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Abstract

BACKGROUND: Electromyographic systems are widely used in scientific and clinical practice. The
reproducibility and reliability of these measures are crucial when conducting scientific research and

collecting experimental data.

OBJECTIVE: To test the reliability of surface electromyography signals from both the Flexor
Digitorum Superficialis (FDS) and Extensor Carpi Radialis Brevis (ECRB) muscles of both the left and
right arms during an individual, static multi-planar maximum voluntary contraction handgrip task

using the Myon 320 system (Myon AG, Switzerland).

METHODS: Eight right-handed male participants performed two maximal handgrip tests in five
separate wrist positions using both hands. Muscle activity was recorded from both forearms.
Reliability was measured using the Standard Error of Measurement (SEM), Coefficient of Variation
(CV) and Intra-class correlation coefficients. Wrist joint position correlations within and between the

FDS and ECRB muscle activities were also analysed.

RESULTS: Absolute reliability was shown across all positions for both hands with CV and SEM
recorded at below 10%. The output measures indicate that the Myon 320 system (Myon AG,
Switzerland) produces good to fair reliability when assessing forearm muscle activity. Correlations in
the left FDS muscles were negative. Correlations between the left ECRB and left FDS muscles were

variable but positive between the right ECRB and right FDS muscles.

CONCLUSIONS: The data sets retrieved from all participants were reliably evaluated. Wrist position
correlations within and between the FDS and ECRB muscles may have been influenced by hand
dominance. The findings demonstrate that the methods and systems outlined in this study can be

used reliably in future research.
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Introduction

Snijders and associates point out that both the finger flexors, the wrist and finger extensors are active
during grasping and pinching and that this activity intensifies with increases in grasping or pinching
force [1]. Handgrip strength testing is a method widely employed in various sporting contexts and is
also used by occupational therapists in a range of clinical settings, particularly in the investigation of
hand pathologies and associated injuries [2]. Common ways to assess hand function is to measure grip
strength and pinch strength [3]. Grip strength has become a reliable and practical method to measure
human strength [4]. The methodology is widely used in adults as an indicator of strength assessment
utilised in fitness testing and readiness for participation in sports [5]. Tietjen-Smith and colleagues
found a direct correlation between grip strength and overall body strength in very elderly females [6].
Fry and co-researchers found a correlation between grip strength and performance in American male

junior weightlifters [7].

However, Budoff and associates confirmed that grip strength may be influenced by many other
variables including nutritional status, weakness in the rotator cuff, fatigue and overall physical
function [8]. Many daily active movements and sporting skills depend on the high activity levels of the
extensor and flexor musculature of the forearms and hands, which can influence grip strength. This
indicates that the strength of an athlete’s grip can be a key factor in performance, injury prevention
and overall strength assessment of developing athletes [9]. The kinematic characteristics of the wrist
are obtained by analysing two significant planar motions of the hand relative to the forearm, these
being the flexion-extension motion and radial-ulnar deviation. The functional range of motion, the
looseness locus, and the instantaneous centre of rotation locus are the three mechanical measures
used to quantify the kinematic behaviour of the wrist [10]. In addition, Hoffman and associates
highlight that the kinematic movement of the wrist is also centred around radial and ulnar deviation,

extension and flexion [11].



Intermittent hand gripping effort is also frequently used by industrial workers in addition to athletes
for the evaluation of the potential to perform various manual employment activities [12]. In the last
seven years, only a few studies have been published that evaluate hand muscle function from an
electromyographic (EMG) perspective. Examples of these include: Case studies using EMG to record
muscle activities of a motorcyclist [13]; EMG assessments based on hand size, grip force and stroke
rotation during screw driving [14]; analyses of muscle activation during pull ups [15] and a study

investigating the use of EMG to evaluate recumbent hand cycling [16].

An earlier study by Goh and colleagues investigated the effects of sleep deprivation on hormonal
profiles and handgrip strength performance [17]. They found that grip performance increased during
the day and declined at night and that sleep deprivation lowered performance levels. This
demonstrates that grip strength can be affected by diurnal variations as well as the quantity and
quality of rest [18]. Hoozemans et al point out that the EMG of the Flexor Digitorus Superficialis (FDS)
may be useful to predict grip force [19]. Meanwhile, Chen and colleagues have produced results to
verify that test-retest values obtained from a pinch grip test can be used successfully on the non-

affected arms of stroke patients [20].

