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Abstract: A detraining period after resistance training causes a significant decrease in trained-induced
muscular adaptations. However, it is unclear how long muscle strength and hypertrophy gains last
after different detraining periods. Thus, the present systematic review with meta-analysis aimed to
evaluate the chronic effects of detraining on muscle strength and hypertrophy induced by resistance
training. Searches were conducted on PubMed, Scopus, EBSCO, CINAHL, CENTRAL, and Web
of Science. The difference in means and pooled standard deviations of outcomes were converted
into Hedges’ g effect sizes (g). Twenty randomized and non-randomized trials (high and moderate
risks of bias, respectively, and fair quality) were included for qualitative analysis of muscle strength
and hypertrophy, while only two studies were included in the meta-analysis for maximum muscle
strength. The resistance training group presented a significant increase in one-repetition maximum
(1RM) chest press (g: 4.43 [3.65; 5.22], p < 0.001) and 1RM leg press strength (g: 4.47 [2.12; 6.82],
p < 0.001) after training. The strength gains observed in the resistance training group were also
maintained after 16–24 weeks of detraining (g: 1.99 [0.62; 3.36], p = 0.004; and g: 3.16 [0.82; 5.50],
p = 0.008; respectively), when compared to the non-exercise control group. However, 1RM chest
press and leg press strength level was similar between groups after 32 (g: 1.81 [−0.59; 4.21], p = 0.139;
and g: 2.34 [−0.48; 5.16], p = 0.104; respectively) and 48 weeks of detraining (g: 1.01 [−0.76; 2.79],
p = 0.263; and g: 1.16 [−1.09; 3.42], p = 0.311; respectively). There was not enough data to conduct
a meta-analysis on muscular hypertrophy. In conclusion, the present systematic review and meta-
analysis demonstrated that, when taking random error into account, there is no sufficient high-quality
evidence to make any unbiased claim about how long changes in muscle strength induced by RT last
after a DT period. Moreover, the effect of different DT periods on muscle hypertrophy induced by RT
remains unknown since there was not enough data to conduct a meta-analysis with this variable.

Keywords: strength training; weight-bearing exercise; muscle loss; skeletal muscle; muscle adaptation

1. Introduction

It is currently well understood that muscle strength and hypertrophy gains result from
continuously performing resistance training (RT) [1]. The appropriate manipulation of
acute training variables must be considered to ensure that RT will elicit positive chronic
adaptations, such as volume, intensity, frequency, contraction velocity, exercise order, and
the length of the rest intervals between sets [1–4]. Current standard recommendations to
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improve muscle function and size state that RT sessions should be performed continuously
and in a non-interrupted fashion for at least 12 weeks [1].

Training interruption or a complete loss of trained-induced adaptations have been
defined as “strength detraining” [5–7]. Previous studies have shown various physiological
effects of detraining (DT) periods after RT, such as reduced maximal function, decreased
muscle size [5,8], and decreased neural drive to the muscle [9–11]. Conversely, some studies
have reported the possibility of partially maintaining muscle strength after short-term or
even prolonged DT periods. For example, Häakkinen et al. [12] reported that a short-term
DT period of 3 weeks led to only minimal changes in training-induced neuromuscular
adaptations, while a more prolonged DT period of 24 weeks was associated with significant
muscle atrophy and a 4–12% reduction on muscle strength. According to [13], muscle
strength decreased 17% after a prolonged DT period of 24 weeks. Despite similar findings,
these studies had methodological differences regarding the subjects (i.e., middle-aged
versus elderly people), RT conditioning level (i.e., untrained versus trained subjects), and
the type of exercise performed (i.e., explosive versus traditional resistance exercises). Other
studies have shown that neuromuscular adaptations to RT may be partially maintained even
after DT periods as long as 32 [14] and 48 weeks [15,16]. Additionally, DT seems to have a
higher impact on muscle size than on muscle strength. Taaffe and Marcus [17] observed that
cross-sectional muscle area returned to baseline values after 12 weeks of DT, while muscle
strength was only partially lost. Similar findings were obtained by Correa et al. [8], who
reported that muscle strength remained 12% superior to baseline values after 12 weeks of
DT, while the RT-induced muscle mass gains were almost completely lost. The mechanisms
explaining the maintenance of strength gains while muscle mass is completely lost are not
yet fully understood [8].

It seems that DT periods cause significant decreases in trained-induced neural and
muscular adaptations. However, it is plausible for the muscle to have the capacity to main-
tain some of the strength gains and muscle mass. Since muscle strength and hypertrophy
are variables related to health status and sports performance, it is necessary to under-
stand the magnitude and the time course of these neuromuscular adaptations. During the
training routines, there are interruptions of training due to holiday/vacation or any other
unexpected reason such as those related to diseases/injuries, intense day-to-day routine
(e.g., studying and/or working), and most recently due to the closing of physical exercise
facilities due to COVID-19 outbreak. Thus, evaluating the effects of DT periods on the
RT-induced adaptations may assist health professionals and trainers to better understand
the effect of scheduled interruptions of training on these variables. Therefore, it is critically
important to investigate the underlying mechanisms and time course of changes in muscle
strength and size after different DT periods. Thus, the present study aimed to conduct a
systematic review and meta-analysis to evaluate the chronic effects of RT and DT on muscle
strength and hypertrophy in humans.

2. Methods

The current study was carried out according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) methodology [18]. This review was registered on
PROSPERO before the beginning of the search process (7 July 2020, No CRD42020187470)
and was last updated on 11 March 2021.

2.1. Search Strategy

Two researchers (I.G.A.E. and J.B.F.-J.) independently searched for articles from 28 May
to 1 June 2021 on six databases: PubMed, Scopus, EBSCO, CINAHL, Cochrane Central
Register of Controlled Trials (CENTRAL), and Web of Science. The search terms were all
the possible combinations of the following terms: “resistance”, “strength”, “weight”, “resis-
tance exercise”, “weightlifting”, “muscle power training”, “periodic training”, “interrupted
training”, “detraining”, and “retraining”. Both researchers initially selected articles with
potential relevance by reading their titles and abstracts. Then, the selected articles were
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completely read to check if they met all the inclusion criteria. Thereafter, the researchers
compared their findings, and duplicated articles were eliminated. Both researchers had to
unanimously on the inclusion or exclusion of a study, otherwise, the final decision would
be made based on the opinion of a third reviewer (R.B.V.).

