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REVIEW TITLE AND BASIC DETAILS

Review title
Physical activity interventions to improve muscle strength and mobility in people aged 60 years and older
with sarcopenia

Review objectives
1. Which forms of exercise (classified according to ProFaNE) impact on muscle strength in people aged 60
years and over with sarcopenia compared to no or minimal intervention?
2. Which forms of exercise (classified according to ProFaNE) impact on mobility in people aged 60 years
and over with sarcopenia compared to no or minimal intervention?
If sufficient data exist, the following secondary objectives will be assessed.
3. Which forms of exercise (classified according to ProFaNE) impact on muscle mass in people aged 60
years and over with sarcopenia compared to no or minimal intervention?

Keywords
ageing, exercise, Physical activity, sarcopenia, strength, mobility, older people

SEARCHING AND SCREENING

Searches
A systematic literature search will be conducted in MEDLINE, EMBASE, Cochrane Central Register of
Controlled Trials (CENTRAL), LILACS and SPORTSDiscus databases, using keywords, MeSH and other
index terms, as well as combinations of these terms and appropriate synonyms. There will be no
restrictions on the date of publication and language.

Study design
We will include randomised controlled trials and quasi-randomised controlled trials.

PROSPERO
International prospective register of systematic reviews

https://www.crd.york.ac.uk/PROSPERO/view/CRD42020152515


ELIGIBILITY CRITERIA

Condition or domain being studied
Sarcopenia is a progressive and generalised musculoskeletal disorder affecting older people that involves
accelerated loss of muscle mass and function. Recent consensus regarding the definition of sarcopenia
has been published by the European Working Group on Sarcopenia in Older People (EWGSOP2).
Sarcopenia is now recognised as a muscle disease with low muscle strength overtaking the role of low
muscle mass as a primary indicator of sarcopenia. Sarcopenia is a clinical biomarker to identify people at
increased risk of mobility disability. The Sarcopenia Definitions and Outcomes Consortium (SDCO)
identified grip strength as an important discriminator of mobility disability.
Whilst the causes of sarcopenia are multifactorial, physical activity has been identified as a potential
strategy to slow the loss of skeletal muscle and function, and it has been recommended as the primary
treatment of sarcopenia by recent evidence-based clinical practice guidelines. This review will examine the
effect of physical activity interventions on muscle strength and mobility among older adults with sarcopenia.

Population
Eligible studies will be those that included only participants 60 years of age or older with sarcopenia or
trials in which participants had an average or median age of at least 60 years old.
Trials in which participants had an average age of less than 60 years and/or were not diagnosed with
sarcopenia will be excluded.

Intervention(s) or exposure(s)
Exercise or physical activity more broadly interventions will be included. Physical activity represents activity
where energy expenditure is increased above resting levels, e.g. walking, housework and daily chores.
Exercise is a sub-set of physical activity and refers to a structured, formal and premeditated form of
physical activity. Examples include attending a gymnasium, group exercise training, resistance training,
running, swimming, jogging etc.
Resistance training, aerobic exercise, group exercise sessions including dancing, yoga, sports and games
will be included.
Interventions, where the exercise component makes up less than approximately 50% of the total
intervention, will be excluded. Nutrition interventions with a brief exercise component (equivalent to less
than 50% of the total intervention) will be also excluded.
We will include studies with a minimum intervention length of 4 weeks.

Comparator(s) or control(s)
We will include in this review trials that consisted of one group that received a physical activity intervention
and a comparison exposed to placebo or no or minimal intervention or waitlist control. We will exclude trials
that compare physical activity intervention to another type of intervention.

Context
No restriction will be placed on the setting or context of the included trials. Trials utilising hospital inpatient
services, outpatient programs, community-based facilities or others will all be included. The location where
the intervention was delivered will be recorded and reported accordingly within the review.

OUTCOMES TO BE ANALYSED

Main outcomes
-Muscle strength measured with the following methods will be included: grip strength, the chair stand test,
and other validated strength tests.



-Mobility measured with the following methods will be included: gait speed, the Short Physical Performance
Battery (SPPB), the Time-Up and Go test (TUG), other validated mobility tests.

Measures of effect
Pre and post-intervention scores will be utilised where available. If baseline values are not reported, groups
will be compared at follow-up. If multiple follow-up data points are provided, the scores obtained as close to
the completion of the intervention as possible will be utilised.

Additional outcomes
Secondary outcome variable will include measures of muscle mass.
Trials that include muscle mass measured with the following methods will be included: total body Skeletal
Muscle Mass (SMM), Appendicular Skeletal Muscle Mass (ASM), muscle cross-sectional area of specific
muscle groups, Dual-energy X-ray absorptiometry (DXA), Computed tomography (CT), BIA Magnetic
resonance imaging (MRI), other validated muscle mass assessment.

Measures of effect
Pre and post-intervention scores will be utilised where available. If baseline values are not reported, groups
will be compared at follow-up. If multiple follow-up data points are provided, the scores obtained as close to
the completion of the intervention as possible will be utilised.

DATA COLLECTION PROCESS

Data extraction (selection and coding)
Two reviewers will screen titles and abstracts of potential articles. Where there was uncertainty about the
eligibility of a trial, the full text will be retrieved. Two independent reviewers will read full-texts and will
assess eligibility criteria using an electronic screening form and extract the data. Data will be extracted
according to the PRISMA Statement ensuring that all checklist items are satisfied.
The following data will be extracted:
• Author, year of publication, country
• Sample characteristics (sample size, age, sex of participants and setting)
• Intervention description (intervention duration; intervention dose, type of intervention)
• Methodological quality assessment (Physiotherapy Evidence Database (PEDro) scale)
• Outcome data collected at baseline and at first follow-up, or only at follow-up will include: strength, muscle
mass and mobility.
Both the electronic screening form and the data extraction form will be specially created for the review and
will be piloted before use. All disagreements regarding the selection of included studies or data extraction
will be solved by discussion and, if necessary, the arbitration will occur with a third reviewer.
We will include a PRISMA study flow diagram to document the screening process.
Authors of the included studies will be contacted if the study reports are incomplete or missing data. If the
author does not reply within two weeks, a second email will be sent as a reminder. If at the end of the
fourth week, a reply has not been received, we will use the available data.

Risk of bias (quality) assessment
The Physiotherapy Evidence Database (PEDro) scale will be used to rate the methodological quality of the
included trials.

PLANNED DATA SYNTHESIS

Strategy for data synthesis



For each included trial, we will calculate treatment effects measured by continuous variables using
standardised mean differences (SMD) with 95% confidence intervals (95%CI), for either between-group
differences in point estimates at the follow-up time points, or for between-group differences in change
scores, according to available data. Effect sizes will be categorised as small (0.2), medium (0.5) or larger
(0.8 or greater).
Treatment effects measured by dichotomous variables will be assessed using risk ratios and 95% CIs.
If sufficient data are available and the studies are not overly heterogeneous, a meta-analysis will be
conducted using the random-effects model. Statistical heterogeneity will be determined by visual inspection
of the forest plots and with consideration of the I² and χ² tests. Clinical heterogeneity will be determined by
consensus between the investigators on the basis of collective experience in the field.

Analysis of subgroups or subsets
Exploratory meta-regression analyses will be undertaken to establish whether there is evidence of a
differential impact of physical activity on sarcopenia on the basis of intervention (type of intervention,
duration of intervention) or population characteristics, if there are sufficient trials.

REVIEW AFFILIATION, FUNDING AND PEER REVIEW

Review team members

Dr Juliana S Oliveira, Institute for Musculoskeletal Health, School of Public Health, Faculty of Medicine
and Health, The University of Sydney
Professor Catherine Sherrington, Institute for Musculoskeletal Health, School of Public Health, Faculty
of Medicine and Health, The University of Sydney
Dr Nicola Fairhall, Institute for Musculoskeletal Health, School of Public Health, Faculty of Medicine
and Health, The University of Sydney, Sydney, Australia
Dr Graziela Tavares, Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS)

Review affiliation
The University of Sydney

Funding source
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TIMELINE OF THE REVIEW

Review timeline
Start date: 30 September 2019. End date: 31 July 2020

Date of first submission to PROSPERO
27 September 2019

Date of registration in PROSPERO
06 May 2020



CURRENT REVIEW STAGE

Publication of review results
The intention is not to publish the review once completed.

The review will be published in a peer-reviewed journal and presented at relevant national and international
conferences of health research.

Stage of the review at this submission

Review stage Started Completed
Pilot work  

Formal searching/study identification ✓ 

Screening search results against inclusion criteria  

Data extraction or receipt of IP  

Risk of bias/quality assessment  

Data synthesis  

Review status
The review is currently planned or ongoing.

ADDITIONAL INFORMATION

PROSPERO version history

Version 1.0 published on 06 May 2020

Review conflict of interest
None known

Country
Australia

Medical Subject Headings
Exercise; Humans; Muscle Strength; Range of Motion, Articular; Sarcopenia
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peer review registration records or endorse their content.

PROSPERO accepts and posts the information provided in good faith; responsibility for record content
rests with the review team. The owner of this record has affirmed that the information provided is truthful
and that they understand that deliberate provision of inaccurate information may be construed as scientific
misconduct.

PROSPERO does not accept any liability for the content provided in this record or for its use. Readers use
the information provided in this record at their own risk.