Neither of these studies used the Myon 320 system (Myon AG, Switzerland) for electromyographic
data capture, however, a study by Sorbie et al (2018) investigated the Myon systems (Myon AG,
Switzerland) reliability during a bilateral front raise, a squat test and an isometric handgrip task [21].
The portability, ease of use and compatibility in conjunction with the Vicon Motion Analysis System
allows users to not only examine muscle output during movement, but also to track and map
movement patterns of specific anatomical points within a three-dimensional area. Incel et al (2002)
state that the reliable and valid evaluation of hand strength is of great importance in determining the
effectiveness of different treatment strategies or for evaluating the effects of different hand related
experimental and surgical procedures [22]. To date several studies have been completed that utilised

surface Electromyography (sEMG) on many different muscle groups, however, there remains only a



small number of studies that have measured and validated forearm muscle activity using the Myon

320 system (Myon AG, Switzerland).

The purpose of this investigation, therefore, was to further evaluate the reliability of the Myon 320
system (Myon AG, Switzerland) when capturing electromyographical output from two forearm
muscles (Extensor Carpi Radialis Brevis (ECRB) and Flexor Digitorum Superficialis (FDS)) that are active

during a gripping task.

Method

Participants

Eight right-handed male participants volunteered to take part in this laboratory-based pilot study.
(Age: 22.5 + 7.6 years, Height: 185.5 + 5.40cm, Weight: 82.18 + 29.69 kg). Participants had no wrist or
elbow injuries within a twelve-month period and no hand, wrist or elbow surgeries in the previous five
years. Prior to testing, participants were required to avoid any form of physical activity for at least 24
hours before their designated trial start time. All participants were tested at the same time of day to
minimize potential diurnal effects on data capture. A Par-Q and consent form was also completed by
the participants. Ethical approval was granted by the University of the West of Scotland Ethics
Committee. All participants signed an informed consent form outlining the purpose of the experiment

and stating that participants were free to withdraw from the study at any time.

Apparatus

A Myon 320 sEMG System (Myon AG, Switzerland) was used with AMBU surface electrodes to capture
the output of the ECRB and FDS during each Maximum Voluntary Contraction (MVC). The Myon 320
SEMG system (Myon AG, Switzerland) was interfaced with a Vicon Bonita Motion Analysis System
(Oxford, UK). The motion capture system was used to monitor the markers placed on the elbow joint
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and segments of the forearm and upper arm. Three markers were placed on the forearm, elbow joint
and upper arm. This ensured that the forearm and upper arm at the elbow joint remained at 90° for
all participants during the experiment. A Medical Research Ltd (Leeds, UK) pinch / grip digital analyzer
with winCAS software was used to capture the force (N) of each maximal hand grip for a maximum

time period of five seconds.

EMG Procedures

Prior to testing the participants’ skin was prepared for placement of the EMG AMBU surface sensors
(AMBU, Cambridge, UK). This process involved hair removal from the specific areas with a disposable
razor, followed by rubbing with a fine abrasive AMBU Skin Prep Pad for skin preparation (AMBU,
Cambridge, UK) before thoroughly cleaning with a hypoallergenic alcohol swab (AMBU). Surface
sensors were then placed on the FDS and ECRB forearm muscles before connection to the electrode
transmitters. When measuring muscle activity for the ECRB muscles during the current study an inter-
electrode distance of 2cm was selected in accordance with previous experimentation.[23] For the
ECRB muscle, a line was marked between the lateral epicondyle and the radial styloid process. The
ECRB is located at the proximal half of the forearm, just lateral to the line.[24] The electrode for the
FDS muscle was placed towards the middle of the forearm, halfway from the ventral midline to the
medial border of the forearm. There was no risk of crosstalk with respect to the placement of the EMG
AMBU surface sensors (AMBU, Cambridge, UK) on the muscle bellies of the FDS and ECRB muscles.
Each subject adopted a standardized sitting position with the arm attached to a custom rig and with

the elbow flexed at 90°during the hand grip test (Figure 1).



Figure 1. (a) Pinch / Grip Digital Analyzer Device (b) Pictorial illustration of a subject using Pinch / Grip

Digital Analyzer Device with forearm secured in a customized arm rig.

Experimental Design

Prior to data collection all procedures were explained to participants and all were familiarized with
testing protocols. The dynamic warm up session was unnecessary for this pilot study for fear of
fatiguing the FDS and ECRB muscles before the handgrip task was performed. Each participant
performed three maximal handgrips in five separate randomized positions (Neutral, Flexion,
Extension, Radial Deviation and Ulnar Deviation) for a maximum of five seconds with a two-minute

rest period between efforts. Verbal stimulations to the volunteers during the maximal contractions



were provided. This procedure was then repeated for the other hand. A Medical Research Ltd (Leeds,
UK) pinch / grip digital analyzer was used to capture the force (N) of each maximal handgrip for a
maximum time period of five seconds. A total of fifteen trials were carried out for each hand using five
separate wrist positions (Neutral, Flexion, Extension, Radial Deviation and Ulnar Deviation) and three

repetitions per position.

