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Abstract: The ongoing global pandemic brought about by Coronavirus II (SARS-Cov-2 or COVID-19)
has caused an ongoing cessation of sporting competitions and training facility closures. This is
a fundamental challenge for amateur and elite sporting professionals. Although recommendations
have been provided for team-sport athletes to maintain general and sport-specific conditioning, these
methods are often not optimal for strength athletes (i.e., powerlifting (PL) and weightlifting (WL))
due to the unique and narrow set of performance requirements posed by these sports. The purpose of
this review is to provide evidence-based information and recommendations and highlight potential
strategies and approaches that may be used by strength (PL and WL) athletes during the current
global crisis. Collectively, we provide evidence from resistance training literature regarding the loss
of muscle strength, power and mass, minimum training frequencies required to attenuate such losses
and training re-adaptation. Additionally, we suggest that time off training and competition caused
by ongoing restrictions may be used for other purposes, such as overcoming injury and improving
movement quality and/or mobility, goal setting, psychological development and emphasizing
strength sports for health. These suggestions are intended to be useful for coaches, strength athletes
and organizations where existing training strategies and recommendations are not suitable or no
longer feasible.

Keywords: powerlifting; weightlifting; COVID-19; resistance training; detraining;
injury; performance

1. Introduction

The recent and ongoing pandemic caused by the outbreak of the severe acute respiratory
syndrome known as Coronavirus II (SARS-Cov-2 or COVID-19) in late 2019 has caused a major
shift in the global way of life. For many affected countries, this has had severe negative impacts
on multiple domains including work, travel, leisure activity and national economies. For sporting
organizations, restrictions have forced a temporary but ongoing cessation of major events and
competitions worldwide [1–4]. Moreover, these restrictions have extended to the closure of training
facilities, including private and commercial gymnasiums. These closures present a fundamental
problem for general population health, as well as amateur and elite sporting professionals [5].
Although various strategies are in place in an attempt to attenuate the spread of the virus, and an
easing of restrictions is in sight for some countries, this is not the case for all, and the potential for future
outbreaks or continued social distancing recommendations is likely to present an ongoing problem for
the foreseeable future.
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Recently, several research articles have sought to provide recommendations for general population
health [6] and fitness [7,8] during this pandemic. Additionally, suggestions have also been provided
for athletes [9] and, in particular, team-sport athletes to maintain health [10], body composition,
routine, physical conditioning and a safe return to training amongst others [11]. From a physical
performance perspective, team-sport athletes and those involved in multidisciplinary sports (e.g.,
those requiring proficiency across multiple physiological and physical performance domains) may
be able to maintain general, and some degree of sport-specific, fitness through methods such as
high-intensity interval and circuit-based training. However, these conditioning methods are not
suitable for strength (i.e., powerlifting (PL) and weightlifting (WL)) athletes due to the unique set of
performance requirements posed by these sports [12,13]. Specifically, PL and WL athletes practice a very
confined set of sport-specific strength movements under moderate-to-high loads during training which
directly transfers to competition [12–14]. These include the squat, bench-press and deadlift for PL and
snatch and clean and jerk for WL amongst other movement derivatives and accessory exercises. The
routine practice of these skills and ongoing neuromuscular development can allow lifts exceeding 3–5
times body weight for elite PL athletes [15] and 2–3 times body weight in elite WL athletes (derived
from Croucher [16]). Thus, the need for specific equipment and high amounts of external load to train
effectively can present a unique problem in the current global climate.

Despite obvious constraints and ongoing restrictions, there is potential to mitigate substantial losses
in sport-specific capacity for strength athletes. Moreover, the time where access to training facilities and
equipment is limited or non-existent may be used to focus on other areas crucial to long-term athletic
physical and mental development. These may include implementing strategies to overcome persistent
injury, improving mobility, goal setting and using psychological training strategies to improve future
competitive performance. The benefits of participation to overall health and community should also
be considered at the individual and organizational level. Therefore, the purpose of this review is
to highlight the impact of the current global situation on strength sports, provide evidence-based
information and pose potential strategies and approaches that may be adopted by strength (e.g., PL and
WL) athletes. The suggestions and recommendations are intended to be particularly useful for coaching
professionals, strength athletes and organizations where existing physical training and conditioning
suggestions and scheduled competitions may not be suitable or are not currently feasible.

2. Impact of the Global Pandemic on Strength Sport Participation and Competitions

The impact of the current and ongoing global situation on strength sports at the local, national
and international level is now being recognized. Although in some countries sport participation and
competition is beginning to resume, this has resulted in significant disruption to date. For example,
in Australia, there have only been 40 Australian Weightlifting Federation sanctioned competitions
(1 January 2020–31 May 2020) compared to 76 competitions during the same time period in 2019 [17].
A similar reduction has been observed for British Weightlifting with approximately 23 competitions
held up to 31 May for 2020, compared to 53 competitions up until the same date in 2019. For national
events Japan recorded 5 competitions (1 January 2019–31 May 2019) compared to 1 competition for
the same dates in 2020. The reduction is also evident in the sport of PL. Specifically, there have only
been 11 listed Powerlifting Australia sectioned competitions this year (1 January 2020–31 May 2020)
compared to 37 at the same time last year [18]. Additionally, a reduction in competitions has also been
observed by the United States Powerlifting Association with 135 competitions held until 31 May 2019
compared to 89 competitions up until the same date in 2020 [19]. Although similar information is not
readily available from all countries, this trend is likely to be similar across organizations. Based on
the evidence thus far, it is also likely that the total number of PL competitions during 2020 will be
significantly less than the 76 competitions that occurred in 2019 [20], and importantly, this observation
is unlikely unique to Australia. In fact, it appears that the impact is widespread across all counties (refer
to Table 1). For example, documented global competitor entries based on PL competition data [21]
reports a total of 27,303 individual competitor entries across all federations between 1 January 2020 and
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2 May 2020. This is in comparison to the 46,378 individual competition entries recorded up until the
same time period in 2019, corresponding to an approximated 41% reduction. In a number of countries,
the observed reduction in competitor entries has been upwards of 80% when compared to 2019 (Refer
to Figure 1). This finding likely stems from multiple factors such a number of organized competition
meets being postponed or cancelled. It may also result from a reduced number of athletes choosing
to compete, especially during the early part of the year when COVID-19 was apparent, but sporting
restrictions were not implemented as yet.

Table 1. Number of documented competitor entries, regardless of organization, for each country from
the 1 January 2020 to 2 May 2020 compared to same dates in 2019 (sourced from [21]). Countries
where results were not available for both years or were deemed incomplete after manual inspection
were omitted.

Competitors: Year to Date (n)

Country 2019 2020

USA 26,945 20,620
Russia 4276 118
United
Kingdom 3625 1750

Australia 1951 951
Japan 1200 167
Italy 921 557
Norway 766 371
Slovakia 698 60
New Zealand 466 78
Canada 424 122
Sweden 417 312
Austria 360 38
Spain 306 272
Netherlands 235 203
Portugal 180 126
Brazil 160 33
Switzerland 147 54
Belarus 100 30
Belgium 71 35
Finland 60 7
Thailand 52 31
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Figure 1. Displays the estimated percentage reduction in competitor entries based on country from the
1 January 2020 to 2 May 2020 compared to same dates in 2019 (data extracted from [21]). Countries
where results were not available for both years or were deemed incomplete after manual inspection
were omitted.

