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Abstract

Persistent neck pain in whiplash associated dissi#AD) is a worldwide problem.
In an effort to improve classification and managetod people with WADII, surface
EMG of upper trapezius of the dominant limb was pared between 10 healthy women
and 19 women with persistent neck pain post matbicke accident, before, during, and
after a repetitive upper limb task. Separate a®ayere also performed with the
WADII women grouped by level of disability (Neck $2ibility Index scores) as well as
using a clinically focused system, the SterlingsSiication System (WADIIA,
WADIIB, WADIIC). Evidence of abnormalities of upp&apezius recruitment were
present in the women with persistent neck pain\&adDII, however, further research is
indicated to understand the clinical implicatiofish®@se changes and optimal

intervention strategies.

Keywords: chronic pain; surface electromyography; fatigue;&&implitude; median

frequency; NDI
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1. Rationale and Aims

1.1 Rationale

Improved understanding of upper trapezius mototrobimpairments post-whiplash
should aid in improved assessment and intervemtfic@ome individuals with whiplash
associated neck injuries, reducing and/or prevgrdimonic pain and disability.
Interpretation of previously published researcthis area has been hampered by
inconsistent findings, differing protocols and insstent normalization methods. The

aim of the research is outlined below.

1.2 Aims

The aims were to determine if there were signifidaiween-group differences in
dominant limb upper trapezius recruitment (meanlauoge and median frequency) pre-
task, post-task, during a repetitive upper limlix tas well as pre to post-task in adult
females with persistent whiplash associated nestrders (WADII) and healthy female
controls, as well as determine if there were défifees between subgroups of females

with WADII and healthy controls.



2. Literature Review

2.1 Subclassification of Patients Post-Whiplash

Whiplash associated neck disorders are very commbath developed and developing
countries. [1-8] In British Columbia alone, appiroately 60,000 motor vehicle accident

related whiplash associated neck injuries occuiypar. [9,10]

In 1995, the Québec Task Force on Whiplash AssetiBisorderSdefined whiplash as
“an acceleration-deceleration mechanism of ene&gyster to the neck” and proposed
the WAD 0-1V classification system for whiplash assited neck disorders. [5] WADII
was defined as symptoms and associated signs bfimecy in the absence of clinical
evidence of nerve conduction loss (WADIII) or frared/dislocation (WADIV), following
a whiplash mechanism of injury. WADQO was definechhsence of symptoms and signs
of injury, following exposure to an acceleratiorcdieration mechanism of energy
transfer to the neck (whiplash event) and WADI weBned as symptoms, but no

objective clinical signs of injury following a whgsh event.

Although the Québec Task Force Classification syst€ WAD 0-1V has been
adopted worldwide, a mounting body of research sstggthat WADII is a heterogeneous
group and further subclassification would be ofstaace to clinicians and researchers.

[2,4,11-21]

! The Québec Task Force on Whiplash Associated Béserwas commissioned in 1990 by the provincial
automobile insurer of Québec to perform a comprsiverliterature review and make recommendations
regarding best evidence in the areas of epidemypiogury mechanisms, prevention, clinical defiaits,
syndromes and natural history, treatment effectgsnrole of psychosocial factors and impact ofiser
delivery systems in the field of whiplash disordeltswas an independent international, interdikecgy
task force comprised of 25 scientists and clinisjamhich evaluated and synthesized whiplash liteeato
September 1994, and provided supplementary findiogs a historical cohort study which evaluated
Québec claims data for 1987. In general, theyrdeted there was a paucity of high quality reseamch
this field, with only 62/294 studies being consetbboth relevant and of sufficient scientific mefis



Upper trapezius has been a subject of study beeaupéash injured patients,
including people with chronic complaints, frequgrdbmplain of tension, pain and
fatigue in the region of upper trapezius relateth@r injury. [5,22-24] Pain in the area
of upper trapezius, post-whiplash could potentib#yreferred from a number of other
injured anatomical sources in the mid to lower @&ivspine area, including
zygapophyseal joint capsule, periosteum or bongtgpior cervical ligaments,
intervertebral discs, neural tissue such as theadlooot ganglia or cervical nerve roots,
deeper posterior cervical muscles or the fasciahvanvelops all of these tissues. [25,26]
However, in a review of potential anatomical anggblogical sources of persistent pain
post whiplash, Siegmund et al noted that the pasteervical muscles were active and
elongated during the flexion moment imposed by $ited rear-end vehicle impacts and
that peak muscle fascicle strains were sufficierdause muscle injury even with an
impact velocity of only 8 km/h. A simple muscleash, depending on the severity,
would be expected to resolve within 2-3 months,pgh and disability frequently persist
well beyond that time frame. [1,12,27-29] The sauthors, Siegmund et al, also noted,
that as of early 2009, it was unknown whether mesifindings with respect to
alterations in upper trapezius recruitment patter&AD were the result of direct injury
to the muscle, a response to pain and or injupther cervical tissues or a combination
of the two. A review of findings with respect tibesied upper trapezius motor

recruitment post whiplash can be found in Secti@n 2

Neck Disability Index Scores (NDI) [30,31] have baeed to compare whiplash
subgroups regarding other impairments post-whiplastvever, only one study, with two

publications, has used NDI subgroups to comparempapezius dysfunction post-



whiplash, and the results were inconclusive. [2,28)nore clinically focused system of
subgrouping WAD patients was proposed by Steringd04. [32] It was based on
differences in motor, sensory and psychologicalaimpents in WADII patients post-
whiplash? To date, upper trapezius recruitment has not bealuated using the Sterling

Classification system.

