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Motor and sensory conduction velocities
and amplitude of nerve or muscle potentials

in the normal rat according to age
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The relative changes in sensory and motor nerve conductions and SNAP and CMAP
amplitudes were studied on the sural and tibial posterior nerves in anesthetized male rats, between
the 1st and the 23rd month. Neural growth was controlled with the measure of the nerve path
length on the skin, between stimulating and recording cathodes for the sural nerve and proximal
and distal stimulating cathodes for the tibial posterior nerve. The sural SCV and SNAP amplitude
are consistent with a more accurate method than the H-reflex one.

Similar changes were observed in both parameters. During the maturation of the
peripheral nervous system, between the 1st and the 5th month, parameters rapidly increased. Over
14 months old, parameters decrease: the diminution of SNAP and CMAP amplitudes is
characteristic of aging. The results were analyzed through quadratic and linear regression and
were similar to those in young and elderly human patients. Parabola curves fitted the best way to
represent the evolution of parameters. Moreover, the linear regression permitted to divide the rat
life in 3 parts and to distinguish a period between the 6th and 13th months during which studied
parameters are considered as constant. SCV, MCV, SNAP and CMAP amplitudes from the 1st to
the 5th , from 6th to 13th and over the 14th month, could be used as reference.
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Electrophysiology is a good tool for a non-invasive investigation of axonal
function. The privileged experimental model for peripheral neuropathies with toxic (7,
9), metabolic (10, 17, 20) or traumatic (1, 2, 8, 14, 23) origins is the rat sciatic nerve, in
histological or electrophysiological studies.
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Some publications focused on the age-related motor conduction velocity, which
has sometimes been related to histology. In one-old publication (4), sciatic nerve
velocity was studied longitudinally from 50 to 850 days of age. Motor conduction
velocity (MCV) increased during development up to about 300 days and did not change
significantly thereafter. MCV seems related with maturation process but does not seem
to be related with aging. More recently (18) the conduction velocity of the sensory and
motor nerves with the H-reflex were determined in rats of different weights from 100 to
500 g (age 1 to 12 months). Sensory conduction velocity (SCV) was always
apprehended by H-reflex which measures nerve conduction orthodromically along
proprioceptive 1A afferent nerve fibers. In animals, SCV using a peripheral sensory
nerve as sural nerve have not been determined previously. Moreover no study
combining the measurements of MCV and NCV in the normal rat has been made so far.

According to the aging process, electrophysiologic studies of the caudal nerve
revealed reductions in amplitude and conduction velocity between 20 and 30 months of
age (11). In a hybrid strain of rats (26), MCV and H-reflex latency were performed on
the tibial nerve from rats aged 6, 18 and 30, 32 months. Motor distal latency in the 32
months old group was compared to the 6 and 18 months old group and no statistically
significant change of the MCV was found in the old rats, but no control group was used.

The failure of longitudinal results was considered. The aim of this experiment is
to establish the values of SCV in the sural nerve and MCV in the posterior tibial nerve
and to study the changes of sensory nerve action potential (SNAP) and compound motor
action potential (CMAP) amplitudes according to growth and aging during a period
going from the 1st to the 23rd month of age, in male rats. These results should help for
age related pharmacological peripheral neuropathies.

Materials and Methods

Materials

Among a group of 28 Wistar male rats (rearing in conformity with ISO 9002
norms), without genetic or general disease: 10 were examined between the 1st and the
13th month after birth, 10 were examined between the 2nd and the 15th month and 8
were examined between the 1st and the 23rd month; 3 from this 3rd group died between
the 16th and 17th months and the 5 others were examined beyond the 18th month till
23rd months. The average lifetime was 26±4 months.

For each test, anesthesia was induced through an intraperitoneal injection of
pentobarbital (40 mg/kg) and sustained with an O2/fluothane mix. The animal was
placed on a homeothermic operating table. A temperature-sensing probe, inserted
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rectally, permitted to maintain the temperature constant (37.5±0.5 °C) during
investigations. Then temperature was checked during the spontaneous awakening.
During the study, animals were statistically randomly chosen from each group but no
animal was ever anesthetized more than twice a month.

