ER

JOURNAL OF PHYSICAL EDUCATION RESEARCH

Journal of Physical Education Research, Volume 8, Issue I, June 2021, pp.22-33
ISSN: Print-2394 4048, Online-2394 4056

ACCOMMODATING RESISTANCE TRAINING: SCOPUS REVIEW

FANFAN CHARLES, MARK DEBELISO*
Department of Kinesiology and Outdoor Recreation, Southern Utah University, UNITED STATES.
*Email: markdebeliso@suu.edu

How to cite this article: Charles, F., & DeBeliso, M. (June 2021). Accommodating resistance training: Scopus
review. Journal of Physical Education Research, Volume 8, Issue I, 22-33.

Received: May 04, 2021 Accepted: June 12, 2021

ABSTRACT

There are a variety of resistance training (RT) modalities that coaches, trainers, and physical
therapists use to help their clients and patients improve their muscular strengths and power.
Dynamic constant external (DCE) RT using free weights is commonly selected as the modality of
choice for fitness enthusiasts and athletes. Accommodating resistance training (ART), where the
resistance is being manipulated within a repetition using resistance bands or chains is gaining in
popularity. However, it is unclear what evidence exists that supports the use of ART for improving
muscular strength and power. The purpose of this review is to examine the available scientific
literatures regarding ART with respect to improving muscular strength and power among athletes
and individuals of ages 13 to 65 years old. Using a 3-step approach searches were conducted
across 4 electronic databases: MEDLINE, CINAHL, SPORTDiscus, and APA Psycinfo. After the
removal of duplicates and irrelevant articles, the reference lists of all identified reports and
articles were searched for additional studies. After searching the electronic databases, a total of
1247 articles were retrieved. Following the removal of duplicates 1187 articles were left to be
screened for relevance based on their titles and abstracts. The included articles were scrutinized
to extract information about ART, training protocols, outcomes and results. A total of 9
randomized controlled studies that met the inclusion criteria were retained for this scoping review
to assess the effects of 4 weeks or longer ART intervention on muscular strength and power among
males and females ages 13-65 years old. Within the parameters of this scoping review it is
concluded that there are limited number of studies that have investigated ART. The ART
modalities investigated included either bands or chains added to DCE RT modalities. It appears
that ART is effective at improving muscular strength and power among individuals ranging in
age from 17-44 years. However, there is not enough evidence to determine if ART is superior to
DCE RT with respect to improving muscular strength and/or power. Additional investigations
utilizing ART with a broader participant pool and extended duration RT protocols are warranted
for the purpose of determining if ART is superior to DCE RT for improving muscular strength
and power.

Keywords: Resistance training, muscular strengths and power.

1. INTRODUCTION

Resistance, strength training or weight training are forms of physical training exercise
methods designed to improve muscular fitness by allowing the muscles to push against
opposing forces (Fleck & Kraemer, 2014; Kumar et al., 2020; Kumaravelu & Govindasamy,
2018). These types of training exercises benefit individuals of all ages and are especially
essential for athletes in sports that require speed, power, and strength (Aradi & Azadi. 2011,
Hermassi et al., 2020; Vivekanth & Vallimurugan, 2018; Wisloff, 2004). Resistance training
(RT) has been around for centuries and it is becoming prevalent among all age groups,
including the elderly and children (Barbieri & Zaccagni, 2013; Faigebaum et al., 2003; Hunter
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et al., 2004; Mayer et al, 2011). The back squat (BS), deadlift (DL), and bench press (BP)
exercises have been commonly used as the top choices of RT modalities to improve lower
and upper body strength and power (Baker, 2000; Del Vecchio, 2013). These RT modalities
along with the Olympic lifts and their derivatives are known as multi-joint exercises and are
more popular in the athletic strength and conditioning environment due to their specificity to
sport applications (Suchomel et al., 2017). The BP, BS and DL have ascending strength
curves, which allows the lifter to exert more force at the later range of motion during the
ascending phase of the lift (Fleck & Kraemer, 2014; Galpin et al. 2015). The aforementioned
free weight modalities are referred to as dynamic constant external RT modalities (DCE) as
the resistive load remains constant throughout the range of a repetition (Fleck & Kraemer,
2014).

