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Conclusion  These results show that performing flexibility 
training immediately before resistance training can con-
tribute to a lower number of repetitions, total volume, and 
muscle hypertrophy.

Keywords  Stretching · Range of motion · Skeletal 
muscle · Resistance exercise

Abbreviations
ANOVA	� Analysis of variance
CSA	� Cross-sectional area
FLEX-RT	� Flexibility training immediately before of the 

resistance training
RT	� Resistance training without flexibility training
1RM	� One repetition maximum

Introduction

Performed by athletes and non-athletes, flexibility train-
ing allows for improving joint range of motion (Behm et al. 
2016; Garber et al. 2011). It has been shown that flexibility 
training also may attenuate indirect markers of muscle dam-
age before eccentric exercise (Chen et  al. 2015, 2011), as 
well as improve postural stability and balance (Costa et  al. 
2009). Despite these benefits, it has been suggested that flex-
ibility training performed prior to resistance exercise may 
reduce important neuromuscular adaptations, such as maxi-
mum strength and muscle hypertrophy (Barroso et al. 2012).

The negative interference of flexibility training on mus-
cle strength and muscle hypertrophy may be related to a 
decrease in the number of repetitions (Barroso et al. 2012; 
Franco et al. 2008; Gomes et al. 2011; Nelson et al. 2005) 
and the total training volume of resistance training (Bar-
roso et al. 2012). Nelson et al. (2005) showed a decrease of 
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24% in the number of repetitions when resistance exercise 
until concentric failure (60% 1RM) was performed after 
static stretching. Likewise, Barroso et al. (2012) observed 
that when stretching exercises (proprioceptive neuromuscu-
lar facilitation, static and ballistic stretching) are performed 
prior to resistance training session (80% 1RM, until con-
centric failure) there is a reduction in the number of repeti-
tions as well as total training volume (18 and 23%, respec-
tively). Additionally, it has been suggested that low total 
training volume of resistance training may be associated 
with less improvement in the maximum strength and hyper-
trophy compared to higher total training volume (Krieger 
2009, 2010; Schoenfeld et al. 2016).

Contradictory results were observed in two studies 
investigating the influence of flexibility training performed 
before resistance training in women (Leite et  al. 2015; 
Simao et  al. 2011). Simao et  al. (2011) showed that after 
16 weeks of intervention in untrained women, flexibility 
training before resistance training did not affect the 10RM 
test compared to resistance training without stretching. 
However, Leite et al. (2015) observed a lower improvement 
magnitude in the 10RM test for flexibility training per-
formed before resistance training compared to resistance 
training without stretching in trained women. Additionally, 
with respect to the divergent responses, both studies did 
not investigate the effect of these protocols on maximum 
strength and muscle hypertrophy.

Therefore, this study aimed to compare the effect of 
flexibility training performed immediately before resist-
ance training (FLEX-RT) versus resistance training without 
flexibility training (RT) on muscle hypertrophy, maximum 
strength, and flexibility. Our hypothesis is that RT will 
promote greater improvement in strength and hypertrophy 
compared with FLEX-RT, while FLEX-RT will promote 
greater improvement in flexibility compared to RT.

Methods

Participants

Nine healthy males (age 25.4 ± 5.3  years, weight 
76.3 ± 6.3  kg, height 176 ± 6.1  cm, body mass index 
24.6 ± 2.4  kg/m2) volunteered to participate in this study. 
Participants were not engaged in any sports activities and 
resistance and/or endurance training at least 6 months prior 
to the study, and were free of any musculoskeletal disorders. 
All participants were informed about the potential risks 
involved and gave their written consent before participation. 
The investigation was carried out in accordance with all eth-
ical standards for research involving human participants set 
by the Declaration of Helsinki and was approved by Ethics 
and Research Committee of the local university.