Measurement of motor velocity

For the measurement of the MCV of the posterior tibial nerve, at the proximal
point of stimulation, an 1 ms square wave pulse was delivered through a 0.5 mm
diameter, 20 mm-length pair of monopolar recording needle electrodes. The cathode
was inserted in the sciatic notch and positioned close to the sciatic nerve. The reference
electrode was inserted at 10 mm from the cathode. At the distal point of stimulation,
5 mm-length and 0.5 mm-diameter recording electrodes were subcutaneous, the cathode
was inserted behind the internal malleolus and the anode was inserted behind the
external one. A needle ground electrode was placed between the 2 points of stimulation.
Output impedance was less than 1 kΩ. The muscle potential was recorded by bared steel
tip subcutaneous electrodes. They were positioned in the first interosseous space. With
12±1 mA of current pulses, motor potential amplitudes were maximal. The filter band-
pass was 50–2000 Hz.

The limb was extended fully so as to measure nerve path length between
stimulating cathodes on the skin. Latency difference of the onset of the motor potentials
was used for the MCV calculation.

The amplitude between the onset and the peak of the muscle potential was also
measured (CMAP amplitude). Beyond the 16th month, the morphology of the motor
action potential changed and was characterized by compound motor action potential
dispersion. The amplitude of the highest compound was measured.

Measurement of sensory velocity

For the measurement of the SCV, the sural nerve was stimulated under the
external malleolus with the small electrodes previously described. Two mm separated
subcutaneous cathode and anode. The ground electrode was placed as before. The nerve
potential was recorded in the sciatic notch, by the same near-nerve electrodes used for
the motor proximal stimulation. The nerve was stimulated at 1.72 Hz and 12 mA. 100
responses were averaged by a computer that rejected the artefacts. The distance between
stimulating and recording cathodes was measured on the skin and used for the
calculation of the conduction velocity.
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Fig. 1. Sensory potential of sural nerve as recorded in the sciatic notch (triphasic form)

The latency of the first positive peak nerve action potential (peak 1) was
measured (Fig. 1). This measure is much more precise than the measure recorded at the
onset of the potential and only induces a low error on the conduction velocity of the
fastest fibers (6). The amplitude between the first positive phase and the next negative
one was measured (SNAP amplitude).

The surface of the sensory potential was automatically computed between the
onset and the end of the nerve potential (Fig. 1).

The obtained data were captured and processed statistically through SPSS
software (21). The data were compared with an ANOVA test followed by a post hoc
Bonferroni test.

Results

On the 1st month, the lowest weight was 205 g. The average weight was 427±
4.5 g on the 3rd month, 558±8.9 g on the 5th month, 696±22 g on the 12th month and
remained more or less constant (760±58 g) on the 18th month and later.

Motor parameters

With the quadratic regression (y = a.age2+b.age+c), curves of all data of the
conduction velocity, proximal and distal amplitudes are represented by parabolas. The
equations of the more detailed analysis are given in Table I and the corresponding
curves are plotted in Figures 2 and 3.
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Table I

Quadratic regression analysis of nerve conduction velocities and of motor and sensory amplitudes

Nerve Parameters Equations of the parabolas R2

Tibial post. NCV –0.11x2+2.963x+32.357 0.90
Amplitude distal –0.0801x2+1.562x+7.931 0.86

proximal –0.074x2+1.481x+5.97 0.83
Sural nerve NCV peak 1 –0.11x2+2.879x+44.859 0.81

peak 2 –0.088x2+2.488x+28.62 0.88
Amplitude –0.1x2+2.91x+5.89 0.88

Fig. 2. Curves of the more significant equations (quadratic and linear) of the regression analysis of age and
sensory and motor conduction velocities
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Fig. 3. Quadratic or linear regression analysis of age and distal and proximal motor amplitudes

The motor nerve conductions measured during the first month were clearly
inferior to those measured during the 23rd month (32.4 and 44.5 m/s respectively,
p = 0). The maximal velocity was reached during the 13th month 52.6±0.33 m/s.

At first, the curves of distal and proximal CMAP amplitudes are separated, then,
after the 18th month, they draw closer to each other. The age at which the maxima are
reached was 9th month. The minima amplitudes were pretty similar at the beginning and
at the end of the experiment (7±0.7 and 4.5±0.8 mV, p = 0.05) for distal amplitudes and
still closer (4.9±0.6 and 3.9±0.6 mV, p = 0.30), for proximal amplitudes measured at
the 1st and the 23rd month.

