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Alteration of Motor-Unit Discharge Characteristics in

Aged Humans

ROGER M. NELSON,
GARY L. SODERBERG,
and NANCY L. URBSCHEIT

The purpose of this study was to determine and compare the discharge charac-
teristics of single motor-unit action potentials (SMUAPs) in young and aged
subjects during 5, 10, and 20 percent of maximum voluntary contraction (MVC)
of the abductor digiti minimi manus muscle. Three decades of aged subjects
ranging from 60 to 90 years of age were compared with a group of 20 to 35 year
olds. Specially constructed fine-wire bifilar recording electrodes were used, and
SMUAPs were identified by interactive computer processing. Although the results
did not reach a statistically significant level, they showed the 70- to 79-year-oid
age group had the longest mean interspike intervals (ISl) in each of the three
percentages of MVC. The prolonged ISl indicate a slow motor-unit discharge rate.
In addition, the 70- to 79-year-old group had a statistically significant floating
standard deviation, indicating increased variability of discharge, and a signifi-
cantly different negative floating serial correlation coefficient. All three factors
describing motor-unit discharge behavior in the 70- to 79-year-old age group
suggest possible substitution of larger motor units for smaller motor units nor-
mally active at low tensions.

Key Words: Action potentials, Aged, Physical therapy.

The aging process affects all major
biological systems in the human body.'
Although structural and physiological
changes have been noted in persons as
early as 40 years of age, alterations in
movement patterns do not appear until
60 years of age.” For example, hand-
writing, an unconscious stereotyped
movement, becomes halting and dis-
torted in persons over 60 years of age.>
Berry and co-workers suggest that alter-
ations in stereotypic movements, such
as gait, may be implicated in the in-
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creased incidence in falls among the el-
derly population.’

The effects of aging on skeletal mus-
cles, motor neurons, and spinal cords in
animals and human models have been
studied. When these studies attempt to
relate the neuromuscular aging process
to a singular or isolated biologic or phys-
iologic event or series of events, the find-
ings are inconclusive. For example, atro-
phy of skeletal muscle is noted in the
elderly person. Gutman and colleagues
have studied muscle models of aged
mice and classified the structural char-
acteristics of aged skeletal muscle be-
tween that occurring in muscle disease
and denervation.* Selective atrophy of
the fast-twitch type II muscles has been
noted by histochemical, histological,
and post-mortem studies of the muscles
of aged humans and rats.>® Campbell et
al reported that the number of function-
ing motor units at the age of 70 is half
that at the age of 60 and younger.’

When motor neurons are assessed as
a separate entity, the changes associated
with aging have been manifest in mor-
phometric and physiologic terms. The
longest motor axons have spherical
swelling, polysynaptic end-plates, and
an increase in the innervation ratio.?
Pestronk and Drachman reported de-

creased terminal sprouting of motor
neurons in aged mouse models.’ La
Fratta and Canestrari have reported a
linear decrease in neural conduction ve-
locity with increasing age.'®

The human spinal cord also has
changes associated with aging. Mor-
phometric, post-mortem examinations
of spinal cord sections by Scheibel re-
vealed selective loss of small anterior
horn cells that subserve the gamma sys-
tem and small motor units.!' According
to Scheibel, this selective loss would
tend to support the overt loss of skilled
motor performance exhibited in elderly
persons.''

The effects of aging on muscle, motor
neurons, and spinal cord as separate
elements of the functional unit known
as the single motor-unit action potential
(SMUAP) have been offered. Andreas-
sen and Rosenfalk have studied motor-
unit discharge characteristics in healthy
humans and in humans with neuromus-
cular disease.'”> The motor-unit dis-
charge characteristics from aged hu-
mans has not been studied.

The normalized tension task of the
muscle during SMUAP discharge is an-
other important factor. In the normal
physiologic state at low muscle tension
levels, small motor units are active.'” As

29

Downloaded from http://ptjournal.apta.org/ by guest on December 24, 2014


http://ptjournal.apta.org/

—+—
0 80
Microns

Fig. 1. Schematic of bifilar fine-wire electrodes inserted in needle. Exploded view shows active

recording apertures.

tension increases, the SMUAPs dis-
charge faster resulting in a shorter inter-
spike interval (ISI). A further increase
in the tension task may activate a
slightly larger motor unit that has its
own discharge frequency.'?