3. Training Cessation Effects on Muscle Strength, Power and Mass

For PL and WL athletes, movement-specific strength and power is of utmost importance for
competitive success. Thus, attenuating loss of neuromuscular capability during this period is essential
to ensure performance is not compromised when competition resumes. When interpreting the available
resistance training research, it appears that strength may be partially or completely maintained in the
short term (e.g., up to 3 weeks) [22] but will be compromised after 4 weeks (e.g., surfing athletes) [23]
and begin to decay in team-sport athletes [24] and/or be substantially lost after 5 weeks without training
in physically active males [25]. Tran et al. [23] also noted a reduction in athletes’ sensorimotor ability
which may be an important consideration where technical and/or skillful actions are required (e.g.,
complex WL movements). Further, Izquierdo et al. [26] demonstrated reductions in maximal strength
and power of 6% to 9% and 14% to 17% in the upper- and lower-limbs, respectively, following 4 weeks
of a complete cessation of training in physically active men. While both muscular strength and power
decreased during this 4-week time period, the reduced ability to express high power outputs were more
pronounced. Although the exact reasons for these responses are unclear, it seems reasonable to assume
that more substantial reductions may occur in explosive complex multi-joint movements requiring
a high degree of skill such as the movements performed in WL. In support, Kordi and Siahkohian [27]
showed significant decreases in the competitive weightlifting exercises of the snatch (−6.0%) and
clean and jerk (−5.1%), as well as the power snatch (−5.4%) and power clean (−6.6%) derivatives after
just 2 weeks of detraining in elite WL athletes. Additionally, lower body strength also demonstrated
significant reductions as indicated by the front squat (−5.9%) and the back squat (−5.8%), which in this
case was similar to the reductions observed in the WL movements (i.e., −5.1% to −6.6%). Lean body
mass also decreased (~0.9%) and body fat increased (~11.3%) over this period, although it is not clear if
and how this contributed to the reductions in strength and power performance. A similar effect to that
in Kordi and Siahkohian [27] has also been reported in a meta-analytical review by Bosquet et al. [28]
during the first few weeks of training cessation. However, maximal force capability was more severely
impacted with longer durations of training cessation (e.g., 16 weeks) compared to power [28]. To our
knowledge, specific evidence about the detraining responses in PL athletes is not available. However,
the results by Kordi and Siahkohian [27] regarding the reduction in front- and back-squat performance
suggests that PL specific strength movements will also be affected with periods of ceased or reduced
training. In further support, maximal strength and muscle cross sectional area have also been shown to
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be substantially reduced following 8–12 weeks of training cessation in well-trained adult males [29,30],
which may be more akin to the training status of PL athletes compared to moderate or recreationally
trained individuals. That being said, well-trained and younger athletes may be at an advantage when
compared to novice individual and master’s athletes. For example, Bosquet et al. [28] also reported
that the magnitude of detraining effect was larger for inactive individuals compared to athletes and
those over 65 years of age.

Although performance reductions during this period are likely, the available research suggests
that muscle strength and quality may remain above basal levels (i.e., non-trained state) for substantial
periods of time (Figure 1, Table 1). For example, Sakugawa et al. [31] suggest that elderly men and
women maintain strength above baseline levels following 16 weeks of detraining. Although this may
not directly reflect PL and WL athletes per se, we do acknowledge growing participation in each sport
by Masters’ and/or elderly athletes. Further evidence suggests that this period may be substantially
longer across different demographics. For example, lean mass and upper- and lower-body strength
remain elevated after 24 weeks of training cessation in young men [32]. In addition, Ivey et al. [33]
have reported that muscle quality (i.e., the amount of force produced per unit of muscle mass) can
remain above baseline for 31 weeks following training cessation in young men and women and older
men, respectively. Maximal dynamic strength has also been shown to remain above baseline for
a similar period of time in young adult (21.4 ± 1.4 year) women [34]. However, Melnyk et al. [35]
reported that quadriceps muscle cross-sectional area returned to baseline after a similar period in
young and older males and females. Thus, although the available research is not specifically derived
from strength athletes, it provides at least some reassurance that muscle strength, quality and mass
will not diminish entirely following significant periods without training (Table 2). Further, functional
losses may be attenuated with minimal training frequencies, for example see [36], and is discussed
further in Section 3.1.

Table 2. Brief overview and summary of main findings regarding neuromuscular outcomes from
reported studies. Studies examining both reduced training frequency and training cessation concurrently
are documented in one section only. CSA: cross sectional area, 1-RM: one-repetition maximum, IEMG:
isometric electromyography, LM: lean mass, RTD: rate of torque development, wk: week, y: year.

Study Participant Characteristics Study Protocol Summary of Main Findings

Training Cessation

Ogasawara et al. [22] Untrained men, 24.7 ± 2.5 y
(n = 15)

Bench press training (3 days p/wk)
15 wk continuous OR 6 wk then 3 wks

no-training followed by 6 wks retraining.

No significant decreases in muscle CSA and 1RM
after 3 wks of training cessation.

Tran et al. [23] Competitive surfers, 14.1 ± 1.6 y
(n = 19)

4 wks strength training cessation but maintained
surfing participation.

Decreased vertical jump height (−5.3%), vertical
jump peak velocity (−3.7%), isometric strength

(−5.5%), relative isometric strength (−7.3%) and
sensorimotor ability (i.e., athletes took longer to

stabilize from a dynamic landing task).

McMaster et al. [24] Elite rugby union, rugby league
and American football athletes Systematic review article.

Strength levels maintained for up to 3 wks after
cessation, but rate of decline increases between

5–16 wks.

Chtourou et al. [25]

Healthy male physical education
students,

23.1 ± 1.9 y
(n = 31)

14 wks strength training (squat, leg press, leg
extension, leg curl) 8–10 RM then 5 wks of

no training.

Squat jump and maximal voluntary contraction
partially retained after 3 wks, but lost after 5 wks.

Izquierdo et al. [26] Basque ball playing men,
~24 y(n = 46)

16 wk periodized training followed by 4 wk
training cessation or taper.

Decrease in maximal strength (−6 to −9%) and
muscle power output (−17 to −14%) of the arm
and leg extensor muscles. Greater decrease for

power compared to strength.

Kordi and Siahkohian
[27]

Elite male weightlifters
(n = 12) 2 wks training cessation.

Decreased snatch (~12kg), lift and jerk (~12kg),
back squat (~10kg), front squat (~9kg), power

snatch (~7kg).

Bosquet et al. [28] Mixed training status, sex and age Systematic review with meta-analysis.

Similar decrease in strength and power during
initial weeks but greater decrease in strength
with longer durations. Reductions greater in
older people and inactive people for strength

and power.

Hakkinen et al. [29] Strength trained males, 20–32 y
(n = 11)

24 wks strength training between 70 and 120% of
maximum followed by 12 wks of

training cessation.

Decrease in maximal strength which correlated
with the decrease in maximum IEMGs of the leg

extensors. Decreased mean muscle-fibre area
(both fibre types).
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Table 2. Cont.

Study Participant Characteristics Study Protocol Summary of Main Findings

Hakkinen and Komi [30] Strength trained males, 26.4 ± 0.6
y (n = 14)

Concentric and eccentric strength training of leg
extensors (80–120% of concentric maximum), 3 ×

p/wk for 16 wks followed by 8 wks of training
cessation.

10.5% decrease in IEMG during first 4 wks of
training cessation. Decrease in force of ~8.3%

after 24 wks.

Sakugawa et al. [31] Elderly men and women, 64.0 ±
2.3 y (n = 10)

12 wks of strength training, 16 wks of training
cessation and 8 wks of retraining.

Maximum strength remained above baseline
after 16 wks. Retraining recovered maximum
strength gains, RTD and functional capacity.

Lo et al. [32] Health men, 20.4 ± 1.4 y
(n = 10 per group)

24 wks of strength or endurance training,
followed by 24 wks training cessation.

Strength and LM greater than the baseline values
after 24 wks of training cessation.

Ivey et al. [33]

Young men, 25 ± 3 y (n = 11);
young women, 26 ± 2 y (n = 9);
older men, 69 ± 3 y (n = 11) and
older women, 68 ± 3 y (n = 11).

9 wks of strength training followed by 31 wks of
training cessation.

Muscle quality remained elevated above baseline
in all groups except for older women.

Staron et al. [34] Females,
21.4 ± 1.4 y(n = 6)

20 wks lower-limb strength training followed by
30–32 wks of training cessation then 6

wks retraining.

Small effect on fibre cross-sectional area but
increased percentage of type IIb fibres and

concomitant decrease in IIa fibres. Maximal
dynamic strength decreased but remained

above baseline.

Melynk et al. [35]

Young males, 25 ± 3 y (n = 11);
older males, 69 ± 3 y (n = 11);

young females, 26 ± 2 y (n = 10);
and older females, 68 ± 3 y (n = 11)

9 wks unilateral knee extension strength training
followed by 31 wks of training cessation.

Muscle CSA was not different to baseline in older
males and young and older females but remained

above baseline in young males.

Training frequency

Ronnestad et al. [37]
Professional male soccer players,

22–26 ± 2 y,
(n = 14)

10 wk strength training (2 × p/wk) followed by
one group performed 1 session p/wk, another

group performed 1 session p/fortnight.

