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ABSTRACT

The objective of this study was to analyze the flexibility behavior
of different articulations after 10 weeks of resistance training (RT).
That is why, 16 inactive men (23.0 ± 2.1 years; 68.0 ± 7.0 kg; 178.8
± 8.7 cm) apparently healthy were randomly divided into training
group (TG, n = 8) and control group (CG, n = 8). The group TG was
submitted to 10 consecutive weeks of RT (three weekly sessions
in alternated days), whereas for group CG, no systematized pro-
gram of physical activities was developed in this period. The 11
exercised that composed the RT program were performed in three
series of 8-12 RM. The shoulder flexion and extension, trunk flex-
ion, lateral flexion and extension, hip extension and flexion, elbow
extension and flexion and knee flexion were used for the analysis
of the flexibility behavior. The ANOVA and ANCOVA for repeated
measures, followed by the Tukey post hoc test for P < 0.05 were
used for data treatment. Significant increase on flexibility between
pre and post experiment were found in TG in shoulder flexion move-
ments (right hemisphere, P < 0.05), hip extension (left hemisphere,
P < 0.05), trunk extension (P < 0.05), trunk flexion (P < 0.05) and
trunk lateral flexion (right hemisphere, P < 0.05; left hemisphere, P
< 0.01). Although, the effect of the interaction group vs time was
only identified in elbow flexion movements (right and left hemi-
sphere, P < 0.05), hip extension (left hemisphere, P < 0.05) and
trunk lateral flexion (left hemisphere, P < 0.01). Thus, the results
of the present study suggest that the 10 first weeks of RT practice
may contribute effectively for the maintenance or improvement of
the flexibility levels observed in the pre-training period, in different
articulations.

INTRODUCTION

Adequate levels of muscular strength and flexibility are essen-
tial for the good muscle-skeletal functioning, also contributing for
the maintenance of healthy muscles and joints during life time(1).
On the other hand, the decline on both the muscular strength and
the flexibility levels is progressively impairing the performance of
different daily tasks, many times leading to the early lose of auton-
omy(2,3).

Thus, the regular practice of physical exercise programs aimed
at the development or maintenance of the muscular strength and
flexibility or even of other important components of the physical
fitness related to health may play extremely important role during
life time.

Considering this, among the different types of physical exercis-
es, the systematized regular practice of resistance exercises has
been encouraged by some of the most important international or-
ganizations involved in studies about populational health(2-5).

This fact is fully justified based on countless positive informa-
tion related to this type of physical exercise that has been pub-
lished by the literature in the last years such as: reduction of risk
factors associated to cardiovascular diseases and to the diabetes
mellitus non-insulin dependent; osteoporosis prevention; reduction
or maintenance of the body mass; improvement of the dynamic
stability and preservation of the functional capacity(6). Thus, the
number of participants of resistance exercise programs among
young people, adults and aged from both gender and with differ-
ent levels of physical fitness has increased significantly.

There is still much controversy related to the isolated practice of
resistance training (RT). One of these controversies is related to
possible negative modifications that, apparently, may be caused
by RT during the time on the flexibility levels, once the information
available in literature in this regard is not conclusive.

In this context, the hypotheses are supported by studies involv-
ing the analysis of the acute effect of RT on the flexibility or yet, by
transversal studies, which there is an attempt of extrapolating the
information found at a given moment, above all, in athletes with
large experience on RT, however, without a more detailed follow-
up of other variables supposedly involved in the process.

Although some of these studies point to a reduction on the flex-
ibility levels shortly after the practice of the resistance training(7,8),
some relevant methodological limitations such as the lack of stan-
dardization of the training programs performed by the subjects,
the measure instrument used, the reduced number exercises per-
formed, among others, impair a more detailed analysis of the infor-
mation produced. Besides, a possible explanation for the range of
motion reduction verified in these studies based on the relaxation
stress was not confirmed with the use of a more sophisticated
technique such as the electromyography(8), what suggests that oth-
er factors yet unknown may be involved in this process.

Thus, the objective of the present study was to analyze the flex-
ibility behavior after 10 weeks of a TP systematized program in
untrained young adults.

