
&p.1:Abstract Resistance training (RT) has been shown to
increase aerobic power in older humans. To determine
the effects of RT on the capillary supply in this popula-
tion, nine older men (65–74 y) engaged in 9 weeks RT of
the lower body. Following RT, peak O2 uptake (V

.
O2,peak)

increased by 7% (P<.01). Needle biopsies (vastus latera-
lis muscle) revealed significant increases (mean ± SE) in
fibre area (3,874 ± 314µm2 to 4,778 ± 309µm2), fibre
perimeter (P, 262 ± 11µm to 296 ± 11µm), capillary
contacts (3.7 ± .2 to 4.3 ± .3) and the individual capil-
lary-to-fibre ratio (C:Fi, 1.33 ± .32 to 1.61 ± .37,
P<.005). To evaluate the potential for blood-tissue ex-
change, both fibre area-based and perimeter-based mea-
sures of the capillary supply were compared. While the
area-based measures were maintained, C:Fi/P was in-
creased, consistent with an increase in the size of the fi-
bre-capillary interface and thus, an increased potential
for oxygen flux following RT. Of the measurements of
capillary supply, V

.
O2,peak correlated best with C:Fi/P

(r = 0.69, P<.005). These results indicate a significant
increase in the capillary supply relative to the perimeter,
but not the cross-sectional area, of the muscle fibres fol-
lowing RT in older men, and that C:Fi/P is strongly cor-
related to the V

.
O2,peakin this population.

&kwd:Key words Capillary supply · Aging · Resistance 
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Introduction

Previous investigations describing the capillary supply to
human skeletal muscle following resistance training in
young adults suggest that the number of capillaries
around a fibre may be decreased [2, 41], unchanged [40]
or increased [11, 34] relative to untrained individuals.
However, it is thought generally that any increase in cap-
illary number is not sufficient to overcome the fibre hy-
pertrophy that often accompanies such training regimens
[11, 41, 43]. In contrast, there is some evidence to sug-
gest that older men may exhibit more pronounced capil-
lary proliferation in response to resistance training [8].

The quantification of the capillary supply to muscle
fibres is a complex issue, particularly if alterations in fi-
bre size and/or capillary-fibre geometry are unaccounted
for in the quantitation techniques employed. In ap-
proaching this issue, we will examine the merits of vari-
ous analytical approaches to quantifying the capillary
supply to muscle fibres (i.e., the number of capillaries
around a fibre, sharing factor, the capillary-to-fibre ratio
assessed on an individual fibre basis, and fibre area-
based versus perimeter-based expressions of the capil-
lary supply) through an examination of the changes
which occur in capillarity in response to resistance train-
ing in older men. Since resistance training has been sug-
gested to increase aerobic power in older humans [8, 13],
it is particularly important to select appropriate indices
of capillary supply to determine if alterations in the ca-
pacity for blood-tissue exchange play an important role
in this response.

Materials and methods

Subjects

Nine male subjects (65–73 years) were recruited through newspa-
per advertisement. All potential candidates for participation in the
study were thoroughly screened using a combination of the Physi-
cal Activity Readiness Questionnaire (the PAR-Q), resting and sub-
maximal exercise ECG and blood pressure (BP) measurements. In-
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dividuals demonstrating contraindications for exercise (i.e., posi-
tive PAR-Q, abnormal ECG or blood pressure response, or muscu-
loskeletal impairment) were excluded from the sample. All individ-
uals were unmedicated, normotensive (systolic BP≤150 mm Hg;
diastolic BP≤90 mm Hg) and had been non-smokers for at least 10
years prior to beginning the study. While none of the subjects par-
ticipated in regimented physical training prior to starting the study,
most engaged in periodic, low-intensity physical activity consisting
of golf, tennis and or walking at most 2 times per week. All sub-
jects were informed of the procedures, risks and benefits, and gave
written consent for participation in the study.