Experimental procedures

Prior to the experimental (pre-control) period, the vastus 
lateralis muscle cross-sectional area (CSA) was assessed by 
mode-b ultrasound and flexibility was assessed by a goniom-
eter for each leg of the participants. Afterward, two famil-
iarisation sessions (with 2 days’ interval between them) were 
conducted that consisted of three sets of ten repetitions with 
a submaximal load in the unilateral leg extension machine. 
Additionally, the positions of each participant in the exercise 
(e.g. position of the feet, backrest, and range of motion) were 
noted. Two days after the familiarisation session, using the 
same exercise (unilateral leg extension machine) participants 
performed the maximum dynamics strength test by one rep-
etition maximum (1RM) for each leg. After 72 h, the 1RM 
test was repeated to determine test–retest reliability. After the 
pre-control period, the participants remained in the control 
period for 10 weeks (i.e., no exercise was undertaken). The 
control period was realised to obtain the measures of reli-
ability (vastus lateralis muscle CSA, flexibility, and 1RM). 
Ten  weeks later (post-control period), the participants per-
formed the assessments for each leg: vastus lateralis muscle 
CSA, flexibility, and 1RM (1RM was performed only once 
because the participants were familiar with the test; 1RM 
was performed 24 h after flexibility assessment). Posteriorly, 
each leg of the participants was randomly assigned to resist-
ance training without flexibility (RT) and flexibility training 
before resistance training (FLEX-RT) (the values after the 
control period were used as pre-training ones). The randomi-
sation of each leg to the training protocols was brought about 
to reduce inter-subject variability. Participants completed 
10 weeks of training (two weekly sessions, with 48 h rest). 
After 5 weeks, the 1RM test was assessed to adjust training 
load. Seventy-two hours after the last training session, vas-
tus lateralis muscle CSA, flexibility, and 1RM were assessed 
(1RM was performed 24 h after the flexibility assessment).

Vastus lateralis muscle cross‑sectional area

The vastus lateralis muscle CSA for each leg was assessed 
using mode-B ultrasound with a 7.5 MHz linear array probe 
(Nanomaxx, Sonosite, Bothell, USA) according to Lixan-
drao et  al. (2014). Briefly, the participants laid in supine 
position with their muscles as relaxed as possible for 20 min. 
Afterwards, measurements were collected at the midpoint 
between the lateral epicondyle and greater trochanter of the 
femur. At this point, the skin was transversally marked every 
2 cm from the reference point toward the medial and lateral 
aspects of the thigh to orient probe displacement. Addition-
ally, water-based conductive gel was used to avoid pressure 
on the muscle tissue. Sequential ultrasound images were 
acquired and posteriorly were reconstructed and manually 
rotated until the whole vastus lateralis cross-section was 



Eur J Appl Physiol	

1 3

reconstructed. Then, the vastus lateralis muscle CSA was 
measured using computerised planimetry (i.e., the vastus 
lateralis muscle CSA was contoured following the muscle 
fascia using an 800 dpi mouse) (Madena 3.2.5, EyePhysics, 
Los Paladinos, USA). The images were collected and ana-
lysed by an experienced investigator. The investigator real-
ised the analysis in a blind way.

Maximum dynamic strength

Maximum dynamic strength for each leg was tested by the 
1RM test in the unilateral leg extension machine (Matrix, 
São Paulo, Brazil), according to Brown and Weir (2001). 
Briefly, the participants performed a general warm-up on 
a cycle ergometer at 60  rpm and 25  W for 5  min. Then, 
a specific warm-up was performed consisting of two sets. 
During the first set, the subjects performed eight repetitions 
with 50% of the estimated 1RM obtained during the famil-
iarisation sessions; 1  min later, the second set was per-
formed with three repetitions to 70% of the estimated 1RM. 
After a 3 min interval, the 1RM test was performed in five 
trials with 3  min rest between them, and with the aim of 
obtaining the maximum amount of weight (kg) in a com-
plete cycle (flexion–extension of the knee joint with total 
range of motion of 90°). Strong verbal encouragement was 
provided during all attempts.