Data Analysis

Data was captured at a frequency of 1000Hz with the implementation of a high/low pass Butterworth
filter (High 20Hz, Low 400Hz) to reduce any transient noise before Root Mean Square (RMS) (20ms)
values were calculated. These procedures followed methodologies outlined in a previous study [21].
All data were exported to Microsoft Excel 2016 (Microsoft Corporation, Redmond, Washington) and
analysed using the IBM Statistical Package for Social Sciences (SPSS) Statistics for Windows, Version

25.0 (IBM Corp., Armonk, New York). Descriptive and inferential statistics were also incorporated.

A Shapiro-Wilks test was applied to the dataset to examine if the data was normally distributed. A
paired t-test was used to establish if there were any statistical differences between left and right
forearms with respect to each the FDS and ECRB muscles. Pearson correlation (r) was performed to
establish the level of muscle activity interaction between the FDS and ECRB muscles within and
between both hands. When implementing the Pearson correlation, the r values obtained varied
between — 1 and + 1 where 1 is a perfect correlation and O represents no correlation. Further
interpretations of r include: 1 > r > 0.8 (Very Strong); 0.8 > r > 0.6 (Moderate); 0.6 > r > 0.3 (Fair) and
0.3>r>0.1(Poor) [25, 26]. Reliability was assessed based on studies by Atkinson and associates who
suggested that a measurement tool is reliable if the Intraclass Correlation Coefficient (ICC) is above
0.800 and CV is below 10% [27]. A mixed model and absolute type ICC was run. SEM was also used to
express absolute reliability of the measure. A measure of internal consistency to evaluate the scale of

reliability was also determined using Cronbach’s alpha (a) [28]. The scale was interpreted as follows:



If a>0.9 (Excellent), 0.9 > a 2 0.8 (Good), 0.8 > a > 0.7 (Acceptable), 0.7 > a 2 0.6 (Questionable), 0.6
>a 2 0.5 (Poor), 0.5 > a (Unacceptable). The CV and the SEM displayed in equations (1) and (2) were

calculated using the equations presented below at 95% confidence interval (Cl):

SD

CV = Mean X 100% (1)
SD
SEM(x) = N (2)

Where SD is the standard deviation and N refers to the sample size.

A repeated measures ANOVA was used to evaluate differences recorded for the FDS and ECRB muscles
respectively with respect to the five wrist positions. To avoid any variation from trial to trial the MVC’s
of each wrist position (Extension, Flexion, Radial Deviation and Ulnar Deviation) were averaged and
then calculated as a percentage of the normalized dataset (Neutral mean for both arms). Effect sizes
were evaluated using partial ETA squared statistic (n,?) in relation to the ANOVA. The threshold values
0f 0.0099, 0.0588, and 0.1379 were considered small, medium, and large effect sizes respectively [29].

Throughout the study the significance level was set at P=0.05.

Results

All participants displayed similar trends when recording readings from the EMG outputs for both
forearm muscle groups for the five measurements on both arms. On average, the greater muscle
activation was displayed by the right ECRB during the Ulnar Deviation wrist position (134.92%). The
highest left FDS activation figure was also shown during Ulnar Deviation (100.96%). Minimal activation
was shown to be from the left FDS when in the Radial Deviation position (72.78%). Similarly, to the

pattern shown with the left FDS, Ulnar Deviation of the right FDS also proved to produce the lowest



output for that side. When comparing the activation of the FDS and ECRB for Extension, Flexion, Ulnar
Deviation and Radial Deviation the right ECRB across all wrist positions (128.74% (Flexion); 111.97%
(Radial Deviation); 134.92% (Ulnar Deviation)), displayed greater activity with exception of the right

FDS (101.36%) against the right ECRB (97.89%) during Extension (Table 1).

Table 1. Comparative percentage against Neutral.