Any enquiries about the record should be referred to the named review contact
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ABSTRACT 18 

Background: Accurate assessment of the viscoelastic and biomechanical properties of soft 19 

tissues, including fascia, tendons, ligaments, and muscles, is crucial in both clinical and 20 

research settings. The Myoton device has emerged as a promising tool for this purpose. 21 

Therefore, it is important to validate the accuracy of Myoton by comprehensively identifying 22 
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the anatomical landmarks and standardizing the measurement procedures used during digital 23 

palpation for evaluating the biomechanical and viscoelastic properties of soft tissues.  24 

Methods: A systematic review was conducted using PubMed, Web of Science, Scopus, 25 

SciELO, LILACS, and Embase databases. PRISMA 2020 guidelines were used to ensure 26 

methodological transparency and rigor. Risk of bias in the included studies was assessed using 27 

the Joanna Briggs Institute (JBI) critical appraisal tool. For the meta-analysis, data were 28 

analyzed using R software. 29 

Findings: Twenty-nine studies were included in the qualitative synthesis. The application of 30 

the Myoton device demonstrated variability across three aspects: selected anatomical 31 

landmarks, joint angulation, and participant positioning during the analysis procedures. 32 

Demographic characteristics, including sex, age, and health-related aspects, were identified as 33 

potential factors affecting both the results and the accuracy of the verification of the viscoelastic 34 

properties of soft tissues. 35 

Interpretation: Although Myoton presents a tool for biomechanical evaluation, protocols must 36 

be standardized, based on the identified methodological variations and contingency factors. 37 

The advancement of biomechanical assessment with the Myoton device requires a balance 38 

between methodological standardization and specific criteria to ensure consistency in 39 

collection, validity of results, and the flexibility needed for different clinical applications. 40 

 41 

Key words: Myoton, Soft Tissue Injuries, Soft Tissue Therapy, Fascia 42 

 43 

 44 

 45 

Introduction 46 

Objective assessment of soft tissue properties has evolved substantially, providing 47 

alternatives to the inherent limitations of traditional manual palpation. The complexity of 48 
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human anatomy, influenced by genetic, environmental, and pathological factors, necessitates 49 

accurate assessment methods for effective diagnosis and treatment planning (Moore et al., 50 

2013; Sadler, 2019).  51 

Myoton is a computerized digital palpation technology that provides objective 52 

assessments of tone, stiffness, elasticity, relaxation time, and creep in a non-invasive manner 53 

(Chuang et al., 2012; Chen et al., 2019). Its application has expanded in the fields of 54 

physiotherapy and medicine, with studies in various populations demonstrating its efficacy in 55 

these areas (Mencel et al., 2021b; Bravo-Sánchez et al., 2021a). 56 

However, studies indicate that measurements of viscoelastic properties are influenced 57 

by variables such as tissue thickness and composition, demographic characteristics, physical 58 

conditioning, variations in collagen distribution, measurement angles, and subject positioning 59 

(Agyapong-Badu et al., 2016; Mencel et al., 2021b; Alamäki et al., 2007; Chen et al., 2019). 60 

The lack of consensus on specific anatomical landmarks and standardized protocols 61 

undermines the comparability of studies and the reliability of clinical findings. 62 

The aim of this systematic review and meta-analysis was to examine the anatomical 63 

landmarks and procedures used in soft tissue assessment with Myoton. The results are 64 

expected to provide evidence-based guidelines for the standardization of protocols, 65 

contributing to enhanced accuracy and comparability of results in clinical and research 66 

settings. 67 

. 68 

Method  69 

 70 

A systematic review was conducted in accordance with the PRISMA-2020 (Preferred 71 

Reporting Items for Systematic Reviews and Meta-Analyses) methodological guidelines (Page 72 
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et al., 2020). The protocol was registered under CRD42023467112 (Centre for Reviews and 73 

Dissemination), in the international prospective register of systematic reviews (PROSPERO). 74 

 75 

Eligibility criteria 76 

 Inclusion criteria: Clinical trial (CT) studies, randomized clinical trial (RCT) studies, 77 

and observational studies within the study scope were considered eligible. The articles 78 

available in Portuguese, English, and Spanish were included. Studies involving populations 79 

with individuals aged 18 and above, regardless of health condition and/or any classification, 80 

who underwent assessment using Myoton (MyotonPro®, Myoton-2 and Myoton-3) were 81 

included. Studies aimed at analyzing the anatomical constitution of soft tissues, taking into 82 

account factors such as stiffness, viscoelasticity, reliability, and variability with the use of the 83 

device, were included. 84 

Exclusion criteria: The following documents were excluded from the qualitative 85 

synthesis: literature reviews of any nature, theses, and dissertations (master’s and doctoral), 86 

personal opinion studies, laboratory studies, editorials, comments, letters, pamphlets, 87 

newspapers, and conference abstracts. The observational studies, books, and articles containing 88 

methodologies for developing the stages of a systematic review could be used only to enrich 89 

the research, but were not included in the qualitative synthesis for inclusion. In addition, studies 90 

that did not perform myotonometry assessment using any version of Myoton, or studies that 91 

did not provide details on the anatomical landmarks and/or procedures used to measure tissue 92 

viscoelastic and biomechanical properties were excluded. 93 

 94 

Information sources  95 

 96 
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Data were collected between March and April 2024. Electronic searches were 97 

conducted by two independent researchers (B.D.S., L.S.). In case of disagreement, a third 98 

author (I.B.N.) was consulted. The following databases were listed: PubMed, Web of Science, 99 

Scopus (Elsevier), Embase, SciELO, and LILACS/BVS. The search strategy used Health 100 

Sciences Descriptors (DeCS/MeSH) such as Muscle, Dimensional Measurement Accuracy, 101 

Elasticity, Viscoelastic Substances, using Boolean operators AND and OR. 102 

 103 

Search strategies  104 

The search strategies were adapted to the specific requirements of each database. All 105 

searches were conducted between May and June 2024. The search terms applied in the 106 

databases were as follows: 107 

- PubMed: (((Muscle [Title/Abstract]) OR (((Dimensional Measurement Accurac 108 

[Title/Abstract]) OR ((Elasticity [Title/Abstract]) OR (((Viscoelastic Substances 109 

[Title/Abstract]); (((Muscle [Title/Abstract]) AND (((Dimensional Measurement Accurac 110 

[Title/Abstract]) AND ((Elasticity [Title/Abstract]) AND (((Viscoelastic Substances 111 

[Title/Abstract]) 112 

- Web of Science: “Muscle” AND “Dimensional Measurement Accurac” AND 113 

“Elasticity” AND “Viscoelastic Substances”; “Muscle” OR “Dimensional Measurement 114 

Accurac” OR “Elasticity” OR “Viscoelastic Substances” 115 

 Scopus: (Muscle (TITLE-ABS-KEY)) OR (Dimensional Measurement Accurac (TITLE-116 

ABS-KEY OR (Elasticity (TITLE-ABS-KEY)) OR (Viscoelastic Substances (TITLE-ABS-KEY)); 117 

(Muscle (TITLE-ABS-KEY)) AND (Dimensional Measurement Accurac (TITLE-ABS-KEY 118 

AND (Elasticity (TITLE-ABS-KEY)) AND (Viscoelastic Substances (TITLE-ABS-KEY)) 119 

- Embase: “Muscle” AND “Dimensional Measurement Accurac” AND “Elasticity” 120 

AND “Viscoelastic Substances”; “Muscle” OR “Dimensional Measurement Accurac” OR 121 

“Elasticity” OR “Viscoelastic Substances” 122 
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- SciELO: “Muscle” AND “Dimensional Measurement Accurac” AND “Elasticity” 123 

AND “Viscoelastic Substances”; “Muscle” OR “Dimensional Measurement Accurac” OR 124 

“Elasticity” OR “Viscoelastic Substances” 125 

- LILACS: “Muscle” AND “Dimensional Measurement Accurac” AND “Elasticity” 126 

AND “Viscoelastic Substances”; “Muscle” OR “Dimensional Measurement Accurac” OR 127 

“Elasticity” OR “Viscoelastic Substances” 128 

The search was conducted using the PICO strategy (Santos et al., 2007), mediated by 129 

the question: “What are the anatomical landmarks and collection procedures used by 130 

researchers in studies employing Myoton digital palpation devices to assess the biomechanical 131 

and viscoelastic properties of soft tissues?” Population: individuals aged 18 and above who 132 

were analyzed using Myoton; Intervention: assessment of biomechanical and viscoelastic 133 

properties using Myoton; Comparison: methods that used the Myoton as a digital palpation 134 

device by durometry or image analysis through elastography, or imaging methods that 135 

calculated tissue biomechanical properties; Outcome: reported anatomical landmarks and data 136 

collection protocols. Next, we constructed a comprehensive table outlining key study 137 

parameters, including author, year, type of study, country, diagnosis, sample, gender, and 138 

therapy performed in the experimental group (n) and control group (n). The results of the 139 

techniques and systematic values were included in the discussion. 140 

 141 

Selection process 142 

A protocol with pre-established criteria was developed, prioritizing the most recent 143 

studies with the strongest evidence. The guidelines of the Centre for Evidence-Based Medicine, 144 

Oxford, United Kingdom, highlighted the importance of internal validity (Murad et al., 2016).  145 

 146 

Data collection and listing process 147 
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The authors screened all titles and abstracts and reviewed the full texts of articles that 148 

met the predetermined inclusion and exclusion criteria. The results of the database search were 149 

stored in EndNote X9.1 (Clarivate Analytics). 150 

In the first stage, the authors (L.H.C.D. and I.B.N.) independently performed the search 151 

and assessed titles. The second stage involved screening the abstracts of the studies included 152 

in the first stage. In the third stage, full-text review comprising studies that met the specified 153 

criteria were included, as shown in Figure 1. Disagreements were resolved by a third reviewer 154 

(G.M.S.) following a priority check. 155 

The following information was extracted: 1) characteristics of the included studies 156 

(author, year, type of study, and country); 2) Myoton model, analysis parameter, mean age of 157 

the population, sample number (n), and clinical conditions; 3) anatomical landmarks 158 

(structure/identification); 4) positioning (p) strategy. The intervention vs. control group (CG) 159 

protocols.  160 

For the discussion, the selected inclusions were grouped into:  161 

a) Factors that affect soft tissues mechanics and potentially affect the reproducibility of 162 

Myoton recordings 163 

b) Outcomes of myometric parameters (stiffness, elasticity), and the interaction between 164 

measurement points  165 

 166 

Bias analysis and quality assessment of studies included in qualitative analysis 167 

Two independent reviewers (L.H.C.D. and I.B.N.) assessed the methodological 168 

quality and risk of bias of each study that met the selection criteria, using standardized Joanna 169 

Briggs Institute (JBI) instruments designed for CT and RCT studies. 170 

When using the JBI tools to assess the quality of a study, researchers follow a 171 

structured list of criteria, which are evaluated using the response options "yes", "no", 172 

"unclear", or "not applicable". This methodology facilitates a critical and detailed analysis of 173 
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the study, in accordance with the established criteria. Although the tool guidelines do not 174 

indicate a specific cut-off point, the overall risk of each study is classified as "High", 175 

"Moderate", or "Low", based on researchers-defined criteria.  176 

Based on the count or percentage of “yes” responses to the tool items, a percentage 177 

was calculated relative to the total number of questions applied in each checklist. Studies with 178 

