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Summary. The capacity for twitch potentiation in 
the gastrocnemius muscle was determined follow- 
ing maximal voluntary contractions (MVC) in 11 
elderly (~___SD; 66.9___5.3 years) and 12 young 
(25.7 +_ 3.8 years) men. Potentiation was observed 
by applying selective stimulation to the muscle 
belly, 2 s after a 5 s MVC. With this procedure, 
both groups showed significant (P<0.05) in- 
creases in twitch tension in the gastrocnemius (ra- 
tios of potentiated twitch to baseline were 

= 1.68 • 0.40 for young vs 2 = 1.40___ 0.20 for the 
elderly, P<0.001). Time to peak tension of the 
twitch decreased from 2=101.5___17.9 ms to 
2--88.0___ 15.8 ms in the young men following po 
tentiation; the respective values for the older men 
were 136.7• ms and 133.1• ms. These 
changes resulted in a greater rate of tension devel- 
opment in the potentiated state. The elderly gas- 
trocnemius thus showed qualitatively similar 
changes in the isometric twitch following poten- 
tiation, but reduced and prolonged responses in 
comparison to young adults. Slowed muscle con- 
traction and reduced capacity for potentiation 
may be physiological correlates of the reported 
morphological changes in aged skeletal muscle. 
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Introduction 

The ability of human skeletal muscle to increase 
twitch tension after voluntary contractions (Be- 
langer et al. 1983; Vandervoort et al. 1983; Van- 
dervoort and McComas 1986; Alway et al. 1987) 
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or following tetanic stimulation (Botelho and 
Cander 1953; Takamori et al. 1970; Vandervoort 
and McComas 1983) has been described. Observ- 
ing the triceps surae, Vandervoort and McComas 
(1983) reported post-tetanic potentiation in the 
gastrocnemius muscle but an absence of potentia- 
tion in the soleus muscle, in young men and wo- 
men. The differences in potentiating ability be- 
tween these muscles has been attributed to their 
distinctive fibre type proportions, the gastrocnem- 
ius being a mixed muscle with approximately 
equal proportions of type I and type II fibres 
while the soleus has primarily slow twitch (type I) 
fibres (see Saltin and Gollnick (1983) for a re- 
view). 

Functional characteristics of the triceps surae 
muscle group, studied as a whole, show changes 
with ageing toward an overall slower contraction, 
and reduced capacity for twitch potentiation 
(Davies et al. 1983; McDonagh et al. 1984; Van- 
dervoort and McComas 1986), possibly reflecting 
a greater type II fibre atrophy compared to type I 
fibres (Tomonaga 1977; Larsson 1978; Aniansson 
et al. 1986; Lexell et al. 1988). This change could 
be related to a greater reliance on habitually 
slower movements (walking) in the elderly popu- 
lation (Cunningham et al. 1982). The performance 
of skeletal muscle may have important conse- 
quences in terms of the capacity of elderly indi- 
viduals for independent living (Himann et al. 
1986). The purpose of the present investigation 
was to provide a detailed comparison of potentia- 
tion capacity of the gastrocnemius muscle in 
young and elderly men. 

Material and methods 

Subjects. The subjects were 11 elderly men aged 66.9 (+5.3) 
and 12 young men aged 25.7 (_+3.8) years. The two groups 
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were similar in body size. Height was 177.3_+5.1 cm and 
177.4_+ 13.5 cm for the young and elderly respectively. Body 
weight was 76.5 kg_+ 5.5 kg and 81.4_+ 5.2 kg for the young and 
elderly respectively. All elderly subjects exercised approxi- 
mately three times each week for 60 min in an aerobic training 
program (walk/jog) which met regularly over the past 3-5 year 
period (Cunningham et al. 1987). Young subjects were all phy- 
sically fit individuals from the university student community. 
Subjects reported for testing in a rested state (no exercise for 
24 h prior to testing), and were instructed to abstain from food 
and drink containing caffeine or alcohol for 24 h. Subjects re- 
ported to the lab on 3 separate occasions. All subjects signed 
an informed consent prior to the start of the experiments. 

