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Abstract

Background The aging process is associated with a progressive decline of neuromuscular function, increased risk of falls and
fractures, impaired functional performance, and loss of independence. Plyometric training may mitigate or even reverse such
age-related deterioration; however, little research on the effects of plyometric exercises has been performed in older adults.
Objective The objective of this systematic review was to evaluate the safety and efficacy of plyometric training in older adults.
Methods Papers reporting on randomized trials of plyometric training in older adults (>60 years) and published up to
December 2017 were sought in the PubMed, SPORTDiscus, Scopus, and EMBASE databases, and their methodological
quality was assessed using the Physiotherapy Evidence Database (PEDro) scale. A narrative synthesis of the findings is
presented in this systematic review.

Results Of the 2236 identified papers, 18 were included in the review, reporting on 12 different studies with a mean PEDro
score of 6.0 (range 4-7). Altogether, 289 subjects (176 females and 113 males) were included in 15 intervention groups with
plyometric components (n=_8-36 per group); their mean age ranged from 58.4 to 79.4 years. The plyometric training lasted
from 4 weeks to 12 months. Muscular strength, bone health, body composition, postural stability, and jump and physical
performance were the most often reported outcomes. No study reported increased occurrence of injuries or other adverse
events related to plyometric exercises.

Conclusion Plyometric training is a feasible and safe training option with potential for improving various performance,
functional, and health-related outcomes in older persons.

Plyometric training positively affects muscular strength,
jump performance, and physical performance in older
adults.

Given the scarcity of plyometric training research in
older adults, only limited evidence demonstrates superi-
ority of plyometric training over other types of training
with similar volume and intensity.

Plyometric training was demonstrated to be a safe train-
ing option in older adults when properly programmed,
especially when administered in a supervised setting.
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1 Background

The number of older persons—those aged 60 years or
over—is expected to more than double by 2050, rising
from 962 million globally in 2017 to 2.1 billion in 2050
[1]. Regardless of the statistics, the aging process often
involves physiological and neuromuscular changes such
as sarcopenia [2], a parallel decrease in muscular strength
and power [3], progressive loss of bone mass [4], and
declines in coordination and balance [5]. As the effects of
these age-related illnesses become more manifest, func-
tional performance becomes impaired [6], the risk of falls
increases [7], and bones are more likely to fracture [8],
ultimately making daily functional activities more difficult
and possibly resulting in a loss of independence [9].

Fortunately, various types of exercise interventions can
reverse or at least mitigate such age-related declines in
health and daily life. For example, pilates, Tai Chi, and
step training improve static and dynamic balance and
reduce the risk of falls [10-12]. Furthermore, resistance
training can increase physical performance and muscle
strength, even in very old individuals [13-18]. Addition-
ally, weight-bearing and impact exercises, such as jump-
ing, have beneficial effects on bone mineral density and
decrease the risk of fractures in postmenopausal women
and older men [19-22].

Specifically, jumping exercises can provide a variety of
stimuli, most notably impact stimuli and neuromuscular
stimuli [23, 24]. In older adults, some jumps are performed
with “hard landings” [25] that aim to increase osteoblast
formation and ultimately increase bone health [26]. How-
ever, these impact exercises do not place a focus on neuro-
muscular performance, and people who participate solely
in impact jumping may not be exposed to dynamic force
absorption and production [27], both of which are very
important in daily life. Therefore, a specific type of jump
training, plyometric training, is a popular exercise tech-
nique that employs rapid eccentric motion followed imme-
diately by a rapid concentric contraction. The quick transi-
tion from the eccentric to the concentric phase is known as
the stretch—shortening cycle and is one of the underlying
mechanisms of plyometric training. A typical example of a
plyometric exercise is a counter-movement jump, in which
a downward squatting motion is followed immediately by
an explosive concentric extension of the hips, knees, and
ankles. Other examples involve rope jumping, box jump-
ing, and various types of hopping and bounding.

Although plyometric exercises were originally utilized
in sports training to promote jump performance, agil-
ity, muscular power, and rapid force production [28-31],
these same effects of plyometrics can be beneficial for
older adults. For example, high-speed training, which is
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associated with increases in muscle power, has been shown
to increase functional performance and health-related
quality of life in older women [32, 33]. Such increases
in functional performance and health-related quality of
life may be partially explained by increases in rapid force
production, which declines more than maximal strength
[34]. In daily life, rapid force production is crucial in situ-
ations when balance needs to be corrected quickly after
tripping [35, 36], and its decline may be a major contribu-
tor to the loss of independence and falling accidents and
injuries in older adults [7, 37]. Additionally, both agility
and lower-extremity muscle power correlate well with bal-
ance [38], and having greater agility and more powerful
legs thus likely indicates improved balance, which may
decrease the risk of fractures and other fall-related inju-
ries. Therefore, if increasing or maintaining rapid force
production and power output of the lower limbs can help
to maintain independence and decrease the fear or risk of
falling, plyometric training may help maintain or increase
one’s quality of life.