The human strength curves consist of three major types: ascending, descending, and
bell shaped (Fleck & Kraemer, 2014). According to Fleck and Kraemer (2014), ascending
strength curve modalities, such as the BS and the BP, allows the lifter to lift more weight
when performing the last half or quarter of the concentric action in a repetition. As such, DCE
RT modalities, which have ascending strength curves, do not optimally challenge the
musculature during the later ranges of motion during the ascending phase of the lift.
Conversely, descending strength curve modalities, such as the upright row, allows more
weight to be lifted when performing the first half or quarter of the concentric action in a
repetition (Fleck & Kraemer, 2014). Finally, bell-shaped curve modalities, such as bicep
curls, and several other single-joint exercises allow greater resistance to be lifted in the middle
portion of the range of motion (Fleck & Kraemer, 2014). In order to optimally meet the
demands of each strength curve, specific variable resistance (VR) maybe applied throughout
the full range of motion (eccentric and concentric muscle actions) while executing a single
repetition of an exercise (Kramer et al., 2001).

Variable RT is manipulating the external resistance throughout the range of motion
during the exercise and is often referred to as accommodating resistance training (ART)
(Berning & Adams, 2004). There are several ways of modifying and adjusting the external
resistance of an exercise: a) VR between repetitions-when altering the resistance in between
repetitions of a given set, b) VR between sets-modifying the resistance between each set of a
given exercise, ¢) Intra-VR-when altering the resistance within a series of exercises, d) Intra-
repetition VR-when resistance is modified within a given repetition (Chirosa et al., 2014).
For the purpose of this study, when the term ART is used, it is referring to modifying an
external resistance of an exercise within a given repetition. This form of ART requires the
use of specialized machines, resistance bands, and weight chains (see Figure 1).

Figure 1: Bench press with chains added to allow for accommodating resistance

Specialized machines the utilizing levers and/or cams as the ART modality involves altering
the external resistance through the full range of motion of an exercise in attempt to match the
muscle’s capacity for generating force (Chirosa et al., 2014). Levers and/or cams ART
modalities are considered safer than free weight RT modalities and would be better suited for
novice lifters because it is easier to control the load of an exercise compared to free weight
RT (Chirosa et al., 2014). However, lever and/or cam ART has several disadvantages. One
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of the biggest disadvantages of lever and/or cam ART equipment is that they are typically
tailored to the size of an average person. As such, this type of equipment is ill suited for very
tall or short individuals given their anthropometrics (McMaster et al., 2009). Likewise, these
machines are not effective in matching the biomechanical strength curves in all individuals.
With that said, the use of elastic bands and/or chain resistance have emerged as common ART
training modalities (Ataee et al., 2014).

Chains and bands are added to a DCE free weight exercise (ex. BP or BS) in addition
to the plates or maybe be used alone on the barbell as the mechanism of resistance. The
elastics band resistance and/or weighted chains added to the barbell are considered to alter a
DCE modality into an intra-repetition ART modality (Ataee et al., 2014). Rubber band
resistance has an elastic characteristic that creates an increase and/or decrease in tension,
which affects the amount of resistance being applied to the barbell with in a given repetition
(McMaster et al., 2009). Similarly, chain external resistance demonstrates a linear function
by continuously adding or reducing resistance while raising or lowering the barbell (Neelly
et at., 2010). Given the aforementioned, rubber band and chain resistance added to a DCE
modality appear to provide ART within a single repetition of an exercise. Despite the
increasing popularity of using ART, there is a lack of research regarding ART’s effectiveness
for enhancing muscular strength and power (Berning et al., 2004).

1.1 Objectives

The purpose of this review is to examine the available scientific literature regarding ART
with respect to improving muscular strength and power among athletes and individuals of
ages 13 to 65 years old. In addition, we attempt to summarize the studies completed to date
and identify any knowledge gaps to inform future research on the effectiveness of using ART.
These following questions were considered to help guide the research: What are the different
forms and methods of ART? What are the characteristics and results of the existing research
conducted on the effectiveness of ART for improving muscular strength and power among
individuals ranging from 13-65 years old?

2. METHODS AND MATERIALS

2.1 Protocol

The protocol for this scoping review was established by using the Preferred Reporting Items
for Systematic Reviews and Meta-analysis (PRISMA) Extension for Scoping Reviews:
Checklist and Explanation (Tricco et al. 2018).

2.2 Eligibility Criteria

The Population-Concept-Context framework, recommended by the Joanna Briggs Institute
(JBI) Reviewer’s Manual, was used to establish the eligibility criteria of this scoping review
(Peters et al. 2020).