Aerobic power assessment

Aerobic power was assessed prior to, and following, 9 weeks of
resistance training on an electrically braked cycle ergometer (Col-
lins Pedalmate) fitted with toe-clips, using an incremental proto-
col to voluntary exhaustion, under the supervision of a physician.
Subjects were given a warm-up consisting of 4 min at a workrate
of 50 W, followed by 4 min at a workrate of 100 W to allow de-
termination of submaximal exercise cardiac output (data not re-
ported here). Following a brief recovery period (approximately
5 min), individuals were brought to maximum effort using step
increases in workrate from 75 W (2 min) to 100 W (2 min), with
subsequent workrate increments of 16.7 W/min to fatigue. The
criteria used for acceptance of peak O2 uptake (V

.
O2,peak) values

as a maximum included two or more of: (1) a heart rate equal to
or exceeding the age-predicted maximum (±10 beats per minute),
(2) a respiratory exchange ratio (RER =V

.
CO2/V

.
O2) equal to or

greater than 1.10, and/or (3) a change in V
.
O2 equal to or less than

85 ml/min with an increase in workrate (i.e., attainment of a pla-
teau of V

.
O2). Heart rate was monitored continuously from a V5

tracing displayed on a built-in oscilloscope of the electrocardio-
graph-defibrillator (Physiocontrol, Lifepak 9P). BP was moni-
tored using an automated inflation system (Dynamap vital signs
monitor, model 1846 SX) and gas analysis performed with a met-
abolic cart (Morgan) on-line with a microcomputer. Ventilatory
volumes were assessed with a ventilation monitor (Morgan Vent-
ilometer Mark 2) connected to a pneumotachograph on the inspi-
ratory arm of the mouthpiece. Expired gases were sampled and
analysed via an infrared CO2 monitor (Jaeger CO2-Test) and an
O2 analyser (Ametek S3-A) using a stabilized zirconia cell heated
to 750°C.

Resistance training

Each subject participated in a resistance training program, de-
signed to increase the muscle strength of the lower body, 3 times
per week for 9 weeks. Individual training sessions consisted of a
warm-up and cool-down of stretching exercises, and three sets of
four resistance exercises performed on each leg separately at an
intensity eliciting fatigue within 6–12 repetitions i.e., 6–12 repeti-
tion maximum (RM) on Universal weight machines. The loads
lifted were regularly adjusted to maintain the 6–12 RM stimulus.
All training sessions were supervised by the experimenters and
training logs were kept to measure compliance and progress
throughout the study.

Muscle strength

Muscle strength was assessed utilizing the maximum mass which
could be lifted once (i.e., 1 RM) with one leg during a leg press
exercise. The protocol involved having the subjects warm-up using
a very light load with both legs. A load was then chosen which
was estimated to be close to the individual’s maximum (subjective
criteria were used to determine this starting point). Increments in
load were chosen to allow the individual to reach 1 RM within
three trials. In order to ensure that a 1 RM had been measured, the
subjects were given a brief recovery period (about 2 min) and then
asked to attempt to lift a load one plate (i.e., 5 kg) heavier than

their last trial. The heaviest load which could be lifted was record-
ed as the 1 RM for that subject.

Biopsy technique

Biopsies of the vastus lateralis muscle of the dominant leg were
performed at 0 and 9 weeks of the study, according to the method
of Bergstrom [3] as adapted by Mubarak et al. [28]. Samples were
obtained midway between the iliac crest and the upper border of
the patella, and drawn at a depth of 2–3 cm. The subsequent sam-
ples (i.e., after training) were drawn at a distance of 2 cm from the
original incision and at the same depth to minimize variation due
to muscle inhomogeneities [20, 21, 29] and to prevent harvesting
of fibres damaged in the initial biopsy procedure [36]. Local an-
aesthetic (2% Xylocaine) was administered to the subject prior to
the incision. Samples were viewed under a stereo microscope to
ensure the tissue was not contaminated with fat or connective tis-
sue and to facilitate proper fibre orientation prior to cryopreserva-
tion. Once examined, the muscle samples were mounted in cross-
section in an embedding medium (OCT) and immediately im-
mersed in liquid isopentane, cooled to the temperature of liquid ni-
trogen, for subsequent histochemical analysis. Samples were
stored at –80°C until analysis was performed.

Histochemical analysis

Specimens were sectioned to a thickness of 10µm at a tempera-
ture of –20°C, mounted on albumin-coated slides, and kept at
–20°C until fixation. All histochemical processing was done with-
in 1 week of sectioning. The sections were first fixed in a Guth
and Samaha [10] fixative for 5 min at room temperature and then
incubated for 1 h at 36°C in a Pb-adenosine triphosphatase stain-
ing medium to stain simultaneously for both fibre types and capil-
laries, as modified from the method of Rosenblatt et al. [33],
which called for fixation at 4°C. No subtypes of the type II fibre
population are revealed in human tissue with this method.

