



The effects of whole-body electric myostimulation on physical function, muscle mass and strength, and the fear of falling of older adults: a protocol for a randomized controlled trial

Abstract
Resistance training is the main intervention strategy for the prevention and treatment of aging sarcopenia. However, there is a low rate of adherence among the elderly to this therapeutic method. Whole-body electrical muscle stimulation (WB-EMS) appears as an alternative method for improving muscle function, with the advantage of less time-consuming to generate effects on health outcomes than conventional methods, and may be more attractive to the population elderly. In this context, the aim of the study is to assess the efficacy of WB-EMS on physical function, muscle mass and strength, and fear of falling in sedentary older people. Methods: This will be a randomized controlled trial, evolving older population, randomize to eight weeks to WB-EMS training or resistance training. Group allocation will be blind for assessors. Measures related gait speed, time up and go, sit-to-stand test, fat-free mass, isometric muscle strength as the primary outcomes before and after the intervention. Secondary outcomes included independence measures and fear of falling will be assess before and after the intervention, and 3, 6 and 12 months follow up. 
Ethics and dissemination The study was approved by the Research Ethics Committee of Universidade Federal de Juiz de Fora. The results will be disseminated through scientific publications and presentations at national and international scientific meetings. 
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Background
Population aging is a prominent worldwide phenomenon. Developing countries have shown, in the last decades, a progressive decline in their mortality rates and, more recently, also in their fertility rates, which culminates in an increase in the contingent of elderly people. (WHO, 2010). In Brazil, the sociodemographic data from the National Household Sample Survey of the Brazilian Institute of Geography and Statistics, show that in 1991 the elderly represent 4.8% of the population, in 2000 5.8% and in 2010 received 7,4% (IBGE, 2010).
According to the World Health Organization, by 2025, Brazil will be the sixth country in number of elderly people (WHO, 2005). Aging is accompanied by an increase in the prevalence of chronic degenerative diseases and comorbidities, reflecting the decrease in functional capacity, quality of life and autonomy of the elderly (BUSSCHE et al., 2011). Other changes in the aging process further increase the sarcopenia process. 
Recently, the European Working Group on Sarcopenia in Older People defined, in the last consensus, sarcopenia as a progressive and generalized musculoskeletal disorder, which intensifies after the age of 50, with a loss of 1.5-5% of annual muscle strength and which is associated with a higher probability of risk of falls, fractures, physical disability and mortality (CRUZ-JENTOFT et al., 2019; BACHETTINI et al., 2019; ATMIS et al., 2019; YEUNQ et al., 2019). It is primary sarcopenia, or age-related, when no other specific cause is evident, while secondary sarcopenia arises due to causal factors, added or not, to aging (CRUZ-JENTOFT et al, 2019). Although secondary factors, such as lifestyle and physical inactivity can potentiate the loss of strength and functional disability, interventions such as resistance training seem to delay or reverse this process (STEFFL et al., 2017; DODDS et al., 2015).
However, due to the physiological principle of reversibility or gains in terms of muscle strength and endurance due to extensive resistance training can be lost with the discontinuation of exercises. Elderly people tend to participate more assiduously at the beginning of the exercise program and become more absent over time (PISTERS et al, 2010). Studies suggest that 50% of people that begin a resistance training program abandon it within 6 months (HONG et al., 2008; KALLINGS et al., 2009). Among the barriers related to adherence in the elderly population, pain, difficulty in performing exercises, poor motivation, lack of professional supervision and fear of falling are highlighted. In this way, new training strategies can be an option to optimize the elderly's adherence to therapeutic programs. Recently it has been used as an alternative to electrical muscular stimulation of the whole body – whole body electromyostimulation (WB-EMS).
The WB-EMS is based on the same mechanisms of action as classical neuromuscular electrical stimulation (NMES), applied locally. However, this device can ve use several electrodes in the same time, positioned in different muscle groups, covering an area of ​​up to 2,800 cm2 (PANO-RODRIGUEZ et al., 2019). One of the advantages of WB-EMS is that it act directly in the synthesis of skeletal muscle proteins with a much shorter time demand than the necessary techniques. Some studies have shown that 18 minutes of training, twice a week, for 12 months were able to generate results in favor of the intervention group in outcomes such as appendicular muscle mass, abdominal fat and muscle strength. In addition, the WB-EMS was feasible, high adherence and low dropout rates among the elderly (KEMMLER et al., 2010; KEMMLER et al., 2013; KEMMLER et al., 2014). Despite to present promising results, there are still few studies that investigate the effectiveness of WB-EMS in the elderly, as well as outcomes related to functional capacity. The aim of this study is to assess the effects of the WB-EMS on physical functioning, muscle mass and strength, and fear of falling of sedentary older.