>80% of positive responses were considered low risk of bias, those with 60% to 80% were 179 

classified moderate risk. Studies with <60% were classified high risk of bias and, 180 

consequently, were excluded from the final analysis. More details are available in tables 3, 4 181 

and 5. 182 

Organization of the meta-analysis 183 

Data were analyzed using R software (2024.09.1 Build 394) with the meta, metafor, 184 

and dplyr packages. Initially, a meta-analysis was conducted to investigate the stiffness of the 185 

rectus femoris in two distinct anatomical locations. The overall mean was used as the central 186 

reference for analysis. Heterogeneity between studies was assessed using I² statistic and 187 

Cochran’s Q test; I² values close to 25%, 50%, and 75% were considered as low, moderate, 188 

and high heterogeneity, respectively. For each anatomical location (Site 1: 2/3 of the distance 189 

between the anterior superior iliac spine and the superior pole of the patella; site 2: other 190 

locations), the combined effects, 95% confidence intervals (CI), and prediction intervals were 191 

calculated. The results were presented using a forest plot, where the size of the squares is 192 

proportional to the weight of the study in the analysis, and the diamonds represent the summary 193 

estimates. A meta-regression was performed to investigate heterogeneity, considering the year 194 

of publication and sample size. This analysis evaluated temporal trends in the measurement of 195 

stiffness, and the influence of sample size on the results. The results of the meta-regression 196 

were presented graphically, displaying the regression line and 95% CIS. For the time axis, 197 

biannual markings were used. 198 
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Residual heterogeneity was assessed, and results were expressed in terms of tau² (τ2) 199 

(variance between studies) and P-value. All analyses were performed using random-effects 200 

models with the Restricted Maximum Likelihood (REML) method to estimate heterogeneity. 201 

Results 202 

Study selection 203 

A total of 5,227 articles were identified. After removing 1,582 duplicate articles, 3,645 204 

articles remained for analysis. In the first stage of the screening, a comprehensive analysis of 205 

titles and abstracts was performed using the PICO question, eliminating 3,604 articles. Nine 206 

studies were recovered by manual search and gray literature search on Google Scholar. 207 

However, upon further examination, 7 out of the 9 studies retrieved were excluded. Of the 44 208 

articles eligible for full reading, 15 were excluded from the analysis due to the following 209 

factors: 8 presented insufficient details in the methods; 3 evaluated a different outcome; 3 210 

applied Myoton to other areas; and 1 study in which the Myoton results were not elucidated. 211 

Thus, 29 scientific studies remained for qualitative synthesis, as shown in Figure 1.  212 
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 213 

Figure 1. Flowchart of studies included in the systematic review 214 
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Figure 1 - Flowchart of the selection process for bibliographic search. Florianópolis, SC, Brazil, 2023. 254 

Source: Checklist by Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The 255 

PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:71. doi: 256 

10.1136/bmj. n71. For more information, visit: http://www.prisma-statement.org/. 257 
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General characteristics of the research: type of study; country where the research was 258 

developed; type of scale and instrument used to measure pain, Table 1 259 

 260 

Among the 29 studies, the majority were conducted in China (24%), Poland (21%), and 261 

Germany (17%), the remaining countries represented 38% of the publications. Regarding the 262 

methodological design, most studies were observational (n = 16; 55%), followed by quasi-263 

experimental (n = 7; 24%), and randomized clinical trials (n = 6; 21%). The Myoton device 264 

versions used were MyotonPRO (n = 25), followed by Myoton 3 (n = 3), and Myoton 2 (n = 265 

1). Among the tissue properties analyzed, stiffness was most commonly investigated (39%), 266 

followed by muscle tone (28%), elasticity (19%), relaxation time (7%), and creep (7%). The 267 

sample compromised mainly healthy adults (52%) and athletes (28%). Regarding the 268 

anatomical structures evaluated, the rectus femoris was most extensively examined (23%), 269 

followed by the medial gastrocnemius (11%), biceps brachii (9%), vastus lateralis (9%), and 270 

lateral gastrocnemius (9%), making up 62% of the musculoskeletal analyses, with more details 271 

in Table 1 272 

 273 

Table 1 - General characteristics of the studies included in the qualitative synthesis. 274 

Author and year / 

Type of study / 

Country 

n / MDI / Gender Clinical 

condition / 

Myoton / 

Parameter 

Anatomical landmarks and identification methods 

Agyapong-Badu et 
al., 2016/ OS / 
United Kingdom 

n(123) / YM 24.5 ± 
4.7; YF 26.8 ± 4.7; 
OM 74.2 ± 5.9; OF 
76.1 ± 6.4 / MF 

HA / MP / 
S, E, T 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; BICEPS BRACHII: 50% between the 
anterior surface of the lateral tip of the acromion and the medial 
border of the cubital fossa 

Agyapong-Badu et 
al., 2018 / OS / 
United Kingdom 

n(53) / YM 24.1 ± 
4.7; YF 25.4 ± 3.6; 
OM 75.8 ± 7.6; OF 
78.2 ± 7.9 / MF 

HA / MP / 
S, E, T 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; BICEPS BRACHII: 50% between the 
anterior surface of the lateral tip of the acromion and the medial 
border of the cubital fossa 

Alaca; Kablan., 
2022 / OS / Turkey 

n(23) / 21.20 ± 1.95 
/ M 

ATH / MP 
/ S, E, T 

RECTUS FEMORIS: 50% of the distance between ASIS and the 
superior pole of the patella 
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Bravo-Sánchez et 
al., 2021/ OS / 
Spain(A) 

n(53) / 28.3 ± 9.1 / 
MF 

HA / MP / 
S, T 

VASTUS LATERALIS: 50% between the superior pole of the patella 
and the greater trochanter 

Bravo-Sánchez et 
al., 2021 / OS / 
Spain(B) 

n(195) / EG 48.9 ± 
10.0; CG 55.4 ± 9.4 
/ NI 

ATH / MP 
/ S 

ACHILLES TENDON: 30 mm above the calcaneal tuberosity 

Chang et al., 2021 / 
OS / China(A) 

n(15) / EG 22.5 ± 
2.4; CG 22.4 ± 2.9 / 
MF 

HA / MP / 
S 

 LATERAL GASTROCNEMIUS: 30% of the distance between the 
fibular capitulum and the calcaneal tuberosity; MEDIAL 
GASTROCNEMIUS: 30% proximal of the distance between the 
popliteal fold and the lateral malleolus; ACHILLES TENDON: 4 cm 
above the calcaneal tuberosity 

Chen et al., 2019 / 
OS/ China 

n(30) / 24.7 ± 1.6 / 
MF 

HA / MP / 
S, T 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; PATELLAR TENDON: 50% of the 
distance between the distal patellar border and the tibial tuberosity; 
VASTUS LATERALIS: visual-palpatory - most prominent point of 
the contracted muscle; VASTUS MEDIALIS: visual-palpatory - 
most prominent point of the muscle 

Chuang et al., 
2012/ QES / 
Taiwan 

n(67) / 54.67 ± 
10.90 / MF 

CVA / M3/ 
S, E, T 

EXTENSOR DIGITORUM: visual-palpatory - center of the muscle 
belly; FLEXOR CARPI RADIALIS: visual-palpatory - center of the 
muscle belly; FLEXOR CARPI ULNARIS: visual-palpatory - center 
of the muscle belly 

García-Rueda et al., 
2024/ RCT/ Poland 

n(36) / 58.8 ± 11.9 
58.3 ± 11.0 / MF 

CVA / MP 
/ S, T, RT 

LATERAL GASTROCNEMIUS: visual-palpatory - center of the 
muscle belly; MEDIAL GASTROCNEMIUS: visual-palpatory - 
center of the muscle belly; QUADRICEPS: visual-palpatory - center 
of the muscle belly 

Gavronski et al., 
2007/ OS / Estonia 

n(5) / 18–19 / M ATH / M2/ 
S, E, T 

BICEPS FEMORIS: visual-palpatory - most prominent point of the 
muscle during contraction; MEDIAL GASTROCNEMIUS: visual-
palpatory - most prominent point of the muscle during contraction; 
RECTUS FEMORIS: visual-palpatory - most prominent point of the 
muscle during contraction;  TIBIALIS ANTERIOR: visual-
palpatory - most prominent point of the muscle during contraction;  
BICEPS BRACHII: visual-palpatory - most prominent point of the 
muscle during contraction; TRICEPS BRACHII: visual-palpatory - 
most prominent point of the muscle during contraction 

Hao et al., 2021 / 
RCT/ China 

n(60) / EG 22.21 ± 
3.17 CG22.45 ± 
4.69 / MF 

ULD / MP 
/ S, T 

BICEPS BRACHII: 50% between the anterior surface of the lateral 
tip of the acromion and the medial border of the cubital fossa 

Jarosz et al., 2023/ 
OS/ Poland 

n(14) / 18–40 / M ATH / MP 
/ S, T 

RECTUS FEMORIS: 50% of the distance between ASIS and the 
superior pole of the patella 

 275 

 276 

Table 1 - (continued) 277 

Author and year / 

Type of study / 

Country 

n / MDI / Gender Clinical 

condition / 

Myoton / 

Parameter 

Anatomical landmarks and identification methods 

Kelly et al., 2021/ 
RCT / United 
States 

n(60) / 23 ±2.99 / 
MF 

HA / MP / 
S 

MEDIAL GASTROCNEMIUS: 4 fingers below the popliteal fold on 
the gastrocnemius belly 
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Klich et al., 2020/ 
OS / Poland 

n(15) / 26 ± 4/ M ATH / MP 
/ S 

RECTUS FEMORIS: musculotendinous points at the initial 
insertion and terminal fixation; QUADRICEPS TENDON:  1/3 
proximal between the superior border of the patella and point 2 (RF); 
PATELLAR TENDON: 50% of the distance between the distal 
patellar border and the tibial tuberosity; TENSOR FASCIA LATA: 
50% of the line between the ASIS and the greater trochanter; 
VASTUS LATERALIS: 3 points on the muscle belly, divided into 
three equal parts; VASTUS MEDIALIS: visual-palpatory - center of 
the muscle belly 

Konrad et al., 2023 
/ QES / Germany 

n(18) / 29.6 ± 6.0 / 
M 

ATH / MP 
/ S 

LATERAL GASTROCNEMIUS: SENIAM; MEDIAL 
GASTROCNEMIUS: SENIAM; RECTUS FEMORIS: 2/3 of the 
distance between ASIS and the superior pole of the patella; 
ACHILLES TENDON: level of the medial malleolus; PATELLAR 
TENDON: 50% of the distance between the distal patellar border and 
the tibial tuberosity; VASTUS LATERALIS: SENIAM; VASTUS 
MEDIALIS: SENIAM 

