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Standardisation of the electrical elicitation of the
human flexor reflex
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SUMMARY The threshold and latency of the human flexor reflex were recorded by different
kinds of electrical stimuli in order to find the optimal stimulus, defined as the lowest amount
of currency and the shortest possible duration. Stimulation was given over the posterior tibial
nerve of the foot. The reflex response was recorded from the tibialis anterior muscle and the
number and duration of the pulses and the inter-pulse interval were varied. A train of five square
wave pulses with a duration of 0-5 ms separated by 1 ms were found most suitable in quantitative
studies of the reflex. Twenty-four normal persons were investigated in this way as a basis for
normal values. The day-to-day variations of the reflex were small in normal subjects.

Quantitative measurements of proprioceptive and
exteroceptive reflexes are necessary in studies of
spasticity and in the evaluation of antispastic
treatment. To standardise such studies, a number
of investigations were performed to find the most
suitable stimulus for the elicitation of the flexor
reflex. It is generally accepted that the flexor
reflex is most easily elicited by repetitive stimuli,
but previously different methods have been used
to elicit the reflex'-6 and systematic studies have
not been performed. The flexor reflex can be
elicited by electrical stimulation of the plantar
skin, or by electrical stimulation over the posterior
tibial nerve behind the medial malleolus at the
ankle. In our experience, in a pilot study of 10
normal subjects investigated on two consecutive
days, the latter method gives most reproducible
results. On the first day surface electrodes were
placed behind the malleolus on one side and intra-
dermal needle electrodes medial in the plantar skin
of the other side. The next day the same reflex
study was performed with the stimulation elec-
trodes exchanged. The reflex response was re-
corded by surface electrodes from the tibialis
anterior muscle. This muscle has been found most
representative in the measurement of responses
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of the flexor reflex,2 3 5 and recordings from this
muscle are not compromised by cross-talk from the
antagonist muscles.2

Material and methods

The electrical stimuli were led to the patient from a
constant current output unit and a digital programm-
ing unit of our own design, which allows an indepen-
dent alteration of tihe number, interval and duration
of the pulses. The stimuli were applied to the skin by
surface electrodes placed 1 to 2 cm apart longitudinally
over the posterior tibial nerve behind the medial mal-
leolus. The flexor reflex was recorded from surface
electrodes placed 5 cm apart longitudinally over the
belly of the tibialis anterior muscle and a ground
electrode also was placed on the leg. All surface elec-
trodes were placed after carefully cleaning and rasping
of the skin to reduce the impedance between the elec-
trodes below 4 kOhm. The signals from the electrodes
were fed through EMG amplifiers to the data record-
ing equipment using video tape.7
The stimulation trials were separated into three

parts. In each part, two of the three stimulation
parameters were kept constant and the third was
altered. The stimuli generally were separated by an
interval of two minutes and were delivered randomly.
The stimulation current was increased gradually from
1 mA, in the beginning with intervals of 2 5 mA and
later with 5 to 10 mA. When a reflex response was
obtained the stimulation current was gradually re-
duced until the reflex response again disappeared, but
this reduction was carried out with smaller intervals.
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The lowest amplitude in mA able to evoke the reflex
was defined as the threshold value.
Ten subjects without neurological signs and not

receiving drugs participated in each part. The pur-
pose of this study was to find the electrical stimulus
which most easily evoked the flexor reflex. A stimu-
lation with the lowest amount of current (coulomb)
and shortest possible duration was found most appro-
priate, especially in studies including latency. From
each part, the most suitable stimulation parameter
was transferred to the next part and after the last
part our standard stimulation parameter was defined.
This standard stimulation was then applied to 24 nor-
mal subjects in order to find normal values of the
reflex. Finally, day-to-day variations of the reflex
were studied in 20 normal subjects, where two investi-
gations were performed by two different investigators
in each subject.

