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Abstract Previous studies have reported a decrease in
muscle torque per cross-sectional area in old age. This
investigation aimed at determining the influence of ag-
onists muscle activation and antagonists co-activation
on the specific torque of the plantarflexors (PF) in
recreationally active elderly males (EM) and, for com-
parison, in young men (YM). Twenty-one EM, aged 70–
82 years, and 14 YM, aged 19–35 years, performed
isometric maximum voluntary contractions (MVC).
Activation was assessed by comparing the amplitude of
interpolated supramaximal twitch doublets at MVC,
with post-tetanic doublet peak torque. Co-activation of
the tibialis anterior (TA) was evaluated as the ratio of
TA-integrated EMG (IEMG) activity during PFMVC
compared to TAIEMG during maximal voluntary
dorsiflexion. Triceps surae muscle volume (VOL) was
assessed using magnetic resonance imaging (MRI), and
PF peak torque was normalised to VOL (PT/VOL) since
the later approximates physiological cross-sectional area
(CSA) more closely than anatomical CSA. Also, physi-
cal activity level, assessed by accelerometry, was signif-
icantly lower (21%) in the elderly males. In comparison
to the YM group, a greater difference in PT (39%) than
VOL (19%) was found in the EM group. PT/VOL and
activation capacity were respectively lower by 25% and
21% in EM compared to YM, whereas co-activation

was not significantly different. In EM PT/VOL corre-
lated with activation (R2=0.31, P<0.01). In conclusion,
a reduction in activation capacity may contribute sig-
nificantly to the decline in specific torque in the plantar
flexors of elderly males. The hypothesis is put forward
that reduced physical activity is partialy responsible for
the reduced activation capacity in the elderly.
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Introduction

A decline in muscle mass and strength with age starts at
about the 5th decade of life (Lindle et al. 1997). Al-
though largely attributed to a decline in muscle mass, the
decrease in strength occurs at a faster rate than the loss
of muscle mass. Several investigators have attributed
this phenomenon to changes in muscle quality of the
elderly (Bruce et al. 1989; Jubrias et al. 1997; Klein et al.
2001; Macaluso et al. 2002; Vandervoort and McCo-
mas1986; Young et al. 1985). The factors associated with
this disproportionate loss of muscle strength compared
to that of muscle size, include reduced agonist activation
(Yue et al. 1999), increased antagonist co-activation
(Klein et al. 2001), a decrease in fibre-specific tension
(Frontera et al. 2000), alterations in muscle architecture
(Kubo et al. 2003; Narici2003) and increased proportion
of non-contractile material (Kent-Braun et al. 2000).

Although alterations in muscle quality have been
frequently reported in muscles of elderly individuals
(Bruce et al. 1989; Jubrias et al. 1997; Klein et al. 2001;
Macaluso et al. 2002; Vandervoort and McComas1986;
Young et al. 1985), the presence of an activation deficit
in elderly muscle remains controversial. Indeed,
whereas some authors reported a reduced activation
capacity (Scaglioni et al. 2002; Stevens et al. 2001; Yue
et al. 1999), others found complete activation in elderly
individuals (Connelly et al. 1999; Klein et al. 2001;
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Roos et al. 1999; Vandervoort and McComas1986).
Although activation failure seems to be present in el-
derly muscle when superimposed electrically stimulated
twitch trains were used (Stevens et al. 2001; Yue et al.
1999), complete activation has been found when single-
twitch and double-twitch interpolation were used
(Connelly et al. 1999; Klein et al. 2001; Roos et al.
1999; Vandervoort and McComas1986). Interestingly,
even in young subjects the use of single twitches has
been shown to overestimate activation capacity when
compared to twitch trains (Behm et al. 2001; Kent-
Braun and Le Blanc 1996).

Despite the fact that both normalised strength and
activation are reduced in the same muscle groups with
ageing (albeit in separate studies), neither have been
shown to be reduced in the same subjects nor have
they been shown to be associated in the elderly.
Additionally, although no link has been previously
reported between activation and specific torque, co-
activation has been shown to be increased in elderly
subjects in the presence of a reduced specific torque
(Klein et al. 2001; Macaluso et al. 2002). Hence, the
aim of the present investigation was to determine
whether the reduction in specific torque in the elderly
is associated with a reduced agonist activation and/or
an increased antagonist co-activation. Although torque
is typically normalised for cross-sectional area (CSA),
it has recently been shown that volume approximates
physiological CSA more closely than anatomical CSA
(Fukunaga et al. 2001); hence in this study maximum
isometric torque (Nm) was normalised for muscle
volume (m3) to yield specific torque expressed in kN
m)2. Considering that physical activity is a modulator
of neural activation (Duchateau and Enoka2002), we
hypothesised that elderly males would have reduced PF
activation and that this would contribute towards a
reduced specific torque in voluntary contractions. In
addition a decrease in specific torque may also arise
from an increased antagonist coactivation.