2.2 Chronicity of Whiplash Associated Neck Disorder s

The Québec Task Force on Whiplash Associated Dassrdefined the term chronic as
symptoms or signs, and or disability, persistingsi®@ months or more post-accident. [5]
Currently 30-60 percent of people with whiplashoassted neck disorders are still
recovering at 6 months or left with apparently panent disability. [1,12,18,28]
Although the prognosis has varied greatly amondisf a systematic review on the
topic (The Bone and Joint Decade 2000-2010 Tas&d-on Neck Pain and Its
Associated Disorders) reported that approximatélpé&rcent are still symptomatic at one
year post-injury. [29] Understanding of relevarator impairments and their
mechanisms post-whiplash should further aid clarisiin applying appropriate
treatment(s), thus preventing chronic pain andddisa [2,4,5,14,32-34] Interventions
with the strongest evidence base for WADII areucadion, joint mobilization and
exercise (motor control, endurance, strength, ntgpdnd relaxation), medication, and

psychological management techniques. [2,4,14,32(85-

2 See Appendix 7.2 for original classification asgwsed by Sterling in 2004. [32] See Section dr5 f
description of criteria for WADIIA, WADIIB, WADIICused in the thesis.



2.3 Upper Trapezius Recruitment with Westgaard Task

Muscle reactivity was defined by Nederhand et 1000 as mean surface EMG
amplitude post-task minus pre-task (UV or % Refegevioluntary Electrical Activation).
[22] The task selected by Nederhand et al for tb@00 study of upper trapezius activity
in whiplash injured subjects, was a seated, lowl,|oailateral repetitive upper limb task
which required participants to mark three targetles, arranged in a triangle on a table,
at a rate of 88 beats per minute. This task wasdescribed by Westgaard and
Bjarkland in 1987 and was termed the Westgaard fagke purpose of this thesis. [41]
The non-dominant arm rested on the table whiledtmainant limb performed the task.
The task was also used in three subsequent stoifdiggper trapezius activity post-

whiplash, and was the task selected for this rebei28,42,43]

In three of the four studies isometric shoulderumbidn was used as a reference
contraction to normalize EMG amplitude. [22,43,4@e same three studies also

compared whiplash injured patients with healthytaaa during the task. [22,43,44]

The studies examining upper trapezius activatidh thie Westgaard Task, using

surface EMG, have found conflicting results. [2243344]

Protocols in the four studies differed in key waysl only one of the studies,
Nederhand et al 2003, [28] compared subgroups/dA®Il sample (using 6 month NDI
scores). [22,43,44] Proposed mechanisms for iragaituscle activation post-whiplash
include altered input from injured cervical tissli#8,19,27,45-48], altered
proprioception due to pain or inflammatory mediat{dr9,45], particularly, in the
presence of peripheral or central sensitization, [@&gmental facilitation or inhibition of

alpha motoneurons due to pain [17,27,46], inhihitielated to fear of movement/fear of



pain [2,28,46], local muscle injury [17], and or sale pain [49], altered postural control
associated with muscle fatigue [17,45], and altswgataspinal facilitation or inhibition
of motor cortex and or alpha motor neurons dueato p16,50] and or anxiety. [17,46-
48,50] Nederhand et al in 2000 reported a siganfidilateral difference in muscle
reactivity (% RVE) between 16 chronic WADII subjeend 18 healthy controls
measuring for one 10 s epoch during one minuteéaofdéng pre and post-task (task
performed for 2.5 min). [22] Specifically, the WABubjects had increased muscle
activity in upper trapezius post-task compared pi#rtask, relative to 18 healthy
controls as follows:

a. dynamic limb 95% CI post-task-pre-taglon = 9.4 + 4% RVE, 95% CI post-

task-pre-tasiearmy= 0.5 + 2.5% RVE, palues not reported
b. stationary limb 95% GCjapipost-task-pre-task = 12.3 £ 4.9% RVE, 95% CI

post-task-pre-tagkamy= 0.2 + 2.6% RVE, p values not reported.

This was the only study in which 95% confidenceimals did not overlap between
groups. [22,28,43,44] Nederhand et al in 2000 edported a non-significant trend
towards increased upper trapezius EMG amplitudearwhiplash injured subjects
compared with healthy controls, during the repetitiask, particularly with the stationary
limb, measured for 10 s epochs at 10, 60 and 12Zhere were large inter-individual
differences in both groups and consequently, 95&tidence intervals overlapped
substantially during the task. [22] Other key poutl differences in subsequent studies
included EMG measurement pre and post-task imgjtand using different time

parameters for averaging, which likely impactedrthedings. [22,28,43,44]



In Nederhand et al 2002, a significant differencenuscle reactivity in 19 chronic
WADII subjects versus18 healthy controls, (p < . @as found on the dynamic side
only. [43] In the study, four 10 s epochs pre-tasHl six 10 s epochs post-task, one
minute apart, were used for averaging EMG amplitudecontrast, the time parameters
used for analysis in the other three studies weree 10 s epoch during 1 min of standing
pre and post [22], ten 10 s epochs pre and pdsttag minute apart, in sitting [28], and
the peak 1 s of one 5 s epoch post-task minusehle ps of one 5 s epoch pre-task, in
sitting. [44] Nederhand et al chose not to meakiM& during the task in their 2002 and
2003 studies due to the high within group vari&pfiound in their 2000 study.