Morphometry

Muscle sections were viewed under a light microscope, on-line
with a microcomputer and an image analysis system (Mocha, Jan-

Fig. 1 Schematic representation of morphological measurements.
CC number of capillary contacts, SFsharing factor, C:Fi capillary-
to-fibre ratio calculated on an individual fibre basis. For the calcu-
lation of C:Fi, the fibre indicated has six capillary contacts. Of the
six capillaries, five are being shared by three fibres (hence, the fi-
bre in question is in contact with one-third of each of those capil-
laries), and one capillary is being shared by two fibres (hence, the
fibre in question is in contact with half of that capillary). By tak-
ing the sum of the fractional contributions of each of the six capil-
laries, i.e., (5×0.333) + (1×0.5), one obtains the capillary-to-fibre
ratio for that fibre (i.e., C:Fi) &/fig.c:
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del Scientific). Capillaries were quantified manually from the mi-
croscope on each fibre, using the following indices: (1) the num-
ber of capillaries around a fibre (capillary contacts, CC), (2) the
capillary-to-fibre ratio on an individual fibre basis (C:Fi) and (3)
the number of fibres sharing each capillary (sharing factor, SF)
(see Fig. 1) [30]. Quantitation of the capillary supply was per-
formed on 25 fibres of each fibre type by randomly choosing a fi-
bre in an artifact-free region and counting the closest 25 neigh-
bouring fibres of each type [4]. Fibre area, perimeter and shape
were measured with the image-analysis system by tracing the out-
line of each fibre. The area, perimeter and shape of the fibre cir-
cumscribed by the tracing was determined via commercial soft-
ware (Mocha). Fibre shape was defined as:

4Π×Area/Perimeter2

Thus, the software compared the area of the fibre to that of a circle
with the same perimeter, and since fibres that are less circular (i.e.,
more oblong or elliptical) have a smaller area relative to their pe-
rimeter in comparison to a circle having the same perimeter, the
shape “factor″ was correspondingly less than that of a circle (i.e.
<1.0). A three-point calibration was performed to facilitate trans-
formation of pixels (viewed on a computer monitor) into meaning-
ful units (i.e. microns). The area, perimeter and shape factor of
each of the 50 fibres (25 of each type) used in the capillary quanti-
tation was determined at each time. Fibre type distributions were
determined from counts of an average of 305 ± 24 muscle fibres
(range 220–504 fibres). To normalize the capillary data with re-
spect to the size of individual fibres, the capillary supply was also
expressed as the quotient of fibre area and the individual capillary-
to-fibre ratio for that fibre (i.e., FA/C:Fi).

A measure of the diffusion distance (i.e., the maximal diffusion
distance, R95) and a new measurement, termed the capillary-to-fi-
bre perimeter exchange index (CFPE index), were also calculated.
The diffusion distance was modelled using an equation that as-
sumes a random distribution of capillaries [35]:

where C:F is the mean C:Fi and FA the mean cross-sectional area
of the fibre population being modelled. This method was chosen
because it has been demonstrated to provide the greatest correla-
tion with direct measures of diffusion distance [35].

The CFPE index was used to express the capillary supply rela-
tive to the perimeter of each individual muscle fibre and was de-
termined from the following equation:

CFPE index = C:Fi/P

where P is the corresponding perimeter of the fibre.

Data analysis

Global measures for the muscle (i.e., for CC, C:Fi, SF, etc.) were
determined by multiplying the mean values for type I and type II
fibres by their respective fibre type proportion, i.e. (%type
II×FAtypeII) + (%type I×FAtypeI) = global FA. The individual popu-
lation measures for all subjects were then averaged to produce an

overall global mean for each of the measures. Data were expressed
as mean ± SE. Statistical comparisons were performed by paired t-
tests and linear regression analysis. The standard error of the slope
parameter for each of the regressions was adjusted according to
the methods of Donner and Cunningham [5] for regression analy-
sis on repeated measures designs. The a chosen to determine sig-
nificance was set at 0.05.

