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3.3.2 Swurface and Intramuscular Electromyography

EMG activity was collected unilaterally (right side) from the posterior and posterolateral
aspect of the neck utilising both surface and intramuscular electrodes. Intramuscular
electrodes were inserted into semispinalis capitis (posterior) and splenius capitis
(posterolateral) with surface elecirodes positioned over trapezius (posterior) and levator

scapulae (posterolateral),

Electrode positioning was chosen in an effort (o combine aspects of previous studies
involving mathcmatical neck modelling (e.g. Vasavada et al, 1998) and EMG
tcchniques. Also, the clectrode locations were chosen to record uctivity from over the
muscles responsible for producing movement in the dircctions of extension and right
lateral bending, With the head in the neutral position, the spinous processes of C4 and C5
were identified by palpation and the interspinous space marked. All intramuscular and
surfuce EMG recordings were made from this level to cnsure similar elecirode

placements for all subjects.

Intramuscular EMG recordings were made using bipolar fine-wire clectrodes insulated
with Teflon (50.8pm, Nicolet Healthcare, Madison, RI). The end of the wire was stripped
of insulation which allowed isolated recording of EMG from the target muscle only. A
small hook at the cad of the fine-wire kept it in a stable position once inserted. Each
subject’s skin was sterilised and local anaesthetic (1% lignocaine) was injected

subcutaneously,

Prior to intramuscular electrode insertion, the fine-wire electrodes were preloaded into a
twenty-five gauge hypodermic necdle to enable insestion (sce Figure 3). Accurate
anatomical localisation was achieved using ultrasound (Model SSA-220A - CAPASEE
II, Toshiba Medical System, Japan) to visualise the iocal soft tissues. A 7.5MHz probe

(PVG-T7208) was used to optimise superficial soft-tissue resolution.
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For semispinalis capitis the needle was inserted 2.0-3.0cm lateral to the midline, in the
posterior-anterior direction. Under ultrasound guidance the needle was then advanced to
within the fascial boundaries of the muscle, then withdrawn leaving the hook wires in
place. For splenius capitis the needle was inserted 2.5-3.5cm lateral from the midline,

aiming anteromedially and using ultrasound guidance as described above (see Figure 4).

After the needle was removed the fine-
wires were difficult to visualise on
ultrasound due to their fine diameter.
However, anatomical localisation was
confirmed at the end of the test protocol

using gentle traction on the fine-wires

and visualising the movement of

Figure 3: Withdrawal of the hypo- hyperechoic structures at the hook site.
dermic needle, leaving the fine wire This was not done prior to testing due to
electrodes inserted intramuscularly. the risk of straightening the hooks.

If there was evidence that the wires had migrated at the end of the test protocol then the
trial was considered void. Using this method of exclusion, no trials were considered void

in this study.

The fine-wire electrodes were taped to the skin at the puncture site. The non-insulated
tips were attached to micro-grabbers (Nicolet Healthcare, Madison, RI) and the 1.25m
lead was finished with a DIN-42-402 connector. This allowed direct compatibility to the
sixteen channel Grass Amplifier Rack’s electrode board (Nicolet Biomedical, Madison,
RI) which was used to collect the raw signals. The micro-grabbers were also taped to the

skin to inhibit the potential displacement of the fine-wires.
Following intramuscular electrode injection the subject’s skin was thoroughly prepared

by shaving, lightly abrading and cleaning with alcohol allowing 12mm diameter Ag/AgCl
disposable surface electrodes (Uni-Patch, Wasbasha, MN) to be placed over trapezius and
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levator scapulae. Electrodes for trapezius were positioned 1cm from the spinous process
at the C4/5 level in a bipolar configuration and placed between the anterior border of
trapezius, in line with muscle fibres. Electrodes for levator scapulae were determined by
palpating midway between the anterior border of trapezius and the posterior border of

sternocleidomastoid at the C4/5 level and placed in a bipolar configuration.
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Figure 4: Posterolateral (splenius capitis) intramuscular electrode injection. Example of

the needle in the neck on ultrasound.

Levator scapulae is situated superficially at the location of the posterior-triangle. Cadaver
investigation prior to testing determined that positioning surface electrodes in line with
the muscle fibres is prevented by the anatomical arrangement of the muscles at the
posterior-triangle which overlay levator scapulae (namely trapezius, sternocleidomastoid

and the scalenes). The inter-electrode distance of 20mm was chosen for both sites, as

26



recommended to avoid unstable recordings by not exceeding Y% of the fibre length of the
muscle (Freriks, Hermens, Disselhorst-Klug & Rau, 1999). Both surface and
intramuscular channels shared the same ground placement reference of the clavicle, with
the efectrode placed medially towards the sternum to avoid contact with restraint straps of

the fabricated chair.