Despite these potentially beneficial effects, a recent scop-
ing review of plyometric training found that little research
has been performed in older adults [39]. This might be
explained by the fact that plyometric exercises often require
great neuromuscular control and a substantial level of
strength [40], which makes practitioners unsure about their
safety and feasibility in older adults who likely do not pos-
sess the basic neuromuscular control and strength levels that
have long been accepted for athletes prior to high-intensity
plyometric training [40, 41]. Since this time, others have
argued that only basic bodyweight movement competency
should be sufficient before progressively introducing simple
plyometrics within a training program [42]. In support of
this, plyometric exercises have been successfully employed
even in very old adults with a mean age of 79.4 years [43]
and in subacute stroke patients with hemiparesis [44] with-
out injuries or other adverse events. However, no review has
explored whether plyometric training in older adults is a safe
and efficacious training modality.

Recently, several systematic reviews of plyometric training
interventions have been published, but these focused mostly on
sport-related performance in younger athletes (vertical jump
performance in female athletes [28], athletic performance in
youth soccer athletes [45], motor performance in young chil-
dren [46], and physical fitness in team sport athletes [47]),
with one exception that determined the effect of plyometric
training on bone health in children and adolescents [48]. Fur-
thermore, a recent meta-analysis demonstrated that jumping
training in adults aged > 50 years is safe and has moderate
effect on muscular power [49]. However, to the best of our
knowledge, no review has explored the effects of plyometric
training in older adults (> 60 years) with regard to a wide range
of outcomes that can potentially improve their health and daily
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life. Therefore, the objective of our systematic review was to
evaluate the safety and efficacy of plyometric training in older
adults regarding various performance, functional, and health-
related outcomes.

2 Methods

The present review is reported in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) statement [50], and the review protocol
has been registered in the international prospective register of
systematic reviews (PROSPERO: CRD42018093652).

2.1 Search Strategy

The following electronic bibliographic databases were
searched: PubMed, SPORTDiscus (via EBSCO), Scopus,
and EMBASE. The search terms were developed to include
papers that reported on various jumping and hopping exercises
even if the papers may not have explicitly mentioned ‘plyo-
metric training’. The search terms used in PubMed are given
in Table 1; the search terms were adapted as appropriate for
other databases. Studies published from the inception of the
databases up to December 2017 were sought, and the search
was limited to papers published in English-language academic
journals. Additionally, the reference lists of eligible papers and
of several recently published reviews [19-22, 39] were hand-
searched for further studies.

From the list of potential articles, duplicates were removed
and two reviewing authors (TV and MS) screened the titles
and abstracts of the remaining articles to identify studies
that potentially met the eligibility criteria listed in Sect. 2.2.
The full texts of those potentially eligible papers were then
retrieved and assessed for eligibility by the same two reviewing
authors. Any disagreement was resolved through a discussion
with a third reviewer (JIT).

2.2 Eligibility Criteria

This review included randomized trials that compared plyo-
metric training or multicomponent training with plyometric
component in older adults (mean age of the randomized sam-
ple > 60 years) with either a control group or another exercis-
ing group. Studies of both healthy subjects and patients with
specific diseases and conditions were eligible.

Table 1 Search terms for PubMed

Plyometric exercises were defined as eccentric loading
immediately followed by a concentric contraction (com-
monly known as the stretch—shortening cycle) and typically
involved repetitive jumping, hopping, bounding, and skip-
ping. Therefore, single jumps with a prolonged recovery
after landing were not considered to be plyometric, and
studies including only such non-plyometric exercises were
not included in this review.

Cross-sectional studies, review papers, and studies with
only a single exercise session were excluded. Studies with
training programs with only a negligible plyometric com-
ponent (< 10% of the training volume, either stated by the
original authors or estimated by the reviewing authors of the
current paper [TV, MS, and JJT]) and studies with ambigu-
ous methodology sections from which the plyometric nature
of the exercises could not be determined were also excluded.

2.3 Quality Assessment

The Physiotherapy Evidence Database (PEDro) scale was
used to assess the methodological quality of the included
studies [51]. The assessment was performed by one of the
authors of this review (TV) and the resulting scores were
compared with the available scores in the PEDro database
where possible. Any incongruities were then discussed and
resolved with two other authors (MS and JJT).

2.4 Data Extraction and Synthesis

Data were extracted by two of the reviewers (MS and TV),
using an Excel® spreadsheet (Microsoft Corp., Redmond,
WA, USA). Extracted information included study design,
study population (number of participants, age, sex, healthy
vs. clinical population), details of the training program
(Iength, frequency, volume, intensity, plyometric alone vs.
multicomponent training, supervised vs. home sessions, type
of exercises), details of comparison group, outcomes and
length of follow-up, and safety measures.