Konrad, 
Paternoster, 2022/ 
QES / Germany 

n(16) / 30.5 ± 4.5 / 
M 

HA / MP / 
S 

LATERAL GASTROCNEMIUS: SENIAM; MEDIAL 
GASTROCNEMIUS: SENIAM; RECTUS FEMORIS: 2/3 of the 
distance between ASIS and the superior pole of the patella; 
ACHILLES TENDON: level of the medial malleolus; PATELLAR 
TENDON: 50% of the distance between the distal patellar border and 
the tibial tuberosity; VASTUS LATERALIS: SENIAM- VASTUS 
MEDIALIS: SENIAM 

Lee et al., 2021 / 
OS / Korea 

n(40) / 22.15 ± 2.29 
/ MF 

HA / MP / 
S 

BICEPS FEMORIS: 1/4 of the distance between the posterior 
superior iliac spine and the BF tendon; MEDIAL 
GASTROCNEMIUS: visual-palpatory - largest cross-section of the 
muscle belly; RECTUS FEMORIS: 1/3 of the distance between the 
anterior superior iliac spine and the patella; TIBIALIS ANTERIOR: 
visual-palpatory - largest cross-section of the muscle belly 

Lo et al., 2017/ 
RCT/ China(A) 

n(28) / 58.7 ± 12.8 / 
MF 

CVA / MP 
/ T 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; TIBIALIS ANTERIOR: 2/3 of the 
distance between the lateral condyle of the tibia and the medial 
cuneiform; BICEPS BRACHII: 50% between the anterior surface of 
the lateral tip of the acromion and the medial border of the cubital 
fossa; BRACHIORADIAL: Upper 2/3 of the supracondylar ridge 
lateral to the styloid process 

Lo et al., 2017/ OS 
/ China(B) 

n(29) / 58.9 ± 12.6 / 
MF 

CVA / M3 
/ S, E, T, C 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; TIBIALIS ANTERIOR: 2/3 of the 
distance between the lateral condyle of the tibia and the medial 
cuneiform; BICEPS BRACHII: 50% between the anterior surface of 
the lateral tip of the acromion and the medial border of the cubital 
fossa; BRACHIORADIAL: Upper 2/3 of the supracondylar ridge 
lateral to the styloid process 

Mencel et al., 2021 
/ QES / Poland(A) 

n(32) / M 21.2 ± 
0.6; F 21.2 ± 0.9 / 
MF 

HA / MP / 
S, E, T, C, 
RT 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; TIBIALIS ANTERIOR: visual-palpatory 
- center of the muscle belly; BICEPS BRACHII: visual-palpatory - 
center of the muscular belly 

Mencel et al., 2021/ 
OS / Poland(B) 

n(16) / 21.2 ± 0.6 / 
M 

HA / MP / 
S, E, T, C, 
RT 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; TIBIALIS ANTERIOR: 50% of the 
distance from the lateral knee joint space to the most anterior portion 
of the lateral ankle; BICEPS BRACHII: 50% between the axillary 
fossa and the cubital fossa 

 278 

 279 

 280 

 281 
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Table 1 - (continued) 282 

Author and year / 

Type of study / 

Country 

n / MDI / Gender Clinical 

condition / 

Myoton / 

Parameter 

Anatomical landmarks and identification methods 

Mustalampi et al., 
2013 / OS / Finland 

n(20) / 39.9 ± 13.5 / 
MF 

HA / M3/ 
S, E, T 

RECTUS FEMORIS: 15 cm from the superior border of the patella, 
center of the muscular belly 

Ramazanoğlu et al., 
2020 / OS / Turkey 

n(389) / 28.64 ± 
9.68 / MF 

HA / MP / 
S, E, T 

LATERAL GASTROCNEMIUS:  30 cm above the posterior border 
of the lateral malleolus; MEDIAL GASTROCNEMIUS: 30 cm 
above the posterior border of the medial malleolus; RECTUS 
FEMORIS: 2/3 of the distance between ASIS and the superior pole 
of the patella; TIBIALIS ANTERIOR: 12 cm below the lateral 
condyle of the femur; VASTUS LATERALIS: 25 cm below the 
greater trochanter; VASTUS MEDIALIS: 18 cm above the medial 
border of the midpoint of the patella 

Roth et al., 2021/ 
RCT / Germany 

n(28) / EG 26.57 ± 
4.20; CG 25.29 ± 
2.97 / M 

ATH / MP 
/ S, E, T, 
C, RT 

RECTUS FEMORIS: 50% of the distance between ASIS and the 
superior pole of the patella 

Schneider et al., 
2015 / QES / 
Germany 

n(11) / F 38 ± 5; M 
42 ± 9 / MF 

HA / MP / 
S, E, T, C, 
RT 

LATERAL GASTROCNEMIUS: visual-palpatory - center of the 
muscle belly; ACHILLES TENDON: visual-palpatory 

Schroeder et al., 
2019/ OS / 
Germany 

n(20) / 24.7 ± 2.9 / 
MF 

HA / MP / 
S, E, T 

RECTUS FEMORIS: 50% of the distance between ASIS and the 
superior pole of the patella 

Wolska et al., 2023 
/ RCT/ Poland 

n(31) / EG 22.1 ± 
1.8; CG 21.8 ± 1.6 / 
NI 

ATH / MP 
/ S, E, T 

LATERAL GASTROCNEMIUS: NL; MEDIAL 
GASTROCNEMIUS: RECTUS FEMORIS: musculotendinous 
points at the initial insertion and terminal fixation; SOLEUS: NL; 
TENSOR FASCIAE LATAE: 50% of the line between the ASIS and 
the greater trochanter; VASTUS LATERALIS: 3 points on the 
muscle belly, divided into three equal parts; VASTUS MEDIALIS: 
visual-palpatory - center of the muscle belly 

Yu et al., 2022 / 
QES/ China 

n(30) / M 21.13 ± 
0.35; F 21.27 ± 0.80 
/ MF 

STU / MP / 
S 

BICEPS FEMORIS: 50% between the ischial tuberosity and the head 
of the fibula; LATERAL GASTROCNEMIUS: 2/3 of the distance 
between the calcaneal tuberosity and the head of the fibula; MEDIAL 
GASTROCNEMIUS: 30% proximal of the distance between the 
popliteal fold and the lateral malleolus; SEMITENDINOSUS: 50% 
of the distance from the sciatic tuberosity to the medial epicondyle 
of the femur; SOLEUS: 2/3 of the distance between the medial 
femoral condyle and the medial malleolus 

Zhu et al., 2022 / 
QES / China 

n(30) / 21.5 ± 1.2 / 
M 

HA / MP / 
S 

RECTUS FEMORIS: 2/3 of the distance between ASIS and the 
superior pole of the patella; PATELLAR TENDON: 3 landmarks: 
apex of the patella, between the apex of the patella and the tibial 
insertion, and tibial insertion; VASTUS LATERALIS: visual-
palpatory - most prominent point of the muscle; VASTUS 
MEDIALIS: visual-palpatory - most prominent point of the muscle 

Legend: OS-observational study, RCT-randomized clinical trial, QES-quasi-experimental study, EG-experimental 283 

group, CG-control group, YM-young male; YF-young female, OM-older male, OF-older female, M-male, F-284 

female, MF-male and female, NI-not identified, S-stiffness, E-elasticity, T-tone, TR-relaxation time, C-creep, 285 

ATH-athlete, CVA-cerebrovascular accident, HA-healthy adult, ULD-upper limb dystrophy, STU-student, MP-286 

MyotonPro, M2-Myoton 2, M3-Myoton 3, ASIS-anterior superior iliac spine 287 

 288 

 289 
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Methods and strategies used by the studies included in the qualitative synthesis, table 2. 290 

 291 

Table 2 - Methods and strategies used by the studies included in the qualitative synthesis 292 

Author and year / Type of 

study / Country 

Methodological positions and strategies 

Agyapong-Badu et al., 2016 / 
OS / United Kingdom 

Participants tested in DD. For BB, shoulder externally rotated and elbows extended and wrist 
supinated. A rolled towel was placed under the wrist to flex the elbow approximately.  The RF 
measurement was performed with the knee extended and hip neutral, with sandbags placed on 
both sides of the ankle to maintain this position. Two sets of 10 mechanical pulses were 
conducted, with 1-min rest  

Agyapong-Badu et al., 2018 / 
OS/ United Kingdom 

Participants tested in DD. For BB, shoulder externally rotated and elbows extended and wrist 
supinated. A rolled towel was placed under the wrist to flex the elbow approximately.  The RF 
measurement was performed with the knee extended and hip neutral, with sandbags placed on 
both sides of the ankle to maintain this position. Two sets of 10 mechanical pulses were 
conducted, with 1-min rest 

Alaca; Kablan, 2022/ OS/ 
Turkey 

Participants arrived 20 mins before testing to adapt to the room temperature, kept between 24 and 
26°C, and remained in DD. Application of low-intensity (0.58 N) and short-duration (15 ms) 
mechanical pulse  

Bravo-Sánchez et al., 2021 / 
OS / Spain(A) 

Participants in DD, with knees extended. Ten short mechanical pulses (15 ms)  

Bravo-Sánchez et al., 2021 / 
OS / Spain(B) 

Three consecutive measurements were taken 30 mm above the Achilles tendon insertion. 
Mechanical touch (15 ms) with a pre-compression of 0.18 N and a pulse of 0.40 N (total = 0.58 
N) on the skin surface. The data were always processed by the same blind researcher 

Chang et al., 2021/ OS / 
China(A) 

Participants were in VD, with the knee joint fully extended, the hip in the neutral position and the 
ankle joint in a relaxed position 

Chen et al., 2019 / OS / China Active contraction of the lower limbs, with forced extension of the hip and knee. Measurements 
taken with 0°, 30°, 60° and 90° of knee flexion, using a goniometer. Room temperature was kept 
at 25°C. Participants remained in DD  

Chuang et al., 2012 / QES/ 
Taiwan 

Elbow joint flexed 30° to 45° from the longitudinal axis of the arm, with the palm facing down 
to measure the extensor digitorum and the palm facing up to measure the flexor carpi ulnaris and 
radialis. Myotonometric testing conducted before and after interventions. Three trials were 
recorded and the mean value was used for analysis.  