The purpose of this study was to com-
pare the discharge characteristics of
SMUAPs in young and aged subjects
from the right abductor digiti minimi
manus (ADM) muscle contracting at 5,
10, and 20 percent of maximum vol-
untary effort.

Based on the literature review, hy-
potheses related to three characteristics
describing SMUAP discharge behavior
were developed. The hypotheses devel-
oped stated that the mean ISI, floating
standard deviation (FSD), and floating
serial correlation coefficients (FRHO)
for the ISI would be significantly differ-
ent (p<.05)in three Aged Groups when
compared with a Young Group across
three percentages of maximum volun-
tary contraction (MVC).

METHOD
Subjects

All 45 subjects were selected from the
University of Iowa, Iowa City, lowa or
the Iowa Veterans Home in Marshall-
town, Iowa. Criteria for inclusion in the
study were no current or past history of
peripheral nerve dysfunction, no cur-
rent medication known to affect neu-
ronal conduction, and no indication of
muscle weakness or sensory deprivation
to light touch in the upper right extrem-
ity, particularly in the ulnar nerve dis-
tribution.

All subjects were informed of the ex-
perimental procedure and associated
risks and were provided forms for writ-
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Fig. 2. Apparatus to collect force data: (A)
force transducer, (B) orientation of force plate
to little finger, (C) restraining device for fin-
gers, and (D) restraining device for forearm.

ten consent. From the 45 participants
in this study, four main groups were
formed, a Young Group and three Aged
Groups. The 13 subjects in the Young
Group had a mean age of 29.6 (+4.2)
years. The Aged Group was subdivided
into three equal decades beginning at
the age of 60 years. The 60 to 69 decade
had 13 subjects whose mean age was
65.5 (%£2.2). Nine subjects in the 70 to
79 group had a mean age of 74.8 (£2.9)
years. The last group was composed of
10 subjects who were 80 to 89 years old
with a mean age of 83.5 (£2.8).

INSTRUMENTATION

Active bipolar recording of SMUAPs
was obtained by indwelling fine-wire
electrodes. The 80 um wires were
braided together at one end for a length
of 4 cm (2 in). The braided end was
insulated and 5 um active apertures
were prepared by a pulsed laser* (Fig.
1). The fine-wire device was packaged
and sterilized.'*

The fine wires were inserted aseptic-
ally into the center of the right ADM
muscle. The fine wires were connected
to a high input impedance probe (Model
TH1PS),t which was, in turn, connected
to a wide band A-C Preamplifier (Model
7P3).t The frequency response of the
amplifier was set at 3 Hz to 10,000 Hz.
The force resulting from isometric con-
traction of the ADM muscle was ob-
tained by a Statham universal transduc-
ing cell. The output of this force trans-
ducer was connected to a DC amplifier
(Model 7P122).} A restraining device
eliminated accessory movements of the
forearm and remaining fingers (Fig. 2).
The analog force curve, SMUAPs, and
verbal comments were simultaneously
recorded on an FM instrument re-
corder.** Frequency response for all
channels at 38 cm (15 in) per second
was 500 Hz to 64,000 Hz.

Procedure

The average force value of three or
four MVCs was calculated for each sub-
ject. From the averaged MVC, 5, 10,
and 20 percent levels were calculated for
each subject. Each percentage of MVC
was randomly ordered and held linear
for at least 10 seconds. To ensure quality
of data, all trials included oscilloscope
monitoring}t of the SMUAPs and force
data. Although two or three trials were
completed for each condition, only one
trial at each of the three percentages of
MVC was chosen for assessment for
each subject. Selection was based on the
technical quality of the SMUAP data
and the subject’s ability to maintain the
required tension level accurately.

* Precision Aperture, PO Box 10863, Fort
Wayne, IN 46854.

+ Grass Instruments, 101 Old Colony Ave,
Quincy, MA 02169.