Methods

Subjects

Fourteen healthy young men [YM; age: 24.7 (4.7) years
(range 19–35 years); height: 179.3 (7.8) cm; mass:
76.9 (12.4) kg; mean (SD)] and 21 healthy elderly men
[EM; age: 73.7 (3.6) years (range 70–82 years); height:
170.4 (4.5) cm; mass: 77.5 (8.1) kg] volunteered to par-
ticipate in this study. Elderly subjects were all medically
screened prior to inclusion to exclude known cardio-
vascular, myopathic, neurological, neoplastic, inflam-
matory diseases, and the subjects were all community
dwelling and lived independently. Both young and el-
derly individuals were physically active, but not engaged
in sports at a competitive level. All procedures were
approved by the Ethics Committee of Manchester

Metropolitan University, and prior informed consent
was obtained from each subject. Subjects were famil-
iarised with all proceedings on a separate session prior to
data collection.

Strength measurements

Isometric plantarflexion (PF) peak torque (PT) was re-
corded with the subjects laying prone, the left foot at-
tached to the foot adapter of an isokinetic dynamometer
(Cybex Norm; Cybex International, N.Y., USA), and
strapped securely about the hip to prevent forward dis-
placement of the body during maximal plantarflexions.
Subjects were positioned with the knee in full extension
and the lateral malleoli aligned with the axis of rotation
identified on the dynamometer. The foot was tightly
secured to the footplate to minimise heel displacement,
and the subjects performed three submaximalisokinetic
plantar and dorsiflexion contractions as a warm up. Two
isometric maximal voluntary plantarflexion contractions
(MVC) were performed at )20� dorsiflexion interspersed
with at least 1 minrestperiods. Maximal dorsiflexion was
performed after PFMVC at )20� to obtain maximal
DFEMG data for calculation of co-activation in the
tibialis anterior (TA).

Twitch interpolation

To evaluate the ability of subjects to fully activate the
plantarflexors during static contractions three supra-
maximal doublets were applied percutaneously
(DSVDigitimer Stimulator; Digitimer, Herts., UK)
using rubber stimulation pads (76 mm·127 mm, and
38 mm ·89 mm; Versastim; Conmed, N.Y., USA). The
anode was placed distal to the popliteal crease and the
cathode over the distal myotendinous junction of the
soleus.

The supramaximal doublet amplitude was deter-
mined prior to interpolation by administering twitches
of progressively increasing current intensity. Twitches
were administered with the subjects in a relaxed state
starting from 100 mA, and increasing by 50- to 1000-mA
increments until no further increase in twitch force was
observed with a further 50-mA increase in stimulation
strength. Three doublets (pulse width of 50 ls, inter-
pulse interval 10 ms) were applied to assess activation
capacity, the first two doublets were applied during
MVC and a further doublet applied on relaxation, each
separated by 1.5 s. The first doublet was delivered
manually during the plateau phase of the second MVC
attempt and the subjects were encouraged to continue
contracting maximally until the second doublet was
delivered.

A ratio of interpolated and post-tetanic doublets was
used to provide an index of activation, the interpolated
doublet on the highest contractile force was used in the
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calculation of activation level (Allen et al. 1995; Har-
ridge et al. 1999; Klein et al. 2001) as follows: percentage
activation=[1)(superimposed doublet torque/post-
MVC doublet torque)]·100.

