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ABSTRACT

Co-contraction training has been proposed to
improve muscle strength in the absence of external
equipment, yet it is needed to elucidate the effects
of co-contraction training and its applicability. Thus,
we synthesized the effects of co-contraction training
on elbow muscle strength, myoelectric activity,
and muscle thickness. We searched papers from
MEDLINE via PubMed, Web of Science, Scopus
and Embase databases. The inclusion criteria were
studies comprising adults between 18-64 years
old; investigating chronic effects of co-contraction
training on elbow muscles; comparing pre- and
post-intervention or control values; presenting any
of the outcomes; randomized, quasi-experimental,
pre- and post-design; in English. Seven studies met
the inclusion criteria. We performed a systematic
review and meta-analysis following PRISMA
recommendations. We used the revised RoB
2, ROBINS-I to verify the level of evidence. We
also included a questionnaire for biomechanical
studies and GRADE analysis. We extracted data
independently by two investigators, considering the
characteristics of study, participants and training,
outcomes, and results. We calculated the effect
sizes for each outcome. The analysis was carried
out by combining and dividing flexors and extensors
in a subgroup analysis. Comparing the experimental
vs. control group, our results showed that co-

contraction training increased isometric strength
(SMD=0.51 [0.19, 0.83]) and agonist myoelectric
activity (SMD=0.54 [0.25, 0.83]). Comparing pre- vs.
post-training, co-contraction training also improved
isometric  strength  (SMD=1.28 [0.75, 1.81)]);
concentric elbow extensor strength (SMD=0.64
[0.01, 1.26]); and myoelectric activity (SMD=0.46
[0.18, 0.73]). No effect was observed for muscle
thickness. The co-contraction training improves
muscle  performance  without  morphological
changes.

Keywords: co-activation; muscle strength; upper
extremity.

e (Co-contraction training increases muscle
recruitment and promotes strength gains without
modifying the involuntary antagonistic activity of
elbow muscles in healthy adults with a very low
level of evidence.

e (Co-contraction training does not provide
structural muscle change. However, there is a
need for studies with longer training periods in
this regard. Co-contraction training seems to be
viable, effective, and easy to apply.

e The data synthesized in this meta-analysis
suggest the need for more studies with greater
methodological  robustness involving  co-
contractiontraining. Following these suggestions,
trainers and physical fitness trainers will have a
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more reliable guide, providing subsidies on the
effectiveness and applicability of this resistance
training method.

INTRODUCTION

Resistance training (RT) is widely known to improve
strength, muscle mass, and performance’2.
Furthermore, RT is significantly related to the
maintenance and enhancement of functional
capacity? and health!. The American College of
Sports Medicine recommends the practice of
moderate RT (approximately 60% of the individual’s
maximum load) for health promotion®. The practice of
these recommendations only at gyms using external
load/equipment might be a limiting factor in times
of social isolation and other restrictions. However, a
recent RT method called co-contraction training has
been proposed to improve muscle strength in the
absence of external load/equipment or gravity®.

Co-contraction training is an alternative method
of strength training, which can be performed
outside gyms. This training is characterized by the
simultaneous activation of agonist and antagonist
muscles of a given joint (e.g., elbow flexors
and extensors), generating direct mechanical
resistance to the respective antagonist muscle
group®’. Co-contraction training has shown positive
results in muscle recruitment level”®, as well as in
incrementing strength and hypertrophy®¢. Counts
et al."" observed an average increase of 0.2 cm in
muscle thickness of the anterior portion of the upper
arm, corresponding to approximately 33% change
from baseline. This result is similar to those obtained
with conventional resistance training with high and
low intensity, which increased the biceps cross-
sectional area by 20%™. It has been suggested
that muscle growth occurs regardless of external
load, since training recruits (35 to 50% of maximum
activation) and places most of the musculature
under tension".

Thus, co-contraction training could be a convenient
method, considering its efficiency in improving
and maintaining strength and muscle mass256913,
Furthermore, co-contraction seems to be a reliable,
low-cost solution in situations such as social
isolation (as in quarantine, during pandemic periods
of COVID-19), hospitalization environments, while
traveling, and in other detraining situations where
there is no possibility of carrying out RT with external
load. Co-contraction training versatility allows
individuals to train in more comfortable and pleasant

places, which could be helpful for people with social
anxiety disorders.