2.2. Eligibility Criteria

All studies involving both healthy adults and older adults who performed RT followed
by a DT period were included in the initial analysis. These studies should have included
RT protocols using machines, free weights, or barbells for at least three consecutive weeks,
followed by at least two weeks of DT. Only studies published in English and those that
included an experimental and a non-exercise control group were selected. The assessed
variables should involve at least one of the following parameters: objective measurement
of muscle strength (e.g., isokinetic strength or maximal strength (one-repetition maximum,
1RM)), or muscle hypertrophy (ultrasound, magnetic resonance imaging, or computed
tomography). Muscle strength and hypertrophy parameters were measured pre- and
post-RT and post-DT for both experimental and control groups. Publications consisting of
systematic reviews or meta-analyses, letters to the editor, conference papers, guidelines,
studies in the pediatric and clinical population (e.g., unhealthy individuals), animal studies,
studies using RT combined with other interventions, studies that showed no outcomes on
strength and/or muscle size, and studies that did not provide consistent data concerning
the training protocols were not considered.

2.3. Data Extraction

In the data extraction step, the following data were extracted: authors’ names, year
of publication, sample size, participants’ characteristics (age, sex, and training status), RT
characteristics, maximum muscle strength and muscle size outcomes, methods used to
assess maximum muscle strength and muscle size, and length of the DT periods. These data
were extracted independently by two researchers (I.G.A.E. and J.B.F.-J.), with disagreements
being resolved by a third researcher (R.B.V.).

2.4. Study Quality and Risk of Bias Assessment

The quality of the studies selected was independently assessed by two authors (I.G.A.E.
and J.B.F.-J.) using the Physiotherapy Evidence Database (PEDro) scale [19,20]. Two authors
(I.G.A.E. and J.B.F.-J.) independently assessed the risk of bias using the second version of
the Cochrane risk-of-bias tool for randomized trials (RoB 2) [21] and the risk-of-bias tool for
non-randomized studies (ROBINS-I) [22]. Traffic light and weighted summary risk-of-bias
plots for randomized and non-randomized included studies were produced by the Risk-
of-bias visualization (robvis) online tool [23]. There was an agreement of approximately
70 and 98% on study quality and risk of bias assessment, respectively. Any discrepancies
were resolved through discussion.

2.5. Statistical Analysis

The available data from the included studies only allowed the conduction of a between-
group meta-analysis using random-effects models [24] to compare the effects of RT and
DT periods versus a non-exercise control intervention (control group) on 1RM muscle
strength. There was not enough data to conduct a meta-analysis on muscular hypertrophy.
Therefore, we compared three different mean changes between the RT and control groups:
(i) post-RT—baseline, (ii) post-DT—post-RT, and (iii) post-DT—baseline, using 1RM muscle
strength data. All between-group meta-analyses were conducted by plotting standardized
mean differences (Hedges’ g effect size) [25] and their respective standard errors (SEg) [25]
into Jeffreys’s Amazing Statistics Program (JASP) open-source software (version 0.12.2.0,
University of Amsterdam, Amsterdam, The Netherlands).

As most of the included studies did not report the mean differences for 1RM muscle
strength, mean differences were calculated for the following three-time points: (i) post-RT
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mean value—baseline mean value, (ii) post-DT mean value—post-RT mean value, and (iii)
post-DT mean value—baseline mean value. The standard deviations of mean difference
values were used as reported in the original studies or otherwise calculated assuming a
within-participant pre-post correlation coefficient, as none of the original studies reported
this statistic [25].

Sensitivity analysis was used to examine the effects of a range of assumed reliability
coefficients (r = 0.5, 0.7, and 0.9). The statistical heterogeneity of the treatment effect among
studies was assessed using the Q statistic and the inconsistency I2 test. The I2 statistic
provides an estimate of the degree of heterogeneity in effects within a set of studies between
0 and 100%, in which values above 30 and 50% were considered indicative of moderate
and high heterogeneity, respectively [26]. Publication bias was visually assessed using only
a visual analysis of funnel plot by plotting the Hedges’ g effect size of each trial against
its standard error. To improve our results, we conducted several sensitivity analyses (the
one study removed method) to consider the individual influence of each study on the
overall results.

3. Results
3.1. Included Studies

The search strategy retrieved a total of 8414 records. Two records were identified
through individual hand sources. After screening for duplicates and language examina-
tion, 5084 studies were excluded from the review process. A total of 3275 studies were
also excluded after analysis of title and/or abstract, resulting in 55 full-text copies of the
remaining studies to be submitted for further evaluation. After reading full-text copies,
35 studies were excluded from this review due to the following reasons: (i) 20 studies used
a within-group design and/or did not include a control group; (ii) 11 studies did not apply
traditional RT and/or DT; (iii) two studies investigated clinical populations; (iv) one study
performed an indirect assessment of 1RM strength; and (v) one study measured 10RM. At
the end of the process, 20 publications meeting the eligibility criteria were included for
qualitative analysis: 20 studies related to muscle strength [10,16,27–44] and seven stud-
ies [10,27,28,32,37,43,44] related to muscle hypertrophy. Out of these 20 studies, 18 studies
were excluded from the quantitative analysis due to the following reasons: (i) 11 studies ap-
plied different maximum strength tests, avoiding a pooled analysis [29–31,33,35,36,38–42];
(ii) five studies reported information about different hypertrophy outcomes, avoiding a
pooled analysis [10,28,32,37,44]; and (iii) two studies did not report muscle hypertrophy
data for the control group [27,43]. Therefore, two studies [16,34] were included in the
meta-analysis for maximum muscle strength (1RM). In addition, it was not possible to
perform a meta-analysis for the variable muscle hypertrophy. Figure 1 shows the diagram
flow of outcomes of the review.