García-Rueda et al., 2024 / 
RCT/ Poland 

Subject in DD position 

Gavronski et al., 2007 / OS / 
Estonia 

For measurement of the anterior muscles, the subject remained in DD; for the posterior muscles, 
VD was adopted. Seven weeks of measurement. All measurements were carried out by the same 
person, and made at the same muscle point.  Isometric contraction was standardized for each 
muscle using a 2.3 kg dumbbell 

Hao et al., 2021 / RCT / 
China 

Participants in DD with relaxed arms, neutral forearms and extended elbows. Room was 
maintained at 25°C.  If the elbows could not be fully extended, forearms were supported in a 
neutral position. Five measurements were taken, and their average was calculated 

Jarosz et al., 2023/ OS / 
Poland 

Determined in DD with a foam roller under the knee. The Myoton accelerometer was set to 3200 
Hz, and participants were instructed not to perform any resistance exercise 24 h before the start 
of the experimental session. Average value kept for analysis was obtained from five consecutive 
measurements (0.4 N per 15 m) 

Kelly et al., 2021/ RCT / 
United States 

The ankle position was maintained neutral in a resting position 
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Klich et al., 2020/ OS / 
Poland 

Participants were lying in DD position with their feet on the massage table. TA - knee was flexed 
at 90°.  Data collection for reliability assessment occurred 2 days before the main procedure 

Konrad et al., 2023/ QES / 
Germany 

Posterior part, VD, with the foot hanging freely. For the anterior thigh muscles, DD, with the hips 
and knees fully extended. For the patellar tendon, sitting position, with the hip and knee joints at 
90°. In total, three consecutive mechanical impacts at an impulse time of 15 ms and a force of 0.3 
to 0.4. Three measurements of three touches were performed 

 293 

 294 

Table 2 - (continued) 295 

Author and year / Type of 

study / Country 

Methodological positions and strategies 

Konrad; Paternoster, 2022 / 
QES / Germany 

To assess the triceps surae, the participant remained in VD, with the foot hanging freely. For the 
anterior thigh muscles, the participant was positioned in DD, with the hips and knees fully 
extended. For the patellar tendon, the participant remained in the sitting position, with the hip and 
knee joints at 90°. Three consecutive mechanical impacts  

Lee et al., 2021 / OS / Korea Resting RF stiffness was measured in DD.  Voluntary contraction was performed at 90° knee 
flexion on a short seat - 15 hip flexions with arms crossed on the chest. BF: VD, rest and 
contraction. Active voluntary contraction was performed by flexing the knee joint to 45°. TA: DD 
for measuring resting stiffness and contracted with 15° foot dorsiflexion. MG: VD with feet off 
the edge of the bed. To measure contracted MG stiffness, participants were asked to perform 35° 
plantar flexion  

Lo et al., 2017 / RCT / China 
(A) 

BB and BR- DD, elbow flexed at 10–15°, forearm supinated, with a towel placed under the wrist.  
TA - knee was flexed at 90°. Triple scan. Three consecutive pulses, one second apart in this study. 
Measurement started on the left and progressed to the right. Two sessions occurred on two 
consecutive days 

Lo et al., 2017 / OS / China 
(B) 

To measure BB, participants were positioned in DD with the elbow supinated and flexed to 10–
15°, with the support of a towel under the wrist. When measuring BR, the elbow was extended 
with the forearm pronated. RF measurement was performed in DD with the hips in neutral 
position and the knees fully extended. Triple scan mode. Each session was repeated 15 mins later 
by the second evaluator who followed the same procedure. The order of evaluators was not 
randomized  

Mencel et al., 2021 / QES/ 
Poland (A) 

Participants were placed in DD, relaxed, with the upper limb extended in supination along the 
torso and the lower limb extended.  

Mencel et al., 2021 / OS/ 
Poland (B) 

DD, with the upper limb extended along the torso in supination, the lower limb extended, neutral 
position. Five points were identified in each muscle, along its axis 

Mustalampi et al., 2013 / OS/ 
Finland 

Sitting position, knee flexion at 60° and hip flexion at 90°, with adjustments according to the 
subject's anthropometry. Measurements were performed with the quadriceps at rest and 20, 40, 
60, 80% of maximum voluntary contraction (MVC) 

Ramazanoğlu et al., 2020 / 
OS / Turkey 

Measurements were obtained from reference points of the muscles in supine and prone positions. 
The dominant leg was determined as the one used to kick a ball. The mean value of 3 
measurements was recorded 

Roth et al., 2021 / RCT / 
Germany 

They applied three sets of five measurements. If two of them were equal, that value was 
considered; otherwise, an average value was calculated. If the coefficient of variation was greater 
than 3%, this measurement was repeated  

Schneider et al., 2015 / QES 
/ Germany 

VD with arms along the body. 15 ms, force 0.4 N, under constant pre-compression force (0.18 
N). Measurements were performed 30 min before takeoff, during horizontal flight, before zero 
parabola, during the 1G phase before parabolas and at the 0G phase of each parabola. A final 
measurement was performed on the ground 30 min  
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Schroeder et al., 2019 / OS / 
Germany 

Subjects were lying comfortably with knees slightly flexed (supported by a pillow) in DD on a 
stretcher. Defined preload (0.18 N) and mechanical stimulus (0.4 N, 15 ms)  

Wolska et al., 2023 / RCT / 
Poland 

Lower dominant limb (right) at 23 reference points. Room temperature 21° and humidity 60%. 
Immediate measurement and 24-48-72-96 h post exercise at 23 measurement points. Three 
measurements were collected at each reference point, and the average was calculated 

Yu et al., 2022 / QES / China VD, with hands flat on both sides of the body and feet hanging naturally. Room temperature 25°C. 
The order of measurements in the different states (pre and post stretching) was randomized, with 
each muscle measured three times, with a one-min interval, and the average calculated  

Zhu et al., 2022 / QES / 
China 

DD, relaxed. Measurements were taken at room temperature of 25°C in a relaxed position with 
knee and hip flexed at 90°. They measured the stiffness of each position five times and used the 
average value for analysis 

Legend: OS-observational study, RCT-randomized clinical trial, QES-quasi-experimental study, DD-dorsal 296 

decubitus; VD-ventral decubitus; RF-rectus femoris, TA-tibialis anterior, BF-biceps femoris, AD-anterior deltoid; 297 

BB-biceps brachii, BR-brachioradialis, MD-medial gastrocnemius, °C-degree Celsius 298 

 299 

 Results of synthesis of bias 300 

Risk of bias was assessed using JBI tool. Of the 13 CT studies, 2 (15.38%) presented a 301 

low risk of bias and 11 (84.61%) presented a moderate risk. Of the 16 RCT studies, 6 (37.5%) 302 

showed a low risk of bias and 10 (62.5%) a moderate risk. Regarding the 17 observational 303 

studies (OS), 2 (11.76%) presented a low level of bias and 15 (88.23%) a moderate risk, as 304 

shown in tables 1, 2, and 3. 305 

 306 

Table 3 - Score for bias analysis of quasi-experimental studies (QES) using the Joanna 307 

Briggs Institute (JBI) instrument  308 

 309 

AUTHOR AND YEAR 1 2 3 4 5 6 7 8 9 Risk of 
bias (%) 

Risk of bias 

Chuang et al., 2012 Y Y N Y Y Y Y Y Y 89 LOW 

Konrad et al., 2023 Y Y N Y Y Y Y Y N 78 MODERATE 

Konrad; Paternoster, 
2022 

Y Y N Y Y Y Y Y N 78 MODERATE 

Mencel et al., 2021 (A) Y Y N N Y NA Y Y Y 67 MODERATE 

Schneider et al., 2015 Y Y N Y Y Y Y Y N 78 MODERATE 

Yu et al., 2022 Y Y N Y Y N Y Y Y 78 MODERATE 

Zhu et al., 2022 Y Y N N Y NA Y Y Y 67 MODERATE 

 310 

Legend: Y = Yes, N = No, NA = Not applicable; Results of JBI critical appraisal of quasi-experimental studies: 311 

Q1 = Is it clear from the study what the “cause” is and what the “effect” is (i.e., there is no confusion about 312 

which variable comes first)?; Q2 = Were the participants included in any comparison similar?; Q3 = Did the 313 

participants included in any comparison receive similar treatment/care other than the exposure or intervention of 314 

interest?; Q4 = Was there a control group?; Q5 = Were there multiple measurements of the outcome before and 315 
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after the intervention/exposure?; Q6 = Was follow-up complete and, if not, were differences between groups in 316 

terms of follow-up adequately described and analyzed?; Q7 = Were the outcomes of participants included in any 317 

comparison measured in the same way?; Q8 = Were the outcomes measured reliably?; Q9 = Was appropriate 318 

statistical analysis used? For inclusion, only studies with low risk of bias or moderate risk studies were 319 

considered 320 

Table 4 - Score for bias analysis of randomized clinical trials (RCT) using the Joanna Briggs 321 

Institute (JBI) instrument  322 

 323 

 324 

Legend: Y = Yes; N = No; U = Unclear; Results of JBI critical appraisal of studies for RCTs: Q1 = Was true 325 

randomization used to assign participants to treatment groups?; Q2 = Was allocation to treatment groups 326 

concealed?; Q3 = Were treatment groups similar at baseline?; Q4 = Were participants blinded to treatment 327 

assignment?; Q5 = Were those providing treatment blinded to treatment assignment?; Q6 = Were outcome 328 

assessors blinded to treatment assignment?; Q7 = Were treatment groups treated identically other than the 329 

intervention of interest?; Q8 = Was follow-up complete and, if not, were differences between groups in terms of 330 

follow-up adequately described and analyzed? Q9 = Were participants analyzed in the groups to which they 331 

were randomized? Q10 = Were the outcomes measured in the same way for the treatment groups? Q11 = Were 332 

the results measured reliably? Q12 = Was appropriate statistical analysis used? For inclusion, only studies with 333 

low risk of bias or moderate risk studies were considered 334 

 335 

Table 5 - Score for bias analysis of observational studies (OS) using the Joanna Briggs 336 

Institute (JBI) instrument   337 

AUTHOR AND YEAR 

  
 

1 2 3 4 5 6 7 8 9 10 11 12 Risk of 
bias (%) 

Risk of bias 

García-Rueda et al., 2024 Y Y Y Y N Y Y N Y Y Y Y 83.3 LOW 

Hao et al., 2021 Y Y Y Y N Y Y Y Y Y Y Y 91.7 LOW 

Kelly et al., 2021 Y Y Y N N N Y N Y Y Y Y 66.7 MODERATE 

Lo et al., 2017 (A) Y Y Y N N N Y N Y Y Y Y 66.7 MODERATE 

Roth et al., 2021 Y Y Y N N N Y N Y Y Y Y 66.7 MODERATE 

Wolska et al., 2023 Y Y Y N N Y Y N Y Y Y N 66.7 MODERATE 
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 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

