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Palavras-Chave

Resumo

Fadiga muscular; Co-ativagdo; EMG; Martin Vigorimeter; Jamar
Dinamdmetro

Enquadramento: O critério exaustdo para o diagnostico de
fragilidade é medido usualmente por questionarios, que séao
subjetivos e dependem da percecdo individual. O teste de
resisténcia a fadiga (FR) foi desenvolvido como uma avaliagdo da
exaustdo para pessoas prostradas. No entanto, o Dinamémetro
Jamar (JD) esta a ser frequentemente utilizado para medir a forga
de preensdo. Deste modo comparar os aparelhos é fundamental
para compreender se a FR é analoga quando medida com os
diferentes aparelhos.

Métodos: Cinquenta e quatro participantes (29 do sexo feminino
e 25 do sexo masculino; com uma média de idade de 39.98 +
18.09) que vivem independentemente na comunidade foram
testados relativamente a fun¢gbes musculares.

O teste de FR, que mede o tempo durante o qual a for¢a declina
para 50% do seu maximo, foi também registado por
eletromiografia (EMG). O que permitiu o célculo da co ativagdo do
musculo antagonista e ativacdo do agonista, e posteriormente a
comparacdo entre a performance do teste com cada um dos
aparelhos (com controlo das variaveis de género e idade).
Resultados: A duracao do teste FR é melhor quando se usa o
VM do que quando se usa o JD. Em todos os momentos do teste
FR a co ativagdo antagonista foi significativamente maior para VM
em comparagdo com a do JD. Em contraste, o nivel de ativagao
agonista foi significativamente maior com o JD em comparagao a
do VM. Durante o teste FR usando o VM, tanto a ativacdo do
musculo agonista como a co ativagao do antagonista diminuem
significativamente (p <0,05). Enquanto utilizando o JD apenas foi
observada diminuicao significativa na co ativacdo. O delta da co
ativacdo antagonista entre VM e JD foi significativamente
relacionado com o delta do FR entre ambos os aparelhos.
Concluséo: Os resultados sugerem que quando se utiliza o VM
no teste FR induz uma exaustdo muscular mais proeminente do
gue a utilizacdo do JD, o que faz com que o VM seja mais
adequado para medir a resisténcia a fadiga muscular. No entanto,
estes resultados devem ser confirmados num estudo com uma

populacao mais ampla.
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Abstract

Muscle fatigue; Co activation; EMG; Martin Vigorimeter; Jamar
Dynamometer

Background: For the diagnosis of frailty exhaustion is a
criteria currently measured by self-reported questionnaires,
which are subjective and dependent on individual perception.
The FR test has been developed as a bed side objective
evaluation of muscle fatigue. The test was validated for the
VM. However, the JD is frequently used to measure the grip
strength. So the comparison of these devices is required to
understand if FR is similar when measured with both devices.
Methods: Fifty-four (29 female and 25 male; mean age: 39.98
+ 18.09) community-dwelling people were tested for muscle
function.

The Fatigue resistance (FR), which is the time during that grip
strength drops to 50% of its maximum, was recorded with each
device and simultaneous sEMG of the forearm muscles was
obtained. The (co-)activation of agonist and antagonist
muscles was calculated and compared with the differences
between the performances with each device (controlling for
gender and age).

Results: FR was significantly better when measured with VM
compared to JD. At all phases of the FR-test the antagonist
muscle co-activation was significantly higher for VM compared
to JD. In contrast, the agonist muscle activation level was
significantly higher in JD compared to VM. When performing
the FR-test with VM, both the agonist muscle activation and
antagonist muscle co-activation decreased significantly
(p<0.05). Whereas when using the JD, only a significant
decrease in the antagonist muscle co-activation was observed.
The difference in antagonist muscle activation between VM
and JD was significantly related to the difference in FR
between both devices.

Conclusion: The results suggest that the FR-test when using
the VM induces a more prominent muscle exhaustion than
when using the JD, which makes the VM more suitable for
measuring muscle fatigue resistance. However, these findings

must be confirmed in a larger study population.



Abbreviations or acronyms ATP - Adenosine triphosphate
EMG - Electromyography

Ext - Extensor

EWGSOP- European Working Group on Sarcopenia in Older
People

F - Force

FR- Fatigue resistance

JD — Jamar Dynamometer

Max — Maximum

mV- millivolt

MVC'’s - Muscular Voluntary Contractions
MVMA- Maximal Voluntary Muscle Activation
RMS- Root Mean Square

SD — Standard Deviation

T100%-Time of the maximum value

T75% - Time of 50% of the maximum value
T50% - Time of 50% of the maximum value

VM — Martin Vigorimeter
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1. Introduction
The world population of 60 years and older has doubled since 1980 and is forecast to

reach 2 billion by 2050 (1). A positive aspect is that the number of older people who live
dependently increases and is estimated to quadruple by 2050 in developing countries (1). This
quick and dramatic demographic change has substantial implications for planning and providing
health and social care. A major thread for independency at higher age is frailty. Frailty is a
complex geriatric syndrome characterised by a state of increased vulnerability at higher age (2,
3). This condition is characterized by several clinical manifestations such as sarcopenia,
dynapenia, fatigue, sedentary lifestyle, malnutrition, cognitive decline and disability in activities
of daily life (4, 5). Frailty is a typically unstable condition, which can be exacerbated by a
multiplicity of triggers such clinical (disease, trauma, etc) and psychosocial (life events) origin
(4). The most widely accepted approach of physical frailty is the phenotype which describes
frailty in 5 components: exhaustion, low grip strength, unintentional weight loss, low physical
activity and slow walking (6). Mainly the first two components, exhaustion and low grip strength,
will be the focus of this work.

Disability and frailty in older patients are closely related to sarcopenia (2, 7, 8) which is
loss of muscle mass and strength that occurs with aging (9). Sarcopenia and frailty are strongly
interrelated (2), and often assessed by maximal grip strength. Exhaustion in frailty is currently
only assessed by self-reported questionnaires (5, 10), the inclusion of a physical test could
contribute to a more objective evaluation. Bautmans et al. in a series of nine original studies (9,
11-19) has introduced, refined and validated a new assessment method for muscle fatigue
resistance (FR) as a direct and objective outcome parameter of the exhaustion component of
frailty in elderly persons. The test measures the time during which grip strength drops to 50% of
its maximum during sustained contraction (12). This test is now internationally accepted and
several researchers as well as clinicians are using it. The FR test has been validated for the
Martin Vigorimeter (VM)(12). Since this device is gentler for weak or painful joints (20) and
allows performing a dynamic contraction (the rubber bulb is compressible), it is highly suitable to
assess sustained maximal contractions in elderly subjects. However, many researchers and
clinicians are using the Jamar Dynamometer (JD), a device designed to measure static grip
strength. Grip strength measures obtained by the VM have been shown to be well correlated
with those obtained with the JD (21). Although, until nowadays, no data regarding the FR test
measured with the JD are available, hence limiting the implementation of the FR test. Validation
of the FR test with the JD would improve the implementation in daily practice. Besides, the
measurement of exhaustion in the frailty syndrome can be improved by the inclusion of the
physical FR test. It is also important to investigate if there are significant differences in the
muscular endurance between the different devices.

In this work we studied the strength decay and simultaneous EMG during the FR test
assessed by the VM and the JD. Thanks to the simultaneous EMG registration it was possible

to investigate the co-activation of the extensor and flexor muscles.



