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ABSTRACT

Candow, DG, Chilibeck, PD, Abeysekara, S, and Zello, GA.

Short-term heavy resistance training eliminates age-related

deficits in muscle mass and strength in healthy older males.

J Strength Cond Res 25(2): 326–333, 2011—The objective of

this investigation was to determine whether short-term heavy

resistance training (RT) in healthy older men could eliminate

deficits in muscle mass and strength (ST) compared with

healthy younger men. Seventeen older men (60–71 yr)

performed supervised RT for 22 weeks. Before and after RT,

measurements were made for lean tissue mass (LTM), muscle

thickness (MT), and ST (leg and bench press 1 repetition

maximum) and were compared with values of younger men (n =

22–60 for the different measures, 18–31 yr). Before training,

older men had significantly lower (p , 0.05) LTM (58.4 6

7.0 kg), MT (3.4 6 0.7 cm), and ST (leg press = 168 6 33 kg;

bench press = 75 6 18 kg) compared with younger men

(LTM 64.3 6 7.1 kg; MT 4.0 6 0.8 cm; leg press = 231 6

54 kg; bench press = 1216 31 kg). All deficits were eliminated

after 22 weeks of RT (LTM = 60.5 6 7.6 kg; MT = 4.0 6

0.7 cm; leg press = 2226 48 kg; bench press = 1076 19 kg).

Short-term, heavy RT in healthy older men is sufficient to

overcome deficits in muscle mass and ST when compared

with healthy younger men. The practical application from this

research is that healthy older men can be prescribed a whole-

body heavy RT program to substantially increase muscle mass

and ST to levels similar to young, active individuals.
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INTRODUCTION

S
arcopenia, defined as the age-related loss of muscle
mass (33), has a negative effect on strength, which
subsequently decreases the ability to perform tasks
of daily living (e.g., carrying groceries, climbing

stairs). Approximately 5% of skeletal muscle mass is lost per
decade after 40 years of age, with accelerated deterioration
after 65 years of age (37). Contributing factors to age-related
muscle atrophy include reductions in neuromuscular func-
tion (29), satellite cell activity and content (38), muscle fiber
number and size (24), muscle protein kinetics (1), anabolic
hormone production (36), mitochondrial function (30) and
physical activity (9), and increases in oxidative stress (21),
catabolic cytokine levels (2), and cellular apoptosis (25).
We have shown on numerous occasions that resistance

training is an effective strategy to increase aging muscle mass
and strength (7,8,11,13); however, no study has determined
the effectiveness of resistance training in older adults to
eliminate muscle size and strength deficits compared with
younger adults. We have previously shown that healthy
older men had lower lean tissue mass, muscle thickness of
the elbow flexors, knee flexors and extensors, and ankle dorsi
and plantar flexors compared with healthy younger men (5)
and that lower-body muscle groups were more negatively
affected than upper-body muscle groups, which is in
agreement with the work of others (20,23). Reviews of
studies of master athletes, older adults of different physical
activity levels, and previously sedentary older adults who
were put on intense resistance training programs conclude
that much of the age-associated muscle atrophy and
weakness can be eliminated with resistance training;
however, some of the atrophy and weakening cannot be
abolished with training (14,16). Therefore, the purpose of this
study was to determine the extent to which supervised heavy
resistance training in healthy older males could eliminate
deficits in lean tissue mass, muscle thickness, and strength
when compared with healthy younger reference groups. We
hypothesized that resistance training would increase lean
tissue mass and size of the muscles surrounding the elbow,
knee, and ankle, as well as leg press and bench press strength.
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We also hypothesized that resistance training in older men
would eliminate most of the muscle and strength deficits
when compared with measures in younger men. These
findings may have application for the design of effective
resistance training strategies (i.e., whole body, multiple sets,
and repetitions) for healthy older adults, which will lead to
significant muscle accretion and strength. Potentially, results
from this study may encourage healthy older adults to initiate
and maintain a regular resistance training program because
improvements in muscle mass and strength should be
expected in a relatively short period of time (i.e.,10–22 wk).