3.2. Studies’ Characteristics

In total, 616 and 82 participants were included in the qualitative and quantitative
analyses, respectively. The number of participants in each study varied from 12 to 100.
Thirteen studies examined exclusively men, three exclusively women, whilst four studies
assessed men and women. In total, 477 men and 139 women participated in the included
studies. Seven studies included older adults (≥60 years), 12 included young and adult
participants (≥18 to <60 years), and only one study included both young and older adults
(58 ± 4 years). In two studies, the sample was composed of individuals with experience
in RT, five studies included moderately active individuals, and four studies included
sedentary or inactive individuals. In the remaining studies, the level of training experience
with physical exercise or level of physical activity was not described.
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The RT interventions’ characteristics are summarized in Table 1. RT interventions
lasted from 6 weeks to two years, with most interventions lasting 8, 10, 12, and 24 weeks.
The weekly frequency of RT ranged from two to four times per week, with thrice per week
as the most common weekly frequency. The number of exercises per session ranged from
one to 10. Ten studies had RT interventions composed of only lower body exercises, two
studies included only upper body exercises, three studies contained both upper and lower
body exercises, and five studies included whole-body exercises. The number of sets per
exercise ranged from one to 4–5 sets, with three sets as the most common number of sets
per exercise. The number of repetitions per set ranged from six to 16 repetitions; however,
as many of the included studies applied a progressive decrease or increase in the number
of repetitions per set over intervention, it was not possible to identify the most common
number of repetitions per set. Only five studies reported adjusted workload based on
a specific range of repetitions per set, such as 6–8RM, 7–10RM, 8–10RM, 8–12RM, and
10–12RM. Workload ranged from 50 to 100% of 1RM in the studies that reported intensity
as a percentage of 1RM, with 80% of 1RM as the most common intensity. Only seven
studies reported the rest intervals between sets, ranging from one to six minutes. The most
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common rest interval between sets adopted was 2 min. Ten studies provided supervision
to RT sessions.

Table 1. Resistance training interventions characteristics of the included studies (n = 20).

Author (s) Weeks Days/Week Exercises Sets Repetitions Workload Rest
Interval Supervision Detraining

Period

Andersen
et al.

(2005a) [27]
12 ~3×

Inclined leg press,
hack squat

isolated knee
extension, and
hamstring curl

4×
4×
5×

10–12RM
8–10RM
6–8RM

Adjusted
based on
RM range

NR Yes 12 weeks

Andersen
et al.

(2005b) [43]
12 ~3×

Inclined leg press,
hack squat, isolated
knee extension, and

hamstring curl

4×
4×
5×

10–12RM
8–10RM
6–8RM

Adjusted
based on
RM range

NR Yes 12 weeks

Blocquiaux
et al. (2020)

[28]
20 3×

Shoulder press,
bent-over-row,

abdominal
crunches, bench

press
biceps curl, 45◦ leg
press, 45◦ calf press,
and leg extension

2–3×
8–15

(maximum
effort in the

last set)

~65–80% of
1RM NR Yes 12 weeks

Coelho
Júnior et al.
(2017) [45]

22 2×

Squat on the chair,
chest press, seated

leg curl, frontal
raise, calf raise, arm

curl, triceps
extension, and

abdominal crunch

3× 8–10

5–6 out 10
in an

adapted
Borg scale
(~70% of

1RM)

1 min Yes 4 weeks

Elliott
(2002) [30] 8 3×

Leg press, bench
press, knee

extension, knee
flexion, and lat

pull-down

3× 8 80% of
1RM 2 min Yes 8 weeks

Fatouros
et al. (2005)

[16]
24 3×

Chest press, leg
extension, shoulder
press, leg curls, pull

down, leg press,
arm curls, and

triceps extension
Additional exercises:

Abdominal
crunches
Low back
extensions

LIST:
2–3×
HIST:
2–3×
2–3×

14–16RM
6–8RM

6–10

50–55% of
1RM

80–85% of
1RM

3 min
6 min NR 16, 32, and

48 weeks

Graves
et al. (1988)

[31]
10

Group 1:
3×

Group 2:
2×

Bilateral knee
extensions 1× 7–10RM

Adjusted
based on
RM range

NR Yes 12 weeks

Häkkinen
et al. (1985)

[10]
24 3×

Squats (concentric
action)

Squats (eccentric
action) 3rd, 5th, and

6th months

NR 1–10
3–5

70–100% of
1RM

100–120%
of 1RM

NR NR 12 weeks

Häkkinen
et al. (1981)

[32]
16 3×

Squats (concentric
action)

Squats (eccentric
action) 3rd, 5th, and

6th months

NR 1–6
1–2 (3–4 s)

80–100% of
1RM

(concentric
action)

100–120%
of 1RM

(eccentric
action)

NR NR 8 weeks

Houston
et al. (1983)

[44]
10 4×

One leg knee
extension and one

leg press
3× 8–10RM

Adjusted
based on
RM range

NR NR 12 weeks

Kalapothara-
kos et al.

(2007) [32]
10 3×

Leg extension,
chest press, leg curl,

latissimus pull
down, arm curls,

and triceps
extension

3× 15 60% of
1RM 2 min NR 6 weeks
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Table 1. Cont.

Author (s) Weeks Days/Week Exercises Sets Repetitions Workload Rest
Interval Supervision Detraining

Period

Lo et al.
(2011) [34] 24 3×

Seated chest press,
lat pull down,

seated shoulder
press, seated biceps
curl, seated triceps
extension, seated

leg extension, lying
leg curl, seated
back extension,

seated abdominal
curl, and standing

calf raise

1×
2×

10
4

75% of
1RM

90% of
1RM

NR Yes 24 weeks

Lovell et al.
(2010) [35] 16 3× Inclined squat

machine

1×
3×
3×

10
8

6–10

50% of
1RM

50% of
1RM

70–90% of
1RM

2 min
2 min
2 min

NR 4 weeks

McCarrick
and Kemp
(2000) [36]

12 3×

Horizontal
abduction, external
rotation, scaption
internal rotation,

and external
rotation

3× 8–12RM
Adjusted
based on
RM range

NR NR 12 weeks

McMahon
et al. (2019)

[37]
8 3×

Back squat, leg
press, leg extension,

lunge, Bulgarian
split squat, and
Sampson chair

3×
4×

10
8

80% of
1RM

80% of
1RM

(adjusted
weight)

NR Yes 4 weeks

Porter et al.
(2002) [38] 1 year 2×

Knee extension, lat
pull-down,

double-leg press,
abdominal curl,

and back extension

3× 8

80% of
1RM

(adjusted
weight)

NR Yes 1 year

Shaver
(2007) [39] 6 3× Unilateral biceps

curl 3× 10RM
50%, 75%,
and 100%
of 10RM

2 min NR 1, 4, 6 or 8
weeks

Shima et al.
(2002) [40] 6 4× Unilateral plantar

flexion 3× 10–12 70–75% of
1RM 1–2 min NR 6 weeks

Smith et al.
(2003) [41] 2 years 2×

Unilateral arm curl
overhead,

unilateral military
press, bilateral

supine bench press,
bilateral triceps

extensions,
unilateral leg press,

calf press,
unilateral knee
extensions, and
unilateral dorsi-

and plantar-flexion

2–3×
8–10

(upper)
10–12

(lower)

≤80% of
1RM

≤80% of
1RM

NR Yes 3 years

Weir et al.
(1997) [42] 8 3×

Unilateral leg
extension

(concentric)
3–5× 6

80% of
1RM

(adjusted
weight)

NR NR 8 weeks

RM, repetition maximum; NR, not reported or not clearly reported; LIST, low-intensity training; HIST, high-
intensity training.