Muscle volume and cross-sectional area

Serial axial plane scans were performed using a fixed 0.2-
T magnetic resonance imaging (MRI) scanner (E-Scan;
ESAOTEBiomedica, Genova, Italy) along the lower
portion of the left leg. The first scan was centred at the
lower edge of the patella to include the origin of both the
lateral and medial head of the gastrocnemius (GL and
GM, respectively), with subsequent scans carried out in
contiguous 7-cm sections distally. Axial plane scans were
performed using T1 weighted 3D isotropic profile with
the following scanning parameters: time to echo: 16 ms;
repetition time: 38 ms; field of view: 180 mm·180 mm;
matrix: 256·192. Subjects were supine for 15 min prior
to and throughout the scan process. In total, four scans
of contiguous axial images (slice thickness 8 mm and
gap 2 mm) were performed on the calf of each partici-
pant. Each scan contained 7 axial images and depending
on the length of the gastrocnemius between 28 and 35
contiguous images were obtained. The triceps surae
anatomical cross-sectional area (ACSA) of each slice
was calculated as the sum of the ACSA of GL, GM and
soleus (Sol) muscles using imaging software (NIH image
version 1.61/ppc; National Institutes of Health, Beth-
esda, USA), and multiplied by the slice thickness
(inclusive of gap) to give an estimate of muscle volume
(VOL). Due to limitations on the positioning of subjects
and coil size it was necessary to estimate the distal
portion of the Sol using third order polynomial regres-
sion from the recorded slices. The accuracy of this
technique has been reported previously (Kubo et al.
2003; Narici et al. 1992). Intraclass correlation coeffi-
cients for the calculation of VOL from day to day and
analysis of the same scan were high [0.98 and 0.99,
respectively,n=11 males (5 EM, 6 YM); C.I. Morse
et al., unpublished results]. All scans were analysed by
the same investigator.

Although muscle volume is the primary focus of the
present investigation ACSA is reported as a means of
comparison with previous studies. ACSA of the triceps
surae (TS)was calculatedby summing themaximalACSA
of each of the constituent muscles of the TS (GL,GMand
Sol) as described previously (Fukunaga et al. 1996).

Specific torque

The specific torque of the TS muscles was estimated as
the ratio between peak torque (PT) and VOL (PT/VOL),
as described previously (Fukunaga et al. 2001).
According to this method, muscle volume closely
approximates physiological cross-sectional area (PCSA)
(Fukunaga et al. 2001) and by dividing torque (Nm) by

volume (m3), values of specific torque in kN m)2 are
obtained.

EMG activity

Surface EMG activity of the TA was recorded while per-
forming maximal isometric contractions using pre-gelled
two 10-mm Ag-AgClunipolar electrodes (Medicotest,
Denmark). Muscle boundaries were identified using
ultrasonography to reduce the influence of cross-talk, and
the electrodes placed along the mid sagittal axis of the
muscle. Prior to placement of the electrodes, the skin was
shaved to remove hair and the recording sites were gently
rubbed using abrasive gel and cleansed using alcohol
swabs to reduce inter-electrode impedance below 5 KW.
Electrodes were placed over the TA at one-third tibia
length, with the reference electrodes placed over the lat-
eral epicondyle of the femur. The raw EMG activity was
acquired with a sampling frequency of 2,000 Hz and
processed with amulti channel analogue-digital converter
(Biopac Systems, USA). The raw EMG signal was filtered
with low and high-band band pass filters, respectively, set
at 500 Hz and 10 Hz, and amplified with a gain of 2,000.
The level of co-activation of the TAwas assessed using the
root mean square (RMS) of the raw EMG signal, calcu-
lated over 1.2 s about the peak MVC torque during PF,
this was then expressed as the percentage of activity re-
corded from the TA during maximal dorsiflexion (Klein
et al. 2001; Macaluso et al. 2000, 2002).

Physical activity measurements

Physical activity was measured in subgroups of the sub-
jects (7 YM and 21 EM) using a uniaxial accelerometer
(Actigraph Model 7164; Manufacturing Technology,
Fla., USA). The actigraph is a single channel acceler-
ometer designed to measure and record time varying
accelerations ranging in magnitude from approximately
0.05 to 2.0 g. The accelerometer is band limited with a
frequency response from 0.25 to 2.5 Hz. These parame-
ters have been carefully chosen to detect normal human
motion and to reject motion from other sources. Each
actigraph was intitialised via a reader interface unit
(RIU) using in house developed software and pre-pro-
grammed to record, in ‘‘cycle mode’’, activity counts and
number of steps walked at 1-min epochs. Subjects were
briefed on how, and when, to wear the actigraph. An
information sheet and a log, to record when the actigraph
was worn, were given to each subject. The actigraph was
supplied in a pouch, secured to the subject’s belt by a
Velcro fastening, and positioned just anterior to the iliac
crest. Subjects were asked to wear the actigraph during
their waking day for at least a full week (168 h).