However, there is no standardization among
studies concerning training prescription and no
evidence regarding which frequency and duration
generate better results. Furthermore, studies show
controversial results concerning co-contraction
training outcomes. This divergence may be due to
methodological differences in previous studies (e.g.,
duration of the training program, number of sets and
repetitions, type of contraction, and populational
characteristics). Even considering the benefits of co-
contraction training pointed out by some studies, a
synthesis of results is needed to elucidate the effects
of co-contraction training in physical outcomes
and its applicability. Thus, the present systematic
review with meta-analysis aimed to integrate the
effects of co-contraction training in elbow flexors
and extensors on 1) strength, 2) myoelectric activity,
and 3) muscle thickness in healthy adults. The
findings presented in this study demonstrate the
feasibility of utilizing a non-conventional approach,
specifically co-contraction training, to improve
physical outcomes. This meta-analysis contributes
to a deeper understanding of co-contraction training
and its potential application in daily life training
protocols, benefiting professionals and practitioners
seeking effective training methods.

METHODS
Eligibility criteria

This study was previously registered in the
International Prospective Register of Systematic
Reviews (PROSPERO ID #CRD42019141729). We
used the PICOS strategy for guiding the eligibility of
included studies. The ‘Population’ was considered
as healthy adults including individuals between
18 and 64 years old, males and/or females, and
non-athletes. The ‘Intervention’ comprised the co-
contraction training for elbow flexors and extensors
muscles, requiring at least four weeks of training, with
a minimum of eight sessions in total (twice a week).
A description of the training protocol was required.
The ‘Comparator’ was considered as differences
over time (pre vs. post intervention), and between
groups (control vs. experimental). The ‘Outcomes’
included were elbow flexors and extensors muscle
thickness, muscle torque, and EMG activity. Studies
that investigated at least one of the outcomes were
included. The ‘Study Type’ was considered as all
randomized and non-randomized clinical trials,
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guasi-experimental with pre and post design.
Theses, conference abstracts and proceedings
were excluded. Only studies published in English
were included. Studies were excluded when they
failed to meet the eligibility criteria.

Information Sources

We searched four electronic databases (MEDLINE
via PubMed, Web of Science, Scopus, and Embase
- date of search: 10/21/2022), from the first records
until October 2022. To find additional studies, we
hand-searched bibliographies of potentially eligible
studies. The gray literature search was conducted
through The Open Access Repository for Sport,
Exercise, and Health Research (SportRxiv), The
Preprint Server for Biology (BioRxiv), and Clinical
Trials Platform (date of search - 10/21/2022). This
study followed PRISMA guidelines™.

Search Strategy

Mesh terms, Emtree terms, and keywords combined
with the Boolean operators “AND” and “OR” were
used in the search (see Appendix, Supplemental
Digital Content 1, which demonstrates the complete
description of the search strategy).

Selection Process

We used Mendeley reference manager software
(version 1.19.4, Mendeley Ltd.) for the study
selection phase. After removing duplicate studies,
two investigators (MMV and RAF) independently
screened the records by title and abstract using
predetermined eligibility criteria. Full texts were
obtained when at least one investigator indicated
that the study could be included. Studies were
excluded when both reviewers agreed that the study
failed to meet the eligibility criteria. Disagreements
were resolved through discussion until a consensus
was reached. A third reviewer (KJVS) helped with
the final decision when necessary.

Data Collection Process

Data regarding the study publication (author, year),
characteristics of participants, characteristics of the
training, measured outcomes, and training effects
(statistical results) were extracted independently
by two investigators (MMV and RAF) using a
standardized spreadsheet. A third investigator
(KJVS) solved discrepancies without a consensus.
When these data were not described, we contacted
the corresponding author by email.

In instances where the mean and standard deviation
were not explicitly provided in the studies, and
communication attempts with the authors proved
unsuccessful, we employed Imaged software' to
extrapolate the averages and standard deviations
from the graphical representations and figures within
the articles to obtain this essential data.