2.3 Population

Male and female ages 13-65 years and who were capable of participating in a RT program
were suitable for inclusion.

2.4 Concept

The concept of this scoping review was to identify the different forms and methods of ART.
In addition, this scoping review sought to identify the characteristics and results of the
existing research conducted on the effectiveness of ART on improving muscular strength and
power among individuals ranging from 13-65 years old. This review did not include studies
that employed RT machines that featured Cams as the ART modality.

2.5 Context

This scoping review did not exclude any study designs. Study designs such as published
articles and reviews, conference proceedings, and chapters in the text, with the exceptions of
gray literature, were considered and included if they met eligibility criteria. Following the
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PRISMA-ScR Checklist, we conducted a search of 4 electronic databases from inception to
20 November 2020. There were no exclusions in searching for publications. A single reviewer
screened the literature and abstracted data from relevant publications.

2.6 Information Sources

A 3-step approach was used to identify potential relevant literature. The first step that was
used was an initial limited search of two online databases relevant to the topic: MEDLINE
and CINAHL. This initial search was then followed by an analysis of the text words contained
in the title and abstract of retrieved papers, and of the index terms used to describe them. A
second search using all identified keywords and index was then conducted across these
electronic databases: MEDLINE, CINAHL, SPORTDiscus, and APA Psyclnfo. Thirdly, after
the removal of duplicates and irrelevant articles, the reference list of all identified reports and
articles were searched for additional studies.

2.7 Search

The final search strategy for all databases used can be found in Appendix 1.

2.8 Selection of Sources of Evidence

A priori eligibility criteria were adopted to develop a standardized questionnaire for study
selection to screen titles, abstracts, and full text. Following the removal of duplicates, the lead
investigator screened papers based on titles and abstracts. Any papers that that failed to meet
the criteria for eligibility were not included. Following the removal of ineligible articles, the
full texts of the remaining articles were screened in detailed for the final stage of the eligibility
process. A flow diagram with an outline of the study selection process was develop using the
PRISMA guidelines. After searching the electronic databases, a total of 1247 articles were
retrieved. Following the removal of duplicates 1187 articles were left to be screened for
relevance based on their titles and abstracts. Studies were included if: 1) at least one form of
ART is used as the experimental group, 2) physiological outcome variables were measured,;
muscular strength and power, 3) participants were between 13 years to 65 years old, 4) articles
are published in the English language, 5) at least 4 weeks or longer of training intervention
duration.
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Figure 2: From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7):
€1000097. doi:10.1371/journal.pmed1000097
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2.9 Data Charting and Data Items

The recommended JBI Methodology Guidance for conducting Scoping Reviews were used
at the protocol stage to create a data-charting form (Peters et al. 2020). The key areas of focus
that were identified were study citation details (author, year of publication, reference type,
country of origin, and study design), study sample characteristics (sample population, size),
and key study characteristics (study aims, methodology adopted, outcomes measured, key
findings and area of application). Additional fields such as, type of ART used, gender/age of
participants, and duration of study intervention, were included after updating the data
extraction fields. The lead investigator extracted important information from each form upon
completing the refining process of the data-charting form. The final extraction data-chart form
included study citation details (author, year of publication, reference type, country of origin,
and study design), study participant characteristics (sample population, size, gender and mean
age), and key study characteristics (study aims, total duration of study intervention,
methodology adopted, type of ART used, outcome variable measured, key findings and area
of application).

2.10 Synthesis of Results

The findings of the studies were categorized according to study characteristics such as
participant characteristics, types of physiological outcome variables measured, the ART
exercises modalities used, and the results of the study intervention with regards to muscular
strengths and power measured (see Tables 1-4).

3. RESULTS

A total of 9 randomized controlled studies that met the inclusion criteria were retained for
this scoping review to assess the effects of 4 weeks or longer ART intervention on muscular
strength and power among males and females ages 13-65 years old. The subsequent
subsections provide a synopsis of the study characteristics and outcomes.