Muscle stimulation and recording. Description of the experi- 
mental arrangement has been detai:led by Davies et al. (1982). 
Subjects were seated on a bench with their left leg immobil- 
ized by a transducing clamp placed above the knee with the 
thigh horizontal, the knee and ankle set at an angle of 85~ 
Ankle plantarflexion torques caused an upwardly transmitted 
force through the lower leg to the transducer. Twitches were 
elicited by pulses, produced with a high voltage stimulator 
( #  3072) triggered by a digitimer ( #  4030) (both from Medi- 
cal Systems Corp., New York) and transferred to the skin 
through aluminum stimulating electrodes (15 crux9 cm) al- 
igned in the longitudinal axis of the limb and placed over the 
gastrocnemius (anode) and soleus for activation of the whole 
triceps surae. For separate stimulation of  the gastrocnemius, a 
narrower pair of 15 c m x  3 cm electrodes was used. In order to 
confine the excitation to just the lateral and medial gastroc- 
nemius, the anode was placed distally across these 2 muscle 
bellies and the cathode was located slightly above it over the 
region of lowest threshold for stimulation. The voltage and 
current across the electrodes were measured by a volt-ammet- 
er. 

The force output of muscle contraction was converted by 
strain gauges mounted on the transducer clamp. The wave 
form of the force output was displayed on a recorder and 
graphics and analysis performed (as subsequently described) 
by the Digital-Minc computer (PDP 11/23). 

Testing procedures. Each test session consisted of 3 parts. First, 
twitch responses for the entire triceps surae were elicited by 
the application of rectangular wave pulses of 50 gs duration. 
Stimulation was given in 40 volt increments at 30 s intervals 
until supra-maximal twitch (Pt) responses were recorded. The 
criterion for Pt was a plateau in force with no further rise upon 
increased voltage. Time to peak tension (TPT) and half relaxa- 
tion time ( I /2  RT) of the criterion twitch were determined as 
the time elapsed from twitch onset to peak force and from 
peak to half force decay respectively. Average rates of twitch 
force development (dP/dtx) and relaxation to half force decay 
(-dP/dtx) were determined by computer software. Every 
3.12 ms, in which 8 sample points were made, a slope was cal- 
culated (dP/dt). This process was continued until the maxi- 
mum twitch tension was reached. From this file of slopes a 
mean slope value was calculated as dP/dtx. This program was 
repeated for the twitch relaxation phase to the time of 1/2 re- 
laxation ( -  dP/dtx). 

The second phase of the test session consisted of separate 
twitch response determination for the gastrocnemius muscle. 
Wave pulses of 50 9s duration, with increasing voltage at 30 s 
intervals, were given until suitable twitch responses were 
achieved. Criteria for these twitches were that (1) there was no 
visible contraction of the soleus when the gastrocnemius was 
being stimulated, (2) palpation also indicated the soleus was 
not activated and (3) the twitch Pt response was less than half 
the torque produced in a maximal twitch contraction of the 
entire triceps surae. An assumption was made that twitches 
which exceeded this 50% criterion could no longer be attri- 
buted to an isolated stimulation of the gastrocnemius. 

Subjects then performed a 5 s maximal voluntary contrac- 
tion (MVC), followed by a twitch stimulation 2 s later with the 
same pulse intensity. Comparison of the baseline and post- 
MVC twitch amplitudes was used to determine the potentia- 
tion, A MVC of short duration was chosen to maximize poten- 
tiation without inhibitory fatigue processes (Vandervoort et al. 
1983). 

