG-FES group.
For the SWITCH-FES group, the Dynamometry re-
sults were 12.12 £+ 3.50 Kgf initially and 14.92 +
4.04 Kgf at the end. Dynamometry values improved by
4.44 + 1.26 Kgf (41%) for the EMG-FES group and by
2.840 + 1.028 Kgf (26%) for the SWITCH-FES group
with p < 0.0001.

The ODI initial score (35.84 + 6.90 EMG-FES vs.
34.36 + 4.70 SWITCH-FES) and final score (19.72
+ 5.38 EMG-FES vs. 22.08 + 4.58 SWITCH-FES)
registered a decrease of 16.12 + 3.46 points (45%)
for EMG-FES vs. 12.28 + 1.51 points (36%) for
SWITCH-FES, differences with statistical significa-
tion, p < 0.0001 (Table 1).

4. Discussions

In this study, we presented two different techniques
for functional electrical stimulation in peripheral nerve
pathology, after having noticed the lack of published
scientific evidence comparing Switch with EMG trig-
gered FES, Also, we were interested in the uses and
effects of functional electrical stimulation on periph-
eral nerve pathologies such as radicular nerve com-
pression. The technique is widely used in cases of foot
drop from central nervous system affliction and its ef-
fects are highly documented [9-18].

Although the nervous system is an integrated one,
the functional reeducation in a peripheral nervous sys-
tem affliction differs consistently in its mechanisms
from that of the central nervous system. In order to re-
gain central motor control, the peripheral nerve must
first regain its integrity and conductibility. The problem
with the utilization of FES on a peripheral nerve injury
is that there is insufficient valid data to provide useful
insights regarding the appropriate stimulation settings.

In our study, we enrolled fifty patients suffering
from foot drop secondary to lumbar spinal disc her-
niation. They received 20 intensive physiotherapy ses-
sions of FES training by means of two different modal-
ities of triggering the electrical stimuli. We wanted
to identify if there is a difference on the peripheral
nerve regeneration and muscle functional reintegration
when using EMG as opposed to SWITCH triggering
of the electrical stimuli. At the end of the treatment,
the evaluation showed that the EMG-FES group had
slightly better results than the SWITCH-FES group.
The EMG-FES group showed improvements in CMAP
(p < 0.004), which underlines an important process of

axonal regeneration, also for dynamometry test (p <
0.0001) and similarly when analyzing the data from
ODI index (p < 0.0001). Although the SWITCH-FES
group had relatively poorer results we reported an in-
crease in compound muscle action potential (CMAP)
and a decrease in the ODI index score.

The results registered for NCV test at the end of the
treatment were similar with those from the beginning
of the treatment due to the short period of nerve com-
pression. These outcomes can be considered normal,
as the nerve did not have time for demyelination [21].
However, in the EMG-FES group, we measured sig-
nificant p values for CMAP, so the number of axonal
loss was significantly lower than in the SWITCH-FES
group.

Moreover, we noticed a significant difference in
muscle control in favor of the EMG — triggered stimu-
lation. This may be explained by the different modal-
ity of triggering the electrical stimulation. In the
SWITCH-FES group, the stimulation was determined
by means of a foot-floor sensor while raising the heel.
This means that the stimuli activated the muscle with-
out any participation from the patients, which makes
this technique a passive one.

The EMG triggered electrical stimulation training
group involved voluntary muscle contraction to trigger
the FES. A prerequisite for this type of stimulation is
the capacity of the paretic muscle to tens at a level that
allows for an EMG signal to be measured by a surface
electrode which makes this an active technique for the
patient [9]. In contrast to the foot-floor switch tech-
nique, where the patient follows a pre-established elec-
trical pattern of movement, in the EMG triggered stim-
ulation technique the movement pattern is activated
and determined actively by the patient. EMG triggered
technique therapy implies more motor control and cog-
nitive abilities from the part of the patient. EMG trig-
gered stimulation may be more effective than the sim-
ple or switch triggered techniques in improving motor
control [26,27]. In our patients, lower limb electrical
stimulation improved walking ability, increased mobil-
ity and increased voluntary EMG activity in EMG trig-
gered FES. In the FES group we obtained increased
isometric contractions of dorsiflexors and plantar flex-
ors and improved walking ability.