In the first part of this thesis the major concepts such as frailty, sarcopenia and
muscular fatigue are defined. Subsequently the research question and the main objectives of
the study are elaborated, followed by the experimental part including methods and results

sections. The final part is the discussion and the overall conclusions of the work.



2. Major concepts

2.1 Frailty

Aging-related dependency and disability is a huge concern (22). The literature reveals
that frailty is a condition extremely related to dependency at higher age (1). Frailty is considered
a geriatric syndrome of decreased reserve in multiple physiologic systems and reduced
resistance to stressors, causing increased vulnerability for adverse health outcomes including
falls, hospitalisation, institutionalization and mortality (2, 3, 23).

It is now known that aging is not synonymous of frailty (4), as stressed by Wou and
Conroy “Not all of the oldest old are frail, and not all frail people are aged” (10). Considering that
frailty can appear in one-quarter of the elderly people, without pre-existing multiple co
morbidities or disabilities, it is relevant understand how frailty develops (7).

In spite of a distinct physiopathology, the underlying pathways leading to frailty are
assumed to be part of a multidimensional entity comprising physical, psychological and
sociological components, with a particular involvement of inflammatory processes, and changes
in hormonal homeostasis and body composition (2). Frailty is not a synonym of aging neither of
dependency, disability or co morbidities (10, 24).

Fried et al. defined physical frailty according to five criteria: weight loss, exhaustion, low
physical activity, slow walking speed and weak grip strength (6). Subjects showing 3 or more
criteria are considered as frail; presence of one or two criteria is defined as pre-frailty; negative
on all criteria is defined as healthy (6). There are many other scales to assess frailty (25), for
example the list of variables used by the Canadian Study of Health and Aging to construct the
70-item Frailty Index that analyses items together such as co morbidity, cognitive impairment
and disability (26). Although most of it is hard to compare the measured outcome of these
instruments with each other because of the differences in frailty instruments (25). Most of the
instruments focus just on physical frailty (nutrition status and mobility), and only a few included
items on three domains such physical, psychological and social domain (25, 27). Comparing
these two approaches to frailty, both of them have demonstrated that adverse outcomes
occurred more commonly among people who were frail (26). The physical component of frailty
is the most studied until now (28). Despite the different criteria for diagnosis, the loss of muscle
mass with aging is considered as a major cause of functional decline and disability (29), this
means sarcopenia is the major component of frailty. Although they are not the same, there are

an overlap range from 50% to 70% between this conditions (30).

2.2 Sarcopenia
Sarcopenia is an important change in body composition and function, it is described as

a progressive and widespread decline in muscle mass, strength and physical performance in
elderly people, which increase the risk for nursing home admissions and loss of independence,
as well as an increase in weakness, falls and fractures (31). Low muscle mass is most often
defined as a skeletal muscle mass index (muscle mass expressed by height2 or as percentage

of total body mass) between 1 and 2 (32, 33). Standard deviations (SD) below a young
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reference group for class | sarcopenia (moderate) and lower than two SD for class Il sarcopenia
(severe) (32). It has been shown that sarcopenia is associated with functional impairment and
disability and confirming that is a significant public health problem (34). The relevance of
sarcopenia in the clinical decision making is underlined by the recommendation to include it in
the comprehensive geriatric assessment (35). In 2010, the European Working Group on
Sarcopenia in Older People (EWGSOP) proposed an operational definition for sarcopenia as
well as a guide to standardize the evaluation of sarcopenia (36). Conceptually, sarcopenia is a
term utilized to define the progressive and generalised loss of skeletal muscle mass and
strength that increase the risk of adverse outcomes such as physical disability, poor quality of
life and death (9, 31, 36). However, for clinical purposes, the EWGSOP proposed to include
also the measurement of muscle strength (e.g. grip strength) and physical performance (e.g.
walking speed) besides muscle mass assessment (8, 36). Despite the EWGSOP criteria, there
is no conclusive definition of sarcopenia so far (37, 38).

The main adverse health consequences of sarcopenia are falls and loss of
independency, increased health costs, reduced quality of life and increased mortality (28, 30,
31, 36, 37, 39, 40). Glucose regulation, hormone production, cellular communication and protein
storage and turnover are also related impairments in physiological functions (8, 28, 41). With
age, atrophy affects mostly type Il fibores compared to type | (25-60% versus 0—-25% reduced
single fibre cross-sectional area (42). In general, the postural muscles show more type | fibres
and the upper limbs more type Il fibres (43).The muscle fibre atrophy is caused by a reduced
rate of myofibrillar muscle protein synthesis and a higher catabolic activity at old age (42).

Sarcopenia is present in about 5 to 10 % of persons over 65 years of age although the
prevalence varied strongly according to the criteria used and with the region (30). Sarcopenia
represented an estimated cost of about $18.5 billion in the United States in 2000, representing
1.5% of total healthcare expenditures (34).

More research is necessary to understand the nature of this syndrome in order to
improve medical therapy and avoid the adverse consequences of it, manly the interaction of

anabolic hormones and exercise (9).

2.3 Muscle Fatigue
In this paragraph, muscle fatigue is briefly explained after a short introduction of the

neurophysiology of the muscular system. The muscular system is constituted by different kinds
of muscular tissue (skeletal, smooth and cardiac muscles). The capacity of movement and
consequently the independency in activities of daily living are possible thanks to the muscles
that contract (43). The skeletal muscle is responsible for physical movements, as is the only one
that is able to contract voluntarily. The contraction is always triggered by a neuronal stimulus,
releasing acetylcholine in the neuromuscular junction and activating the sarcolema (43).

These events can be measured via recoding the electrical activity of the muscle by
electromyography (EMG, expressed in millivolts) (44). This measurement is possible as the

cellular membranes (de)polarize inducing changes of electrical charges. The difference of



potential between the membrane of nervous cells and the muscular fibres is between -70 and -
90 mV (43).

Fatigue is characterized as a decrease of the capacity to perform muscle work that usually
follows a period of activity (45). Fatigue is a common feeling in humans, although it is
experienced in different ways (43). Fatigue can occur in three potential places: the nervous
system, the muscles or in the neuromuscular junction (43). The psychological fatigue is the
most common type and finds its origin in the central nervous system (46). This fatigue and its
duration depend on the mood state of the person (11, 46). Muscular fatigue can result from
depletion of ATP which occurs in the muscle fibre (43, 45, 47). Synaptic fatigue occurs rarely,
because is when the acetylcholine release might be insufficient to stimulate the muscles fibres
(43).

A new assessment to evaluate muscle FR as a direct and objective outcome parameter of
the exhaustion component of frailty in elderly persons has been proposed by Bautmans et al.
(12). In order to assess the muscular endurance in hospitalized elderly people a FR test was
developed for elderly people based on grip strength (12). The test measures the time during
which grip strength drops to 50% of its maximum value during sustained maximal contraction
(12). Emphasizing the VM device is highly suitable to assess sustained maximal contractions in
elderly subjects (48), since it is gentler on weak or painful joints (20) and allows performing a
dynamic contraction (the rubber bulb is compressible). Nevertheless the JD was designed to
measure static grip strength and is being used frequently, although it is heavier that the VM (48-
53). However they trigger different contractions, and had different until nowadays, no data
regarding the FR test measured with the JD was available, thereby the implementation of the
FR test is limited. The VM measures a isotonic contraction (the rubber bulb is compressible)
and the JD measures a isometric contraction (the handle is not compressible) (48). Even though
the grip strength had a high correlation between the two measurements (21), muscle fatigue
might occur differently during sustained maximal grip effort (45).