Wrist Position Left FDS Right FDS Left ECRB Right ECRB
Extension 79.86 % 29.32 101.36 + 46.24 87.64 +25.23 97.89 + 46.03
Flexion 95.54 + 37.50 115.48 + 57.38 117.40 +34.22  128.74 +73.88
Radial Deviation ~ 72.78 + 38.87 99.57 £ 57.53 98.66 + 44.45 111.97 £ 60.99
Ulnar Deviation 100.96 + 44.59 122.11 +57.24 120.65 £ 52.42 134.92 + 69.00
Neutral 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00

A comparison of the muscle activation of the wrist for both arms. The Radial and Ulnar Deviation
showed a greater output for both Left/Right FDS and ECRB when in Ulnar Deviation. The Ulnar
Deviation wrist position produced the highest muscle activation output (Table 1). The Flexion position
produced the greatest output when compared to Extension (95.54% (Left FDS); 115.48% (Right FDS);
117.40% (Left ECRB); 128.74% (Right ECRB)). Flexion also produced greater percentage muscle

activation when compared to the wrist in Radial Deviation (Table 1).

Intra-session ICC, showed excellent reliability (>0.9) in extension for the left ECRB, right FDS and right
ECRB, (95% ClI = 0.905-0.998), (95% CI = 0.741-0.987), (95% Cl = 0.883-0.994) as well as right ECRB
flexion (95% ClI = 0.990-0.998) and radial deviation for left FDS (95% ClI = 0.659-0.983), left and right
ECRB (95% Cl = 0.894-0.994), (95% Cl = 0.741-0.986). Good reliability (0.75-0.9) was achieved in
extension by the left FDS (95% ClI = 0.540-0.974), right flexion (95% Cl = 0.103-0.954), and radial
deviation (95% Cl = 0.501-0.975), left ECRB flexion, neutral (95% Cl = 0.345-0.965), (95% CI = 0.107-
0.955) and right ECRB neutral (95% ClI = 0.419-0.972). Ulnar deviation produced the poorest overall
results along with left FDS in flexion and right FDS in the neutral positions, (95% Cl < 0.7).
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Table 2. Muscle activation outputs and reliability measurements of the ECRB and FDS muscles in five

wrist positions.

Muscle Reliability Extension Flexion Neutral Radial Ulnar
Activation Measurement Deviation Deviation
Left FDS SD 29.32% 37.50% 100.00% 38.87% 44.59%
SEM 3.31% 4.24% 11.31% 4.39% 5.04%
cv 0.17 0.48 0.38 0.36 0.25
Right FDS SD 49.43% 61.34% 100.00% 61.51% 61.20%
SEM 5.59% 6.94% 11.31% 6.95% 6.92%
cv 0.85 0.79 0.59 1.00 0.86
Left ECRB SD 26.97% 36.58% 100.00%  47.52% 56.04%
SEM 3.05% 4.14% 11.31% 5.37% 6.34%
cv 0.39 0.26 0.34 0.43 0.27
Right ECRB SD 52.11% 70.09% 100.00% 56.48% 61.72%
SEM 5.89% 7.93% 11.31% 6.39% 6.98%
cv 0.51 0.72 0.64 0.52 0.59

Standard Deviation (SD), Standard Error of Measurement (SEM) and Coefficient of Variation (CV).

Table 2 shows a greater error variance from the right FDS and ECRB when compared to the left.
However, this is marginal, and all data from both SEM and CV display a reliability figure of less than
10%. Reliability was also measured by calculating Cronbach’s Alpha of the percentage of neutral data.

This gave an output of 0.987 to further confirm the reliability of the tests.

In addition to the reliability results reported above, a paired t-test was performed and clearly
identified that there was no significant difference (P>0.05) in EMG output between the left and right
FDS muscles and the left and right ECRB muscles. There was however a significant difference (P<0.05)

when comparing the FDS muscle against the ECRB muscle on the same arm.

The repeated measures ANOVA revealed no significant differences (P=0.604, F=0.560, n,*=0.038,
small) between FDS muscle activity for both the left and right hands with respect to all the wrist joint
positions. In addition, there were no significant differences (P=0.967, F=0.064, n,*=0.005, small)

between the ECRB muscle activity for the left and right hands respectively with respect to all the wrist
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positions. The within muscle activity correlations with regards to the left or right hand wrist positions
are shown in Figure 2. Within the left FDS muscle, the wrist position correlation produced a negative
correlation ranging from -0.06 (Poor) to -0.33 (Fair) between extension and the four other wrist
positions. Correlations between ulnar deviation and flexion (r = -0.04 (Poor)) and ulnar deviation and
neutral (r = -0.26 ((Poor)) were also negatively correlated for the FDS muscle. The left FDS also
exhibited a positive correlation for the flexion and neutral (r = 0.61 (Moderate)) and ulnar deviation
and radial deviation (r = 0.48 (Fair)) associations. Aside from both the ulnar deviation and extension
correlation (r = -0.55) and ulnar deviation and radial deviation (r = -0.34 (Fair)), all other correlations
were positive (Figure 2). Both the right FDS and ECRB muscle activities produced Fair to Very Strong
positive correlations (1 > r 2 0.3) for all wrist position associations. Apart from the left FDS ulnar
deviation and radial deviation wrist position correlation (P=0.019) all other left FDS wrist position
correlations were not significant (P>0.05). No significant differences were observed for all left ECRB
wrist position associations. The right FDS produced only a significant difference between ulnar
deviation and radial deviation associations (P=0.025). The right ECRB displayed significant differences
for the ulnar deviation and extension association (P=0.044) and ulnar deviation and radial deviation

association (P=0.043).