METHODS

Experimental Approach to the Problem

To determine whether short-term resistance training in
healthy older men could eliminate muscle and strength
deficits compared with measures in healthy younger men,
a group of older men were prescribed a whole-body heavy
resistance training program for 22 weeks and compared with
reference groups of youngermales for lean tissuemass, muscle
thickness, and strength.
The dependent variables measured at baseline and after 12

and 22 weeks of heavy resistance training in older men were
(1) body composition (body mass, lean tissue, fat mass), (2)
muscle thickness of the elbow, knee, and ankle flexors and
extensors, and (3) strength (leg press and bench press 1
repetition maximum [1RM]). The same measures were made
in our young reference groups and compared with the older
men’s values at baseline and after 12 and 22 weeks of training
of the older men. Before and after the 22 weeks of training in
older men, urinary 3-methylhistidine, an indicator of muscle
protein catabolism, was also assessed. This was assessed to
determine whether reduced protein catabolism with training
influenced increases in lean tissue mass and strength. Older
men also completed dietary records for 3 days at baseline and
after 12 and 22 weeks of training to assess whether diet
(energy, macronutrient content) changed over time. Detailed
procedures for strength (11), body composition and muscle

thickness (5), 3-methylhistidine (6), and the resistance
training program and diet (7) have been previously described.
Therefore, only an overview of the procedures is presented.

Subjects

Twenty healthy older men (age = 64.76 5.0 yr, range: 60–71 yr;
mass = 85.0 6 18.9 kg, height = 171 6 15 cm) who were not
performing resistance training for at least 15months volunteered
for the study, which occurred between January and May,
through advertising in a local newspaper. This study was
approved by the ethics review board and the subjects signed an
informed consent document after having the risks and benefits
explained. We chose to recruit adults 60 years of age or older
because this is the approximate time where significant decreases
in physical activity, muscle mass, and strength occur (15). Three
groups of young males were used for comparisons with the
older men: 1 for comparison of lean tissue mass (n = 57; age =
24.56 4.5 yr; mass = 81.66 13.5 kg; height = 1786 8 cm), 1 for
comparison of muscle thicknesses (n = 22; age = 22.06 3.3 yr;
mass = 80.8 6 11.8 kg; height = 179 6 5 cm (5), and 1 for
comparisons of bench press and leg press strength (n= 60; age =
26.6 6 6.2 yr; mass = 80.9 6 14.7 kg; height = 178 6 8 cm).
Baseline physical activity was assessed by having the older

menfill out a leisure time exercise questionnaire (17) in which the
number of times per week, on average, was determined for
strenuous exercise (e.g., running, jogging, bicycling), moderate
exercise (e.g., fast walking, tennis, badminton), and mild exercise
(e.g., yoga, gardening). The younger males who had muscle
thickness measurements (n= 22) also filled out baseline physical
activity questionnaires. All the young subjects were physically
active but not currently involved in resistance training.
The older subjects were instructed not to change their diet

or engage in physical activity that was not part of their normal
daily routine during the study. Subjects were required to fill
out a Physical Activity Readiness Questionnaire, which
assesses an individual’s readiness for participation in exercise
programs and includes questions related to heart conditions,
angina at rest or during physical exercise, balance, and bone or
joint problems that may affect exercise performance. Subjects
were classified as healthy if they did not indicate any of these

health problems. Subjects were
informed of the experimental
risks and signed an informed
consent document before the
investigation. The investigation
was approved by an institu-
tional review board for use of
human subjects.

