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ABSTRACT
Introduction: The initial rapid eccentric contraction of a stretch-shortening cycle (SSC) activity is typi-
cally reported to accentuate the subsequent concentric jump performance. Some researchers have ratio-
nalized that adding elastic resistance (ER) to explosive type activities (e.g. countermovement jumps and 
drop jumps) would increase excitatory stretch reflex activity and mechanical recoil characteristics of the 
musculotendinous tissues. The purpose of this meta-analysis was to examine the available literature on 
jumping movements augmented with ER and to provide a quantitative summary on the effectiveness of 
this technique for enhancing acute eccentric and concentric jumping performance. 

Methods: In a random-effects model, the Hedges`s g effect size (ES) was used to calculate the biased cor-
rected standardized mean difference between the augmented and similar non-augmented jumps. 

Results: The results demonstrated that augmented jumps provided a greater eccentric loading compared 
to free jumps (Hedges`s g ES = 0.237, p = 0.028). However the concentric performance was significantly 
impaired, particularly if the downward elastic force was used during concentric phase as well (ES= -2.440, 
p <0.001). Interestingly, no performance decrement was observed in those studies, which released the 
bands at the beginning of the concentric phase (ES = 0.397, p = 0.429). 

Discussion: The authors postulated that the excessive eccentric loading might trigger reflex inhibition, 
alter the muscle stiffness, increase downward hip displacement and dissipate mechanical recoil properties. 
These results suggest that the release of elastic force at the beginning of the concentric phase seems to be 
a critical point to avoid impairment of acute concentric performance in augmented jumps. 

Level of Evidence: 2a
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INTRODUCTION
Elastic resistance (ER) devices including elastic 
bands, rubber bands, and tubing (surgical tubing, 
sport cords and bungy cords) are portable, low cost, 
and easy maintenance training devices, which have 
been utilized alone or in conjunction with other 
training devices to provide resistance in strength and 
power training programs.1-6 The ER provides both 
mechanical advantages and disadvantages when 
compared to traditional free weight and machine 
resistance devices.7-12 Some investigators postulated 
that due to inadequate external force, ER may not 
elicit maximal muscle tension in the active mus-
cles.13 However, the proponents of ER recommended 
that by employing a simple adjustment in the ini-
tial length of the elastic material14,15 and using addi-
tional units of elastic bands in parallel3,16 an adequate 
increase in elastic force will be provided, which can 
lead the active muscles to develop tension across the 
entire concentric phase.17,18 

In order to optimize the magnitude of external load 
provided by ER, some investigators have examined 
the combination of resistance generated by fixed loads 
(e.g. barbell) and the ER.19,20 Using this technique has 
also been postulated to overcome the mechanical 
disadvantage of free weights exercises (i.e. decreased 
resistive force once inertia is overcome and momen-
tum increases).20-24 In a comprehensive meta-analy-
sis, Soria-Gila and colleagues25 have examined the 
research-based effect of ER plus free-weight loaded 
training on muscular strength gains during bench 
press and squat exercises and suggested that this 
could be an effective technique to improve maximal 
strength (i.e. 1 repetition maximum) both in athletes 
and untrained subjects. 

The present meta-analysis is focused on the applica-
tion of ER during explosive exercises such as counter-
movement jump (CMJ) and drop jump (DJ).26-28 The 
augmented body mass and gravitational acceleration 
induced by ER during the eccentric phase of jumping 
movements is thought to amplify the stretch-short-
ening cycle (SSC) mechanism (a detailed discussion 
of the SSC is beyond the focus of the present paper, 
for more information the reader is directed to refer-
ences29,30). Investigators have speculated that during 
augmented jumps, the active muscles experience a 
greater pre-stretch state during the eccentric phase, 