Files were downloaded and were viewed and checked
for signs of malfunction (unusually low counts—no
moderate activity with all counts <1,952; or unusually
high counts—all activity vigorous with all counts
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>5,724; and continuous data with the same value). Files
were summarised using Caloric.Bas (CSA 1999) software
(option 3) to derive daily totals of: counts, steps, and
estimate of kilocalorie expenditure in physical activity.
Daily summaries were further derived for the number of
minutes spent in each of the following physical activity
categories: light <1,952 counts min)1 (<3.00 METS),
moderate 1,952–5,724 counts min)1 (3.00–5.99 METS),
hard 5,725–9,498 counts min)1 (6.00–8.99 METS), very
hard >9,498 counts min)1 (>8.99 METS) (Freedson
et al. 1998). Summary files were checked for missing or
incomplete days of monitoring (less than 10 h) and fur-
ther checked against the subject’s log. Incomplete days of
data were excluded from calculation of daily means for,
counts, steps and kilocalories.

Statistics

Independent t-tests were used to assess differences be-
tween young and elderly independent variables. Level of
significance was set at the 5% level. Linear regression
(Pearson product-moment correlation) was used to
compare the degree of association between VOL and
PFMVC. Results are given as mean (SEM) unless
otherwise stated.

Results

Peak torque

PFMVC was 39% lower in the EM group compared to
the YM [105.6 (4.3) Nm and 173.4 (8.1) Nm, respec-
tively;P<0.001, Table 1].

Muscle VOL and CSA

Triceps suraeVOLof the EMwas 19% smaller than in the
YM [7.4·10)4 (0.2·10)4) m3and 9.2·10)4 (0.5·10)4) m3,

respectively; P<0.0001, Fig. 1]. A significant correlation
was found between VOL and PT in the YM (R2=0.800,
P<0.0001) but not in the EM (R2=0.056, Fig. 2).

Triceps surae ACSA was significantly smaller in EM
than in YM (Table 1,P<0.001). In YM ACSA was
correlated to PF torque (R2=0.547, P<0.01). However,
the ACSA of EM was not correlated to PF torque.

Specific torque

PF torque normalised to triceps surae volume (PT/VOL)
was 19% lower in EM than in YM [140.9 (6.4) kN m)2

in EM and 190.5 (6.5) kN m)2 in YM, P<0.001]. PF
torque normalised to ACSA (PT/ACSA) was also
significantly lower in the EM (P<0.001), as shown in
Table 1.

Activation

The EM displayed a reduced activation capacity of the
PF compared to the YM [78.1 (3.1)% in the EM com-

Table 1 Muscle performance parameters in young (YM) and
elderly men (EM). Values are mean (SE).PF Maximal voluntary
plantarflexion,PT peak torque, VOL triceps surae volume, ACSA
triceps surae anatomical cross-sectional area, PT/VOL plantar-
flexion peak torque normalised to VOL, PT/ACSAplantarflexion
peak torque normalised to ACSA

YM EM

PF PT (Nm) 173.4 (8.1) 105.6 (4.3)*
VOL (m3) 9.4 (0.5·10-4) 7.5 (0.2·10-4)*
ACSA (cm2) 60.9 (2.7) 51.8 (1.1)*
PT/VOL (kN m)2) 190.5 (5.4) 142.7 (6.2)*
PT/ACSA (N cm)2) 2.86 (0.1) 2.05 (0.09)*
Activation (%) 98.6 (0.07) 78.1 (3.2)*
Co-activation (%) 12.9 (1.8) 11.5 (1.9)

*P<0.05: PT, ACSA, VOL, activation, PT/VOL and PT/ACSA
were all lower in EM compared to YM. There was no difference in
coactivation of the tibialis anterior between YM and EM during
PF

Fig. 1A, B To estimate tricep
surae muscle volume
approximately 30 transverse
scans were obtained along the
length of the tibia. The cross-
sectional area of the triceps
surae was then calculated and
summed to obtain muscle
volume. Elderly males (EM)
were found to have significantly
smaller triceps surae (TS)
muscle volume (VOL) than
young males (YM)
[7.5 (0.2·10)4) m3 and
9.4 (0.5·10)4) m3, P<0.05].
The two examples are taken at
one-third tibia length from a
YM (A) and an EM (B)
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pared to 98.7 (0.22)% in the YM; P<0.0001]. The YM
showed full activation of the PF with no difference from
100% activation. A weaker, though significant, corre-
lation was found between PT/VOL and activation ca-
pacity in the EM (R2=0.336, P<0.005), whereas no
significant correlation was observed in the YM
(R2=0.081). When activation capacity was entered as a
covariate with muscle volume, a significant correlation
was found between VOL and PF torque in EM (when
activation was inserted as a covariate the R2 increased
from 0.05 to R2=0.412,P<0.01); therefore, about 40%
of the variability in torque between YM and EM was
explained by the variability in VOL.