[22,28,43]

In the only study which plotted pre and post-taalugs, the values were unstable and
trends appeared to differ between groups. [43] duthors did not assess for this
interaction and did not plot standard deviationstandard errors, limiting interpretation

of their findings.

Nederhand et al in 2003, with no control group andeference contraction, reported
no main effect of group when the means of musdetnaty for five time points from
weeks 1-24 post-MVA were averaged for 92 WADII pats grouped by 6 month Neck
Disability Index (NDI) scores. [28] Falla et ap@ted in 2004, that 10 chronic WADII
patients demonstrated significantly higher posk-tagmus pre-task EMG amplitude
bilaterally in upper trapeziuglative to 10 healthy controls (peak 1 s of orseepoch
post-task minus the peak 1s of one 5 s epoch pkg-f@4] In contrast with Nederhand
et al in 2000, Falla et found statistically sigeoéint reduced dynamic limb upper trapezius

EMG activity during the task (measured for 5 s@t@0 and 120 s), in the WAD group



relative to healthy controls, which varied inveyseith NDI scores. They also reported
low variability of amplitude in the WAD group. Due the substantial variability of this
measure in the control group there was large openl®5% confidence intervals. In
agreement with Nederhand et al in 2000 they naggdfeantly higher EMG amplitude
in upper trapezius of WAD patients and atraumagickrpain patients relative to controls

in the stationary limb during the task. [22,44]

Although body fat is known to correlate negativeiyh EMG amplitude [51,52], and
De La Barrera noted an inverse relationship betveegiace EMG frequency and skin
fold thickness over biceps; in the two articlesrieasample) which reported non-
normalized EMG values, BMI was significantly higherthe higher disability group,

with no adjustment to the analysis or results.g§R,2

Examining changes in EMG amplitude with changesaquency should give more
complete information but has not been previouslgisd in whiplash patients using low
load tasks. [17,53-56] Both frequency and ampétack indicative of numbers and type
of motor units recruited by the central nervoudays as well as rate coding (increased
discharge frequency of motor units with increasetl). For example, increased EMG
amplitude concomitant with frequency, is indicatofeancreasing recruitment of
additional larger, faster motor units, while inged amplitude accompanied by reduced
frequency classically signifies increased synclraiion of slow motor units and
dropping out of fast motor units associated witiigfze, as well as reduced conduction
velocity of previously recruited motor units. [17]5Unfortunately, with low load tasks

the frequency, amplitude relationship in fatiguetess has been less predictable. [36,54]



2.4 Recruitment of Cervical Flexors with the Westga  ard Task

Falla et al previously reported a significant irage in sternocleidomastoid and scalenus
anterior activity both during and after the Westgabask in atraumatic neck pain
patients, and people with WADII. [44] The findingkincreased recruitment of
superficial neck flexors in performing both the mgpcraniocervical flexion test and
repetitive upper limb tasks, in people with atratimand traumatic neck pain relative to
controls, has been a consistent finding, and aipgesissociation with NDI scores has

also been noted. [42,44,58-61]



3. Research Questions and Hypotheses

The research questions posed in this study aremexs below.
1. Do femal@ WADII patients, with persistent neck pain post arotehicle accident,
differ from female healthy controls with respecttmminant upper trapezius surface
EMG amplitude and frequency, measured pre, postaridg a repetitive upper limb
task (Westgaard Task), performed by the dominamt®
Hypotheses:
a. Differences between the WADII group and heattbiytrols will be present from both
recording sites of upper trapezius of the domingapter limb during a repetitive upper
limb task
b. The WADII group will have difficulty relaxing thupper trapezius to pre-task levels
during the post-task standing trial, i.e. highestpask versus pre- task mean EMG
amplitude
c. Differences will exist with respect to time cserof median frequency and EMG
amplitude within trials and between WADII and hbgltontrols
2. Do subgroups of female WADII patients, with psient neck pain post motor vehicle
accident, differ from each other and female heatthytrols with respect to dominant
upper trapezius surface EMG amplitude and frequemeypsured pre, post and during a
repetitive upper limb task when classified by:

a. NDI scores in to mild to moderate, 10-28, andlenate to severe disability,30 or

% Although Blangsted et al reported no significaenbder differences in upper trapezius amplitudenguri
low load computer work in 22 asymptomatic officeriars, the values were referenced to maximal
isometric shoulder abduction (MVC). [103] The thestudy was too small to assess effects of gender.
Given the higher proportion of female chronic WABpnts [2,5,13,104], and the possibility that reale
and females demonstrate differing recruitment etyiass in healthy and pain states, only females were
included in this study.
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b. sub-grouping as per a modified Sterling clinidaksification system (WADIIA,
WADIIB, WADIIC) *? [32]

Hypotheses:

a. There will be differences in mean NDI scoresveen WADIIA, 1I1B and IIC of the
Sterling classification

b. WADII subgrouping by (i) NDI scores and (ii) 8teg classification will influence
EMG amplitude and median frequency measures fraim t@@ording sites of upper
trapezius of the dominant limb during the upperitask with respect to pre-task, within

task, post-task trials and time in task.

“ See Appendix 7.2 for details regarding WADII saissification as proposed by Sterling in 2004 [32]
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4. Methodology

4.1 Overview of Methodology

The study took place in the Injury Prevention anobty Laboratory and the Motor
Behaviour Laboratory in the Department of BiomebRaysiology and Kinesiology at
Simon Fraser University (SFU), as well as sevdmailos in Vancouver and North

Vancouver between fall 2008 and fall 2009.