Methods and Analyses
Design and ethical issues
This will be a clinical, randomized, controlled, and single-blind trial (outcome assessors). Two different exercise groups will be formed through stratified random sampling, an experimental group (EG) exercising EENM training and a control group (CG) with resistance exercise training. The progress through the phases of enrollment, intervention allocation, follow-up, and data analysis will be represented in Figure 1. Characteristics for stratification will be age and gender. The protocol of this study is been prospectively registered on REBEC.gov. 


Ethics 
The present study was approved by the Research Ethics Committee of Universidade Federal de Juiz de Fora under number 3.889.143. All patients eligible for the study will be informed by study assessors of the objectives and will be required to complete the informed consent form (see online supplementary appendix 1), as determined by Brazilian National Health Council Resolution 196/96. Research personnel will take all appropriate and customary steps to ensure that data remain secure and that patient privacy and confidentiality will be maintained.

Study design
After completing pre-intervention assessments (T0), participants were block randomized to eight weeks of EENM (EG) or conventional strength training (CG). The eight-week intervention period comprised 16 training sessions (i.e., two sessions per week). Training sessions will be conducted by physical therapists, typically with two participants supervised by one physical therapist. Participants of the CG will perform 40-min training sessions, including 5 minutes of warm before resistive training. Participants of the EG will perform 25-min training sessions, including 5 minutes of warm before EENM training. Inevitably, physical therapists and participants were not blinded to group allocation. However, previous intervention assessments (T0) and assessments after eight weeks of intervention (T1), three months (T2) and six months (T3) and 12 months (T4) after the finished the intervention period will be conducted by an independent assessor, who will be blinded to group allocation. At the end of the 16 treatment sessions, the primary and secondary outcomes of the study participants will be reassessed by the same evaluator who performed the baseline assessment. Falls were monitored monthly between T1 and T4.

Study setting 
This study will be conducted at the Laboratory of Movement Analysis of Physiotherapy Faculty of Federal University of Juiz de Fora, Juiz de Fora, Brazil.




Sample 
The sample will comprise 46 elderly subjects will be recruited from basic health units and from the geriatric clinic of the university hospital and health care center of the Federal University of Juiz de Fora (HU-CAS/ UFJF).

Eligibility criteria
Eligibility criteria will be age, medical status that allows for physical training and that does not interfere with study results.

Inclusion criteria
Elderly subjects with age from 60 to 80 years.

Exclusion criteria
Elderly that to present cognitive alterations detectable by the Mini Mental State Examination (BERTOLUCCI et al., 1994), that had participation in structured physical activity at last year, with uncontrolled cardiac illness and/or metabolic disease, known history of cerebrovascular disease or sequelae neurological, active neoplasia during the previous five years,  surgical fractures or osteosynthesis in the last six months and severe visual and hearing difficulties, other pathological or orthopedic conditions that limits physical training or assessment outcomes

Sample size
Sample size was calculated based on walking speed as primary end point from an applied perspective, referring to resisted exercise intervention study A clinically meaningful change in preferred gait speed is considered to be small when improvement of0.05 m/s is present, and a considerable improvement is a change of 0.10 m/s (PERSCH et al., 2009).Taking into account an 80% power that the study will detect a treatment difference at a two-sided alpha (probability) level of 𝑝 < .05 and an anticipated dropout of 30%, the following calculations indicated a minimum sample size of 𝑛 = 20 subjects in each group is considered appropriate and a possible sample loss of up to 15%. Therefore, a total of 46 patients will be required for the study.