Statistical analyses. The changes in Pt, TPT, 1/2 RT, dP/dtx 
and - dP/dtx were compared pre- to post-potentiation in both 

"Fable 1. Comparison of the contractile properties of gastrocnemius muscle in young and elderly subjects following a maximal 
voluntary contraction 

Variable Time of Young Elderly P-value 
measurement 

Twitch BMVC 34.40 (13.00) 20.49 (8.96)* 0.001 
Tension (N) AMVC 55.33 (13.79) 27.95 (11.66) 

TPT (ms) BMVC 101.46 (17.90) 136.68 (17.89)* 0.050 
AMVC 88.02 (15.83) 133.09 (28.63) 

dP/dtx(N/ms) BMVC 0.44 (0.16) 0.24 (0.15)* 0.001 
AMVC 0.89 (0.18) 0.35 (0.25) 

1/2 RT (ms) BMVC 98.57 (34.86) 122.79 (41.80) 0.491 
AMVC 88.25 (15.81) 95.81 (32.35) 

-dP/dtx(N/ms)  BMVC 0.38 (0.11) 0.28 (0.04)* 0.068 
AMVC 0.47 (0.13) 0.31 (0.05) 

Values are means (+standard deviat ion)TPT=time to peak tension; 1/2 R T = h a l f  relaxation time; dP/dtx=average rate of 
twitch development; - d P / d t x  = average rate of force decay; B MVC = before maximal voluntary contraction; AMVC = after max- 
imal voluntary contraction. The P-value refers to the age effect of the MVC in potentiating the muscle with the initial test value as 
a covariate and the test value after the MVC as the dependent variable. * Denotes a significant difference (P< 0.05) between age 
groups at baseline 



R. J. Petrella et al.: Twitch potentiation and aging 397 

the elderly and young groups and significant differences were 
determined using a t-statistic. To compare the effect of the 
MVC between the two age groups, analysis of covariance was 
used with the initial test value as a covariate and the test value 
after the MVC as the dependent variable. 

Results 

Baseline data showed that the elderly subjects 
had a significantly lower mean MVC 
(2= 862 + SD = 210 N) compared to the young 
subjects (2= 1508+326 P<0.01). The elderly sub- 
jects also showed significantly slower develop- 
ment of baseline twitch tension in the gastrocnem- 
ius (Table 1); twitch times for both young and old 
men agreed closely with values published pre- 
viously (Vandervoort and McComas 1986). 

Twitch potentiation in the gastrocnemius was 
found to be significantly greater in the young 
men; their ratio of Pt after versus before MVC 
was 2--1.68_+0.40 while the 2 for the elder- 
ly= 1.40+0.20 (P<0.001, Fig. 1). Further, in the 
gastrocnemius, changes with potentiation in all 
variables measured, except 1/2 RT and -dp/dtx ,  
were significantly different between young and 
elderly subjects. Twitch potentiation in young ad- 
ults was achieved with an increase in the rate of 
tension development, rather than prolongation of 
the time to peak tension (Table 1). Elderly adults 
showed less change in these variables. 

Discussion 

In humans, the two muscles which make up the 
triceps surae complex are considered to have dif- 
ferent functions. The soleus has an important pos- 
tural role, serving to maintain a standing position, 
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Fig. 1. Comparison of the 
ratio of twitch tension (Pt) 
after to before a 5 s MVC 
in the gastrocnemius mus- 
cles of young (n = 12) and 
elderly (n = 11) men. Val- 
ues are means _+ SD 

whereas the gastrocnemius is more active in 
phasic activity (Campbell et al. 1973). These dif- 
ferences in function are reflected in the histo- 
chemical properties of the fibres in the two mus- 
cles; the soleus is composed mainly of type I fi- 
bres (70 to 90%) and the gastrocnemius has ap- 
proximately equal proportions of type I and type 
II fibres (Saltin and Gollnick 1983). Capacity for 
twitch potentiation is pronounced in the gastroc- 
nemius as demonstrated in the present study with 
voluntary contraction, and in the study of Vander- 
voort and McComas (1983), in which an involun- 
tary tetanus was produced by stimulation at 
50 Hz. This stimulation rate is similar to that 
found in human muscle with a maximal voluntary 
contraction (Bellemare et al. 1983). It is notable 
that just a brief but intense period of voluntary 
effort is necessary to induce potentiation (Vander- 
voort et al. 1983; Alway et al. 1987; present 
study). 