Given the relative paucity of plyometric training in older
adults unveiled during our pilot literature searches, specific
outcomes were neither required nor ignored for the sake of
this review. Rather, all performance, functional, and health-
related outcomes were extracted and synthesized. Both
narrative and quantitative syntheses of findings from the
included studies, structured around the target population

((((eccentric AND concentric) OR (stretch AND shortening) OR (deceleration AND acceleration) OR (stretch AND elastic)) AND muscle)
OR (jump* OR hop OR hops OR hopping OR skipping OR countermovement OR bounding) OR plyometr*) AND (exercis*[tiab] OR
“training”[tiab]) AND (aged[mh] OR middle aged[mh] OR aging [mh] OR aging[tiab] OR ageing [tiab] OR elder*[tiab] OR older][tiab]

OR geriatr*[tiab] OR postmeno*[tiab])
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characteristics, type of outcome, and intervention content,
are provided in this review.

3 Results
3.1 Study Selection

The database search yielded 2236 different papers (Fig. 1),
16 of which were eligible. Screening of their reference lists
identified two more eligible papers. Hand searching of
other recent plyometric reviews [28, 39, 47] did not reveal
any additional papers. Altogether, the 18 included papers
[43, 52-68] report on the results of 12 different studies, as
depicted in Table 2.

3.2 Methodological Quality

The mean PEDro score of the included studies was 6.0,
with nine of 12 studies receiving high-quality ratings of > 6
(Table 3). Due to the nature of the interventions, none of
the studies blinded subjects and therapists, but two studies
scored positive for blinding of assessors [52, 54], and six
studies satisfied the item for concealed allocation [43, 52,
54, 55, 65, 68].

Of the 12 studies in our review, nine had already been
assigned scores in the PEDro database. Within those nine
studies, there were 14 incongruities with our scores. Of

those, in two cases we changed the scores in line with the
PEDro database, and in the remaining 12 cases we retained
our original scores. Of note were seven incongruities in scor-
ing the ‘intention to treat’ item that PEDro raters scored
negative, whereas we chose to award them positive scores.

3.3 Study Characteristics

The included papers were published between 2007 and
2017 in 15 journals. Of the 12 studies, six were conducted
in Europe (UK, Spain, Hungary, and three in Finland), and
two each in Australia, South America (Colombia, Brazil),
and Asia (Turkey, Korea).

Most of the studies compared two groups, either an
exercise intervention and non-exercising control (n=2),
or exercise with and without additional jumping (n=2), or
two different exercise interventions (n=2). Three studies
compared two experimental groups with a control group,
and two studies compared three experimental groups with
a control group. In addition, one study was designed as a
randomized unilateral intervention comparing an exercise
leg with a control leg [52].

Altogether, there were 15 different intervention groups
that included a plyometric component, including 289
subjects in total (n=8-36 per group); of these, 176 were
females and 113 were males. The mean age in the interven-
tion groups ranged from 58.4 to 79.4 years. Most studies
recruited exclusively either males (n=35) or females (n=35),

PubMed (n=670) | [ emAsE (n=791)

| | Scopus (n =1313) | | SPORTDiscus (n = 410) |

Identification

A 4

Records screened (title/abstract) after
removing duplicates (n = 2236)

Screening

'I Records excluded (n = 2165)

A 4

Potentially relevant papers assessed (full
texts) for eligibility (n = 71)

Eligibility

A 4

Full texts excluded (n = 55)

* not randomized trial (n = 15)
A 4

Papers eligible

* not plyometric training (n = 15)
* mean age <60 (n = 25)

(n=16)

Additional papers identified

from reference lists (n = 2)

A 4

Included in the review: 18 papers reporting
on the results of 12 studies

Fig. 1 Flowchart illustrating the different phases of the search and study selection
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with only two studies recruiting both males and females [43,
68]. The majority of studies recruited healthy, community-
dwelling older adults (n=9), one study recruited post-
menopausal women with osteopenia [54], and two studies
recruited older residents of long-term care facilities [43, 68].

3.4 Plyometric Training

Of the included studies, the interventions with a plyomet-
ric component lasted from 4 weeks [68] to 12 months [52,
55]. The number of training sessions per week ranged from
two to seven, and often varied throughout the course of the
intervention period. In all studies, the training sessions were
supervised, but in two studies subjects also completed train-
ing sessions at home [54, 59].

Some studies were designed so that the effect of plyomet-
ric training could be evaluated in isolation, i.e., they either
had a group allocated to purely plyometric exercises [52,
64, 65, 67] or they compared groups performing exactly the
same non-plyometric exercises with one of these groups also
performing additional exercises that were plyometric [43,
68]. In other studies, the plyometric exercises were part of a
multifaceted exercise intervention that included resistance
training [54, 59, 63], aerobic training [60], balance exercises
[54, 55], or agility exercises [55].