1 × p/wk training maintaining strength, sprint
and jump performance. 1 × p/fortnight strength

training reduced leg strength and 40 m
sprint performance.

Tavares et al. [38] Untrained males, 24.7 ± 3.9 y
(n = 33)

8 wks of strength training (3–4 sets of 6–12 RM,
three sessions/week in half-squat and knee

extension exercises) followed by 8 wks reduced
training, i.e., strength training 1× p/wk, 2 × p/wk

or complete cessation.

No significant decrease in 1 RM and CSA with
reduced training frequencies. However, a

decrease in half-squat 1 RM (22.6%) and CSA
(5.4%) was observed with complete

training cessation.

Androulakis-Korakakis
et al. [39]

Healthy men, ≥ 1 year of strength
training experience Systematic review with meta-analysis.

Minimum of 1 set 1 × p/wk may improve
strength. Unclear if similar effect in highly

trained strength athletes.

Tucci et al. [40] Trained males, 34 ± 11 y (n = 34);
and females 33 ± 11 y (n = 16)

10–12 wks of lumbar extension strength exercise
1, 2 or 3 × p/wk followed by reduced training, i.e.,
1 × p/fortnight (n = 18) or 1 × p/month (n = 22)

for 12 wks.

Training 1 × p/fortnight and 1 × p/month showed
no significant reduction in lumbar extension

strength. Training cessation resulted in
significant ~55% strength loss.

3.1. Minimum Training Frequency to Attenuate Performance Loss

It is now becoming more common that athletes have home access to equipment (e.g., lifting
platform, squat racks, barbells and weight plates). If access to equipment is available, strength levels
can potentially be maintained with minimal training frequency. This is important because although
many individuals are currently isolated at home, juggling work and family duties may not always
be conducive to more training opportunity. Importantly, although neuromuscular performance may
temporarily improve following an acute period of reduced training (i.e., “taper”) (for example see
Izquierdo et al. [26]), the current global pandemic has already lasted several months and may continue
to impose restrictions on training facilities (e.g., number of patrons allowed or length of training
sessions) for some time yet.

A handful of studies have demonstrated that performing resistance training once or twice per
week can minimize the loss of cardiorespiratory function [36] or, more specifically, maintain [37,38] or
improve maximum strength [39] in some populations. Specifically, after an 8-week strength training
period Tavares et al. [38] reported that half-squat one-repetition maximum strength and quadriceps
cross sectional area were maintained when performing either 1 or 2 training sessions per week over
a subsequent 8-week detraining period (exercise regime: 3–4 sets of 6–12 RM half-squat and knee
extension exercise) when compared to ceasing training entirely. Similar effects have also been shown
for other muscle groups [40]. For example, Tucci et al. [40] reported that following 10–12 weeks of
initial training, isometric lumbar extension strength was maintained when resistance training was
performed once per fortnight, or as little as once per month, but diminished if training was aborted
entirely. (Refer to Figure 2, Table 2).
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Figure 2. Theoretical depiction of the time-course of training cessation and possible retraining effects,
based on available evidence from resistance training literature. “Baseline” refers to pre-training level of
athletes’ neuromuscular capacity, “peak” refers to capacity prior to training cessation period. Orange
dotted line indicates general neuromuscular (i.e., strength and power) capabilities of athlete.

Collectively, the evidence presented above provides training-related information that can be
used by and modified for strength athletes during the current and ongoing period of restrictions and
training facility closures. Due to the complexity of programming and individualization of programs for
competitive athletes, this information intentionally does not include suggestions about intrinsic session
variables (e.g., volume, intensity and exercise selection), and thus, PL and WL coaches should aim to
adapt current programs based on access to equipment. It appears that although a substantial loss of
strength and power may be expected following several weeks to months of training cessation, some
degree of confidence should arise that strength and muscle integrity can be maintained above baseline
levels with significant periods of no training (e.g., up to 31–32 weeks). However, if access to appropriate
training equipment is available, performing resistance training 1–2 times per week or potentially as
infrequently as once or twice per month may attenuate a significant loss of neuromuscular capacity.

3.2. Can Strength Athletes Expect a Greater Rate of Re-Adaptation?

Despite ongoing debate and conjecture [41], recent opinion suggests that muscle may “re-adapt” at
a quicker rate in previously trained individuals, colloquially termed “muscle memory”. Although the
currently available evidence for this effect stems largely from animal models [42], this concept has, at
least anecdotally, been widely discussed and reported by coaches and athletes. Specifically, the ability
for greater muscle re-adaptation has been linked to mechanisms within muscles cells (e.g., increased
nuclei number, altered gene expression and cell signalling) which persist even during substantial
periods of detraining or complete cessation) [42–48]. For example, Egner et al. [45] demonstrate that
despite muscle volume decline in mice, nuclei formed during training were still evident 3 months
later; however, other examples suggest that this effect may last for years [46]. It is postulated that
the preservation of myonuclei could then be used to facilitate retraining adaptations [47]. Evidence
for retraining effects are presented by Lee et al. [48], who showed that myonuclei in mouse muscle
are retained during 20 weeks of detraining, while muscle cross sectional area increased by a greater
amount (6.9%) during 8 weeks of retraining compared to mice who performed the same exercise but
were previously untrained.

In humans, limited work has directly investigated retraining effects, and the work that has
been done has often examined the response with elderly men and women [49,50]. More recently,



Sports 2020, 8, 100 8 of 16

the retraining effect has also been investigated in young untrained adults [51]. In a unilateral leg
strength training model, strength increased after a 5-week retraining period similarly for the trained
and untrained leg. However, the authors acknowledge that the muscle memory hypothesis could
not be ruled out as increases in myonuclei number were not observed during the initial training
period. As highlighted by the authors, the mechanisms of muscle memory are not fully elucidated
(e.g., potential neural contribution); thus, we suggest that using the opposite leg as a control may be
a confounding factor due to potential cross-over effects. Further, support for a muscle memory effect in
humans comes from Ogasawara et al. [52] who showed that rates of muscle and strength re-adaptation
occurred faster when subsequent 6-week training blocks were separated by 3-week non-training phases
in the bench press exercise. This finding has also been supported by the authors earlier work [22],
and importantly, the amount and overall magnitude of the adaptation was not dissimilar to 15 weeks
of continuous resistance training. Although limited evidence exists looking at this phenomenon
with human subjects, the collective animal and preliminary human evidence provides support that
previously trained strength athletes may undergo a greater rate of muscle adaptation once training is
resumed (for theoretical depiction refer to Figure 1). However, to our knowledge, this has not been
investigated in well-trained strength athletes and so further research is required to reach a definitive
consensus and to provide well-supported evidence-based recommendations.

4. Overcoming Injury

Athletes who compete in strength sports are not immune to issues related to over-training and
injury. In PL and WL, injury rates are similar to those in other non-contact sports requiring the
expression of high amounts of strength and power [53]. PL and WL athletes report 1.0–4.4 and 2.4–3.3
injuries per 1000 training hours, respectively [53]. Of these injuries, approximately 26–33% occur
in the shoulder, 26–31% occur in the hip, and 23–42% occur in the lumbopelvic area for men and
women, respectively [53]. In WL athletes specifically, these values are somewhat similar: shoulder
(36%) and lumbar region (24%) [54]. Thus, given that repetitious movements are performed under
high training loads and intensities and large ranges of motion [55] by PL and WL athletes, a balance
between training load and recovery is required [56]. In many sports, designated periods of the year
(i.e., off-season) allow for prolonged recovery and incorporate well-structured calendar/season phases.
However, in strength sports, this structure may not be as apparent with a plethora of local, national
and international competitions available to compete in across the calendar year.

