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ABSTRACT. Fatouros, I.G., A. Kambas, I. Katrabasas, D. Leon-
tsini, A. Chatzinikolaou, A.Z. Jamurtas, I. Douroudos, N. Ag-
gelousis, and K. Taxildaris. Resistance training and detraining
effects on flexibility performance in the elderly are intensity-
dependent. J. Strength Cond. Res. 20(3):634–642. 2006.—The
present investigation attempted to determine whether resis-
tance exercise intensity affects flexibility and strength perfor-
mance in the elderly following a 6-month resistance training and
detraining period. Fifty-eight healthy, inactive older men (65–
78 yrs) were randomly assigned to 1 of 4 groups: a control group
(C, n � 10), a low-intensity resistance training group (LI, n �
14, 40% of 1 repetition maximum [1RM]), a moderate-intensity
resistance training group (MI, n � 12, 60% of 1RM), or a high-
intensity resistance training group (HI, n � 14, 80% of 1RM).
Subjects in exercise groups followed a 3 days per week, whole-
body (10 exercises, 3 sets per exercise) protocol for 24 weeks.
Training was immediately followed by a 24-week detraining pe-
riod. Strength (bench and leg press 1RM) and range of motion
in trunk, elbow, knee, shoulder, and hip joints were measured
at baseline and during training and detraining. Resistance
training increased upper- (34% in LI, 48% in MI, and 75% in
HI) and lower-body strength (38% in LI, 53% in MI, and 63% in
HI) in an intensity-dependent manner. Flexibility demonstrated
an intensity-dependent enhancement (3–12% in LI, 6–22% in
MI, and 8–28% in HI). Detraining caused significant losses in
strength (70–98% in LI, 44–50% in MI, and 27–29% in HI) and
flexibility (90–110% in LI, 30–71% in MI, and 23–51% in HI) in
an intensity-dependent manner. Results indicate that resistance
training by itself improves flexibility in the aged. However, in-
tensities greater than 60% of 1RM are more effective in produc-
ing flexibility gains, and strength improvement with resistance
training is also intensity-dependent. Detraining seems to re-
verse training strength and flexibility gains in the elderly in an
intensity-dependent manner.

KEY WORDS. flexibility, resistance training, detraining, elderly,
strength

INTRODUCTION

F
lexibility is the ability to move a joint through
its full range of motion, and it is largely de-
pendent on the integrity of structures such as
bone, muscle, and connective tissue and on
factors such as pain development and the

muscle’s ability to produce an adequate amount of force
(1, 2). Aging is strongly associated with significant losses
in range of motion in both sexes (30). Flexibility declines
20–50% between the ages of 30 and 70 years, depending
on the joint examined (11). Flexibility losses with aging

have been associated with muscle disuse and with soft
tissue restraints such as collagen alterations, mechanical
stress, disuse, and degenerative diseases (2), and are re-
lated to a deterioration of functional abilities (5, 17) and
health status (17) of older individuals. This leads to dys-
function and inability to perform everyday activities such
as getting up from a chair, walking, and climbing stairs
(5). To the contrary, increasing muscular activity might
slow the rate of flexibility loss in older adults (51) while
improving several musculoskeletal disorders (43). Previ-
ous investigations have reported that older persons who
maintain high levels of muscular strength and flexibility
rarely participate in long-term health care programs (22).

Resistance training has been linked to significant im-
provement in health- and performance-related parame-
ters in the elderly, such as muscle force, endurance, body
composition, bone quality, postural stability, fall preven-
tion, and quality of life (2, 12). However, there is limited
information regarding strength training’s effects on flex-
ibility in the elderly. When weights were combined with
stretching exercises, joints’ passive range of motion was
significantly enhanced (46). Most studies that examined
the effects of training on flexibility have employed
stretching exercises in their training protocol, making it
difficult to distinguish the independent effects of resis-
tance training on flexibility changes. Only 2 previous
studies have examined the independent effects of resis-
tance training on flexibility; these studies indicated that
16 weeks of weight training increased range of motion in
several joints of older men, possibly because of an im-
provement in muscle strength after 16 weeks of training
(3, 14). It has been suggested that resistance exercises
enhance the tensile strength of tendons and ligaments,
muscle mass, and contractility (37, 44) or decrease tendon
rupture with age (4), even though these findings have not
been confirmed by other investigations. The present
study seeks not only to confirm that strength training
may positively affect joint range of motion, but also to
determine the optimal resistance training intensity range
for inducing flexibility enhancement in older adults.

In many instances, previously resistance-trained older
adults may need to abstain from systematic exercise be-
cause of illnesses or other health-related problems. Pre-
vious investigations reported that strength can be main-
tained for 5–27 weeks following training cessation (de-
training) in older adults (13, 20, 24, 31, 32, 42, 47). How-
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TABLE 1. Subjects’ aerobic capacity and physical activity levels, as well as average intensity and average number of repetitions
that subjects in each exercise group performed throughout the study (values are mean � SD).*

C LI MI HI

Age (y)
Height (m)
Weight (kg)
V̇O2max (ml·kg�1·min�1)
Baecke questionnaire score
Activity level†

69.8 � 5.1
1.65 � 0.9
80.3 � 9.8
16.5 � 2.5
7.91 � 1.2

Low

71.1 � 3.6
1.63 � 1.2
81.2 � 12.0
16.1 � 2.5
8.14 � 1.2

Low

69.7 � 3.8
1.65 � 1.6
80.1 � 9.2
15.9 � 1.3
8.09 � 0.9

Low

70.8 � 2.8
1.67 � 1.1
82.0 � 10.1
16.3 � 2.1
7.98 � 0.7

Low

* C � Control group; LI � low-intensity training group; MI � moderate-intensity training group; HI � high-intensity training
group.