 Assessed for eligibility (n =  )


Enrollment
Excluded  (n =  )
Not meeting inclusion criteria (n =  )
Refused to participate (n =   )
Other reasons (n =  )




Randomized (n= 46) 

Allocation
T0 
T0

Allocated to Control Group  (n =  23)
Received allocated intervention (n =    )
Did not receive allocated  (give reasons)

Allocated to Experimental Group  (n = 23)
Received allocated intervention (n =    )
Did not receive allocated  (give reasons)



8 Weeks
Folow-up
Discontinued  intervention   (n =   )
Lost to follow-up (n =    )
Discontinued  intervention   (n =   )
Lost to follow-up (n =    )



Analysis 
T1

T
Analyzed (n =   )
Excluded  from analysis  (n = )

Analyzed (n =     )
Excluded  from analysis  (n = )



Discontinued  intervention   (n =   )
Lost to follow-up (n =    )
Discontinued  intervention   (n =   )
Lost to follow-up (n =    )

3 Months
Folow-up 
T2



6 Months
Folow-up 
T3
T
T3

Discontinued  intervention   (n =   )
Lost to follow-up (n =    )
Discontinued  intervention   (n =   )
Lost to follow-up (n =    )



12 Months
Folow-up 
T4

Discontinued  intervention   (n =   )
Lost to follow-up (n =    )
Discontinued  intervention   (n =   )
Lost to follow-up (n =    )



Figure 1: CONSORT flowchart of participants.


Intervention

Control Group: will be carry out at the workout class of Physical Education Faculty of the Federal University of Juiz de Fora. Each training session will comprise a 10-minute warm-up including a walking and movement of different body segments: arms, wrists, fingers, shoulders, legs, and ankles. The resistance training will consist of 8-week guided training on fitness devices (pull down, leg press, bench press, back press, etc.) involving all larger muscle groups. Subjects will take part in the resistance training programme at frequency of two sessions per week, over a time period of 60 min each. Individual adaptations of the training protocol will be regularly made as a function of the actual performance. The intensity will be based on the number of possible repetitions (week 1–2: fifteen repetitions, week 2-6: nine repetitions, with intensity of 50-60% 1RM at two first weeks, and after with 70-80% 1RM. A training volume of three sets per exercise and 4.0 s between repetitions and 60 s of rest between sets will be offered. Subjects will be stimulated to keep under muscle tension during 6 seconds. Will be excluded from the study if participant missed >10 % of the training sessions (BORDE et al, 2015).

Experimental group
Participants will be oriented about this intervention. The WB-EMS can to activate simultaneously of 8–12 muscle groups (upper legs, upper arms, bottom, abdomen, chest, lower back, upper back, latissimus dorsi, and 4 free options) with different adjust of intensities. The bipolar electric current by WB-EMS devices from Miha bodytec® (Gersthofen, Germany), will initially be applied with follow parameters: frequency of 85Hz, pulse breadth of 350𝜇s intermittently with 6 s of EMS stimulation to perform the movement and 4 s of rest (Table 1). The current intensity can be individually selected and modified during the EMS session. The WB-EMS protocol will be applied in the present study scheduled the intermitted low intensity/low amplitude movement protocol based on settings described in others studies (KEMMLER et al, 2010; KEMMLER et al, 2012; KEMMLER et al, 2014). Participants will be conducted and supervised during the 18-minutes whole body electromyostimulation training two times per week, always on alternately days, until 8 weeks. Groups of two participants will be coach by a instructor; the session will also acoustically and visually guided by videos that exactly mimic the movements of the protocol.  Based on others studies, the WB-EMS protocol closely will follow the setting of commercial WB-EMS sessions with their low loading/low amplitude movement strategy. Evolving 6 basic movements (“core exercises”) given in Table 2, of which will be combined and slightly modified to generate 12 dynamic exercises that will be performed without any additional weights in a standing position. The WB-EMS training will be structured in 1-2 sets of 6–8 repetitions. Amplitude, velocity, and corresponding intensity generated by the movement will be set low (i.e., squat: leg-flexion: <35°) to avoid effects of the exercise itself. Moreover, no progressive increment related to the exercises will be applied during the study. After adaptation period of 4 WB-EMS sessions, current intensity will be individually adjusted in accordance to tolerance of the participants. Considering the difficulty of the accuracy prescription of the intensity of the electrical stimulation due to the regional differences, the participants will be oriented to maintain a rate of perceived exertion (RPE) of “hard” to “very hard” (Borg CR-10 Scale “6” of “10”) (BORG et al, 2006) during the session. The (current) intensity can be a key element for positive effects; when compared to conventional exercise programmes, so, more emphasis will be given on this parameter for subjects. The corresponding current intensity will be save for each region on chip cards to generate a fast, reliable, and valid setting during the subsequent WB-EMS sessions.