METHODOLOGY

Subjects

Sixteen men (23.0 ± 2.1 years; 68.0 ± 7.0 kg; 178.8 ± 8.7 cm),
apparently healthy voluntarily participated in this study. As initial
inclusion criterion, the participants should be inactive or moderate-
ly active (regular physical activity < 2 times per weeks) as well as
not having participated regularly of any physical exercise program
in the last six months prior to the beginning of the experiment.
Furthermore, each participant previously answered a questionnaire
about the health history and no metabolic or muscle-skeletal dys-
function was reported.

From this point on, the subjects were randomly divided into two
groups, each of them composed of eight individuals. The first group,
called training group (TG) was submitted to 10 weeks of standard-
ized resistance training practice, whereas the second group had
no involvement in any regular physical exercise program.
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The individuals, after being informed about the investigation
objectives and the procedures to which they would be submitted,
signed a consent form. This study was approved by the Ethics
Research Committee of the Londrina State University, according
to norms of the resolution 196/96 of the National Health Council
on researches involving human beings.

Resistance training program

The RT program was performed during 10 consecutive weeks,
three times a week, performed in alternated days. The frequency
to the training sessions was above 86% (26 to 30 sessions).

The individuals from group TG were previously submitted to a
period of two adaptation weeks before the beginning of the RT
program with the objective of learning the motive tasks and famil-
iarizing with the technical aspects (movement performance speed,
repetitions counting, control of the recovery and respiration inter-
vals during exercises), performing a total of six training sessions in
this period.

Considering that participants of this study were not involved with
the systematized practice of physical exercises for several months,
it was opted to structure the RT program as a circuit (simple or
alternated segment assemblage).

Thus, the training program was composed of 11 exercises for
different muscular groups named: bench press and flat dumbbells
fly (pectoral); lat pull down, seated row and barbell curve row (back);
knee curls and squat (thigh); shoulder press (shoulder), arm curls
and elbow extension with barbell in supine position in horizontal
bench (biceps and triceps, respectively), sit up (abdomen).

All exercises were performed in three series of 8 to 12 maximal
repetitions (RM), except for the exercise for the abdomen muscu-
lar group, which was performed in three fixed series of 50 repeti-
tions with the own body overload. A warm-up series of 15 repeti-
tions with approximately 50% of the load to be used in each exercise
was arbitrarily added to the first three exercises of the sequence
in the attempt of furthering the physiological and neural responses
to the subsequent efforts. The recovery interval established be-
tween series was approximately 1:3 (execution time per recovery
time), equivalent to 60-90 seconds. On the other hand, the transi-
tion interval between exercises was of 90 to 120 seconds. Although
the movements’ performance speed had not been controlled, the
subjects were oriented to try to perform each movement in the
concentric phase in the time of 1 to 2 seconds and in the eccentric
phase in the time of 2 to 4 seconds.

Both the initial loads and the periodic readjustments in loads
used in the different exercises were established based on results
obtained by means of the application of maximal repetitions tests(9).
The individuals were oriented so that the training loads were read-
justed every time the repetitions upper limit preestablished for each
exercise was reached in all series so that the initial intensity could
be preserved.

The subjects were also oriented not to perform any flexibility
specific activity during the study period, so that the impact of the
weigh training on this physical capacity could be evaluated isolat-
ed.

Flexibility

Based on the biomechanical analysis of the exercises selected
to compose the resistance training program and correlating them
to movements possible to be performed, 10 articular movements
were adopted for the analysis of the flexibility behavior (shoulder
extension and flexion; elbow extension and flexion; hip extension
and flexion; trunk lateral flexion, flexion and extension and knee
flexion). Except for the trunk extension and flexion movements, all
measures were collected bilaterally.

It is important to know that only the elbow extension and flexion
movements and the trunk flexion and lateral flexion were performed
in the orthostatic position. For the other movement, it was opted

to maintain subjects laid on a stretcher in order to neutralize possi-
ble compensatory movements.

Flexibility was actively measured and the subjects executed each
articular movement three times without previous warm-up. During
the performance of measures, the individuals were oriented to
remain at the final position until the appraiser could perform the
reading. The highest score obtained among the three measures in
each articular movement was adopted as the reference value.