† According to Baecke Physical Activity Questionnaire.

ever, there is limited information regarding flexibility
changes following strength detraining. Moreover, the ef-
fects of training intensity level on strength and flexibility
adaptations during detraining have not been examined so
far. Therefore, the purpose of this study was to determine
the role of strength-training intensity on strength and
flexibility adaptations of older men following (a) 24 weeks
of strength training and (b) 24 weeks of detraining.

METHODS

Experimental Approach to the Problem

The present investigation was designed to address 3 re-
search questions or hypotheses: (a) Is the beneficial effect
of resistance training on joint range of motion of older
adults confirmed? (b) If resistance training does improve
flexibility in the elderly, does intensity influence the mag-
nitude of flexibility adaptations in this population? (c)
What is the rate of flexibility and strength performance
deterioration following a prolonged period of detraining,
and how is this associated with the intensity previously
used during training? It must be emphasized that our
intention was not to compare resistance training and flex-
ibility training. Although flexibility exercises have been
shown to improve joint range of motion (10, 11, 40), the
role of resistance training in improvement of range of mo-
tion in the elderly is less clear. Therefore, the goal of this
investigation was to study the impact of resistance train-
ing per se on flexibility performance and whether this is
associated with training intensity. Moreover, limited data
exist on detraining effects on strength and flexibility per-
formance in the elderly. Therefore, a randomized, con-
trolled-trial, repeated-measurements design with 4
groups was utilized. During the first visit, subjects were
examined by trained physicians for health complications
that could prevent them from participating, and were giv-
en a physical activity questionnaire to complete at home
and submit at the second visit. In the second visit, sub-
jects had body height and weight measured, and they un-
derwent a progressive diagnostic treadmill test to ex-
haustion (GXT) to evaluate their V̇O2max. During the
third and fourth visits, subjects underwent 2 low-resis-
tance strength-training sessions in order to familiarize
themselves with the training equipment and to practice
proper lifting techniques. In the fifth visit, subjects had
their strength and flexibility measured. Thereafter, sub-
jects were randomly assigned to 1 of 4 groups: control
group (C, n � 10), low-intensity resistance training group
(LI, n � 14), moderate-intensity resistance training group
(MI, n � 12), and high-intensity resistance training group
(HI, n � 14). Subjects in exercise groups trained for 24

weeks, whereas subjects in C participated only in mea-
surements. Training was followed by a 24-week period of
resistance training cessation (detraining). Joint range of
motion and muscular strength was measured at baseline,
posttraining, and following 3 and 6 months of detraining.

Subjects

Fifty-eight Caucasian men volunteered to participate in
the present study. After being informed of all risks, dis-
comforts, and benefits involved, subjects signed a written
informed consent regarding their participation. Proce-
dures were in accordance with ethical standards of the
Investigational Review Committee at the department at
which the work was conducted and with the Helsinki Dec-
laration of 1975. Subjects’ physical characteristics are
shown in Table 1.

Subjects’ participation was allowed if: (a) They were
completely inactive prior to the study. This was indicated
by V̇O2max below 20 ml·kg�1·min�1, which for men over
60 yrs of age coincides with the 10th percentile of the
population (Table 1) (1), and a score below 9.0 in the Mod-
ified Baecke Questionnaire for Older Adults (Table 1)
(51). (b) They were free of health problems and potentially
damaging orthopedic and neuromuscular limitations. (c)
Their resting blood pressure was below 160/100 mm Hg.
Subjects who were on antihypertensive medications (14
men) maintained their medication throughout the study.
(d) Subjects underwent a GXT (modified Bruce protocol)
and a 12-lead electrocardiogram (ECG) to determine their
heart rate, blood pressure, and ECG responses at rest and
during submaximal and maximal exercise (1). Subjects
were excluded if the test was terminated because of signs
indicative of serious cardiovascular or respiratory com-
plications or if blood pressure exceeded 240/110 mm Hg
during the test (1).

Procedures

Measurement of Aerobic Capacity. V̇O2max was deter-
mined (Table 1) before training under the supervision of
a physician to determine subjects’ fitness levels. V̇O2max
was determined during a GXT on a treadmill (modified
Bruce protocol) with continuous monitoring of blood pres-
sure, 12-lead ECG, and ratings of perceived exertion (6–
20 Borg scale) during exercise and recovery (1). A
SensorMedics (Yorba Linda, CA) Vmax 29 pulmonary gas
exchange system was used to evaluate the participants’
V̇O2max. Oxygen uptake was measured continuously via
breath-by-breath analysis (averaged every 60 seconds)
with the use of a computerized online system. V̇O2max
had been attained if there was no further increase in V̇O2
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TABLE 2. Description of the training program.*

C LI MI HI

Resting interval (min)
Average number of repetitions
Average intensity (%)

N/A
N/A
N/A

2
14.6 � 0.8
46.9 � 2.3

4
10.1 � 1.1
62.8 � 3.0

6
7.9 � 0.4

82.2 � 1.8
Duration: 16 weeks
Frequency: Three training sessions/week
Exercises: Chest press, leg extension, shoulder press, leg curls, lat pull down, leg press, arm curls, triceps extensions, ab crunches,

low back raises

* C � control group; LI � low-intensity training group; MI � moderate-intensity training group; HI � high-intensity training
group.

with increasing work rate (leveling off), age-predicted
maximal heart rate was attained, and respiratory ex-
change ratio was greater than 1.10. These criteria were
met by 95% of the subjects.