 352 

 353 

 354 

Legend: Y = Yes; N = No; U = Unclear; Results of JBI critical appraisal of cross-sectional analytical 355 

studies: Q1 = Were the criteria for inclusion in the sample clearly defined?; Q2 = Were the study subjects and 356 

setting described in detail?; Q3 = Was the exposure measured validly and reliably?; Q4 = Were objective and 357 

standard criteria used to measure the condition?; Q5 = Were confounding factors identified?; Q6 = Were 358 

strategies to deal with confounding factors stated?; Q7 = Were the outcomes measured validly and reliably?; Q8 359 

= Was appropriate statistical analysis used? For inclusion, only studies with low risk of bias or moderate risk 360 

studies were considered 361 

 362 

Result of the meta-analysis 363 

 364 

The meta-analysis included 20 studies that evaluated the stiffness of the rectus femoris 365 

in two distinct anatomical locations, as shown in Figure 2. Site 1, corresponding to the point 366 

at 2/3 of the distance between the anterior superior iliac spine and the superior pole of the 367 

patella, was investigated in 11 studies with sample sizes ranging from 16 to 389 participants. 368 

AUTHOR AND YEAR 1 2 3 4 5 6 7 8 Risk of 
bias (%) 

Risk of bias 

Agyapong-Badu et al., 2016 Y Y Y Y N N Y Y 75.0 MODERATE 

Agyapong-Badu et al., 2018 Y Y Y Y N N Y Y 75.0 MODERATE 

Alaca; Kablan, 2022 Y Y Y Y N N Y Y 75.0 MODERATE 

Bravo-Sánchez et al., 2021 (A) Y Y Y Y N N Y Y 75.0 MODERATE 

Bravo-Sánchez et al., 2021 (B) Y Y Y Y Y Y Y Y 100.0 LOW 

Chang et al., 2021 (A) Y Y Y Y N N Y N 62.5 MODERATE 

Chen et al., 2019   Y Y Y Y N N Y N 62.5 MODERATE 

Gavronski et al., 2007 Y Y Y Y N N Y N 62.5 MODERATE 

Jarosz et al., 2023 Y Y Y Y N N Y Y 75.0 MODERATE 

Klich et al., 2020 Y Y Y Y N N Y N 62.5 MODERATE 

Lee et al., 2021 Y Y Y Y N N Y N 62.5 MODERATE 

Lo et al., 2017 (B) Y Y Y Y N N Y Y 75.0 MODERATE 

Mencel et al., 2021 (B) Y Y Y Y N N Y N 62.5 MODERATE 

Mustalampi et al., 2013 Y Y Y Y N N Y N 62.5 MODERATE 

Ramazanoğlu et al., 2020 Y Y Y Y Y Y Y Y 100.0 LOW 

Schroeder et al., 2019 Y Y Y Y N N Y N 62.5 MODERATE 
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Site 2, which includes other anatomical locations, was examined in nine studies with sample 369 

sizes ranging from 5 to 40 participants. The overall mean stiffness was 261.9 N/m. Site 1 370 

showed a pooled effect of 11.9 N/m (95% CI: −0.1 to 23.9) above the overall mean, whereas 371 

Site 2 showed a pooled effect of 6.3 N/m (95% CI: −12.5 to 25.2). The test for differences 372 

between subgroups indicated no statistically significant difference between locations (Q = 373 

0.23, df = 1, P = 0.6283). Heterogeneity analysis revealed high values for both sites. Site 1 374 

showed I² = 96.7% (95% CI: 95.5% to 97.7%, P < 0.0001), whereas Site 2 showed I² = 93.2% 375 

(95% CI: 95.5% to 97.7%, P < 0.0001), whereas Site 2 showed I² = 93.2% (95% CI: 89.2%). 376 

The total heterogeneity was I² = 95.5% (95% CI: 94.2% to 96.6%, P < 0.0001), with a 377 

prediction interval of −39.6 to 58.5 N/m in relation to the overall mean. 378 

At Site 1, 8 of the 11 studies showed values above the overall mean, with the largest 379 

positive differences observed in the studies by Agyapong-Badu et al. 2016 (+30.1 N/m, 95% 380 

CI: 23.7 to 36.4) and Lo et al. 2017b (+30.1 N/m, 95% CI: 12.4 to 47.8). At Site 2, five of the 381 

nine studies showed values higher than the overall mean, with the largest differences found in 382 

the studies by Klich et al. 2020 (+52.1 N/m, 95% CI: 34.4 to 69.8) and Mustalampi et al. 2013 383 

(+45.1 N/m, 95% CI: 31.5 to 58.6). 384 

  385 
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Figure 2– Meta-analysis and Forest plot of rectus femoris muscle stiffness between 386 

two different locations in the thigh (R software (2024.09.1 Build 394). Use of meta, 387 

metaphor, and dplyr packages. 388 

 389 

 390 
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 391 

Meta-regression by year of publication 392 

Meta-regression of rectus femoris stiffness (2007 and 2024) revealed a slightly positive 393 

trend in stiffness over the years, as shown in Figure 3. The overall mean stiffness (261.9 N/m) 394 

served as a reference for analyzing individual deviations, which ranged from −40 N/m to +40 395 

N/m in relation to this mean. 396 

The temporal distribution of the studies showed a greater concentration in the period 397 

from 2019 to 2023, with more consistent values and less variability compared to previous 398 

periods. The confidence intervals (95%) were narrower in this recent period, indicating greater 399 

precision in the estimates. Greater variability was observed in the temporal extremes, with 400 

emphasis on outliers in 2007 (−40 N/m) and 2015 (+40 N/m). 401 

The regression line showed a slightly positive slope, suggesting a modest increase in 402 

stiffness values over time. However, the wide confidence intervals indicate that this trend is 403 

not statistically significant. 404 

    405 

  406 
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Figure 3 – Meta-regression by year of publication 407 

 408 

 409 

 410 

Discussion 411 

 412 

Factors that interfere with the mechanical properties of muscles and may influence 413 

the reproducibility of Myoton recordings. 414 

 415 

When performing an assessment of the mechanical and viscoelastic properties of soft 416 

tissues using myotonometry, several factors must be considered to reduce possible biases. 417 

Regarding the age of the subjects, studies that performed myotonometry assessments with 418 

subjects in different age groups, have reported considerably higher values of mechanical 419 

properties associated with lower values of viscoelastic properties in older subjects (Agyapong-420 

Badu et al., 2016; Ramazanoğlu; Usgu; Yakut, 2020). This phenomenon was observed mainly 421 

in the lower limb, followed by the upper limbs, suggesting that these myotonometry variables 422 

could be used as a new type of biomarker for detecting muscle wasting, such as sarcopenia or 423 
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frailty (Agyapong-Badu et al., 2016; Ramazanoğlu; Usgu; Yakut, 2020; Roth; Rettenmaier; 424 

Behringer, 2021).  425 

Another relevant factor is sex, as there are reports of significant differences between 426 

the values of men and women (Agyapong-Badu et al., 2016; Mencel et al., 2021a; 427 

Ramazanoğlu; Usgu; Yakut, 2020). Significantly higher values of mechanical properties and 428 

significantly lower values of viscoelastic properties were reported in the male groups, but this 429 

difference was observed only in the lower limb structures (Agyapong-Badu et al., 2016; Mencel 430 

et al., 2021a; Ramazanoğlu; Usgu; Yakut, 2020). 431 

In addition to the similar findings on gender differences, significant differences in skinfold 432 

thickness measurements existed between men and women (Mencel et al., 2021a). However, 433 

despite the influence of skin tissue on myotonometry measurements and the necessity to report 434 

its variables by sex, myotonometry remains a reliable measure. It demonstrates moderate to 435 

strong associations with shear wave elastography stiffness measurements, resting and during 436 

muscle contraction situations (Lee; Kim; Lee, 2021; Mencel et al., 2021a). 437 

Regarding the effect of muscle contraction, studies report significant changes when 438 

evaluating structures during muscle contraction, highlighting the mechanical property of 439 

stiffness (Agyapong-Badu et al., 2018; Gavronski et al., 2007; Lee; Kim; Lee, 2021; 440 

Mustalampi et al., 2013). This focus on stiffness occurred due to its responsiveness and ability 441 

to identify different degrees of muscle activation, where a significant increase in this stiffness 442 

was observed in with increased muscle contraction in the lower and upper limbs (Agyapong-443 

Badu et al., 2018; Gavronski et al., 2007; Lee; Kim; Lee, 2021; Mustalampi et al., 2013). 444 

Therefore, when assessing the myotonometry variables of relaxed subjects, researchers 445 

should be mindful of postures that could potentially trigger muscle activation, including 446 

antigravity, uncomfortable, or painful postures (Agyapong-Badu et al., 2018; Gavronski et al., 447 
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2007; Lee; Kim; Lee, 2021; Mustalampi et al., 2013). Additionally, it is important to ensure 448 

that the subjects positioning promotes adequate muscle length and standardized joint 449 

amplitudes, as joint positioning has a marked influence on the values obtained (Agyapong-450 

Badu et al., 2018; Chen et al., 2019). 451 

In running athletes, the mechanical properties of the Achilles tendon, as measured by 452 

myotonometry, demonstrate a strong negative correlation with oxygen consumption during 453 

practice (Konrad et al., 2023). Thus, reduced stiffness of the Achilles tendon is associated with 454 

greater oxygen consumption during running (Konrad et al., 2023). However, when analyzing 455 

performance in countermovement and drop jumps, no associations were found between 456 

performance and the mechanical or viscoelastic properties of the gastrocnemius and Achilles 457 

tendon (Konrad; Paternoster, 2022). 458 

In cycling, it has been reported that athletes from different categories exhibit varied baseline 459 

stiffness values and respond differently to training (Klich et al., 2020). Klich and colleagues 460 

(2020) observed that endurance cyclists exhibited higher stiffness values than sprint cyclists in 461 

a baseline assessment, but that after a typical training session for each category, sprint cyclists 462 

exhibited significantly higher stiffness values than endurance cyclists. 463 

Other factors should be carefully considered to standardize the assessment using 464 