Resistance Training Characteristics

Table 1: Details of characteristics of included studies (n=9)

Subject Characteristics
Author(s), year, n & Gender | Age Weight Height Type of participants
Aloui et al, (2019) | 30 Men 187408 |8L1E154 14854006 m | Trained national junior
kg handball players
Aloui etal, (2019) | 30 Men 187408 |BL1E154 184006 m | Trained national junior
kg handball players
Andersen et al, Healthy scarce trained
(2015) 32 Women 24 5 67+ 85kg | 169+£6.5cm in free weight lifting
Anderson et al Collegiate basketball,
' 44 Mixed 20+1 il L wrestling & hockey
(2008)
players
Ataee et al, (2014) | 40 Men 20.5 + 2.00 70.22 £10.5 | 173.34+6.53 | Trained Kun-Fu athletes
kg cm & wrestlers
. . NCAA Division 1
Ghigiarelli 36 Men 19.96+1.03 | 963+ 15kg | -00-8346.24 |\ herican football
(2009) cm
players
Izadi et al, (2020) | 24 Men 17.25+09 | 66.747kg | /46555 | Junior competitive
cm soccer players
Trained NCAA Division
Rhea et al, (2009) | 48 Men 214+21 |} L 1 athletes
Shoepe et al, 12 Mixed 19.76 + 66.8+11.1 | 168.77+10.3 | Scarce trained college
(2011) 1.33 kg cm students
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Training Characteristics

Intensity (%)
. Sets &
Reference ART Duration Frequency - PAR PCR PMR
Repetitions

Aloui et al, Elastic
(2019) Bands 8 weeks 2 days/week 3-4 x 6-10 il I} L
Aloui et al, Elastic
(2019) Bands 8 weeks 2 days/week 3x12-15 il 40-60 I
Andersen et al, | Elastic
(2015) Bands 10 weeks 2 days/week 3-6 x2-10 58-27 | 50-70 of 6RM
Anderson et al, | Elastic
(2008) Bands 7 weeks 3 days/week 3-6 x 2-10 15 85 85
étgiz)a al, Chains | 4 weeks 3 days/week 3x5 20 85 85-100
Ghigiarelli, Band/
(2009) Chain 7 weeks 4-5 days/week | 5-6 x4-6 il L I
Izadi et al, .
(2020) Chains | 8 weeks 2 days/week 3-5x6-10 10-15 | 60-85 60-85
Rhea et al, Elastic
(2009) Bands 12 weeks 2-3days/week | 4 x10 il I} 75-85
Shoepe et al, Elastic AvR i i i
(2011) Bands 24 weeks 3 days/week 3-6 x 6-10 20-35 | 80-60 65-95

*ART=accommodating resistance training; PAR=percentage accommodating resistance; PCR=percentage
constant resistance; PMR=percentage maximal resistant; NCAA=National Collegiate Athletic Association;
L=not define

Figure 1 shows the PRISMA flow chart diagram from the scoping review search; 9 studies
that met inclusion criteria to be analyzed. The articles were published from 2008-2020. Table
1 displays an overview of the characteristics of the included studies of this scoping review.
Six of the studies used elastic bands training exclusively as the type of the ART for the
experimental training groups (Aloui et al., 2019; Aloui et al., 2019; Andersen et al., 2015;
Anderson et al., 2008; Rhea et al., 2009; Shoepe et al., 2011) whereas two studies used chains
as the ART (Ataee et al., 2014; Izadi et al, 2020). In the study by Ghigiarelli et al. (2009) two
experimental groups were used with one control group. Elastic bands were used by one of the
experimental groups training and chains were used by the other. The duration of the training
protocols ranged from 4 to 24 weeks with 7-8 weeks being used most often. The frequency
of the training ranged from 2 to 5 days a week with 2-3 days a week being most frequently
used. Finally, sets and repetitions were between 3-6 and 2-15 respectively with 3 sets and 4-
10 repetitions being commonly employed.

Table 2: Outcomes measured (muscular strength and power) and exercises of included
studies (n=9)

Type of physiological outcome(s) measured and exercises

Reference Muscular strength Muscular power

Aloui et al, (2019) Bench press 1RM & Pull over 1RM | Overhead Throw and Force-Velocity test
Aloui et al, (2019) Back half squat 1RM Squat Jump, CMJ and Force-Velocity test
Andersen et al, (2015) | Back Squat (6RM) CMJ (jump height at 60°, 90°, 120°)

Anderson et al, (2008) | Bench Press & Back Squat 1RM CVJ (Countermovement Vertical Jump)
Ataee et al, (2014) Bench Press & Back Squat 1RM Medicine ball throw test & Vertical jump test