All measures were obtained by means of a fleximeter, which
patent and register belong to the Code Research Institute (Brazil),
with accuracy of one degree, according to procedures and recom-
mendations of Achour Jr.(10). During evaluations, the equipment was
fixed to the limb corresponding to the articulation to be evaluated
by means of velcro. It is worthy emphasizing that a single apprais-
er with experience no shorter than two years performed both mea-
sures at both pre and post experiment moments. However, the
information previously obtained was not given to the appraiser at
the reevaluation moment in the attempt of avoiding any type of
interference that could impair the quality of data. The measure tech-
nical error found in each movement analyzed at the initial moment
of the study is presented in table 1.

TABLE 1

Technical error of measure (degrees) found in the baseline during

evaluation of the flexibility levels in 10 joints movements

Movements Right hemisphere Left hemisphere Total

Shoulder flexion 1.03 1.16 –
Shoulder extension 1.02 1.16 –
Elbow flexion 1.20 1.02 –
Elbow extension 1.22 1.12 –
Hip flexion 1.19 1.05 –
Hip extension 0.95 0.88 –
Trunk extension – – 0.95
Trunk flexion – – 1.24
Trunk lateral flexion 1.03 0.90 –
Knee flexion 1.15 1.10 –

Statistical treatment

The analysis of variance (ANOVA) 2x2 for repeated measures
was used to evaluate possible modifications in the flexibility levels
of both groups (TG and CG) during the experiment). In movements
in which the initial conditions of groups were different, the analy-
sis of covariance (ANCOVA) for repeated measures was used, with
the preexperiment values being used as co-variables. The Tukey
HSD post hoc test was used for the identification of specific differ-
ences in variables in which the F values found were higher than
the statistical significance criterion established (P < 0.05).

RESULTS

The flexibility behavior at the shoulder flexion and extension
movements in the right and left hemisphere before and after 10
weeks of RT is presented in table 2. No effect that could be attrib-
uted to RT was verified in these movements (P > 0.05), although
the isolated effect of time (P < 0.01) has been verified in the shoul-
der flexion movements in both hemispheres. Despite the lack of
statistical significance in the comparisons between groups (P >
0.05), the variations observed from pre to post test for group TG
(increments of 10-12 degrees and 3-5 degrees in flexion and ex-
tension movements, respectively) were higher if compared to group
CG (increments of 6-9 degrees in flexion and 2-3 degrees in exten-
sion).

An increase on the elbow flexion movement range in group TG
(six and four degrees in right and left hemisphere, respectively),
associated to a reduction on group CG (three degrees in both hemi-
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spheres), resulted in significant interactions (group x time) for both
hemispheres (P < 0.05), as can be observed in table 3. On the
other hand, no isolated effect of time and group was identified in
the elbow extension movement (P < 0.05).

TABLE 2

Flexibility behavior (degrees) in shoulder flexion and extension

movements before and after 10 weeks of resistance training

Movements TG CG Effects F P

(n = 8) (n = 8)

Shoulder flexion ANOVA
(right hemisphere) Group 0.55 0.47
Pre 167 ± 14 164 ± 17 Time 10.89 < 0.01
Post *177 ± 10* 170 ± 15 Group x Time 0.68 0.42

Shoulder flexion ANOVA
(left hemisphere) Group 0.05 0.83
Pre 164 ± 10 164 ± 16 Time 10.70 < 0.01
Post 176 ± 12 173 ± 15 Group x Time 0.12 0.73

Shoulder extension ANCOVA
(right hemisphere) Group 0.12 0.73
Pre 070 ± 16 058 ± 08 Time 2.79 0.12
Post 075 ± 23 061 ± 12 Group x Time 0.04 0.85

Shoulder extension ANCOVA
(left hemisphere) Group 0.01 0.96
Pre 071 ± 15 060 ± 10 Time 0.77 0.39
Post 074 ± 23 062 ± 09 Group x Time 0.05 0.82

* P < 0.05 vs Pre.
Note: The results are expressed as average values ± SD.