Measurement of Maximal Strength. Maximal strength
was determined with the 1 repetition maximum (1RM)
strength test. Prior to 1RM testing, subjects underwent a
familiarization period (2 very low-resistance training ses-
sions) in order to teach proper lifting and control for large
early gains in strength because of motor learning and re-
duce injury risk (31). Maximal strength was measured
bilaterally with subjects positioned on Universal (Irvine,
CA) leg press (lower-body strength) and chest press (up-
per-body strength) equipment. Following a 10-repetition
(low resistance) warm up, a resistance was selected that
was estimated to be slightly below each subject’s 1RM
value. Subjects were instructed to lift that weight only
once. Upon completion, resistance was increased and an-
other trial was performed after a 3-minute rest. The same
procedure was repeated until subjects could not lift the
weight 1 time with the proper technique. The last resis-
tance completed was recorded as the 1RM value. For each
1RM assessment, the same number of trials, time be-
tween trials, lifting technique, body position, and seat ad-
justments were used. In order to ensure that 1RM was
not underestimated, 3 familiarization sessions were com-
pleted prior to testing and 2 maximal strength testing
sessions were performed at baseline (39). The intraclass
correlation coefficients for 1RM measurements in all ex-
ercises between testing sessions (test-retest trials) ranged
from 0.89 to 0.96.

Measurement of Flexibility. A 3-minute dynamic warm
up (cycling) and light stretching preceded flexibility test-
ing. Ranges of motion for hip flexion and extension, shoul-
der extension and flexion, and knee and elbow flexion
were determined by goniometry (38). Trunk flexibility
was evaluated by the modified sit-and-reach test (1). It
has been found that for adult males the sit-reach test cor-
relates well with hamstring flexibility (r � 0.89) and mod-
erately well with low-back flexibility (r � 0.59) (25). Three
consecutive measurements on each test were taken and
the best score was recorded. Coefficients of variation for
test-retest trials were 2.9% for shoulder extension, 5.3%
for shoulder flexion, 4.8% for hip flexion, 2.8% for hip ex-
tension, 1.5% for elbow flexion, 1.7% for knee flexion, and
3.2% for trunk flexibility.

Training. Subjects in the control group did not train
and participated only in the measurement procedures.
Subjects in exercise groups completed a 3–5 minute warm
up consisting of cycling at approximately 40–50% of max-
imal heart rate before commencing daily training (in or-
der to assess the independent effects of weight training

on flexibility, stretching was not performed). Each train-
ing session lasted approximately 60 minutes. Blood pres-
sure was measured (mercury sphygmomanometer, Stand-
by 0250; W.A. Baum Co., Inc., Copiague, NY) before ex-
ercise, every 20 minutes during exercise, and during re-
covery until stabilized to pre-exercise levels. Heart rate
was recorded continuously (Polar Heart Rate Monitor
M21; Polar, Adelaide, Australia).

Subjects exercised on 8 Universal resistance exercise
machines, selected to stress the major muscle groups, in
the following order: chest press, leg extension, shoulder
press, leg curls, latissimus pull-down, leg press, arm curl,
and triceps extension. Participants also performed ab-
dominal crunches and lower back exercises. The number
of sets and repetitions during the training program for
the latter 2 exercises were as follows: 1 set of 6 repetitions
each in weeks 1–4, 2 sets of 8 repetitions each in weeks
5–12, 3 sets of 10 repetitions each in weeks 13–20, and 4
sets of 10–12 repetitions each in weeks 21–24. For the
former 8 exercises, subjects in all groups performed 2 sets
of each exercise in weeks 1–8, and 3 sets of each exercise
thereafter. Subjects performed at approximately 45–50%
of 1RM in LI (the lower limit of American College of
Sports Medicine [ACSM] recommendations for exercise
for the elderly) (1), at 60–65% of 1RM in MI, and at 80–
85% of 1RM in HI (the upper limit of ACSM recommen-
dations for exercise for the elderly) (1). Table 1 shows the
average number of repetitions and average intensity in
each group. The 1RM of each exercise was retested every
4 weeks so that resistance could be adjusted properly. The
1RM intraclass correlation coefficient for repeated mea-
surements ranged between 0.89 and 0.95 for all exercises.
Participants were instructed to perform each repetition
in 6–9 seconds (raise the weight in 2–3 seconds, pause for
2–3 seconds, lower the weight for 2–3 seconds) with a
pause of 3–5 seconds between repetitions and 2, 4, and 6
minutes rest between sets (for LI, MI, and HI respective-
ly) (14). A description of the training program is given in
Table 2.

Detraining. Following completion of the resistance-
training program, subjects in LI, MI, and HI were in-
structed to resume their normal lifestyles and avoid any
type of systematic exercise for 24 weeks. During detrain-
ing, subjects were contacted systematically to ensure that
they were not engaged in regular exercise.