Results

The 9-week period of resistance training had significant
effects on whole body aerobic function and muscle
strength (Table 1). Specifically, V

.
O2,peakincreased by 7%

(P<.01) with no changes in the peak respiratory ex-
change ratio or heart rate attained during the V

.
O2,peakas-

sessments, indicating that differences in effort did not ac-
count for the observed improvements. The maximum
load that could be lifted once (i.e., 1 RM) during a leg
press exercise increased by 62%.

The muscle morphometric measurements are shown
in Table 2. The fibre type proportions did not vary signif-
icantly between assessments nor was the fibre shape al-
tered following the training. In contrast, resistance train-
ing induced significant increases in both the fibre area
and fibre perimeter as determined from the muscle cross-
sections (P<.005). In addition, there were significant in-
creases in the number of capillary contacts around a fibre
(P<.004). These alterations resulted in a maintenance of
the quotient of FA and C:Fi.

In assessing the effects of the alterations in muscle
capillarity on the potential for blood-tissue exchange, it
is notable that the diffusion distance (R95) was not al-
tered following the resistance training (Table 2). Howev-
er, when the capillary supply was expressed relative to
the perimeter of muscle fibres (i.e., C:Fi/P), a significant
increase in the CFPE index was found (P<.03). In addi-
tion, when V

.
O2,peakwas plotted as a function of the capil-

lary supply (e.g., CFPE index, R95, CC, C:Fi, FA/C:Fi) (0
and 9 weeks combined), the CFPE index was found to
explain the greatest proportion of the variance in V

.
O2,peak

(r = 0.69, P<.005; Fig. 2).

R95 0 415 0 477= + ×. . / (C:F) FA

Table 1 Whole body function before and after resistance training&/tbl.c:&tbl.b:

0 weeks 9 weeks P difference

VO2peak(ml·min−1) 2169±132 2330±131 <0.01 −161±46
VO2peak(ml·min–1·kg–1) 27.9±1.5 30.0±1.4 <0.01 −2.1±0.6
peak Workload (W) 163.4±7.3 174.3±9.8 <0.01 −12.7±3.1
peak RER 1.13±0.02 1.11±0.04 NS 0.01±0.03
peak HR (b·min–1) 152.4±3.1 149.9±3.8 NS 1.1±2.4
1 RM leg press (kg) 57.1±7.6 90.0±9.4 <0.001 −32.8±4.1

Values are means ± SE. Training effects were assessed using
paired t-tests; 0 weeks = pre-training, 9 weeks = post-resistance
training. All values obtained at the end-point of aerobic power test

(VO2, peak peak O2 uptake, RER respiratory exchange ratio, HR
heart rate, RM repetition maximum, NSnot significant).&/tbl.b:
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Discussion

Limitations and quality control

Several modifications to past practice of quantitating the
capillary supply on transverse sections of muscle tissue
have been suggested. One consideration has been the use
of a capillary-to-fibre ratio for each individual fibre
(C:Fi), as opposed to the more commonly used capillary-
to-fibre ratio (C:F), the latter being a population-based
measure derived as the quotient of capillary density and
fibre density. Since C:Fi is calculated on an individual fi-
bre basis, it may be used to relate to individual fibre dif-
ferences in metabolic potential (i.e., highly glycolytic
versus highly oxidative fibres) and/or fibre type, and thus
allow the study of structure and function relationships on
a fibre-by-fibre basis. The coefficient of variation for this

measurement, as a result of propagation of errors in both
CC and SF, is less than 5% in our hands.

Since our measurement of the diffusion distance, R95,
was derived (see Materials and methods for formula)
rather than the result of direct assessments, we also exam-
ined fibre shape to determine if alterations in shape might
affect the distance from the perimeter to the centre of a
muscle fibre that would otherwise be unaccounted for in
our calculations. However, the shape factor did not dem-
onstrate any change following resistance training (Table
2) and thus the estimate of diffusion distance was not af-
fected by this type of variability.