Ghigiarelli, (2009) Bench press 1RM predicted Speed bench press 5RM

Izadi et al, (2020) Back squat 1RM Vertical jump test

Rhea et al, (2009 Back squat 1RM Countermovement Jump test

Shoepe et al, (2001) Squat and Bench press 1RM Isokinetic test velocity of quadriceps
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Participant characteristics

A total of 296 subjects (mostly men) were examined from the included studies ranging from
17-44 years of age. Six of the included studies contained men participants only (Aloui et al.,
2019; Aloui et al., 2019; Ataee et al., 2014; Ghigiarelliat al., 2009; Izadi et al., 2020; & Rhea
et al., 2009) while one study included only women participants (Andersen et al., 2015). The
remaining two studies had a mix of both men and women (Anderson et al., 2008; Shoepe et
al., 2011). Most of the participants were well-trained collegiate athletes of various sports; 128
participants were NCAA Division 1 athletes (North American football, basketball, wrestling,
and hockey). The other participants were trained national junior handball players (60 total),
trained national junior soccer players (24 total), trained Kun-Fu athletes and wrestlers (40
total), healthy limited RT college students (12 total), and 32 limited RT females ranging from
20-40 years old.

Strength effects of ART of included studies (n=9)

Table 3: Results of included studies n=9

Strength Results 1IRM

Control Groups Experimental Groups
Pretest SD Posttest SD Pretest SD Posttest SD
Reference Exercise (kg) (kg) (kg) (kg) ES ( kg) (kg) (kg) (kg) ES
Aloui et al, BP 66.6 10.3 67.7 11.3 0.1 66.4 10.3 83.1 119 151
Aloui et al, HBSQ 124 14 125 15 0.07 123 10 138 11 1.42
Andersen et al, BSQ 60 7.2 73.9 8.6 58.2 8 72.7 9.3
Andersonetal, BP 81.07 32.82 84.41 3337 043 80.69 35.34 87.37 3552 0.66
BSQ 108.19 35.61 115.28 33.7 0.86 105.8 33.7 121.75 35.7 158
Ataee et al, BP 76.5 15.14 87.87 16.68 80 10.84 925 1441
BSQ 116.75 24.02 142.25 20.04 117.62 11.99 163.12 18.82
Ghigiarelli, BP 141.8 23 149.5 23 1.44 127.7 25 137.7 25 1.4
BP 129.5 15 138.6 14 213
Izadi et al, BSQ 120 125 0.5 1130 1651 11
Rheaet al, BSQ 115.94 36.07 119.18 35.56 0.38 116 31.43 12581 3069 1.1
BSQ 12231 39.04 131.94 36.43 1.08
Shoepe et al, SQ 669 16.5 889 232 272 69.3 27 91.4 319 227

*BP=Bench press, HBSQ=Half back squat, BSQ=Back squat, SQ=Squat

** Effective size

Table 3 provides a summary of the strength results measured for the included studies. When
measuring muscular strength, the 1RM back squat (BS) and bench press (BP) were used by
the majority of the included studies. However, Andersen et al. (2015) used the 6RM BS and
Ghigiarelli et al. (2009) used the 1-RM predicted BP.

In the study conducted by Ataee et al. (2014) chains were used to induce ART and
were used by the experimental group (ART) while the comparison group used DCE RT. The
ART group demonstrated a significantly greater increase in lower body strength then the DCE
group. However, there was no significant differences in upper strength between the ART and
DCE RT groups as the result of the study intervention.

The study by Ghigiarelli et al. (2009) utilized three study groups of NCAA North
American football players using different BP modalities: chains, bands or DCE RT. All of
the study groups demonstrated a significant improvement in the 1-RM BP as a result of the
study protocols, however there was no difference between any of the groups.
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The remainder of the included studies used bands to induce ART as the modality for
the experimental groups, DCE RT was used as the modality for the comparison groups, and
no RT was employed for control groups. The studies by Aloui et al., (2019 a,b) demonstrated
superior increases in upper and lower body strength by the ART group compared to the
control groups.

In the study by Andersen et el. (2015) the ART experimental and DCE RT groups
demonstrated similar significant improvements in lower body strength as a result of the study
intervention. Likewise, a study by Anderson et al. (2008) demonstrated significant
improvements in upper and lower body strength for both the ART experimental group and
DCE RT comparison group, however the ART group demonstrated a significantly greater
increase in lower and upper body strength compared to the DCE RT group.