In most of the studies, the plyometric exercises consisted
of various types of jumping, bounding, and hopping, both
unilateral and bilateral. The two exceptions were studies by
Véczi et al. [67], who had their subjects perform unilateral
knee extensions on an isokinetic dynamometer that consisted
of a rapid stretch—shortening cycle action, and by Piirainen
et al. [64], who used a sledge apparatus that supposedly ena-
bled drop jumps to be performed more safely than standard
vertical jumping.

3.5 Study Outcomes

Various outcomes evaluated in the studies are summarized
in Table 4 together with the assessment methods. Mus-
cle strength, assessed in eight studies, was the most often
reported outcome, followed by bone health and body compo-
sition, evaluated in six studies. Effects on postural stability,
jump performance, and physical performance were reported
in five studies.

The outcomes were usually assessed after the end of the
intervention. In some papers, authors also reported interim
results. For example, Piirainen et al. [64] assessed outcomes
of a 12-week intervention at 4, 8, and 12 weeks. Similarly,
Marin-Cascales et al. [61] reported the 12-week results of
a 24-week intervention in a separate paper. On the other
hand, Karinkanta et al. [56] reported on the maintenance
of exercise-induced benefits 1 year after the cessation of a
12-month intervention. In addition, the same investigators

conducted a 5-year register-based follow-up study to assess
the risk of injurious falls and fractures long after the inter-
vention ended [58].

Based on the quantitative data presented in each study,
a qualitative summary of the data is presented in Table 4.
Although the outcomes of some studies were quite straight-
forward and easy to describe (e.g., Park et al. [68] found that
when a plyometric group and a control group performed
the same therapeutic exercises, but the plyometric exer-
cising group also included jumping, the plyometric group
increased hip, knee, and ankle flexion and extension strength
to a greater extent over a 4-week period), the results of other
studies were much more difficult to describe. For example,
the study by Correa et al. [63] had two study phases. The
first phase compared a non-exercising control group (n=17)
to a resistance-exercise group (n=41), and the second phase
compared a control group (n=the same 17) to three different
subdivided resistance-training groups: traditional strength
training (n = 14), power training (n = 13), and rapid strength
training that included plyometric exercise (n=14). Dur-
ing the second phase of this study, the rapid strength group
increased the thickness of the vastus lateralis muscle, but no
change was present in the vastus medialis or rectus femoris:
similar changes were seen in the other resistance-training
groups. Since muscle thickness increased in the plyometric
group, but only in one of the three tested muscle groups,
and to a similar degree as other training groups, it is unclear
whether the addition of plyometrics played a significant
role in increasing muscle thickness. In the same study, the
mean square root of electromyographic signals increased
in the vastus lateralis and medialis, but not in the rectus
femoris; a pattern that was the same in all three groups. In
this case, since the changes were present in two of the three
tested muscle groups, there was likely a positive effect of
plyometric exercise, but we still cannot be 100% sure as the
increase was similar to the other training groups. Therefore,
to maintain the simplicity and readability of the results in
Table 4, the overall results for a given variable (e.g., mean
square root for multiple muscle sites, possibly across multi-
ple timepoints) were combined and then presented as either a
‘positive’, ‘likely positive’, ‘unclear’, or ‘no effect’ result. A
‘positive’ result indicates that nearly all of the data displayed
a positive result at nearly all of the timepoints assessed
within the study period. A ‘likely positive’ result indicates
that over half of the data displayed a positive result at the
majority of the timepoints assessed within the study period.
An ‘unclear’ result indicates that less than half of the data
displayed a positive result within the study period, but no
negative results were present. A ‘no effect’ result indicates
that the variable did not change, for better or worse, within
the study period. As such, no unwarranted, or ‘negative’,
effects were present for any of the tested variables. Neverthe-
less, although the simplified qualitative results are displayed
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in Table 4, quantitative values are expressed where appropri-
ate throughout Sect. 4.

3.6 Safety

Five studies reported that there were no injuries or other
adverse events related to the exercise protocol or testing
[43, 52, 59, 60] and four studies did not report on possible
adverse events at all [63, 64, 67, 68], likely indicating that
no adverse events occurred.

Karinkanta et al. [55] reported that four exercisers fell
during supervised exercise sessions, but returned to the
training classes within 2 weeks. They also noted that during
the intervention, 14 participants from the training groups
consulted the attending physician (one knee ligament injury,
one quadriceps femoris injury, and ten reports of overuse
symptoms), and one participant was taken to the hospital
due to acute low back pain. Three of these participants did
not return to the training classes, but it is not clear whether
they were from the group that included plyometric train-
ing. Despite these occurrences, there were no differences in
the number of monthly reported health problems between
exercisers and controls [55]. Moreover, the investigators
found that women from the multi-component training group
combining resistance and balance-jumping exercises had a
reduced incidence of injurious falls during the 5-year post-
intervention period in comparison with the control group
[58].