The DT periods ranged from three weeks to 4 years. There was also data after 6 weeks,
8 weeks, 12 weeks, 24 weeks, one year, and three years of DT. One study presented data
after 16, 32, and 48 weeks of DT, and another presented data after 1, 4, 6, and 8 weeks of DT.

Different methods were used to assess muscle strength levels, such as lower and
upper limbs 1RM strength, only lower limbs 1RM strength, handgrip strength, concentric
isokinetic knee extension strength (at 30◦/s, 45◦/s, 60◦/s, 90◦/s, 120◦/s, 180◦/s, 240◦/s,
270◦/s), concentric and eccentric internal and external shoulder rotation, bilateral knee ex-
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tension maximum voluntary isometric contraction (MVIC), unilateral knee extension MVIC,
bilateral squat MVIC; unilateral plantar flexion MVIC, and unilateral elbow flexion MVIC.

Two studies measured quadriceps cross-sectional area through magnetic resonance
images at baseline, after RT, and after 12 weeks of DT. One study measured muscle fiber
cross-sectional area using slow and fast-twitch biopsies from the vastus lateralis at baseline,
after RT intervention, and after 8 weeks of DT, while two studies measured these same
variables at baseline, after RT, and after 12 weeks of DT. Only Houston et al. [44] measured
changes in muscle slow- and fast-twitch muscle fiber cross-sectional area using muscle biop-
sies obtained from the vastus lateralis at baseline, after RT, and after 12 weeks of DT. Only
McMahon et al. [37] measured vastus lateralis normalized physiological cross-sectional
area (physiological cross-sectional area divided by body mass) through ultrasonography at
baseline, after RT, and after four weeks of DT.

3.3. Quality and Risk of Bias Assessment

A fair quality was observed for both randomized (5 ± 1, ranging from 4 to 6) [16,29–31,33–40]
and non-randomized trials (4 ± 1, ranging from 2 to 5) [10,27,28,32,41–44] (Table 2).

Table 2. Description of studies quality based on Physiotherapy Evidence Database Scale (PEDro) (n = 20).
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Andersen et al. (2005a) [27] N N N Y N N N N N N Y 2
Andersen et al. (2005b) [43] N N N Y N N N Y Y N Y 4
Blocquiaux et al. (2020) [28] N N N Y N N Y Y N Y Y 4

Coelho Junior et al. (2017) [45] Y Y N Y N N N Y Y Y Y 6
Elliott (2002) [30] N Y N Y N N N N N Y Y 4

Fatouros et al. (2015) [16] Y Y N Y N N N Y N Y Y 5
Graves et al. (1988) [31] N Y N Y N N N Y Y Y Y 6

Häkkinen et al. (1985) [10] N N N Y N N N Y Y N Y 4
Häkkinen et al. (1981) [32] N N N Y N N N Y Y N Y 4
Houston et al. (1983) [44] N N N Y N N N N N N Y 2

Kalapotharakos et al. (2007) [33] N Y N Y N N N N N Y Y 4
Lo et al. (2011) [34] Y Y N Y N N N Y Y Y Y 6

Lovell et al. (2010) [35] Y Y N Y N N N Y N Y Y 5
McCarrick and Kemp (2000) [36] Y Y N Y N N N Y Y Y Y 6

McMahon et al. (2019) [37] Y Y N Y N N N Y Y Y Y 6
Porter et al. (2002) [40] N Y N Y N N N N N Y Y 4

Shaver (2007) [39] N Y N Y N N N Y Y Y Y 6
Shima et al. (2002) [40] N Y N Y N N N Y Y N Y 5
Smith et al. (2003) [41] Y N N Y N N N Y Y Y Y 5
Weir et al. (1997) [42] Y N N Y N N N Y Y Y Y 5

Y, yes; N, no. The eligibility criteria item does not contribute to the total score.

Overall, the randomized and non-randomized trials presented a high and moderate
risk of bias, respectively (Figure 2). Figure S1 shows the traffic light risk-of-bias plots for
randomized and non-randomized included studies.
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3.4. Meta-Analyses (1RM Strength)

As the studies included in the between-group meta-analysis used different DT periods
and 1RM strength tests [16,34], this analysis was separated by 1RM chest and leg press
strength tests according to the following DT periods: 16–24 weeks [16,34], 32 weeks [16],
and 48 weeks [16]. One of the selected studies included two different RT groups (low-
intensity RT and high-intensity RT) [16]. Therefore, this study was computed twice in the
analyses. Moreover, the three coefficients of correlations used (r = 0.5, 0.7, and 0.9) did not
influence the results of the meta-analyses (Table 3). Thus, the results below are presented
by adopting a more conservative approach (r = 0.7).

In the analysis of training effect and DT period of 16–24 weeks, the RT group presented
a significant increase in 1RM chest press and 1RM leg press strength after the RT period
compared to the control group. It also remained elevated after 16–24 weeks of DT when
compared to the control group (Table 3). Additionally, the control group presented a
significant decrease in 1RM chest press and 1RM leg press strength from after RT to post
16–24 weeks of DT when compared to the RT group (Table 3). There was significant
heterogeneity for the analysis on changes in 1RM chest press strength from baseline to
post DT period (p = 0.001) and for changes in 1RM leg press strength from baseline to the
post-RT period (p = 0.011) and from baseline to post-DT (p = 0.002) (Figures S2 and S3).