All subjects signed an informed consent documeiot po initiation of data collection.
All participants filled in a demographic questiomadollowed by having skinfold
thickness measured at four sites. The next podidhe study involved application of
surface EMG electrodes and a series of trials nmewssurface EMG. All procedures

are outlined in Figure 1 and described in detadention 4.7.

Following the surface EMG measurements, the healtilnects underwent testing of
pressure pain thresholds and the whiplash injuegtiggpants filled in several clinical
guestionnaires and underwent a physical examinatyanregistered physical therapist.
The physical examination included sensory testight(touch, punctate pain, thermal
sensitivity, pressure pain thresholds, and medamensensitivity to tension), upper body
stretch reflexes (tendon tap), myotomal strengthrig, the craniocervical flexion test for
deep neck flexor recruitment and active cervicabitity. All procedures are described

in detail in section 4.7.3.
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Ineligible or declined
to participate <

(reasons tracked)

Recruitment from community
Telephone and email screening
10 NDI 10-28, 10 NDI 30/100,
10 Healthy Controls

A 4

EMG PROTOCOL

Informed Consent

Skin Fold Measurements

Signal

Baseline
Fully

Check

Relaxed
(supine)

Reference
contractions
Traps (4)
Gastrocs (¢4

Pre-Westgaard

relaxed standing
EMG x 5 min

Westgaard Task
EMG x 2.5 min

A 4

Post-Westgaard
relaxed standing
EMG x 5 min

Healthy: Pressure pain thresholds

WAD: Clinical assessment & classification (questionrsa&eghysical
examination Including pressure pain thresholdsathdr. See Section
4.7.3 for detalils.

Figure 1 Overview of methodology
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4.2 Recruitment

Females with a diagnosis of WADII, and healthy colngubjects, were recruited from
the community via flyers delivered to offices ofrfdly doctors, physiatrists, orthopaedic
and sports medicine specialists, licensed alliedtheare practitioners (physiotherapists,
massage therapists, chiropractors and acupunsiuaistl private kinesiologists involved
with rehabilitation and reconditioning of peoplespmotor vehicle accident. Emails
were circulated and notices were posted at SimasdfrUniversity, at various public
locations, as well as on SFU and community websited a paid advertisement was
placed on Facebook. All participants were offetfeglopportunity to have their name

entered in a draw to win one of two $200 prizes.

4.3 Inclusion Criteria

All participants were females, 19-65 years of agé.subjects had to be willing and
able to understand and patrticipate in the protasalescribed.

A. WADII Eligibility Criteria
The WADII volunteers were included if they reporizain in the neck and or upper

thoracic region for a minimum of 6 months post-natehicle accident, with onset
within 48 h of a motor vehicle accident, and werkling and medically able to
discontinue medication likely to affect pain intép®r motor control for 12 hours prior
to testing. If eligible, they were required by SimFraser University Department of
Research Ethics, to provide a medical release fsigned by a medical doctor,
confirming it was medically safe for them to pagpate. The medical release form also

confirmed study eligibility.
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B. Healthy Controls

The healthy control subjects must have reporteabasence of history of neck pain for

which they had sought professional treatment.

4 .4 Exclusion Criteria

A. WADII

WADII volunteers were excluded if any of the follmg criteria applied: signs of nerve
conduction loss preceding or following MVA, histasf/cervical fracture or dislocation
from MVA (confirmed by x-ray, MRI or CT scan), diagsed with a concussion related
to their motor-vehicle accident or, having a knasorder of their brain or spinal cord
which could impact their muscle activation, histofycervical spine surgery, history of
widespread pain prior to their trauma (e.g. fibrahgya), reporting additional causes of
neck or upper thoracic pain post-trauma such a&opstotic fracture or bone infection, a
history of neck or upper thoracic pain in the momtbceding trauma of sufficient
magnitude to seek professional help, or a latetgyjl

B. Healthy Controls
Healthy volunteers were excluded if they were répgra current neck, upper limb or

upper thoracic disorder which was painful or fuotlly limiting, currently taking any
medications which could affect motor control sustpain or sleep medications, or had a

known central nervous system disorder which comlgact motor control.

A detailed summary of reasons for exclusion fohldwalthy and WAD volunteers is

found in Appendix 7.1
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4.5 Clinical Criteria for Modified Sterling Classif  ication

WADII subjects were classified as WADIIA, WADIIB &WADIIC based on the
combination of scores on clinical questionnaires alpjective findings in the clinical
examination. The researcher was blinded to EM@lte®/hile performing the clinical
examination. The questionnaires are describe@ati® 4.6 and samples are included in
Appendix 7.5. The procedures for the clinical exaation are described in detail in

Section 4.7.3.

