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Abstract We investigated the effects of 6 weeks of
detraining on muscle size and strength in young men who
had previously participated in 6 weeks (3 days/week) of
30 % of concentric one-repetition maximal (1-RM)
dumbbell curl training [one arm: concentric blood flow
restricted (BFR) exercise (CON-BFR); the other arm:
eccentric BFR exercise (ECC-BFR)]. MRI-measured
muscle cross-sectional area (CSA) at 10 cm above the
elbow joint increased from pre to post (p < 0.01), and the
muscle CSA following detraining remained greater than
pre (p < 0.01) but was similar to that observed at post.
Maximal voluntary contraction (MVC) increased from pre
to post (p < 0.05), and the MVC following detraining
remained greater than pre (p < 0.05) but was similar to that
observed at post. The ECC-BFR did not produce any
changes across time. Increased muscle strength following
6 weeks of CON-BFR was well preserved at 6 weeks of
detraining, which may be primarily related to muscle
hypertrophy.
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Introduction

Dynamic high-load resistance training (HRT)-induced
increases in muscle size and strength are important fun-
damental factors for improving and maintaining physical
function and sports performance regardless of age [1].
Nevertheless, after cessation of training (detraining),
muscle size and strength progressively return toward
baseline levels [2, 3]. However, previous studies have
reported that the increased muscle strength/size following
HRT is retained for the same period of the training [2, 4],
suggesting that the effect of HRT is extended for a lengthy
detraining period.

Dynamic resistance training programs consist of con-
centric and/or eccentric muscle actions. It is well estab-
lished that most studies investigating HRT demonstrate
that eccentric training is more effective than repetition
matched concentric isokinetic training for muscle hyper-
trophy [5, 6]. Additionally, muscle hypertrophy following
HRT was well preserved following the detraining period
with eccentric muscle actions [7]. This suggests that
eccentric muscle actions during HRT may play an impor-
tant role in muscle adaptation during training and
detraining.

In the past decade, several studies have reported that
low-load dynamic resistance training [20-30 % one-repe-
tition maximum (1-RM)] with blood flow restriction (BFR)
elicits similar muscle hypertrophy as HRT regardless of
age [8-10]. This technique may be an alternative training
method to improve muscle size and strength in healthy
individuals or older adults and patients who may be unable
to perform high-intensity exercise. Recently, Yasuda et al.
[11] revealed that muscle hypertrophy and strength gain
from BFR in combination with dynamic resistance training
predominately occur from concentric BFR (CON-BFR) but

@ Springer



140

J Physiol Sci (2015) 65:139-144

not eccentric BFR (ECC-BFR). Therefore, the mechanisms
underlying muscle hypertrophy and strength gain may
differ between BFR resistance training and HRT resistance
training. Similarly to HRT, BFR studies [12] report that
muscle strength is preserved following a 24-week
detraining period. In general, muscle size and/or strength
gain is retained at a higher degree following detraining
because of the greater improvements achieved during the
training period [13, 14]. Although currently unexplored,
there is a possibility that muscle adaptation following
detraining would be maintained at a higher degree for
CON-BFR compared with ECC-BFR. Thus, the purpose of
this study was to investigate the effects of detraining after
CON-BFR or ECC-BFR training on muscle size and
strength.