	Table 1. Whole body electromyostimulation protocol

	Stimulation frequency: 85Hz

	Impulse duration: 6s

	Impulse break: 4s

	Pulse breadth: 350 𝜇s

	Impulse type: bipolar

	Duration: 18 min





	Table 2. Exercises performed under WB-EMS application:

	1. Deadlift (6 s down) with arm extension/deadlift (6 s up) with arm flexion

	2. Squat (6 s down) with trunk flexion (crunches)

	3. Squat (6 s down) with lat pulleys/squat (6 s up) with military press

	4. Squat (6 s down), crunch with butterfly/squat (6 s up) and reverse fly

	5. Squat (6 s down) and vertical chest press/squat (6 s up) und vertical rowing




The physiotherapist will monitored the interventions, answered questions, and will supervised the performance of the exercise during the program. In each session, subjects will be examined for adverse signs and symptoms such as increased pain, discomfort extreme and intolerance to effort. The activity will be stopped if the subject reached level 8 or more of dyspnea or fatigue on the Borg scale. If any soreness last more than a few hours after the intervention, the regime will be decreased in the next session accordingly for that subject.

Outcomes and blinding

Primary outcomes of the study will be obtained at baseline and immediately after the last treatment session (8 weeks). Secondary outcomes of the study will be obtained at baseline, at the end of treatment (8 weeks) and 3, 6 and 12 months after randomisation. These outcomes will be collected by an assessor who will not be aware of participant allocation to their treatment groups.

The primary outcomes of the study will be:

 ►The gait speed will be assessed. To evaluate the usual gait speed, the distance / time (m / s) ratio, measured in a space of 10 meters, will be used. Participants will be instructed to walk at a self-paced speed. The gait speed will be recorded only in the central 6 meters of the track, identified laterally by tape marks, to avoid acceleration and deceleration bias. Participants will be instructed to stand with both feet behind the start line and start walking after a specific verbal command (FRITZ et al., 2009).

► The Time up and Go (TUG) test will be recorded at the beginning and at the end of the intervention program (post 8 weeks) for each participant, Participants will be asked to get out of the chair, walk three meters, turn around, walk back to the chair and sit down, prompted by a go signal. In each measuring session, the TUG test will be repeated ﬁve times each (ﬁve trials/session). To avoid falls during the tests, patients will be instructed to use a comfortable walking speed. Participants will have one practice trial, and the second trial will be timed. (PODSIADLO et al., 1991)

► Force measured by MicroFET handheld dynamometer (BOHANNON et al., 2012). Measurements of left and right knee extension force will be obtained with a MicroFET handheld dynamometer. All force measurements will be acquired using isometric make tests, while patients will be seated with their legs vertical and the dynamometer will be applied perpendicular to the leg proximal to the malleoli. This measurement will be performed five times, with the highest and lowest values of force recorded being discarded. The average of the three remaining values will be calculated and the values recorded in Newton. 

► Sit-to-stand test (STS) will be performed in a standard chair (height 43,2 cm) with no arm supports. Participants will be instructed to stand up from and sit down on the chair with no support from the hands, repeating the procedure as many times as possible for the duration of 30 sec (Jones CJ et al.,1999), The test will be first demonstrated by an evaluator then performed by the subject. The number of stands during 1-min will be determined manually.

► Fat free mass will be assessed by bioelectrical impedance analysis (Biodynamics 310, Biodynamics Corporation, Seattle, WA, USA). All body composition measurements will be performed between at same period of the day. During the measurement, participants will be lay in a supine position with their limbs slightly apart from their bodies. Two electrodes will be positioned on the dorsal surface of the right hand, and two additional electrodes will be positioned on the dorsal surface of the right foot. The fat free mass (FFM) will be calculated using an equation. FFM index (FFMI) will be calculated by dividing the body weight (in kg) of FFM by height (in m) squared in order to adjust for body surface area. Participants will be guided on preparation before measurement. (PICHARD et al., 2000).

The secondary outcomes of the study will be 

► The Katz Index of Independence, assessing bathing, dressing, toileting, transferring, continence, and feeding, will be used to measure activity daily life (ADL). Patients receive 1 or 0 points for independence in each function (≤2 points – severe functional impairment in performance of ADLs, 3–4 points – moderate impairment, and 5–6 points – full function) (KATZ et al., 1963). 

