USE OF THESIS
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Participant"s skin was shaved, abraded and cleaned with alcohol to reduce skin

impedance to below 5KQ. Pre-gelled red-dot 20 mm diameter Ag-AgCl disposable

surface electrodes (Uni-Pétch, Wasbasha, MN) were placed in a bipolar configuration

parallel to muscle fibres. Raw EMG signals were acquired using the data logger at a

sampling rate of 1000 Hz.

After the warm-up, participants performed a series of maximum voluntary isometric

contractions (MVICs), for the purpose of EMG data normalisation. Participants were

required to perform three repetitions of a five-second MVIC trial as follows:-

i

ii.

iii.

iv.

Rectus Abdominus (RA) - To generate MVIC for the RA, participants were
positioned supine with the legs bent at 45° and strapped with a belt. A resisted
curl up with maximal manual isometric resistance applied in a symmetrical
manner through the shoulders of the participant by the investigator (standing at
the head end of the couch) was used for left and right rectus abdominis

(Dankaerts, O'Sullivan, Burnett, Straker, & Danneels, 2004).

Superficial Lumbar Multifidus (sLM) - Participants adopted a prone position,
hands on their neck and were asked to lift their head, shoulders and elbows off
the examination table. Symmetrical manual resistance was provided to the
scapular region by the investigator standing at the head of the participant

(Dankaerts et al., 2004).

Vastus Lateralis (VL) — To generate MVIC for the VL, participants were
strapped onto a leg extension machine with arms across their shoulders. A
resisted knee extension with knees bent at 45° measured with a goniometer,
applied in a symmetrical manner by the investigator (Lin, Hsu, Chang, Chien, &

Chang, 2008).

Biceps Femoris (BF) —Participants adopted in a prone position with their knees
flexed at 90° and hands on their neck. A resisted knee flexion with maximal
manual isometric resistance was applied in a symmetrical manner from the
participant’s legs by the investigator (kneeling at distal end of the participant)
was be used (Mohr, Pink, Elsner, & Kvitne, 1998).
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All EMG data were collected and saved to file for later analysis.

3.4 Phase of Exercise Detection and Data Synchronisation

For the purpose of identifying the phases of participant’s movement during the leg
extension, back squat and back extension exercises (i.e. the eccentric and concentric
phases), participants were filmed by a digital camera (25Hz) whilst performing these
exercises (Canon Inc., Ota, Tokyo, Japan). To enhance the ability to determine these
phases both quickly and reliably, a retro-reflective marker was placed on the padded bar
for leg extension, at the end of the barbell for back squat and on the participant’s ear for
back extension. Each participant’s video footage during these exercises was converted
to digital file using Dartfish ProSuite 4.5.1.0 software (Dartfish Company, Fribourg,
Switzerland) for further analysis. An auto tracking function of the software package was
used to track the retro-reflective markers so that the start of the exercise, turn around
point/transition and the end of the exercise were identified for each repetition for each
of the above exercises. The time that these critical events occurred was recorded for use
in the EMG analysis phase. EMG data was synchroniséd to the video records by
triggering the illumination of an LED visible to the field of view of the video when

EMG data collection began.

3.5  Data Analysis
3.5.1 Electromyography

For each of the strength and conditioning exercises and the HM;go test, the main
muscles of interest for EMG analysis were as follows; back extension (biceps femoris
and lumbar multifidus), back squat (bicep femoris,. lumbar multifidus and vastus
lateralis), leg extension (vastus lateralis), isometric hiking hold (lumbar multifidus,
rectus abdominus and vastus lateralis) (data collected 10-15 seconds after the beginning

of exercise) and the HM,g test (lumbar multifidus, rectus abdominus and vastus

lateralis).
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Table 1. Between-trial intra-class correlation coefficients (ICC), relative standard error
of measurement (%SEM) for the EMG activity for rectus abdominus, bicep femoris,
lumbar multifidus and vastus lateralis during the four exercises (n=29) (L = left, R =
right, HH = hiking hold, BS ='back squat, BE = back extension, LE = leg extension,
ISO = isometric, CON = Concentric, ECC = Eccentric).