In the study by Bolton et al. [54], the authors observed
similar rates of adverse events, including falls in both exer-
cise and control groups, and concluded that the exercise
intervention was safe despite three participants attributing
ankle or knee pain to the exercise. In addition to supervised
sessions, this study also included home-based unsupervised
sessions, but the authors did not specify whether the adverse
events occurred during supervised or unsupervised sessions.
Rantalainen et al. [65] reported that one subject dropped out
of the intervention group (n=13) due to a musculoskeletal
injury that was likely related to the intervention.

4 Discussion

To the best of our knowledge, this is the first systematic
review to evaluate the efficacy and safety of plyometric
training in older adults. The results indicate that plyometric
exercises might have potential for improving various perfor-
mance (muscular strength, jump and physical performance),
functional (postural stability, daily function), and health-
related (bone health, body composition) outcomes in older
persons (Table 4).

Despite a recent proliferation of published articles on the
effect of plyometric training in various populations [39],

we identified only 12 randomized trials (289 subjects) that
examined the effect of plyometric exercises in older adults.
In addition, most of the trials were relatively small, with the
largest one including only 36 subjects. Furthermore, in only
six studies [43, 52, 64, 65, 67, 68] could the effect of plyo-
metric exercises be evaluated in isolation and, of those, only
two studies [64, 67] compared plyometric exercises with an
alternative form of exercise with equalized volume. There-
fore, it would be scientifically unjustifiable to draw con-
clusions related to the effects of plyometric training alone
versus plyometric training combined with other exercise
methods. Given the potential benefits of plyometric training
in older adults and the small number of studies allowing for
direct comparisons between exercise modes, more research
with larger sample sizes and well-designed active control
groups is needed in this population.

With one exception, the studies identified in this review
recruited healthy older adults. Thus, in future studies, it
would be worthwhile to verify these findings in chronically
ill older patients, who may respond differently to plyometric
exercise and may require unique safety precautions.

In contrast to the findings of the recent scoping review
that reported that less than one-quarter of plyometric jump
training studies included females [39], we found that females
constituted the majority of subjects (176 females and 113
males), which might be explained by increased interest by
researchers in the positive effects of jumping exercises on
bone composition in postmenopausal women. Although
many other studies have investigated the effects of weight-
bearing and impact exercises on bone mineral density,
especially in women, those studies were excluded from our
review because they did not include a plyometric component.

The methodological quality of the studies in this review
was good (mean PEDro score of 6.0), at least in compari-
son with other reviews of plyometric training in which the
PEDro score ranged from 4.5 to 5.25 [28, 45, 46]. To fur-
ther improve the methodological quality of future studies,
researchers should consider the blinding of assessors and
aim for effective allocation concealment. Some of the papers
notably omitted important training descriptors. For example,
only a handful of the papers described exercise intensity [59,
60] or mentioned the type of training surface [53]. Report-
ing on these intervention details is crucial for leveraging
the findings of such studies for future research and practice.

4.1 Interpretation of Study Results

4.1.1 Muscular Strength

The strength of various leg muscle groups was reported as
an outcome in eight studies [54, 55, 59, 60, 63, 64, 67, 68],

primarily using dynamometry. While the majority of these
studies [55, 60, 63, 64, 67, 68] found an improvement in
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muscle strength when comparing a plyometric or combined
training with a control group, comparisons between different
training modalities yielded ambiguous results. For example,
a study that compared resistance training, balance-jumping
training, a combination of resistance and balance-jumping
training, and a control group found that relative isometric
leg press force improved in the resistance and combina-
tion (+21.7% [+ 3.6 N/kg], effect size (ES) 0.86, p<0.01)
groups, but not in the balance-jumping group [55]. Simi-
larly, in a study comparing plyometric and pneumatic power
training two to three times per week, the pneumatic train-
ing group showed significantly greater rapid knee extension
torque production after only 4 weeks of training (p <0.01),
while the plyometric group showed a significant change only
after 12 weeks (p <0.01) [64]. While a frequency of two
to three sessions per week did not increase strength after
4 weeks in that study, another study showed that 4 weeks
of jump training five times per week was sufficient to
increase hip extension strength (+ 49% [+ 8.5 kg], ES 1.67,
p<0.001) [68]. Together, these results suggest that training
duration, frequency, and volume are important variables that
need to be considered when designing plyometric interven-
tions for older adults [39, 69].