Materials and methods
Subjects

Ten healthy men (age 20-28 years, standing height
160-176 cm, body mass 50.9-70.1 kg) who had previously
completed 6 weeks (3 days/week) of arm curl training [11]
completed 6 weeks of detraining. During the training per-
iod, training intensity and volume were set at 30 % of
concentric 1-RM and 75 repetitions (30 repetitions and the
next 3 sets each consisting of 15 repetitions, with 30 s of
rest between sets) for each arm, respectively. One arm was
randomly chosen to perform concentric exercise, while the
other arm performed eccentric exercise at the same exer-
cise load. In a randomized order, either concentric or
eccentric exercise was performed first followed by the
other exercise completed on the same day. During these
protocols, subjects performed their respective action with a
cadence of 1.5 s for concentric or 1.5 s for eccentric
exercise using a metronome, and the investigators manu-
ally performed the opposite muscle action. During the
training sessions, CON-BFR and ECC-BFR wore elastic
cuffs around the most proximal region of the upper arm. On
the first day of training, the cuff was set at 100 mmHg. The
pressure was increased by 10 mmHg at each subsequent
training session until a pressure of 160 mmHg was
reached. The pressure intensity was the same between
concentric and eccentric exercises at every session [11].
Both arms were reevaluated for arm curl 1-RM strength,
maximal voluntary contraction (MVC) and muscle CSA of
the biceps brachii. All subjects were fully informed of the
risks associated with the experimental procedures and gave
their written informed consent before participation. During
the detraining period, subjects stopped resistance training
and returned to the normal daily activities they completed
prior to the resistance training period. The principles of the
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World Medical Association Declaration of Helsinki were
followed, and the study was approved by the Ethics
Committee for Human Experiments, University of Tokyo.

Measurement

Maximal dynamic strength (concentric 1-RM) was asses-
sed using a dumbbell on the arm curl bench [11, 15]. After
a warm-up, the intensity was set at approximately 80 % of
the predicted concentric 1-RM. Following each successful
lift, the intensity was increased by ~5 % until the subjects
failed to lift the load through the entire range of motion. A
test was considered valid only when the subjects used
proper form and completed the entire lift in a controlled
manner without assistance. On average, 5-6 trials were
required to complete a 1-RM test. Approximately 3—5 min
of rest were allotted between each attempt to ensure
recovery [16].

MVC of the elbow flexors was measured by a dyna-
mometer (Taiyo Kogyo Co., Tokyo, Japan). Each subject
was comfortably seated on an adjustable chair, with the
arm positioned on a stable table at chest level with the
elbow bent at an angle of 90° (0° at full extension). The
upper arm was maintained in the horizontal plane (at 90°),
while the wrist was fixed at the end of the dynamometer
lever arm in a position of supination for elbow flexion. The
elbow flexion force was measured with a transducer while
the subjects performed two trials separated by a 60-s rest
interval [11, 15]. Subjects were instructed to perform an
MVC as quickly as possible during a period of about 3 s.
The recorded value for the MVC was taken as the highest
and most stable 1 s of the 3-s contraction. The highest
MVC value was used for data analysis. The test-retest
reliability of MVC measurements using the standard error
of measurement (SEM) and minimal difference was pre-
viously determined from all subjects (0.62 and 1.71 Nm).

Muscle CSA was obtained using a magnetic resonance
imaging (MRI) scanner (0.2-T Open MRI, Hitachi, Tokyo,
Japan). A T-1 weighted, spin-echo, axial plane sequence
was performed with a 500-ms repetition time and a 23-ms
echo time. Subjects rested quietly in the magnet bore in a
supine position, with their arms extended along their trunk.
Continuous transverse images with 10-mm slice thickness
were obtained from both upper arms of the body. All MRI
data were transferred to a personal computer for analysis
using specially designed image analysis software (slice-
Omatic, Tomovision Inc., QC, Canada). Muscle tissue
cross-sectional area (CSA) data for elbow flexors (biceps
brachii and brachialis) at 10 cm above the elbow joint and
at the mid-upper arm were digitized. Test—retest reliability
of CSA measurements using SEM and minimal difference
had been previously determined from seven subjects (0.38
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All measurements were completed before (Pre), within
3—4 days after training (Post) and following 6 weeks of
detraining.

Statistical analyses

Results are mean £ standard deviation (SD). Two-way
analysis of variance (ANOVA) with repeated measures
(condition [CON-BFR, ECC-BFR]) x time [pre, post,
detraining] was used to evaluate training effects for all
dependent variables. When a significant interaction was
observed, post hoc testing was performed with a one-way
repeated measures ANOVA across time within each con-
dition. In addition, a paired sample’s ¢ test was used to
determine whether differences existed between conditions
within each time point. If there was no significant inter-
action, the main effects were analyzed. The family-wise
error rate was maintained by Bonferroni correction of the
p value. Statistical significance was set at p < 0.05. Pre/
post and post/detraining effect sizes (ESs, Cohen’s d) for
1-RM, muscle CSA and 1-RM/muscle CSA were calcu-
lated with the following formula: [post mean — pre mean]/
pre SD, [detraining mean — post mean]/post SD; d < 0.2
is a trivial effect, d =0.2-0.5 is a small effect,
d = 0.5-0.8 is a moderate effect, and d > 0.8 is a large
effect [17].