Muscles Side Exercise Activation ICcC %SEM
Rectus Abdominus L HH ISO 0.897 19.1
R HH ISO 0.822 23.2
Bicep Femoris L BS CON 0.954 11.9
BE CON 0.894 14.1
BS " ECC 0.957 10.5
BE ECC 0.882 15.8
R BS CON 0.903 11.4
BE CON 0.848 14.5
BS ‘ ECC 0.930 10.1
BE ECC 0.909 13.8
Lumbar Multifidus L BS CON 0.933 8.6
BE CON 0.948 8.9
BS ECC 0.908 9.3
BE ECC ‘ 0.936 8.8
R BS CON 0.911 8.6
BE CON 0.934 9.4
BS ECC 0.946 7.1
BE ECC 0.944 8.5
Vastus Lateralis L BS CON 0.879 12.7°
LE CON 0.947 8.2
BS ECC 0.846 13.8
LE ECC 0.882 13.3
HH ISO 0.764 23.8
R BS CON 0.922 114
LE CON 0.960 7.5
BS ECC 0.918 11.2
LE ECC 0.873 12.1
HH ISO 0.786 23.4
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3.7 Statistical Analysis

Firstly, descriptive statistics were compiled for the ihcidence of LBP and knee pain in
the cohort in addition to the level of LBP. Independent t-tests were used to determine
whether differences were evident for the level of muscle activation between the left and
right sides of each muscle durihg each exercise. Where no significant differences were
evident, left and right side data were averaged to provide a single representative value

for each muscle.

Two sets of between-group comparisons were then conducted. Firstly, independent t-
. tests were carried out to determine whether any differences for the level of muscle
activation between-gender were evident. Secondly, due to small sample sizes being
evident in one group, Mann-Whitney tests were conducted to examine whether subjects
with low back pain or knee pain displayed any differences for the level of muscle
activation. The latter comparisons were only conducted for selected exercises (back
squat, back extension and hiking hold). If no gender-effect or pain-effect was evident,

data were again pooled.

A one-way ANOVA with repeated measures was used to determine whether significant
differences existed in the level of muscle activation between the three time periods
examined for the HMgo test. If a significant difference was detected post-hoc tests
(LSD test) were undertaken. Finally, descriptive statistics were used to compare the
mean level of muscle activation for the HM;go test with the data obtained from the
specific strength and conditioning exercises examined. Data analysis was performed
using SPSS 17.0 for Windows (SPSS Inc, Seattle, WA, USA). As this was an
exploratory study adjustments of the alpha level were not carried out. Therefore, the

level of significance was set at p < 0.05.
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CHAPTER FIVE
5.0  DISCUSSION

5.1 Introduction

This study was designed in two parts. The first part determined the incidence of low
back pain and knee pain in a group of high-level junior Singaporean Byte class sailors
and the second part involved comparing muscle activation patterns in selected lower
limb and trunk muscles during four selected strength and conditioning exercises, and a
simulated maximal hiking test (the HM;g test). In the second part of the study, only
muscles that were expected to display high levels of activation during the strength and
conditioning exercises and the HMgo test were examined. With an increasing focus
being placed on evidence-based practice in exercise and sport science, the quantification
of muscle activation in training activities (such as strength and conditioning exercises)

and target skills (such as the HM g test) is warranted.

As seen in Section 1.5 there were two hypotheses generated in this thesis. For the first
part of the study it was hypothesised that, there would be a low incidence of low back
. and knee pain in a group of high-level junior Singaporean sailors. From data collected
in this study, this hypothesis was accepted. In the second part of the study, the
hypothesis was, that strength and conditioning exercises utilized by junior sailors would
elicit higher levels of muscle activation when compared to the HMgg test. As overload
doesn’t necessarily require statistical significant to be of importance (i.e. it is practically
or clinically meaningful) a comparison-of-means statistical evaluation of this hypothesis
was not conducted. Examination of the relevant descriptive data revealed that this
hypothesis was also accepted. Other data aside from those relevant to the hypothesis
were also described and compared in the results section and findings of interest are

discussed below.

5.2 Low Back Pain and Knee Pain in Junior Sailors

In the sailing literature, the low back and knee have been considered as the two most

frequently injured areas of the body (Neville & Folland, 2009; Shephard, 1990). In
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