Elderly individuals had prolonged contraction 
and half relaxation times of the gastrocnemius 
muscle in comparison to young men and corre- 
sponding lesser increases in twitch tension follow- 
ing MVC. As well, the MVC's obtained in this 
study in the elderly subjects were also reduced; 
this reduction was comparable to that reported in 
other papers on strength differences between 
young and old men (Davies et al. 1983; McDon- 
agh et al. 1984; Vandervoort and McComas 1986; 
Cunningham et al. 1987). Loss of strength in 
highly motivated old people is a clear indication 
of reduced muscle mass (Vandervoort and McCo- 
mas 1986), caused by a decrease in the total num- 
ber of fibres in aged muscle (Caccia et al. 1979; 
Lexell et al. 1988). Further, elderly muscle shows 
preferential atrophy of the Type II fibres in stud- 
ies of gastrocnemius (Tomonoga 1977) and qua- 
driceps (Larsson 1978; Aniansson et al. 1986; 
Lexell et al. 1988). If one assumes that it is mainly 
the Type II fibres that potentiate (Brown and von 
Euler 1938; Close and Hob 1968; Burke 1981), 
then the muscle mass present in the aged would 
be expected to show a reduced capacity for this 
process. Analysis of muscle fibre composition in 
the gastrocnemius of old people would provide 
valuable information to relate to contractile prop- 
erties. It would also be of interest to observe 
whether strength-training induced hypertrophy of 
Type II muscle fibres can lead to greater twitch 
potentiation in the elderly. 

Several other factors could also contribute to 
the reduced twitch potentiation in the elderly 
muscle. Structure and function of the sarcoplas- 
mic reticulum (SR) may change with age (Tomon- 
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aga 1977), thus influencing the amount of Ca 2§ 
available to the contractile apparatus for potentia- 
tion. Froelich et al. (1978) and Narayanan and 
Tucker (1986) reported that the slowed relaxation 
of cardiac muscle with advanced age was related 
to a decrease in the rate at which the SR can accu- 
mulate calcium. The trend to prolonged half re- 
laxation time of the elderly gastrocnemius muscle, 
(2BMC= 122.8 ms VS 98.6 ms for young adults, 
Table 1) is one indicator of reduced efficiency in 
SR function. Another possibility of a change me- 
diated at the cellular level with aging could be in 
regard to the binding of Ca 2+ to myosin (Carlsen 
and Walsh 1987). Houston et al. (1985) have 
shown that myosin becomes phosphorylated dur- 
ing repetitive contractions and in this state is 
more receptive to Ca 2+ activation. The enhanced 
efficiency is reflected by an increased rate of ten- 
sion development in the potentiated twitch (Mac- 
Intosh and Gardiner 1987). It remains to be deter- 
mined by direct biochemical analysis if the capac- 
ity for this phosphorylation process decreases in 
old muscle. An additional factor which may have 
influence on contractile properties of elderly mus- 
cle, that of tendon composition series elastic com- 
pliance has yet to be evaluated. 

In summary, the present study has described 
the difference in twitch potentiation observed be- 
tween young and elderly groups of men after the 
gastrocnemius muscle underwent a maximal vol- 
untary contraction lasting 5 s. Lower potentiation 
in the elderly may be due to a reduced contribu- 
tion of type II muscle fibres during twitch con- 
tractions. Whether contractile properties of eld- 
erly muscle such as decsreased speed and poten- 
tiation can be modified by alterations in exercise 
pattern remains to be determined. 
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