In addition, a supplementary muscle endurance outcome, denominated as Grip Work, was
developed thought the integration of maximal grip strength and FR in order to improve the
interpretation of FR scores (16). This parameter represents the physiologic work delivered by
the handgrip muscles during the FR test. Grip work is graphically represented by the area under
the curve with grip strength in the vertical and time in the horizontal axis (11, 16). Besides age
and gender, several other parameters can influence FR and grip work as measured with the
VM, among which physical activity, self-perceived fatigue, body composition, functional capacity
and inflammatory processes (11-19).

There are neurophysiologic change that were related to induce dynapenia (age-related
muscle weakness (54)), such as the deficit in maximal voluntary muscle activation (MVMA) and
increased antagonist muscle co-contraction (55). The MVMA as pointed by Arnold & Bautmans,
“The maximal voluntary muscle activation is reached when MU recruitment is complete and all
recruited units are discharging at their maximal frequency” (56). The magnitude of co activation

during muscular voluntary contractions (MVCs) is typically assessed by expressing EMG activity



in the antagonist muscle as a percentage of its activity when acting as an agonist during a
maximal contraction (56). Co-activation appears to be higher in elderly compared to younger

adults during isometric contractions (55, 56).

3. Aim of the study

This thesis is part of a larger research project comparing the strength decay during the
FR test obtained by the VM and the JD in adult subjects of different ages and clinical condition.
This thesis is based on the first series of community-dwelling adults included in the project, with

a specific focus on agonist and antagonist muscle (co-)activation during the FR test.

4. Methodology

4.1 Study design

This is a cross sectional (57), explorative study with a test-retest design (58). This study

was the first results of a major project that is being developed.

4.2 Participants
Healthy community-dwelling adults were recruited via flyers and announcements in local

media (journals, websites and local television) and/or through the students’ network. For the
young (aged 18-30 years) healthy reference group, preferentially students of Vrije Universiteit
Brussel (VUB, Brussels, Belgium) and Stichting Opleiding Musculoskeletale Therapie (SOMT,
Amersfoort, The Netherlands) were approached for participation.

In order to be eligible to participate in this study, the subjects had to meet all of the

following inclusion criteria, respectively with the group that were include:

a) Young, healthy subjects aged 18-30 years (reference group): completely healthy, no
medication use, no impairments interfering with muscle FR test, normal physical activity (i.e.
at least 150 minutes/week at moderate intensity but no competitive sports measured with
The Yale Physical Activity Survey (59)).

b) Community-dwelling subjects aged >30 years: living independently in the community, no
functional disability of the dominant upper extremity (paresis/paralysis, tremor or recent
surgery), normal cognitive functioning (Mini-Mental State Examination [MMSE] score
>23/30(60)), living independently in the community.

The exclusion criteria were pregnant women and in group community-dwelling subjects
people who had an acute or uncontrolled condition, chronic inflammatory pathology and/or
central nervous disease (e.g. Parkinson’s disease, Multiple Sclerosis, Cerebro-Vascular
Accident).

The study protocol was approved by the ethical committees of the Universitair

Ziekenhuis Brussel (University hospital of the Vrije Universiteit Brussel, Brussels, Belgium) and



Atrium-Orbis-Zuyd (Heerlen, The Netherlands). All participants gave their written informed
consent.

4.3 Measurements
The data was collected between February and April 2015. FR and strength decay were

assessed both by the MV and JD in a random order. The randomization was the technique used
to create the initial equivalent between groups (58). Before the groups had the same
characteristics with respect to the dependent variables and socio-demographic variables. This
allows the groups to mach in such a way that the individual characteristics of participants are
present in both groups. The technique used to decide on the participants group was
heads or tails.

4.3.1 Surface electromyography

Some factors were report to interfere with the EMG data: influence of the subcutaneous
tissue thickness, effect of varying inter-electrode distances, orientation relative to muscle fiber
direction, position of electrodes relative to the innervations zone on amplitude values (61). In
order to reduce these influences some procedures were taken carefully. First, the skin of the
dominant forearm was prepared (44, 62, 63). The area of the muscle mid-belly was shaved and
cleaned with 70% of ethyl alcohol (64). Two circular electrodes (4 cm diameter) were placed
with an inter-electrode distance of 3,4 cm (61) on the muscle belly, located by palpation of the
contraction of the muscle. The performance of contraction of each muscle was required by the
following exercises:

v The extensor digitorum brevis muscle the subject was asked to move the
middle finger up and down,
v" The flexor digitorum superficialis muscle the subject was asked to squeeze the
hand.
v' The reference electrode was placed on the proximal part of the Ulna.
All raw SEMG signals were simultaneously sampled at 5000Hz (Butterworth 4™ order,

band-pass 10-500Hz and notch filtered) and stored on a personal computer.

4.3.2 Fatigue Resistance

Tests were performed on the same day with at least one hour interval. FR scores of the
first test were masked for assessor and participant during the second test. The FR test was
performed by a modified digital manometer and Dynamometer G200 system, connected to a
MPAQ universal amplifier (Maastricht Instruments) in order to appraise muscle fatigue curves.
The modified VM and Dynamometer G200 had an identical rubber bulb and handle as
respectively the original MV and JD (Figure 1 and 2), but were equipped with respectively a
pressure and strength gauche that allow continuous registration of the strength decay during the
FR test. The instrument setting of the Modified VM was characterized for large rubber bulb
connected to a digital manometer and the values were recorded in kilopascal (KPa). In the other

hand the values of G200 Dynamometer were recorded in Kilogram (Kg).



Data acquisition was at 5000Hz and notch-filtered. Only the dominant hand was tested.

Figure 1: Modified VM Figure 2: G200 Dynamometer

During the FR test the participants needs to take a standard position (12, 20, 21).
Seated on a chair, the shoulder adducted and neutrally rotated, elbow flexed at 90°, forearm in
neutral position and wrist in light extension (0 to 30°) (20, 65). No support of elbow allowed (e.g.
no use of arm rests allowed). During the performance using the modified VM the subject grasps
the large rubber bulb with the thumb round one side of the rubber bulb and the four fingers
around the other side of the rubber bulb (Figure 1). The connecting tube to the rubber bulb is
oriented upwards. While during the performance using the G200 dynamometer the subject
grasps the handle of the dynamometer with the thumb round one side of the handle and the four
fingers around the other side (Figure 2). The grip strength display is oriented upwards.

In order to obtain sSEMG data of maximal finger extension (necessary in order to
calculate the muscle activation level of the finger extensors during the FR-test) an isometric
maximal finger extension test was performed. The subject was seated on a chair with the elbow,
forearm and palmar part of the hand on a table; the fingers (2”d - 5”‘) were outside unsupported
outside the table. The subject was asked to extend the fingers as high and as hard as possible;
the investigator manually pushed the fingers towards flexion sufficiently hard to overcome the
extension strength of the participant. This test was repeated three 3 attempts were performed.