Other potential sources of error are related to the bi-
opsy methodology. In particular, due to the competing
problems of the variability in both the fibre type distri-
bution and the fibre size as a function of the depth of
sampling [18, 19], and the problems associated with
sampling too close to the initial biopsy location [36],
we were careful to sample at comparable depths and
from similar regions before and after training. There
were no changes in the midthigh skinfold following the
resistance training period [12], suggesting that the sam-
pling depth was not compromised by altered subcutane-
ous fat thickness. Furthermore, the distribution of fibre
sizes indicated a decrease in the number of fibres small-
er than 2,200µm2 in the second biopsy samples [12],
strongly suggesting that we had harvested a fibre popu-
lation different from that damaged in the initial biopsy.
The effect of the release of growth factors and/or angio-
genic factors on the surrounding muscle fibres, in re-
sponse to the muscle fibre damage and any subsequent
inflammation response incurred during the initial biop-
sy, remains an important, although unquantified, source
of error. However, in this respect, it is notable that
Hather et al. [11] have found a small, but not significant
increase in the number of capillaries around a fibre
(<10%) in a group of control subjects who underwent
repeated muscle biopsies (i.e., no training intervention),
while Andersen and Henriksson [1] have found no
change in fibre size, capillary number, or capillary den-
sity in subjects assessed prior to and following V

.
O2,max

assessments made before the initiation of a training pro-
gram.

Table 2 Morphological measurements.&/tbl.c:&tbl.b:

0 weeks 9 weeks P difference

Fibre area (µm2) 3874 ± 314 4916 ± 309 <0.005 −904 ± 223
Perimeter (µm) 262 ± 11 296 ± 11 <0.01 −31 ± 9
Shape factor 0.69 ± 0.04 0.69 ± 0.01 NS −0.01 ± 0.01
Capillary contacts 3.67 ± 0.22 4.34 ± 0.30 <0.004 −0.66 ± 0.15
Sharing factor 2.82 ± 0.07 2.73 ± 0.07 NS (0.08) 0.10 ± 0.05
FA/C:Fi ( µm2) 3542 ± 335 3548 ± 330 NS −6 ± 133
R95 ( µm) 49.6 ± 2.1 50.5 ± 2.0 NS −0.9 ± 1.0
CFPE index (caps·1000µm–1) 4.25 ± 0.30 4.84 ± 0.39 <0.03 −0.59 ± 0.21
% Type I 59 ± 2 59 ± 3 NS 0.5 ± 3.2

Values are means ± SE. Training effects were assessed using paired
t-tests. 0 weeks = pre-training, 9 weeks = post-resistance training
(FA fibre area, C:Fi, individual capillary-to-fibre ratio, R95 maximal

diffusion distance, CFPE index capillary-to-fibre perimeter ex-
change index, NSnot significant)
&/tbl.b:

Fig. 2 Correlation between Peak O2 uptake (V
.
O2,peak) and the cap-

illary-to-fibre perimeter exchange index (i.e., the CFPE index,
C:Fi/P); r = 0.69, P<.005, n = 9 at each time interval. The standard
error of the slope of the regression is corrected for the effect of the
clustering of intra-individual data points that occurs with repeated
measurements, according to the methods of Donner and Cunning-
ham [5]&/fig.c:



The relevance of capillary supply: 
area versus perimeter-based measures

Resistance training in a young adult population can in-
duce an increase in skeletal muscle fibre area [23, 43]
that may or may not be accompanied by a small increase
in the number of capillaries around the muscle fibres [2,
41, 43]. However, no increases in V

.
O2,peak have been

shown to occur in response to non-circuit resistance
training regimens in young adults [14, 16]. In contrast,
there is strong evidence suggesting that non-circuit resis-
tance training not only alters skeletal muscle morphome-
tric and biochemical characteristics [8, 32, 37] but also
increases V

.
O2,peak [8, 13] in an older population. Thus,

significant questions in the older population concern the
effect of resistance training on the capillary supply to
muscle fibres, and the ramifications any alterations
might have on the capacity for blood-tissue exchange.

Our results indicate that resistance training was asso-
ciated with significant increases in muscle fibre area and
perimeter. This increase in fibre size was accompanied
by a significant increase in the number of capillary con-
tacts and a non-significant reduction of the sharing factor
(P = .08, power = 0.35). When the capillary supply was
expressed as the quotient of fibre area and the individual
capillary-to-fibre ratio (FA/C:Fi, Table 2), there was no
change following the resistance training, suggesting that
the capillary supply was maintained relative to the fibre
area being supplied.