Statistical Analyses
Mean � SD was calculated. One-way ANOVA was con-
ducted initially to examine whether there were differenc-
es among the 4 groups in pretraining values for each de-
pendent variable. Repeated-measures multivariate AN-
OVA (MANOVA; time � treatment) was performed on
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each dependent variable to detect differences in each
group for each time point. When F ratios were significant,
means post hoc comparisons were analyzed with Scheffé’s
multiple comparison tests. A 1-way ANOVA was applied
on the delta differences between different time points to
compare the groups’ effectiveness in changing the status
of each dependent variable at each time point of mea-
surement. When F ratios were significant, post hoc com-
parisons of means were analyzed with Scheffé’s multiple
comparison tests. Statistical significance was accepted at
p � 0.05.

RESULTS

Eighty-five men volunteered to participate. Twenty-three
men were excluded because they did not meet the selec-
tion criteria (5 were too frail, 12 had medical limitations,
and 6 were too fit) and 5 declined participation. During
training, 4 more men (1 each from HI and MI and 2 from
LI) were asked to stop because they had missed more
than 3 training sessions up to that point, and 3 more (1
each from HI, MI, and LI) stopped because of injury (all
stopped within the first 4 weeks). There were no differ-
ences between individuals who dropped out of the study
and those who completed the study with regard to phys-
ical activity or V̇O2max. Participants in exercise groups
were required to complete 72 training sessions (98% com-
pliance was achieved).

There were no differences among the 4 groups for age,
height, or physical activity level at baseline (Table 1). All
participants demonstrated a low level of fitness (V̇O2max
below 20 ml·kg�1·min�1 and very low Baecke question-
naire score) with no differences detected between groups
(Table 1). Subjects exercised at approximately 47, 63, and
83% of 1RM in LI, MI, and HI respectively (Table 2). The
average number of repetitions was 14.6 � 0.8, 10.1 � 1.1,
and 7.9 � 0.4 for LI, MI, and HI, respectively (Table 2).

Joint range of motion changes are shown in Table 3.
There were no differences among the 4 groups at baseline
in all outcome variables. Trunk flexibility increased (p �
0.05) in all exercise groups posttraining (13% in LI, 22%
in MI, and 26% in HI), with MI and HI being more effec-
tive (p � 0.05) than LI. Detraining reversed these adap-
tations in LI but not in MI and HI, which remained above
baseline values. Elbow flexion increased (p � 0.05) in all
exercise groups following training (3% in LI, 6% in MI,
and 8% in HI), with MI and HI being more effective (p �
0.05) than LI. Shoulder flexion and shoulder extension
followed a similar pattern, showing increases (p � 0.05)
in all exercise groups following training (4% in LI, 8% in
MI, and 8% in HI for shoulder flexion, and 14% in LI,
22% in MI, and 28% in HI for shoulder extension) with
MI and HI being more effective (p � 0.05) than LI. Train-
ing-induced gains in elbow flexion, shoulder extension,
and shoulder flexion were minimized following detraining
in LI but remained above (p � 0.05) baseline levels in MI
and HI. Hip flexion performance demonstrated no signif-
icant changes (p � 0.05) during training or detraining.
Training induced an elevation (p � 0.05) of knee flexion
performance (5% in LI, 11% in MI, and 14% in HI), with
MI and HI being more effective (p � 0.05) than LI. Hip
extension increased significantly (p � 0.05) only in MI
and HI (20% and 28%, respectively). Knee flexion and hip
extension remained above baseline values throughout de-
training.

Strength changes are seen in Table 4. No differences

were noted between groups in upper- or lower-body
strength pretraining values. Chest press 1RM perfor-
mance increased (p � 0.05) in all exercise groups follow-
ing training in an intensity-dependent manner (34% in
LI, 48% in MI, and 73% in HI). Three months of detrain-
ing decreased (p � 0.05) strength gains in all groups, also
in an intensity-dependent manner. Strength gains were
abolished in LI and showed an additional deterioration in
MI and HI following 6 months of detraining. Strength
losses in MI were greater (p � 0.05) than those in HI at
the end of detraining. Training induced an intensity-de-
pendent elevation (p � 0.05) of leg press 1RM in all ex-
ercise groups posttraining (38% in LI, 53% in MI, and
63% in HI). Lower-body strength performance was de-
creased (p � 0.05) in all groups in an intensity-dependent
manner 3 and 6 months into detraining. However, at the
end of detraining, strength values were still above base-
line (p � 0.05) in all groups.

In Tables 3 and 4, the % column represents percent-
age changes following training and percentage decreases
in training-induced gains (derived by dividing the abso-
lute losses during detraining by the absolute gains during
training).

DISCUSSION

Flexibility is important for maintaining or improving
joint range of motion in the aged. Exercise protocols de-
veloped for the elderly include resistance exercises to de-
velop musculoskeletal fitness in several joints (1). Trunk
flexibility is a predictor of low back pain, which is strong-
ly associated with aging (7). Maintaining proper joint
range of motion may be related to a higher quality of life
and independence of the elderly. For instance, shoulder
flexibility is a predictor of independent living for the el-
derly (12). It has been suggested that older individuals
who maintain adequate levels of strength and flexibility
may abstain from long-term health care (28). The present
investigation examined the effects of low-, moderate-, and
high-intensity resistance training on joint range of motion
and strength of inactive elderly following 24 weeks of
training and detraining of older men. Findings suggest
that training and detraining adaptations in strength and
flexibility performance in the elderly are highly associ-
ated with exercise intensity used.