The subject was asked to squeeze the large bulb of the modified VM / the handle of the
G200 dynamometer as hard as possible. The highest of three attempts was noted as the
maximal grip strength (in KPa / Kg).

The same position as for the grip strength test of the participant’'s hand and arm was
adopted to perform the FR test. Participants were instructed to maintain the elbow in 90° flexion
and were not allowed to see the readings on the manometer / dynamometer at any time during
the procedure. The subject was instructed to squeeze again the large bulb of the modified VM/
the handle of the G200 dynamometer as hard as possible and to maintain this maximal effort as
long as possible. The observer verifies that the starting strength corresponded to the maximal
grip strength tested before and, if too low, encouraged the participant to squeeze as hard as
possible. Standardized verbal encouragement (“Keep squeezing, don’t let go”) was given to the
subject each time the pressure diminished. The test stopped when the grip strength dropped
below 50% of its maximum and the subject could not increase the strength despite verbal

encouragement. The time (in seconds) during which grip strength dropped to 75% and 50% of
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its maximum was recorded as FR75% and FR50% respectively. The strength output (and
SEMG) were synchronously and continuously recorded during the test and stored on a local
computer until post-processing.

Before every single test performed was essential calibrate the device correctly, this

procedure was done (44, 66).

4.5 Data Processing
From the maximal isometric finger extension test SEMG data of the maximal finger

extension was obtained. In figure 3, the 3 attempts can be differentiated. The red curve
corresponds with the muscle activation of the muscle extensor, the yellow one corresponds with
the muscle co activation of the flexors (Figure 3). In the curve corresponding with extensor
activation, the goal was to find the maximum level of muscle activity, which was described as
maximal extension in mV. Once it was established in which attempt the maximal muscle activity
was reached during the SEMG registration, this specific attempt was analyzed for a two second
plateau (constant extensor activity). The root mean square (RMS) of the extensors and flexors
muscle activation during the selected two seconds was gathered respectively from the red and
yellow curve and named maximal extension RMS extension and maximal extension RMS

flexion.

| Maximum extension P T T @
aondhs e aiotons | T 3 attempts
...

Plateau (2 seconds)

m -

Figure 3: Example of data obtained from the maximal finger extension

During the maximal grip strength test the muscle activation of the flexors (yellow curve)
and the extensors (red curve) of the forearm were simultaneous registered (Figure 4). After
which the maximum level of muscle activation was searched in the curve of the flexor activation,
this was described as maximal flexion in mV. Once identified which attempt contained the
maximal level of muscle activity, a plateau of two seconds (constant flexor activity) was sought
in that specific EMG registration. The RMS of the extensors and flexors muscle activation and

the strength during the selected two seconds was gathered respectively from the red, yellow



and purple curve and named maximal flexion RMS extension, maximal flexion RMS flexion and
maximal flexion RMS force.
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Figure 4: Example of data obtained from the maximum flexion

From the curve representing strength in the FR test (purple curve) different values could
be determined: maximal strength (F=100%), 75% of maximal strength (F=75%) and 50% of
maximal strength (F=50%), as well as the timeframe in which these values were achieved
(respectively T100%, T75% and T50%).

Likewise, the RMS was calculated over a two second period for the extensors (FR RMS
T, extension) and flexor muscle activity (FR RMS T, flexion) as well as the strength registration
(FR RMS T, force) during the FR test in the three moments (T100%, T75% and T50%). This two
seconds period was calculated for maximal strength (T100%) by selecting exactly 1 second
before and after of reaching max strength (Figure 5). The moment T75 was achieved, two
consecutive seconds were searched where muscle strength was equal or less than the result of
subtract two kPa/ 100 gram (respectively FR test measured via VM and JD) to the 75% of max.
muscle strength. The two seconds period just before the subject reached 50% of max. strength
was selected and the RMS was also calculated for muscle activity of the extensors, flexors and
strength during that selected period.
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>
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Figure 5: Example of data obtained from the FR test
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Due to the data gathered from the maximal finger extension, maximal grip strength and
FR test, we were able to determine the antagonistic co activation and agonistic activation for the
three periods approached during the FR test.

. Antagonistic co activation

Antagonistic co activation T;9o = FR RMS T,o extension / maximal extension * 100
Antagonistic co activation T;s = FR RMS T5 extension / maximal extension * 100
Antagonistic co activation Tso = FR RMS Tso extension / maximal extension * 100

. Agonistic activation

Agonistic activation T1oo = FR RMS Ty Flexion / FR RMS T flexion
Agonistic activation Tsg= FR RMS T5 Flexion / FR RMS T, flexion
Agonistic activation Tsg = FR RMS Tsq Flexion / FR RMS T4 flexion

Subsequently the difference between both devices in muscle (co) activation during the
FR test was calculated for the time points T100%, T75% and T50%:

. Delta antagonistic co activation

Delta antagonistic co activation T,y = antagonistic co activation Ty, (VM) - antagonistic co
activation Ty (JD)

Delta antagonistic co activation T;s = antagonistic co activation T,5 (VM) - antagonistic co
activation T+5 (JD)

Delta antagonistic co activation Tsy = antagonistic co activation Tso (VM) - antagonistic co
activation Tso (JD)

. Delta agonistic activation

Delta agonistic activation Ty = activation flexion Too (VM) - activation flexion T1oo (JD)
Delta agonistic activation T-5 = activation flexion T+5 (VM) - activation flexion T (JD)
Delta agonistic activation Ts, = activation flexion Tso (VM) - activation flexion Tsq (JD)

. Delta fatigue resistance
Delta FRlOO = FR]_QQ (VM) - FRlOO (JD)
Delta FR75 = FR75 (VM) - FR75 (JD)
Delta FRy, = FRy (VM) - FRe (JD)

4.6 Statistical analysis
For all variables, descriptive statistics were calculated and distribution normality was

verified using the Kolmogorov-Smimov Goodness of Fit test (58). Differences between genders
and devices were analyzed using respectively Independent Samples t-test and the Paired
Samples t-test. The Pearson’s correlation coefficient was calculated to determine the
relationship between FR and agonistic and antagonistic muscle activation. Where relevant,
partial correlation coefficients were computed, controlling for age and gender. Changes in
muscle activation during the FR-test were analyzed using repeated-measures Analysis of
Variance (ANOVA) with device (VM & JD) as between-subject factor and Bonferroni post-hoc
testing. All statistics were performed using the IBM SPSS statistics version 22.0.0.2.

Significance was set a priori at p<0.05.
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5. Results

The sample was constituted by 56 community-dwelling participants (30 female and 26
male). However two of them were not compliant to the test instructions and thus excluded for
the data analyses.

As shown in table 1, female participants were significantly smaller than men. Female
showed weaker hand grip strength with both devices than male. Compared to men, FR75
measured with JD in women was shorter (p<0.05); for VM this difference was at the limit of
significance (p=0.051). This difference between the genders disappeared for FR50. The other
characteristics, like body weight or BMI did not reveal significant gender differences.