Results

In part one a stimulus consisting of five pulses
separated by 1 ms was used. The duration of
pulses was varied randomly from 0-05 to 2 ms.
The threshold was highest with the shortest dura-
tion of pulses (table 1), but a pulse duration longer
than 0-5 ms did not result in a significant fall in
the threshold (fig 1). From this part of the study
a pulse duration of 0 5 ms was selected for further
studies. In part two, five pulses with a duration
of 0-5 ms was used. The separation of the pulses
was varied randomly from 0 05 ms to 4 0 ms
(table 2). No lowering of the threshold was found
with a separation longer than 1 ms and a higher
threshold was found with a separation shorter
than 1 ms. A separation of the pulses with 1 ms
was chosen for further studies (fig 2). In part
three, a duration of the pulses of 05 ms and a
separation between the pulses of 1 ms was used
and the number of pulses was varied randomly
from 1 to 10 (table 3). No significant fall in the
threshold was found with the number of pulses
greater than five, whereas the amount of current

Table 1 Threshold of the flexor reflex. Stimulus
consisting of five pulses separated by I ms. Duration
of pulses varied randomly. Ten subjects, 7 males and
3 females, aged 18 to 53 (average 31) years

Duration of Threshold stimulation Number of
pulses subjects
(ms) xmA SD x JC SD (n)

0-05 26-8 14-0 6-7 3-5 7
0-1 15-3 11*6 7-6 5-8 10
0-2 14-0 9-3 14-0 9-3 8
0-3 10-7 7-9 16-0 11*8 10
0-6 8-1 5-8 24-4 17-4 10
1-0 5-4 4-2 27-1 21-0 10
2-0 5-1 3-3 51-1 32 8 10
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after this value seemed to increase proportional
to the number of pulses (fig 3).

After these three parts of the study a train of
five pulses each with a duration of 0 5 ms and
separated by 1 ms was chosen as the standard
stimulus.
The day-to-day variations of the reflex then

were investigated in 20 subjects with this stan-
dard stimulation (table 4). Only small differences
between the days were recorded, but the differ-
ences seem to be greater when the threshold stimu-
lation was measured in voltage than in mA. The
differences between the mean values found by the
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Fig 1 Threshold of the flexor reflex measured in mA
( ) and ,u coulomb ( - - - - ) as a function of the
duration of pulses. Fixed stimulation parameters: five
pulses separated by 1 ms. Values represent the mean
values of the 10 subjects shown in table 1.
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Fig 2 Threshold of the flexor reflex measured in mA
as a function of the separation of the pulses. Fixed
stimulation parameters: five pulses with a duration
of 05 ms. Values represent the mean values of the
nine subjects shown in table 2.
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two investigators also were small. The first investi-
gator recorded a mean threshold stimulation of
7*1 mA (SD 4'2) with a latency of 104 ms (SD 40)
and the other investigator 6-7 mA (SD 3 9) and 107
ms (SD 27'8).
Measurement using the standard stimulus in 24

volunteers (all of whom had no history or signs
of neurological disease and were not taking drugs)
served as basis for normal values of the reflex
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Table 2 Threshold of the flexor reflex. Stimulus
consisting of five pulses with a duration of 05 ms.
Separation of pulses varied randomly. Nine subjects,
4 males and 5 females, aged 18 to 69 (average 44)
years

Separation Threshold stimulation Number of
ofpulses subjects
(ms) x mA SD (n)

005 17-1 12-6 8
0.1 14-4 90 9
0 3 12-2 6-2 8
0-6 7-6 4-4 9
10 57 3-3 9
2-0 5 2 2-7 9
40 56 35 9

Table 3 Threshold of the flexor reflex. The number
of pulses varied randomly. Separation of pulses I ms.
Duration of pulses 05 ms. Ten subjects, 4 males and
6 females, aged 18 to 59 (average 34) years

Number of Threshold stimulation Number
pulses of

subjects
x mA SD x JC SD (n)

1 106 9.3 5-3 4-6 10
3 5-6 4-7 8-4 70 10
5 3-8 2-8 9.5 70 10
10 3 5 2-7 17-6 13-7 10

1 3 5
Number of pulses

Fig 3 Threshold of the flexor reflex measured in
mA ( ) and Is coulomb ( - ---) as a function of
the number of pulses. Fixed stimulation parameters:
separation of pulses I ms and the duration of pulses
05 ms. Values represent the mean values of the 10
subjects shown in table 3.