Although providing specific evidence and professional recommendations for the many types
of injuries suffered by strength athletes is outside the scope of the paper, we suggest several
general strategies be considered. Specifically, these include consulting relevant professionals (e.g.,
physiotherapists) via in person or telehealth consultation, identifying causes of persistent/chronic
injuries and focusing on rehabilitation strategies (e.g., retraining movement patterns) to overcome
these issues prior to the resumption of full training and competition. In support, previous research
has identified that many injuries in PL are associated with poor lifting technique under load [49].
Moreover, factors such as range of motion, or lack thereof, have been shown to correlate with
squat depth [56], which is important for proper and successful skill execution in both PL and WL
athletes. Thus, exercises to increase ankle and hip range of motion and dorsiflexor strength have been
recommended for athletes where squat depth is restricted [57]. Additionally, poor shoulder mobility
may also result in compensatory muscle actions and often contribute to injury in WL athletes [54]. Thus,
increasing shoulder stability and flexibility may help attenuate these injury risks in WL athletes [58].
The current situation presents an opportunity for athletes to work with physical therapists and coaches
(in person or via video assessment) to determine whether movement patterns are sub-optimal or
limited by poor range of motion and, if so, attempt to correct these using decreased loads and/or
targeted flexibility training. Furthermore, if a suboptimal movement pattern is identified, the athlete
and medical professional should also aim to determine if the problem is an adaptative or maladaptive
response to pain and discuss likely causes and solutions [59] (refer to Table 3).
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Table 3. Summary of evidence, general suggestions and recommendations for strength athletes during
prolonged periods of reduced or ceased training.

Focus Area Summary, Suggestions and Recommendations

Physical performance capacity

• Avoid significant periods of no training (e.g., ≥ 2–4 weeks for
power, 2–5 weeks for strength).

• Training 1–2 times per week may attenuate performance loss.
• Some strength may be retained with more infrequent training

frequencies (i.e., once per fortnight or month).
• Some neuromuscular and muscular properties may remain above

baseline for prolonged periods without training (e.g., up to
32 weeks).

Injury

• Often full recovery is not allowed due to ongoing training
and competition.

• Lower athlete load (less training and competition) may allow
additional recovery.

• Consultation with relevant professional therapists (in person or
telehealth) is suggested if required.

• Movement patterns and ongoing causes of pain should be
identified for effective rehabilitation.

• Range of motion and stability should be improved if problematic
for the individual athlete.

Goal setting and planning

• This period can also be used to set or re-set goals.
• Both short- and long-term goals should be incorporated.
• Consider both process and outcome goals.
• Coaches and athlete should work together to identify appropriate

goals that consider experience level of athlete.

Psychological considerations

• Consider mental strategies to overcome competitive anxiety and
improve self- and sport-confidence.

• Strategies may include goal setting, positive thinking/self-talk,
concentration/routine, arousal regulation techniques, imagery,
focus cues, self-talk, imagery and relaxation/emotion control.

• Can be used in the lead up to and during competition.

5. Goal Setting and Planning

Effort towards effective goal setting for individual athletes has been well documented elsewhere
(see [60,61] for examples) and so in this section we present a brief overview of information and
applicability to strength athletes. Generally speaking, previous research has identified that goal
setting strategies are adopted by most athletes in an attempt to improve performance, and overall,
this process is considered moderate-to-highly effective [62]. Of these goals, both process (e.g., training
related) and outcome (e.g., performance/competition related) goals are commonly implemented. For
strength-specific sports, the adoption and adaptation of specific process and outcome goals as relevant
to the experience and level of the athlete should be considered by the individual and coach. It is
suggested that these are implemented in an attempt to improve both training-related and competitive
aspects of PL and WL.

Although major shutdowns currently remain in place in any countries, the easing of restrictions is
likely to see the gradual return of some, if not many, competitions in various countries. Therefore, PL
and WL athletes may wish to consider the inclusion of both specific short- (e.g., process related focusing
on training modification (see previous section and psychological considerations)) and long-term
goals. In support, longer-term planning is feasible once competition scheduling resumes as such
information is often available up to 12 months prior, with major national and international events
usually occurring on similar dates each year. A further reason for this suggestion is that competitive
participation in PL and WL can span over a large portion of the lifespan (e.g., junior, open and
master’s categories). Although no known studies have tracked PL or WL athletes over their entire
lifespan, recent evidence indicates that the mean length of time between an athlete’s first and final
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competition (over a 15-year analysis period) was 642 days and 582 days for male and female PL athletes,
respectively [63]. However, this may be up to 3171 days (~9 years) for males and 2983 days (~8 years)
for females [63]. Furthermore, how frequently an athlete competes has also been shown to influence
maximum strength performance (refer to Pearson et al. [20]). Therefore, based on the current literature
and organization of competitive strength sports, we suggest that PL and WL athletes strategically
identify and plan for future competitions that (1) consider athlete experience, (2) assist competitive
strategy (e.g., those required to qualify for subsequent national and international competitions) and (3)
allow for training and performance improvements via appropriate temporality.

6. Psychological Considerations for the Competitive Strength Athlete

Apart from physical and physiological development, psychological factors can also contribute
to overall athletic performance. In particular, individual strength-sport athletes may suffer from
the negative impacts of anxiety during competition [64], which may be exacerbated compared to
team-sport athletes [65]. In turn, this can potentially lead to a reduction in performance, and thus,
PL and WL athletes should direct efforts toward identifying and improving psychological aspects
of performance. In other largely individual sports, Mamassis and Doganis [66] showed that the
practice of goal setting, positive thinking and self-talk, concentration and routine, arousal regulation
techniques and imagery improved self-confidence and overall performance of junior tennis athletes. In
fact, at the elite level, research has identified that gold medal winning Olympic athletes implement
a number of mental training techniques including focus cues, self-talk, goal setting, imagery and
relaxation [67]. Furthermore, significant differences have been reported between medallists and
non-medallists [68], with emotional control was greater in medallists, while imagery was greater in
non-medallists. The collective evidence provides support and rationale for the use of such techniques
as a training tool in strength athletes. Further research has also identified that a high level of sport
confidence positively influences an athlete’s thoughts and behaviours [69]. Thus, during periods of
reduced or ceased physical training, strength athletes should place emphasis on the improvement of
non-physical aspects of performance. Overall, PL and WL athletes should seek to become familiar with
and implement mental strategies into modified training routines with the view towards facilitating
future competitive performance.

7. Where to Next: The Importance of the Return of Strength Sports

7.1. Awareness of Physical and Mental Benefits

In many sports, the benefits of participation extend far beyond the competition arena, positively
influencing a number of health-related outcomes and behaviours [70]. In a physical sense, organized
sport participation results in a greater likelihood of young adults meeting the physical activity
guidelines [71], and thus, these individuals may develop a lifetime of involvement and, consequently,
achieve an adequate amount of physical activity. In particular, both WL and PL are conducive to
participation for young adults with junior classes now widely available to compete in. At the other
end of the spectrum, master’s categories are also available and growing in popularity. Such categories
offer a unique opportunity for sports participation with an equal playing field (e.g., athletes compete
based on closely controlled age categories) that may not always be so well controlled in other sports.
Moreover, the importance of muscle mass and strength to maintain health and function in latter adult
years is also well-documented [72–74]. Thus, PL and WL (where training is dedicated to improved
neuromuscular capacity) also provide an ongoing opportunity to support healthy ageing, independence
and reduce mortality rates (see Figure 3).
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Figure 3. General and proposed benefits for athletes’ overall health (e.g., physical and mental) with
strength sport participation.

Besides known physical benefits, it is also reported that sport participation can improve mental
health and development [75], with this effect occurring across multiple domains and demographics.
For example, Kelinske et al. [75] has shown that both males and females perceived sport to be
beneficial for moral reasoning and socialization. In young adult females specifically, sport participation
is also considered a moderate and positive predictor of self-esteem [76]. Moreover, participation
in sport also improves psychological measures of self-efficacy, self-concept and self-esteem; mood
and the locus of control in athletes with disabilities [77]. Importantly, PL supports participation in
specialized competition for athletes with various disabilities (e.g., impaired vision, paraplegia) from
the local to the international level. In addition, although team-based sports are often associated with
improved psychosocial and physical activity related factors due to the social aspect of involvement,
individual sports (e.g., PL and WL) can still improve mental health through self-awareness and personal
growth [78]. Alternatively, Shores et al. [79] suggest that there is no difference in health behaviour
across different sports, and although PL and WL specifically were not reported, some individual sports
(e.g., surfing, snowboarding and skateboarding) were analysed in the study. Furthermore, Steptoe
and Butler [80] demonstrate that active sport participation and vigorous activity positively associate
with emotional wellbeing regardless of sex, social class and health status. Additionally, evidence also
suggests that increased sports participation shows an inverse relationship with stress and distress [81].
In particular, these observations have been observed in unemployed mid-aged adults and unemployed
young adults [81]. This is an important concept in the current global climate given the increase in
individuals temporarily stood down from work or who have become unemployed since the onset of
the pandemic. The latter is also an important consideration as the required costs to partake in PL and
WL training and participation (e.g., personal equipment and registration fees) may be somewhat lower
than other sports.