It has been suggested that when resistance training
exercises are performed through a full range of motion
and engage both the agonist and antagonist muscle
groups, flexibility will be improved (23). However, until
recently, limited published reports supported this positive
impact of resistance training on flexibility both in young
and old adults. Moreover, most studies addressing the im-
pact of resistance training on flexibility performance in-
corporated stretching exercise in the training protocol,
and thus the independent effects of resistance training on
range of motion could not be determined. Massey and
Chauder (33) also noticed a decline in shoulder flexibility
with strength training despite the fact that they did not
include exercises for this type of movement in their train-
ing regimen. Raab et al. (40) observed a reduction in
shoulder abduction when a resistance was used. Further-
more, a study by Girouard et al. (18) indicated that resis-
tance training may inhibit gains in range of motion from
flexibility training in older adults. However, others re-
ported that stretching and resistance training exercise
programs caused an improvement in the range of motion
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TABLE 3. Flexibility changes in the four groups (values are mean � SD).*

C LI % MI % HI %

Trunk flexibility (cm)
Pretraining
Posttraining
Post-3
Post-6

14.9 � 3.9
14.6 � 2.2†‡§
15.0 � 3.0‡§
14.8 � 4.6‡§

14.5 � 2.4
16.4 � 3.2†�#¶
14.9 � 2.9¶#**
14.7 � 1.8¶#

12

89

15.1 � 1.9
18.4 � 3.6‡�¶
17.9 � 3.1‡�¶
17.4 � 3.6‡�¶

22

30

14.8 � 2.8
18.6 � 4.1§�#
18.1 � 3.7§�#
17.5 � 2.8§�#

26

29

Elbow flexion (�)
Pretraining
Posttraining
Post-3
Post-6

116.2 � 9.3
116.5 � 10.5†‡§
116.1 � 6.9‡§
116.0 � 9.8‡§

116.1 � 7.2
119.2 � 7.6†�#¶
115.7 � 10.1¶#**
116.2 � 9.1¶#

3

97

115.7 � 8.1
122.8 � 7.5‡�¶
120.3 � 9.4‡�¶††
119.1 � 8.3‡�¶**††

6

52

115.4 � 8.6
125.0 � 9.3§�#
123.1 � 9.6‡�¶††
121.4 � 8.1‡�¶††

8

32

Shoulder flexion (�)
Pretraining 117.1 � 9.2 116.7 � 8.2 116.5 � 7.9 117.3 � 8.6
Posttraining
Post-3
Post-6

116.8 � 10.1†‡§
116.5 � 8.9‡§
116.6 � 9.1‡§

121.6 � 9.4†�¶#
117.1 � 13.6¶#**
117.0 � 9.6¶#

4

94

125.6 � 11.3‡�¶
124.0 � 9.2‡�¶**
122.0 � 11.9‡�¶**

8

40

126.8 � 13.1§�#
125.1 � 10.5§�#**
123.3 � 10.8§�#**

8

38

Shoulder extension (�)
Pretraining
Posttraining
Post-3
Post-6

39.8 � 1.9
39.6 � 2.6†‡§
39.9 � 3.6‡§
39.5 � 3.0‡§

40.4 � 2.4
45.9 � 4.1†�¶#
41.2 � 3.0¶#**
40.7 � 4.8¶#

12

94

39.5 � 4.2
48.3 � 5.3‡�¶††
46.9 � 4.0‡�¶**††
45.2 � 4.0‡�¶**††

22

35

40.5 � 3.1
51.8 � 6.2§�#††
50.2 � 5.4§�#**††
49.0 � 3.8§�#**††

28

25

Knee flexion (�)
Pretraining
Posttraining
Post-3
Post-6

103.5 � 9.2
103.8 � 8.5†‡§
103.3 � 10.2†‡§
103.2 � 8.3‡§

103.9 � 7.7
108.9 � 8.6†�¶#
105.8 � 7.2†�¶#**
103.5 � 8.3¶#

5

108

104.1 � 6.9
115.9 � 9.8‡�¶
114.4 � 7.9‡�¶
111.9 � 5.1‡�¶**††

11

34

103.4 � 8.0
117.4 � 9.1§�#
115.6 � 12.2§�#
114.2 � 10.6§�#††

14

23

Hip flexion (�)
Pretraining 87.2 � 6.8 86.5 � 8.9 86.3 � 8.8 86.9 � 9.1
Posttraining
Post-3
Post-6

86.9 � 5.9
86.7 � 8.2
86.9 � 7.1

87.0 � 11.4
86.8 � 9.2
86.4 � 7.7

87.2 � 10.4
86.9 � 12.8
86.6 � 6.8

87.7 � 11.2
87.1 � 10.5
86.8 � 9.0

Hip extension (�)
Pretraining
Posttraining
Post-3
Post-6

17.2 � 1.8
17.0 � 2.3‡§
16.8 � 3.1‡§
16.9 � 2.2‡§

16.8 � 1.5
17.1 � 1.1¶#
17.0 � 2.0¶#
16.1 � 3.1¶#

17.4 � 2.4
20.9 � 2.8‡¶#
20.1 � 1.8‡¶#**
18.4 � 2.1‡¶#**††

20

71

16.9 �1.4
21.6 � 1.8§�#
18.5 � 2.0§�#**
19.2 � 2.6§�#**††

28

51

* Data in the % column represent percentage changes following training and percentage decreases in training-induced gains (de-
rived by dividing the absolute losses during detraining by the absolute gains during training). C � control group; LI � low-intensity
training group; MI � moderate-intensity training group; HI � high-intensity training group; Post-3 � 3 months in detraining; Post-
6 � 6 months in detraining.