Yet another study compared the effect of isokinetic
eccentric actions and stretch—shortening cycle (plyometric)
contractions on quadriceps strength [67]. Both training pro-
grams produced similar improvements in maximal voluntary
isometric and eccentric torque and stretch—shortening cycle
function. However, the rate of torque development during
isometric contraction increased only after plyometric exer-
cise (+29% [+0.42 Nm ms™'], ES 0.55) [67]. Therefore,
according to the studies included in this review, it is likely
that plyometric training directly or indirectly increases mus-
cular strength in older adults, but probably not to the same
magnitude as resistance training [70, 71]. Additionally,
limited evidence [67] suggests that plyometric exercises are
superior to eccentric training in improving explosive muscle
strength, which is a key deficiency of aging muscle. Of the
many possible mechanisms underpinning strength adapta-
tions that occur after plyometric training, the inhibition of
Golgi tendon organs combined with repeated activation of
muscle spindles may be the most likely explanation [42].
As muscle spindles are stretched during plyometric train-
ing, a neuromuscular reflex likely occurs, which may acti-
vate higher threshold motor units that would normally not
be used [72, 73]. Long-term exposure to such stimuli may
decrease neuromuscular inhibition, which would likely result
in greater muscle activity and, in turn, greater strength. How-
ever, the myriad of mechanical and physiological variables
that contribute to strength adaptation are extremely complex
and would require greater elaboration, which is outside the
scope of this review. Nevertheless, the data extracted from
the studies of this review indicate that plyometric training
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likely increases muscle strength, with no studies indicat-
ing that muscle strength decreased as a result of plyometric
training.

4.1.2 Bone Health

Of the six studies [52, 54, 55, 59, 60, 65] assessing bone
health, usually by dual energy X-ray absorptiometry (DXA),
only two showed positive results [52, 54]. A 12-month
study of high-impact unilateral exercise (up to 50 multidi-
rectional hops a day, 7 days a week) resulted in significant
improvements in femoral neck bone mineral density (+0.6%
[+ 0.006 g/cmz], ES 0.34, p <0.05), bone mineral content
(+0.7% [+0.04 g], ES 0.30, p <0.05), and geometry [52].
Yet another study comparing a 52-week multicomponent
intervention with non-exercising controls found a non-sig-
nificant benefit of exercise on mean total hip bone mineral
density (+0.4% [+0.003 g/cmz], ES 0.04); however, this
was significantly greater than in the control group (p <0.05)
[54]. Other studies did not find a significant effect of exer-
cise on bone composition [55, 59, 60] or bone turnover [59,
65]. Of note, in both studies showing positive results [52,
54], the length of the intervention was 52 weeks, while in
the remaining studies, the length of the intervention was
shorter (11-40 weeks), with the exception of Karinkanta
et al. [55], which also lasted 52 weeks but only included a
minor plyometric component. Thus, these results are in line
with previous findings that sufficient training duration (and
volume) are required to achieve significant improvement in
bone health [74].

As these data indicate limited benefits of plyometric train-
ing for improving bone health, at least in the short-term, it
is important to note that there is likely a trade-off between
training to enhance neuromuscular performance and training
for bone health. For example, studies included in the present
review must have included plyometric training characterized
by a rapid eccentric muscle action followed by a forceful
and rapid concentric action. Consequently, impact forces are
largely absorbed during the eccentric phase of landing, and
the resultant elastic energy is then coupled with concentric
force to execute the following jump, ultimately resulting
in very little impact compared to jumps with “hard land-
ings” [75]. To achieve harder landings, subjects are actually
instructed to jump and land as heavily as comfortably pos-
sible, likely with the legs in a straighter position, without
purposefully and eccentrically absorbing force [76]. As a
result, it is likely that these impact forces are much greater
than those experienced during plyometric training, where the
initial impact forces are better absorbed through flexion of
the hips and knees. Therefore, although plyometric training
likely does not play a large role in increasing bone health,
it should not be confused with jump training that includes
hard landings and higher impact forces, which are likely



Plyometrics in Older Adults

127

to be more effective at increasing bone health [76]. Also,
it is important to keep in mind that bone health naturally
decreases in older adults, and although the findings of this
review indicate that plyometric exercise may not increase
bone health per se, any maintenance of bone health should
still be considered a positive clinical outcome. Therefore,
although there are data presented here and in Table 4 indi-
cating that there may not have been a ‘positive effect’, as
seen for other variables, the fact that there were no ‘negative
effects’ of plyometric training on bone health is clinically
and practically significant.

4.1.3 Body Composition

The body composition category includes assessments of
either whole-body masses (four studies [52, 59, 60, 62]) or
thickness of quadriceps muscles (two studies [63, 67]). Of
the three studies assessing total lean and fat mass by DXA,
two studies failed to demonstrate any improvement [52, 59]
and one study showed that in the group with a plyometric
component, fat mass decreased (— 5.4% [- 1.7 +£2.0 kg], ES
0.28, p<0.01) more than in a non-exercising control group
(»<0.001) but similarly to that of another group that com-
pleted non-plyometric exercises [60]. Interestingly, the study
by Ramirez Villada et al. [62] showed that the percentage of
muscle mass increased when calculated by body composi-
tion equations (+5.2% [+ 1.9], ES 0.48, p <0.05) but did
not observe any effect on absolute skinfold measurements
measured by Holtain callipers. Regarding quadriceps thick-
ness, one study showed an increase (+2.1% [+ 106 mmz],
ES 0.12), which was the same as in the comparative exercise
group [67], and the results of another study were unclear
[63]. Additionally, it is important to note that the multi-
factorial nature of the exercise programs utilized in many
of these studies likely meant that the researchers were inter-
ested in the effect of the exercise programs as a whole on
body composition. As such, if changes in body composition
are desired, plyometric training is likely not to be the pri-
mary exercise choice for inducing changes in body composi-
tion but may be included in a periodized program to result
in additional functional adaptations that may not arise from
other forms of exercise interventions. Therefore, the results
indicate that, similar to any other physical activity, plyomet-
ric training is associated with changes in body composition,
but its effects are not likely different from those of other
exercises of similar volume and intensity.