Despite numerous positive benefits, it is important to acknowledge that there can also be negative
physical impacts observed at the elite sporting level. In particular, this is demonstrated by a prevalence
of eating disorders, depression, distress and anxiety that can exist in such athletes [82]. Specifically,
several authors have highlighted that eating disorders are more prevalent in sports where specific
bodyweights or leanness is required [83–85]. Therefore, this risk should be acknowledged in elite WL
and PL athletes who regularly implement strategies to compete in certain weight classes. Despite
this, the large body of evidence, some of which has been presented above, suggests that competitive
strength sport participation is likely to result in numerous physical and psychological benefits across
competition levels. In particular, novice PL athletes made up ~63% of the sample of competition
entries analysed in the study by Latella et al. [13] and so a vast majority may not be prone to such
negative effects. Thus, the benefits of both recreational and elite strength sport participation should be
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promoted and emphasized by training facilities/clubs and sporting organizations as physical activity
and social restrictions begin to ease (Figure 3).

7.2. Strength Sports as Communities

The value of sport and sporting participation to the community is recognized by the vast majority
of local and national governments with many of the benefits noted in earlier sections. Sport, at least
recreationally, may also foster a sense of community that is introduced by the programs and services
offered and occurring within facilities [86]. Although WL and PL are technically individual competitor
sports, athletes often train at specialized gymnasiums or form part of a representative team (i.e., club,
state or national) at major competitions. Thus, training and competition for strength sports also offers
a novel and unique opportunity to engage with other like-minded members of the community and
form a community in itself. However, this opportunity has been severely impacted in a number of
counties for several months and is continuing to varying degrees. Therefore, we suggest that training
clubs and organizations seek to develop unique strategies that foster a sense of community for the
collective individuals (i.e., athletes and coaches) involved. Such approaches may be derived from
recent telehealth initiatives [87] and adapted to suit strength athlete training programs, promote online
socialization and “check-ins” with other fellow athletes and maintain a sense of community within or
between training facilities.

Collectively, evidence suggests numerous physical and mental health benefits from sport
participation, and this is likely to extend to PL and WL settings. These benefits may occur irrespective
of age or sex and, in particular, some such as socialization, sense of community and stress reduction
may be of particular relevance given the current and ongoing global situation. Thus, we encourage WL
and PL athletes to consider the extended benefits of regular training and competition in each respective
sport. Moreover, we also encourage PL and WL clubs and organizations to emphasize and promote
these benefits to athletes alongside more traditional athletic goals and work toward new initiatives to
foster a sense of community and ongoing participation or a return to it.

8. Conclusions

The current global pandemic presents many challenges, including those faced by sporting
organizations, professionals and athletes. For strength athletes, specific recommendations are required
due to the dissimilar performance requirements compared to team- and field-based sports. Based on
the available evidence, it appears that a significant loss of muscle strength, power and mass can occur,
beginning within weeks of the final training session. However, these variables are likely to remain
above basal levels for many months, and loss may be attenuated (completely or partially) with training
frequencies of 1–2 times per week or less. Additionally, we also suggest that this time be used to
overcome persistent injury, develop short- and long-term goals and implement psychological training
strategies to assist future competitive performance. Moving forward, the reopening of training facilities
and the reinstatement of strength sport competitions also have extended benefits for individual and
community health. These include athlete’s positive physical, mental and psychosocial wellbeing, some
of which may have particular relevance to the current and ongoing global situation. We therefore
suggest that these benefits also be promoted by gymnasiums and strength sport organizations to
encourage participation. It is intended that these recommendations may be adopted and adapted by
coaching professionals and strength athletes where competition or access to training facilities and
equipment is limited or non-existent due to ongoing and future restrictions.

Author Contributions: C.L. conceptualized and drafted the article. G.G.H. contributed to the manuscript
preparation and provided critical review. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.



Sports 2020, 8, 100 13 of 16

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the
study; in the collection, analyses or interpretation of data; in the writing of the manuscript or in the decision to
publish the results.

References

1. Corsini, A.; Bisciotti, G.N.; Eirale, C.; Volpi, P. Football cannot restart soon during the COVID-19 emergency.
A critical perspective from the Italian experience and a call for action. Br. J. Sports Med. 2020, in press.
[CrossRef] [PubMed]

2. Gilat, R.; Cole, B.J. COVID-19, Medicine, and Sports. Arthrosc. Sports Med. Rehab. 2020. [CrossRef] [PubMed]
3. Tovar, J. Soccer, World War II and coronavirus: A comparative analysis of how the sport shut down. Soccer

Soc. 2020. [CrossRef]
4. Reider, B. Sports Medicine in a Time of a Pandemic. Am. J. Sports Med. 2020, 48, 1303–1304. [CrossRef]
5. Mann, R.H.; Clift, B.C.; Boykoff, J.; Bekker, B. Athletes as community; athletes in community: Covid-19,

sporting mega-events and athletes health protection. Br. J. Sports Med. 2020. [CrossRef] [PubMed]
6. Chen, P.; Mao, L.; Nassis, G.P.; Harmer, P.; Ainsworth, B.E.; Li, F. Coronavirus disease (COVID-19): The need

to maintain regular physical activity while taking precautions. J. Sport Health Sci. 2020, 9, 103–104. [CrossRef]
7. Hammami, A.; Harrabi, B.; Mohr, M.; Krustrup, P. Physical activity and coronavirus disease 2019 (COVID-19):

Specific recommendations for home-based physical training. Manag. Sport Leis. 2020. [CrossRef]
8. Nyenhuis, S.M.; Greiwe, J.; Zeiger, J.S.; Nanda, A.; Cooke, A. Exercise and fitness in the age of social

distancing during the COVID-19 pandemic. J. Allergy Clin. Immunol. Prac 2020. [CrossRef]
9. Timpka, T. Sports health during the SARS-Cov-2 pandemic. Sports Med. 2020. [CrossRef]
10. Toresdahl, B.G.; Asif, I.M. Coronavirus disease 2019 (COVID-19): Considerations for the competitive athletes.

Sports Health 2020, 12, 221–224. [CrossRef]
11. Jukic, I.; Calleja-Gonzalez, J.; Cos, F.; Cuzzolin, F.; Olmo, J.; Terrados, N.; Njaradi, N.; Sassi, R.; Requena, B.;

Milanovic, L.; et al. Strategies and solutions for team sports athletes in isolation due to COVID-19. Sports
2020, 8. [CrossRef] [PubMed]

12. Latella, C.; van den Hoek, D.; Teo, W.-P. Factors affecting powerlifting performance: An analysis of age- and
weight-based determinants of relative strength. Int. J. Perform. Anal. Sport 2018, 18, 532–544. [CrossRef]

13. Stone, M.H.; Sands, W.A.; Pierce, K.C.; Carlock, J.; Cardinale, M.; Newton, R.U. Relationship of maximum
strength to weightlifting performance. Med. Sci. Sports Exerc. 2005, 37, 1037–1043. [PubMed]

14. Latella, C.; van den Hoek, D.; Teo, W.-P. Differences in strength performance between novice and elite
athletes: Evidence from powerlifters. J. Strength Cond. Res. 2019, 33 (Suppl. 1), S103–S112. [CrossRef]

15. Keogh, J.; Hume, P.A.; Pearson, S. Retrospective injury epidemiology of one hundred competitive Oceania
power lifters: The effects of age, body mass, competitive standard, and gender. J. Strength Cond. Res. 2006,
20, 672–681. [CrossRef]

16. Croucher, J.S. An analysis of world weightlifting records. Res. Q. Exerc. Sport 1984, 55, 285–288. [CrossRef]
17. Australian Weightlifting Federation. Available online: https://www.awf.com.au (accessed on 4 June 2020).
18. Powerlifting Australia. Available online: https://www.powerliftingaustralia.com (accessed on 4 June 2020).
19. United States Powerlifting Association. Available online: https://www.uspa.net/competition_results.html