† Significant difference between C and LI at p � 0.05.
‡ Significant difference between C and MI at p � 0.05.
§ Significant difference between C and HI at p � 0.05.
� Significant difference from pretraining at p � 0.05.
¶ Significant difference between LI and MI at p � 0.05.
# Significant difference between LI and HI at p � 0.05.
** Significant difference from last measurement at p � 0.05.
†† Significant difference between MI and HI at p � 0.05.

of the same magnitude in both young and older men (11,
48). A very recent study indicates that the combination
of resistance training and flexibility training produces a
significant improvement in joint range of motion in older
adults with diabetes (21). In addition, it was shown re-
cently that the addition of weight training to stretching
exercises enhances passive range of motion in healthy el-
derly (46). Furthermore, Barbosa et al. (3) demonstrated
that weight training improves performance in the sit-and-
reach test in elderly women independent of stretching ex-
ercises. Fatouros et al. (14) showed that resistance train-
ing alone improves range of motion in various joints in
healthy inactive elderly. Therefore, it appears that resis-
tance training is an effective exercise mode to enhance

flexibility, which is an important fitness parameter con-
tributing to optimal health and functional status as well
as independent living of the elderly (5, 17, 28). The dis-
crepancy between recent and older studies may be attrib-
uted to several reasons: (a) use of only young partici-
pants (52), (b) no indication of whether stretching exer-
cises were used (33), (c) use of only very-low-resistance
exercises (40), (d) lack of control for other factors that
may affect flexibility (33, 40), (e) different training inten-
sity, frequency, and duration, and (f) different levels of
physical conditioning of the subjects. The data of the pres-
ent study confirm that resistance training does improve
range of motion of multiple joints of the human body.

Flexibility was enhanced (independent of intensity) by
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TABLE 4. Upper and lower body strength changes in the four groups (values are mean � SD).*

C LI % MI % HI %

Chest press 1RM (kg)
Pretraining
Posttraining
Post-3
Post-6

37.5 � 6.2
38.1 � 7.4†‡§
36.9 � 5.5†‡§
35.2 � 6.6‡§

36.9 � 7.1
49.5 � 8.1†�#¶
41.4 � 7.6†�#¶**
38.1 � 9.2¶#**

34

98

37.2 � 8.0
55.2 � 9.0‡�¶††
49.1 � 7.9‡�¶**††
46.3 � 9.4‡�¶**††

48

50

36.4 � 7.5
62.8 � 9.4§�#††
58.5 � 8.8§�#**††
56.2 � 8.3§�#**††

75

29

Leg press 1RM (kg)
Pretraining
Posttraining
Post-3
Post-6

62.5 � 7.7
61.1 � 9.1†‡§
60.9 � 7.1†‡§
61.8 � 8.6†‡§

63.5 � 5.0
87.8 � 6.3†�¶#
74.1 � 9.5†�¶#**
68.8 � 7.0�¶#**

38

70

64.1 � 6.2
97.9 � 9.3‡�¶††
88.1 � 9.9‡�¶**††
83.9 � 6.7‡�¶**††

53

44

63.9 � 8.2
104.4 � 10.6§�#††
98.9 � 10.6§�#**††
93.6 � 9.5§�#**††

63

27

* Data in the % column represent percentage changes following training and percentage decreases in training-induced gains (de-
rived by dividing the absolute losses during detraining by the absolute gains during training). C � control group; LI � low-intensity
training group; MI � moderate-intensity training group; HI � high-intensity training group; 1RM � 1 repetition maximum; Post-3
� 3 months in detraining; Post-6 � 6 months in detraining.

† Significant difference between C and LI at p � 0.05.
‡ Significant difference between C and MI at p � 0.05.
§ Significant difference between C and HI at p � 0.05.
� Significant difference from pretraining at p � 0.05.
¶ Significant difference between LI and MI at p � 0.05.
# Significant difference between LI and HI at p � 0.05.
** Significant difference from last measurement at p � 0.05.
†† Significant difference between MI and HI at p � 0.05.

12–26% in the sit-and-reach test, 3–8% in elbow flexion,
4–8% in shoulder flexion, 12–28% in shoulder extension,
5–14% in knee flexion, and 20–28% in hip extension. The
magnitude of flexibility increase following resistance
training is similar and in some cases greater than the
magnitude of increase in flexibility performance elicited
by flexibility training only. Brown and Holloszy (10) ob-
served similar gains in the range of motion seen in for-
ward bend, straight leg raise, hip extension, and hip in-
ternal rotation in 65-year-old subjects following an un-
supervised flexibility exercise program for 3 months. Mor-
ey et al. (36) found an 11% increase in flexibility (assessed
by hamstring length) following a 2-year program of aer-
obic, strength, and flexibility exercises. In response to a
yoga and flexibility exercise program, Blumethal et al. (8)
observed an 80–90% increase in flexibility in aged men
and women following a 16-week training protocol. Sit-
and-reach performance increased by 9% in 57- to 77-year-
old women as a result of a program incorporating stretch-
ing, walking, and dance movements and by 15% in 72-
year-old women who performed specific spinal mobility
exercises (41). Although it seems that resistance training
offers a useful method to improve range of motion of mul-
tiple joints, it is difficult to compare gains in flexibility
performance elicited by either resistance training or flex-
ibility training (with or without other supplemental train-
ing modalities) because of differences in subjects (men vs.
women) and in training intensity, duration, and frequen-
cy, as well as variance in the initial fitness status of the
subjects. Therefore, it would be beneficial if future re-
search studies were designed to address this issue.