Participants were classified as WADIIA if they didt meet criteria for WADIIB or
WADIIC and had any of the following impairmentsctige cervical mobility measured
with the CROM device, which was below the lower ihdsi of the 95% confidence
intervals for gender and age determined using ssgye formulas provided by Youdas et
al in 1992 (regression formulas in Appendix 7.4)][6nability to maintain 28 mm Hg
for 5 s, with relaxed superficial neck flexors gaar muscles during the supine
craniocervical flexion test (CCFT) [61] or meangsere pain threshold less than 2.3

kg/cnt over the C5/6 articular pillar. [63,64]

Participants were classified as WADIIB if they hady of the impairments outlined for
WADIIA and had a score on General health Questimarabove 23 (Likert scoring 0-1-

2-3 for each question). [65]

Participants were classified as WADIIC if they et/ of the impairments outlined for
groups WADIIA or WADIIB and a score on the Impaéttvents Scale (IES) of at least
22 [66] and/or evidence of multimodal sensory deraion as per Sterling et al 2003.
[18] Multimodal sensory sensitization was consédiepresent if two or more of the

following criteria were met:
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a. mechanical allodynia, specifically reduced puespain thresholds bilaterally at C5/6
(mean < 2.3 kg/cA) [63,64], over median nerve (mean < 2.0 kdicf85], and bilaterally
over tibialis anterior (mean < 3.1 kg/&nji35]

b. pain reported with non-noxious cool stimulud 6fdeg C applied over any of the two
posterior cervical test sites (C5/6 zygapophyssatg) [13,35]

c. pain reported with non-noxious warm stimulugtbfdeg C applied over any of the two
posterior cervical test sites (bilateral C5/6 zymapyseal joints) [13,18]

d) pain of at least 3.5/10 and elbow extension eaatgpain threshold, of less than or
equal to minus 33 degrees with brachial plexusieéantgst (BPTT; screening for upper

limb neural irritability) [18]

The values for the BPTT were chosen based on data$terling et al 2003, in which
the researchers found that only the group whotsadl abnormal BPTT and NDI scores
greater than 30 at six months, met these critérdanaonth post-injury. [18] The pain
and elbow mobility values during the BPTT had reédr to control values by 2 months

in the other WAD subgroups.

4.6 Equipment and Materials

Two questionnaires were included to capture denpgecanformation about
participants. The healthy volunteers filled in eaithy Volunteers Demographics
questionnaire which was comprised of questionsrdagag age, height, weight,
occupation, and hand dominance. The WAD volunti#éegd in the custom Whiplash
Injured Volunteers Demographics, Work and Healtesqionnaire which included
questions regarding demographics (age, height,hgesgcupation, hand dominance), as

well as date of MVA, onset of symptoms post-MVArremt medication for MVA
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symptoms and other medications, work status (retuta occupation, working modified
hours or duties, off work due to MVA, other), ditiea of collision (rear impact, side
impact, front impact, other), a symptom checklistietermine number of areas affected
from MVA as well as a question regarding comorledit See Appendix 7.5.1. Slim

Guide Skin Fold Calipers were used to measurefskinthickness.

The Noraxon Myosystem 1200 EMG system was utilered included Noraxon pre-
gelled dual bipolar Ag/AgClI surface electrodes if2inter-electrode distance, 1 cm
diameter), a reference electrode, Noraxon ampliié? offset ~ £ 60 mV, AC Base Line
< 1.8 mv rms, Common Mode Rejection Ratio > 100 piBset gain of 1000, input
impedance > 10 MOhm), Noraxon junction box andas€ll medical grade power
supply. Other equipment for the EMG portion of siedy included a National
Instruments data acquisition board, National Imagnts data acquisition cards (12 bit
with SFU system, 16 bits with off-site system) anBC. Two data acquisition software
programs were used. EVaRT 5.0 was used at SFU,amndew 8.6 Student Version,
with a custom program written by Dr. James Wakelargl modified by the researcher

was used off-site.

A Polar heart rate monitor was connected to tharnteler and a Polar wireless receiver
with customized connections and 5V transformer gaasected by BNC to the data
acquisition board, for collection of pulse data.7#5 cm high conventional table was
used at SFU for the repetitive upper limb task amadentical height, custom portable
table with two legs, was used with adjustable heighatment beds, at non-SFU sites. A
standard adjustable height office chair and metmmaere also used for the repetitive

upper limb task.
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Clinical examination tools included tools for sarery for WADIII, the Neck Disability
Index to determine NDI group [30,31], and tooldizeid for assignment of Sterling
vlassification. Tools used to screen for WADIllifieccal evidence of radiculopathy)
included a Taylor reflex hammer, cotton balls aWatenberg pinwheel. The NDI is a
10 item measure of neck pain related disabilityolhwas scored out of 50, then
converted to a score out of 100. It included aditaahal question regarding pain level O-

10. See Appendix 7.5.2.

The questionnaires used to assign a Sterling Gitzegtgdn were the General Health
Questionnaire-28 (GHQ-28), and the Impact of Ev&uale (IES). The Tampa Scale of
Kinesiphobia (TSK) was administered as it was phathe original Sterling Classification
proposed in 2004 [32], but was not used to assigteding Classification. The GHQ-28
Is a 28 item measure developed to screen for retamge in non-psychotic psychiatric
conditions which are likely to benefit from intenteon from a mental health
professional. [65,67-69] This questionnaire waded from Appendix 7.5 due to
copyright restrictions. The IES a 15 item measure of post-traumatic stress, spaltyfi
stress related to a traumatic event. [70] Thissueawas designed to screen for, but not
diagnose post-traumatic stress disorder, whichocdynbe reliably diagnosed by a trained
mental health care professional. [66,70] It ieleable and valid screening tool and a
copy is provided in Appendix 7.5.3. The TSKaig7 item test designed to measure

pathological fear of movement/reinjury and a cappriovided in Appendix 7.5. 4. [71]

Other clinical tools used to assign a Sterling Sifasation were a Wagner Instruments
FN-100 Pressure Algometer marked in 0.1 kd/@mrements, two portable thermal

testers (USNeurologicals.com), a Hot Spa Professioot bath Model 61360, a cold

-18-



water bath, thermometers marked in 1 degree inartsna manual goniometer marked
in 1degree increments used for the brachial pléswsion test, Chattanooga Stabilizer
Pressure Biofeedback Unit and the CROM (cervicabifity tester; Performance

Attainment Associates, USA).