4.1.4 Postural Stability

Postural stability was assessed in five studies [43, 54, 64,
65, 68], either by various balance platforms (both static
and dynamic) or by a functional test (Berg balance test).
Two studies that evaluated additional jumping exercises

in addition to a combined training program demonstrated
improvements of various stability scores, such as overall sta-
bility where a negative value is a positive finding (—34.0%
[-1.02+0.29], ES 0.83, p<0.0001) [43] and Berg Balance
score (+16.6% [6.6 +2.7], ES 1.69, p <0.001) [68]; these
improvements were greater in the group with additional
jumping than in the group with the combined training pro-
gram alone (p <0.05 and p <0.001, respectively). However,
two other studies that compared an exercise program with
non-exercising controls failed to show any between-group
differences [54, 65]. This is surprising and contrary to the
findings of others [77]. Bolton et al. [54] explained the lack
of effect as an insufficient intensity of the intervention and
partially unsupervised home-based training with low adher-
ence to exercise. Similarly, insufficient volume, insufficient
intensity, or a combination of both can likely explain the
lack of effect in the study by Rantalainen et al. [65], as their
intervention was not effective at improving any of the study
outcomes. Therefore, it appears as though plyometric train-
ing positively affects postural stability provided the training
program has sufficient volume and intensity. In practice,
increasing static stability, dynamic postural stability, or both
may translate into better balance during activities of daily
living. As a result, an older adult’s fall risk and fear of fall-
ing may decrease, which in turn may lead to increased levels
of habitual physical activity [78, 79] and reduced disability
and morbidity [80].

4.1.5 Jumping and Power-Based Measures

Jump performance was usually assessed on a force plate and
was reported in five studies [52, 6264, 66]. In an 11-week
study, hopping training improved jump height (p <0.01)
in older men by decreasing the contact time (p <0.05) and
increasing the ground reaction force (p <0.01) and reactive
strength index (p < 0.01) [66]. Furthermore, a study compar-
ing three exercise modalities found improved counter-move-
ment jump height (+25%, p <0.05) in older women whose
training included plyometric jumps in comparison with
women in traditional resistance training and power train-
ing groups (p <0.05) [63]. Lastly, another study reported
significant improvements in explosive strength measured
by the subjects’ response to various types of jumps (e.g.,
height of countermovement jump with arm swing improved
by 30% [+4.5 cm], ES 1.17, p<0.05) in training groups
that included jump training [62]. Therefore, according to
the principle of specificity, it is not surprising that jump-
ing exercises have a large impact on jump performance,
especially compared with other types of training that are
not task specific. Although jumping is unlikely to be part
of daily life for older populations, its strong relationship to
other performance measures highlights its use in scientific
research. Specifically, jump and power-based performance
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are positively related to physical function [81] and quality
of life [82], and inversely related to chronic diseases such
as osteoarthritis, diabetes mellitus, and cardiovascular dis-
eases [83]. Therefore, implementing plyometric training to
increase lower-limb power output likely results in positive
adaptations that reach far beyond the realm of jumping and
other force plate measures.

4.1.6 Physical Performance

To evaluate physical performance, the studies used vari-
ous tests (30-s sit-to-stand test, figure-of-8 running test,
timed up-and-go test, 6-m walk, stair climb), with mostly
positive effects. For example, in the Park et al. [68] study,
the subjects improved in the timed up-and-go test (—32%
[7.3+6.5 s], ES 0.87, p<0.001) after only 4 weeks of an
intervention that combined therapeutic exercises with jump-
ing, and this improvement was significantly greater than in
the group with therapeutic exercises alone (p <0.01). Simi-
larly, Correa et al. [63] showed that older females partici-
pating in a 12-week plyometric training program improved
in the 30-s sit-to-stand test (+17%, p <0.05), an improve-
ment that was significantly greater than in the group per-
forming traditional strength training (p < 0.05). Yet another
study reported a significant improvement in a standardized
figure-of-8 running test in groups that performed balance-
jumping exercises alone (—5.8% [-1.2 s], ES 0.41, p <0.01)
or in combination with resistance training (-8.1% [-1.7 s],
ES 0.62, p<0.001), but not in a resistance training-only
group [55]. The improvement was maintained at a follow-up
12 months after the end of the intervention [56]. However, in
this study, the plyometric (i.e., jumping) component formed
only a minor part of the balance-jumping training, and thus
it is not clear whether the improvement can be attributed to
the plyometric component or rather to the balance-specific
exercises. Therefore, it seems that plyometric training not
only improves physical performance, but in specific tests, it
may even be superior to other types of training.