(accessed on 26 June 2020).
20. Pearson, J.; Spathis, J.G.; van den Hoek, D.J.; Owen, P.J.; Weakley, J.; Latella, C. Effect of competition frequency

on strength performance of powerlifting athletes. J. Strength Cond. Res. 2020, 34, 1213–1219. [CrossRef]
[PubMed]

21. Open Powerlifitng. Available online: https://www.openpowerlifting.com (accessed on 4 June 2020).
22. Ogasawara, R.; Yasuda, T.; Sakamaki-Sunaga, M.; Ozaki, H.; Abe, T. Effects of periodic and continued

resistance training on muscle CSA and strength in previously untrained men. Clin. Physiol. Funct. Imaging
2011, 31, 399–404. [CrossRef] [PubMed]

23. Tran, T.T.; Lundgren, L.; Secomb, J.; Farley, O.R.; Haff, G.G. Effect of four weeks detraining on strength, power,
and senoriomotor ability of adolescent surfers. Open Sports Sci. J. 2017, 10 (Suppl. 1), 71–80. [CrossRef]

24. McMaster, D.T.; Gill, N.; Cronin, J.; McGuigan, M. The development, retention and decay rates of strength
and power in elite rugby union, rugby league and American football; a systematic review. Sports Med. 2013,
43, 367–384. [CrossRef]

http://dx.doi.org/10.1136/bjsports-2020-102306
http://www.ncbi.nlm.nih.gov/pubmed/32209554
http://dx.doi.org/10.1016/j.asmr.2020.04.003
http://www.ncbi.nlm.nih.gov/pubmed/32292914
http://dx.doi.org/10.1080/14660970.2020.1755270
http://dx.doi.org/10.1177/0363546520923334
http://dx.doi.org/10.1136/bjsports-2020-102433
http://www.ncbi.nlm.nih.gov/pubmed/32303522
http://dx.doi.org/10.1016/j.jshs.2020.02.001
http://dx.doi.org/10.1080/23750472.2020.1757494
http://dx.doi.org/10.1016/j.jaip.2020.04.039
http://dx.doi.org/10.1007/s40279-020-01288-7
http://dx.doi.org/10.1177/1941738120918876
http://dx.doi.org/10.3390/sports8040056
http://www.ncbi.nlm.nih.gov/pubmed/32344657
http://dx.doi.org/10.1080/24748668.2018.1496393
http://www.ncbi.nlm.nih.gov/pubmed/15947731
http://dx.doi.org/10.1519/JSC.0000000000002823
http://dx.doi.org/10.1519/00124278-200608000-00032
http://dx.doi.org/10.1080/02701367.1984.10609366
https://www.awf.com.au
https://www.powerliftingaustralia.com
https://www.uspa.net/competition_results.html
http://dx.doi.org/10.1519/JSC.0000000000003563
http://www.ncbi.nlm.nih.gov/pubmed/32149884
https://www.openpowerlifting.com
http://dx.doi.org/10.1111/j.1475-097X.2011.01031.x
http://www.ncbi.nlm.nih.gov/pubmed/21771261
http://dx.doi.org/10.2174/1875399X01710010071
http://dx.doi.org/10.1007/s40279-013-0031-3


Sports 2020, 8, 100 14 of 16

25. Chtourou, H.; Ammar, A.; Nikolaidis, P.T.; Karim, A.A.; Souissi, N.; Chamari, K.; Chaouachi, A. Post-resistance
training detraining: Time-of-day effects on training and testing outcomes. Biol. Rhythm Res. 2015, 46, 897–907.
[CrossRef]

26. Izquierdo, M.; Ibanez, J.; Gonzalez-Badillo, J.J.; Ratamess, N.A.; Kraemer, W.J.; Hakkinen, K.; Bonnabau, H.;
Granados, C.; French, D.N.; Gorostiaga, E.M. Detraining and tapering effects on hormonal responses and
strength performance. J. Strength Cond. Res. 2007, 21, 768–775. [PubMed]

27. Kordi, M.R.; Siahkohian, M. A survey on the effect of detraining on elite national team weightlifters
performance and body composition. Harakat 2001, 7, 51–66.

28. Bosquet, L.; Berryman, N.; Dupuy, O.; Mekary, S.; Arvisais, D.; Bherer, L.; Mujika, I. Effect of training cessation
on muscular performance: A systematic meta-analysis. Scand. J. Med. Sci. Sports 2013, 23, e140–e149.
[CrossRef]

29. Hakkinen, 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] [PubMed]

30. Hakkinen, J.; Komi, P.V. Electromyographic changes during strength training and detraining. Med. Sci.
Sports Exerc. 1983, 15, 455–460. [CrossRef]

31. Sakugawa, R.L.; Moura, B.M.; da Rosa Orssatto, L.B.; de Souza Bezerra, E.; Cadore, E.L.; Diefenthaeler, F.
Effects of resistance training, detraining, and retraining on strength and functional capacity in elderly. Aging
Clin. Exp. Res. 2019, 31, 31–39. [CrossRef]

32. Lo, M.S.; Lin, L.L.C.; Yao, W.-J.; Ma, M.-C. Training and detraining effects of the resistance vs. endurance
program on body composition, body size, and physical performance in young men. J. Strength Cond. Res.
2011, 25, 2246–2254. [CrossRef]

33. 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. A Biol. Sci. Med. Sci.
2000, 55, B152–B157. [CrossRef]

34. Staron, R.S.; Leonardi, M.J.; Karapondo, D.L.; Malicky, E.S.; Falkel, J.E.; Hagerman, F.C.; Hikida, R.S. Strength
and skeletal muscle adaptations in heavy- resistance-trained women after detraining and retraining. J. Appl.
Physiol. 1991, 70, 631–640. [CrossRef]

35. Melynk, J.A.; Rogers, M.A.; Hurley, B.F. Effects of strength training and detraining on regional muscle in
young and older men and women. Eur. J. Appl. Physiol. 2009, 105, 929–938. [CrossRef]

36. Garcia-Pallares, J.; Carrasco, L.; Diaz, A.; Sanchez-Medina, L. Post-season detraining effects on physiological
and performance parameters on top-level kayakers: Comparison of two recovery startegies. J. Sports Sci.
Med. 2009, 8, 622–628.

37. Ronnestad, B.R.; Nymark, B.S.; Raastad, T. Effects of in-season strength maintenance training frequency in
professional soccer players. J. Strength Cond. Res. 2011, 25, 2653–2660. [CrossRef]

38. Tavares, L.D.; de Souza, E.O.; Ugrinowitsch, C.; Laurentino, G.C.; Roschel, H.; Aihara, A.Y.; Cardoso, F.N.;
Tricoli, V. Effects of different strength training frequencies during reduced training period on strength and
muscle cross-sectional area. Eur. J. Sports Sci. 2017, 17, 665–672. [CrossRef] [PubMed]

39. Androulakis-Korakakis, P.; Fisher, J.; Steele, J. The minimum effective training dose required to increase 1RM
strength in resistance-trained men: A systematic review and meta-analysis. Sports Med. 2020, 50, 751–765.
[CrossRef] [PubMed]

40. Tucci, J.T.; Carpenter, D.M.; Pollock, M.L.; Graves, J.E.; Leggett, S.H. Effect of reduced frequency of training
and detraining on lumbar extension strength. Spine 1992, 17, 1497–1501. [CrossRef] [PubMed]

41. Dungan, C.M.; Murach, K.A.; Frick, K.K.; Jones, S.R.; Crow, S.E.; Englund, D.A.; Vechetti, I.J.; Figueiredo, V.C.;
Levitan, B.M.; Satin, J.; et al. Elevated myonuclear density during skeletal muscle hypertrophy in response
to training is reversed during detraining. Am. J. Physiol. Cell. Physiol. 2019, 316, C649–C654. [CrossRef]
[PubMed]

42. Schwartz, L.M. Skeletal muscles do not undergo apoptosis during either atrophy or programmed cell-death-
revisiting the myonuclear domain hypothesis. Front. Physiol. 2019, 9, 1887. [CrossRef]

