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Abstract

The benefits of strength training programs with isoto-

nic free weights or machines have been well-documen-

ted in all age groups. However, exercise and healthcare 

professionals sometime question whether it is possible 

to obtain the same results with devices of variable re-

sistance, such as elastic bands. To answer this question, 

the purpose of this systematic review was to identify 

and summarize the positive effects of elastic resistance 

exercises used across the lifespan on health outcomes 

including body composition, functional and performan-

ce capacity, and biochemical variables. A secondary aim 

was to identify common dosage parameters of strength 

training programs using elastic resistance.

Key words: elastic bands; functional capacity, body 

composition; health biomarkers.

Resumen

Los beneficios de los programas de entrenamiento 

de la fuerza con peso libre y máquinas isocinéticas del 

tipo isotónico han sido bien documentados en todas 

las franjas de edad. Sin embargo, los profesionales del 

ejercicio y la salud algunas veces se preguntan si es 

posible obtener los mismos resultados con dispositivos 

de resistencia variable, como por ejemplo las bandas 

elásticas. Para responder a esta pregunta, el objetivo 

de esta revisión sistemática fue identificar y resumir 

los efectos positivos de los ejercicios de fuerza con 

elásticos empleados a lo largo de las diferentes 

etapas de la vida sobre resultados relacionados con la 

salud, incluyendo la composición corporal, capacidad 

funcional, rendimiento físico y algunas variables 

bioquímicas. Un objetivo secundario fue identificar los 

parámetros de dosificación comunes de los programas 

de entrenamiento de la fuerza usando resistencia 

elástica. 

Palabras clave: bandas elásticas; capacidad funcional; 

composición corporal; biomarcadores de salud.
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Introduction

Resistance training has been recommended across the 
lifespan for muscular fitness in support of health-realted 
physical fitness. Exercise and health professionals 
need effective resistance training devices that 
stimulate these positive adaptations while promoting 
adherence to exercise (Capodaglio, Ferri & Scaglioni, 
2005; Capodaglio et al., 2002; Gómez-Álvarez, Jofré-
Hermosilla, Matus-Castillo, & Pavez-Adasme, 2019). 
Many strength training devices are available, each with 
its own advantages and disadvantages. 

As the most common and traditional devices for 
external reistance in training programs, free weights 
and machines have been shown beneficial for physical 
function, body composition and other health-related 
variables (Kwak, Kim & Lee, 2016; Liao, Chung & Chen, 
2017; Winters-Stone & Snow,  2006). However, free 
weights and machines often require special facilities 
and/or great cost, thus limiting allowing access for 
everyone (Colado & Triplett, 2008). Furthermore, some 
individuals may fear using free weights and machines 
because these are commonly  associated  with  high 
physical demands  (Jakobsen, Sundstrup, Andersen, 
Aagaard & Andersen, 2013) or possible injury. 

In contrast, variable resistance training with elas-
tic bands provides a more user-friendly, portable and 
less-expensive alternative to traditional isotonic re-
sistance training. Furthermore, evidence suggests that 
elastic resistance can improve muscular hypertrophy, 
strength and power (Suchomel, Nimphius, Bellon & 
Stone, 2018). Although these elastic devices have tradi-
tionally been used for rehabilitation purposes (Page & 
Ellenbecker, 2003), the benefits of elastic resistance in 
apparent healthy populations has been studied as well 
(Colado et al., 2010). Researchers have demonstrated 
that variable elastic resistance can provide similar mus-
cle activation as constant-resistance equivalents when 
matched in intensity, as well as provide a mechanical 
advantage over the “sticking point” of free weights and 
machines. (Aboodarda, Hamid, Che Muhamed, Ibra-
him & Thompson, 2013;  Aboodarda, Page & Behm, 
2016; Calatayud et al., 2015; Hughes & Mcbridge, 2005; 
Kompf & Arandjelovic, 2016; Matheson, Kernozek, 
Fater & Davies, 2001; Soria-Gila, Chirosa, Bautista, 
Baena & Chirosa, 2015). In addition, the authors of re-
cent review articles have concluded that elastic resist-
ance training can provide both strength and functional 
improvements among adults (de Oliveira et al., 2016) 
and elderly participants (Martins et al., 2013), suggest-
ing elastic resistance may provide benefits across a vari-
ety of age groups. However, there are no systematic re-
views on the effects or parameters of elastic resistance 

training throughout the lifespan. For example, while it’s 
been shown that resistance training produces positive 
results in youths (Granacher et al., 2016), there is not 
systematic review of elastic resistance training showing 
benefits in this specific population.