For studies that presented more than one co-
contraction training group, we considered the
average of the groups. For studies that presented
a co-contraction training group and another kind
of training (e.g., conventional strength training), we
considered the data of the co-contraction training
only.

Data Analysis
Risk of Bias and Level of Evidence Assessment

Assessment of risk of bias in individual studies
was performed according to the revised Cochrane
risk of bias tool for randomized trials (RoB 2)%
and the Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-I) for non-randomized
studies'. The tools considered the judgment of
risk of bias arising from the randomization process
according to the information provided in the article.
We also evaluated the quality of each study using
15 questions described by Lopes et al.’® designed
specifically to assess biomechanical studies. The
questions were answered using a score range
from O to 2, based on the information described in
each study, classified as: (0) clearly no, (1) maybe
or inadequate information, and (2) clearly yes. As
our meta-analysis included only seven studies, we
did not perform the risk of publication bias across
studies.

This  study included the Grading of
Recommendations, Assessment, Development,
and Evaluation (GRADE) analysis. The GRADE
system assigned evidence and recommendations
of strength levels for each outcome included in the
meta-analysis using the available handbook™ and
GRADEpro software. The quality of the evidence was
classified into four levels: high, moderate, low, and
very low. The factors considered to determine the
level of evidence were study design, methodological
limitations, inconsistency, indirect evidence,
imprecision, and publication bias. All analyses of
risk of bias and level of evidence were performed
by two investigators (MMV and RAF) independently.
Disagreements were resolved through discussion
until consensus was reached and if necessary, a
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third reviewer (KJVS) helped with the final decision.
Statistical Analysis

We performed qualitative and quantitative analyses.
In the qualitative analysis, the type of intervention,
target population characteristics, type of outcome
and intervention content, results, limitations, and
methodological quality of the included studies were
analyzed.

In the quantitative analysis, since the outcomes are
continuous, we conducted the calculation of the
effect sizes for each outcome through the software
Review Manager (version 5.4.1). The standard
mean difference through the Hedges’ g value was
determined by entering means, SD, and sample sizes
before and after the resistance training programs
(pre vs. post), and between groups (control vs.

Identification

Records identified through
database searching
MEDLINE: 613
Web of Science: 8917
SCOPUS: 20012
EMBASE: 351

(n = 29893)

experimental) for any outcome variable reported by
two or more studies. After testing for heterogeneity
with the I-squared statistic method (a priori defined
cut-offs at <75%), an inverse variance with random
effects approach was performed. The analysis was
carried out by combining flexors and extensors
together and also dividing flexors and extensors in
a subgroup analysis. Forest plots and 95% Cls were
produced as per the Cochrane Handbook.

RESULTS

Study Selection

We performed the title and abstract screening of
30126 identified studies, in which twenty-two were

selected for full-text review. After review, reviewers
agreed to include seven articles for data extraction

Additional records identified through
other sources
- Found in study references (n = 42)
- Gray literature (n = 1787)

l

Duplicate records removed
(n = 1596)

Screening

Records screened for title and abstract Excluded records
(n =30126) ’ (n =30104)
Eligibility
Full-text articles accessed for Full-text articles excluded,
eligibility criteria  ——— with reasons (n = 15)

(n=22)

- Acute session (one session)
=3
- Different type of training or

Studies included in qualita-
tive synthesis
(n=7)

no training = 11
- Different muscles = 1

Inclusion

Studies included in quantita-
tive synthesis
(Meta-Analysis

(n=7)