which can generate and store elastic energy in the 
contractile components of musculotendinous struc-
tures and enhance the myoelectric potentiation and 
the stretch reflex mechanisms.29,31-33 The release of 
this stored elastic energy during the concentric phase 
may result in improvement of subsequent force and 
power generating capability during jumping, running 
and other SSC type activities.28,31,34,35 Although there 
have been a number of studies investigating primar-
ily the acute kinetic and kinematic variables during 
augmented jumps with ER,26-28,35,36 there has not been 
a systematic review of the literature conducted which 
synthesizes previous data and provides summative 
information about the effectiveness of augmented 
jumps with ER on acute eccentric and concentric 
jumping performance. Therefore, the purpose of this 
meta-analysis was to examine the available literature 
on jumping movements augmented with ER and to 
provide a quantitative summary on the effectiveness 
of this technique for enhancing acute eccentric and 
concentric jumping performance. 

METHODS

Search strategy and inclusion/exclusion 
criteria
This review of the literature included studies that 
examined the effect of using additional ER during 
CMJ or DJ movements on acute eccentric and con-
centric jumping performance. A literature search 
was performed by the three authors separately and 
independently using MEDLINE, SPORT Discus, Sci-
enceDirect, Web of Science and Google Scholar data-
bases. The topic was searched using a combination 
of keywords including: elastic tubing, elastic bands, 
exercise cord, Thera-Band, elastic resistance training, 
elastic band exercises, bungy exercise, augmented 
resistance training, accentuated jump, countermove-
ment jump, drop jump, augmented elastic training, 
loaded resistance training, and loaded elastic exer-
cise. All references from the selected articles were 
also manually crosschecked by the authors to iden-
tify relevant studies that might have been missed in 
the search and to eliminate duplicates.

Inclusion Criteria (study selection)
Studies examining the acute effects of jumping move-
ments augmented with ER on concentric and eccen-
tric jumping performance were included in the review 
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if they fulfilled the following selection criteria: 1) the 
study investigated the effect of using ER during aug-
mented CMJ or DJ on eccentric or concentric jumping 
performance, 2) the study quantified and compared at 
least one of the following measurements between an 
augmented jump with ER and a free (non-augmented) 
jump: eccentric and/or concentric peak ground reac-
tion force (GRF), mean GRF, peak impulse, mean 
impulse, peak power, or mean power. Since a faster 
peak eccentric loading (lengthening) may amplify 
the SCC mechanism and enhance take off velocity 
and performance,29,37,38 studies which reported peak 
velocity were also included to the meta-analysis, 3) 
the study used healthy, active human subjects, 4) the 
study was written in English and published between 
1987 – 2015 and 5) the study was published in a peer-
reviewed journal (abstracts and unpublished studies 
were excluded). Studies were excluded if 1) elastic 
resistance was a part of a mechanical training device 
(e.g. Vertimax) and 2) other movements except CMJ 
and DJ were studied.

Meta-analytic statistical comparisons were made with 
the Comprehensive Meta-analysis software (BioStat 
Inc. Englewood, New Jersey, USA). A random-effects 
model was used to examine the grouped data extracted 
from the different studies. The Hedges`s g effect 
size (ES) was used to calculate the biased corrected 
standardized mean difference between the ER aug-
mented and similar non-augmented jumps. ES calcu-
lations were conducted to evaluate the magnitude of 
the difference according to the criterion of 0.80 large; 
0.50 medium and 0.20 small. The Hedges`s g ES was 
calculated based on the mean and standard deviation 
of the two modes of jumps using one of the following 
variables: peak GRF, mean GRF, peak velocity, peak 
impulse, mean impulse, peak power, mean power. In 
order to address the influence of using ER on eccen-
tric and concentric phases of jumping performance, 
separate analyses were performed the two phases. 
The Hedges`s g ES and 95% CIs for the outcomes of 
each study were illustrated in a forest plots. 