Flexibility assessment

Unilateral flexibility was assessed for each leg according to 
Monteiro et al. (2008). A flexometer (Sanny, São Bernardo 
do Campo, Brazil) was fixed at the ankle by an elastic belt. 
The participants remained standing with both thighs leaning 
against a support to avoid anteroposterior movement of the 
thigh. After, the participants were instructed to support their 
body weight on the contralateral leg to be assessed, with 
both knees and hips completely extended. Then, the par-
ticipants performed knee flexions with the highest range of 
motion possible in three attempts with a 30 s rest. The higher 
range of motion achieved was considered for analysis.

Training protocols

Training protocols were performed twice a week for 
10  weeks (a total of 20 sessions). Each one of the par-
ticipants’ legs was randomly assigned to resistance train-
ing without flexibility (RT) and flexibility training before 
resistance training (FLEX-RT). In addition, the order of 
execution of the protocols (i.e. FLEX-RT and RT) during 
the training period was alternated. Thus, in each training 
session, the participant started with a different leg.

The RT group performed four sets of unilateral leg 
extensions (Matrix, São Paulo, Brazil) to a voluntary 
failure of 80% 1RM, with a 90  s rest between sets. The 
contralateral leg (FLEX-RT) performed flexibility train-
ing and immediately after (i.e. after 30  s), it performed 
the same RT protocol. The flexibility training (FLEX-RT) 
consisted of two 25  s sets of static stretching with 60  s 
of rest between sets. The participants were placed in the 
prone position and both the knee flexion and hip exten-
sion were performed passively by an experienced instruc-
tor. A visual analogue pain scale from 0 to 10, where 0 
represents ‘no pain’ and 10 represents ‘maximal pain’, 
was used to monitor flexibility training. When the partici-
pant indicated values between 8 and 10 on the visual ana-
logue pain scale, this position was maintained for 25 s.

Statistical analysis

Initially, data normality (Shapiro–Wilk test) and equality 
of variance (Levene test) were assessed. After being ran-
domly assigned to the RT and FLEX-RT groups, paired 
t tests were performed to verify pre-training differences 
between groups for all dependent variables. Additionally, 
paired t test for weeks 1–5 and 6–10 were performed to 
compare total volumes between RT and FLEX-RT. After 
10  weeks’ intervention, two-way repeated measures 
ANOVA was performed for each dependent variable to 
verify differences between times (pre- and post-training) 
and groups (RT and FLEX-RT). When a significant F 
value was obtained, a Tukey post hoc test was performed. 
P values <0.05 were considered to be significant. Addi-
tionally, different percentage values between RT and 
FLEX-RT were compared by paired t tests for all depend-
ent variables. The effect size (ES) magnitude (the differ-
ence between pre-training and post-training values divided 
by the baseline SD) for vastus lateralis muscle CSA, maxi-
mum dynamic strength, and flexibility assessment was 
also determined. An ES lower than 0.3 was considered as 
‘small’, between 0.3 and 0.8 as ‘moderate’ and greater than 
0.8 as ‘large’. Finally, typical error and coefficient of vari-
ation (Hopkins 2000) of the control period for vastus later-
alis muscle CSA, maximum dynamic strength and flexibil-
ity assessment of each groups were also evaluated. Data 
are presented as mean ± standard deviation (SD).

Results

Mean number of repetitions and total training volume

FLEX-RT negatively affected the mean number of rep-
etitions, as well as mean total training volume (kg 
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×  repetitions) when compared to RT (Table  1). During 
weeks 1–5, the RT group performed a higher mean num-
ber of repetitions (17.8%) than FLEX-RT (P = 0.001), and 
also had higher mean total training volume (20.9%) than 
FLEX-RT (P = 0.001). Similar results were observed dur-
ing weeks 6–10. RT performed a higher mean number of 
repetitions (15.3%) than FLEX-RT (P = 0.001) and also had 
a higher mean total training volume (18.7%) than FLEX-
RT (P = 0.001).