Fatigue resistance (FR75 and FR50) was significantly better when measured with VM
compared to JD. At all phases of the FR-test (T100%, T75% and T50%) the antagonist muscle
co-activation was significantly higher for VM compared to JD (all p<0.05, see table 1 & Figure
6). In contrast, the agonist muscle activation level was significantly higher in JD compared to
VM at T75% and T50% (p<0.05, see table 1 & figure 6). When performing the FR-test with VM,
both the agonist muscle activation and antagonist muscle co-activation decreased significantly
(p<0.05), whereas when using the JD, only a significant decrease in the antagonist muscle co-
activation was observed (see figure 6).
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Figure 6: Percentage of muscle activation and co activation during the FR test

12



Table 1: Participants characteristics stratified by gender (data expressed as mean + SDl)

Parameter Female Male Total
Gender (n) N=29 N=25 N=54
Age (y) 38.83£17.16 41.32+19.39 39.98 + 18.09
18-40 24.75 £ 1.18 (N=16) 28.19+1.70 (N=16)  26.47 +6.02 (N=32)
41-60 52.40 +1.34 (N=10) 54.33+3.84 (N=3) 52.85 +4.63 (N=13)
+60 68.67 +3.28 (N=3) 69.83+1.76 (N=6) 69.44 + 4.48 (N=9)
Height (kg)* 169.17 + 6.29 181.29 + 6.08 174.66 + 8.65
Weight (kg) 75.62 +20.09 84.59 +11.47 79.76 £17.13
BMI (kg/m2) 26.88 +6.82 26.46 +4.57 26.69+5.84
F100_JD (Kg) * 31.11+5.78 42.41+8.24 36.35+£8.98
F100_VM (KPa) * 71.14 +19.31 93.23 +20.06 81.36+£22.42
FR75 *
D (sec) * 6.47 £3.74 9.38+4.99 7.81+4.56
VM (sec) * 16.23 £9.51 21.57 £10.11 18.70 £ 10.07
FR50 T
1D (sec) 33.91+13.96 30.74 £ 15.16 32.44 +14.48
VM (sec) 62.61+ 29.23 60.77 +21.99 61.76 + 25.91
Antagonist Muscle Co-activation T100% T
D 8.65+2.71 8.96+2.72 8.79+2.70
VM 45.64 +12.55 44.94 +13.67 45.31+12.96
Antagonist Muscle Co-activation T75% t
D 7.90 £2.24 8.37+3.13 8.12+2.68
VM 36.38 £11.86 35.18 +12.87 35.82 £12.23
Antagonist Muscle Co-activation T50% T
D 7.45 +2.55 7.97 £2.88 7.69 +2.69
VM 37.88+24.14 28.92 +10.40 33.73+£19.42
Agonist muscle Activity T75% t
D 95.39+21.12 98.59 +27.23 96.87 + 23.96
VM 84.21+24.67 75.77 £17.32 80.30 + 21.80
Agonist muscle Activity T50% *
D 94.75 +29.22 90.90 + 30.90 92.97 +29.79
VM 66.44 £ 24.14 59.82 + 15.33 63.37 £ 20.63
Antagonist Muscle Co-activation T100% VM-JD 36.98+11.08 35.98 +12.20 36.52+11.51
Antagonist Muscle Co-activation T75% VM-JD 28.48 +10.61 26.81+10.78 27.71£10.62
Antagonist Muscle Co-activation T50% VM-JD* 30.43 +23.98 20.95 +9.39 26.04+19.14
Agonist muscle Activity T75% VM-JD -11.18 £29.51 -22.82+27.68 -16.57 £29.01
Agonist muscle Activity T50% VM-JD -28.31+34.54 -31.08 £33.43 -29.59+33.74
A’ FR 75% 9.76 £ 8.95 12.20 £ 10.17 10.89£9.52
A FR 50% 28.70 £ 527.06 30.03 £ 26.78 29.32 £26.69

*Significant difference between Male and Female (p<0.05)
tSignificant difference between VM and JD (p<0.05)

! SD- Standard deviation
2 A- Delta
13



As shown in table 2, a significant correlation (controlled for age and gender) was found
between DeltaFR75 and delta antagonist muscle co activation T100% (r=.296, p<0.05) as well

as between DeltaFR75 and delta antagonist muscle co activation at T75% (r=.276, p<0.05).

Table 2: Correlation between the muscles activity and the time to fatigue during the FR test

Delta Delta Delta . .
Antagonist Antagonist Antagonist Delta Agonist Delta Agonist
muscle Activity  muscle Activity
Muscle Co- Muscle Co- Muscle Co-
o oo T T75% T50%
activation activation activation
T100% T75% T50%
DeltaFR75 .296* .276* .200 -.029 124
DeltaFR50 .196 177 -.057 -.051 155

Data represent Partial correlation coefficients controlled for age and gender *p<0.05.

In table 3 the results are presented stratified by age and gender. The younger female
and male showed significantly higher maximal grip strength for both devices compared to the
older ones. The strongest group was the 18-40 year old, but this group had also the lowest FR
values. This age effect in fatigability (FR50) was only significant in females. The group of 60+
showed significantly lower FR than group 18-40 when using the VM (18-40: 52.36 + 19.26 vs.
60+: 98.15 + 58.75). But when using the JD device, FR was higher in the 40-60 age group (18-
40: 28.31 + 12.30 vs. 40-60: 43.79 + 13.40).

In the male, the 18-40 group were taller and showed the strongest grip strength,
whereas the group +61 was the weakest.

No significant differences were found for muscle (co)-activation muscular.

Table 3: Participants characteristics by gender and age (expressed as mean + SD)

| Age group
Female 18-40 years 41-60 years 60+ years
N=16 N=10 N=3
Height (kg) $ 171.50 £ 6.28 T 168.30 £ 4.08 # 159.67 = 0.58
Weight (kg) 71.42 +17.64 85.78 + 24.41 67.53 +5.22
BMI (kg/m2) 24.83 +5.66 30.27 £8.37 26.53 +£2.05
F100
JD (Kg) $ 32.31+4.15* 31.55+7.01# 23.30 £ 3.69
VM (KPa) $ 77.18 £12.50 T 68.02 + 24.29 46.09 £ 6.91
FR75
JD (sec) 6.57 £3.37 7.06 £4.63 3.92+1.77
VM (sec) 14.97 +7.52 17.84 £ 10.91 17.51 +16.72
FR50
JD (sec) $ 28.31+12.30* 43.79 £13.40 30.84 +£5.70
VM (sec) $ 52.36 £19.26 1 68.36 + 25.05 98.15 +58.75
Antagonist Muscle Co-activation T100%
JD 8.10+2381 9.54 +£2.63 8.64 +251
VM 43.28 £13.30 46.60 £ 10.97 55.01+12.46
Antagonist Muscle Co-activation T75%
JD 7.79+224 8.15+2.56 7.65+1.64
VM 35.25+10.76 36.51 +13.83 41.96 +£13.51
Antagonist Muscle Co-activation T50%
JD 8.06 £ 2.87 6.57 £ 1.88 7.12+255
VM 40.72 + 30.38 33.96 +15.25 35.81 £6.19
Agonist muscle Activity T75%
JD 101.25 + 24.88 90.59 +13.11 80.19 + 9.52
VM 88.20 £ 28.33 80.64 + 15.74 74.89 * 32.65
Agonist muscle Activity T50%
JD 98.94 + 26.32 96.54 + 34.26 66.43 + 10.90
VM 72.74 + 25.22 59.80 + 23.59 54.97 £12.09
A FR 75% 8.40 +6.48 10.78 £9.77 13.60 + 18.30
AFR50% $ 24.05+14.52 2457 +21.37 # 67.31£64.19
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Male 18-40 years 41-60 years 60+ years
N=16 N=3 N=5
Height (kg)$ 182.88 £5.33 t 182.67 £ 6.81 175.40 +5.32
Weight (kg) 83.54 £12.15 93.33+£7.57 82.68 £ 10.40
BMI (kg/m2) 2514 £3.91 27.97+£4.10 29.22 £5.62
F100
JD (Kg) 44.08 = 8.00 43.77 £ 8.54 37.31+£7.95
VM (KPa) $ 101.47 £16.90 t 95.30 £8.79 70.22 +13.77
FR75
JD (sec) 9.25 +4.82 6.37 +3.86 11.23 +5.86
VM (sec) 23.45+11.33 17.95 +10.63 18.39 +5.36
FR50
JD (sec) 27.47 £12.01 32.59 + 26.83 38.55 £ 16.54
VM (sec) 57.85+15.68 63.77 + 28.68 67.07 £ 34.27
Antagonist Muscle Co-activation T100%
JD 8.57 +2.32 8.47 +2.32 10.24 +3.93
VM 41.43 £12.49 43.24 +£10.48 55.14 £ 14.77
Antagonist Muscle Co-activation T75%
JD 8.56 +3.19 6.78 + 1.30 8.64 +3.77
VM 33.43+£11.09 31.19 £6.07 41.83 £18.39
Antagonist Muscle Co-activation T50%
JD 8.08 +2.74 7.63 +1.87 7.86 +3.96
VM 27.49£9.72 26.61 £8.20 33.90 £ 13.00
Agonist muscle Activity T75%
JD 104.75 £ 30.41 91.06 + 20.76 85.93 £ 16.24
VM 75.60 +12.88 79.12 £8.12 74.54 +30.12
Agonist muscle Activity T50%
JD 95.71 £ 34.41 88.06 + 31.00 79.48 £ 20.31
VM 60.89 £ 16.76 61.89 + 13.00 55.93 £13.91
AFR75% 14.20 + 10.50 11.58 +7.22 7.17 +10.04
A FR 50% 30.39 £ 15.87 31.18 £47.39 28.52 +£42.25