TABLE 3

Flexibility behavior (degrees) in elbow flexion and extension

movements before and after 10 weeks of resistance training

Movements GT GC Effects F P

(n = 8) (n = 8)

Elbow flexion ANOVA
(right hemisphere) Group 0.83 0.38
Pre 149 ± 10 156 ± 4 Time 0.76 0.40
Post 155 ± 7 153 ± 6 Group x Time 4.38 0.05

Elbow flexion ANOVA
(left hemisphere) Group 0.13 0.72
Pre 151 ± 11 156 ± 5 Time 0.09 0.77
Post 155 ± 9 153 ± 4 Group x Time 6.05 0.03

Elbow extension ANOVA
(right hemisphere) Group 2.60 0.13
Pre 154 ± 9 160 ± 6 Time 0.17 0.69
Post 155 ± 9 161 ± 8 Group x Time 0.01 0.93

Elbow extension ANOVA
(left hemisphere) Group 0.63 0.44
Pre 155 ± 15 158 ± 5 Time 0.10 0.75
Post 155 ± 9 159 ± 6 Group x Time 0.10 0.75

Note: The results are expressed as average values ± SD.

In table 4, the flexibility behavior in the hip extension and flexion
movements is presented for both hemispheres. An interaction
group x time was verified only for the hip extension movement in
the left hemisphere (P < 0.05), with group GT presenting increase
of eight degrees and group CG presenting reduction of two de-
grees after the period of 10 weeks. No modification as result of
the RT was found for the other movements. It is important to know
that group TG presented non-significant increments in the range
of the right (four degrees) and left (two degrees) hip flexion move-
ments as well as in the right hip extension movement (four de-
grees).

The results presented by table 5 indicate that despite the isolat-
ed effect of time being verified in the trunk extension movements,
trunk flexion and trunk lateral flexion in the right hemisphere (P <
0.05), significant increases of the order of eight, eight and seven

TABLE 4

Flexibility behavior (degrees) in hip flexion and extension

movements before and after 10 weeks of resistance training

Movements GT GC Effects F P

(n = 8) (n = 8)

Hip flexion ANOVA
(right hemisphere) Group 0.60 0.45
Pre 71 ± 5 74 ± 10 Time 3.32 0.09
Post 75 ± 7 77 ± 08 Group x Time 0.05 0.83

Hip flexion ANOVA
(left hemisphere) Group 4.30 0.06
Pre 72 ± 5 77 ± 07 Time 0.68 0.42
Post 74 ± 8 79 ± 08 Group x Time 0.03 0.87

Hip extension ANOVA
(right hemisphere) Group 0.02 0.89
Pre 35 ± 7 36 ± 08 Time 2.37 0.15
Post 39 ± 8 36 ± 06 Group x Time 1.41 0.26

Hip extension ANOVA
(left hemisphere) Group 0.21 0.66
Pre 32 ± 7 36 ± 08 Time 2.31 0.15
Post *40 ± 7* 34 ± 05 Group x Time 6.08 0.03

* P < 0.05 vs Pre.
Note: The results are expressed as average values ± SD.

TABLE 5

Flexibility behavior (degrees) in trunk flexion, extension and lateral

flexion movements before and after 10 weeks of resistance training

Movements GT GC Effects F P

(n = 8) (n = 8)

Trunk extension ANCOVA
Group 0.20 0.66

Pre 029 ± 07** 038 ± 13 Time 7.20 0.02
Post 037 ± 09** 041 ± 10 Group x Time 1.64 0.22

Trunk flexion ANCOVA
Group 0.22 0.65

Pre 115 ± 18** 126 ± 07 Time 6.94 0.02
Post 123 ± 11** 128 ± 10 Group x Time 2.41 0.14

Trunk lateral flexion ANOVA
(right hemisphere) Group 3.42 0.09
Pre 051 ± 08** 050 ± 04 Time 4.97 0.04
Post 058 ± 04** 051 ± 06 Group x Time 3.50 0.08

Trunk lateral flexion ANOVA
(left hemisphere) Group 4.65 0.05
Pre 049 ± 04** 051 ± 05 Time 12.08 < 0.01
Post 059 ± 03** 049 ± 04 Group x Time 20.23 < 0.01

* P < 0.01 or ** 0.01 < P < 0.05 vs Pre.
Note: The results are expressed as average values ± SD.