Procedures

Resistance Training Program. Be-
fore the start of the study, each
older subject familiarized him-
self with the resistance training
equipment by participating in
supervised training sessions

Figure 1. Lean tissue mass (kg) at week 0, 12, and 22 for older subjects (n = 17).
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(3 times/wk for 2 wk) to reduce the amount of learning that
may occur during the initial stages of resistance training (10).
Older subjects followed the same high-volume supervised
resistance training program for 22 weeks (i.e., 66 training
sessions). They trained 3 days/week for 3 sets of 10
repetitions to muscle fatigue with 2 minutes of rest between
sets for each exercise (5 upper body, 4 lower body) at an
intensity corresponding to approximately 70% 1RM for the
leg press and bench press and a weight corresponding to
their 10RM for other exercises. Machine-based resistance
exercises performed in order were horizontal leg press, flat
bench press, lat pull down, shoulder press, leg (knee)
extension, leg curl (knee flexion), biceps curl, triceps press
down, and horizontal calf press. We chose to use machine--
based exercise equipment for our training program in older

adults because they are consid-
ered safer to use and easier to
learn than free weights (31),
and the use of machine-based
equipment lead to greater im-
provements in machine-based
strength tests (3). Leg press and
calf press exercises were per-
formed using Hammer
Strength equipment (Life Fit-
ness, Franklin Park, IL, USA),
bench press, shoulder press, lat
pull down and biceps curl
exercises were performed using
Lever equipment (Pulse Fitness
Systems, Winnipeg, Canada),
and triceps extension was per-
formed using Paramount Fit-

ness equipment (Apple Fitness, Edmonton, Canada).
Resistance was increased by 2 to 5 kg once a subject
completed 3 sets of 10 repetitions to muscle fatigue for an
exercise.

Body Composition. Body composition (body mass, lean tissue,
fat mass) was assessed by air-displacement plethysmography
(Bod Pod, Life Measurement, Inc., Concord, CA, USA).
Reproducibility of the Bod Pod was assessed by testing 17
older subjects (60–71 yr) 1 week apart. The coefficients of
variation for body mass, lean tissue mass, and fat mass were
0.3%, 1.7%, and 2.5% respectively. The intraclass correlation
coefficients (ICC) for these measurements were all 0.99.

Muscle Thickness. Muscle thickness of the elbow and knee
flexors and extensors and ankle dorsiflexors and plantar

Figure 2. Lean tissue mass (kg) at baseline (week 0) and after 12 and 22 weeks of resistance training in older men
(n = 17) compared with younger men (n = 57). Values are means 6 SD. *Week 22 significantly different than
pretraining values (p , 0.05). †Significantly different compared with younger men (p , 0.05).

TABLE 1. Muscle thickness measurements (cm) for elbow and knee flexors and extensors and ankle dorsiflexors and
plantar flexors in older men (n = 17) over 22 weeks of heavy resistance training compared with younger men (n = 22).*

Older men

Younger men Baseline Week 12 Week 22 Effect size

Muscle group
Elbow flexors 3.2 6 0.5 2.8 6 0.4† 3.3 6 0.8§ 3.3 6 0.4§ 1.3
Elbow extensors 4.0 6 0.5 4.1 6 0.4 4.8 6 0.8‡§ 4.9 6 0.8‡§ 2.0
Knee flexors 5.5 6 0.5 4.7 6 0.8† 5.1 6 0.8†§ 5.1 6 0.8§ 0.5
Knee extensors 4.2 6 1.0 3.6 6 0.8† 3.9 6 0.8†§ 4.0 6 0.8§ 0.5
Ankle plantar flexors 4.4 6 1.4 3.2 6 0.8† 3.7 6 0.8§ 4.1 6 0.8§ 1.1
Ankle dorsiflexors 2.7 6 0.5 2.2 6 0.4† 2.4 6 0.4† 2.5 6 0.4§ 0.8