All EMG and torque signals were sampled at 1000Hz with EMG signals also band-pass
filtered at 10-1000Hz (Merleti, Farina, Hermens, Freriks & Harlaar, 1999). Data was
recorded using a customised software program written in LabVIEW V6.1 (National

Instruments, Austin, TX).

3.4  Reliability of EMG Normalisation Procedures in Posterior and Posterolateral
Neck Muscles'

314.1 Introduction

Due to the lack of relevant rescarch in the area it was necessary to perform a reliability
study examining the best methods to normalise deep and surface muscle activation in the
posterior and posterolateral neck muscles prior to data analysis. This study was
conducted using the data with the head in the neutral position for extension and lateral

bending contractions only (see Table 2).

34.2 Methods of Data Analysis for EMG Norinalisation

3421 Torque

As torque was collected at 1000Hz when typically it is measured at a lower sampling rate

(e.g. 50-200Hz), noise due to over-sampling had to be removed. Raw torque data was

This reliability study is currently in preparation for submission to the Jorrnal of Electromyography and
Kinesiology.
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therefore processed using a customised Microsoft Excel macro where signals were low

pass filtered at 4Hz using a fourth-order dual pass Butterworth digital filter.

To calculate the 60%-MVIC value for each contraction-direction/head-position, 60% of
the peak torque value calculated from the second and third MVIC trial was used (see
Section 3.4.4.1). This peak torque value was determined from a 1000msec window where
the sum of squares (SS) (calculated from firstly, the 60% torque value pre-determined
from the maximal torque trials and secondly, the actual torque output from the sub-

maximal trial) was minimised.

60%-MVIC Torque Output 1000msec window weie $Sis
the smallest. Le. where the
actual torque ouput most
0.300 closely matches calenlated ———
' 60% torque value.

Actual torque owtput

0.250

0.200

Y
I ' N

Calculated 60% torque value {0.191V)

—— torgue

. / —Filtered
0.100

]
fa

0.000

Signal (V}
o
g

0 5
Time {secs)

Figure 5: Example method of how 1000msec window was determined for sub-maximal
torque. Firstly, the calculated 60% torque value was determined from the peak torque of
the MVIC trials (e.g. 100% torque = 0.318V then 60% torque = 0.191V). A 1000msec
moving window was then passed over the data to determine where the actual sub-
maximal torque output matched the calculated 60% torque value the closest (using least
sum of squares, SS). The light blue line is the calculated 60% torque value, the pink
signal is the actual raw torque output containing noise due to over-sampling and the dark

blue signal is the actual filtered torque output.
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The location of this window within in each five second sub-maximal trial was recorded
and later used as the area in which the average muscle activation for the sub-maximal
trials was to be calculated. This was performed to provide uniformity to the data analysis
and remove the sections of data where the subject was not actually producing 60% of

maximal torque to increase the sensitivity of results (see Figure 5).

3422  Electromyography

Raw data was processed using a customised Microsoft Excel program. EMG signals were
demeaned, full-wave rectified and low pass filtered at 4Hz using a fourth-order dual pass

Butterworth digital filter, to form a linear envelope.

To calculate peak EMG activation for the MVIC contractions in each contraction-
direction/head-position, each channel was initially calculated by determining the peak
value over 25, 50, 100, 150 and 200msec moving windows over the course of the entire
trial. From this analysis each of these moving windows proved to be equally reliable (see
Section 3.4.4.2) therefore, the 200msec window was subsequently used to calculate peak

activation for this analysis due to the stochastic nature of the EMG signal.

For the 60%-MVIC trials, EMG activation was determined as an average from within the
1000msec window that was defined as the time over which the subject sustained 60% of
MVIC (calculated by least SS for torque). Unlike the torque data, the EMG window was
also padded (x200msec) to form a (400msec window in an attempt to consider
electromechanical delay (Nigg & Herzog, 1999) (see Figure 6). Once this window had
been identified, maximum muscle activation for each EMG channel was also calculated

using a 200msec moving window,
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Figure 6: Example method outlining torque and EMG window determination for 60%-
MVIC trials. Least sum of squares (SS = 0.110) was used to determine 1000msec
window for sub-maximal torque (calculated 60%-MVIC torque = 0.174V). This was used
to determine a 1400msec (1000msec and 200msec padding) EMG window (displayed on
the primary axis). Filtered muscle activation of splenius capitis (SPL) and semispinalis

capitis (SSC) is also shown on the secondary axis.