The examination of inter-study heterogeneity was 
based on computing the weighted sum of squares 
[Q value] of the effect sizes included with the meta-
analysis. The difference of every effect size from the 
mean effect size was calculated and squared. Then, 
the sum the weighted squares was computed. The 

I-squared (I2) and the p-values (p < 0.05) were also 
considered to determine if the dispersion observed 
in the forest plot reflects difference in the true effect 
sizes or random sampling error.39

RESULTS
From 41 full text articles assessed for eligibility, five 
articles met the inclusion criteria for the meta-anal-
ysis. Four studies employed the recoil force of ER 
during entire eccentric phase of jumps (Figure 1). 

For CMJ, the eccentric phase included from the initi-
ation of lowering the center of mass to the lowest 
displacement of the hip while for DJs, the eccentric 

Figure 1. Study selection/inclusion process
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phase encompassed the entire landing phase to the 
lowest displacement of the hip. Therefore one meta-
analysis was performed to measure the effect of ER 
on the eccentric jumping performance. However, 
in two of the five included studies28,36 that quanti-
fied concentric performance, the elastic bands were 
released during the concentric phase of the move-
ment, once the subject reached full flexion of hip 
and knee during both types of jumps. Since it had 
been hypothesised that using this technique could 
eliminate the restriction of the ER external load and 
facilitate the concentric power production, separate 
analyses were conducted to quantify and compare 
the concentric performance between the studies 
whose methods involved release of the bands and 
those whose methods did not. In addition, since var-
ious resistance of ER might provide different acute 

effects on eccentric and concentric performance, 
separate data points from Aboodarda et al28,36 (who 
used ER equivalent to 20% and 30% of bodyweight) 
and Markovic and Jaric`s35 (who used ER equivalent 
to 15% and 30% of bodyweight) are presented in the 
analysis (Table 1).

Eccentric jumping performance
Table 2 displays data from the four studies that met 
the inclusion criteria for the meta-analysis. Six effect 
sizes (from the four studies) were included to the 
analysis. Eccentric peak power,28 peak ground reac-
tion force,27 peak impulse36 and peak velocity26 were 
the variables which were included to show the effect 
of using ER on eccentric jumping performance. The 
overall effect obtained from 78 males, all trained 
with a minimum of six months of strength-training 

Table 1. Details of the studies included in the meta-analysis. Acronyms: CMJ: countermovement jump, ACMJ: 
augmented CMJ, FCMJ: free CMJ, DJ: drop jump, ADJ: augmented DJ, FDJ: free DJ, M: males, F: females, BW: body 
weight, RT: resistance trained, ER: elastic resistance, RRM: randomized repeated measure, PP: peak power, PV: peak 
velocity, VGRF: vertical ground reaction force, RFD: rate of force development. * indicates that in these studies the 
elastic bands were released at the beginning of concentric phase.

RRM= repeated measures , M= males, RT= resistance training, FCMJ= free countermovement jump, 

ACMJ= augmented countermovement jump, FDJ= free drop jump, ADJ= augmented drop jump, ER= 

elastic resistance, PP= peak power, GRF= ground reaction force, PV= peak velocity, VGRF= vertical 

ground reaction force,  EMG= electromyography 

Study Name Study 
type 

N
(M/F)

Age
(±SD)
(years) 