From the perspective of oxygen delivery, it has been
suggested that the resistance to oxygen flux is greatest in
the so-called “carrier-free region″ (i.e., within the first
few microns subjacent to the fibre sarcolemma) [15],
possibly due to the influence of myoglobin-facilitated
diffusion in ‘flattening’ the distribution of the intracellu-
lar PO2 gradient [9, 15, 44]. Thus, the capillary-to-fibre
surface contact length, rather than the diffusion distance
(i.e., the average distance from a capillary to the most
distant mitochondria [17, 35]), is thought to be a more
relevant determinant of maximal oxygen flux between
capillaries and muscle fibres [15, 26, 38]. In contrast, it
seems probable that measurements in relation to fibre ar-
ea (e.g., diffusion distance, capillary density) relate more
closely to processes that have a greater reliance on pas-
sive diffusion, such as the delivery of fuel substrates [7,
22] to muscle fibres, and removal of waste products [39,
42] from muscle fibres, than oxygen flux. While several
indices related to the capillary-to-fibre surface contact
length have been proposed previously [6, 26, 27], it is
noteworthy that these indices cannot be determined on
non-perfusion fixed tissue because the measurement of
capillary circumference is unreliable in tissue treated in
this manner [25].

We have introduced a new measurement, the CFPE
index, which takes into account the capillary-to-fibre
surface interface and can be easily determined from stan-
dard measurements on transverse-sections of muscle ob-
tained via the needle biopsy method. While this new
measurement, like all two-dimensional indices of cap-

illarization obtained from non-perfusion fixed tissue,
does not account for changes in the degree of capillary
tortuosity [25], any effect is likely to be minimal since
physical training per se does not appear to alter the de-
gree of capillary tortuosity [31]. Thus, any “noise” or er-
ror introduced into this measurement is due solely to the
variability in the sarcomere length between serial sam-
ples. While literature values for the degree of this vari-
ability are lacking, mean values for the sarcomere length
in muscle obtained via the needle biopsy technique have
been suggested to be between 1.85 ± 0.01 (range
1.75–1.91µm, O. Mathieu-Costello, personal communi-
cation) and 1.91 ± 0.05µm (H. Hoppeler, personal com-
munication), suggesting the between sample variability
in sarcomere length is quite small. The variability in fi-
bre perimeter between a sarcomere length of 1.98 and
1.71 µm is approximately 5% (value derived from Ma-
thieu-Costello [24]). Of course, if resistance training in-
fluenced the degree of muscle shortening at biopsy, this
could influence the precision of the new measurement to
a greater degree than indicated.

We have computed indices of both the diffusion dis-
tance (the maximal diffusion distance, R95), and the cap-
illary-fibre surface interface (CFPE index = C:Fi/P) (Ta-
ble 2). What is most striking about these measures is
that, while R95 was not significantly affected by resis-
tance training, the CFPE index was significantly in-
creased, suggesting that, although the capillary supply
relative to the fibre area was unchanged following resis-
tance training, the capillary supply in relation to the pe-
riphery of the muscle fibres was improved, an alteration
which may signify an improvement in the capacity for
oxygen flux following the resistance training. Since there
was also a significant increase in aerobic power (i.e.,
V
.
O2,peak; Table 1) following the resistance training, the

increase in the CFPE index suggests that an improved
capillary supply may have played a role in mediating this
increase. In support of this possibility, we found a signif-
icant correlation between the V

.
O2,peakand the CFPE in-

dex (Fig. 2). While this does not prove that oxygen flux
at the muscle-capillary interface limited V

.
O2,peakprior to

the resistance training, it does suggest one way by which
oxygen delivery, and hence oxygen utilization, may have
been improved, resulting in the increased V

.
O2,peak fol-

lowing resistance training. However, it is important to
acknowledge that other mechanisms, such as an in-
creased aerobic enzyme content following resistance
training in the older population [8], may also have con-
tributed to the observed increase in V

.
O2,peak in our sub-

jects.
In summary, resistance training of older men resulted

in a significant increase in the capillary supply relative to
the perimeter of muscle fibres (i.e. the CFPE index),
with no significant change relative to the cross-sectional
area of muscle fibres (i.e., FA/C:Fi, R95), in spite of sig-
nificant muscle fibre hypertrophy. Furthermore, the find-
ing of a significant relationship between V

.
O2,peakand the

CFPE index in these subjects suggests that a reduction of
the resistance to oxygen flux at the muscle-capillary in-
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terface, via the strategic addition of capillaries around
the fibre perimeter, may be one important adaptation in-
volved in the observed increase in whole body aerobic
power following resistance training in the older popula-
tion.
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