Vastus lateralis muscle CSA

One participant did not carry out the assessment of the 
vastus lateralis muscle CSA due to personal problems; 
thus, only for vastus lateralis muscle CSA, eight partici-
pants, not nine participants, were assessed. At baseline, 
no between-group difference was found in vastus lateralis 
muscle CSA (P = 0.608). After 10 weeks of training, no 
interaction time  ×  group was observed for vastus later-
alis muscle CSA (P = 0.075), however, a main time effect 
(P = 0.001) in which the post-training values were greater 
than the pre-training values (Fig.  1) was observed. The 
values ranged from 25.8 ± 2.7 to 29.4 ± 2.7 for the RT 

group and from 25.1 ± 2.7 to 27.1 ± 2.5 for the FLEX-
RT group from pre- to post-training, respectively. How-
ever, a percentage difference was observed between RT 
and FLEX-RT (P = 0.038; RT = 12.7 ± 7.2 and FLEX-
RT = 7.4 ± 3.7). ES analysis showed a large improvement 
for RT (ES = 1.17), and only a moderate improvement for 
FLEX-RT (ES = 0.75).

Maximum dynamic strength

At baseline, no between-group difference was found in 
maximum dynamic strength (P = 0.701). After 10 weeks 
of training, no interaction time × group was detected for 
1RM (P = 0.956), however, a main time effect (P = 0.001) 
in which the post-training values were greater than the 
pre-training values (Fig.  2) was observed. The values 
ranged from 30.2 ± 4.1 to 34.1 ± 3.7 for the RT group 
and from 29.5 ± 3.6 to 33.2 ± 3.1 for the FLEX-RT group 
from pre- to post-training, respectively. There was no per-
centage difference between RT and RT-FLEX (P = 0.371; 
RT = 12.7 ± 7.4 and FLEX-RT = 12.9 ± 8.1). ES analy-
sis showed a large improvement for RT and FLEX-RT 
(ES = 0.90 and 0.96, respectively).

Table 1   Mean number of 
repetitions and total training 
volume during weeks 1–5 and 
6–101

Mean number of repetitions and total training volume during weeks 1–5 and 6–10
Data are presented as mean ± SD
*Significant difference between RT and FLEX-RT (P < 0.001)

Weeks 1–5 Weeks 6–10

RT FLEX-RT RT FLEX-RT

Mean number of 
repetitions

36.9 ± 8.1* 30.3 ± 6.1 46.4 ± 10.5* 39.3 ± 8.2

Mean total training 
volume (kg)

894.8 ± 168* 707.4 ± 129 1175.3 ± 206* 995.5 ± 170

Fig. 1   Pre- and post-training 
vastus lateralis muscle cross-
sectional area (CSA) for the 
resistance training without 
flexibility (RT) and flexibil-
ity training before resistance 
training (FLEX-RT). Inset delta 
percentage (pre to post-train-
ing) of each group. Data are 
presented as mean ± SD. †Main 
time effect, post-training greater 
than pre-training (P < 0.05). 
*Significant difference between 
RT and FLEX-RT (P < 0.05)
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Flexibility assessment

At baseline, no between-group difference was found in 
the flexibility assessment (P = 0.548). After 10  weeks of 
training, interaction time  ×  group was observed for 1RM 
(P = 0.002). There was no significant difference for RT 
(P = 0.818; 128.3 ± 11.8 to 130.6 ± 9.5, pre- and post-
training respectively), however, a significant increase for 
the FLEX-RT group (P = 0.009; 124.3 ± 9.7 to 136.7 ± 9.8, 
pre- and post-training, respectively) was noted. Addition-
ally, percentage differences between RT and FLEX-RT 
(P = 0.001; RT = 2.1 ± 6.5 and FLEX-RT = 10.1 ± 5.8) 
(Fig.  3) were observed. ES analysis showed a small 

improvement for RT (ES = 0.19), and a large improvement 
for FLEX-RT (ES = 1.27).

Individual response

Figure 4 shows the individual response for the vastus later-
alis muscle CSA (A), 1RM (B) and flexibility (C). For the 
vastus lateralis CSA, it was observed that seven of the eight 
participants assessed (one participant was not assessed) had 
a larger increase in RT than FLEX-RT, while for the 1RM, 
four participants had larger increase when they performed 
RT, and five participants did when they performed FLEX-
RT. All participants had a greater increase in flexibility for 
FLEX-RT than RT.