** Model 39694, Hewlett-Packard, 16399 W
Bernardo Dr, San Diego, CA 92127.

1 Gold Cell, Model UC3, Statham Instrument
Co, 2230 Statham Blvd, Oxnard, CA 93030.

++ Model 7313, Textronix, Inc, SW Millikan
Way, Beaverton, OR 97005.
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Data Analysis

For data analysis, an Interdata 6/17
computer completed analog to digital
conversion and transferred all data
channels onto a floppy disk. The
SMUAP data were fed through a 900
Hz to 3,000 Hz band pass filter and
sampled at 5,000 Hz. A second com-
puter program transferred the disk’s bi-
nary information to an IBM 370 com-
puter and in turn to a VAX digital com-
puter. The interactive VAX library sys-
tem allowed the waveforms to be dis-
played on a graphics terminal (Model
1014).¥+ Each 10-second record was
then divided into 64 segments, or pages,
that represented a 204.8 msec portion
of the 10-second record. An interactive
analysis program allowed the investiga-
tor to mark a visually identified SMUAP
with a letter character (Fig. 3). The time
was automatically recorded in millise-
conds as the identified SMUAP ap-
peared in a series during the 10-second
record. The time between successive ap-
pearances of the same SMUAP was the
ISI. On completing the analysis for a
particular subject’s record, the ISI data
for each SMUAP were stored. In addi-
tion, a hard-copy printout was made of
the ISIs for each SMUAP. Any ISI be-
yond the 95 percent confidence level
was identified, and that section on the
wave form record was reexamined. The
long interval usually revealed the syn-
chronous firing of SMUAPs. Subse-

I
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Fig. 3. Sample of single motor-unit action potentials with associated letter characteristics and

measurement of interspike intervals (ISI).

quently, the reexamined SMUAP rec-
ord was corrected, and all subsequent
1SIs for that record automatically recal-
culated.

Single motor-unit action potential
discharge behavior was described by ex-
amining three statistics of the dependent
variable (ISI). The distribution of ISIs
was represented by the mean. The vani-
ability of the ISI discharge was deter-
mined by the FSD.'>'* The relationship
of successive ISIs was determined by
using the FRHO. !>

A three-factor design analysis of vari-
ance (ANOVA) was used to test for sta-
tistical significance across the main ef-
fects of age and percentages of MVC.
Mean values of each of the three descrip-
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Fig. 4. Bar graph of grand mean and standard deviation for interspike intervals (msec) for each
age group at each percentage of maximum voluntary contraction.

Volume 64 [/ Number 1, January 1984

tors of SMUAP discharge behavior were
nested within the appropriate cell. Error
terms accounted for between-subject
variability.

RESULTS

Data analysis yielded 34,354 total ISIs
from 268 identified SMUAPs. The
Young Group had 102 SMUAPs iden-
tified resulting in 15,210 ISIs. The three
Aged Groups had 166 SMUAPs identi-
fied, (64, 49, and 53, respectively) yield-
ing 19,144 ISIs from all three percent-
ages of MVC.

Grand mean ISI values and associated
standard deviations for each age group
at each percentage of MVC appear in
Figure 4. The ANOVA for main effects
across age groups did not reach the .05
level of significance. The main effect,
however, for percentage of MVC was
significant (p < .05). A post hoc Dun-
can’s multiple range test revealed the
Young Group to have significantly dif-
ferent, shorter ISIs than the three Aged
Groups’. In each percentage of MVC,
the 70- to 79-year-old group had the
longest mean interval, but the difference
did not reach a level of statistical signif-
icance.

Grand mean values for FSD for each
age group and percentage of MVC ap-
pear in Figure 5. The ANOVA demon-
strated significant main effects (p < .05)
between age groups but not significant
by percentages of MVC (Tab. 1). Post
hoc analysis by Duncan’s multiple range
test revealed the 70- to 79-year-old
group to be significantly different (p <
.05) from both the 60- to 69-year-old
group and the Young Group but not
from the 80- to 89-year-old group. The
80- to 89-year-old group was not signif-
icantly different from the other Aged
Groups or the Young Group. The FSD
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Fig. 5. Bar graph of grand mean floating standard deviation (FSD) in milliseconds and standard
error of means for each age group at each percentage of maximum voluntary contraction.

for the 70- to 79-year-old group at 20
percent of MVC was the most variable
(Fig. 5) for all percentages of MVC and
age groups.

Grand mean values for FRHO appear
in Figure 6. Analysis of variance for
FRHO revealed significant (p < .05)
main effects for Aged Groups but not
for percentages of MVC (Tab. 2). A post
hoc Duncan’s multiple range test re-
vealed that the 70- to 79-year-old group
was significantly ( p < .05) different from
the Young Group but not from the other
Aged Groups. The two other Aged
Groups were not significantly different
from the Young Group. All the obtained
FRHOs across ages and percentage of
MVCs were negative (Fig. 6). The 70-
to 79-year-old group for each percentage
of MVC had the largest negative corre-
lation coefficients.