Total 24.0 6 0.5 20.6 6 0.4† 23.2 6 0.8†§ 27.2 6 0.8§

*Values are means (cm) 6 SD. Effect size: small (,0.5), moderate (0.5–0.8), or large (.0.8).
†Indicates values for older men are less than values for younger men (p , 0.05).
‡Indicates older men had greater elbow extensor muscle thickness compared with younger mean men (p , 0.05).
§Indicates muscle thickness was greater than baseline values (p , 0.05).
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flexors was measured using B-Mode ultrasound (Aloka
SSD-500, Tokyo, Japan). Reproducibility of muscle thickness
measurements was determined by testing 16 subjects (60–76
yr) 1 week apart. The coefficients of variation for muscle
thickness measurements were 2.5% (elbow flexors), 2.2%
(elbow extensors), 3.6 % (knee flexors), 2.1% (knee
extensors), 3.3% (ankle plantar flexors), and 4.0% (ankle
dorsiflexors) (5). The ICCs for each measure were 0.96
(elbow flexors), 0.88 (elbow extensors), 0.99 (knee flexors),
0.99 (knee extensors), 0.98 (ankle plantar flexors), and 0.87
(ankle dorsiflexors).

Muscular Strength. Leg press and bench press strength was
assessed using a 1RM standard testing procedure (11). These
2 exercises were chosen as an index of muscular strength
because they involve the major muscle groups in the lower
and upper body. Reproducibility of the strength measures
was assessed on 10 subjects (60–84 yr) 1 week apart. The leg
press and bench press strength measures had coefficients of
variation of 3.8% and 3.1%, respectively (11). The ICC for
both measures was 0.99.

3-Methylhistidine. For the mea-
surement of 3-methylhistidine,
an index of muscle protein
catabolism, urine was collected
during the last 24 hours of
a 72-hour meat-free diet imme-
diately before and immediately
after the study. A meat-free diet
was implemented because meat
consumption increases urinary
3-methylhistidine values and
may falsely represent an increase
in muscle protein turnover (27).
The concentration of 3-meth-
ylhistidine was determined by
high-performance liquid chro-
matography using the methods

of Wassner et al. (40) with modification for sample volumes.
The intra-assay coefficient of variation from duplicate samples
from 27 subjects (60–71 yr) was 5.1% (7), and the ICC was
0.99. The daily amount of 3-methylhistidine excreted by each
subject was determined by multiplying the concentration by
the 24-hour urine volume. This amount of 3-methylhistidine
was then expressed relative to lean tissue mass (mmol/kg) (7).

Diet. Dietary intake was recorded using 3-day food records in
which subjects recorded what they ate during 2 weekdays and
1 weekend day. Subjects were instructed to record all food
items, including portion sizes consumed for the 3 designated
days. The Interactive Healthy Eating Index (Center for
Nutrition Policy and Promotion, United States Department of
Agriculture) was used to analyze 3-day food records for the
amounts of nutrients and energy consumed. Food records
were completed on days thatwere separate from themeat-free
diet imposed for the 3-methylhistidine assessment. A portion
of the younger males (n = 19) who had lean tissue mass and
strength measurements completed dietary intake question-
naires that were used for comparison with the older group.

Statistical Analyses

Repeated measures analysis
of variance (ANOVA) (pre,
wk 12, wk 22) was used to
assess changes in body compo-
sition (body mass, lean tissue,
fat mass), muscle thickness,
strength, 3-methylhistidine, and
diet in older men over time.
Effect sizes (ES) were deter-
mined for these changes and
classified as small (,0.5), mod-
erate (0.5–0.8), or large (.0.8)
according to Cohen (12). Sep-
arate 1-factor ANOVAs were
used to compare physical

Figure 3. Leg press strength (kg) at week 0, 12, and 22 for older subjects (n = 17).