Results

In this study, pre and post data concerning muscle CSA,
muscle performance, relative performance and effect sizes
were based on data presented in a previous study [11].

A condition x time interaction was found for muscle CSA
at the mid-upper arm (p = 0.01). Follow-up one-way
repeated measures ANOVA found significant differences
across time for the concentric condition (p < 0.001) with
muscle CSA increasing from pre to post (p = 0.003). In
addition, muscle CSA following 6 weeks of detraining was
significantly less than post (p = 0.03) but not different
from baseline (p = 0.084). The eccentric condition did not
produce any changes across time (p = 0.431). There were
no significant simple effects between conditions within
each time point (p > 0.999) (Fig. 1a).

A condition X time interaction was found for muscle
CSA at 10 cm above the elbow joint (p = 0.034). Follow-
up one-way repeated measures ANOVA found significant
differences across time for the concentric condition
(p < 0.001) with muscle CSA increasing from pre to post
(p = 0.003). In addition, muscle CSA following 6 weeks
of detraining remained significantly greater than baseline
(p = 0.003) but was similar to that observed at post
(p = 0.192). The eccentric condition did not produce any
changes across time (p = 0.058). There were no significant
simple effects between conditions within each time point
(p = 0.363) (Fig. 1b).

Muscle performance

A condition x time interaction was found for MVC
(» = 0.013). Follow-up one-way repeated measures
ANOVA found significant differences across time for the
concentric condition (p = 0.005) with MVC increasing
from pre to post (p = 0.033). In addition, MVC following
6 weeks of detraining remained significantly greater than
pre values (p = 0.048) but was similar to that observed at
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Table 1 Effect size in muscle size and muscle strength
CON-BFR ECC-BFR
Pre to post Post to detraining Pre to post Post to detraining
CSA at mid-upper arm 0.77 —0.31 0.21 —0.11
CSA 10 cm above the elbow joint 1.70 —0.36 0.46 0.33
MVC 0.60 —0.16 0.26 —0.06
1-RM 0.75 —0.13 0.53 —0.17

Pre and post data concerning muscle CON-BFR concentric blood flow restriction, CSA cross-sectional area, ECC-BFR eccentric blood flow
restriction, MVC maximal voluntary contraction and 1-RM were based on previous study [11]

post (p = 0.999). The eccentric condition did not produce
any changes across time (p = 0.397). There were no sig-
nificant simple effects between conditions within each time
point (p > 0.816) (Fig. 2a).

A condition x time interaction was not found for 1-RM
(p = 0.818); however, there was a significant main effect for
time (p < 0.001). When conditions were collapsed across
each time point, 1-RM increased from pre to post (p = 0.003).
In addition, 1-RM following 6 weeks of detraining remained
significantly greater than pre values (p = 0.003) but was
similar to that observed at post (p = 0.081) (Fig. 2b).

Relative performance (muscle strength/muscle size)

There were no significant interactions or main effects for
MVC divided by muscle CSA of the mid-upper arm
(p = 0.396) or 10 cm above the elbow joint (p > 0.314). In
addition, there were no significant interactions or main effects
for 1-RM divided by muscle CSA of the mid-upper arm
(p = 0.132) or 10 cm above the elbow joint (p > 0.100).

Effect sizes (ESs)

The magnitude of change in muscle size and strength
between pre- and post-training were always larger for
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CON-BFR (moderate or large) than they were for ECC-
BFR (small or moderate). The ESs for muscle size from
post to detraining were small, and the ESs from post- to
detraining for muscle strength were trivial. For ECC-BFR,
the ESs for muscle size and strength from post to detraining
were trivial except for the CSA 10 cm above the elbow
joint where they were small (Table 1).