In the analysis of training effect and DT period of 32 weeks, the RT group presented a
significant increase in 1RM chest press and 1RM leg press strength post-RT compared to the
control group (Table 3). However, after 32 weeks of DT, the RT group did not differ from
the control group (Table 3). Moreover, the control group presented a significant decrease
in 1RM chest press and 1RM leg press strength from post-RT to post 32 weeks of DT in
comparison to the RT group (Table 3). There was significant heterogeneity for the changes
in 1RM chest press strength from baseline to the post-DT period (p < 0.001), and for changes
in 1RM leg press strength from baseline to the post-RT period (p = 0.011) and from baseline
to the post-DT period (p < 0.001) (Figures S4 and S5).
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Table 3. Sensitivity analysis assuming three different within-participant pre-post correlation coeffi-
cients (r = 0.5, 0.7, and 0.9).

Period Analyzed and 1RM
Strength Test Used

r = 0.5 r = 0.7 r = 0.9

Hedges’ g (95% CI) p Hedges’ g (95% CI) p Hedges’ g (95% CI) p

Detraining period (16–24 weeks)
Chest press (n = 3)
Post-RT—Baseline 3.57 [2.89; 4.24] <0.001 4.43 [3.65; 5.22] <0.001 6.68 [5.37; 8.00] <0.001

Detraining—Post-RT −1.67 [−2.16; −1.19] <0.001 −2.10 [−2.62; −1.58] <0.001 −3.29 [−3.94; −2.64] <0.001
Detraining—Baseline 1.60 [0.49; 2.72] 0.005 1.99 [0.62; 3.36] 0.004 2.98 [0.98; 4.98] <0.001

Leg press (n = 2)
Post-RT—Baseline 3.64 [1.81; 5.47] <0.001 4.47 [2.12; 6.82] <0.001 6.35 [2.55; 10.15] 0.001

Detraining—Post-RT −1.12 [−1.64; −0.61] <0.001 −1.43 [−2.05; −0.81] <0.001 −2.33 [−3.22; −1.43] <0.001
Detraining—Baseline 2.56 [0.61; 4.51] 0.010 3.16 [0.82; 5.50] 0.008 4.60 [1.55; 7.66] 0.003

Detraining period (32 weeks)
Chest press (n = 2)
Post-RT—Baseline 3.67 [2.88; 4.46] <0.001 4.53 [3.48; 5.58] <0.001 6.57 [4.62; 8.52] <0.001

Detraining—Post-RT −2.29 [−2.90; −1.68] <0.001 −2.85 [−3.53; −2.16] <0.001 −4.28 [−5.15; −3.41] <0.001
Detraining—Baseline 1.43 [−0.39; 3.25] 0.124 1.81 [−0.59; 4.21] 0.139 2.94 [−1.40; 7.28] 0.184

Leg press (n = 2)
Post-RT—Baseline 3.64 [1.81; 5.47] <0.001 4.47 [2.12; 6.82] <0.001 6.35 [2.55; 10.15] <0.001

Detraining—Post-RT −2.00 [−2.59; −1.41] <0.001 −2.52 [−3.15; −1.88] <0.001 −3.96 [−4.79; −3.14] <0.001
Detraining—Baseline 1.85 [−0.39; 4.09] 0.106 2.34 [−0.48; 5.16] 0.104 3.73 [−0.65; 8.12] 0.095

Detraining period (48 weeks)
Chest press (n = 2)
Post-RT—Baseline 3.67 [2.88; 4.46] <0.001 4.53 [3.48; 5.58] <0.001 6.57 [4.62; 8.52] <0.001

Detraining—Post-RT −2.79 [−3.46; −2.12] <0.001 −3.51 [−4.28; −2.74] <0.001 −5.47 [−6.66; −4.29] <0.001
Detraining—Baseline 0.80 [−0.61; 2.21] 0.267 1.01 [−0.76; 2.79] 0.263 1.57 [−1.22; 4.35] 0.270

Leg press (n = 2)
Post-RT—Baseline 3.64 [1.81; 5.47] <0.001 4.47 [2.12; 6.82] <0.001 6.35 [2.55; 10.15] <.0001

Detraining—Post-RT 2.34 [−2.97; −1.72] <0.001 −3.01 [−3.72; −2.31] <0.001 −5.12 [−6.11; −4.12] <0.001
Detraining—Baseline 0.96 [−0.88; 2.80] 0.308 1.16 [−1.09; 3.42] 0.311 1.64 [−1.52; 4.79] 0.309

1RM: one maximum repetition. CI, confidence interval; RT, resistance training.

In the analysis of training effect and DT period of 48 weeks, the RT group presented
a significant increase in 1RM chest press and 1RM leg press strength post-RT compared
to the control group (Table 3). Nevertheless, it did not differ from the control group after
48 weeks of DT (Table 3). Additionally, the control group presented a decrease in 1RM
chest press and 1RM leg press strength from the post-RT period to post 48 weeks of DT in
comparison to the RT group (Table 3). There was significant heterogeneity for the changes
in 1RM chest press strength from baseline to the post-DT period (p < 0.001), and for changes
in 1RM leg press strength from baseline to the post-RT period (p = 0.011) and from baseline
to the post-DT period (p < 0.001) (Figures S6 and S7). Figure 3 shows the summary of the
effects of RT and DT periods on 1RM chest press and leg press.

3.5. Sensitivity Analyses and Publication Bias

As mentioned above, there were only three studies that reported data on changes
in 1RM chest press strength over the DT period of 16–24 weeks [16,34], in which one of
them [16] included two different RT groups. Thus, it was possible to conduct a sensitivity
analysis only for this DT period. It was observed that a significant increase (p < 0.01) in
1RM chest press strength in the RT group post-RT compared to the control group remained
after the removal of each one of the included studies. However, the significant increase in
1RM chest press strength in the RT group compared to the control group after 16–24 weeks
of DT did not remain after removal of the low-intensity RT group [16] (g = 2.18 [−0.33; 4.69],
p = 0.088; heterogeneity: p < 0.001). Visual analysis of the funnel plot demonstrated that
publication bias was present in the studies included in the between-group meta-analysis
for RT versus control group for changes in 1RM chest press strength over 16–24 weeks of
DT (Figure S8).



Muscles 2022, 1 11Muscles 2022, 1, FOR PEER REVIEW  12 
 

 

Figure 3. Hedges’ g effect size for changes in one‐repetition maximum chest press (A) and leg press 

(B) after resistance training and detraining periods compared to a non‐exercise control group. RT, 

resistance training; CI, confidence interval; n, number of included studies. Note: Chest and leg press 

illustrations were made by R.B.V. 