With the linear analysis of the data (y = a.age+b) (Table II), MCV rapidly
increased between the 1st and 5th months, from 32.4±0.6 to 45.5±0.7 m/s (p = 0.001).
MCV kept on increasing from 49.3±0.6 to 52.6±0.33 m/s between the 6th and 13th
months but no significantly (p = 1) then it decreased between the 14th and the 23rd
month from 51.1±0.55 to 44.5±1.54 m/s (p = 0.008).

Distal CMAP amplitude rapidly increased between the 1st and 5th months from
6.9±0.7 to 15.4±0.7 mV (p = 0.001), then remained more or less constant. The average
amplitude was 15±0.7 mV between the 6th and 13th months (p = 1). Then, it decreased
after the 14th month. The amplitude was 13.5±0.62 mV at the 15th month and
4.5±0.79 mV at the 23rd month (p = 0.001).

Acta Physiologica Hungarica 88, 2001



Motor and sensory conduction velocities of nerves or muscles 245

Table II

Linear regression analysis of nerve conduction velocities and motor and sensory amplitudes

Nerve Parameters
1 to 5 months 6 to13 months 14 to 23 months

R2 R2 R2

NCV 3.47x+29.17 0.96 0.44x+46.67 0.65 –0.63x+60 0.83
Amplitude distal 1.89x+5.8 0.94 0.54x+11.66 0.9 –1.1x+28.49 0.84

proximal 1.84x+3.96 0.92 0.7x+8.01 0.9 –0.95x+24.66 0.82

Sural nerve SCV 4.04x+39.58 0.98 –0.09x+63.65 0.08 –0.52x+69.35 0.51
Amplitude 1.97x+7.01 0.89 0.46x+18.9 0.26 –1.2x+43.47 0.82

The curve of proximal amplitude seemed to be parallel to the distal curve
between the 1st and 23rd months. Curves were shown not to have different slopes
between the 1st and 5th (p = 0.99) then 6th and 13th (p = 0.90) months. They were not
separated more significantly between 15th and 23rd months (p = 0.99). At the 23rd
month, the distal and proximal amplitudes were comparable and equal to 4.5±0.79 and
3.9±0.63 mV, respectively (Fig. 3).

Sensory parameters

Qualitatively, the morphology of the nerve potential did not undergo any
modification during the experiment.

With the quadratic regression, the effect of age on peak 1 and peak 2 sural nerve
conduction velocities and amplitude of the sensory potential is represented by parabolas
(Table I, Fig. 2 and Fig. 4). The maximal conduction velocities and amplitude of the
nerve potential were reached around the 13th month. Peak 1 conduction velocity or
amplitude of the nerve potential was the lowest at one month (43.3±1 m/s and
8±1.1 µV, respectively) comparatively to the measures taken at the 23rd month
(54.8±5.4 m/s and 16.8±2.6 µV).

Peak 1 and peak 2 velocities curves were statistically parallel but occupied
separate positions on the y axis.

With the linear analysis of the sensory parameters (Table II), SCV of peak 1
rapidly increased between the 1st and the 5th month, from 43.3±1 to 58.7±0.7 m/s
(p = 0.001). It slightly decreased between the 6th and 13th months and then significantly
decreased between the 14th and 23rd months from 59.6±1.34 to 54.8±2.8 m/s
(p = 0.03).

SCV of peak 2 follows the same distribution (Fig. 2).
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Fig. 4. Quadratic or linear regression analysis of age and sensory potential amplitude

The SNAP amplitude increased from 8.0±1.1 to 17.1±1.4 µV between the 1st and
5th months (p = 0.001), and then from 20.8±1.4 to 23.9±0.9 µV (p = 1) between the 6th
and 13th months. It decreased between the 14th and 23rd months to reach the value of
16.8±2.6 µV (Fig. 4).

The area of the sensory potential remained constant between the 2nd and 23rd
months (7.96±0.94 µV/ms and 10.2±1.57 µV/ms, respectively, p = 0.27).

Discussion

Sensory conduction velocity of the sural nerve, motor conduction velocity of the
tibial posterior nerve and amplitudes of the nerve and muscle potentials had been
longitudinally studied in 28 male rats from their 2nd to their 13th month. Five rats were
studied till the 23rd month. It showed a close relationship with age.