Figure 4. Bench press strength (kg) at week 0, 12, and 22 for older subjects (n = 17).
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activity levels at baseline and lean tissue mass, muscle
thicknesses, strength and dietary variables at baseline, after 12
weeks, and after 22 weeks of resistance training in the older
men compared with younger reference groups. When main
effects were found, a least squared difference post hoc test
was used to determine differences between means. All of our
results were normally distributed, and Levine’s test was used
to confirm homogeneity of variance for our comparisons
between young and old groups. The Greenhouse-Geisser
adjustment was used to adjust for any violations in sphericity
in our repeated measures ANOVAs. All results are expressed
as mean 6 SD. Significance was set at p # 0.05.
To assess whether we had adequate power to determine

whether mean values between the older and younger groups
were equivalent after training of the older group, we first
determined theoretical differences in lean tissue mass and
strength between younger and older groups that would
constitute a clinically significant difference (i.e., that would
lead to functional impairment in the older group) (22). We

then performed power calcula-
tions using our subject num-
bers, the mean for the younger
group, the theoretical mean for
the older group if they were
to have functional deficiencies
(i.e., deficiencies in the ability to
perform tasks of daily living),
the SD of the younger group
(which we considered the
‘‘control’’ group), and an alpha
of 0.05. Power was considered
acceptable at 80% or greater.

RESULTS

Lean tissue mass was signifi-
cantly lower at baseline in older

compared with younger subjects (p, 0.05). Lean tissue mass
progressively increased over the 22 weeks of resistance
training in the older men (+2.0 6 7.3 kg, p , 0.05, ES: 0.3 =
small) (Figure 1).
At week 12, older men still had lower lean tissue mass

compared with younger men (p , 0.05). However, after 22
weeks of training, lean tissue mass in the older men was
similar to the younger group (Figure 2).
All muscle thickness measurements, except for the elbow

extensors, were significantly lower at baseline in the older
compared with younger subjects (p, 0.05) (Table 1). Muscle
thickness significantly increased in all muscle groups with 22
weeks of training in the older men (p , 0.05) (Table 1). At
week 12, muscle thickness of the elbow and knee flexors and
extensors and ankle plantar flexors was greater than
pretraining values. After 22 weeks of training, ankle
dorsiflexor muscle thickness was greater than pretraining
values. There was no greater increase in elbow and knee
flexor and extensor and ankle plantar flexor muscle thickness

from weeks 12 to 22. After
12 weeks of training, muscle
thickness of the elbow flexors
and ankle dorsiflexors was
similar between younger and
older men, with elbow extensor
muscle thickness actually being
greater in the older men (p ,

0.05). After 22 weeks of train-
ing, the older men no longer
differed from the younger men
for muscle thickness of the knee
flexors and knee extensors and
ankle plantar flexors (Table 1).
At baseline, bench press and

leg press strength were signifi-
cantly lower in the older com-
pared with the younger subjects
(p , 0.05). A progressive

Figure 5. Leg press strength (kg) at baseline (week 0) and after 12 and 22 weeks of resistance training in older
men (n = 17) compared with younger men (n = 22). Values are means6 SD. *Significantly different than pretraining
values (p , 0.05). †Significantly different compared with younger men (p , 0.05).

Figure 6. Bench press strength (kg) at baseline (week 0) and after 12 and 22 weeks of resistance training in older
men (n = 17) compared with younger men (n = 22). Values are means6 SD. *Significantly different than pretraining
values (p , 0.05). †Significantly different companed with younger men (p , 0.05).

330 Journal of Strength and Conditioning Research
the TM

Resistance Training in Older Males

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.

Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.



increase in leg press strength (+55.0 6 40.5 kg, p , 0.05, ES:
1.6 = large) (Figure 3) and bench press (+32.06 18.8 kg, p,
0.05, ES: 1.8 = large) (Figure 4) was evident with 22 weeks of
training of the older group. At week 12, leg press strength was
similar between younger and older men (Figure 5), but bench
press strength was still lower for older men (Figure 6).
However, after 22 weeks of training in the older men, bench
press strength was similar to the younger group (Figure 6).
Measurement of usual physical activity showed that

younger men performed more strenuous exercise (younger:
3.1 6 4.2, older: 1.161.9 times/wk; p , 0.05) and moderate
exercise (younger: 3.5 6 3.7, older: 2.0 6 2.4 times/wk; p ,