This knowledge would be necessary to provide 
effective and safe exercise prescriptions for a wider 
range of individuals. While individual studies have 
described adaptations of important physiological 
variables after elastic resistance training (such as 
biomarkers or body composition), a systematic review 
of these adaptations awould be beneficial. (Colado, 
Triplett, Tella, Saucedo & Abellán, 2009; Colado 
& Triplett, 2008; Flandez et al., 2017; Gargallo et al., 
2018; Thiebaud et al., 2013). 

Therefore, the aim of this systematic review was to 
identify and summarize the health outcomes of elastic 
resistance training across the lifespan on body com-
position, functional capacity and some biochemical 
variables. A secondary aim was to identify elastic re-
sistance exercise parameters in order to establish safe 
and effective exercise prescriptions.

Method

This  systematic review is reported using the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA)  recommendations  (Moher, 
Liberati, Tetzlaff & Altman, 2009).

Literature search

We reviewed scientific literature specialized using 
9 databases  (Web of Science, Pubmed, Sportdiscus, 
Scopus, Medline, Scielo, Central, Embase and PEDro).  
The search was limited to full-text, clinical trials studies 
published in English between 1900 and March  2017. 
With the search strategy for relevant articles included the 
following search terms with the Boolean operator “OR”: 
“elastic band” , “resistance elastic” , “elastic resistance 
training” , “elastic tubing” , “elastic tubing exercise” , 
“elastic band” , “elastic band exercise” , “exercise band” 
, “surgical tubing” , “theraband” , “rubber band” , and 
“elastic straps”. In the Boolean operators, “and” was also 
added to provide the corresponding terminology for 
each age group analyzed in this study: (i) For children: 
“kids” or “children” or “child” or “lad” or “baby” or 
“infant” or “laddie” or “cully” or “chap” or “kiddy” or 
“nipper” or “boyhood” or “girlhood”; (ii) For young 
people: “adolescent” or “shaver” or “teenager” or “young 
people” or “teen” or “junior” or “young”; (iii) For adults: 
“adults” or “middle age”; (iv) and finally for seniors: “old 
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man” or “old-timer” or “old person” or or “elderly” or 
“elder” or “ancient” or “aged” or “older adults” or “aging” 
or “maturation” or “older” or “old people”.

Selection criteria

The studies had to  meet the following inclusion 
criteria: 1) Healthy subjects; 2) Results in at least one 
of the following variables: Strength, functional 
capacity, body composition or biomarkers of health; 
3) Results of chronic nature.  Exclusion criteria were: 
1) Descriptive studies, or validation; 2): Results of 
acute nature; 3) Subjects with pathology; 4) Studies 
that have not focused  on the variables  mentioned 
above; 5) Studies with highly trained subjects.

Classification of the studies

The included articles meeting selection criteria 
were classified with the following data in Table 1: (1) 
Author and year of publication; (2) Number, Gender, 
Age, distribution and characteristics of the sample; (3) 
Duration of the session and the intervention, weekly 
sessions, number of series, repetitions, rest, intensity 
and progression; (4) Groups of training and exercises; 
(5) Variables analyzed: muscle strength, body composi-

tion, functional capacity, and biomarkers of health; (6) 
Results between pre- and post- intervention.

Methodological quality assessment

The methodological quality of  studies, was ana
lyzed using the “PEDro scale”,  which has been 
validated by Maher,  Sherrington, Herbert, Moseley 
& Elkins. (2003). Ten of 11 PEDro criteria were scored 
‘‘yes (1)’’ or ‘‘no (0)’’ with a maximum score of 10 
(the first criterion of the PEDro scale is not used to 
calculate the PEDro score). Studies with a score of ≥6 
were considere of high methodological quality while 
a score of ≤5 points was considered to be low quality.