The CROM consists of a plastic frame mounted tdotidge of the nose and the ears
and secured by a Velcro strap as well as a magywatie which is placed over the
shoulders. The plastic frame contains two gragigiometers for measurement of active
mobility in the frontal and sagittal planes respasy, and a compass that operates with
the yoke to measure transverse plane mobility (€i@y. The dials are marked in two
degree increments. In a sample of 60 orthopaextik pain patients, the intra-rater
reliability ranged from 0.84-0.95 and inter-rateliability ranged from 0.73 to 0.92
(depending on the direction of movement). [72]tvho samples, with 84, [72] and 30
healthy subjects each [73], the intra-rater religlianged from 0.92-0.96 and 0.88-0.96
respectively. The inter-rater reliability rangedrh 0.84-0.92 [72] and 0.75-0.90. [73]
The CROM has been found to be superior to othaiceli methods of measuring cervical
mobility, with respect to reliability, including sual estimation, use of a manual universal
goniometer, a single inclinometer, as well as aagesimilar to the CROM called the

Cervical Measurement System. [72-74]
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Figure 2 CROM device

4.7 Data Collection Procedures

The participants took part in the procedures dbedrin the order in which they are
presented below. Data collection involved measerdrof skinfold thickness, EMG

evaluation and a clinical assessment.

4.7.1 Consent, Demographics and Skin Fold Thickness Measurement

Informed consent was obtained from each participadtdocumented prior to initiation
of data collection. All participants were then adistered a questionnaire in which they
were instructed to fill in their age, height, weigbccupation and hand dominance. The
participants stood or sat quietly while the reslearaised skin fold calipers, to measure

skin fold thickness at the midpoints of the frontldack of the right arm, below their
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right shoulder blade (at the inferior angle of slsapula) and above the right hip/pelvis

(just above the iliac crest) as per Nordander 20aB. [52]

4.7.2 Electromyography (EMG) and Pulse Recording

All subjects were measured for consistency of ebelet placement, had their skin
prepared for the application of electrodes, folldviag attachment of electrodes and
securement of leads. Once the heart rate momthEMG electrodes were appropriately
secured, collection of heart rate and EMG datainiiated. All procedures are
described in detail below.

Preparation of Participants for EMG

The participants sat and stood quietly while tle=aecher prepared their skin and then
applied surface electrodes to measure muscle ot G) at several sites. Skin
preparation involved cleaning the skin with alcoaslwell as vigorous rubbing of the
skin, and, sometimes required shaving with a daplesrazor, if the area was hairy.
These procedures were performed to minimize slaista@ance and optimize the signal to

noise ratio of the EMG recording.

Two electrodes were applied over each muscle tease the number of recorded motor
units, thereby giving both greater sensitivity bmarmalities and improved context to
findings. The result recording from two electrodesimilar locations over the same
muscle would be expected to be dependant on thertasscle and location over the

muscle.

The researcher then applied two EMG electrodestio the dominant and non-
dominant upper trapezius muscle. The posterioeupppezius electrode sites were

dominant upper trapezius posterior (DUTP) and nomidant upper trapezius posterior

-22-



(NDUTP) and were located at a point 38 percenhefdistance measured from the
lateral prominence of the acromion to the C7 spsnanacess (Figure 3). [75] The
anterior upper trapezius electrodes, dominant upppezius anterior (DUTA) and non-
dominant upper trapezius anterior (NDUTA), werecpthimmediately ventral to DUTP
and NDUTP. Figure 3 depicts electrode placemeamtspper trapezius. Measurements
from two electrodes recording from different anfrsterior locations along the upper
trapezius muscle have previously been shown terdifAn electrode placed along the
same line as DUTP measured greater changes refa@seinf fatigue during sustained
shoulder flexion at 30% MVC, relative to an elededhat was placed more caudally
[76] A similar finding was reported from differeataniocaudal placements, using 6
intramuscular electrodes, during 30 minutes of iomaius use of a computer mouse. [77]
Wakeling et al reported that EMG findings recordiedn adjacent electrodes placed on
rectus femoris, biceps femoris, tibialis anteriond anedial gastrocnemius, while the

subjects ran continuously for 30 minutes, did nffed [78]

Gastrocnemius was selected as a reference musalas hypothesized that, differences
between the healthy and WADII groups found in ugpepezius, would not be found in
gastrocnemius, due to the mechanism of whiplashieg and the demands of the task,
neither of which would be expected to impact thissote. Two electrodes were applied
to each lateral gastrocnemius muscle. Inferiotrgasemius electrodes were placed on
the side of the dominant upper limb (Dominant Gastemius Inferior; DGI) and the
side of the non-dominant upper limb (Non-dominaasttocnemius Inferior; NDGI), 1/3
of the distance between the proximal tip of thedhefathe fibula and the Achilles

insertion (Figure 4). [79,80] Superior gastrocngsrelectrodes, Dominant
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Gastrocnemius Superior (DGS) and Non-dominant Gaisémius Superior were placed
cranial and immediately adjacent to DGl and ND@kalodes. See Figure 4 for

depiction of gastrocnemius electrode placement.