43. Moberg, M.; Lindholm, M.E.; Reitzner, S.M.; Ekblom, B.; Sundberg, C.-J.; Psilander, N. Exercise induces
different molecular responses in trained and untrained human muscle. Med. Sci. Sports Exerc. 2020.
[CrossRef]

http://dx.doi.org/10.1080/09291016.2015.1063204
http://www.ncbi.nlm.nih.gov/pubmed/17685721
http://dx.doi.org/10.1111/sms.12047
http://dx.doi.org/10.1111/j.1748-1716.1985.tb07759.x
http://www.ncbi.nlm.nih.gov/pubmed/4091002
http://dx.doi.org/10.1249/00005768-198315060-00003
http://dx.doi.org/10.1007/s40520-018-0970-5
http://dx.doi.org/10.1519/JSC.0b013e3181e8a4be
http://dx.doi.org/10.1093/gerona/55.3.B152
http://dx.doi.org/10.1152/jappl.1991.70.2.631
http://dx.doi.org/10.1007/s00421-008-0979-0
http://dx.doi.org/10.1519/JSC.0b013e31822dcd96
http://dx.doi.org/10.1080/17461391.2017.1298673
http://www.ncbi.nlm.nih.gov/pubmed/28316261
http://dx.doi.org/10.1007/s40279-019-01236-0
http://www.ncbi.nlm.nih.gov/pubmed/31797219
http://dx.doi.org/10.1097/00007632-199212000-00009
http://www.ncbi.nlm.nih.gov/pubmed/1471008
http://dx.doi.org/10.1152/ajpcell.00050.2019
http://www.ncbi.nlm.nih.gov/pubmed/30840493
http://dx.doi.org/10.3389/fphys.2018.01887
http://dx.doi.org/10.1249/MSS.0000000000002310


Sports 2020, 8, 100 15 of 16

44. Bruusgaard, J.C.; Johansen, I.B.; Egner, I.M.; Rana, Z.A.; Gundersen, K. Myonuclei acquired by overload
exercise precede hypertrophy and are not lost on detraining. Proc. Natl. Acad. Sci. USA 2020, 107,
15111–15116. [CrossRef]

45. Egner, I.M.; Bruusgaard, J.C.; Gundersen, K. Satellite cell depletion prevents fiber hypertrophy in skeletal
muscle. Development 2016, 143, 2892–2906. [CrossRef] [PubMed]

46. Gundersen, K. Muscle memory and a new cellular model for muscle atrophy and hypertrophy. J. Exp. Biol.
2016, 219 Pt 2, 235–242. [CrossRef]

47. Jackson, J.R.; Mula, J.; Kirby, T.J.; Fry, C.S.; Lee, J.D.; Ubele, M.F.; Campbell, K.S.; McCarthy, J.J.; Peterson, C.A.;
Dupont-Versteegen, E.E. Satellite cell depletion does not inhibit adult skeletal muscle regrowth following
unloading-induced hypertrophy. Am. J. Physiol. Cell. Physiol. 2012, 303, C854–C861. [CrossRef]

48. Lee, H.; Kim, K.; Kim, B.; Shin, J.; Rajan, S.; Wu, J.; Chen, X.; Brown, M.D.; Lee, S.; Park, J.-Y. A cellular
mechanism of muscle memory facilitates mitochondrial remodelling following resistance training. J. Physiol.
2018, 596, 4413–4426. [CrossRef] [PubMed]

49. Correa, C.S.; Cunch, G.; Marques, N.; Oliveira-Reischak, A.; Pinto, R. Effects of strength training, detraining
and retraining in muscle strength, hypertrophy and functional tasks in older female adults. Clin. Physiol.
Funct. Imaging 2016, 36, 306–310. [CrossRef]

50. Taaffe, D.R.; Marcus, R. Dynamic muscle strength alterations to detraining and retraining in elderly men.
Clin. Physiol. Funct. Imaging 1997, 17, 311–324. [CrossRef]

51. Psilander, N.; Eftestol, E.; Cumming, K.T.; Juvkam, I.; Ekblom, M.M.; Sundig, K.; Wernbom, M.;
Holmberg, H.-C.; Ekblom, B.; Bruusgard, J.C.; et al. Effects of training, detraining, and retraining on
strength, hypertrophy, and myonuclear number in human skeletal muscle. J. Appl. Physiol. 2019, 126,
1636–1645. [CrossRef]

52. Ogasawara, R.; Yasuda, T.; Ishii, N.; Abe, T. Comparison of muscle hypertrophy following 6-month of
continuous and periodic strength training. Eur. J. Appl. Physiol. 2013, 113, 975–985. [CrossRef] [PubMed]

53. Stromback, E.; Aasa, U.; Gilenstam, K.; Berglund, L. Prevalence and consequences of injuries in powerlifting:
A cross-sectional study. Orthop. J. Sports Med. 2018, 6. [CrossRef] [PubMed]

54. Alabbad, M.A.; Muaidi, Q.I. Incidence and prevalence of weight lifting injuries: An update. Saudi J. Sports
Med. 2016, 16, 15–19.

55. Bengtsson, V.; Berglund, L.; Aasa, U. Narrative review of injuries in powerlifting with special reference to
their association to the squat, bench press and deadlift. BMJ Open Sport Exerc. Med. 2018, 4. [CrossRef]

56. Aasa, U.; Svartholm, I.; Andersson, F.; Berglund, L. Injuries among weightlifters and powerlifters; a systematic
review. Br. J. Sports Med. 2017, 51, 211–219. [CrossRef]

57. Kim, S.-H.; Kwon, O.-Y.; Park, K.-N.; Jeon, I.-C.; Weon, J.-H. Lower extremity strength and the range of
motion in relation to squat depth. J. Hum. Kinet. 2015, 45, 59–69. [CrossRef]

58. Li, S.; Yi, Z.; Liu, K.; Yin, J. FMS and corrective exercise improve shoulder performance in Chinese weightlifting
female athletes. In Sports Technology and Engineering, 1st ed.; Luo, Q., Ed.; Taylor and Francis Group: London,
UK, 2015.

59. Sahrmann, S.A. The human movement system: Our professional identity. Phys. Ther. 2014, 94, 1034–1042.
[CrossRef]

60. Hall, H.K.; Kerr, A.W. Goal-setting in sport and physical activity: Tracing empirical developments and
establishing conceptual direction. In Advances in Motivation in Sport and Exercise, 2nd ed.; Roberts, G.C., Ed.;
Human Kinetics: Champaign, IL, USA, 2001.

61. Kingston, K.; Wilson, K.M. The application of goal setting in sport. In Advances in Applied Sports Psychology:
A Review, 1st ed.; Hanton, S., Mellalieu, S., Eds.; Routledge: New York, NY, USA, 2010; pp. 75–123.

62. Weinberg, R.; Burton, D.; Yukelson, D.; Weigland, D. Goal setting in competitive sport: An exploratory
investigation of practices of collegiate athletes. Sport Psychol. 1993, 7, 275–289. [CrossRef]

63. Latella, C.; Teo, W.-P.; Spathis, J.; van den Hoek, D. Long-term strength adaptation: A 15-year analysis of
powerlifting athletes. J. Strength Cond. Res. 2020. [CrossRef]

64. Fry, A.C.; Stone, M.H.; Thrush, J.T.; Fleck, S. Precompetition training session enhance competitive performance
of high anxiety junior weightlifters. J. Strength Cond. Res. 1995, 9, 37–42.

65. Judge, L.W.; Urbina, L.J.; Hoover, D.L.; Craig, B.W.; Judge, L.M.; Leitzelar, B.M.; Pearson, D.R.; Holtzclaw, K.A.;
Bellar, D.M. The impact of competitive trait anxiety on collegiate powerlifting performance. J. Strength Cond.
Res. 2016, 30, 2399–2405. [CrossRef]

http://dx.doi.org/10.1073/pnas.0913935107
http://dx.doi.org/10.1242/dev.134411
http://www.ncbi.nlm.nih.gov/pubmed/27531949
http://dx.doi.org/10.1242/jeb.124495
http://dx.doi.org/10.1152/ajpcell.00207.2012
http://dx.doi.org/10.1113/JP275308
http://www.ncbi.nlm.nih.gov/pubmed/30099751
http://dx.doi.org/10.1111/cpf.12230
http://dx.doi.org/10.1111/j.1365-2281.1997.tb00010.x
http://dx.doi.org/10.1152/japplphysiol.00917.2018
http://dx.doi.org/10.1007/s00421-012-2511-9
http://www.ncbi.nlm.nih.gov/pubmed/23053130
http://dx.doi.org/10.1177/2325967118771016
http://www.ncbi.nlm.nih.gov/pubmed/29785405
http://dx.doi.org/10.1136/bmjsem-2018-000382
http://dx.doi.org/10.1136/bjsports-2016-096037
http://dx.doi.org/10.1515/hukin-2015-0007
http://dx.doi.org/10.2522/ptj.20130319
http://dx.doi.org/10.1123/tsp.7.3.275
http://dx.doi.org/10.1519/JSC.0000000000003657
http://dx.doi.org/10.1519/JSC.0000000000001363


Sports 2020, 8, 100 16 of 16

66. Mamassis, G.; Doganis, G. The effects of a mental training program on juniors pre-competitive anxiety,
self-confidence, and tennis performance. J. Appl. Sport Psychol. 2004, 16, 118–137. [CrossRef]

67. Vanessa, R.S.; Genter, N.B.; Patel, A.; Muccio, D. Striking Gold: Mental techniques and preparation strategies
used by Olympic gold medalists. Athletic Insight 2012, 4, 1–12.