TABLE 6

Flexibility behavior (degrees) in knee flexion movements

before and after 10 weeks of resistance training

Movements GT GC Effects F P

(n = 8) (n = 8)

Knee flexion ANOVA
(right hemisphere) Group 0.43 0.52
Pre 127 ± 10 131 ± 8 Time 2.93 0.11
Post 133 ± 11 133 ± 7 Group X Time 0.50 0.49

Knee flexion ANOVA
(left hemisphere) Group  0.01 0.99
Pre 129 ± 09 131 ± 9 Time 1.87 0.19
Post 134 ± 10 132 ± 8 Group X Time 1.07 0.32

Note: The results are expressed as average values ± SD.

degrees, respectively, were identified only for group TG (P < 0.05).
On the other hand, in the trunk lateral flexion movement in the left
hemisphere, the increase of 10 degrees for group TG followed by
a decrease of 2 degrees for group CG resulted in an interaction
group x time (P < 0.01).
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No effect of time or RT was verified in the knee flexion move-
ment in any hemisphere (P > 0.05). However, it is observed in
table 6 that an increase of higher range for group TG occurred (six
degrees in the right hemisphere and one degree in the left hemi-
sphere) when compared to group CG (two degrees in the right
hemisphere and one degree in the left hemisphere), although these
differences have not been statistically confirmed (P > 0.05).

DISCUSSION

Although there are researchers who support the performance
of warm-up exercises before the beginning of the practice of dif-
ferent nature exercises, the probable benefits from this activity
(muscle temperature elevation, increase on the nervous impulses,
reduction on the muscular and articular stiffness, decrease on the
muscle viscosity, prevention of lesion) are yet very controversial in
the perspective of improvement of the physical performance, con-
tributing or not, according to the motive task to be performed(11-14).

In addition, for the performance of a warm-up exercise consid-
ered as adequate, a combination between activities with general
and specific characteristics would be required(14). Thus, for the
warm-up of the five articulations analyzed in the present study, at
least 10 minutes of general warm-up exercises and approximately
five more minutes of specific warm-up exercises for each articula-
tion would be required, in other words, a time similar to that of
each individual evaluation (~35 minutes) without previous warm-
up. So, after the analysis of the cost-benefit relation, we have de-
cided for the non-performance of a previous warm-up exercise
before the evaluation of the flexibility levels.

Considering that the flexibility in a specific joint depends on its
utilization level, the involvement in regular physical exercise pro-
grams may further the improvement of the flexibility levels, espe-
cially for inactive subjects, once the articulations, so far seldom
used and probably shortened, will receive a progressive stimulus
that will lead to medium or long-term positive adaptations.

This hypothesis was verified at least in part in the present study,
once by means of the stimulus provided along 10 weeks of resis-
tance training, the subjects, initially classified as inactive, achieved
maintaining or even improving the flexibility levels in all five articu-
lations analyzed.

The results found in the present study may be considered as
very promising, above all in the health perspective, based on the
principle that with aging, the reduction on the flexibility levels and
muscular strength may affect negatively the quality of life of the
human being, once this fact limits the performance of the daily
movements, besides increasing the risk of lesions from falls by
means of the reduction on the articular stability(15). However, the
application of this type of information may also be of great useful-
ness for sports, especially for modalities in which the athletes
search for optimum levels both in strength and in flexibility.

Another point to be emphasized is that the resistance training
furthered flexibility increases in some joints and maintenance in
others, regardless the practice of specific flexibility exercises. Even
joints where significant flexibility increases were not verified (P >
0.05), most modifications observed in absolute values were higher
for group TG than for group CG.