4.1.7 Other Measures and Considerations

Four studies [43, 54, 55, 59] used various questionnaires to
assess health-related quality of life and/or daily function.
Their results were more or less positive, but did not show
any superiority of plyometrics over other types of training.
Three studies [63, 64, 66] employed electromyography; of
note is the study by Correa et al. [63], who demonstrated that
plyometric training improves muscle onset latency (—30%
[-88 ms], ES 2.01, p<0.05) and reaction time (-29%,
p <0.05) of the quadriceps muscle group better than tra-
ditional strength training (p <0.05). Two studies assessed
serum levels of testosterone and cortisol hormones but
failed to show any effect [59, 67]. One study demonstrated
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a positive effect of plyometric training on capillary glucose
(-8.9% [-8.2 mg/dL], ES 1.39, p<0.001) compared with
non-exercising controls [62], indicating that future research-
ers may wish to further investigate the effects of plyomet-
ric training in older patients with diabetes or pre-diabetes.
Finally, one study assessed various kinematic, biomechani-
cal, and muscle architectural variables, but its outcomes are
unclear [66]. Therefore, the lack of studies and incongruous
results of these studies do not allow for conclusive state-
ments to be made regarding the effects of plyometric training
on these isolated variables; future research should consider
investigating them further.

4.1.8 Safety

Of the 289 subjects who actively participated in exercise
programs that included plyometric components, only a maxi-
mum of 1.4% incurred an injury that resulted in the subject
dropping out of the study. Therefore, data extracted from
the studies included in this review indicate that plyomet-
ric training is likely safe to perform in older adults, espe-
cially under supervised conditions. Though only two stud-
ies included a home-based component, we may also assume
that practicing plyometric training at home does not incur a
significantly increased risk for the older adults, an assump-
tion that is consistent with a previous study of high-speed
training under low-supervision conditions in older women
[84]. However, as stated in Sect. 3.3, the studies included in
this review included mostly healthy subjects, meaning that
future research should be conducted on less healthy subjects
to determine whether these benefits translate across popu-
lations or if additional benefits of plyometric exercise can
be identified in specific populations. Nevertheless, the data
from the included studies indicate that with proper instruc-
tion, and possible supervision, the traditional strength pre-
requisites that were established for athletes (i.e., the ability
to perform a back squat with 1.5-2.0 times bodyweight) [40,
41] may not apply in older adults, and that basic movement
competency followed by periodized progression is likely suf-
ficient for healthy older adults.

4.2 Strengths and Limitations

The clear strength of our review is the elaborate search
strategy that, rather than relying on searching only for
the term “plyometric”, combined various related terms
describing potentially plyometric exercises, such as “hop-
ping” or “jumping”. This strategy required all the papers
resulting from the searches to be carefully studied to
make sure that the exercises truly were plyometric. This
approach proved worthwhile, as many of the papers ulti-
mately included in this review did not contain the term
“plyometric” and would not have otherwise been found.
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Interestingly, a recent large scoping review of plyomet-
ric jump training up to April 2017 [39] that limited the
search to “plyometric” identified 242 eligible papers, but
only one of them included subjects over 65 years old [64].
That being the case, future reviews of plyometric training
should consider using the search strategy employed in our
review instead of relying on just the “plyometric” term.
We also understand that some may view the lack of meta-
analysis of the effects of plyometric training on key out-
comes as a limitation of the present review. Unfortunately,
the limited number of eligible studies and the heterogeneity
of the outcomes and assessment methods did not allow for a
meaningful meta-analysis at this time, as the number of stud-
ies available for each outcome were too low. In addition, the
already small number of available studies was further frag-
mented by the design of the control group. For example, the
isolated effect of plyometric training in comparison with the
non-exercising group could be evaluated in only three stud-
ies [52, 65]. Other studies either compared plyometric train-
ing with a different form of exercise or they included plyo-
metric exercises only as a part of multicomponent training.

5 Conclusion

To summarize, the evidence supporting the effects of
plyometric training on various outcomes in older adults
shows that plyometric exercise may positively affect any
of these outcome variables, at least when comparing the
pre- to post-intervention results. Moreover, in some of the
outcome categories, such as muscular strength, jump per-
formance, and physical performance, the effects of plyo-
metrics are more convincing and are consistently greater
than those of non-exercising controls. However, only in
a few cases was plyometric training superior to another
type of training with similar volume and intensity, namely
in performance during counter-movement jumps, the 30-s
sit-to-stand test [63], and in the rate of torque develop-
ment during contractions of the quadriceps femoris [67].
Importantly, plyometric training was demonstrated to be a
safe training option in older adults. Therefore, plyometric
training can be considered as a feasible and safe alternative
to traditional strength training in older adults, especially
when supervised training is designed to increase an indi-
vidual’s dynamic neuromuscular performance.
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