LEFT FDS RIGHT FDS
@» m Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation | | v M Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation
E Extension 1.00 -0.06 013 -0.24 -0.33 E Extension 1.00 0.60 0.73 0.95 0.92
[ Flexion -0.06 1.00 0.61 0.27 -0.04 ':E Flexion 0.60 1.00 0.33 0.70 0.81
H Neutral -0.13 0.61 1.00 -0.08 -0.26 O |Neutral 0.73 0.33 1.00 0.51 054
Radial Deviation -0.24 0.27 -0.08 1.00 0.48 % |Radial Deviation 095 070 051 1.00 097
|Ulnar Deviation -033 | 004 | 026 0.48 1.00 Ulnar Deviation 092 081 | 054 0.97 1.00
LEFT ECRB RIGHT ECRB
] Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation E Extension | Flexion | Neutral| Radial Deviation | Ulnar Deviation
S Extension 1.00 0.34 063 0.75 -0.55 E Extension 1.00 0.73 0.81 0.89 090
E Flexion 0.34 1.00 0.57 0.23 0.45 = |Flexion 0.73 1.00 070 0.87 1.00
i |Neutral 0.63 0.57 1.00 0.42 0.20 5 Neutral 0.81 0.70 1.00 0.64 0.81
- [Radial Deviation 0.75 0.23 0.42 1.00 -0.34 @ |Radial Deviation 0.89 0.87 1.00 1.00 0.94
Ulnar Deviation -0.55 0.45 0.20 -0.34 1.00 Ulnar Deviation 0.90 0.94 0.81 0.94 1.00

Figure 2. Left hand and right hand within flexor and extensor muscle activity wrist position Pearson

correlation outputs.
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The correlations between muscles and between hands are shown in Figure 3. Correlations between
the left ECRB and left FDS muscles were variable i.e. the correlation outputs consisted of both positive
and negative associations that ranged between r=-0.01 (Poor) and r=0.92 (Very Strong). Correlations
between the right ECRB and right FDS muscles were all positive and ranged between r = 0.01 (Poor)
and r =0.85 (Very Strong). Between hands the FDS (range: r =-0.10 to 0.84) and ECRB (range: r = -0.02
to 0.78) muscles respectively produced variable correlations with respect to wrist positions. There
were significant differences between the left ECRB and left FDS (P<0.005) for all wrist position
associations. Similarly, the right ECRB and right FDS also showed significant differences (P<0.029) for
all wrist position associations. Conversely, no significant differences were observed for both the right
FDS and left FDS wrist position associations together with the right ECRB and left ECRB wrist position

associations respectively.

LEFTFDS RIGHT FDS
E Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation E Position Extension | Flexion | Neutral | Radial Deviati Ulnar Deviation
O |Extension 0.37 062 0.43 0.20 -0.58 & |Extension 0.66 0.60 0.84 0.56 0.64
",_" Flexion 015 074 0.55 -0.11 -0.07 = |Flexion 0.32 0.85 0.34 0.38 053
m Neutral 0.01 0.77 0.92 -0.12 -0.38 6 Neutral 0.15 0.33 0.63 0.01 0.12
= |Radial Deviation -0.01 062 0.35 0.70 -0.21  |Radial Deviation 0.61 0.83 0.62 0.63 0.76
Ulnar Deviation -0.62 020 | 036 -0.23 0.36 Ulnar Deviation 0.46 0.77 0.60 0.44 0.59
LEFTFDS LEFT ECRB
@0 Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation E Extension | Flexion | Neutral| Radial Deviation | Ulnar Deviation
E Extension 0.15 0.63 0.76 -0.46 -0.53 H Extension 0.56 0.54 0.74 0.09 -0.02
£ [Flexion 0.33 0.80 0.72 0.25 -0.10 = |Flexion 0.55 0.49 0.56 0.47 -0.10
O [Neutral 0.41 0.26 0.46 -0.76 -0.59 E Neutral 023 042 025 -0.15 -0.06
& |Radial Deviation 0.07 072 0.83 -0.20 -0.43 @ [Radial Deviation 0.78 045 078 0.47 -0.25
Ulnar Deviation 0.17 0.79 0.84 -0.11 -0.47 Ulnar Deviation 0.66 0.57 0.64 0.38 -0.16

Figure 3. Flexor and extensor muscle activity wrist position correlations between muscles and

between hands.