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA)™ flow
diagram of search results and study selection process.
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Table 1. Participants and training characteristics.
Participant Characteristics Training Characteristics
Stud Desian Body Weekly Program  Typeof  Duration of Repe-
v 9 Groups Age Number/ Mass Stature Fre- Duration  Contrac- Contrac- Rang_e of titions/ Rest Intervals U|_)per Intensity
(years) Gender (cm) X . Motion Limb
(kg) quency (weeks) tion tion Sets
Trained 4s Con- 2 min between Maximal
Macken- ) i 3 6 Dynamic centric/4s ~180° 6-12/2-5 Left Self Re-
) Quasi-Ex- Limb ) Sets .
zie et al., . 18-21 20F NI NI Eccentric sistance
perimental
2010 Control ) i ) i i i ) Right i
Limb g
Isometric 4s between Maximal
Trained 58 13M 617 169 3 4 at 90° of 4s ~0° 10/5 each Con- Right  Self Re-
Maeo et Rand- (1.6) (7.2) (0.07) ! traction, 2 min .
Flexion sistance
al., 2013 omized between Sets
21.9 64.7 1.71
Control (1.6) 10M (5.8) (0.06) - - - - - - - - R
281 78.1 178 Isometric 30s between Maximal
) ) Trained © '7) 10NI (13) (0'06) 3 4 at 90° of 4s ~0° 6/4 reps, 90s be- Right Self Re-
Drisset  Quasi-Ex- : ' Flexion tween Sets sistance
all,, 2013  perimental
Control 26.3 10NI /5.6 176 - - - - - - - - -
(6.2) (7.6) (0.04)
Isometric 4s between Maximal
Trained 214 oM 617 167 3 12 at 90° of 4s ~0° 10/5 each Con- Right  Self Re-
Maeo et Rand- (1.4) (9.1) (0.08) ! traction, 2 min .
Flexion sistance
al, 2014  omized between Sets
22.0 66.4 1.73
Control (1.8) ™ 6.2) (0.05) - - - - - - - - -
1.5s Con- Maximal
Counts et Pre and 22.0 15 72.0 1.70 ) ! " 30s between Counter-
al.. 2016 Post No Load (2.0) (6M/9F) (14) (0.07) 3 6 Dynamic cgntncﬁ :58 ~180 20/4 Sets balanced Self Re-
ccentric sistance
Trained 236 723 175 Isometric ngcbhetc\?:)erwe-n Maximal
) . 10M : : 3 6 at 90° of bs ~0° 8/6 ) . Right Self Re-
(morning) (2.6) (8.7) (0.09) . traction, 2 min .
Flexion sistance
Zbidi et Rand- between Sets
al., 2016 omized | i 4s between Maximal
) sometric axima
Trained 23.1 10M 683 1.79 3 6 at 90° of 5s ~0° 8/6 80ach Con- Right  Self Re-
(evening) (4.8) (8.2) (0.08) : traction, 2 min !
Flexion sistance
between Sets
Isometric 30s between Maximal
Zbidi et Pre and . 26.0 78.9 1.80 5 o each Con- .
al, 2017  Post Trained 3 9) 1BM g5 (008 8 6 at 90” of 5s ~0 86  \action,2min  Moht  SelfRe-
Flexion sistance
between Sets
Data presented as mean (SD) or absolute value. F: Female; M: Male; NI; Not Informed.
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(Figure 1). Data from five studies® 1321 were
estimated from the figures using ImagedJ software'
when possible and inserted in the quantitative
analysis.

Study Characteristics

The seven studies included a total of 130 participants
(Table 1). One study included only females, three
only males, one both sexes, and one did not report
this information. All studies included at least one
intervention  group  performing  co-contraction
training in the elbow extensor and flexor muscles.
Training duration varied between 4 and 12 weeks
with three sessions per week.

Strength was analyzed by all studies either during
co-contraction, or submaximal and maximal
isometric and isokinetic effort. Data on eight
outcomes were unable to be obtained or estimated
from three studies™'®,  Fourteen outcomes
related to myoelectric activity were analyzed in five
studies®®91013  Muscle thickness was assessed
in three studies®'" (see Appendix, Supplemental
Digital Content 2, which demonstrates all outcomes

of each study with pre- and post-values).
Risk of Bias and Level of Evidence in studies

Three studies included in our systematic review
were randomized trials and were classified by the
RoB 2 (Figure 2A). The studies were classified as
some concerns in the risk of bias arising from the
randomization process. In the risk of bias due to
deviations from intended intervention, one study
was classified as some concerns and two studies
as high risk of bias. In the risk of bias of missing
outcome data, one study was classified as low
risk and two studies were classified as high risk of
bias. In the fourth item, risk of bias in measurement
of the outcome, all studies were categorized as
some concerns. Finally, on the last item, risk of
bias in selection of the reported result, one study
was categorized as low risk and two studies were
categorized as some concerns.