A reference electrode was applied to the left pmteThe researcher applied tape to the

participant’s skin to ensure the leads did not meweessively during data collection.

NDUTA DUTA

{ v
1 1

NDUTP DUTP

Figure 3 Upper trapezius electrode placesnt
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insertion

Figure 4 Non-dominant gastrocnemiusettrode placement

Pulse Recording

A Polar Heart Rate transmitter was moistened asigfied around the chest of the
volunteer. The signal from each heartbeat wasrdecoby a Polar receiver connected to
a custom connector and transmitted to the PC.a$t also connected to the main power
supply and a 5V transformer. Pulse information vea®rded due to visible
contamination of the raw EMG signal with cardiagnsils in pilot data. It was recorded
in case adaptation of data processing or analgsiarbe necessary in order to contend

with this potential confounder.

EMG Recording
Noraxon dual electrodes were used which had tvoon Hiameter Ag/AgClI electrodes,

and a set inter-electrode distance of 2 cm. Theském Myosystem 1200 was used,
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which has a preset filter that selectively recaidsals in the range of 10-500 Hz. The

sampling rate was 2000 Hz and EMG was recordedreanisly for each trial.

There were fifteen trials. An overview of the ks@quence is provided in Figure 1 and

this section describes the trials in detail.

The purpose of the first trial was to check thenalg, and ensure that the system was
recording properly. The participant stood and geened a series of three dynamic
bilateral plantarflexion movements followed by tiynamic repetitions of shrugging
the shoulders. For one healthy participant, therior gastrocnemii electrodes were

moved 2 mm medially due to lack of visible signal.

The second trial was a baseline recording. Thecgzant rested in supine on a
treatment table, with pillows under head and krieed minutes, followed by EMG

recording for 1 minute.

The next eight trials were reference contractiofisere was a one minute rest between
each reference contraction. When resting in gittihe participant had back and feet
supported and hands resting in their lap, with gadiown. The participant performed
four trials of seated bilateral shoulder abducab80 degrees, with palms facing
downwards, maintained for 10 s, for upper trapezinghe next sequence of four trials

the participant maintained standing bilateral @sftexion for 5 s.

A pre-task recording was performed with the volente quiet standing for 5 minutes.
They were instructed to stand with their arms airtbides, feet hip width apart and good
posture while looking straight ahead. Volunteeesentold when each minute had

passed. A one minute rest preceded the repetiske
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The repetitive upper limb task was performed fé&rrRinutes. The volunteer was seated
in an office chair and marked target circles areghigpn an equilateral triangle, on the
table, at 88 bpm using the dominant limb. The heamdi forearm of the non-dominant
limb rested on the table. The circles were 70 mmiameter with centers 23 cm apart.
Prior to measurement of skinfold thickness, thdaralas adjusted to a height that would
allow the participant’s feet to rest flat on thedt and their hips to be flexed 90 degrees.
Subsequent to adjustment of chair height, partitgpwere asked to practice the task
until they demonstrated proficiency (less than B0& post-task recording was
performed with the participant in quiet standing3aminutes, as per the pre-task

standing trial.

The final recording occurred while the participeggted quietly in supine, with pillows
under head and knees for 1 minute. The final dingrwas included to capture clean
heart rate data in case adjustments were requiraddlysis of data before, during, or

after the repetitive task.

4.7.3 Clinical Assessment Rationale and Procedures

The clinical assessment served to confirm WADItustd5], to classify volunteers as
WADIIA, B or C, and to determine NDI group. [32]hiB portion of the study included
administration of the questionnaires to WADII pagants and, healthy volunteers had
pressure pain thresholds measured, but did natypate in any other clinical testing.

Tests for WAD participants were performed in theesrpresented below.
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Clinical Physical Examination: Screening for WADII I

Tests included for the purpose of screening for VlIRDere assessment of upper body
light touch and punctate pain sensation, tendomefgxes and key muscle strength.
Perception of light touch was assessed by the eyarstroking the skin with cotton
balls, or index fingers if over clothing, bilatdsgland from medial to lateral across
dermatomes. Areas tested include upper thoraeginhing at T2, upper limbs, neck and
head unless otherwise stated. [81-83] A pattelsentory loss consistent with

radiculopathy, constituted a positive test.

A Wartenberg plastic pinwheel was used to assessaten to punctate pain, at the pads
of the thumbs (C6), tips of third digits (C7), tipsfifth digits (C8/T1), 2 cm distal to the
lateral margin of the acromion (C5), and 2 cm kltey the external occipital
protuberance (C2/3). [26] Participants were agke@port whether they felt the dull or
sharp aspect of the device. A pattern of sensimy tonsistent with radiculopathy,

constituted a positive test.

Tendon tap (stretch) reflexes were tested usirgjlexrhammer to apply a stretch to the
tendons of biceps, brachioradialis (if bicipitalesth reflex reduced), and triceps, with
the volunteer seated in a firm chair with back suppand their arms supported on a
pillow to facilitate relaxation. Areflexia or asynetric hyporeflexia, in conjunction with
myotomal weakness at the same segment, consisitbntadiculopathy, constituted a

positive test.