The three hypotheses that stated a
significant difference existed in dis-
charge characteristics between the
Young Group and three Aged Groups
for the three percentages of MVC were
not sustained. In fact, the 70- to 79-
year-old group for the FSD and FRHO
were the only cases where significant
levels were reached.

DISCUSSION

In the current study, young subjects
performing at the three low tension lev-
els had mean ISI values that ranged
from 51 to 144 msec. These ISIs were
the same as those found in hand intrin-
sic muscles by other investigators.’*'¢

Before this study, ISIs from skeletal
muscle motor units had not been as-
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tension tasks in the 70- to 79-year-old
group was a curious finding. Longer ISIs
mean a motor unit is discharging slower
and the tendency for a long ISI may
indicate an irregular discharge of motor
units. For example, Freund et al indicate
that motor units have a specific tonic
threshold tension level at which dis-
charge becomes regular.’® Milner-
Brown and associates have shown a
gradual decrease in the ISI as tension
requirements increase.'® At each per-
centage of MVC, the 70- to 79-year-old
group had motor units that did not dis-
charge faster but rather discharged
slower than the motor units in the other
Aged Groups (Fig. 4). Perhaps motor
units in the 70- to 79-year-old group had
not reached a tonic threshold for dis-
charge.

The discharge regularity of a single
motor unit is directly related to the FSD.
An irregular discharge pattern is char-

Table 1
Analysis of Variance for Floating Standard Deviation
Source df SS MS F P

Age group 3 2419.94 806.6 3.05 .0395
Error | 40 10578.99 264.5
%MVC 2 686.10 343.05 1.81 1731
Age/%MVC 6 1700.17 283.36 1.49 1973
Error 1l 56 10626.98 189.77

sessed in aged humans. This study ex-
amined 268 motor units; other research-
ers have reported, on the average, less
than 100 motor units in studies com-
paring normal with disease states.'>'¢ In
other studies, the SMUAPs were usually
obtained for 10 or less subjects, whereas
this study included 44 subjects. Cla-
mann indicated that at least 50 intervals
are necessary for adequate description
of discharge behavior and for statistical
tests.” This study averaged 149 intervals
for the Young Group and 130 intervals
for the Aged Group. Based on previous
data and suggested criteria, data derived
from the current study provide a strong
representative view of motor-unit be-
havior in young and aged humans.
Although a statistical significance
level was not reached for the mean ISI
across main effects of age, the signifi-
cantly shorter ISIs for the Young Group
as the tension requirements increased
are of interest. The 5, 10, and 20 percent
of MVC were a sufficient tension gra-
dation and apparently caused a faster
discharge of SMUAPs. The 70- to 79-
year-old group for all three percentages
of MVC illustrated the longest mean ISI
of all the groups. Longer ISIs at higher

acterized by inordinately long pauses in
SMUAP discharge. The 70- to 79-year-
old group had a statistically significant
irregular discharge rate compared with
the Young Group and the two other
Aged Groups (Fig. 5). Single motor units
discharging at a subthreshold tension
level tend to have an increased irregu-
larity of discharge.'® Analysis of the FSD
tends to support the long intervals noted
by the mean ISI analysis.

The FRHO correlates each pair of
motor-unit discharges and establishes
the relationship between one SMUAP
discharge and the preceding discharge.
A negative correlation indicates an al-
ternating pattern of intervals, which are
either long to short or short to long. A
zero correlation coefficient means no
relationship. A positive correlation in-
dicates a direct relationship of intervals
of either long to long or short to short.'

With the exception of the Young
Group at 10 percent of MVC, all
FRHOs were statistically significant
from zero (p < .05). All FRHOs were
negative, with mean values ranging
from —0.038 to —0.069 in the Young
Group (Fig. 6). These results compare
favorably with those of Andreassen and
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Rosenfalk.’? Their values were slightly
larger, probably because they used a
tonic threshold discharge level to study
motor-unit discharge rather than a per-
centage of MVC. Person and Kudina
reported computation of 6 out of 13
statistically significant negative serial
correlation coefficients in a normal sam-
ple at mean ISI of less than 80 msec.”
The 20 percent of MVC in this study
had a mean ISI of less than 80 msec for
the Young Group and also illustrated
statistically significant negative coeffi-
cients. Andreassen and Rosenfalk com-
mented that FRHOs tended to increase
with advancing age.'>'* Lack of suffi-
cient subjects precluded further assess-
ment by them. This study has supported
their findings in the 70- to 79-year-old
group but not in the other Aged Groups.
The FRHO is thought to represent an-
terior horn cell membrane excitability.?!
The 70- to 79-year-old group illustrated
significant FRHO differences in com-
parison with the Young Group (Fig. 6).
A negative coefficient may be related to
discharge characteristics of a large ante-
rior horn cell size or to afferent bom-
bardment on the AHC membrane or
both.*?