Results

Figure 1 shows the PRISMA flow chart diagram from 
the systematic search;  47 studies were included in the 
analysis. Included studies were classified  into 4 age 
groups: 3 studies in children and adolescents (youths) 
(≤18 years), 6 in young adults (19 and 35 years), 6 in 
middle-aged adults (45-64 years), and finally, 32 in 
older adults (>64 years). Table 1 presents  the main 
characteristics of these trials.
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Figure 1. Flow diagram showing the phases of the search and study selection.
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Characteristics of the studies in youths

Only  3 studies examined elastic resistance 
training in subjects less than 18 years old (Coskun 
&  Sahin, 2014; Lubans, Aguiar & Callister, 2010; 
Sahin, Aslan & Demir, 2016). These studies used 
2 weekly sessions and included a total of 159 
subjects: 65 used elastic bands, 37 free weights and 22 
used their own body weight. Two studies used 6 weeks 
of intervention (Coskun & Sahin, 2014; Sahin, Aslan 
& Demir, 2016), while Lubans, Aguiar & Callister 
(2010)  used  8 weeks. Coskun &  Sahin (2014) and 
Sahin, Aslan & Demir (2016) used  a 10  repetition-
maximum (RM) intensity without publishing the time 
of rest, while Lubans et al. (2010) used between 15 and 
18 in the Borg´s scale, performing 2 sets of 10 to 12 
repetitions with a rest between sets of 60-90 seconds. 
The duration of the sessions ranged between 30 and 50 
minutes. Sahin, Aslan & Demir (2016) evaluated the 
effect of using elastic resitance in the squat and the 
jump, while Coskun  & Sahin  (2014) and Lubans, 
Aguiar & Callister (2010) used overall body exercises.

Characteristics of the studies in young adults

Seven studies were included.  136 subjects were 
studied with adults between 19 to 35 years old: 
83 used  elastic bands, 12 other devices,  and  41 as 
a control group. The interventions lasted from 6 to 13 
weeks, with 6 weeks being the most frequent training 
duration. Three weekly sessions  were conducted  in 
five of the studies. The study protocols ranged from 
2 to  9  sets, while  3 sets was the most widely used 
pattern  (Behm, 1991; Rhyu, Kim & Park, 2015; 
Thorborg et al., 2016). Most trials used 10 repetitions, 
while one study performed repetitions to maximal 
muscle fatigue (Hostler  et al., 2001). Regarding the 
intensity, all studies utilized percentage  of the 1RM, 
with 70-75%  of 1RM the most representative value; 
however, Bellar et al. (2011) and Hostler et al. (2001) 
used between  85% and 100% of 1 RM. The rest between 
sets ranged from 60 to 120 seconds. Unfortunately, no 
study provided the duration of each session with the 
exception of Thorborg et al.  (2016). The majority of 
studies compared exercises with elastic resistance and 
other devices; the most used exercises were the bench 
press, squat and shoulder press. 

Characteristics of the studies in middle-aged adults

Six  studies  were included with adults 45 to 64 
years old. All studies used  healthy  pre-  and  post-
menopausal women. 244 women were evaluated: 130 

used  with elastic bands, 28  used  weight machines 
and 32 exercised in the aquatic environment. The 
programs lasted  between 8  and 24 weeks, with the 
most common durations being  8 (Heislein, Harris & 
Jette, 1994; Thiebaud et al., 2013) and 10 (Colado et 
al., 2012a; Colado & Triplett, 2008) weeks. Common 
parameters included 2-3 sessions per week, 3 sets of 
20 repetitions, and rest between sets was 30 seconds. 
The intensity was generally based on a score of 5 to 
7 using the OMNI-RES scale  for elastic resistance 
training (Colado, Triplett, Tella, Saucedo & Abellán, 
2009; Colado et al., 2012a; Colado et al., 2012b), while 
Winters-Stone & Snow (2006) used a 60-80% of the 
1RM. Only Colado, Triplett, Tella, Saucedo & Abellán 
(2009) and Heislein, Harris & Jette (1994) provided 
the total duration of each session, which was 30 to 60 
minutes. Full body exercises were used in nearly all the 
studies, althougth Thiebaud et al. (2013) exclusively 
used upper limbs exercises.