Discussion

The scientific rationale of this study is a continuation of research conducted by Duque et al (1995) who
carried out a similar study on the right hand only [30]. In addition, Sorbie et al (2018) highlighted the
need to further investigate the reliability of the Myon 320 sSEMG system (Myon AG, Switzerland) during
dynamic contractions of the forearm muscles. To date there have been no major studies that have
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used the Myon 320 system (Myon AG, Switzerland) apparatus to validate the electrical activity of the
forearm muscles. The aim of this study was to examine the reliability of the surface EMG signals from
both the FDS and ECRB muscles of both left and right arms during individual, multi-planar MVC

handgrip tasks.

Previous studies have reported using the right/dominant hand with the participant’s upper arm being
parallel with the trunk and the elbow being held at 90 degrees of flexion [21, 30, 31]. Furthermore,
the study by Ngo and Wells (2016) recorded data from a natural power grip posture and then from
induced wrist extension, flexion, pronator, supinator radial and ulnar deviation positions. In addition,
Forman and colleagues measured forearm EMG with the wrist in extension, flexion and deviation in
different humeral elevation angles [32]. This study has similarly been designed to analyse EMG output
from the FDS and ECRB of both left and right arms with the elbow held at 90 degrees in neutral, flexion,
extension, ulnar deviation and radial deviation. A study by Khalil et al (2016) showed that a significant
increase in the Root Mean Square (RMS) of the Flexor Carpi Radialis and Flexor Carpi Ulnaris was
observed when the elbow was positioned at 90 degrees as opposed to 0 degrees and 180 degrees

[33].

A study by Agarwal et al (2018) includes both dominant and non-dominant hands with the wrist in
flexion, extension, adduction and abduction [34]. However, their study produced sEMG data from the
Flexor Carpi Radialis, Extensor Carpi Ulnaris, Flexor Digitorum Superficialis and the Extensor Digitorum
Communis [34]. Our study performed different calculations in comparison to Agarwal et al’s study,
which was based on wrist angle, mean amplitude, EMG RMS as well as mean and median frequency
[34]. This highlights a limitation in the recent experimental research that no studies have yet collected
and reported data from both the FDS and ECRB muscles for both forearms over different wrist

positions (Neutral, Flexion, Extension, Ulnar and Radial Deviation).

Throughout this study, repetitions of the test have been kept to a minimum and ambient room

temperature standardized throughout the experimental protocol. To negate the effect of muscle
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fatigue or discomfort, each participant received a timed two-minute rest period per maximal effort.
Petrofsky and Lind (1980) demonstrated that the testing environment should be kept at the same
temperature and that the muscles of the participant should be free from fatigue [35]. Each effort was
timed using a stopwatch for a five second period. This was then repeated with the opposing hand.
This timing was based on the previous work of Duque et al (1995). Chaffin et al (2006) proved that
maximum grip strength decreases dramatically for grip width lower than 60mm and higher than
100mm [36]. To accommodate this an adjustable pinch grip digital analyser (Medical Research Ltd

(Leeds, UK)) was used to ensure an objective measurement of the participants grip strength.

All MVC trial data has been normalised by calculating as a percentage of the neutral mean. Duque et
al (1995) pointed out that calibration of the force and EMG should be carried out in one neutral
position for each participant and that other attempts may not be satisfactory in either flexion or
extension positions as the EMG signal in flexion can show increases of up to 30% of the MVC in the
same position [30]. This study has shown that 70% of the intra-session ICC results were in the good to
excellent range. However, this has caused 15% of the results to be in the moderate (0.5-0.75) range
and 15% in the poor (<0.5) range. These figures may be accredited to the variability in the extreme
positioning of the hand and wrist during the MVC generation, the participants intrinsic competition
across trials or indeed that the variability becomes relative with EMG and force values within stronger
wrist positions. Results from the paired t-test highlight the use of the flexor/extensor muscle usage
during the required positioning. This concurs with the study by Snijder et al (1987) who suggest that
power grip is associated with the high loading of extensor muscles. Their study used both
intramuscular and surface EMG outputs from tests which monitor the pushing effect of a finger on a

platform as well as performing both gripping and pinching actions [1].