68. Taylor, M.K.; Gould, D.; Rolo, C. Performance strategies of US Olympians in practice and competition. High
Abil. Stud. 2008, 19, 19–36. [CrossRef]

69. Hays, K.; Thomas, O.; Maynard, I.; Bawden, M. The role of confidence in world-class sport performance. J.
Sports Sci. 2009, 27, 1185–1199. [CrossRef] [PubMed]

70. Pate, R.R.; Trost, S.G.; Levin, S.; Dowda, M. Sports participation and health-related behaviors among US
youth. JAMA Pediatr. 2000, 154, 904–911. [CrossRef] [PubMed]

71. Marques, A.; Ekelund, U.; Sardinha, L.B. Associations between organized sports participation and objectively
measured physical activity, sedentary time and weight status in youth. J. Sci. Med. Sport 2016, 19, 154–157.
[CrossRef] [PubMed]

72. McLeod, M.; Breen, L.; Hamilton, D.L.; Philp, A. Live strong and prosper: The importance of skeletal muscle
strength for healthy ageing. Biogerontology 2016, 17, 497–510. [CrossRef]

73. Seguin, R.; Nelson, M.E. The benefits of strength training for older adults. Am. J. Prev. Med. 2003, 25 (Suppl.
2), 141–149. [CrossRef]

74. Fragala, M.S.; Cadore, E.L.; Dorgo, S.; Izquierdo, M.; Kraemer, W.J.; Peterson, M.D.; Ryan, E.D. Resistance
training for older adults: Position statement from the national strength and conditioning association. J.
Strength Cond. Res. 2019, 33, 2019–2052. [CrossRef]

75. Kelinske, B.; Mayer, B.W.; Chen, K.-L. Perceived benefits from participation in sports: A gender study. Women
Manag. Rev. 2001, 16, 75–84. [CrossRef]

76. Shaffer, D.R.; Wittes, E. Women’s precollege sports participation, enjoyment of sports, and self-esteem. Sex
Roles 2006, 55, 225–232. [CrossRef]

77. Hutzter, Y.; Bar-Eli, M. Psychological benefits of sports for disabled people: A review. Scand. J. Med. Sci.
Sports 1993, 3, 217–228. [CrossRef]

78. Eime, R.M.; Young, J.A.; Harvey, J.T.; Charity, M.J.; Payne, W.R. A systematic review of the psychological and
social benefits of participation in sport for adults: Informing development of a conceptual model of health
throguh sport. Int. J. Behav. Nutr. Phys. Act. 2013, 10, 135. [CrossRef]

79. Shores, K.A.; Becker, C.M.; Moynahan, R.; Williams, R.; Nelson, C. The relationship of young adults‘ health
and their sports participation. J. Sport Behav. 2015, 38, 306–320.

80. Steptoe, A.S.; Butler, N. Sports participation and emotional wellbeing in adolescents. Lancet 1996, 347, 1789–1792.
[CrossRef]

81. Asztalos, M.; Wijndaele, K.; De Bourdeaudhuji, I.; Philippaerts, R.; Matton, L.; Duvigneaud, N.; Thomis, M.;
Duquet, W.; Lefevre, J.; Cardon, G. Specific associations between types of physical activity and components
of mental health. J. Sci. Med. Sports 2009, 12, 468–474. [CrossRef] [PubMed]

82. Gulliver, A.; Griffiths, K.M.; Mackinnon, A.; Batterham, P.J.; Stanimirovic, R. The mental health of Australian
elite athletes. J. Sci. Med. Sport 2015, 18, 255–261. [CrossRef] [PubMed]

83. Sundgot-Borgen, J. Eating disorders among male and female elite athletes. Br. J. Sports Med. 1999, 33, 434.
[CrossRef] [PubMed]

84. Sykora, C.; Grilo, C.M.; Wilfly, D.E.; Brownell, K.D. Eating, weight, and dieting disturbances in male and
female lightweight and heavyweight rowers. Int. J. Eat. Disord. 1993, 2, 203–211. [CrossRef]

85. Dummer, G.M.; Rosen, L.W.; Heusner, W.W.; Roberst, P.J.; Counsilman, J.E. Pathogenic weight-control
behaviors of young competitive swimmers. Phys. Sportsmed. 1987, 5, 75–76. [CrossRef]

86. Artinger, L.; Clapham, L.; Hunt, C.; Meigs, M.; Milord, N.; Sampson, B.; Forrester, S.A. The social benefits of
intrmural sport. NASPA J. 2006, 43, 69–86. [CrossRef]

87. Wosik, J.; Fudim, M.; Cameron, B.; Gellad, Z.F.; Cho, A.; Phinney, D.; Curtis, S.; Roman, M.; Poon, E.G.;
Ferranti, J.; et al. Telehealth transformation: COVID-19 and the rise of virtual care. J. Am. Med. Inform. Assoc.
2020, 27, 957–962. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/10413200490437903
http://dx.doi.org/10.1080/13598130801980281
http://dx.doi.org/10.1080/02640410903089798
http://www.ncbi.nlm.nih.gov/pubmed/19724964
http://dx.doi.org/10.1001/archpedi.154.9.904
http://www.ncbi.nlm.nih.gov/pubmed/10980794
http://dx.doi.org/10.1016/j.jsams.2015.02.007
http://www.ncbi.nlm.nih.gov/pubmed/25766508
http://dx.doi.org/10.1007/s10522-015-9631-7
http://dx.doi.org/10.1016/S0749-3797(03)00177-6
http://dx.doi.org/10.1519/JSC.0000000000003230
http://dx.doi.org/10.1108/09649420110386601
http://dx.doi.org/10.1007/s11199-006-9074-3
http://dx.doi.org/10.1111/j.1600-0838.1993.tb00386.x
http://dx.doi.org/10.1186/1479-5868-10-135
http://dx.doi.org/10.1016/S0140-6736(96)91616-5
http://dx.doi.org/10.1016/j.jsams.2008.06.009
http://www.ncbi.nlm.nih.gov/pubmed/18768366
http://dx.doi.org/10.1016/j.jsams.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/24882147
http://dx.doi.org/10.1136/bjsm.33.6.434
http://www.ncbi.nlm.nih.gov/pubmed/10597857
http://dx.doi.org/10.1002/1098-108X(199309)14:2&lt;203::AID-EAT2260140210&gt;3.0.CO;2-V
http://dx.doi.org/10.1080/00913847.1987.11709350
http://dx.doi.org/10.2202/0027-6014.1572
http://dx.doi.org/10.1093/jamia/ocaa067
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Global challenges of being a strength athlete during a pandemic: Impacts and sports-specific training considerations and recommendations
	Introduction 
	Impact of the Global Pandemic on Strength Sport Participation and Competitions 
	Training Cessation Effects on Muscle Strength, Power and Mass 
	Minimum Training Frequency to Attenuate Performance Loss 
	Can Strength Athletes Expect a Greater Rate of Re-Adaptation? 

	Overcoming Injury 
	Goal Setting and Planning 
	Psychological Considerations for the Competitive Strength Athlete 
	Where to Next: The Importance of the Return of Strength Sports 
	Awareness of Physical and Mental Benefits 
	Strength Sports as Communities 

	Conclusions 
	References