Characteristics of the studies in older adults

For older adults (over 64 years old), 32 studies with a 
total of 1746 subjects were evaluated: 1045 trained with 
elastic bands and 701  served as a  control group. 
The duration of the training program ranged between 
3 and 52 weeks. The most frequently used durations 
were 8 and 24 weeks; however, 12 weeks were used in 
six studies. Weekly training frequency ranged from 2 
to 4 days. The number of sets ranged between 1 and 4, 
and repetitions ranged from 8 to “as many as possible” 
(Damush  & Damush, 1999). Nine studies utilized 
10 repetitions per set;  unfortunately, 6 trials  did 
not provide repetition information. The least reported 
parameter in this age group was intensity, with 19 
studies (59%) not providing this information. Seven 
studies used   scales of perceived effort to  prescribe 
intensity (five used  the Borg´s scale and 2 used the 
OMNI-RES for elastic bands).  Four studies  used  the 
% of the 1RM, and Hofmann et al. (2016) prescribed 
intensity based on the the  progressive increase 
in resistance based on the different colors of the 
elastic bands. The rest time between exercises was 
only provided in five studies, ranging  between  30 
and 120 seconds.  Most studies used a 60 minute 
session duration, although 7 trials did not report 
this information. 13 studies used multi-joint exercises 
such as squats, lunges, lat pull down or horizontal rows, 
among others. 16 trials did not mention the specific 
exercises that were used, providing only  the number 
of exercises performed  in the session. Two articles 
were exclusively focused on the lower limbs  (Kwak, 
Kim & Lee, 2016; Yasuda et al., 2016), while one study 
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only used in  upper limbs  (Yasuda  et al.,  2014). Both 
studies of  Yasuda et al. (2014, 2016) used blood flow 
restriction using elastic cuffs.

Methodological quality of included trials

After grading the individual study quality using 
the PEDro scale, the average data obtained in studies 
among each age group was:  (a) Youths:  5 points  on 
average (High quality: 1 Study; Low Quality: 2 studies). 
(b) Young Adults:  4.66  points on avesrage (High 
quality: 2 studies; Low Quality: 4 studies). (c) Middle-
aged adults: 4.83  points on average (High quality: 2 
studies; Low Quality: 4 studies). (d) Older Adults: 4.68 
points  on average (High quality: 10 studies; Low 
Quality: 22 studies).

A majority of studies in each group scored below 
6 on the PEDro scale, indicating low methodological 
quality. Table 1 shows the specific PEDro scores of 
each article. 

Discussion

This  systematic review suggests that elastic resis
tance training programs are effective to improve 
muscle strength, physical function and other health-
related variables across the lifespan. These data 
expand the current evidence on the effectiveness of 
these exercise programs among adults (de Oliveira 
et al.,  2016) and elderly participantants (Martins et 
al.,  2013). Elastic resistance programs improved  the 
functional capacity of young, middle, and older adults 
(Colado, Triplett, Tella, Saucedo & Abellán, 2009; 
Cyarto, Brown, Marshall & Trost, 2008;  Franzke  et 
al., 2015) as well as body composition (Colado, Triplett, 
Tella, Saucedo & Abellán, 2009; Lubans, Aguiar & 
Callister, 2010) in all ages, except in the oldest adults, 
where the results were mixed (Skelton, Young, Greig 
& Malbut ,1995; So et al., 2013). Interestingly, some 
recent studies have demonstrated positive health 
effects in 80 year olds (Chupel et al., 2017; Furtado et 
al., 2019; Rieping et al., 2019). Finally, there were few 
or irrelevant results on health biomarkers after elastic 
resistance training (Hostler  et al.,  2001; Lubans, 
Mundey, Lubans & Lonsdale, 2013).

Effects of training with elastic bands in youths

An important finding among elastic resistance 
training studies in youths was improvement in the 
motivation and  participation of the child (Barkley, 
Ryan, Bellar, Bliss & Roemmich, 2011), possibly because 