► The Falls Efficacy International Scale - Brazil (FES-I-BRAZIL) will be used to assess the fear of falling, adapted and validated for the Brazilian population (CAMARGOS et al, 2010). A variable score of 16 (with no concern for falling) to 64 (with extreme concern). To classify the fear of falling, it will be adopted at cut-off point 23, cited in the literature (MOREIRA et al., 2016).

Randomization and blinding

Subjects eligible for the study were divided in 2 strata based on gender (male or female). Stratified randomization with a block size of 2 will be used to assign patients to groups 1 and 2: group 1- experimental group (received Whole-Body Electromyostimulation) for 8 weeks or group 2 – control group (received exercise resistance) for the same time. To prevent foreknowledge of treatment assignment and to keep the allocation sequence concealed from the participants and the researchers, group allocation will be done after the completion of baseline and inclusion tests by a participating researcher not involved with the recruitment or evaluation of patients.  This researcher processing a randomly permuted blocks design with a computer random number generator. Randomization will be performed with a 1:1 allocation to the EG or CG. The allocation sequence will be kept in an opaque, sealed and stapled envelope and will be kept concealed until end of outcome assessment. The envelope will be made impermeable to intense light by using aluminum foil inside and sealed using tamper-proof labels. This researcher will be instructed not to disclose the groups to the therapist and other researchers involved in the study until its completion. 

Statistical analysis
The analysis of primary and secondary outcome measurements will include all randomized patients analyzed by their original group in accordance with intention-to-treat. The data normality will be analyzed using the Kolmogorov-Smirnov test. Parametric data will be represented as means (SD) and nonparametric data as median (IQR (25th−75th percentiles). The between group differences (treatment effects) and their respective 95% CIs will be calculated by using mixed linear models (TWISK, 2003). The value of P <0.05 will be set as significant. SPSS version 13 (Chicago, IL,USA) will be the statistical software used in the study.


Dissemination policy  

The study will be disseminated through publication in peer-reviewed international journals, as well as presentations at national and international conferences.

Funding
This study is partially funding by FAPEMIG - number APQ-0354-17 – Universal Demand 001/2017. 

Discussion
Brazilian Institute of Geography and Statistics (IBGE) estimate for the year 2025 is that there are 30 million elderly people in the country, equivalent to 15% of the total population (IBGE, 2017). According to the World Health Organization, by 2025 Brazil will be the sixth country in the world in number of elderly people. The population-aging rate is associated with deficits related to body composition, strength, performance functional and frailty in the elderly (BUSSCHE et al, 2011). This muscular alteration that accumulates throughout life, sarcopenia, is common among the most advanced ages, and it has a great financial impact, generating high costs, both direct and indirect (JANSSEN et al, 2004). The sarcopenia and frailty of the elderly requires attention to avoid falls and hospital admissions.
This fact demonstrates the importance of the constant investigation of more suitable treatments for prevention and reversion of sarcopenia in elderly, aiming at an active life for elderly and the reduction of expenses for health systems. We believe that the results of this clinical trial will be important because, if the efficacy of WB-EMS wearable technology proven, for example, since it causes similar or superior effects to conventional resistance training, it can be a valid alternative for health benefits, with the advantage to be a less time-consuming therapy. To date, studies on the effects of WB-EMS on the elderly are scarce, with low methodologic quality, do not evaluate mobility functions and do not report whether or not the effects are maintain longitudinally (KEMMLER et al, 2010; KEMMLER et al, 2013; VON STENGEL et al, 2015). In view of the low adherence due to the demotivation and discouragement of this population to conventional resistance training programs, it is necessary to look for alternative methods of treatment. In this context, the electrical stimulation of the total body can be attractive for training programs and, in addition, generate potential economic and technological impact. The present study can be considered to have high methodological quality, since it follows CONSORT recommendations for performing randomized controlled trials and prospectively (SCHULZ et al, 2010). So, it is extremely important to carry out studies with high methodological quality aimed at contributing to a better understanding of the effects of WB-EMS on functional outcomes in elderly. 