Co-activation

There was no significant difference in the co-activation
level of the dorsiflexors during plantarflexion between
the two age groups. In the EM, TAcoactivation during
PFMVC was 11.5 (1.9)% and in the YM was
12.9 (1.8)%.

Physical activity

In the subset of subjects (EM group, n=22 and YM
group n=10) for whom activity data was available, the
EM group performed significantly fewer minutes of hard
activity (6.00–8.99 METS) than the YM group [EM
0.14 (0.31) versus YM 2.40 (1.92) min day)1;P<0.01;
mean difference 2.26 min day)1, 95% CI of difference
0.88–3.64]. There were no significant differences between
EM and YM groups for minutes of light activity (<3
METS) per day [EM 1,406.39 (21.07) versus YM
1,411.97 (61.52) min day)1), minutes of moderate
activity (3–5.99 METS) per day [EM 33.47 (21.07) ver-
sus YM 41.56 (15.10 min day)1) and the number of
steps performed each day. There was a non-significant

trend for estimates of daily physical activity energy
expenditure (PA kcal day)1) to be lower in the EM
group [EM 459.4 (196.4) versus YM 581.6 (154.6) PA
kcal day)1;P=0.071]. Similarly there was a non-signif-
icant trend for activity counts per day to be lower in the
EM group [EM 275,948.9 (99,202.9) versus YM
345,752.5 (89,891.7) counts day)1; P=0.068].

Discussion

The primary finding of this investigation is that PF PT/
VOL of EM was significantly lower (25%) than that of
YM. This seemed largely attributable to a reduced
activation capacity (19%). In fact, absolute torque
generation capacity of the PF was 40% lower in EM,
half of which could be attributed to a reduction in
activation capacity, whilst the other half could be ac-
counted for by a decline in muscle volume. In accor-
dance with this reduction in specific torque, indices of
muscle size used in the present investigation (VOL and
ACSA) were found to be weak predictors of torque in
elderly males (R2=0.05 and R2=0.01, respectively).

In agreement with previous studies, both activation
and specific torque were reduced in the present elderly by
)19% and )25%, respectively, compared to YM, thus
indicating that the remaining 6% of the specific torque
deficit in EM could be attributed to decreased fibre-spe-
cific force or alterations in muscle architecture. However,
in the present study regression analysis indicated that
variability in activation capacity may account for about
30% of the variability in specific torque of elderly indi-
viduals. This suggests that in addition to the decreased
activation capacity, other factors such as decreased fibre
specific tension (Frontera et al. 2000) the loss of active
motor units (Galea 1996; Urbanchek et al. 2001), a de-
crease in excitation contraction coupling (Delbono et al.
1997), alterations in tendon compliance (Narici et al.
2002), and infiltration of muscle with fat and connective

Fig. 2 Relationship between
TS VOL and plantarflexion
(PF) torque. A significant
relationship is seen in YM
(triangles, solid
line;R2=0.8,P<0.0001) but not
EM (squares, dashed
line;R2=0.06)
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tissue (Kent-Braun et al. 2000) with age, are likely to
contribute to the observed decrease in specific torque.

In contrast to the results in the present study in which
activation and specific torque were reduced in the
elderly, Klein et al. (2001) reported a decrease in specific
torque in the presence of complete activation of the
elbow flexors of elderly males. As in the present study,
Klein et al. (2001) adopted a modified double twitch
technique to assess activation; however, the biceps bra-
chi was placed in a shortened (albeit optimal) muscle
length. Increased tendon compliance previously ob-
served in the elderly (Narici et al. 2002), is known to
reduce resting twitch torque (Loring and Hershen-
son1992). It is possible that the combined effects of in-
creased compliance and system slack introduced by the
shortened muscle length in the biceps brachii, could have
resulted in an over estimation of activation capacity in
the elderly due to damping of the baseline twitch. In-
deed, where tetanic stimulation has been used in the
calculation of activation capacity an age-induced deficit
is commonly reported (DeSerres and Enoka1998; Ste-
vens et al. 2001, 2003; Yue et al. 1999), whereas when
single or double twitches were used in the same muscle
group no deficit in activation was reported (DeSerres
and Enoka1998; Doherty et al. 1993; Klein et al. 2001;
Roos et al. 1999).