In the EMG triggered group we noticed an important
correlation between the subjective overall functional
status felt by the subjects (ODI score) in relation to
the increased motor control of the dorsal ankle flexion
(Dynamometry).
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5. Conclusions

In this study we evaluated the influence of func-
tional electrical stimulation over sciatica-related foot
drop syndrome. The overall results showed that there
was a significant increase in all the parameters studied
for both types of FES applications. However, we found
that the EMG triggered electrical stimulation technique
produced better results in the quality of muscle action.

The most physiologically appropriate neural path-
way for the reinforcement of the dorsiflexors muscles
would be to use homonymous EMG signals in order
to provide immediate and direct autogenic feedback in
dorsiflexion control.

Our recommendation for clinical practice is to start
with the passively triggered technique if the patient
does not have the possibility to tense the muscle and
then, immediately after the recovery of motor control,
to change to EMG triggered functional electrical stim-
ulation.

Acknowledgments

This study was made possible with support from the
University of “Grigore T. Popa” Medicine and Phar-
macy lasi, as part of the research grant No. 3110.

Conflict of interest

The authors declare no conflicts of interest.

References

[1] Wang Y, Nataraj A. Foot drop resulting from degenerative
lumbar spinal diseases: Clinical characteristics and prognosis.
Clinical Neurology and Neurosurgery. 2014; 117: 33-39.

[2] Guigui P, Benoist M, Delecourt C, Delhoume J, Deburge A.
Motor deficit in lumbar spinal stenosis: a retrospective study
of a series of 50 patients. J Spinal Disord. 1998; 11: 283-8.

[3] Postacchini F, Giannicola G, Cinotti G. Recovery of motor
deficits after microdiscectomy for lumbar disc herniation. J
Bone Joint Surg Br. 2002; 84: 1040-5.

[4] Aono H, Iwasaki M, Ohwada T, Okuda S, Hosono N, Fuji T,
et al. Surgical outcome of drop foot caused by degenerative
lumbar diseases. Spine (Phila, PA, 1976). 2007; 32: E262-6.

[5] Jonsson B, Stromqvist B. Motor affliction of the L5 nerve root
in lumbar nerve root compression syndromes. Spine (Phila,
PA, 1976). 1995; 20: 2012-5.

[6] Tizuka Y, lizuka H, Tsutsumi S, Nakagawa Y, Nakajima T,
Sorimachi Y, et al. Foot drop due to lumbar degenerative con-
ditions: mechanism and prognostic factors in herniated nu-
cleus pulposus and lumbar spinal stenosis. J Neurosurg Spine.
2009; 10: 260-4.

(71

(8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Ghahreman A, Ferch RD, Rao P, Chandran N, Shadbolt B.
Recovery of ankle dorsiflexion weakness following lumbar
decompressive surgery. J Clin Neurosci. 2009; 16: 1024-7.
Andersson H, Carlsson CA. Prognosis of operatively treated
lumbar disc herniationscausing foot extensor paralysis. Acta
Chir Scand. 1996; 132: 501-6.

Schuhfried O, Crevenna R, Fialka-Moser V, Paternostro-
Sluga T. Non-invasive neuromuscular electrical stimulation in
patients with central nervous system lesions: an educational
review. J Rehabil Med. 2012; 44: 99-105.

Burridge J, Taylor P, Hagan S, Wood D, Swain I. The ef-
fects of common peroneal nerve stimulation on the effort and
speed of walking: A randomized controlled clinical trial with
chronic hemiplegic patients. Clin Rehabil. 1997; 11: 201-210.
Taylor PN, Burridge JH, Wood DE, Norton J, Dunkerley A,
Singleton C, Swain ID. Clinical use of the Odstock Drop Foot
Stimulator — its effect on the speed and effort of walking.
Archives of Physical Medicine and Rehabilitation. 1999; 80:
1577-1583.