Studies by lIzadi et al., (2020), Rhea et al., (2009) and Shoepe et al. (2001) yielded
comparative results. Rhea et al., (2009) demonstrated that ART and DCE RT interventions
yield similar significant increase in lower body strength. Research by Shoepe et al., (2001)
suggested that ART and DCE RT interventions yield similar significant increase in lower and
upper body strength. Finally, 1zadi et al., (2020) demonstrated significant increases in lower
body strength measures as the result of ART when compared to a control group.

Power effects of ART of included studies (n=9)

Table 4: Results of Power outcomes of included studies n=9

Power Results

Control Group Experimental Group
Pretest SD Posttest SD Pretest SD Posttest SD
Reference Exercise ES ES
Aloui et al,(2019) FVT (W) 417 76 456  99.6 427 876 632 144
Aloui et al,(2019; FVT Wpeak 675 133 701 127 0.2 646 141 867 155 149
CMJ (W) 1852 323 1867 264 0.12 1864 340 2104 355  0.69
SI(W) 1510 300 1570 284 0.2 1475 190 1677 206 1.01
Andersen et al, CMJ60° (CM) 21.1 4 23.7 3.2 22.1 5.2 25.1 5.9
-2015 CMJ 90° (CM) 21.1 2.6 24 31 22 4.4 239 4.1
CMJ 120°(CM) 20.3 21 227 341 20.9 45 22.4 3.7
Anderson etal, CVJ 1434.03 438.15 1499.85 471.06 1500.02 500.82 1523.68 497.27
-2008
Ataee et al, MBT (M) 4.56 0.43 456 043 473 041 506 045
2014 VI (W) 3644.29 394.02 3814.46 486 4055.87 791.19 4324.3 746.32
Ghigiarelli, SB (W) 877 142 858 153 (©)823 153 823 134
2009 SB (W) 885 157 815 101
SB (W) (B)812 171 812 174
835 181
I1zadi et al,(2020) CMJ (CM) 41 44 0.04 38 45 15

Rhea et al,(2009) CMJ F (W) 112475 17425 126425 19237 0.8 1146.38 226.41 1387.19 22165 1.06
CMJS (W) 1151.56  205.6 0.028
Shoepe et al, Iso (90) 124 433 115 386 1431 386 1445
2011
*FVT=free velocity test; CMJ=countermevement jump; CVJ=countermovement vertical jump; SB=speeed bench;

Table 4 lists a summary of the muscular power results measured for the included studies. The
study by Ataee et al. (2014) found no significant differences in upper or lower body power
measures between the ART and DCE RT group as the result of the study intervention.
Counterintuitively, the authors did not state if power measures increased within the study
groups.

The study by Ghigiarelli et al. (2009) utilized three study groups of NCAA North
American football players using different BP modalities: chains, bands or DCE RT. None of
the study groups improved upper body power.
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Similarly, Rhea et al. (2009) found that ART at fast speed promotes significantly
greater lower body power output than slow speed DCE RT but not high speed DCE RT.

In the study by Andersen et el. (2015) the ART and DCE RT groups demonstrated
similar significant improvements in lower body power output as a result of the study
intervention. Likewise, a study by Anderson et al. (2008) demonstrated significant
improvements in lower body power measures (peak and average power output) for both the
ART experimental group and DCE RT comparison group, however the ART group
demonstrated a significantly greater increase average power output compared to the DCE RT
group.

The studies by Aloui et al. (2019 a,b) demonstrated superior increases in upper and
lower body power output by the ART compared to the control groups. Likewise, research by
Shoepe et al. (2001) demonstrated significant increases in lower body power output as the
result of ART when compared to a control group. However, Shoepe et al. (2001) did not state
if ART led to significantly greater increases in lower body output when compared to DCE
RT. Izadi et al. (2020) demonstrated significant increases in lower body power output as the
result of ART when compared to a control group.

4. DISCUSSION

In this scoping review we summarized the findings of selected studies that met the
inclusionary criteria as well as the outcomes of the search strategy. The questions that we
attempted to answer focused on the results of existing literature regarding ART modalities
employed, as well as the impact of ART with regards to improving muscular strength and
power.

The majority of the participants were either trained collegiate athletes or trained junior
national athletes. The remainder of the participants were either scarcely trained college
students or minimally trained healthy individuals ranging from 17-44 years of age. Only three
of the studies included females. Future research should be more inclusionary regarding female
participants. Likewise, investigations should look to include youths as well as mature adults
as the benefits of RT are enjoyed by both of these populations (Baechle et al., 2000).