The originality of the measurement of SCV lies in the use of a peripheral sensory
nerve (sural nerve) whereas the H-reflex was usually recorded as SCV from a mixed
nerve, in the animal (18). First, the H reflex raises the question of its nature in the rat:
all electrophysiologists do not acknowledge the sensory origin of the late response since
this response may persist, though it should disappear, with high stimulation intensities.
Second, the technique used here measures a response on a sensory nerve trunk after a
distal stimulation, as it is usually practised in human electrophysiology. However, it has
been shown that, in the rat, some motor axons use the external sural nerve on their way
through the leg and leave it above the ankle to reach the lateral plantar nerve (16). Two
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arguments reinforce our hypothesis that the measure made is the measure of SCV: the
care given to the placement of the stimulating electrodes under the external malleolus,
that is a priori under the onset of the anastomotic motor axon, and the fact that the sural
NCV is always greater than the tibial posterior MCV. Sural NCV is consistent with
interoceptive, IIa or IIb nervous fiber velocities.

Intoxication with different drugs demonstrates the increased sensitivity of the
sural NCV measurement. In experimental acrylamide neuropathy (9) both large sensory
and motor diameter axons are affected: the H-reflex scores sensory attack. In rats with
streptozotocine-induced diabetes, the primary sensory attack concerns small diameter
axons (10). The sural NCV is likely to be more sensitive than the H-reflex to explore
sensory velocity. Our technique may allow to differentiate conduction velocities
according to the diameter of axons: the velocity calculated from peak 1 corresponds to
the largest diameter axons, whereas the velocity calculated from peak 2 corresponds to
the largest diameter axons mixed with large ones (25) and may be of great interest in
this pathology.

Looking at the diagram of the collected data, two forms of regression are used.
First, a quadratic regression analysis (y = a.age2+b.age+c). The different

parameters develop in an approximately parallel manner, with a maximum at 9 months
for distal and proximal tibial posterior CMAP amplitudes and 13 months for sensory
and motor conduction velocities as well as for sural SNAP amplitude. These results are
consistent with previous investigations in human patients that found a parabolic age-
related CMAP and SNAP amplitudes and motor and sensory velocities, between 20 and
80 years old by Taylor (19).

Second, the simple linear regression (y = a.age+b) allows for the division of the
development of the parameters in 3 stages: from the 1st to the 5th month, from the 6th
to the 13th month and from the 14th to the 23rd month. The parameters increase very
rapidly at first. During the intermediary period, the parameters develop either
increasingly or decreasingly, with a slight incline on the representative line. All the
parameters decrease between the 14th and the 23rd month.

In humans the maturation of motor and sensory (H reflex) nerve conduction
velocities of the sciatic nerve develops in an exponential manner between birth and 5
years old. At this age, it reaches an asymptote corresponding to the velocity of an adult
(24). An author indicates that adult conduction values are reached around 8 years old
(6). Sensory conduction velocities of the median, radial and sural nerves linearly
decrease from 15 up to 90 years, for other authors (12, 13, 22). Clinical practicians
usually consider that standard data are constant between 5 and 65 years.

In old rats, the comparison of the linear regression gradients of the parameters
between the 14th and 23rd months shows that amplitudes decrease faster than nerve
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conduction velocity (Tables I and II). Progressive and related changes with age in the
peripheral nervous system involve both sensory and motor pathways.

In elderly humans, amplitude has a high inter individual variability. However, all
the authors describe clearly decreasing amplitude with age from the 50 years old. It
depends on the nature of the nerve (sensory or motor) and its location (5). Our study
confirms the importance of these decreases in old rats. CMAP amplitude decreases
earlier than SNAP one (16 months versus 19 months), this could be explained by a
weakness and atrophy of the aging skeletal muscle of the posterior limbs (23).

The decreased nerve conduction could be related to neuronal loss, myelinisation
(segmental demyelinisation, early remyelinisation, change in inter-nodal length, thick
myelinated fiber) or change in axonal membrane (1). Moreover a relative inactivity of
these sedentary rats might account for the decline of all parameters in old rats. This
hypothesis is supported by the preventive effect of the exercise on the apparition of the
diabetic neuropathy in human (3). However, an age-related neuropathy of the phrenic
nerve was described in rats over 23 months old. This peripheral neuropathy is not a
pressure neuropathy (15).

In conclusion, this study permits the use of the measurements of sensory and
motor velocities on Wistar rats and their interpretation in the course of time. The results
highlight the major role of maturation for the peripheral nervous system between the 1st
and the 5th month. The decrease of amplitude of sensory and motor potentials seems to
be the main indicator of ageing.
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