[bookmark: _GoBack]


REFERENCES 

ATMIS, V.; YALCIN, A.;  SILAY, K.; ULUTAS, S.; BAHSI, R.; TURGUT, T.;  MUT SÜRMELI, D.; SELVI ÖZTORUN, H.; YAMAN S.; ÇOŞARDERELIOĞLU, Ç.; ARAS, S.; VARLI, M. The relationship between all-cause mortality sarcopenia and sarcopenic obesity among hospitalized older people. Aging Clinical and Experimental Research, 2019 Nov;31(11):1563-1572

BACHETTINI, N. P.; BIELEMANN, R. M.; BARBOSA-SILVA, T. G.; MENEZES, A. M. B.; TOMASI, E.; GONZALEZ, M. C. Sarcopenia as a mortality predictor in community-dwelling older adults: a comparison of the diagnostic criteria of the European Working Group on Sarcopenia in Older People. European Journal of Clinical Nutrition, 2019 Oct 4

BERTOLUCCI, P. H.; BRUCKJ, S. M.; CAMPACCI, S. R.; JULIANO, Y. The Mini-Mental State Examination in a general population: impact of educational status. Arquivos de Neuropsiquiatria, 1994 Mar;52(1):1-7.

BOHANNON, R. W..; KINDIG, J.; SABO, G.; DUNI, A. E.; CRAM, P. Isometric knee extension force measured using a handheld dynamometer with and without belt-stabilization. Physiotherapy Theory and Practice, 2012 Oct; 28(7):562–568

BORDE, R.; HORTOBÁGYI, T.; GRANACHER, U. Dose-Response Relationships of Resistance Training in Healthy Old Adults: A Systematic Review and Meta-Analysis. Sports Medicine, 2015 Dec;45(12):1693-720.

BORG, E.; KAIJSER, L. A comparison between three rating scales for perceived exertion and two different work tests. Scandinavian Journal of Medicine and Science in Sports, 2006 Feb;16(1):57-69

BUSSCHE, H. V. D.; KOLLER, D.; KOLONKO, T. et al. Which chronic diseases and disease combinations are specific to multimorbidity in the elderly? Results of a claims data based cross-sectional study in Germany. BMC Public Health, 2011 Feb;11:1-9
CAMARGOS, F. F.; DIAS, R. C.; DIAS, J. M.; FREIRE, M.T. Cross-cultural adaptation and evaluation of the psychometric properties of the Falls Efficacy Scale-International Among Elderly Brazilians (FES-I-BRAZIL). Revista Brasileira de Fisioterapia, 2010 May-Jun;14(3):237-43

DODDS, R.;SAYER, A. A. Sarcopenia and frailty: new challenges for clinical practice. Clinical Medicine (Lond), 2015 Dec;15(6):88-91

FRITZ S, LUSADDI M. White paper: walking speed: the sixth vital sign. Journal of Geriatric Physical Therapy, 2009;32(2):46-9

HONG SY, HUGHES S, PROHASKA T. Factors affecting exercise attendance and completion in sedentary older adults: a meta-analytic approach. Journal of Physical Activity & Health. 2008 May;5(3):385–397.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA (IBGE). Censo Demográfico. Ministério do Planejamento e Orçamento. Disponível em: https://agenciadenoticias.ibge.gov.br/agencia-noticias/2012-agencia-de-noticias/noticias/20980-numero-de-idosos-cresce-18-em-5-anos-e-ultrapassa-30-milhoes-em-2017

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA (IBGE). Censo Demográfico. Ministério do Planejamento e Orçamento. Disponível em:  censo2010.ibge.gov.br

JANSSEN, I.; SHEPARD, D. S.; KATZMARZYK, P. T.; ROUBENOFF, R. The healthcare costs of sarcopenia in the United States. Journal of the American Geriatrics Society, 2004 Jan;52(1):80-5.

JONES, C.J.; RIKLI, R.E.; BEAM, W.C. A 30-s chair-stand test as a measure of lower body strength in community-residing older adults. Res Q Exerc Sport. 1999;70(2):113–119. doi:10.1080/02701367.1999.10608028


KALLINGS, L.; LEIJON, M. E.; KOWALSKI, J.; HELLENIUS, M. L.; STAHLE, A. Selfreported adherence: a method for evaluating prescribed physical activity in primary health care patients. Journal of Physical Activity & Health. 2009;6(4):483–492.