3.4.3 Statistical Analysis of EMG Normalisation Methods

Reliability of MVIC’s and 60%-MVIC’s in the posterior and posterolateral region of the
neck was calculated to determine the within-subject variation using three indices of
reliability; the intra class correlation co-coefficient (ICC), the relative standard error of
measurement (%SEM) and the coefficient of variation (%CV). ICC values were
calculated using the Statistical Package for Social Sciences Version 11.5 (SPSS V11.5)
sofiware and values were defined as 0.90-0.99, high reliability; 0.80-0.89, good
reliability; 0.70-0.79, fair reliability; and 0.69 and below as poor reliability (Chiu & Lo,
2002).
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ICC values were then entered into a Microsoft Excel spreadsheet, allowing SEM values

to be calculated as follows: -

SEM=S,, JI-ICC

(
Where, S, is the pooled standard deviation of the activation in the respective
contraction-direction/head-position trials. SEM values were used to calculate %SEM

values as follows: -

%SEM:%’*{HOO

@
Where X, was the pooled mean of the activation in the respective contraction-

direction/head-position trial.

Another method of analysing data for reliability used was the %CV. This method
assesses variation between trials for one subject and contraction-direction/head-position
at a time, and hence fits the characteristics for determining reliability well as it does not
take into account pooled means and pooled standard deviations. The %CV is calculated

as follows: -

J0.5.d?

X

%CV=100%-

pair

3)
Where, d? is the squared difference between trial 1 and 2 and X, is the mean of the two
measurements (Keller, Gunderson, Reikerds & Brox, 2003). In order to accommodate

three trials as opposed to two, the %CV formula was manipulated for data with three

trials. As d was originally the squared difference between two trials, for three trials &
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was calculated by taking the average of the squared differences between trials 1 and 2,

trials 2 and 3 and trials 1 and 3. Also, X, became the mean of the three trials.

3.4.4 Results - Reliability of EMG Normalisation Methods

3.4.4.1 Reliability of Peak Torque Measurement in Extension and Right Lateral Bending

Although this section of the thesis is dedicated to examining the reliability of EMG
normalisation proceduses it is also important to determine the reliability of the torque
measurements as they infiuence the EMG values due to the EMG-force relationship. ICC
values of torque for MVIC trials were calculated for all three trials and also rejecting the
first trial (i.e. for trials two and three). Rejecting the first trial (extension: ICC = 0.985,
%CV = 4.8; right lateral bending: ICC = 0.949, %CV = 2.4} produced better ICC and
%CV than accepting all three MVIC trials (extension: ICC = 0.982, %CV = 11.9; right
lateral bending: ICC = 0895, %CV = 3.7). The variability in the lcast the sum of squares
value recorded for the 60%-MVIC torque histories trials were deemed uacceptable
(extension: 88 = 0.192 and right lateral bending: SS = 0.079) (see Table 3).

Table 3. Evidence for rejecting the first MVIC trial based on torgue data

Extension Right Lateral Bend
ICC %SEM %0 CV ICC % SEM % CV
Trial 1,23 0.982 4 11.9 0.895 6 3.7
Trial 2,3 0.985 4 4.8 0.949 2 24

3.4.4.2 Reliability of Surface and Intramuscular EMG

To determine the repeatability of surface and intramuscular electrodes, both MVIC and
sub-MVIC trials werc investigated by comparing the peak EMG activation. As 25, 50,
100, 150 and 200msec window lengths displayed little deviation in means (5D) across
window lengths in both MVIC (extension; ICC = 0.937 £0.000; right lateral bending:
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ICC = 0.934 x£0.004) and sub-MVIC (extension: ICC = 0,956 +0.000; right lateral

bending: ICC = 0.915 £0.000) trials, a 200msec moving window was used.

Table 4. Repeatability of surface and intramuscular electrodes

Extension Right Lateral Bend
ICC  %SEM  %(CV ICC %SEM  %CV
MVIC Surface 0.979 9 2.3 0.994 6 6.0
Intramuscular 0987 8 12.9 0.833 32 25.3
Average 0.983 8.5 12.6 0.914 19 15.7
60%-MVIC  Surface 0.957 14 18.4 0.993 6 9.0
Intramuscular 0,922 20 12.5 0.981 13 14.6
Average 0.940 17 15.5 0.987 9.5 11.8