Trained level Intervention Measurements 
used in the Meta-

analysis 

Other 
Measurements 

of the study 
Aboodarda et al28* RRM 15  M 22.6 ± 

5.3
Trained  with 
RT experience 
> 1 year 

FCMJ (control)  
ACMJ 20%  BW 
ACMJ 30%  BW 

Eccentric PP 
Concentric PP  

VGRF,  
Impulse,
Jump height

Aboodarda et al36* RRM 15 M 24.7  ± 
5.7

Trained with 
RT experience 
> 5 years 

FDJ
ADJ 20%BW 
ADJ 30% BW

Eccentric impulse 
Concentric impulse 

RFD
Take of velocity 
Duration
Jump height

Argus et al27 RRM 8  M 27.5 ± 
5.5

Trained  with 
RT experience 
> 6 month 

FCMJ
ACMJ

Eccentric GRF 
Concentric PP 

Peak velocity  
Peak force 

Cronin et al26 RRM 10  M 24.2 + 
2.3

Trained with 
RT experience 
> 3 years 

CMJ on 
isoinertial (ISO) 
supine squat 
machine 

CMJ on (ISO) + 
20-30kg bungy 
ER

Eccentric PV 
Concentric PV 

Mean velocity 
Time to peak 
Velocity 
EMG

Markovic & Jaric35 RRM 15  M 23.5 ± 
3.4

Trained with 
RT experience 
> 1 year 

FCMJ
ACMJ 15% BW
ACMJ 30% BW

Concentric PP Concentric 
Mean power 
Momentum
PV
Duration
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experience, demonstrated that augmented jumps 
provided greater eccentric loading compared to free 
jumps (Hedges`s g ES= 0.237, CI: 0.025 to 0.448, p 
= 0.028) (Table 2). The data presented in Figure 2 
showed large CIs for each estimate, which indicate 
a poor precision for each study (i.e. large intra-study 
variance). However there was very small inter-study 
variation between different estimates (Q-value = 
0.738, p = 0.981, I2 <0.001), which suggest that there 
was no heterogeneity between the observed effect 
sizes. In other words, the true effect sizes between 
studies were almost identical and 98% of the inter-
study variation was due to sampling error that could 
be attributed to variables such as smaller sample 
size, biased sampling, targeting an available popula-
tion and other factors. 

Concentric jumping performance
Table 3 presents data from the five studies met the 
inclusion criteria for the meta-analysis. Eight ESs 
(from the five studies) were included in the analysis of 
concentric peak power,27,28,35 peak impulse36 and peak 
velocity26 variables. The overall effect obtained from 
108 males, all trained with a minimum of six months 
of strength-training experience, demonstrated that 
augmented jumps with ER impaired concentric 
performance compared to free jumps (Hedges`s g 
ES= -0.776, CI: -1.528 to -0.023, p = 0.043) (Table 
3). The data presented in Figure 3 exhibited a high 
inter-study dispersion between different estimates, 
which suggests that there was a very high heteroge-
neity between the effect sizes of the included studies 
(Q-value = 79.088, p <0.001, I2 = 91.149). 

Figure 2. Forest plot presenting the results of the Hedges`s g ES and 95% CIs for the eccentric performance. 
Six effect sizes were included in the analysis. Eccentric peak power,27,28 peak impulse36 and peak velocity26 

were the variables which included in the analysis. The augmented jumps with ER provided a greater eccen-
tric loading compared to free jumps (Hedges`s g ES= 0.237, CI: 0.025 to 0.448, p = 0.028). The horizontal 
line demonstrates the lower and the upper limits of the effect at a 95% CI. The fi lled square ( ) indicates the 
ES for each study. The fi lled diamond ( ) indicates the pooled effect size.

Table 2. Results of the four studies included in the meta-analysis measuring eccentric performance.

Study Name Hedges`s 
g

Standard
error

Variance Lower
limit 

Upper
limit 

Z-
Value

p-Value

Aboodarda28, 20% BW, CMJ 0.209 0.247 0.061 -0.275 0.693 0.845 0.398 
Aboodarda28, 30%BW, CMJ 0.346 0.252 0.064 -0.148 0.840 1.372 0.170 
Aboodarda36, 20%BW, DJ 0.129 0.245 0.060 -0.352 0.609 0.525 0.599 
Aboodarda36, 30%BW, DJ 0.343 0.252 0.064 -0.151 0.837 1.362 0.173 
Cronin26, 20-30 kg, CMJ 0.120 0.290 0.084 -0.449 0.690 0.415 0.678 
Argus27, 20%BW, CMJ 0.260 0.321 0.103 -0.369 0.889 0.810 0.418 
Overall 0.237 0.108 0.012 0.025 0.448 2.195 0.028
BW= body weight, CMJ= countermovement jump, DJ= drop jump 
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Table 3. Results of the four studies included in the meta-analysis measuring concentric performance.