3.5. Sensitivity Analyses and Publication Bias 

As mentioned above, there were only three studies that reported data on changes in 

1RM chest press strength over the DT period of 16–24 weeks [16,34], in which one of them 

[16] included two different RT groups. Thus, it was possible to conduct a sensitivity anal‐

ysis only for this DT period. It was observed that a significant increase (p < 0.01) in 1RM 

chest press strength in the RT group post‐RT compared to the control group remained 

after the removal of each one of the included studies. However, the significant increase in 

1RM chest press strength in the RT group compared to the control group after 16–24 weeks 

of DT did not remain after removal of the  low‐intensity RT group [16]  (g = 2.18 [−0.33; 

4.69], p = 0.088; heterogeneity: p < 0.001). Visual analysis of the funnel plot demonstrated 

that publication bias was present in the studies included in the between‐group meta‐anal‐

ysis for RT versus control group for changes in 1RM chest press strength over 16–24 weeks 

of DT (Figure S8).   

   

Figure 3. Hedges’ g effect size for changes in one-repetition maximum chest press (A) and leg press
(B) after resistance training and detraining periods compared to a non-exercise control group. RT,
resistance training; CI, confidence interval; n, number of included studies. Note: Chest and leg press
illustrations were made by R.B.V.

4. Discussion

Overall, individual analysis of the included studies showed that muscle strength and
muscle hypertrophy gains obtained after RT were not totally lost after different DT periods.
They also remained at least slightly above pre-training values. In addition, a meta-analysis
was performed only for the muscle strength variable due to the lack of studies and available
data about muscular hypertrophy and DT.

Our qualitative analysis demonstrated that most of the included studies presented a
fair quality and moderate-high risk of bias (Table 2 and Figure 2, respectively). Furthermore,
the included studies applied DT periods that were similar in length to the RT period, which
was not able to reverse the improvements obtained through RT. This aspect indicates that
the rate of gains in muscle strength and muscle hypertrophy seems to be higher than the
rate of loss. However, although there were decreases in both muscle strength and muscle
hypertrophy after DT in the included studies [10,16,27–44], it is still unknown if the loss
rate of muscle strength and muscle hypertrophy after DT is different. However, the initial
losses of muscular hypertrophy may not be considered as being due to the loss of muscle
fiber size, but possibly due to decreases in muscle glycogen and water content, which are
quickly replaced after training is resumed [45].
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The classical proposed mechanism for muscle strength adaptations consists of neural
adaptations followed by contributions from muscle hypertrophy [46,47]. However, it is
important to note that recent experimental studies [48–50] showed evidence against changes
in muscle size as a major mechanism contributing to increases in muscular strength, which
more recently increased the discussion about this topic [51–53]. Neural adaptations such as
changes in the primary motor cortex [54], spinal cord [55], motor neuron alterations [56],
and/or fiber level alterations (e.g., myosin motors, myofibrillar ATPase adaptations, the
pattern of calcium release, and/or changes in the major components involved in the
excitation-contraction coupling process) [57,58] are proposed to explain the gains in muscle
strength following RT.

Specific to the DT period, it can be considered as a short-term (≤4 weeks) or long-term
period (>4 weeks) [6], which might differently influence the changes in neuromuscular
parameters following RT. It was observed in the qualitative analysis that short-term periods
of DT did not induce significant muscle strength loss [39], but the same could not be
said regarding muscle hypertrophy, since no studies with short-term periods of DT were
found for this variable. Besides, it was observed through meta-analysis (only two studies)
that, when counting for random error, both upper (1RM chest press) and lower limb
(1RM leg press) muscle strength gains remained after 16–24 weeks of DT (large effect
size) [16,34]. However, muscle strength for both upper and lower limbs returned to pre-RT
levels after 32 and 48 weeks of DT (Figure 3) [16]. Fatouros et al. [16] distributed 52 healthy
and physically inactive older individuals to either a control group (n = 14) or to two
experimental groups that underwent full-body RT, with low-intensity training (n = 18; 55%
1RM) or high-intensity training (n = 20; 82% 1RM), followed by 48 weeks of DT. Although
low-intensity training improved strength (42–66%), high-intensity training elicited greater
gains (63–91%). The strength gains induced by training in the low-intensity group were
lost after 16 to 32 weeks of DT, while the strength gains were maintained following DT in
the high-intensity group. In another study, healthy university men were assigned to a RT
group (n = 10) or a control group (n = 10). The RT group was submitted to a resistance
circuit training three times a week for 24 weeks. In the first 8 weeks, RT was performed at
an intensity that allowed participants to complete 15 repetitions easily, from week 9 to 16,
participants completed 1 set of 10 repetitions at 75% of 1RM; from week 17 to 24, participants
performed 2 sets of 4 repetitions each at 90% 1RM. After the training period, there was
an increase in strength and lean mass of lower- and upper-body limbs. After 24 weeks of
DT, the levels of strength and lean mass remained higher than the baseline values [34]. In
addition, there is the assumption that short periods of training interruption can be used
as a recovery strategy after periods of intense training to ensure adequate recovery and
supercompensation and avoid overreaching/overtraining status [59]. Nevertheless, short
training interruption periods (i.e., 1 week) did not promote supercompensation or DT
effect [39]. Therefore, short-term DTs adopted during RT regimens may not induce relevant
losses in RT-induced muscle strength.