KATZ, S.; FORD, A.; MOSKOWITZ, R. W.; JACKSON, B. A.; JAFFE, M. W. Studies of illness in the aged. The index of ADL: a standardized measure of biological and psychosocial function. JAMA, 1963 Sep 21;185:914-9 

KEMMLER, W.; SCHLIFKA, R. J.; MAYHEW, L.; VON STENGEL, S. Effects of whole-body electromyostimulation on resting metabolic rate, body composition, and maximum strength in postmenopausal women: the Training and ElectroStimulation Trial (TEST). The Journal of Strength & Conditioning Research, 2010 Jul;24(7):1880-7

KEMMLER, W.; BIRLAUF, A.; VON STENGEL, S. Einfluss von Ganzkorper-Elektromyostimulation auf das Metabolische Syndrom ¨ bei alteren M ¨ annern mit metabolischem Syndrom. Deutsche Zeitschrift fur Sportmedizin, 2010;61:117-123

KEMMLER, W.; VON STENGEL, S.; SCHWARTZ, J.; MAYHEW, L. Effect of whole-body electromyostimulation on energy expenditure during exercise. Journal of Strength and Conditioning Research, 2012 Jan;26(1):240-5

KEMMLER, W.; VON SETENGEL, S. Whole-body electromyostimulation as a means to impact muscle mass and abdominal body fat in lean, sedentary, older female adults: subanalysis of the TEST-III trial. Clinical Interventions in Aging. 2013;8:1353-64.

KEMMLER W, BEBENEK M, ENGELKE K, VON STENGEL S. Impact of whole-body electromyostimulation on body composition in elderly women at risk for sarcopenia: the Training and ElectroStimulation Trial (TEST-III). Age (Dordr). 2014 Feb;36(1):395-406.

MOREIRA, B. S.; DOS ANJOS, D. M.; PEREIRA, D. S.; SAMPAIO, R. F.; PEREIRA, L. S.; DIAS, R. C. et al. The geriatric depression scale and the timed up and go test predict fear of falling in community-dwelling elderly women with type 2 diabetes mellitus: a cross-sectional study. BMC Geriatrics, 2016 Mar 3;16:56

OMS/WHO. Envelhecimento ativo: uma política de saúde / World Health Organization; tradução Suzana Gontijo. – Brasília: Organização Pan-Americana da Saúde, 2005.

OMS/WHO (2010). Population ageing. 2010. Available online: https://www.who.int/features/qa/72/en/
PANO-RODRIGUEZ, A.; BELTRAN-GARRIDO, J. V.; HERNÁNDEZ-GONZÁLEZ, V.; REVERTER-MASIA, J. Effects of whole-body electromyostimulation on health and performance: a systematic review. BMC Complementary and Alternative Medicine, 2019 Apr 24;19(1):87

PERSCH, L. N. UGRINOWITSCH, C.; PEREIRA, G.; RODACKI, A. L. Strength training improves fall-related gait kinematics in the elderly: a randomized controlled trial. Clinical Biomechanics (Bristol, Avon). 2009 Dec;24(10):819-25

PICHARD C, KYLE UG, BRACCO D, SLOSMAN DO, MORABIA A AND SCHUTZ Y. Reference values of fat-free and fat masses by bioelectrical impedance analysis in 3393 healthy subjects. Nutrition, 2000;16:245-54

PISTERS, M. F.; VEENHOF, C.; SCHELLEVIS, F. G.; TWISK, J. W.; DEKKER, J.; DE BAKKER, D. H. Exercise adherence improving long term patient outcome in patients with osteoarthritis of the hip and/or knee. Arthritis Care & Research. 2010;62(8):1087–1094.

PODSIADLO D, RICHARDSON S. The timed "Up & Go": a test of basic functional mobility for frail elderly persons. Journal of the American Geriatrics Society, 1991;39:142-8.

SCHULZ, K. F.; ALTMAN, D. G.; MOHER, D.; CONSORT GROUP. CONSORT 2010 Statement: updated guidelines for reporting parallel group randomised trials. BMJ Open. 2010 Mar 23;340:c332

STEFFL, M.; BOHANNON, R. W.; SONTAKOVA, L. Relationship between sarcopenia and physical activity in older people: a systematic review and meta-analysis. Clinical Interventions in Aging, 2017 May 17;12:835-845

TWISK, J. W. R. Applied longitudinal data analysis for epidemiology: a practical guide, 2003 ISBN:0521819768

YEUNQ, S. S. Y.; REIJNIERSE, E. M.; PHAM, V. K.; TRAPPENBURQ, M. C.; LIM, W. K.; MESKERS, C. G. M.; MAIER, A. B. Sarcopenia and its association with falls and fractures in older adults: A systematic review and meta-analysis. Journal of Cachexia, Sarcopenia and Muscle, 2019 Jun;10(3):485-500