0.05) compared with the older men. Younger and older men
participated in similar levels of mild exercise (younger: 4.6 6

3.1, older: 3.8 6 4.3 times/wk). Thirteen older subjects were
able to provide 3-day food records at baseline and after 12
and 22 weeks of resistance training. Total energy (Kcal) and
macronutrient intake did not change over the study time
period and did not differ from values for younger men
(Table 2). Twelve older subjects were able to provide 24-hour
urine samples at baseline and after 12 and 22 weeks of
resistance training. 3-methylhistidine was significantly
reduced over the 22 weeks of training (baseline: 4.5 6

1.4 mmol/kg lean tissue, wk 22: 3.1 6 2.1 mmol/kg lean
tissue, p , 0.05; ES: 1.0 = large), with no other differences.

DISCUSSION

As expected, heavy resistance training in the older men
increased muscle mass (ES: 0.3 = small) and strength (ES:
1.7 = large). However, a unique and important finding from
this study was that only 12 weeks of resistance training in
healthy oldermenwas sufficient to eliminate deficits inmuscle
size of the elbow flexors (ES: 1.25 = large) and ankle dorsi-
flexors (ES: 0.75 =moderate) and leg press strength (ES: 1.6 =
large) when compared with measures in healthy younger
men. An additional 10 weeks of resistance training eliminated
remaining deficits in lean tissuemass (ES: 0.3 = small), muscle
thickness of the elbow extensors (ES: 2.0 = large), knee flexors
(ES: 0.5 = moderate), and extensors (ES: 0.5 = moderate),
ankle plantar flexors (ES: 1.1 = large) and bench press strength

(ES: 1.8 = large). Before the resistance training program, most
of the differences between the younger and older group in lean
tissue mass, muscle thickness, and strength were of clinically
significant levels; that is, they would predict a decrease in
physical functioning during activities of daily living (4,26,28).
A decrease in lean tissue mass of approximately 10% from

young to older age leads to a clinically significant reduction in
muscular strength of 20% (i.e., a level that might result in
functional impairment) (26,28). With our subject numbers,
the power to detect a 10% difference for lean tissue mass
between the younger and older groups was 90%. As shown in
Figure 2, the approximate difference between younger and
older groups for lean tissue mass at baseline was 9%,
approaching a level of clinical/biological significance. After
22 weeks of training of the older group, the difference was
only 6% and no longer of clinical significance.
A decrease of arm muscle mass of 8% and leg muscle mass

of 12% from young to older age leads to a clinically significant
reduction in muscular strength of 20% (28). With our subject
numbers, the power to detect these differences for muscle
thickness between the younger and older groups was
inadequate (i.e., 19–44%) except for knee flexors (99%). As
seen in Table 1, the approximate differences between
younger and older groups for muscle thicknesses at baseline
was at a clinically significant level for all muscle groups
except the elbow extensors, with deficits ranging from 13% to
27%. After resistance training, none of the differences were at
a clinically significant level, with upper-body muscle size
slightly higher in the older group and with deficits in lower-
body muscle thicknesses ranging from 5% to 7%.
A decrease in leg press and bench press strength of

approximately 20% from young to older age leads to a
significant increase in functional limitations (4); therefore, we
considered this decrease to represent a clinically significant
level. With our subject numbers, the power to detect a 20%
difference between the younger and older groups was 80%
for the bench press and 86% for the leg press. As seen in
Figures 5 and 6, the approximate differences between
younger and older groups for bench press and leg press at
baseline were 38% and 27%, respectively, which could be

TABLE 2. Total calories (kcal/d) and macronutrient (g/d) content for 3 days at baseline for younger men (n = 19) and at
baseline and following 12 and 22 weeks of heavy resistance training in older men (n = 13).*