The current study is not without limitations. Several studies were not included in
the current meta-analysis because they did not have enough data. Consequently, these
results should be generalized with caution due to the small number of studies and sample
size included in the meta-analysis. Despite that, it is worth noting that the reversibility of
training effects can be influenced by several factors, such as genetics, training level, age,
gender, nutrition, and training characteristics (type, intensity, and duration of the inter-
vention) [6,16,60,61]. Thus, the currently available literature is insufficient to allow us to
statistically control for each one of the aforementioned factors in the analysis. Furthermore,
as the included studies have methodological heterogeneity, we needed to standardize the
mean difference values (Hedges’ g). In other words, the currently available literature did
not allow us to provide an overall mean difference value (in kg) for changes in muscle
strength. Therefore, future high-quality randomized controlled trials evaluating the effects
of these factors on the maintenance of neuromuscular adaptations after different periods of
DT are needed.
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In conclusion, the present systematic review and meta-analysis demonstrate that
when counting for random error, there is no sufficient high-quality evidence to make any
unbiased claim about how long changes in muscle strength induced by RT last after a DT
period. Moreover, the effect of different DT periods on muscle hypertrophy induced by
RT remains unknown since there was not enough data to conduct a meta-analysis with
this variable.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/muscles1010001/s1, Figure S1. Traffic light risk-of-bias plots for random-
ized (A) and non-randomized (B) included studies. Figure S2. Changes in 1RM chest press strength
from baseline to post-resistance training (A), from post-resistance training to post 16–24 weeks of
detraining (B), and from baseline to 16–24 weeks of detraining (C). Figure S3. Changes in 1RM leg
press strength from baseline to post-resistance training (A), from post-resistance training to post
16–24 weeks of detraining (B), and from baseline to 16–24 weeks of detraining (C). Figure S4. Changes
in 1RM chest press strength from baseline to post-resistance training (A), from post- resistance training
to post 32 weeks of detraining (B), and from baseline to 32 weeks of detraining (C). Figure S5. Changes
in 1RM leg press strength from baseline to post-resistance training (A), from post-resistance training to
post 32 weeks of detraining (B), and from baseline to 32 weeks of detraining (C). Figure S6. Changes
in 1RM chest press strength from baseline to post-resistance training (A), from post-resistance training
to post 48 weeks of detraining (B), and from baseline to 48 weeks of detraining (C). Figure S7. Changes
in 1RM leg press strength from baseline to post-resistance training (A), from post-resistance training
to post 48 weeks of detraining (B), and from baseline to 48 weeks of detraining (C). Figure S8. Funnel
plots for all meta-analyses performed.

Author Contributions: Conceptualization and methodology, I.G.A.E., R.B.V. and J.B.F.-J.; search
strategy, I.G.A.E. and J.B.F.-J.; screaming, data extraction, and study quality/risk of bias assessment,
I.G.A.E. and J.B.F.-J.; statistical analysis, R.B.V.; data curation, writing—original draft preparation,
I.G.A.E., R.B.V. and J.B.F.-J.; writing—review and editing, R.B.V., S.R.S.S., E.D.S.F., C.A.B.d.L. and
J.B.F.-J.; supervision and project administration, J.B.F.-J. All authors have read and agreed to the
published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.

Data Availability Statement: The datasets generated during and/or analyzed during the current
review are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Aagaard, P.; Simonsen, E.B.; Andersen, J.L.; Magnusson, P.; Dyhre-Poulsen, P. Neural adaptation to resistance training: Changes

in evoked V-wave and H-reflex responses. J. Appl. Physiol. 2002, 92, 2309–2318. [CrossRef]
2. ACSM. American College of Sports Medicine position stand. Progression models in resistance training for healthy adults. Med.

Sci. Sports Exerc. 2009, 41, 687–708. [CrossRef] [PubMed]
3. Alén, M.; Häkkinen, K. Physical health and fitness of an elite bodybuilder during 1 year of self-administration of testosterone and

anabolic steroids: A case study. Int. J. Sports Med. 1985, 6, 24–29. [CrossRef] [PubMed]
4. Andersen, L.L.; Andersen, J.L.; Magnusson, S.P.; Aagaard, P. Neuromuscular adaptations to detraining following resistance

training in previously untrained subjects. Eur. J. Appl. Physiol. 2005, 93, 511–518. [CrossRef] [PubMed]
5. Andersen, L.L.; Andersen, J.L.; Magnusson, S.P.; Suetta, C.; Madsen, J.L.; Christensen, L.R.; Aagaard, P. Changes in the human

muscle force-velocity relationship in response to resistance training and subsequent detraining. J. Appl. Physiol. 2005, 99, 87–94.
[CrossRef] [PubMed]

6. Bell, Z.W.; Wong, V.; Spitz, R.W.; Chatakondi, R.N.; Viana, R.; Abe, T.; Loenneke, J.P. The contraction history of the muscle and
strength change: Lessons learned from unilateral training models. Physiol. Meas. 2020, 41, 01TR01. [CrossRef]

7. Blocquiaux, S.; Gorski, T.; Van Roie, E.; Ramaekers, M.; Van Thienen, R.; Nielens, H.; Delecluse, C.; De Bock, K.; Thomis, M. The
effect of resistance training, detraining and retraining on muscle strength and power, myofibre size, satellite cells and myonuclei
in older men. Exp. Gerontol. 2020, 133, 110860. [CrossRef]

https://www.mdpi.com/article/10.3390/muscles1010001/s1
https://www.mdpi.com/article/10.3390/muscles1010001/s1
http://doi.org/10.1152/japplphysiol.01185.2001
http://doi.org/10.1249/MSS.0b013e3181915670
http://www.ncbi.nlm.nih.gov/pubmed/19204579
http://doi.org/10.1055/s-2008-1025808
http://www.ncbi.nlm.nih.gov/pubmed/3921472
http://doi.org/10.1007/s00421-004-1297-9
http://www.ncbi.nlm.nih.gov/pubmed/15702342
http://doi.org/10.1152/japplphysiol.00091.2005
http://www.ncbi.nlm.nih.gov/pubmed/15731398
http://doi.org/10.1088/1361-6579/ab516c
http://doi.org/10.1016/j.exger.2020.110860


Muscles 2022, 1 14

8. Borenstein, M.; Hedges, L.V.; Higgins, J.P.T.; Rothstein, H.R. Introduction to meta-analysis. In Introduction to Meta-Analysis; John
Wiley and Sons: Hoboken, NJ, USA, 2009. [CrossRef]

9. Brezhnev, Y.V.; Zaitsev, A.A.; Sazonov, S.V. To the analytical theory of the supercompensation phenomenon. Biophysics 2011, 56,
298–303. [CrossRef]

10. Canepari, M.; Rossi, R.; Pellegrino, M.A.; Orrell, R.W.; Cobbold, M.; Harridge, S.; Bottinelli, R. Effects of resistance training on
myosin function studied by the in vitro motility assay in young and older men. J. Appl. Physiol. 2005, 98, 2390–2395. [CrossRef]