BW= body weight, CMJ= countermovement jump, DJ= drop jump 

Study Name Groups
by 

Hedges`s 
g

Standard
error

Variance Lower
limit 

Upper
limit 

Z-
Value

p-
Value

Argus27, 20%BW, CMJ With 
bands -1.928 0.575 0.331 -3.056 -0.800 -3.351 0.001 

Cronin26, 20-30 kg, CMJ With 
bands 0.035 0.289 0.084 -0.532 0.602 0.122 0.903 

Markovic and Jeric 35, 15% 
BW, CMJ 

With 
bands -4.255 0.814 0.663 -5.850 -2.659 -5.225 0.000 

Markovic and Jeric 35, 30% 
BW, CMJ 

With 
bands -6.556 1.222 1.492 -8.950 -4.161 -5.367 0.000 

Subgroup pooled data -2.440 0.597 0.357 -3.611 -1.270 -4.085 0.000
Aboodarda28, 20% BW, 
CMJ

Without
bands 0.059 0.244 0.060 -0.420 0.538 0.241 0.809 

Aboodarda28, 30%BW, 
CMJ

Without
bands 0.493 0.260 0.068 -0.017 1.003 1.894 0.058 

Aboodarda36, 20%BW, DJ Without
bands 0.285 0.250 0.062 -0.204 0.774 1.142 0.254 

Aboodarda36, 30%BW, DJ Without
bands 0.758 0.281 0.079 0.208 1.308 2.701 0.007 

Subgroup pooled data 0.397 0.501 0.251 -0.586 1.379 0.792 0.429
Overall -0.776 0.384 0.147 -1.528 -0.023 -2.020 0.043

Figure 3. Forest plot presenting the results of the Hedges`s g ES and 95% CIs for the concentric performance. 
Eight effect sizes were included in the analysis. Concentric peak power,27,28,35 peak impulse36 and peak veloc-
ity26 were the variables which included in the analysis. The overall effect demonstrated that augmented 
jumps with ER impaired concentric performance compared to free jumps (Hedges`s g ES=  -0.776, CI: -1.528 
to -0.023, p = 0.043). There was a signifi cant impairment for those studies which the bands were kept 
attached (Hedges`s g ES= -2.440, CI: -3.611 to -1.270, p <0.001); however, no performance decrement was 
observed for those studies which the bands were released (Hedges`s g ES= 0.397, CI: -0.586 to 1.379, p = 
0.429). The horizontal line demonstrates the lower and the upper limits of the effect at a 95% CI. The fi lled 
square ( ) indicates the ES for each study. The grey diamonds ( ) indicates the pooled effect size for the two 
subgroup studies (with bands vs. without bands). The black diamond ( ) indicates the pooled effect size. 
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Further analysis of the two subgroups of studies in 
which elastic bands were kept attached during con-
centric phase of jump and those during which the 
bands were released at the beginning of concentric 
phase produced distinctive results. Interestingly, 
there was a significant impairment in the concentric 
performance for those studies during which the bands 
were kept attached (Hedges`s g ES= -2.440, CI: -3.611 
to -1.270, p <0.001); however, no performance dec-
rement was observed for those studies during which 
the bands were released (Hedges`s g ES= 0.397, CI: 
-0.586 to 1.379, p = 0.429). Furthermore, there was a 
large heterogeneity between the effect sizes of those 
studies, which did not release the bands (Q-value = 
52.022, p <0.001, I2 = 94.233) and moderate hetero-
geneity was evident between studies in which the 
bands were released (Q-value = 3.870, p = 0.276, I2 
= 22.479).

DISCUSSION
The most important findings of the current meta-
analysis were that the addition of ER to the CMJs 
and DJs could significantly increase the eccentric 
loading, as measured by eccentric peak power, peak 
impulse and peak velocity. However, this greater 
eccentric loading could lead to decreases in concen-
tric performance if the bands were not released at 
the beginning of concentric phase. In light of this 
observation, releasing the force exerted by elastic 
resistance, at the beginning of concentric phase, 
seems to be critical to avoiding impairment of acute 
concentric performance.