Table 5 Threshold and latency at threshold of the
flexor reflex in 24 normal subjects. Stimulus consisting
of five pulses with a duration of 05 ms separated by
1 ms. Ages ranged from 14 to 69 (average 34)
years. Eleven males (mean age 29 years), 13 females
(mean age 38 years)

Threshold stimulation Latency at threshold

xmA SD xms SD

24 normal subjects 4-78 2-95 950 8-9
13 females 4-77 2 59 93 0 9 0
11 males 4-80 3-46 97.5 8-5
Persons under 30 years 3-61 2-08 - -

(n= 12, x: 22 years)
Persons over 30 years 5-95 3 30
(n= 12, R: 46 years)

Table 4 Day-to-day variations of the flexor reflex. Stimulus consisting of five pulses with a duration of
0Q5 ms, separated by I ms. Twenty subjects, 11 males and 9 females, aged 14 to 65 (average 40) years

Number of Range Day one Day two Difference
subjects
(n) x SD x SD x SD

Threshold stimulation, mA 19 1 0-15 0 6-88 3 40 6-92 4 58 -0 03 2 45
Threshold stimulation, V 18 10-38 16-2 12-6 12-6 10-2 3-7 14 4
Latency at threshold, ms 19 70-200 101 23-7 110 42-8 -8-6 51-7
Minimumlatency, ms 12 50-85 65-0 8-3 62-3 11 0 2-7 12-0
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(table 5). A mean threshold of 4*8 mA was found,
equal in males and females. The younger subjects
had lower threshold than elderly subjects
(p<0 025). The latency at threshold did not vary
much in the normal subjects, and averaged about
100 ms.

Discussion

Comparisons of studies of the flexor reflex may be
difficult or impossible due to differences in the
technique used, mainly that of the stimulation.
This paper describes systematic studies on the
electrical elicitation of the flexor reflex, which we
hope will facilitate correlative studies in the
future, especially as far as threshold, latency and
EMG studies are concerned.

In most spastic patients the flexor reflex can be
elicited by electrical stimulation of the skin any-
where in the lower limbs, but the reflex is most
easily elicited by stimulation of the plantar skin.3
Electrical stimulation of the plantar skin or the
afferent fibres mediating skin reception from this
area therefore is most suitable to provoke the re-
flex. We prefer stimulation over the posterior
tibial nerve, as our experience indicated better
reproducibility of the reflex by this technique. This
was supported by the pilot study where both types
of stimulation could be compared in the same in-
dividual. The present study verified this high re-
producibility obtained by electrical stimulation
over the posterior tibial nerve. The day-to-day
variations of the reflex were small, and we find the
method described appropriate in repetitive studies,
for example of the effect of drugs.
By stimulation behind the medial malleolus,

not only nerve fibres but also some skin receptors
will be activated. The posterior tibial nerve is a
mixed nerve and both afferent and efferent fibres
may be excited. By electrical stimulation of mixed
nerves, Veale et a18 reported that pulses of a
duration less than 0f2 ms selectively stimulate
motor fibres, whereas pulses of longer duration
selectively stimulate afferent fibres at threshold.
The duration of pulses of 0 5 ms in our standard
stimulus should most selectively stimulate afferent
fibres. However, we often found small contractions
of the short plantar muscles of the toes on stimu-
lation, but no ankle movements, so it is unlikely
that a stretch reflex is elicited by elongation of
the tibialis anterior or the antagonist muscle to
compromise the flexor response.
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In the recording of the reflex response, the EMG
of the anterior tibialis muscle was preferred as the
most suitable representative of the reflex and it is
not compromised by cross-talk from the antagonist
muscles.2 Investigation of the flexor reflex is often
faced with the problem that repeated provocation
of the reflex leads to its reduction or disappear-
ance. By using intervals of at least two minutes
between each stimulus we met this problem
infrequently.

In order to obtain reliable values of the amount
of current delivered by the stimulator a reduction
of the impedance of the skin below 4 kOhm is
necessary. Most stimulators have a maximum out-
put of 200 V and if the impedance of the skin is
for example 20 kOhm the stimulator is only able
to deliver a stimulation current of 10 mA. This
may be insufficient to elicit the reflex and is never
adequate to obtain the minimal latency. Measure-
ments of impedance are absolutely necessary in
such studies.

This work was supported by a grant from the
Danish League against Multiple Sclerosis.
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