The results of the present study corroborate the findings of
Thrash & Kelly(16), who after submitting 13 men (18 to 41 years) to
11 weeks of RT (eight exercises performed in three series of eight
repetitions, there times a week in alternated days) verified increases
in absolute values in all six movements analyzed (ankle dorsal-flex-
ion and sole flexion, trunk extension and flexion and shoulders
extension and flexion). However, increments statistically signifi-
cant (P < 0.05) were observed only in the shoulder extension move-
ments (~ seven degrees) and ankle dorsal-flexion (~ six degrees).
The main limitations for a more consistent analysis of these infor-

mation was the inexistence of a control group as well as the lack
of information on the initial levels of physical fitness of the sub-
jects investigated. However, the study used the flexometer Leigh-
ton for the flexibility measures, approximating to the characteris-
tics of the instrument employed in the present investigation
(fleximeter).

In another study, conducted by Fatouros et al.(15), eight aged sub-
jects submitted to RT for 16 weeks presented significant increas-
es (P < 0.05) in the range of the knee flexion movements (nine
degrees); elbow flexion (nine degrees); shoulder flexion and ex-
tension (18 and 15 degrees, respectively) and hip flexion and ex-
tension (nine and six degrees, respectively). In all movements an-
alyzed, the increments were higher to increments found in the
present study, what may probably be explained, at least in part,
due to differences in the duration of the protocols (10 vs 16 weeks).
It is important to emphasize that in this research, the behavior of
groups that received other types of training (cardiovascular alone
or combined cardiovascular and RT) was also analyzed, and for the
analysis of the possible effects of each training regimen, a control
group was used. The results indicated that the practice of RT might
increase the flexibility of the aged population, above all, in the hip
articulation, thus providing higher stability for the performance of
simple daily tasks.

On the other hand, unlike the first weeks of RT where the neu-
ral adaptations are considered as determinant factors for the de-
velopment of the muscular strength, as the training weeks elapsed,
the morphological adaptations in the muscular fibres trend to con-
tribute progressively for the changes on the muscular strength(45).
Although the temporal standard in which these modifications oc-
cur is not yet well established by literature, the increase on the
muscular volume induced by resistance training may limit the range
of motion of several joints giving the false impression of reduction
on the flexibility levels.

Despite theses important adaptations have not been controlled
in the present study, probably this fact could explain the lower
levels of flexibility found in bodybuilder athletes in some joints spe-
cifically, when compared to untrained subjects or to athletes from
other modalities(17,18). According to these studies, the joint present-
ing the lowest involvement degree seems to be the shoulder artic-
ulation, probably because bodybuilders rather care about the per-
formance of high-volume and intense training in this joints, aiming
at higher muscular gains.

It is important to emphasize that at least two out of the three
main characteristics of a RT program that might aid on the increase
of flexibility are not part of training programs of most bodybuilders,
in other words, the inclusion of flexibility exercises and the perfor-
mance of all weigh exercises making use of the total movement
range. The third characteristic would be the balance both in the
volume and in the training intensity for antagonistic muscular
groups(19).

Unlike what has been observed in studies involving bodybuild-
ers, the subjects from this investigation presented increases on
the shoulder flexion movement range after 10 weeks of RT, even
without the inclusion of flexibility exercises in the training program.
Considering the possible explanations for this distinct behavior,
when bodybuilders and inactive individuals are compared, we could
mention: the different trainability levels, distinct objectives with
regard to training, different program assemblages (alternated by
segment vs localized by articulation). Furthermore, the subjects
from this study received frequent orientation along training in or-
der to maintain the performance quality of all program’s exercises,
respecting the complete range of movements.

The possible relations between the modifications on the mus-
cular strength and flexibility were not analyzed in the present study
either, once other researchers have indicated low relations between
these variables, both in young adults(20) and in older adults(21).
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CONCLUSIONS

The RT program employed in this study did not cause reduction
on the flexibility values observed before the intervention period.
Besides, the results found suggest that the first ten weeks of RT
practice may contribute for the maintenance or even improvements
on flexibility in several articulations.

Despite the interesting results found in the present investiga-
tion, it is suggested that new researches be conducted for longer
periods of time with individuals from both genders, from different
ages and with different levels of physical fitness. The involvement
of other articulations as well as the follow-up of different compo-
nents of the body composition, above all, the muscular mass, will
aid on the production of information that will provide a more ade-
quate prescription of training programs that will come to further
both the health improvement and the athletic performance.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.
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