11. Carroll, T.J.; Selvanayagam, V.S.; Riek, S.; Semmler, J.G. Neural adaptations to strength training: Moving beyond transcranial
magnetic stimulation and reflex studies. Acta Physiol. 2011, 202, 119–140. [CrossRef]

12. Correa, C.S.; Baroni, B.M.; Radaelli, R.; Lanferdini, F.J.; Cunha, G.D.S.; Reischak-Oliveira, Á.; Vaz, M.A.; Pinto, R.S. Effects of
strength training and detraining on knee extensor strength, muscle volume and muscle quality in elderly women. Age 2013, 35,
1899–1904. [CrossRef] [PubMed]

13. Counts, B.R.; Buckner, S.L.; Mouser, J.G.; Dankel, S.J.; Jessee, M.B.; Mattocks, K.T.; Loenneke, J.P. Muscle growth: To infinity and
beyond? Muscle Nerve 2017, 56, 1022–1030. [CrossRef]

14. Dankel, S.J.; Bell, Z.W.; Spitz, R.W.; Wong, V.; Viana, R.B.; Chatakondi, R.N.; Buckner, S.L.; Jessee, M.B.; Mattocks, K.T.;
Mouser, J.G.; et al. Assessing differential responders and mean changes in muscle size, strength, and the crossover effect to 2
distinct resistance training protocols. Appl. Physiol. Nutr. Metab. 2020, 45, 463–470. [CrossRef]

15. Dankel, S.J.; Counts, B.R.; Barnett, B.E.; Buckner, S.L.; Abe, T.; Loenneke, J.P. Muscle adaptations following 21 consecutive days of
strength test familiarization compared with traditional training. Muscle Nerve 2017, 56, 307–314. [CrossRef]

16. DerSimonian, R.; Laird, N. Meta-analysis in clinical trials. Control. Clin. Trials 1986, 7, 177–188. [CrossRef]
17. Elliott, K.J. Effects of resistance training and detraining on muscle strength and blood lipid profiles in postmenopausal women.

Br. J. Sports Med. 2002, 36, 340–344. [CrossRef] [PubMed]
18. Fatouros, I.G.; Kambas, A.; Katrabasas, I.; Nikolaidis, K.; Chatzinikolaou, A.; Leontsini, D.; Taxildaris, K. Strength training and

detraining effects on muscular strength, anaerobic power, and mobility of inactive older men are intensity dependent. Br. J. Sports
Med. 2005, 39, 776–780. [CrossRef]

19. Foley, N.C.; Teasell, R.W.; Bhogal, S.K.; Speechley, M.R. Stroke rehabilitation evidence-based review: Methodology. Top. Stroke
Rehabil. 2003, 10, 1–7. [CrossRef]

20. Folland, J.P.; Williams, A.G. The adaptations to strength training: Morphological and neurological contributions to increased
strength. Sports Med. 2007, 37, 145–168. [CrossRef]

21. Graves, J.; Pollock, M.; Leggett, S.; Braith, R.; Carpenter, D.; Bishop, L. Effect of reduced training frequency on muscular strength.
Int. J. Sports Med. 1988, 09, 316–319. [CrossRef]

22. Griffin, L.; Cafarelli, E. Transcranial magnetic stimulation during resistance training of the tibialis anterior muscle. J. Electromyogr.
Kinesiol. 2007, 17, 446–452. [CrossRef]

23. Häkkinen, K.; Alen, M.; Kallinen, M.; Newton, R.U.; Kraemer, W.J. Neuromuscular adaptation during prolonged strength training,
detraining and re-strength-training in middle-aged and elderly people. Eur. J. Appl. Physiol. 2000, 83, 51–62. [CrossRef] [PubMed]

24. Häkkinen, K.; Alen, M.; Komi, P.V. Changes in isometric force- and relaxation-time, electromyographic and muscle fibre
characteristics of human skeletal muscle during strength training and detraining. Acta Physiol. Scand. 1985, 125, 573–585.
[CrossRef]

25. Häkkinen, K.; Komi, P. Electromyographic changes during strength training and detraining. Med. Sci. Sports Exerc. 1983, 15,
455–460. [CrossRef] [PubMed]

26. Häkkinen, K.; Komi, P.; Tesch, P. Effect of combined concentric and eccentric strength training and detraining on force-time,
muscle fiber and metabolic characteristics of leg extensor muscles. Scand. J. Med. Sci. Sports 1981, 3, 50–58.

27. Higgins, J.P.; Thomas, J. Cochrane Handbook for Systematic Reviews of Interventions, 2nd ed.; Chandler, J., Cumpston, M., Li, T.,
Page, M., Welch, V., Eds.; Wiley-Blackwell: Hoboken, NJ, USA, 2020.

28. Hortobágyi, T.; Houmard, J.; Stevenson, J.; Fraser, D.; Johns, R.; Israel, R. The effects of detraining on power athletes. Med. Sci.
Sports Exerc. 1993, 25, 929–935. [PubMed]

29. Houston, M.E.; Froese, E.A.; Valeriote, S.P.; Green, H.J.; Ranney, D.A. Muscle performance, morphology and metabolic capacity
during strength training and detraining: A one leg model. Eur. J. Appl. Physiol. Occup. Physiol. 1983, 51, 25–35. [CrossRef]

30. Ivey, F.M.; Tracy, B.L.; Lemmer, J.T.; NessAiver, M.; Metter, E.J.; Fozard, J.L.; Hurley, B.F. Effects of strength training and detraining
on muscle quality: Age and gender comparisons. J. Gerontol. Ser. A: Biol. Sci. Med. Sci. 2000, 55, B152–B157. [CrossRef]

31. Júnior, H.J.C.; Rodrigues, B.; de Oliveira Gonçalves, I.; Uchida, M.C. Effects of a short-term detraining period on muscle
functionality and cognition of strength trained older women: A preliminary report. J. Exerc. Rehabil. 2017, 13, 559–567. [CrossRef]

32. Kalapotharakos, V.I.; Smilios, I.; Parlavatzas, A.; Tokmakidis, S.P. The effect of moderate resistance strength training and
detraining on muscle strength and power in older men. J. Geriatr. Phys. Ther. 2007, 30, 109–113. [CrossRef]

33. Kraemer, W.J.; Ratamess, N.A. Fundamentals of resistance training: Progression and exercise prescription. Med. Sci. Sports Exerc.
2004, 36, 674–688. [CrossRef]
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