Discussion

The primary finding of this study was that the pronounced
muscle hypertrophy (10 cm above the elbow joint) and
strength gain following 6 weeks of CON-BFR training
were retained after 6 weeks of detraining. Although no
published studies have investigated the effect of detraining
after CON-BFR resistance training on muscle adaptation,
our results were similar to those observed with detraining
(4-6 weeks) following traditional HRT [2, 3, 18].

Muscle CSA at 10 cm above the elbow joint was
retained following detraining, unlike the muscle CSA at the
mid-upper arm for CON-BFR. The ES (pre to post) in
muscle CSA was greater for 10 cm above the elbow joint
(large: 1.70) compared with the mid-upper arm (moderate:
0.77), although the ES (post to detraining) in muscle CSA
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was similar between the two groups (small: —0.36 and
—0.31, respectively) (Table 1). Consequently, muscle CSA
following detraining was retained at a high level at 10 cm
above the elbow joint for CON-BFR (Fig. 1).

Our results are in agreement with those of a previous
BFR study [12], which demonstrated that muscle strength
after BFR training remained elevated above pre-training
levels after detraining (Fig. 2a, Table 1). Recently, Yasuda
et al. [12] reported that increased muscle strength following
12 weeks of BFR resistance training was well preserved at
24 weeks of detraining, which appeared to be due mainly
to neural adaptation in older adults. In this study, however,
the relative dynamic strength (1-RM divided by muscle
CSA of the mid-upper arm or 10 cm above the elbow joint)
for both CON-BFR and ECC-BFR did not increase over the
duration of the experiment. Previously, Bemben et al. [19]
demonstrated that low-load (40 % 1-RM) resistance train-
ing showed greater improvements in 1-RM strength for the
leg press and knee extension (34 and 21 %, respectively)
than for the biceps curl (14 %), whereas improvement in
muscle CSA was similar between the rectus femoris and
biceps brachii muscles (20 and 28 %, respectively). Thus,
it appears that the relative dynamic strength (biceps curl) in
this study did not change, unlike in the previous BFR study
(leg press and knee extension) [12].

In this study, dynamic strength (concentric 1-RM) fol-
lowing training for ECC-BFR also remained elevated above
the pre-training level after detraining (Fig. 2b; Table 1). On
the other hand, MVC strength for ECC-BFR did not increase
over the duration of the experiment, unlike the CON-BFR
(Fig. 2a). Itis well known that the strength gain is confined to
the homologous muscle of the opposite untrained limb, and
the increase in strength is the greatest during the same
movement task performed by the trained limb (‘cross-edu-
cation’ effect) [20]. Although speculative, we wish to sug-
gest the increase and maintenance of dynamic concentric
1-RM strength in the eccentric arm was due to the cross-
education effect from the concentric arm. This is based on the
eccentric arm working at 30 % of the concentric 1-RM,
which was estimated to be only ~10 % of the maximal
eccentric effort [11]. Given the low workload completed by
the eccentric arm, it is unlikely that this eccentric action was
affecting the concentric arm. We feel the lack of change for
the eccentric arm in the more sensitive isometric muscle
contraction corroborates this hypothesis.

Some limitations of this study should be discussed. First,
the cross-education effect for muscle strength may have
influenced both arms. Second, because the training and
detraining period was only 6 weeks, it is uncertain whether
the results pertain to longer time periods (i.e., 6 months or
a year). Lastly, because our subjects were untrained, it is
uncertain whether the results pertain to trained subjects.
Additional research into these issues is needed.

In conclusion, increased muscle strength following
6 weeks of CON-BFR was well preserved at 6 weeks of
detraining, which may be related primarily to muscle
hypertrophy. Also, when performing a pre-set number of
repetitions using low-intensity CON-BFR or ECC-BFR
exercise, CON-BFR exercise did not produce significant
muscle soreness [21]. Given the potential health risks for
those with contraindications to completing higher intensity
resistance training, CON-BFR may be an effective training
program for promoting muscle size and strength in a
clinical setting.
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