The other four studies included were classified by
the ROBINS-I (Figure 2B). In the risk of bias due to
confounding, all studies were classified as low risk of
bias. All studies were classified with no information

Figure 2. Risk of bias classification of randomized trials (A) and non-randomized studies (B).
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on the risk of bias due to selection of participants.
All studies were classified as low risk of bias in the
third and fourth items (classification of intervention
and deviations from intended interventions). In the
risk of bias due to missing data, only one study was
classified as low risk of bias and three were classified
as no information. Finally, all studies were classified
as moderate risk of bias in the last two items (risk of
bias in measurement of outcomes and selection of
the reported result).

The methodological quality scores ranged from 17 to
21 of a possible 30 points (see Table, Supplemental
Digital Content 3, which demonstrates all quality
scores for each study). All the studies reached the
maximum/best score in four questions: 6 - clearly
describe interventions, 8 - describe methods in
detail, 13 - clearly define outcome variables, and
14 - conduct appropriate statistical analysis. On
the other hand, all studies had a zero/worse score
in questions: 9 - attempt to blind the assessors,
10 - report the measurement's test-retest reliability,
and 11 - describe characteristics of patients lost to
follow-up. In the questions not previously mentioned,
the studies received scores varying between zero
and two: 1 - clearly define the aim/hypothesis, 2 -
perform sample size power analysis, 3 - clearly
define participants' demographics, 4 - clearly
define participants' characteristics, 5 - clearly state
inclusion and exclusion criteria, 7 - allow participants
proper training practice before the test, 12 - monitor
participants' compliance with the intervention, and
15 - provide estimates of random variability.

The GRADE analysis showed a very low level
of evidence for all outcomes when comparing
groups (see Table, Supplemental Digital Content
4, which demonstrates summary of evidence level
for comparisons between groups (experimental
vs. control)), and comparing pre- and post-training
(see Table, Supplemental Digital Content 5, which
demonstrates summary of evidence level for
comparisons between times (pre vs. post)).

Strength results

Isometric strength presented a combined and
subgrouping (independent muscle group) effect
in favor of co-contraction training compared to
controls (Figure 3A). Also, there was a combined
and subgrouping effect in favor of post training
compared to pre training (Figure 3B). For Zbidi
et al.?’ we calculated the mean and standard

deviation of the two intervention groups
(morning training group and evening training
group) before (pre) and after (post) performing
the training. A pre vs. post comparison was
performed for concentric isokinetic strength at
60°/s, presenting a combined effect of training
and subgrouping effect for elbow extensors
(Figure 4). However, the heterogeneity was
moderate in both analyses. For Counts et al.™
we considered only the values of the no load
group, as this was the group corresponding to
the co-contraction training. Antagonist strength
during agonist contraction presented no effect of
training (pre vs. post comparison) in combined
(moderate heterogeneity) or subgrouping
(substantial heterogeneity for elbow flexors)
analysis (Figure 5).

Myoelectric activity results

We performed a meta-analysis of two myoelectric
activity outcomes: the values of agonist activity
and the co-contraction (presented by the
root mean square (RMS)). The elbow flexors
and extensors agonist myoelectric activity
during MVIC presented an effect favoring
co-contraction training in  both combined
and subgrouping analysis when comparing
experimental vs. control groups (Figure 6A).
We found a combined effect favoring training
comparing pre- and post-training for elbow
flexors and extensors agonist activity (Figure
6B). However, elbow extensors were responsive
to training in the subgrouping analysis, while
elbow flexors were not (Figure 6B). The meta-
analysis for the co-contraction myoelectric
activity of elbow flexors and extensors during
MVIC presented a combined effect favoring
co-contraction training compared to controls.
However, in the subgrouping analysis, no effect
was observed between groups (Figure 7A)
or between moments (pre- vs. post-training)
(Figure 7B).
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Figure 3. Forest plot (random effects) describing the distribution of studies favoring Control group (left) or Experi-
mental group (right) calculated from the between-groups comparison (A) or favoring pre-training (left) or post-train-
ing (right) calculated from the between-moments comparison (B) on maximal isometric muscle strength.
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Figure 4. Forest plot (random effects) describing the distribution of studies favoring pre-training (left) or post-training
(right) calculated from the between-moments comparison on concentric strength at 60°/s.