Pearson correlations were applied to the flexor and extensor muscles to better understand how strong
the muscle activity firing pattern relationship is influenced by wrist position. This interest was further

explored in this pilot study to ascertain firstly, whether associations existed within the FDS or ECRB
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when analysed independently with respect to wrist position. Secondly, it was important to learn
whether differences were evident between the flexor and extensor muscle interactions at the
different wrist positions. Our results produced both positive and negative correlations. Generally, the
same hand and same muscle wrist position interactions presented with a trend. Positive correlations
were found for the right hand FDS muscles, right ECRB muscles and right ECRB versus right FDS muscle
interactions. Negative correlations which infer an inverse relationship showed the left FDS muscles,
left ECRB muscles, left ECRB versus left FDS muscle interaction, right FDS versus left FDS muscle
interaction, and right ECRB versus left ECRB interaction appeared to include at least two negative
correlations with respect to wrist position. This information may be useful in terms of providing an
improvement to current biomechanical hand modelling. The findings from our pilot study has scope
for providing a clearer understanding of the synergistic muscle firing patterns and muscle recruitment
strategies associated with the flexor and extensor muscles during fixed and dynamic wrist joint range
of movement. Surgical procedures involving muscle transfers and forearm muscle reconstruction
surgery may also find some merit in the interpretation of this finding. This reliability study has narrowly
focused on a specific commercial device / EMG measuring system. Due to financial constraints and
the inaccessibility to other EMG commercial devices our study was limited, and therefore our study

design could not include comparisons against other EMG devices.

This study aimed to examine the reliability of surface EMG signals from both the Flexor Digitorum
Superficialis and Extensor Carpi Radialis Brevis muscles of both left and right arms during an individual,
static multi-planar maximum voluntary contraction handgrip task when using the Myon 320 system
(Myon AG, Switzerland). Whilst the study produced good to fair reliability across the descriptive
statistical outputs, further analysis and justification could have been included with the
implementation of the collected MVC force data. Future directions from our laboratory include
investigations on understanding the coupling of wrist movement and how these movements impact
on the synergistic co-contractions of the flexor and extensor muscles during both static and dynamic
related activities involving the wrist and fingers. Future trials may benefit from the inclusion of a
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custom splint or goniometer to ensure the exact wrist movement as well as facilitating the wrist
positioning of participants who find difficulty in maintaining required positions. This may have had an
impact on the ICC results. Previous studies have utilized many of the protocols included within this

study, however, there are no precise testing guidelines available, thus making comparisons difficult.

Conclusions

This pilot study was undertaken to reliably test EMG signals using the Myon 320 sEMG System (Myon
AG, Switzerland) taken from both the FDS and ECRB muscles of both left and right arms during an
individual, static multi-planar MVC handgrip task. The study has highlighted that achieving reliability
for normalized RMS sEMG during the tests is entirely possible. The study produced a fair
reproducibility from the flexor and extensor muscles, which agrees with previous studies. The intra-
session ICC analysis gave good to excellent results with the remaining results possibly benefitting by
ensuring that future participants are prevented from knowing their force data during the trials and
therefore preventing intrinsic competition. Wrist position correlations within and between the FDS
and ECRB muscles may be influenced by hand dominance. Results from the study indicate that the
data sets retrieved from all participants were reliably evaluated. With minor adjustments to the
protocols used (removal of intrinsic competition), the findings from the study demonstrate that the

methods and systems outlined here can be used reliably in future experimental and clinical trials.
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Tables

Table 1. Comparative percentage against Neutral.

Wrist Position Left FDS Right FDS Left ECRB Right ECRB
Extension 79.86 % 29.32 101.36 + 46.24 87.64 +25.23 97.89 + 46.03
Flexion 95.54 + 37.50 115.48 + 57.38 117.40 +34.22  128.74+73.88
Radial Deviation ~ 72.78 + 38.87 99.57 £ 57.53 98.66 + 44.45 111.97 £ 60.99
Ulnar Deviation 100.96 + 44.59 122.11 +57.24 120.65 £ 52.42 134.92 + 69.00
Neutral 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00 100.00 + 0.00

Table 2. Muscle activation outputs and reliability measurements of the ECRB and FDS muscles in five

wrist positions.