The sequencing of fast eccentric (stretching) and 
concentric (shortening) actions has been shown to 
enhance jumping performance.29,31-33 The rationale 
for augmenting explosive exercises such as CMJ and 
DJ with ER is to take advantage of the physiological 
components associated with the SSC mechanism in 
order to increase concentric power output.28,32,34,40 In 
addition to the SSC reflexive component,41,42 the visco-
elastic characteristic of the musculotendinous tissues 
as well as the fiber cross-bridges may store elastic 
energy during an initial rapidly performed eccentric 
movement after which release of the stored energy 
may improve concentric performance.29,43,44 

The six effect sizes (from the four studies) used to 
examine the effect of augmented jumps on eccentric 

responses indicated that the additional ER improved 
eccentric loading evident in eccentric peak power, 
GRF, impulse and velocity. Although this find-
ing was in line with the authors’ expectation, only 
a small effect size was observed for this improve-
ment (ES= 0.237), which could be attributed to 1) 
the small magnitude of elastic load utilized during 
augmented jumps (15 to 30% bodyweight), 2) the 
large intra-study variance observed for the included 
ESs (Figure 2). Nonetheless, a small inter-study vari-
ance was observed for the overall ES (variance = 
0.012), which indicates that the increased eccentric 
loading was a consistent phenomenon between the 
six included studies. 

However, contrary to the hypothesis that a faster 
and greater eccentric loading can improve concen-
tric jumping output, the results of this meta-analy-
sis indicate that the concentric performance was 
diminished or impaired during augmented jumps 
compared to the control condition. More specific-
ally, the results of this meta-analysis demonstrated 
a large negative effect size (ES= -2.440) for the acute 
concentric performance measured by concentric 
peak power, impulse, and velocity for those studies 
in which equal magnitude of ER was applied during 
both concentric and eccentric phases.27,35 However, 
interestingly, no impairment was observed in con-
centric performance (ES = 0.397) when the elastic 
bands were released at the beginning of concentric 
phase.28,36 In other words, as presented in Figure 3, 
the large negative ESs from the studies by Markovic 
and Jeric35 and Argus et al27 studies contributed sig-
nificantly to shift the overall effect toward a negative 
value. The study by Cronin et al26 seems to be an 
exception to this trend because although they used 
downward tensile load during both eccentric and 
concentric phases of CMJs, they did not observe any 
impairment in concentric peak velocity. Although 
the actual reason for the disparity between these 
findings is unclear, there are a number factors that 
could diminish the beneficial effects of adding elastic 
resistance to explosive exercises such as CMJ and DJ. 

Whereas elastic resistance can increase eccentric 
velocity and VGRF possibly facilitating reflexive and 
mechanical SSC responses, the additional load dur-
ing the concentric phase could hinder take-off veloc-
ities. In line with this explanation, the two studies 
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which demonstrated the highest impairment in con-
centric jumping performance27,35 reported significant 
decreases in peak concentric velocity when compared 
to no additional ER. The concept of specificity of 
training velocity45,46 indicates that the training veloc-
ity should match as closely as possible to the compe-
tition or event velocity, thus, a decreased concentric 
velocity might adversely affect training responses. 
In order to address this difficulty, Aboodarda and 
colleagues28 modified the augmented CMJ with ER 
by releasing the elastic bands immediately prior to 
the concentric phase. They demonstrated that this 
technique could enhance jump height performance 
and takeoff velocity as measured with a force plate 
and motion analysis system. However, the release of 
the elastic bands immediately before the concentric 
phase of DJs did not change the takeoff velocity and 
concentric impulse compared to the control condi-
tion.36 Unfortunately, few studies have employed 
the release of ER method to enhance jumping per-
formance; therefore, further research is required to 
investigate effectiveness of using ER during different 
modalities of augmented jumps. 