Myoton: aging (Agyapong-Badu et al., 2016; Mencel et al., 2021b), gender (Agyapong-Badu 465 

et al., 2016; Yu et al., 2022), and body composition (Alvarez-Diaz et al., 2016; Bravo-Sánchez 466 

et al., 2019) have shown substantial effects on tissue viscoelastic properties, highlighting the 467 

importance of adequate stratification of the studied populations. 468 

Finally, practices such as static stretching and the use of a foam roller also appear to 469 

affect the mechanical and viscoelastic properties in different ways, considerably reducing the 470 

mechanical properties, but further investigations are needed regarding different dosages of 471 
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these interventions and their impact on myotonometry (Chang et al., 2021; Schroeder et al., 472 

2019; Zhu et al., 2022). It is also worth highlighting the environmental conditions under which 473 

the experiments were conducted, including local temperature, as it is a relevant factor in tissue 474 

properties for data reliability: 21° C (Wolska et al., 2023), between 21 and 23°C (Schneebeli 475 

et al., 2023), between 22° and 23°C (Cadellans-Arróniz et al., 2021), between 24° and 26°C 476 

(Alaca, Kablan, 2020), 25°C (Chang et al., 2020a; Hao et al., 2021). Only one study reported 477 

ambient humidity, controlled at 60% (Wolska et al., 2023). 478 

 479 

Outcomes of myometric parameters from changes in muscle properties, considering 480 

stiffness, elasticity and the interaction between measurement points.  481 

 482 

Variability was identified in the reported values of mechanical and viscoelastic properties 483 

assessed by myotonometry. This high variability is attributed to the measurement location, as 484 

observed in the results of this meta-analysis, which indicated high heterogeneity in the stiffness 485 

values of the rectus femoris related to the point where the measurement was performed. 486 

The rectus femoris muscle was the most frequently evaluated, enabling a meta-analysis to 487 

be performed, where studies that evaluated stiffness at 2/3 of the length of the rectus femoris 488 

were compared (Agyapong-Badu et al., 2016; Agyapong-Badu et al., 2018; Chang et al., 2021; 489 

Chen et al., 2019; Konrad et al., 2022; Konrad; Paternoster, 2022; Lo et al., 2017a; Lo et al., 490 

2017b; Mencel et al., 2021a; Mencel et al., 2021b; Ramazanoğlu; Usgu; Yakut, 2020; Zhu et 491 

al., 2022) with studies that assessed stiffness at other points of the muscle (Alaca; Kablan, 492 

2022; García-Rueda et al., 2023; Gavronski et al., 2007; Jarosz et al., 2023; Klich et al., 2020; 493 

Lee; Kim; Lee, 2021; Mustalampi et al., 2013; Roth et al., 2021; Schroeder et al., 2019). 494 

Notably, although the results did not show a statistically significant difference between the 495 
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studies that evaluated 2/3 of the rectus femoris and the studies that evaluated other points of 496 

the respective muscle, it should be considered that there is high intragroup heterogeneity, which 497 

may explain the absence of statistical differences between groups. 498 

In addition to the heterogeneity in the myotonometry values observed in the meta-analysis, 499 

the present research identified site-dependent variability in measurements, and the findings 500 

indicated that myotonometry measurement may exhibit substantial fluctuations based on the 501 

positioning of the measurement site (Agyapong-Badu et al., 2018; Mencel et al., 2021b). 502 

Furthermore, the functional state of the muscles — whether relaxed or contracted — is 503 

highlighted by some researchers as a relevant factor in reliability (Mustalampi et al., 2013; 504 

Kelly et al., 2018; Kelly et al., 2021; Zhang et al., 2023). 505 

Regarding the analysis of the variation around the central point evaluated, considering 506 

a one-centimeter radius, significant differences were observed in the frequency, stiffness, and 507 

elasticity of the rectus femoris and biceps brachii, both in the longitudinal direction and in the 508 

mediolateral direction (Agyapong-Badu et al., 2018). Similarly, with increasing distance from 509 

the central point of measurement, difference increased in the longitudinal direction of the 510 

rectus femoris, tibialis anterior, and biceps brachii (Mencel et al., 2021b).   511 

An important factor to take into consideration is that Myoton has a probe that generates 512 

oscillations with a certain speed and force, applied perpendicularly to the tissue (McGowen 513 

et al., 2022). Thus, repetitive, short (15 ms) and low-intensity (0.58 N) mechanical pulses are 514 

produced in the skin, and the muscle or tendon then responds in the form of a damped 515 

oscillation, which is recorded by an acceleration sensor connected to the frictionless 516 

measuring mechanism (Schneider et al., 2015; Liu et al., 2019). Therefore, it is proposed to 517 

methodically adjust the process of data collection through myotonometry devices to ensure 518 

consistent data reliability. Additionally, it is recommended to prioritize the establishment of 519 
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further insights into the viscoelastic properties of the evaluated structures, their behavior in 520 

relation to the properties in different populations, and the possible variations that may arise 521 

when measuring structures along their entire length. 522 

This research presented some limitations that should be considered, such as the 523 

methodological heterogeneity between the studies. This was reflected in the variability of the 524 

collection protocols and the anatomical landmarks selected, leading to challenges in study 525 

comparisons, in addition to the limitations inherent to secondary data. In this sense, the uneven 526 

temporal distribution of the studies, with a concentration in the most recent period, limits some 527 

interpretations about previous periods, although it reinforces the trend of growing interest and 528 

methodological refinement in the area. Another factor was the uneven distribution of sample 529 

sizes, which resulted in less robust estimates that may limit some interpretations. Finally, the 530 

evolution of the field of biomechanical assessment using Myoton requires a balance between 531 

methodological standardization and the flexibility required for different clinical and research 532 

applications. The development of clear methodological guidelines, the expansion of 533 

investigations to diverse clinical populations, and the establishment of standardized protocols 534 

represent fundamental steps for the advancement of this field. Furthermore, the detailed 535 

description of the data collected is essential. Implementing these recommendations could 536 

enhance the methodological strength and reliability of findings in future investigations, 537 

strengthening the evidence base for specific clinical applications of the Myoton device. 538 

 539 

Conclusion 540 

Demographic characteristics, including sex, age, and health-related aspects, are the 541 

factors that can influence the results and reliability of the verification of the viscoelastic 542 

properties of soft tissues. Although Myoton shows potential as a reliable device for 543 
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biomechanical assessment, protocols must follow a standardized and robust guideline taking 544 

into account the aspects and contingency variables identified in this research. The evolution of 545 

the field of biomechanical assessment using Myoton requires a balance between 546 

methodological standardization and specific criteria, aimed at achieving uniformity in data 547 

collection, ensuring the validity of outcomes, and providing the necessary flexibility for various 548 

clinical applications. 549 

  550 
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SERVIÇO PÚBLICO FEDERAL
MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

Uruguaiana, 31 de Janeiro de 2023.

 

 

Declaro que Gracielle Pampolim participou como avaliadora do trabalho de conclusão do curso de
Fisioterapia da Universidade Federal do Pampa (Unipampa), campus Uruguaiana, intitulado
“Análise do risco de queda no ambito hospitalar de idosos internados por quedas”, dos
acadêmicos Carlos Daniel da Silva Alonso e Jeferson Luiz Martini Medeiros.

 

Sem mais,

Assinado eletronicamente por ANTONIO ADOLFO MATTOS DE CASTRO, PROFESSOR DO
MAGISTERIO SUPERIOR, em 01/02/2023, às 15:09, conforme horário oficial de Brasília, de
acordo com as normativas legais aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador
1044812 e o código CRC FC8D43E4.

Referência: Processo nº 23100.002193/2023-13 SEI nº 1044812

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL
MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

Declaro que Graziela Morgana Tavares participou como avaliadora do trabalho de conclusão do
curso de Fisioterapia da Universidade Federal do Pampa (Unipampa), campus Uruguaiana,
intitulado “Estratégias fisioterapêuticas na cicatrização de úlceras na atenção básica: um estudo
comparativo”, da acadêmica Mayara Messina Monteiro.

 

Sem mais,

Assinado eletronicamente por ANTONIO ADOLFO MATTOS DE CASTRO, PROFESSOR DO
MAGISTERIO SUPERIOR, em 28/06/2024, às 14:56, conforme horário oficial de Brasília, de
acordo com as normativas legais aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador
1477064 e o código CRC 7D0BDDEE.

Referência: Processo nº 23100.010797/2024-14 SEI nº 1477064

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL

MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

 

Atesto, para os devidos fins, que a Professora Dra. Graziela Morgana Silva Tavares - Orientadora, a
Professora Dra. Simone Lara e a Professora Dra. Fernanda Vargas Ferreira atuaram como Membros
Titulares da Banca de Defesa de Trabalho de Conclusão de Curso da discente Brenda Maia do
Nascimento, in2tulada Câncer de Mama: Categorização Bi-RADS Retrospec2va por Regiões, do
Curso de Especialização em Gestão em Saúde Unipampa/UAB, no dia 20/10/2022, no Campus
Uruguaiana, Estado do Rio Grande do Sul.

 

 

 

 

 

João Felipe Peres Rezer

Coordenador Acadêmico do Campus Uruguaiana

 

 

 

 

 

 

 

 

Campus Uruguaiana
Endereço: BR 472 - Km 585 - Caixa Postal 118 - Uruguaiana - RS

E-mail: sec.pos.uruguaiana@unipampa.edu.br

Assinado eletronicamente por JOAO FELIPE PERES REZER, Coordenador(a) Acadêmico(a), em
21/10/2022, às 16:31, conforme horário oficial de Brasília, de acordo com as normativas legais
aplicáveis.



A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador
0965357 e o código CRC BC48E786.

 

Referência: Processo nº 23100.016261/2022-32 SEI nº 0965357

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL

MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

 

Atesto, para os devidos fins, que a Professora Dra. Graziela Morgana Silva Tavares - Orientadora, a
Professora Dra. Patricia Maurer e a Professora Mestre Tamiris Beppler Mar/ns, atuaram como
Membros Titulares da Banca de Defesa de Trabalho de Conclusão de Curso da discente Nathalia de
Souza Pinheiro, in/tulada AVALIAÇÃO GLOBAL DA SAÚDE, AVD’S E RELATO DE DOENÇA DE IDOSOS
ATENDIDOS EM ESF DO MUNICÍPIO DE URUGUAIANA – RS, do Curso de Especialização em Gestão em
Saúde Unipampa/UAB, no dia 28/12/2022, no Campus Uruguaiana, Estado do Rio Grande do Sul.