it seems more attractive and provides more  security 
than heavy weigths (Annesi, Westcott, Faigenbaum & 
Unruh, 2005). In addition, elastic resistance training 
has shown greater  physical performance improvements 
than bodyweight exercises (Coskun &  Sahin,  2014). 
Most likely, the stimulus provided by the bodyweight 
exercises  was not enough or the exercise was too 
difficult to adapt to each subject (Faingenbaum, 
2000), while the elastic band resistance could be 
easily adapated, thus providing a proper stimulus 
for the neuromuscular improvements (Ignjatović, 
Stanković, Radovanović, Marković & Cvećka, 2009). 
Studies of Lubans, Aguiar & Callister (2010) and 
Sahin, Aslan & Demir (2016) found improvements in 
strength similar or higher to  free weights training. 
For body composition, Lubans, Aguiar & Callister 
(2010) found changes  in the  percentage  of fat-free 
and fat mass in both sexes, although the bodyweight 
training group   achieved greater results than the 
elastic resistance group. It is possible that suboptimal 
dosing of intensity, duration, and frequency of elastic 
resistance training may provide a low stimulus for 
improving body composition due to the suboptimal 
intensity, short duration and frequency of the protocols 
used. It is also interesting that some investigations 
were focused  on the effects of elastic resistance 
training in children with special needssuch as cerebral 
palsy (Shin &  Kim,  2016). Finally, it´s important 
to note that no study provided  data  on  functional 
capacity or health biomarkers, thus leaving a need for 
further investigation.

Effects of training with elastic bands in young adults

The majority of the studies including young adults 
were focused  on evaluating the effects of elastic 
resistance training on muscle strength.   Bellar et al. 
(2011) obtained better results by adding elastic bands 
to a bench press compared to free weights alone;   
this combination was more effective at improving 
muscle strength than the isolated use of free weights, 
even in inexperienced subjects. These results may be 
due to a mechanical change  created by using  elastic 
resistance that helps to overcome  the “sticking 
point” during the concentric phase of the movement, 
possibly facilitating neural adaptations (Kompf & 
Arandjelovic, 2016).  Hostler et al. (2001)  reported 
an RM increase in the squat with no change in the 
number of repetitions  during  knee extension. Behm 
(1991) analyzed the effect of different devices (i. e. 
free weights, aquatic resistance and elastic resistance) 
finding a similar response in muscle strength between 
them.  Sugimoto & Blanpied (2006) analyzed the 
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effect of elastic band exercise of the shoulder rotator 
cuff; they found that the elastic resistance provided 
greater internal and external rotator strength than 
a flexible foil (Bodyblade). Thorborg et al. (2016) 
observed an improvement in isometric hip flexion 
strength after 6 weeks of elastic resistance training. 
Some researchers have combined elastic resistance 
with proprioceptive neuromuscular facilitation 
(PNF) techniques, reporting improvements in joint 
mobility, reporting benefits in the development of 
the strength, and the balance through of improving 
the responsiveness of the skeletal-muscle system 
(Jonghwan, Chulhyun, Kyumoon, Hyeonju & 
Byeungok, 2003; Rhyu, Kim & Park, 2015).   Only 
Hostler et al. (2001) analyzed the effect of elastic 
resistance exercise on some physiological biomarkers 
of health, finding no significant improvements. No 
research has been published on body composition and 
functional capacity   outcomes in young adults using 
elastic resistance training.

Effects of training with elastic bands in middle-aged 
adults

The majority of the studies including middle-aged 
adults evaluated the effects of elastic resistance 
training on on functional capacity. Colado & Triplett 
(2008), Colado et al. (2009) and Colado et al. (2012b) 
analyzed  functional capacity, reporting significant 
increases after the intervention. Thiebaud et al. (2013) 
observed that two training groups (low and medium-
high intensity) increased their 1RM in upper and lower 
limb exercises. Heislein et al. (1994) reported 20 and 
8.8% increases in quadriceps and hamstrings strength 
respectively, using elastic bands together with PNF 
techniques similar to Rhyu et al. (2016). Five studies 
reported improvements after elastic resistance training 
interventions on body composition,  measured with 
bioelectrical impedance analysis (Colado & Triplett, 
2008; Colado, Triplett, Tella, Saucedo & Abellán, 2009; 
Colado et al., 2012a; Winters-Stone & Snow, 2006) or 
musculoskeletal ultrasound (Thiebaud et al., 2013). 
Colado & Triplett (2008), Colado, Triplett, Tella, 
Saucedo & Abellán (2009) and Colado et al. (2012a) 
reported more improvemnets in body composition 
using elastic bands than compared to other resistance 
devices. They indicated that a similar routine 
during a short-term training program is sufficient 
to reduce the percentage of fat mass, regardless of 
the type of resistance. Winter-Stone & Snow (2006) 
assessed bone mineral density after a lower and/
or upper body elastic resistance program that was 
complemented with jump exercises, demostrating 