$ Significant difference between age group

* Significant difference between age group 18-40 and 41-60
tSignificant difference between age group 18-40 and 61+
#Significant difference between age group 40-60 and 61+
The Bonferroni post-hoc testing was used to compare the variables between age groups

6. Discussion
The first aim of this study was to validate the FR test when performing with JD,

comparing the muscle fatigue outcomes obtained by the VM and the JD in dwelling community
subjects of different ages. The second aim was to study the co-activation of the arm extensors
and flexors during the FR test.

Even though the reliability of both JD and the VM has been evaluated in different
populations (49, 50, 52), to our knowledge, these two types of instruments have never been
compared measuring the FR test. Most studies of muscle function of elderly adults have
focused on strength (20, 48, 51), thereby overlooking muscle fatigue as a potentially important
link to normal activities of daily living requiring sub maximal sustained activity rather than
maximal efforts (67, 68).

This study was in agreement with the previous results that the men are stronger than
women (21, 48, 51). Since this thesis describes the first subjects included in a still ongoing
research project, the sample size was not equally distributed among the age-subgroups, thus
data must be interpreted with caution. As expected, elderly people showed less grip strength

than younger ones (49, 53, 69).
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Although a very high correlation between VM and JD has been described concerning
grip strength (21), this was not confirmed for muscle FR. Emphasizing that muscle fatigue is a
distinct parameter of muscle strength, as happen in knee extensors and flexor muscles (68).

The sample was large enough to demonstrate a significant difference in FR between the
two devices. FR50 was in average 29 seconds better when performed using VM than the JD.
This difference can be related to the type of contraction, which influences the muscle
fatigue(70).

During the FR-test, strength dropped more rapidly to 75% of its maximum in female
compared to male, but for FR50 the gender effect disappeared. The gender differences in
muscle fatigability are still controversial and depend on specific muscle groups (71).

In all age groups we found a significant difference for FR between the devices.
However, on both devices FR increased with age. Although, there was an exception for JD,
where the middle-age group showed better FR compared to the younger and older ones. This
can be due to the unbalanced proportions in age subgroups, effects of motivation or the feeling
of pain (72). In addition age has previously been shown to be a predictor of fatigability, as was
demonstrated in human adductor pollicis muscle during contractions of short duration and
intermittent exercise (73).

The sEMG data revealed significant differences in muscle (co)activation during the FR
test when comparing VM to JD (74). The antagonist co-activation was more pronounced when
using the VM, whereas the agonist activation was greater when using the JD. This difference
might be related to differences in the position of the wrist during the FR test (65), although this
was very similar for both devices. On the other hand, the greater antagonist co activation when
using the VM can positively impact the FR since antagonist co-activation is related to a better
stabilization of the joint (55). Besides, previous studies showed that dynamic contractions (the
rubber bulb of the VM is compressible and thus movement of the fingers is possible) were
associated with greater FR compared to isometric ones (the handle of the JD is rigid) (70). Our
data suggest that the FR-test when using the VM induces a more prominent muscle exhaustion
than when using the JD. However, it remains unclear why grip strength declines so rapidly when
using the JD, since agonist muscle activation decreased much less than when using the VM.
Interestingly, the the difference in antagonist muscle co-activation at T50% (VM value - JD
value) was higher in female. This could be related with the greater FR in women (71), but more
investigation is required to confirm this relationship.

6.1 Limitations and future perspectives
In this study there are some limitations. First, the results regarding age-differences must

be interpreted carefully since the study population was not equally distributed over the age-
groups. However, this are the first results of a bigger ongoing project, and these first analyses
must be confirmed when a larger group will be included.

In addition, the sample did not include disable people. Therefore, no conclusions can be
drawn with regard to the comparability of the devices when used in people with impairments.
This will be explored in the future project.
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7. Conclusion
Fatigue resistance was significantly better when measured with VM compared to JD. At

all phases of the FR-test (T100%, T75% and T50%) the antagonist muscle co-activation was
significantly higher for VM compared to JD. In contrast, the agonist muscle activation level was
significantly higher in JD compared to VM at T75% and T50%. When performing the FR-test
with VM, both the agonist muscle activation and antagonist muscle co-activation decreased
significantly (p<0.05), whereas when using the JD, only a significant decrease in the antagonist
muscle co-activation was observed. Our results suggest that the FR-test when using the VM
induces a more prominent muscle exhaustion than when using the JD, which makes the VM
more suitable for measuring muscle FR. However, these findings must be confirmed in a larger

study population.

17



References
1. Organization WH. 10 facts on ageing and the life course. World Health

Organization; 2014 [2015-02-16]; Available from: http://www.who.int/features/factfiles/ageing/en/

2. Bauer JM, Sieber CC. Sarcopenia and frailty: a clinician's controversial point of
view. Experimental gerontology. 2008;43(7):674-8. Epub 2008/04/29.

3. Campbell AJ, Buchner DM. Unstable disability and the fluctuations of frailty.
Age and ageing. 1997;26(4):315-8. Epub 1997/07/01.

4, Ahmed N, Mandel R, Fain MJ. Frailty: an emerging geriatric syndrome. The
American journal of medicine. 2007;120(9):748-53. Epub 2007/09/04.

5. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet. 2013;381(9868):752-62. Epub 2013/02/12.

6. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.

Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
2001;56(3):M146-56. Epub 2001/03/17.

7. De Lepeleire J, lliffe S, Mann E, Degryse JM. Frailty: an emerging concept for
general practice. Br J Gen Pract. 2009;59(562):e177-82. Epub 2009/04/30.

8. Walston JD. Sarcopenia in older adults. Current opinion in rheumatology.
2012;24(6):623-7. Epub 2012/09/08.

9. Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair KS. Sarcopenia. The
Journal of laboratory and clinical medicine. 2001;137(4):231-43. Epub 2001/04/03.

10. Wou F, Conroy S. The frailty syndrome. Medicine. 2013;41(1):13-5.

11. Bautmans |, Gorus E, Njemini R, Mets T. Handgrip performance in relation to
self-perceived fatigue, physical functioning and circulating IL-6 in elderly persons without
inflammation. BMC Geriatr. 2007;7:5. Epub 2007/03/03.

12. Bautmans |, Mets T. A fatigue resistance test for elderly persons based on grip
strength: reliability and comparison with healthy young subjects. Aging Clinical and
Experimental Research. 2004;17:217-22.

13. Bautmans I, Njemini R, De Backer J, De Waele E, Mets T. Surgery-induced
inflammation in relation to age, muscle endurance, and self-perceived fatigue. J Gerontol A Biol
Sci Med Sci. 2010;65(3):266-73. Epub 2009/10/08.

14. Bautmans |, Njemini R, Lambert M, Demanet C, Mets T. Circulating acute
phase mediators and skeletal muscle performance in hospitalized geriatric patients. J Gerontol
A Biol Sci Med Sci. 2005;60(3):361-7. Epub 2005/04/30.

15. Bautmans |, Njemini R, Predom H, Lemper JC, Mets T. Muscle endurance in
elderly nursing home residents is related to fatigue perception, mobility, and circulating tumor
necrosis factor-alpha, interleukin-6, and heat shock protein 70. J Am Geriatr Soc.
2008;56(3):389-96. Epub 2008/01/09.

16. Bautmans I, Onyema O, Van Puyvelde K, Pleck S, Mets T. Grip work estimation
during sustained maximal contraction: validity and relationship with dependency and
inflammation in elderly persons. J Nutr Health Aging. 2011;15(8):731-6. Epub 2011/10/05.

18


http://www.who.int/features/factfiles/ageing/en/

17. Beyer I, Bautmans I, Njemini R, Demanet C, Bergmann P, Mets T. Effects on
muscle performance of NSAID treatment with piroxicam versus placebo in geriatric patients with
acute infection-induced inflammation. A double blind randomized controlled trial. BMC
Musculoskelet Disord. 2011;12:292. Epub 2012/01/03.

18. Beyer |, Njemini R, Bautmans |, Demanet C, Bergmann P, Mets T.
Inflammation-related muscle weakness and fatigue in geriatric patients. Experimental
gerontology. 2012;47(1):52-9. Epub 2011/10/29.

19. Mets T, Bautmans I, Njemini R, Lambert M, Demanet C. The influence of
celecoxib on muscle fatigue resistance and mobility in elderly patients with inflammation. Am J
Geriatr Pharmacother. 2004;2(4):230-8. Epub 2005/05/21.

20. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A
review of the measurement of grip strength in clinical and epidemiological studies: towards a
standardised approach. Age and ageing. 2011;40(4):423-9. Epub 2011/06/01.

21. Desrosiers J, Hebert R, Bravo G, Dutil E. Comparison of the Jamar
dynamometer and the Martin vigorimeter for grip strength measurements in a healthy elderly
population. Scand J Rehabil Med. 1995;27(3):137-43. Epub 1995/09/01.

22. Organisation WH. Global health and aging2011. Available from:
http://www.nia.nih.gov/sites/default/files/global health and aging.pdf.

23. Ferrucci L, Guralnik JM, Studenski S, Fried LP, Cutler GB, Jr., Walston JD.
Designing randomized, controlled trials aimed at preventing or delaying functional decline and

disability in frail, older persons: a consensus report. J Am Geriatr Soc. 2004;52(4):625-34. Epub
2004/04/07.

24, Topinkova E. Aging, disability and frailty. Annals of nutrition & metabolism.
2008;52 Suppl 1:6-11. Epub 2008/04/18.

25. de Vries NM, Staal JB, van Ravensberg CD, Hobbelen JS, Olde Rikkert MG,
Nijhuis-van der Sanden MW. Outcome instruments to measure frailty: a systematic review.
Ageing research reviews. 2011;10(1):104-14. Epub 2010/09/21.

26. Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to
measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci. 2007;62(7):738-43. Epub
2007/07/20.

27. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell |, et al.
A global clinical measure of fitness and frailty in elderly people. CMAJ : Canadian Medical
Association journal = journal de I'Association medicale canadienne. 2005;173(5):489-95. Epub
2005/09/01.

28. Cruz-Jentoft AJ, Michel JP. Sarcopenia: A useful paradigm for physical frailty.
European Geriatric Medicine. 2013;4(2):102-5.

29. Newhouse JP. Medical Care Costs: How Much Welfare Loss? The Journal of
Economic Perspectives. 1992;6(3):3-21.

19


http://www.nia.nih.gov/sites/default/files/global_health_and_aging.pdf

30. Morley JE, Anker SD, von Haehling S. Prevalence, incidence, and clinical
impact of sarcopenia: facts, numbers, and epidemiology-update 2014. J Cachexia Sarcopenia
Muscle. 2014;5(4):253-9. Epub 2014/11/27.

31. Rosenberg IH. Sarcopenia: origins and clinical relevance. The Journal of
nutrition. 1997;127(5 Suppl):990S-1S. Epub 1997/05/01.
32. Janssen |, Heymsfield SB, Ross R. Low relative skeletal muscle mass

(sarcopenia) in older persons is associated with functional impairment and physical disability. J
Am Geriatr Soc. 2002;50(5):889-96. Epub 2002/05/25.

33. Janssen |, Heymsfield SB, Baumgartner RN, Ross R. Estimation of skeletal
muscle mass by bioelectrical impedance analysis. J Appl Physiol (1985). 2000;89(2):465-71.
Epub 2000/08/05.

34. Janssen |, Shepard DS, Katzmarzyk PT, Roubenoff R. The healthcare costs of
sarcopenia in the United States. J Am Geriatr Soc. 2004;52(1):80-5. Epub 2003/12/23.

35. Rivier E, Krieg MA, Lamy O. La sarcopénie : définition, méthodes de mesure,
avenir thérapeutique. Revue médicale suisse. 2011;294(18):1047-8.

36. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: Report of the European Working
Group on Sarcopenia in Older People. Age and ageing. 2010;39(4):412-23. Epub 2010/04/16.

37. Rizzoli R, Reginster JY, Arnal JF, Bautmans |, Beaudart C, Bischoff-Ferrari H,
et al. Quality of life in sarcopenia and frailty. Calcified tissue international. 2013;93(2):101-20.
Epub 2013/07/06.

38. Malafarina V, Uriz-Otano F, Iniesta R, Gil-Guerrero L. Sarcopenia in the elderly:
diagnosis, physiopathology and treatment. Maturitas. 2012;71(2):109-14. Epub 2011/12/14.