Other potential explanations for failure in transfer of 
greater eccentric loading to concentric jumping per-
formance could be: 1) the timing and magnitude of 
muscle preactivation before the start of the eccentric 
phase, 2) the prolonged length of eccentric phase and 
3) the protracted amortization period between eccen-
tric and concentric phase.47 In order to achieve great-
est possible jump height, it is important to perform 
the eccentric phase of jump with an adequate muscle 
pre-activation in order to generate an optimal level of 
leg stiffness.48,49 Athletes develop an optimal strategy 
to pre-activate muscles for different type of activities. 
This anticipatory strategy has been demonstrated with 
DJs,50,51 hopping,31 jumping drills,52 and maximum 
sprinting.53 The increased eccentric loading during 
augmented jumps may disrupt the pre-activation strat-
egy and provide a dampening effect on muscle stiff-
ness. Aboodarda et al36 showed no change or slightly 
shorter eccentric durations of DJs in response to the 
addition of elastic resistance. Subjects demonstrated 
earlier onset of EMG activity for all studied muscle 
groups during loaded DJs suggesting an increased leg 
stiffness response to additional eccentric loading by ER. 
The purpose of this anticipatory modulation of mus-
cle activation patterns is to decelerate and eventually 

terminate the joint rotations and to provide adequate 
muscle tension for absorption of the impact force.54,55 
The increased elastic resistance load may have caused 
Aboodarda’s subjects to focus more on impact absorp-
tion and therefore less on explosiveness during the 
concentric phase. More specifically, excessive eccen-
tric loading may necessitate a greater amount of joint 
excursion in order to absorb the higher VGRF which 
can elongate the delay between the eccentric and con-
centric contraction phases and result in dissipation of 
the stored elastic in the form of heat.56 

Excessive eccentric loading might also increase Golgi-
tendon inhibitory Ib afferent responses minimiz-
ing muscle activation benefits associated with SSC 
mechanism.57-59 Fetz et al60 reported that in addition 
to possible Ib afferent inhibition, that the inhibition of 
motoneurons may also be evoked from homonymous 
and synergistic Ia muscle spindle afferents. Aboodarda 
et al36 contradicted the hypothesis that augmented 
DJs would increase muscle spindle stretch reflex 
activity leading to increased motoneuronal output30,58 
with their report of no significant EMG differences 
between loaded and unloaded DJs during the con-
centric phase. Aboodarda’s findings were in line with 
those reported by Bobbert et al38 that did not exhibit 
higher EMG values for the knee extensors and plantar 
flexors despite larger knee and ankle moments in DJs 
with faster eccentric loading. These findings might be 
related to the population used in these three studies 
as it is possible that highly motivated and trained indi-
viduals are at or close to their maximum potential and 
thus there is minimal contribution from an already 
fully activated stretch reflex system. 

The major limitation of this meta-analysis is the few 
comparable studies available. The low number of total 
subjects would also contribute to the high inter-study 
variability. Furthermore, instructions to participants 
regarding jump technique (particularly during land-
ing phase) could have differed between studies leading 
to significant differences in concentric and eccentric 
performance. In addition, a variety of elastic materials 
were used in the included studies, which could have 
provided different resistance and loading patterns.  

CONCLUSIONS
The results of this meta-analysis suggest that the 
addition of ER to the CMJs and DJs can signifi-
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cantly increase the eccentric loading; however, 
greater eccentric loading may not be translated to an 
enhanced concentric performance. In particular, the 
concentric responses may considerably be impaired 
if the elastic bands are not released at the beginning 
of concentric phase. The authors  postulated that 
the excessive eccentric loading might trigger reflex 
inhibition (Ia and Ib afferents), alter the anticipatory 
EMG responses affecting muscle stiffness, increase 
downward displacement of the hip and dissipate 
mechanical recoil properties. It`s worth noting that 
the current results should only be interpreted in the 
context of the acute effects on eccentric and concen-
tric jumping performances. Therefore, the possible 
potential benefits of augmented jumps with ER as 
an effective technique for increasing eccentric load-
ing and the long-term effects of ER for enhancing 
concentric performance needs to be studied.
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