significant improvement in the greater trochanter, 
probably because the skeletal system needs high load 
exercises to maintain or develop their levels of density 
(Iwamoto, 2013). Only Colado, Triplett, Tella, Saucedo 
& Abellán (2009) and Flandez et al. (2017) analyzed 
health-related biomarkers, showing improvement 
both metabolic health as well as motor function. 
Colado, Triplett, Tella, Saucedo & Abellán (2009) also 
showed a reduction in diastolic blood pressure with 
a medium-term elastic resistance training program. 
Importantly, the majority of these changes exposed 
were found in only short and medium-term programs; 
therefore, it seems logical that longer programs would 
provide greater results (Braith & Stewart, 2006), 
although more research is needed.

Effects of training with elastic bands in older adults

In 23 studies of older adults exercising with 
elastic resistance, functional capacity was the most 
analyzed variable, reporting improvements of 20-
25%. 15 studies reported strength improvements 
of 15-20%, either in the lower limbs or upper limbs.  
Eight studies investigated the effect of elastic 
resistance training on body composition; only 3 
found significant improvements. 12 trials carried 
out measurements on health-related biomarkers 
using blood tests, hormonal levels, enzyme activity or 
oxidative stress. Interestingly, chromosomal damage  
tended to decrease after elastic resisatnce training 
(Franzke et al., 2015a and b). Hofmann et al. (2016) 
showed a decrease in the percentage of myostatin and 
increases in follistatin, but no change in the hormone 
IGF-1.  Park et al. (2016) found a 14% improvement 
in systolic blood pressure, while Lubans, Aguiar & 
Callister (2010)  reported  a tendency to  improve. 
Aniansson, Ljungberg, Rundgren & Wetterqvist 
(1984) revealed improvements of up to 39% in the 
myokinases and 44% in the citrate synthase after 
40 weeks of exercising with elastic bands and with 
the own body weight. Lastly, inconsistent data was 
observed for  hemodynamic parameters, such as 
blood pressure, cardiac output, ejection volume, or 
heart rate,  likely due to a lack of appropriate training 
stimulus  (Vincent, Vincent, Braith, Bhatnagar & 
Lowenthal, 2003) as was the case in the majority of 
studies included in this age group. 

It appears that elastic resistance  training in older 
adults is beneficial either in healthy subjects or those 
with pathology. Older adults consistently experience 
strength gains with elastic resistance training 
programs (Capodaglio et al., 2002; Martins et al., 
2013; Martins et al., 2015; Oh  et al.,  2016). These 
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findings support the benefits of strength training 
with elastic resistance to prevent and treat dynapenic 
and/or sarcopenic processes associated with age (Clark 
& Manini, 2008; Rosenberg, 1997). 

Limitations of the study

Based on data from the included studies, the present 
systematic review provides novel data about evidence 
on the effectiveness of elastic resistance training 
programs across the lifespan.  However, the small 
number of articles using elastic resistance training 
(especially at the youngest ages) and the general poor 
quality of the studies are the main limitations of this 
study. Because of these limitations, and due to the 
heterogeneity of training parameters between studies, 
a dose-response relationship can not be provided 
from these data. In addition, the lack of information 
about  the dose or exercises used in some studies, 
especially among elderly subjects, limits the ability to 
provide reccommendations. 

High-quality dose-response clinical trials are 
needed to better understand the optimal dose and 
the effectiveness of these programs at different ages, 
especially in children. More research is needed on the 
effects of training with elastic resistance  on health-
related biomarkers and body composition variables. 
Future studies should clearly describe the training 
volume, intensity, frequency, duration and rest 
intervals used in the exercise programs.  Until then, 

practitioners should follow standard strength training 
parameters in elastic resistance programs. 

Finally, this review included only articles published 
before March 2017 due to the lengthy time that it 
was needed for editing, and also due to the usual time 
needed for beeing reviewed and accepted to definitive 
publication in a high quality scientific journal.

Conclusions

Based on this systematic review, training with elastic 
resistance improves muscle strength and functional 
capacity across the lifespan. These results suggest that 
elastic resistance benefits are similar to those seen 
with traditional isotonic machines and free weights. 
In addition, elastic training seems to be effective in 
improving body composition and may have positive 
results in some health biomarkers, although further 
research is needed. 
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