Embrey DG, Holtz SL, Alon G, Brandsma BA, McCoy SW.
Functional electrical stimulation to dorsiflexors and plan-
tarflexors during gait to improve walking in adults with
chronic hemiplegia. Arch Phys Med Rehabil. 2010; 91: 687—
696.

Yan T, Hui-Chan CWY, Li LSW. Functional electrical stim-
ulation improves motor recovery of the lower extremity and
walking ability of subjects with acute stroke. A randomized
placebo-controlled trial. Stroke. 2005; 36: 80-85.

Ng SS, Hui-Chan CW. Does the use of TENS increase the
effectiveness of exercise for improving walking after stroke?
A randomized controlled clinical trial. Clin Rehabil. 2009; 23:
1093-1103.

Sheffler LR, Hennessey M, Naples GG, Chae J. Peroneal
nerve stimulation versus an ankle foot orthesis for correction
of foot droping stroke: impact on functional ambulation. Neu-
rorehabil Neural Repair. 2006; 20: 355-360.

Stein RB, Everaert DG, Thompson AK, Chong SL, Whittaker
M, Robertson J, et al. Long-term therapeutic and orthotic ef-
fects of a foot drop stimulator on walking performance in
progressive and non-progressive neurological disorders. Neu-
rorehabil Neural Repair. 2010; 24: 152-167.

Laufer Y, Hausdorff JM, Ring H. Effects of a foot drop neuro-
prothesis on functional abilities, social participation and gait
velocity. Am J Phys Med Rehabil. 2009; 88: 14-20.

Sabut SK, Sikdar C, Mondal R, Kumar R, Mahadevappa M.
Restoration of gait and motor recovery by functional electrical
stimulation therapy in persons with stroke. Disabil Rehabil.
2010; 32: 1594-1603.

Vivé M, Puigdemasa A, Casals L, Asensio E, Udina E,
Navarro X. Immediate electrical stimulation enhances re-
generation and reinnervation and modulates spinal plastic
changes after sciatic nerve injury and repair. Experimental
Neurology. 2008; 211: 180-193.

Gordon T, Amirjani N, Edwards DC, Ming Chan K. Brief
post-surgical electrical stimulation accelerates axon regenera-
tion and muscle reinnervation without affecting the functional
measures in carpal tunnel syndrome patients. Exper Neur.
2010; 223: 192-202.

Campbell WW. Essentials of Electrodiagnostic Medicine. 2nd
ed. New York: Demos Medical Publishing; 2014.

Medical Research Council. Aids to the examination of the pe-
ripheral nervous system, Memorandum no. 45, Her Majesty’s
Stationery Office, London. 1981.

Bohannon RW. Test-Retest Reliability of Hand-Held Dy-



[24]

[25]

D.P. Sardaru et al. / Effects of biofeedback versus SWITCH-FES on sciatica-related foot drop 245

namometry During a Single Session of Strength Assessment.
Phys Ther. 1986; 66: 206-209.

Burns SP, Spanier DE. Break-Technique Handheld Dy-
namometry: Relation Between Angular Velocity and Strength
Measurements. Arch Phys Med Rehabil. 2005; 86: 1420-6.
Downar S, Mattacola CG. Isometric muscle force measure-
ments obtained by handheld dynamometry. In: Mattacola CG,
ed. Athletic therapy today. Kentucky: Human kinetics; 2003.
p. 38-40.

[26]

[27]

De Kroon JR, Ijzerman MJ, Chae J, Lankhorst GJ, Zilvod G.
Relation between stimulation characteristics and clinical out-
come in studies using electrical stimulation to improve motor
control of the upper extremity in stroke. J Rehabil Med. 2005;
37: 65-74.

Fields RW. Electromyographically triggered electric muscle
stimulation for chronic hemiplegia. Arch Phys Med Rehabil.
1987; 68: 407-414.