In agreement with the present results, Scaglioni et al.
(2002) reported in elderly males incomplete plantarflexor
activation. However, the activation levels presented by
Scaglioni et al. (2002) at the same joint angle were much
higher than in the present study (94.8% against the
present 78.1%). A likely explanation for the discrepancy
is that in the present investigation double twitches rather
than single twitches were used to assess activation.
Previously, the use of doublets has been shown to be a
more sensitive means of assessing activation compared
to single twitches (Behm et al. 2001). In addition, the
younger age of the subjects studied by Scaglioni et al.
(2002) may account for the observed difference between
the results of these authors and those of the present
study (68 years compared to 74 years in the present
study). Indeed, the authors commented on the lower
activation levels of the oldest subject in their study, with
activation as low as 71%, whereas complete activation
was recorded from their youngest elderly subject.

Although the elderly population included in this
study were purposefully recruited for being physically
active, their level of physical activity, as judged from
accelerometry, was about 21% lower than in young
males, with the greatest differences seen in the amount of
time spent performing hard physical activity. There is
evidence that reduced physical activity leads to a de-
crease in neural drive (Berg et al. 1991; Duchateau and
Hainaut1987; Thom et al. 2001), probably due to a
reduction in motor unit recruitment as well as firing
frequency associated with a decrease in afferent input
(Gandevia et al. 1990).

Hence, it is likely that disuse, in addition to ageing,
contributed to the reduction in activation capacity

found in the present study, and the associated reduc-
tion in specific torque. The fact that some of the
reduction in activation capacity in old age may be
partly explained by disuse emphasises the importance
of physical activity in old age as well as during pro-
longed bed rest that has been found to mitigate the
reduction in neural drive associated with these condi-
tions (Kawakami et al. 2001; Milesi et al. 2000).

To our knowledge no previous data have been
presented on the coactivation of the TA during PF in
the elderly. In agreement with previous research on
coactivation during knee flexion (Macaluso et al.
2002), knee extension (Pearson et al. 2002) and index
finger abduction (Burnett et al. 2000), we found that
coactivation of the TA during PF was not significantly
different between YM and EM. However, during knee
extension (Izquierdo et al. 1999; Macaluso et al. 2002)
and elbow flexion (Klein et al. 2001) coactivation of
the antagonist muscles has been shown to be greater in
the elderly compared to young subjects. In both knee
extension and elbow flexion increased coactivation has
previously been shown to contribute to a reduced
specific torque in the elderly (Klein et al. 2001; Mac-
aluso et al. 2002). This was not shown in the present
study, with most of the decrease in PF PT/VOL
attributable to a decreased activation capacity. Inter-
estingly, the coactivation of the hamstring group is
reduced when the quadriceps are trained, whereas the
reverse is not seen during knee flexion (Carolan and
Cafarelli1992). It is likely, therefore, that depending on
the function and location of the muscle group, the
changes in coactivation with ageing is variable. Com-
pared to previous data the coactivation values ob-
served during PF in YM (13%) were similar to those
previously reported by (Maganaris et al. 1998, 2001;
Magnusson et al. 2001) which changed from 15% to
20%.

The presence of a significant (albeit weak) correlation
between specific torque and activation in the PF of EM
in the present study, may be limited in its application to
other muscles where factors such as variable muscle
architecture and activation may alter specific tension.
However, it is clear that both a reduced muscle mass and
activation capacity contributed to the decline in the
torque-generating capacity of the PF in EM.

Hence, this study showed that a deficit in muscle
activation may account for a significant fraction of the
differences in specific torque between YM and EM. This
suggests that in the elderly a considerable increase in
muscle strength with training may just be obtained by
increasing activation capacity. In conclusion, this study
has shown that a reduction in muscle activation capacity
associated with a reduction in physical activity levels
almost completely accounted for differences in specific
torque between YM and EM. These findings are likely to
be specific to the plantarflexors since differences may
exist in activation of other muscles. No difference in
antagonist muscle coactivation was found between the
young and elderly groups.
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