Fig. 2   Pre- and post-training 
one repetition maximum (1RM) 
for the resistance training with-
out flexibility (RT) and flex-
ibility training before resistance 
training (FLEX-RT). Inset delta 
percentage (pre to post-train-
ing) of each group. Data are 
presented as mean ± SD. †Main 
time effect, post-training greater 
than pre-training (P < 0.05)

Fig. 3   Pre- and post-training 
flexibility for the resistance 
training without flexibility (RT) 
and flexibility training before 
resistance training (FLEX-
RT). Inset delta percentage 
(pre to post-training) of each 
group. Data are presented 
as mean ± SD. †Significant 
within-group differences for the 
FLEX-RT (pre to post-training) 
(P < 0.05). *Significant differ-
ence between RT and FLEX-RT 
(P < 0.05)
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Typical error and coefficient of variation

Typical error and coefficient of variation between the pre- 
and post-control period were 1.1 cm2 and 4.3% for vastus 
lateralis CSA, 2.0 kg and 6.5% for 1RM and 9.9° and 7.7% 
for flexibility in RT, respectively. In the FLEX-RT, typical 
error and coefficient of variation were 0.5  cm2 and 2.7% 
for vastus lateralis CSA, 2.1 kg and 7.7% for 1RM and 5.8° 
and 4.6% for flexibility, respectively.

Discussion

The aim of the present study was to compare the effect of 
flexibility training performed immediately before resist-
ance training versus resistance training without stretching. 
Our main findings are: (1) RT promoted greater increases 
in vastus lateralis muscle CSA than FLEX-RT, (2) RT and 
FLEX-RT were equally effective in increasing 1RM and, 
(3) FLEX-RT promoted greater increases in flexibility than 
RT.

Regarding the improvements in muscle hypertrophy, our 
data showed greater improvement for the RT (12.7%) com-
pared FLEX-RT (7.2%) (Fig.  1). ES also confirmed this 
result, as large improvements in RT (ES = 1.17) and moder-
ate improvements in FLEX-RT (ES = 0.75) were observed. 
At last, it is also interesting to note that seven out of eight 
people had leg muscle hypertrophy when they performed 
RT rather than FLEX-RT (individual responses, Fig.  4a). 
This finding may be explained by the number of repetitions 
and the total training volume, both of which were signifi-
cantly higher in RT than FLEX-RT. A decrease of 17.8 and 
15.3% in the number of repetition (weeks 1–5 and 6–10, 
respectively) and of 20.9 and 18.7% in total volume (weeks 
1–5 and 6–10, respectively) were observed in FLEX-RT 
compared to RT. Other studies have also observed decreases 
in the number of repetitions and total training volume when 
flexibility training was performed before resistance exer-
cise (Barroso et al. 2012; Franco et al. 2008; Gomes et al. 
2011; Nelson et al. 2005). Similar to the results of our study, 
Barroso et  al. (2012) observed a decrease in the number 
of repetitions (21%) and total training volume (22%) after 

flexibility training (3 sets of 30 s). This result confirms that 
flexibility training interferes with resistance training, by 
decreasing the number of repetitions and total training vol-
ume. The decrease mainly of the total training volume may 
attenuate muscle hypertrophy. In a recent meta-analysis, 
Schoenfeld et  al. (2016) showed a dose–response between 
increases in the weekly volume of the RT group and greater 
gains in muscle hypertrophy. Thus, our results are in accord-
ance with the literature as RT promoted high total volume 
and hence greater muscle hypertrophy than FLEX-RT. 
However, we suggest that the decrease in the number of rep-
etitions and in the total training volume can be avoided. In 
our study, the resistance exercise was performed 30 s after 
flexibility training. A recent study showed that the maximal 
isometric torque was restored 10 min after flexibility train-
ing (Mizuno et al. 2014). Although the maximal isometric 
torque has been assessed, we hypothesise that a longer rest 
period between flexibility training and RT does not affect 
the number of repetitions and total training volume. Thus, 
future studies should investigate the appropriate rest (e.g. 5 
or 10  min) between flexibility training and RT on muscle 
hypertrophy.