Muscle Reliability Extension Flexion Neutral Radial Ulnar
Activation Measurement Deviation Deviation
Left FDS SD 29.32% 37.50% 100.00%  38.87% 44.59%
SEM 3.31% 4.24% 11.31% 4.39% 5.04%
cv 0.17 0.48 0.38 0.36 0.25
Right FDS SD 49.43% 61.34% 100.00%  61.51% 61.20%
SEM 5.59% 6.94% 11.31% 6.95% 6.92%
cv 0.85 0.79 0.59 1.00 0.86
Left ECRB SD 26.97% 36.58% 100.00%  47.52% 56.04%
SEM 3.05% 4.14% 11.31% 5.37% 6.34%
cv 0.39 0.26 0.34 0.43 0.27
Right ECRB SD 52.11% 70.09% 100.00%  56.48% 61.72%
SEM 5.89% 7.93% 11.31% 6.39% 6.98%
cv 0.51 0.72 0.64 0.52 0.59

Standard Deviation (SD), Standard Error of Measurement (SEM) and Coefficient of Variation (CV).
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Figure Captions

Figure 1. (a) Pinch / Grip Digital Analyzer Device (b) Pictorial illustration of a subject using Pinch / Grip

Digital Analyzer Device with forearm secured in a customized arm rig.

Figure 2. Left hand and right hand within flexor and extensor muscle activity wrist position Pearson

correlation outputs.

Figure 3. Flexor and extensor muscle activity wrist position correlations between muscles and

between hands.
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Figures

Figure 1.
LEFT FDS RIGHT FDS
= Flexion | Neutral | Radial Deviation | Ulnar Deviation | |« mm-nsim Flexion | Neutral | Radial Deviation | Ulnar Deviation
2 [Extension 1.00 006 | 0413 -0.24 -0.33 2 [Extension 1.00 060 | 073 0.95 0.92
= [Flexion -0.06 100 | 061 027 -0.04 i [Flexion 0.60 1.00 | 033 0.70 0.81
U [Neutral -0.13 061 1.00 008 -0.26 © [Neutral 073 033 | 100 0.51 054
Radial Deviation -0.24 027 | 008 1.00 048 % [Radial Deviation 085 070 | 051 1.00 0.97
|Uinar Deviation -0.33 004 | 026 048 100 [Ulnar Deviation 092 081 | 054 0.97 1.00
LEFT ECRB RIGHT ECRB
m Flexion | Neutral | Radial D Ulnar D E Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation
£ |Extension 1.00 034 | 063 075 -0.55 § [Extension 1.00 073 | 081 0.89 0.90
W [Fiexion 0.34 100 | 057 0.23 0.45 = |Flexion 0.73 100 | 070 087 1.00
i [Neutral 0.63 057 | 1.00 0.42 0.20 & [Neutral 0.81 070 [ 100 064 081
= [Radial D 0.75 023 | 042 1.00 0.34 i [Radial Deviation 0.89 087 | 1.00 1.00 0.94
Ulnar Deviation -0.55 0.45 0.20 -0.34 1.00 Ulnar Deviation 0.90 0.94 0.81 0.94 1.00

Figure 2.
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LEFT FDS RIGHT FDS
E Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation E Extension | Flexion | Neutral | Radial Deviati Ulnar Deviation
o |Extension 0.37 0.62 043 0.20 -0.58 {0 [Extension 0.66 0.60 0.84 0.56 0.64
g Flexion -0.15 0.74 0.55 -0.11 -0.07 I |Flexion 0.32 0.85 034 0.38 0.53
‘I_h Neutral 0.01 077 092 -0.12 -0.38 6 Neutral 0.15 033 063 0.01 0.12
- |Radial Deviation -0.01 0.62 0.35 0.70 -0.21 ¢ [Radial Deviation 0.61 0.83 0.62 0.63 0.76
Ulnar Deviation -0.62 0.20 0.36 -0.23 0.36 Ulnar Deviation 0.46 0.77 0.60 0.44 0.59
LEFTFDS LEFT ECRB
o Extension | Flexion | Neutral | Radial Deviation | Ulnar Deviation E Extension | Flexion | Neutral| Radial Deviation | Ulnar Deviation
i |Extension 0.15 0.63 0.76 -0.46 -0.53 l.Uu Extension 0.56 0.54 0.74 0.09 -0.02
'I' Flexion 0.33 0.80 0.72 0.25 -0.10 = |Flexion 0.55 0.49 0.56 0.47 -0.10
O |Neutral 041 0.26 0.46 -0.76 -0.59 E Neutral 0.23 0.42 0.25 -0.15 -0.06
© |Radial Deviation 0.07 0.72 0.83 -0.20 -0.43 @ |Radial Deviation 0.78 0.45 0.78 0.47 -0.25
Ulnar Deviation 0.17 0.79 0.84 -0.11 -0.47 Ulnar Deviation 0.66 0.57 0.64 038 -0.16
Figure 3.
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