39. Janssen |, Baumgartner RN, Ross R, Rosenberg IH, Roubenoff R. Skeletal
muscle cutpoints associated with elevated physical disability risk in older men and women. Am J
Epidemiol. 2004;159(4):413-21. Epub 2004/02/11.

40. Narici MV, Maffulli N. Sarcopenia: characteristics, mechanisms and functional
significance. British medical bulletin. 2010;95:139-59. Epub 2010/03/05.

41. Marzetti E, Leeuwenburgh C. Skeletal muscle apoptosis, sarcopenia and frailty
at old age. Experimental gerontology. 2006;41(12):1234-8. Epub 2006/10/21.

42. Aagaard P, Suetta C, Caserotti P, Magnusson SP, Kjaer M. Role of the nervous
system in sarcopenia and muscle atrophy with aging: strength training as a countermeasure.
Scandinavian journal of medicine & science in sports. 2010;20(1):49-64. Epub 2010/05/22.

43. Seeley RR, Stephens TD, Tate P. Muscular System: Histology and Physiology.
Anatomy & Phsiology. 6th ed: MacGraw Hill; 2005.

44, De Luca CJ. Surface Electromyography: Detection and recording. 2002:1-10.

45, Christie A, Snook EM, Kent-Braun JA. Systematic Review and Meta-Analysis of
Skeletal Muscle Fatigue in Old Age. Medicine and science in sports and exercise.
2011;43(4):568-77.

20



46. Gandevia SC. Spinal and supraspinal factors in human muscle fatigue.
Physiological reviews. 2001:1725-89.

47. Kent-Braun JA. Skeletal muscle fatigue in old age: whose advantage? Exercise
and sport sciences reviews. 2009;37(1):3-9. Epub 2008/12/23.

48. Lamb M. Hand-held Dynamometer/Grip Strength. Rehabilitation Institute of
Chicago. 2010.

49. Bohannon RW, Peolsson A, Massy-Westropp N, Desrosiers J, Bear-Lehman
JB. Reference values for adult grip strength measured with a Jamar dynamometer: a descriptive
meta-analysis. Physiotherapy. 2006;92(1):11-5.

50. Desrosiers J, Bravo G, Hebert R. Isometric grip endurance of healthy elderly
men and women. Arch Gerontol Geriatr. 1997;24(1):75-85. Epub 1997/01/01.

51. Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary 1J, Dennison EM, et al.
Grip strength across the life course: normative data from twelve British studies. PloS one.
2014;9(12):e113637. Epub 2014/12/05.

52. Desrosiers J, Bravo G, Hebert R, Dutil E. Normative data for grip strength of
elderly men and women. Am J Occup Ther. 1995;49(7):637-44. Epub 1995/07/01.

53. Schlissel MM, dos Anjos LA, de Vasconcellos MTL, Kac G. Reference values
of handgrip dynamometry of healthy adults: A population-based study. Clinical Nutrition.
2008;27(4):601-7.

54. Manini TM, Clark BC. Dynapenia and aging: an update. J Gerontol A Biol Sci
Med Sci. 2012;67(1):28-40. Epub 2011/03/30.

55. Arnold P, Bautmans |. The influence of strength training on muscle activation in
elderly persons: a systematic review and meta-analysis. Experimental gerontology. 2014;58:58-
68. Epub 2014/07/30.

56. Klass M, Baudry S, Duchateau J. Voluntary activation during maximal
contraction with advancing age: a brief review. European journal of applied physiology.
2007;100(5):543-51. Epub 2006/06/10.

57. Capri Mara F. Cross-Sectional Studies Encyclopedia of Health Services
Research. Thousand Oaks, CA: SAGE Publications, Inc.; 2009. p. 265-9
58. Fortin M-F. As abordagens quantitativas e qualitativas. Fundamentos e etapas

do processo de investigacao: Lusodidacta; 2009. p. 26-43.

59. Dipietro L, Caspersen CJ, Ostfeld AM, Nadel ER. YALE Physical Activity
Survey. Medicine Science in Sports Exercise. 1997;29:130-40.

60. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975;12(3):189-98.
Epub 1975/11/01.

61. Huebner A, Faenger B, Schenk P, Scholle HC, Anders C. Alteration of Surface
EMG amplitude levels of five major trunk muscles by defined electrode location displacement.
Journal of electromyography and kinesiology : official journal of the International Society of
Electrophysiological Kinesiology. 2015;25(2):214-23. Epub 2014/12/30.

21



62. Luca CJ. The use of surface electromyography in biomechanics. The
international Society for Biomechanics. 1993.

63. Staudenmann D, Roeleveld K, Stegeman DF, van Dieen JH. Methodological
aspects of SEMG recordings for force estimation--a tutorial and review. Journal of
electromyography and kinesiology : official journal of the International Society of
Electrophysiological Kinesiology. 2010;20(3):375-87. Epub 2009/09/18.

64. Abreu R, Lopes AA, Sousa AS, Pereira S, Castro MP. Force irradiation effects

during upper limb diagonal exercises on contralateral muscle activation. Journal of

electromyography and kinesiology : official journal of the International Society of
Electrophysiological Kinesiology. 2014. Epub 2015/01/17.
65. Roman-Liu D, Bartuzi P. The influence of wrist posture on the time and

frequency EMG signal measures of forearm muscles. Gait & Posture. 2013;37(3):340-4.

66. Fess EE. Guidelines for evaluating assessment instruments. Journal of hand
therapy : official journal of the American Society of Hand Therapists. 1995;8(2):144-8. Epub
1995/04/01.

67. Theou O, Jones GR, Overend TJ, Kloseck M, Vandervoort AA. An exploration
of the association between frailty and muscle fatigue. Applied Physiology, Nutrition, and
Metabolism. 2008;33(4):651-65.

68. Katsiaras A, Newman AB, Kriska A, Brach J, Krishnaswami S, Feingold E, et al.
Skeletal muscle fatigue, strength, and quality in the elderly: the Health ABC Study. J Appl
Physiol (1985). 2005;99(1):210-6. Epub 2005/02/19.

69. Desrosiers J, Hebert R, Bravo G, Rochette A. Age-related changes in upper
extremity performance of elderly people: a longitudinal study. Experimental gerontology.
1999;34(3):393-405. Epub 1999/08/05.

70. Avin KG, Law LA. Age-related differences in muscle fatigue vary by contraction
type: a meta-analysis. Physical therapy. 2011;91(8):1153-65. Epub 2011/05/28.

71. Avin KG, Naughton MR, Ford BW, Moore HE, Monitto-Webber MN, Stark AM,
et al. Sex differences in fatigue resistance are muscle group dependent. Med Sci Sports Exerc.
2010;42(10):1943-50. Epub 2010/03/03.

72. Cooke A, Kavussanu M, Mcintyre D, Ring C. Effects of competition on
endurance performance and the underlying psychological and physiological mechanisms.
Biological Psychology. 2011;86(3):370-8.

73. Ditor DS, Hicks AL. The effect of age and gender on the relative fatigability of
the human adductor pollicis muscle. Canadian journal of physiology and pharmacology.
2000;78(10):781-90. Epub 2000/11/15.

74. Nussbaum MA. Static and dynamic myoelectric measures of shoulder muscle
fatigue during intermittent dynamic exertions of low to moderate intensity. European journal of
applied physiology. 2001;85(3-4):299-309. Epub 2001/09/19.

22