Although a greater improvement in vastus lateralis 
muscle CSA for the RT group compared to FLEX-RT 
was noted, both groups increased similarly the 1RM (12.7 
and 12.9%, respectively) (Fig.  2). In addition, ES analy-
sis showed large improvements in both training protocols 
(ES = 0.90 and 0.96 for RT and FLEX-RT, respectively). 
Individual response analysis showed that four legs had a 
greater increase in 1RM when they performed RT, while 
the other five had a greater increase when they performed 
FLEX-RT (Fig.  4b). Although, the same result has been 
shown in other studies, (i.e. differences between groups 
regarding muscle hypertrophy, but with similar strength 
gains) (Küüsmaa et al. 2016; Lixandrao et al. 2015; Vikne 
et  al. 2006), this similar improvement in 1RM between 
groups was surprising. Quadriceps muscle CSA is associ-
ated with maximum strength (de Souza et al. 2012; Izqui-
erdo et al. 2004). In addition, high total volume is related 
to greater improvements in the maximum strength com-
pared with low total volume (Krieger 2009). However, it 
is important to note that quadriceps muscle CSA explains 

Fig. 4   Individual response to: a vastus lateralis muscle cross-section area (n = 8), b one repetition maximum (n = 9) and c flexibility (n = 9)
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approximately only 38% of maximum strength (de Souza 
et  al. 2012; Izquierdo et  al. 2004). Thus, 62% of muscle 
strength is influenced by other factors(e.g. neural factors) 
(Duchateau et  al. 2006; Sale 1988). We also suggest that 
a cross-education effect (i.e. strength training of one limb 
and increased strength of the contralateral limb) might 
have affected the results of the muscle strength. In a meta-
analysis, Munn et al. (2004) showed an increase of 7.8% in 
muscle strength in the contralateral limb. Therefore, future 
studies should investigate groups that perform bilateral 
exercise models (i.e. FLEX-RT or RT).

Our study also observed a greater increase in flex-
ibility for the FLEX-RT group (10.1%) compared with 
RT one (2.1%) (Fig.  3). In addition, ES analysis showed 
large improvement for FLEX-RT (ES  =  1.27) and small 
improvement for RT (ES = 0.19). All legs that performed 
FLEX-RT had greater flexibility compared with performing 
RT (Fig. 4c). These results are contradictory to the findings 
of Leite et al. (2015) and Simao et al. (2011). Both studies 
observed that resistance training was as effective as flex-
ibility training to increase the sit-and-reach test (Leite et al. 
2015; Simao et  al. 2011). The exact reason for the differ-
ent responses among the studies is not clear, however, we 
speculate that different samples and protocols of training 
(flexibility training and resistance exercise) may have influ-
enced them. Furthermore, it is important to highlight that 
both studies mentioned above used the sit-and-reach test to 
evaluate flexibility, while in the present study we used the 
range of motion of the knee joint by flexometer.

Finally, it is important to note some limitations. First, 
although it is valid to assess the vastus lateralis muscle 
CSA (Lixandrao et al. 2014), ultrasound does not reflect the 
change in the overall muscle volume. Second, to minimise 
inter-subject variability, each participant performed both 
exercise protocols (i.e. RT on one leg and FLEX-RT on 
the other leg). However, this fact may have contributed to 
a cross-education effect and thus may have influenced the 
results of muscle strength. Third, the results of this study 
must be limited only young resistance-untrained men and 
cannot be generalised to other populations (e.g. women, the 
elderly, or those with resistance training experience).

Conclusion

Based on the findings of the present study, it is possible 
to conclude that performing FLEX-RT attenuates mus-
cle hypertrophy compared to resistance training; however, 
FLEX-RT did not affect muscle strength and contributed 
to an increase in flexibility. Thus, if muscle hypertrophy is 
the main objective, flexibility training immediately before 
resistance training should not be performed.
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