An important observation in the present investiga-
tions is that low-intensity resistance training may en-
hance range of motion in most joints examined, whereas
moderate- and high-intensity resistance training seem to
produce comparable gains in joint range of motion. It ap-
pears that the intensity of 60% of 1RM may constitute a
threshold point regarding flexibility adaptations follow-
ing resistance training. Another observation concerns a

specificity effect of resistance training on joint range of
motion. Hip flexion was the only joint movement not im-
proved and the only joint movement not trained ade-
quately during training based on the types of exercises
used. This type of adaptation has been previously de-
scribed (14).

The role of resistance training intensity on flexibility
performance has not been investigated in the past. Pre-
vious studies have looked only at the relationship be-
tween intensity and strength performance. A few studies
that used circuit programs at intensities between 40 and
55% of 1RM showed no change or a negative impact on
flexibility of younger adults (33, 45). Nevertheless, a dif-
ferent picture applies in older adults. A previous study
that demonstrated an independent effect of resistance
training on flexibility in the elderly utilized an intensity
that ranged from 55 to 80% of 1RM and produced results
of approximately the same magnitude as those of HI in
this study (17). Barbosa et al. (3) used low-to-moderate
resistance training intensity and a larger volume (3–5
sets) compared to the present study for only 10 weeks of
training and found a significant enhancement in sit-and-
reach test performance. Similarly, Swank et al. (46) used
low resistance, such as hand weights and ankle-wrap
weights, that caused an enhancement of flexibility per-
formance. Others have reported that college-aged men en-
gaged in weight training at 70–80% of 1RM demonstrated
a significant increase in ankle and shoulder flexibility
(47). Therefore, it seems that low and moderate resistance
training intensity may induce positive flexibility adapta-
tions. The use of an even higher intensity in the present
study (�80% of 1RM) did not produce any additional ben-
efits in flexibility performance.

Although it seems that resistance training positively
affects flexibility performance, the mechanism underlying
this relationship is still unknown. Joint movement is as-
sociated with anatomic factors such as muscles, bones,
and connective tissue, and sedentary lifestyle contributes
to losses in joint range of motion (27). Exercised mice in-
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creased the number and size of their collagen fibers more
than did sedentary controls (35). As people grow older,
these structures are subjected to mechanical and bio-
chemical alterations because of changes in collagen moi-
ety, thereby increasing muscular stiffness and limiting
flexibility (33). Therefore, connective tissue protection is
important for the elderly. It is known that resistance ex-
ercises maintain tendon and ligament strength and in-
tegrity, enhance tendons’ and ligaments’ tensile strength,
augment muscle mass and contractility and thus allow a
greater range of motion, and reduce the likelihood of ten-
don damage with aging, and that weight-bearing activi-
ties increase collagen synthesis (1, 2, 4, 37, 44). Previous
studies that utilized a compensatory overload model in
animals demonstrated a significant up-regulation of ac-
tive fibroblasts in the tendon, increased collagen synthe-
sis, intensive membrane recycling, and a substantial en-
hancement of muscle strength (53). In this study, all mus-
cle groups crossing the joints that increased their range
of motion increased their strength, which is highly relat-
ed to the nature, intensity, and duration of the exercise-
training program (49). In addition, insulin-like growth
factor 1 (which maintains the expression of type II col-
lagen without increasing type I collagen synthesis and
blocks cartilage breakdown) has been found to increase
or to remain unaltered by exercise in adults (6, 29, 51).

Strength performance enhancement paralleled flexi-
bility performance improvement in all previous studies
that demonstrated a positive effect of resistance training
on joint range of motion in young and older adults. This
parallel strength and flexibility response was also seen in
the present study. A novel finding in the present study is
that very low-intensity resistance training (approximate-
ly 45% of 1RM) causes substantial improvement of muscle
strength in older men following 6 months of training.
Brandon et al. (9) demonstrated a significant strength in-
crease with a moderate-intensity resistance training pro-
gram (�60% of 1RM). In that study, strength increased
during the first 6 months and stabilized thereafter. The
significant strength improvement in LI might be attri-
buted to the participants’ very low initial fitness levels.
Our findings of 35–75% strength increases during a 24-
week resistance training program are in agreement with
previous training studies in older adults that report two-
fold to threefold increases in muscle strength following
training of various durations (4 to 24 months; 13, 16, 20,
50). Resistance training, independent of intensity, was
able to augment upper- and lower-body strength, and this
could be attributed to enhanced motor-unit activation of
the trained muscles and muscle hypertrophy, as previous
research has shown (19, 37). It appears that higher train-
ing intensities lead to greater strength gains, as indicated
by the greater improvement seen in HI compared to LI
and MI. This is in line with previous reports of significant
strength gains (226%) induced by similar-intensity
strength training following a shorter training period (12
weeks) and concomitant neurological adaptations and in-
creased muscle size (16). It has been found that when
institutionalized subjects, aged 86–96 years, followed in-
tensive and progressive resistance training, their
strength increased by an average of 174%, which was ac-
companied by hypertrophy (15). Heavy resistance train-
ing seems to have profound anabolic effects in older
adults by enhancing nitrogen balance, which greatly im-

proves nitrogen retention that may affect muscle hyper-
trophy (34).