The duration of training interventions ranged between 4-24 weeks. However, 7-8
weeks of training seemed to be widely used in the included studies. Future research could
look to include ART as a modality within a multi-year periodized RT program which is now
common place for collegiate athletes (Baechle et al., 2000). The ART modalities used in the
studies were a combination of either elastic bands and/or chains coupled to the DCE RT
modalities of the BP or BS. Future research should look to use other DCE RT modalities to
modify with bands and/or chains to function as ART modalities. For example, one could
include bands and or chains to isolated joint RT modalities such as the biceps curl. Further
one could imagine incorporating bands and/or chains with certain Olympic lifting derivatives
(e. mid-thigh pull) as well as hip thrusts. Mechanisms for use of bands to induce ART could
include suspension where by the bands are mounted to a power rack and used to unload an
Olympic bar as it is lowered during the BS, BP, or deadlift.

The inclusionary criteria for the current study focused on the dependent variables of
muscular strength and power. Future research could include the impact of ART on muscle
mass as theoretically ART challenges the musculature to a greater extent throughout the range
of motion of a repetition. Likewise, future investigations might examine if ART could serve
beneficial with respect to developing running speed and acceleration. Finally, studies
examining the effectiveness of ART among older adults could include functional outcome
variables such as a stair limb or a seated get up and go test.
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5. LIMITATIONS

Our scoping review has some limitations. First, this review excluded all publications that
were not written in English. Second, this review focused only on maximal muscular strength
and power benefits as the physiological outcome variables measured, which excluded articles
measuring other physical fitness components such as aerobic and/or anaerobic capacity.
Third, this scoping review excluded articles containing studies with training intervention
lasting less than 4 weeks. Fourth, this review excluded participants less than 13 years old and
older than 65 years old. Finally, the various analysis of existing research (i.e. screening,
inclusion/exclusion, and data charting) was conducted by the principle investigator which
may had led to a degree of reviewer bias.

6. CONCLUSION

Within the parameters of this scoping review it is concluded that: there are limited number of
studies that have investigated ART, the ART modalities investigated included either bands or
chains added to DCE RT modalities, it appears that ART is effective at improving muscular
strength and power among individuals ranging in age of 17-44 years, there is not enough
evidence to determine if ART as a modality is superior to DCE RT modalities with respect to
improving muscular strength and/or power. Additional investigations utilizing ART with a
broader participant pool and extended duration RT protocols are warranted for the purpose of
determining if ART is superior to DCE RT for improving muscular strength and power.
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Appendix 1: Search strategy used for each electronic database searched

Database Date searched Search strategy # of
results
MEDLINE 19/11/2020 "chain training” OR "weight chains" OR "chain resistance” | 334

AND "muscular power" OR "Muscular strength" And
"elastic band" OR "rubber band" OR "variable resistance
training™ OR "variable resistance™ OR "accommodating
resistance training” OR "accommodating resistance™ AND
"cams" OR "levers" AND "athletic performance™ AND
"high school athletes” AND "collegiate athletes” AND
"Professional athletes"

CINHAL 19/11/2020 "chain training” OR "weight chains" OR "chain resistance” | 279
OR "elastic band" OR "rubber band" OR "variable
resistance training" OR "variable resistance" OR
"accommodating resistance training" OR "accommodating
resistance” OR "cams" OR "levers" AND "athletic
performance™ AND "high school athletes" AND "collegiate
athletes” AND "Professional athletes"

Sports Discus 19/11/2020 "variable resistance training" OR "variable resistance™ OR 156
with Full text "accommodating resistance training” OR "accommodating
resistance” AND "chain training™ OR "weight chains” OR
"chain resistance™ AND "muscular power" OR "Muscular
strength™ And "elastic band" OR "rubber band™ AND
"cams" OR "levers" AND "athletic performance™ AND
"high school athletes" AND "collegiate athletes" AND
"Professional athletes"

APA Pscinfo 19/11/2020 "chain training” OR "weight chains" OR "Chain training" 478
AND "muscular power" AND "Muscular strength” And
"elastic band" OR "rubber band" AND "variable resistance
training” OR "variable resistance" AND "accommodating
resistance training" OR "accommodating resistance™ AND
"cams" AND "levers" AND "athletic performance” AND
"high school athletes" OR "collegiate athletes" OR
"Professional athletes" AND "force output” AND "Maximal
power" AND "maximal strength"
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