Figure 5. Forest plot (random effects) describing the distribution of studies favoring pre-training (left) or post-training
(right) calculated from the between-moments comparison on antagonist strength during agonist contraction.
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Figure 6. Forest plot (random effects) describing the distribution of studies favoring Control group (left) or Experi-
mental group (right) calculated from the between-groups comparison (A) or favoring pre-training (left) or post-train-
ing (right) calculated from the between-moments comparison (B) on agonist activity.
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Figure 7. Forest plot (random effects) describing the distribution of studies favoring Control group (right) or Experi-
mental group (left) calculated from the between-groups comparison (A) or favoring pre-training (left) or post-training
(right) calculated from the between-moments comparison (B) on antagonist co-contraction during MVIC.

Muscle thickness results

No training effect was observed when comparing
groups (Figure 8A) or moments (pre- vs. post-train-
ing, Figure 8B) for muscle thickness of elbow flexors
and extensors. For Counts et al." we considered
only muscle thickness measurements at 60% of the
upper arm, since the other two articles®© that pre-
sented this variable also used this measurement.

DISCUSSION

The present meta-analysis synthesizes the effects of
co-contraction training on muscle strength, myoelec-
tric activity, and muscle thickness of the elbow flex-
ors and extensors in healthy adults. We compared
pre- and post-training and control and co-contrac-
tion training groups. Our main findings showed that
co-contraction training increased isometric and con-

centric strength and improved elbow muscles my-
oelectric activity. On the other hand, no differenc-
es in muscle thickness, co-contraction myoelectric
activity, and antagonist strength were observed.
Altogether, our results suggest that co-contraction
training is an interesting approach to increase mus-
cle performance and be beneficial in circumstances
where conventional RT is not available, such asin the
COVID pandemic lockdowns. However, high-quality
studies are needed concerning this kind of training
since most of the included studies had low quality
and the level of evidence was very low.

The compilation of results indicates that co-contrac-
tion training is an alternative method of RT capa-
ble of increasing muscle strength and recruitment
with no external loads. Co-contraction training with
maximum voluntary effort effectively improves mus-
cle strength similarly to conventional RT, even with
a large range of program durations between stud-
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ies. The studies included in the present meta-analy-
sis®69- 1113 showed similar average strength gains for
elbow flexors and extensors muscles to those found
in studies carrying out conventional RT?>?4, There-
fore, we suggest that increased agonist activity with
co-contraction training supported increased muscle
strength. It can be inferred that in co-contraction
training, the opposing muscles’ resistance appears
to elicit a training response in the agonistic muscles.

Strength gains can be attributed to neural adap-
tations considering the short-term training period
of the included studies (from 4 to 12 weeks)'®?5,
Among these adaptations are improvements in
muscle fiber recruitment, muscle fiber conduction
velocity, and muscle synchronization®2¢, resulting
in an increased muscle recruitment magnitude and
justifying higher strength. Furthermore, since the in-
cluded studies showed an increase in myoelectric
activity values (between 20% and 44%), co-contrac-

tion training might be a sufficient training stimulus to
induce strength gains” 1027,

In the current results, involuntary co-contraction and
antagonist strength during isometric MVIC did not
change in the elbow flexor or extensor muscles af-
ter the intervention. If the results had shown the op-
posite, the co-contraction could be considered as
a negative RT alternative by increasing the energy
expenditure during torque production®-2, This un-
changed antagonist strength and co-contractions,
associated with increases in myoelectric activity of
agonist muscles during MVIC, may occur due to
the different neural processes underlying the volun-
tary and involuntary recruitment of motor units dur-
ing a maximum force task®'®2, Humprey3* demon-
strated that some cortical cells are active during
co-contraction tasks but not during flexion-exten-
sion movements. Some experiments using motor
cortex magnetic stimulation also provided evidence