When the tripartite discharge profile
is considered as an entity for each group
and percentage of MVC, a disturbance
of motor-unit discharge regularity is ev-
ident at 20 percent of MVC in the 70-
to 79-year-old group and not in the
other groups. The discharge profile, con-

20% MVC
|zo) b D Young Group
1o 70-79 Aged Group
%%
7
a0 W

NMAAN
NN

N
MMNNN

60+

NN
NN

I LM

40+

MILLISECONDS

Fig. 7. Bar graph comparing Young Group
and 70- to 79-year-old group mean values
for the interspike interval (ISl), floating stan-
dard deviation (FSD), and serial correlation
coefficients (FRHO) at 20 percent of maxi-
mum voluntary contraction.
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Fig. 6. Bar graph of grand mean floating serial correlation coefficients (FRHO) and standard
error of means for each age group at each percentage of maximum voluntary contraction.

Table 2
Analysis of Variance for Floating Serial Correlation Coefficient
Source df SS MS F P

Age group 3 0.3662 0.1221 4.01 .014
Error | 40 1.2160 0.0304
%MVC 2 0.0190 0.0095 0.36 .699
Age/%MVC 6 0.0889 0.0148 0.56 .758
Error Il 56 1.4757 0.0264

sisting of the mean ISI, mean FSD, and
mean FRHO, for the Young Group and
the 70- to 79-year-old group at 20 per-
cent of MVC is compared in Figure 7.
The 70- to 79-year-old group had motor
units with longer ISIs, which implies
that the motor units were discharging
slower. The variability of discharge is
greater in that age group than in the
Young Group, possibly indicating that
the required tension was not great
enough to cause a regular tonic dis-
charge of the motor units even though
the tension was normalized by percent-
age of MVC. The larger negative coeffi-
cient may indicate that larger anterior
horn cells were activated in the 70- to
79-year-old group than in the Young
Group. Apparently, the 70- to 79-year-

old group exhibited alteration of existing
motor units, which are normally active
at low tensions but were not activated,
or at least not initially activated in this
group. This inaction led to substitution
by larger motor units.

Clinical Implication

Activity to prevent or slow down
disuse is the underlying theme that per-
vades texts on aging. In fact, muscle
disuse in the elderly person was an im-
portant clinical factor brought out by
Payton and Poland.! Those authors in-
dicated that physical therapy goals
should be oriented toward prevention of
disuse. This study found that the 70- to
79-year-old group used motor units that
were apparently not discharging toni-
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cally at low tension levels. We theorized
that large motor units were activated
during low muscle tension tasks when,
in fact, small motor units should have
been active. Perhaps, physical therapy
management of the otherwise healthy
70- to 79-year-old should include exer-
cises on movement precision at low
muscle tension tasks. Also, the use of
visual feedback mechanisms during ster-
eotyped tasks may be indicated for pur-
poses of providing a learning experience
in precision type movements. Thus,
learning how the muscles respond to
low-level tasks may help prevent disuse
through increased body awareness. The
debilitated elderly patient with or with-
out central nervous system deficit may
benefit from bilateral activities at low
muscle output levels to create and stim-
ulate the awareness of body parts in
space.

The disuse syndrome in the elderly
person may occur as a self-selected
mechanism. For example, improper
motor-unit activation may make move-
ment difficult or seemingly uncoordi-
nated. Therefore, further movement
may be consciously avoided by the el-
derly person. Perhaps, the healthy, el-
derly person can receive a prevention-
oriented treatment regimen as Payton
and Poland have indicated.' In view of
the findings of this study, emphasis
should be on coordinated movement
patterns at low tension levels.

CONCLUSION

This study has discovered alterations
in motor-unit discharge characteristics

34

at low tension tasks for a 70- to 79-year-
old group when compared with a Young
Group and two other Aged Groups. The
motor units in the 70- to 79-year-old
group tended to discharge slower with
significantly more variation than in the
other groups. The negative FRHOs
found in the 70- to 79-year-old group
are consistent with discharge character-
istics found in large anterior horn cells.
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