 

 

 

 

 

João Felipe Peres Rezer

Coordenador Acadêmico do Campus Uruguaiana

 

 

 

 

 

 

Campus Uruguaiana
Endereço: BR 472 - Km 585 - Caixa Postal 118 - Uruguaiana - RS

E-mail: sec.pos.uruguaiana@unipampa.edu.br

Assinado eletronicamente por JOAO FELIPE PERES REZER, Coordenador(a) Acadêmico(a), em
10/01/2023, às 15:57, conforme horário oficial de Brasília, de acordo com as normativas legais
aplicáveis.



A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador
1026205 e o código CRC 950B1CE3.

 

Referência: Processo nº 23100.016261/2022-32 SEI nº 1026205

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL

MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

 

Atesto, para os devidos fins, que a  Professora  Dra.  Graziela Morgana Silva Tavares  - Orientadora, a
Professora  Mestre Patricia Parizotto  e  a Professora Mestre  Tamiris Beppler Martins atuaram como
Membros Titulares da Banca de Defesa de Trabalho de Conclusão de Curso das discentes Marciele Dulor
Amaral e Thauana Silveira Gomes, intitulada Análise do Registro de Internações por Quedas em Idosos
antes e durante a Pandemia SARS-COV-2, do Curso  de Especialização em Gestão em Saúde
Unipampa/UAB, no dia 21/11/2022, no Campus Uruguaiana, Estado do Rio Grande do Sul.

 

 

 

 

 

João Felipe Peres Rezer

Coordenador Acadêmico do Campus Uruguaiana

 

 

 

 

 

 

 

 

Campus Uruguaiana
Endereço: BR 472 - Km 585 - Caixa Postal 118 - Uruguaiana - RS

E-mail: sec.pos.uruguaiana@unipampa.edu.br

Assinado eletronicamente por JOAO FELIPE PERES REZER, Coordenador(a) Acadêmico(a), em
23/11/2022, às 09:26, conforme horário oficial de Brasília, de acordo com as normativas legais
aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador 0991940 e
o código CRC B350873D.

 

Referência: Processo nº 23100.016261/2022-32 SEI nº 0991940

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL
MINISTÉRIO DA EDUCAÇÃO
Universidade Federal do Pampa

 

ATESTADO
 

Uruguaiana, 24 de Junho de 2025.
 
 
 

 
 
 

Declaro que Graziela Morgana Silva Tavares participou como orientadora do trabalho de conclusão

do curso de Fisioterapia da Universidade Federal do Pampa (Unipampa), campus Uruguaiana, intitulado

“Análise do equilíbrio, qualidade de vida e declínio cognitivo de pessoas idosas praticantes e não praticantes

de câmbio”, da acadêmica Raquel Nath.
 
Sem mais,
 

Assinado eletronicamente por ANTONIO ADOLFO MATTOS DE CASTRO , PROFESSOR
MAGISTÉRIO SUPERIOR, em 28/06/2025, às 13:07, conforme horário oficial de Brasília, de acordo
com as normativas legais aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador 1770830 e o
código CRC 65C2AE6E.

Referência: Processo nº 23100.010672/2025-67 SEI nº 1770830

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL

MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

 

Atesto, para os devidos fins, que a  Professora  Dra.  Graziela Morgana Silva Tavares  - Orientadora, a
Professora  Mestre Patricia Parizotto  e  a Professora Mestre  Tamiris Beppler Martins atuaram como
Membros Titulares da Banca de Defesa de Trabalho de Conclusão de Curso das discentes Marciele Dulor
Amaral e Thauana Silveira Gomes, intitulada Análise do Registro de Internações por Quedas em Idosos
antes e durante a Pandemia SARS-COV-2, do Curso  de Especialização em Gestão em Saúde
Unipampa/UAB, no dia 21/11/2022, no Campus Uruguaiana, Estado do Rio Grande do Sul.

 

 

 

 

 

João Felipe Peres Rezer

Coordenador Acadêmico do Campus Uruguaiana

 

 

 

 

 

 

 

 

Campus Uruguaiana
Endereço: BR 472 - Km 585 - Caixa Postal 118 - Uruguaiana - RS

E-mail: sec.pos.uruguaiana@unipampa.edu.br

Assinado eletronicamente por JOAO FELIPE PERES REZER, Coordenador(a) Acadêmico(a), em
23/11/2022, às 09:26, conforme horário oficial de Brasília, de acordo com as normativas legais
aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador 0991940 e
o código CRC B350873D.

 

Referência: Processo nº 23100.016261/2022-32 SEI nº 0991940

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


SERVIÇO PÚBLICO FEDERAL

MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

 

Atesto, para os devidos fins, que a  Professora  Dra.  Graziela Morgana Silva Tavares  - Orientadora, a
Professora  Mestre Patricia Parizotto  e  a Professora Mestre  Tamiris Beppler Martins atuaram como
Membros Titulares da Banca de Defesa de Trabalho de Conclusão de Curso das discentes Marciele Dulor
Amaral e Thauana Silveira Gomes, intitulada Análise do Registro de Internações por Quedas em Idosos
antes e durante a Pandemia SARS-COV-2, do Curso  de Especialização em Gestão em Saúde
Unipampa/UAB, no dia 21/11/2022, no Campus Uruguaiana, Estado do Rio Grande do Sul.

 

 

 

 

 

João Felipe Peres Rezer

Coordenador Acadêmico do Campus Uruguaiana

 

 

 

 

 

 

 

 

Campus Uruguaiana
Endereço: BR 472 - Km 585 - Caixa Postal 118 - Uruguaiana - RS

E-mail: sec.pos.uruguaiana@unipampa.edu.br

Assinado eletronicamente por JOAO FELIPE PERES REZER, Coordenador(a) Acadêmico(a), em
23/11/2022, às 09:26, conforme horário oficial de Brasília, de acordo com as normativas legais
aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador 0991940 e
o código CRC B350873D.

 

Referência: Processo nº 23100.016261/2022-32 SEI nº 0991940

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


Universidade de São Paulo

Faculdade de Medicina de Ribeirão Preto - FMRP

Comissão de Pós Graduação

RefDeclaração de Participação

Declaramos que os Professores Doutores, designados abaixo, participaram da Sessão de Defesa

Pública de Dissertação de Mestrado intitulada A associação da autopercepção do equilíbrio e do

medo de quedas na capacidade física do idoso do(a) Acne Caroline Lima Bandeira, realizada no

dia 17/12/2021 as 14:30:00 , na Faculdade de Medicina de Ribeirão Preto.

A Comissão Julgadora foi constituída por:

Profa. Dra. Daniela Cristina Carvalho de Abriu

Prof. Dr. Frederico Piemccini Faria

Profa. Dra. Graziela Morgana Salva Tavares

Ribeirão Preto, 20/12/2021

Atenciosamente,

Serviço de Pós-Graduação

FMRP-USP



SERVIÇO PÚBLICO FEDERAL
MINISTÉRIO DA EDUCAÇÃO

Universidade Federal do Pampa

 

ATESTADO

 

Uruguaiana, 23 de Janeiro de 2023.

 

 

 

Declaro que Graziela Morgana Silva Tavares participou como orientadora do trabalho de
conclusão do curso de Fisioterapia da Universidade Federal do Pampa (Unipampa), campus
Uruguaiana, intitulado “Análise de ocorrências de quedas, dor, saúde mental e nível de atividade
física de idosos em tempos de pandemia.”, do acadêmico David Vargas Rieta.

 

Sem mais,

Assinado eletronicamente por ANTONIO ADOLFO MATTOS DE CASTRO, PROFESSOR DO
MAGISTERIO SUPERIOR, em 07/02/2023, às 14:58, conforme horário oficial de Brasília, de
acordo com as normativas legais aplicáveis.

A autenticidade deste documento pode ser conferida no site
https://sei.unipampa.edu.br/sei/controlador_externo.php?
acao=documento_conferir&id_orgao_acesso_externo=0, informando o código verificador
1050057 e o código CRC 5201C9F7.

Referência: Processo nº 23100.002643/2023-60 SEI nº 1050057

https://sei.unipampa.edu.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0


ATA N.º 021
ATA DE SESSÃO PÚBLICA DE APRESENTAÇÃO E DEFESA DA

DISSERTAÇÃO DE MESTRADO

MESTRANDA: Angela Jacques Bellini
INÍCIO NO CURSO: Agosto/2020

No décimo nono dia de Dezembro do ano de dois mil e vinte e dois, às nove
horas de forma híbrida no auditório (CEFID-UDESC) foi realizada a sessão
pública de apresentação e defesa da Dissertação da Mestranda Angela Jacques
Bellini como requisito final para obtenção do título de Mestre em Fisioterapia, na
linha de pesquisa em Fisioterapia Musculoesquelética, de acordo com a portaria
N.º 147/2022/CEFID. A Comissão Examinadora foi composta pelos seguintes
membros: Prof. Dr. Gilmar Moraes Santos (UDESC), Profª Drª Karina Gramani
Say (UFSCar), Prof. Dr. Rodrigo Okubo (UDESC), Profª Drª Graziela Morgana
Silva Tavares(UNIPAMPA), a referida comissão será presidida pelo primeiro
nome citado bem como terá a Profª Drª Fabiana Flores Sperandio como
suplente. A dissertação tem como título: “Equilíbrio, Densidade Mineral Óssea e
Qualidade Devida de Idosos Durante a Pandemia de Covid-19”. Após a
explanação de cinquenta minutos, a mestranda foi arguida pelos membros da
Banca, tendo respondido satisfatoriamente às perguntas que lhe foram
formuladas, e em decorrência a comissão deu-se por satisfeita. Em seguido a
mestranda e a audiência foram convidados a se retirarem do recinto, para que a
Comissão deliberasse sobre o resultado, retornando após aproximadamente 15
minutos, a Prof. Dr. Gilmar Moraes Santos anunciou a todos o parecer da
Comissão sobre a dissertação, considerando o aluno Arvad por
unanimidade, declarando Angela Jacques Bellini após a entrega da versão
definitiva do trabalho com as modificações sugeridas pela banca, MESTRE EM
FISIOTERAPIA. Nada mais havendo a tratar, foram encerrados os trabalhos,
lavrada a presente ata que, tendo sido lida e achada conforme, é assinada pelos
membros da Comissão e a mestranda. Florianópolis, 19 de Dezembro de 2022,
às 13h.

______________________________
Angela Jacques Bellini

Comissão Examinadora:

__________________________________
Prof. Dr. Gilmar Moraes Santos (Presidente)

_________________________________
Profª Drª Karina Gramani Say



_________________________________
Prof. Dr. Rodrigo Okubo

____________________________
Profª Drª Graziela Morgana Silva Tavares