Younger men baseline Older men baseline Older men week 12 Older men week 22

Kilocalories per day 2,423 6 620 2,290 6 649 2,148 6 590 2,333 6 553
Carbohydrates 296 6 95 245 6 69 230 6 78 247 6 101
Fat 89 6 28 93 6 40 82 6 31 97 6 26
Protein 110 6 36 115 6 42 103 6 37 109 6 26

*Values are means6 SD. Data are based on daily average from 3-day food records. No differences were evident in any measures
over time, or between younger and older groups.
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considered clinically significant. After 22 weeks of training in
the older group, these differences were 12% and 4%, which
would no longer be considered clinically significant.
Mechanistically, muscle accretion from resistance training

in older adults may be caused by an increase in muscle protein
synthesis (35), satellite cell activity and content (38), anabolic
hormone production (36), mitochondrial quality and func-
tion (30), and a decrease in catabolic cytokine activity (13).
We found that 22 weeks of heavy resistance training reduced
a urinary indicator of muscle protein catabolism (3-
methylhistidine) by 31% (ES: 1.0 = large) compared with
baseline values. 3-methylhistidine is an amino acid found in
actin and the heavy chain of myosin in skeletal muscle (32),
and when measured in urine is considered to be an indicator
of muscle protein catabolism (27). This reduction in muscle
protein catabolism, coupled with significant muscle hyper-
trophy, suggests that healthy older adults experienced net
muscle protein retention as a result of resistance training.
The only muscle thickness measurement that did not differ

between younger and older men at baseline was for the elbow
extensors (young: 4.06 0.5cm, older: 4.16 0.4 cm) (Table 1).
This is in agreement with 1 other study that assessed muscle
thickness of the elbow extensors in younger and older
individuals (23). An explanation of why elbow extensor
muscle size and not elbow flexor muscle size would be better
maintained with age may be related to changes in the ability
to activate the flexors and extensors with age. Jakobi and Rice
(19) found that elbow extensor muscle activation was
maintained to a greater degree than the ability to activate
the elbow flexors in older versus younger males. These
differences between muscle groups may be the result of a
greater age-related decrease in motor unit discharge rates in
the elbow flexors compared with the elbow extensors (19)
because suboptimal discharge rates may be a possible factor
leading to a decrease in muscle activation (18).
The greatest deficits for muscle size in older compared with

younger men were for lower-body muscle groups (Table 1).
These deficits may have been too large to overcome with 12
weeks of resistance training. Despite the deficits in lower-
bodymuscle groups, older men were able to increase leg press
strength to a similar degree as younger men after only 12
weeks of training. The rapid increase in leg press strength after
12 weeks of training may be the result of neural adaptations
(10). For example, leg press strength was significantly
increased after 10 weeks of resistance training in young
women, with no concurrent gain in leg muscle mass (10).
Multijoint exercises such as the leg press may involve a longer
initial neural adaptation compared with single-joint exercises
such as biceps curl, resulting in delayed muscle hypertrophy
(10). Rutherford and Jones (34) have suggested that, during
the leg press exercise, learning and coordination play a greater
role early in training compared with the arm curl exercise.
The authors further state that with complex exercises such as
the leg press, support muscles may have to increase in
strength or improve their ability to activate muscle

contraction. Therefore, longer training periods (i.e., .12
wk) may be required to increase lower-body muscle mass.
Our results suggest that 22 weeks of resistance training in
older adults is sufficient in duration to increase muscle
hypertrophy and overcome age-related deficits in lower-body
muscle groups.

PRACTICAL APPLICATIONS

The results of this research suggest that structured, supervised
resistance training in healthy older men is sufficient to
eliminate differences in muscle mass and strength between
younger and older men. These findings have application for
the design of resistance training programs for healthy older
adults. Specifically, performing 3 sets of 10 repetitions to
muscle fatiguewith 2minutes of rest between sets for 9whole-
body machine-based exercises 3 days per week for up to 22
weeks is effective for increasing muscle mass and strength of
older men to levels found in young healthy individuals.
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