Figure 8. Forest plot (random effects) describing the distribution of studies favoring Control group (left) or Experi-
mental group (right) calculated from the between-groups comparison (A) or favoring pre-training (left) or post-train-
ing (right) calculated from the between-moments comparison (B) on muscle thickness.
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for differential cortical control during flexion-exten-
sion movements and co-contractions®®. Therefore,
co-contraction training does not induce unfavorable
antagonist adaptation that impairs agonist strength
during MVIC.

Regarding muscle thickness, the meta-analysis did
not show significant changes after co-contraction
training. One possible explanation for this result is
that the training period may have been too short to
promote hypertrophy. Previous studies have shown
hypertrophic gains after 9-14 weeks of resistance
training®”* with no changes in muscle hypertrophy
until the eighth week of training®“°. Maeo et al.”
showed a significant increase in muscle thickness
after 12 weeks of co-contraction training but not af-
ter four weeks. It is possible that for co-contraction
training, there is a need to expand the training peri-
od to identify hypertrophic effects. These data pro-
vide further support for the notion that co-contrac-
tion training can lead to an improvement in muscle
strength, even in the absence of significant muscle
growth. This can be attributed to neural adaptations
resulting from the training. Together, the results sug-
gest that co-contraction training is a practical and
effective option that can be applied in a variety of
settings, including hospitals, during pandemics or
lockdowns, while on vacation, at home, and even in
environments with reduced gravity.

Most of the studies included in the present me-
ta-analysis were considered to present a possible
risk of bias. The risk of bias due to deviations from
the intended interventions was the criterion with the
highest risk, followed by missing outcome data. In
addition, when analyzing the methodological quality
of the studies, many had low scores for aspects con-
sidered essential to increase the reliability and valid-
ity, especially for biomechanical studies (see Table,
Supplemental Digital Content 3, which demonstrates
all quality scores for each study). The lack of infor-
mation reported in the methods section may have
led to increased bias. Recently, report checklists
were developed to strengthen reporting in studies.
We recommend that new studies consider using
these checklists and registering the studies before
starting. This aspect prevents a lack of transparen-
cy and selection of reports, increasing credibility.
The increased risk of bias influenced the level of
evidence, leading to the very low level of evidence
found in GRADE.

We endeavored, through the PRISMA checklist, to
present the processes carried out in this review as
clearly as possible. However, some observations

should be emphasized: (a) a) the limited number of
included studies in some analyses may restrict infer-
ence drawing and pose a potential bias risk; (b) pro-
tocols for risk of bias, methodological quality, and
scientific evidence revealed low evidence scores.
The methodological restrictions mentioned could
potentially impact the results obtained in this study.
Additionally, these results are valid for elbow mus-
cles. Itis uncertain whether they can be generalized
to larger muscle groups (e.g., knee joint muscles).
In this sense, we suggest that further studies are
needed on the subject, with higher methodological
rigor (which present mainly sample randomization,
blinding of the study, follow-up, intention-to-treat
analysis, power analysis, and justification of sample
size) to provide a better conclusion on the co-con-
traction training of elbow extensor and flexor mus-
cles.

In conclusion, the results of this systematic review
with meta-analysis provide evidence supporting
the viability, effectiveness, and ease of application
of co-contraction training. This training method en-
hances muscle recruitment and facilitates strength
gains in healthy adults, without altering the involun-
tary antagonistic activity of elbow muscles. Howev-
er, it does not lead to structural muscle changes.
Co-contraction training can serve as an alternative
to conventional training for promoting strength im-
provements, offering valuable insights for trainers
and physical fitness professionals. Nevertheless,
the current meta-analysis emphasizes the need for
future studies with stronger methodological rigor in
investigating co-contraction training. By addressing
this recommendation, trainers and physical fitness
professionals will have a more reliable reference, of-
fering substantial evidence on the effectiveness and
practicality of this resistance training approach.
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