Detraining responses in strength and flexibility per-
formance following a resistance training program have
not been adequately investigated. Flexibility is main-
tained in a joint by using that joint and participating in
physical activities that stretch the muscles across that
joint (26). When a joint is unused, the muscles that cross
it shorten, thus reducing its range of motion (26). De-
training effects on exercise-induced physiological and per-
formance adaptations in older adults have not been ade-
quately investigated. The present study, to our knowl-
edge, is the first that has attempted to describe flexibility
responses of the aged during detraining.

Data indicate that detraining reverses strength-train-
ing–induced flexibility gains. The magnitude of the flex-
ibility losses following detraining relates to the answer to
the fourth question of the present study regarding the
effect of intensity on detraining responses. Range of mo-
tion values were completely, reversed reaching baseline
levels (�90% losses) in all joints examined in LI after only
3 months of detraining. In contrast, flexibility gains were
retained in MI and HI 3 months into detraining, with HI
being more effective in maintaining flexibility gains. At
the end of detraining, flexibility performance was main-
tained above pretraining levels in an intensity-dependent
manner. Therefore, it seems that resistance training in-
tensities over 60% of 1RM are adequate to maintain flex-
ibility performance gains induced by previously admin-
istered resistance training.

This flexibility response was paralleled by a similar
strength detraining–induced adaptation, indicating that
strength and flexibility may somehow share the same
physiological mechanisms that mediate their develop-
ment in response to resistance training. Results indicate
that muscle strength retention during prolonged detrain-
ing might be intensity-dependent. Moderate to high train-
ing intensity appears to be more effective in maintaining
training-induced strength gains. These results are in line
with others (31) that demonstrated preserved training-
induced strength gains after prolonged detraining (31
weeks). A 4–14% decline in muscle strength was reported
in older subjects with 24-week detraining (20, 31), where-
as in this study a 30–100% muscle strength decrease was
seen, probably because of the different intensity protocol
used. These findings indicate that prolonged training at
60–80% of 1RM may maintain strength gains for quite a
long period following training stimulus cessation in older
men. Interestingly, LI was able to maintain strength
gains of upper- and lower-body musculature for 12 and
24 weeks of detraining, respectively. Strength losses dur-
ing detraining have been attributed to fiber size decre-
ments and a loss of motor unit recruitment efficiency (31).
Nevertheless, strength declines at a lower rate than mus-
cle size during detraining (50). Overall, strength decline
because of detraining in older men seems to be intensity
dependent.

It seems plausible to hypothesize that the participa-
tion of older adults in resistance training programs will
benefit them in more than one area. A low-intensity ap-
proach to more frail elderly appears to be effective in in-
ducing flexibility and strength gains. A more significant
improvement of musculoskeletal fitness will be obtained
through moderate- and high-resistance training pro-
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grams. The physiological mechanisms that underlie these
positive adaptations remain to be determined.

PRACTICAL APPLICATIONS

The results of the present investigation verify that weight
training per se may improve range of motion of multiple
joints (those engaged in the training protocol) in previ-
ously inactive older men, thereby affecting performance
of daily living, which is essential for the maintenance of
an independent lifestyle (12). For instance, increased
range of motion in the shoulder joint may enhance effec-
tiveness of overhead movements performed by the elder-
ly. Increase in trunk, knee, and hip flexibility will de-
crease falls and fractures in the senior population by al-
lowing individuals to perform activities such as walking,
bending, reaching, climbing stairs, rising from chairs,
driving, etc. Another important outcome of the present
study is that this beneficial effect of resistance training
on flexibility performance in the elderly appears to be in-
tensity-independent. Low-intensity (approximately 50%
of 1RM) weight training with machine-based exercises
(which is often prescribed for inactive elderly) may im-
prove range of motion in more than 1 joint in older men.
However, higher intensities (�60% of 1RM) seem to be
even more beneficial in improving flexibility in the elder-
ly. It also appears that higher resistance training inten-
sities (�80% of 1RM) may not improve further flexibility
performance. Therefore, a significant conclusion for the
practitioner would be that light-to-moderate resistance-
training intensity could enhance flexibility performance
of older men among other benefits for the geriatric pop-
ulation.

Detraining responses following prolonged resistance
training in the elderly have not been adequately investi-
gated. It seems that resistance training cessation for 6
months following a 6-month training protocol induces a
significant loss of strength gain, especially when a low
training intensity (approximately 50% of 1RM) has been
used. However, moderate- and high-intensity resistance
training may better maintain strength gains during pro-
longed detraining. The present study showed that
strength levels never reached baseline values following
detraining when moderate- and high-intensity resistance
training was used. Similar conclusions were drawn for
flexibility performance, which never reached pretraining
values when moderate- and high-intensity training was
used. However, flexibility gains were lost after 3 months
of detraining. These results are significant because se-
niors often need to interrupt their exercise routines be-
cause of health problems or other reasons. Findings from
the present investigation suggest that resistance training
effects on strength and flexibility performance in older
men may be maintained for a prolonged detraining peri-
od, given that the previously used intensity is of a suffi-
cient level (above 60% of 1RM).
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