All muscles had highly refiable ICC values associated with them for both surface (MVIC;
ICC = 0,986, %CV = 9.2; 60%-MVIC: ICC = 0,975, %CV = 13.7) and intramuscular
(MVIC: ICC = 0910, %CV = 19.1; 60%-MVIC: ICC = 0.952, %CV = 13.5) electrode

positions (see Table 4),

34.5 Discussion - Reliability of EMG Normalisation Methods

In order to improve the reliability of generating a MVIC or sub-MVIC, methods which
produce variations in torque output must be controlied. This can be achieved by adhering
to standardised positioning of subjects and by immobilising the trunk when measuring
from the cervical musculature, This prevents trupk and lfeg musculature assisting in
generating torque. In the literature, good reliability of chosen testing apparatus has been
reported through the use of adequate restraining devices. This was provided through the
utilisation of two straps to fasten the runk with subjects seated in a fixed sitting position
{Ylinen, Rezasoltani, Julin, Virtapohja & Milkid, 1999) and the use of a four-point
restraint sysiem (Kumar et al, 2001). This study vsed a five-point racing-car harness
attached 1o a customised fabricated chair as an cifective means of immobilising the trunk,

hence controlling for trunk contributions to torque.
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The aim of using difierent window lengths to calculate the MVIC and 60%-MVIC values
was to determine whether there is an cffect on the reliability of the measurements.
McLean et al, (2003) found that differing window lengths affected the magnitude of the
calculated amplitude, leading to the conclusion that window length should be
standardised in order 10 compare across studies. Examination of the 200msec window
revealed no difference in reliability to that of using differing window lengths (23-
{50msec) and was chosen as the SNR increases with an increase in moving window

length (St-Amant et al., 1998).

Relative SEM values were caleulated but were deemed inappropriate in the determination
of reliability for this study. %SEM may not be the ideal method to analyse error in this
situation due to the nature of its calculation. The %SEM value is affected by changes in
the pooled standard deviation and pooled average hence, a sample population with
significant between-subject variation will result in a large %SEM. Therefore, a more
sensitive approach would be 1o utilise a method to observe within-subject deviations, e.g.
GoCV.

3.4.5.1 Reliability of Peak Torque Measurements

Highly reliable within-day ICC values werc recorded for peak torque in extension (ICC =
0.985) and right latcral bending (ICC = 0.949) when the first maximal calculation was
disreguarded as suggested by the literature (Jensen et al., 1996; Sommerich et al., 2000), In
healthy controls, maximum torque values have been found to produce highly reliable ICC
values in neck contractions (level of the axis of rotation was unspecified) of 0.98 in
extension and 0.95 in right lateral bending (Chiu & Lo, 2002). Furthermore, force values
recorded in a male population with the head in a neutral position (with rotation occurring
around the C7/T1 level) have produced reliable average between-day ICC values of 0.951

and 0.905 for extension and lateral bending respectively {Kumar ¢t al., 2001),
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Jensen et al. (1996) stated that most people were unaccustomed to making forceful neck
extensions therefore, one maximal contraction was not a reliable estimate, as practice
whilst avoiding fatigue was needed 10 produce maximum values. The reasoning for
rejecting the first trial is that if a subject is unaccustomed to performing a MVIC then the
validity of the measurement becomes questionable (Mathiassen et al., 1995). However, it
should be noted that repcated contractions may cause discomfort, potential injury and

delayed muscle soreness (Veiersted, 1991) therefore, limiting the number of contractions,

3.4.52 Reliability of Surface and Intramuscular EMG Normalisation Methads

The repeatability of surface and intramuscular electrodes was found to be good among all
trials when using ICC as the index of rcliability. However, when using %CV to examine
rcliability, the between-trial variation was greater for intramuscular eiectrodes in right
lateral bending for both MVIC and 60%-MVIC trials, This may suggest that the electrode
position chosen (o represent the intramuscular equivalent of the muscles responsible for
right latcral bending is unstable, as in extension, %CV values for surface and
intramuscular electrode positions exhibit less deviation. Reasons for the error seen in the
intramuscular position for right lateral bending may be due to the possibility of not
measuring the optimal signal if the electrode position is not ciose enough to the muscle

fibres as fine-wire electrodes cannot be repositioned after insertion (Zennaro et al., 2002),

Netto and Burnett (2004) determined the reliability of EMG normalisation for 60%-
MVIC trials without the use of visual feedback (instead they used verbal feedback) in
extension {ICC = 0.83} and right latetal bending (ICC = 0.86) with the head positioned in
neutral. Comparing these results to those obtained in this study it can be seen that
providing visual feedback markedly increased the reliability of the procedure in both
extension (ICC = 0940, %CV = 15.5) and right lateral bending (ICC = 0.987, %CV =
11.8}. This clearly outlines the importance of providing visual feedback to the subject.
The average variation of the trials in this study was deemed to be 60 £2.7% for extension
and 60 £2.2% for right lateral bending, This indicates that 60%-MVIC’s are as reliable as
MVIC’s (extension: ICC = 0.983, %CV = 12.6; right lateral bending: ICC = 0.914, %CV
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