The researcher tested myotome strength by maximesigting a series of isometric
contractions with the participant seated. Thedtioas tested wereé™digit abduction

(T1 > C8), interphalangeal flexion (C8 > C7), elbow extengj6i > C6, C8), wrist
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extension (C6 > C7, C8), elbow flexion (C6 > C%lpslder external rotation (C5 > C6),
scapular elevation (C3-5, accessory nerve), andarartebral flexion (C1-3). The
nerve root contributions in brackets are listepesGray’s Anatomy 38edition. [26]
The test was considered positive if isolated, myatioweakness (4/5 on the Oxford
Scale) was present, and strength was not limitepkiny. [84]

Clinical Examination: Classification
Procedures used to assign a Sterling Classificatvere, administration of

questionnaires (IES, GHQ-28), performance of thésaasitivity tests, the brachial
plexus tension test, testing of pressure pain llods, the craniocervical flexion test

(CCFT), and measurement of active cervical mobility

Questionnaires administered to the volunteersigighase were Whiplash Injured
Volunteers Demographics, Work and Health questimanthe Neck Disability Index,
the Tampa Scale of Kinesiphobia, the General H&iltbstionnaire-28 and the Impact of
Events Scale. The Neck Disability Index was adstéred, in order to determine group
assignment by NDI score, NDI10-28 or NI3D. The results from the Tampa Scale of
Kinesiphobia (TSK) and the Whiplash Injured Vol Demographics, Work and
Health questionnaire were used for demographicqaaponly. The researcher assessed
the questionnaires for completeness and promptegatticipants to complete any
unanswered questions. See section 4.6 for desorgnd Appendices 7.5.1-7.5.4 for

copies of the questionnaires.

Thermal sensatiowas tested to normally non-noxious stimuli usingglole hand-held
thermal testing devices applied to C5/6, posterjarh right and left sides. One thermal

tester was maintained at a set temperature of &eds C and the other at 41 degrees C.
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There was a 10 s break between each test and watecoal stimuli were applied in
random order, three times each. Warm water wasHhegied by use of a heated foot
bath device. The temperatures of the cool and wratims were adjusted as necessary

using ice cubes and water heated in a kettle.

As heat and cold pain thresholds in some areasedbddy have been shown to vary
widely [85], but Sterling et al showed low variatyilat the posterior aspect of the neck in
controls and subgroups of WADII and WADIII patiefi$], only the neck served to

classify people as WADIIC with respect to presenicabsence of thermal allodynia.

These tests were derived from literature by negjiste and their use of the Lindblom
roller and other devices with set temperaturedjagnose people with reduced thermal
sensation, and those with thermal hyperalgesi#énrcal practice. [81,86] The method
was consistent with the 2004 EFNS (European Fddaraf Neurological Societies)
guidelines for clinical neuropathic pain testing3] They recommended use of thermal
rollers at preset temperatures. Commercial theroligrs are preset to 25 and 40
degrees; however previous research indicates tlie@®e roller would miss many
whiplash injured patients with cold allodynia a¢ fhosterior neck. [13,18,35] The
temperatures for assessing warm and cold allodyara derived from data from Sterling
et al 2005[13], and Sterling et al 2003. [18] Fables 1 and 2 for further detail.
Additionally, Jull et al used a cut off of 14.6 degs for female cervical cold pain
thresholds in their randomized controlled trial jgheed in 2007, based on previous

findings with respect to WAD patients with poorogery. [35]
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Table 1 Values for heat pain thresholds for WA at 6 months post-injury and controls in deg. C

Controls 6 month 6 month 6 month
values values values

95% CI 95% ClI 95% CI 95% CI
6 month NDI 0-8 6 month NDI 10-28 6 month NDI 30
Sterling NA 43.1+1.2 43.4+1.3 395+1.6
et al 2005 (41.9-44.3) (42.1-44.7) (37.9-41.1)

[13]

Sterling et 432+ .2 426+ .1 431+ .1 395+ .2

al 2003 [18] (39.3-39.7)

Table 2 Values for cold pain thresholds for WA at 6 months post-injury and controls in deg. C

Controls
95% ClI
Sterling et al NA
2005[13]
Sterling et al 9.7+0.6
2003 [18] (9-10)

6 month
values
95% CI

6 month NDI 0-8

10+1.9
(8-12)

116+ .4
(11-12)

6 month
values
95% CI

6 month NDI 10-28

11+2.2
(9-13)

114 + 4
(11-12)

6 month
values
95% CI

19.9 + 3
(17-23)

19.2 + .7
(19-20)

6 month NDI > 30

The brachial plexus tension test [18] was performvéhd the participant resting in

supine with their head and neck supported by awill The examiner sequentially

applied gentle unilateral shoulder girdle depressamd then moved the limb into

glenohumeral abduction and external rotation incttr@nal plane, followed by wrist and

finger extension, and elbow extension. The degoéetbow extension and pain level

(Numeric Rating Scale of 0-10), at onset of paiarerevaluated.
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Pressure pain thresholds were assessed over th@aflgg, on the most prominent
point of the muscle belly of tibialis anterior [6®ver the median nerve at the elbow,
adjacent to the biceps brachii tendon in cubitat&]63] and, at the posterior neck, over
the C5/6 articular pillar. [63] These sites weetested as they have been found to be
representative of pressure hypersensitivity in WAIhey were assessed on the left,
followed by right sides, at each site, and threasueements were taken at each site, with

a 10 s break between each repetition.

The progressive craniocervical flexion test wadqrared using a pressure biofeedback
unit as described by Jull in 2000. [61] The pgvaat lay supine on a treatment table,
and the pressure cuff was folded, placed behindi¢ic& and then inflated to 20 mm Hg.
They were asked to place their tongue on the rbtfear mouth, keep lips together and
teeth slightly apart, to inhibit muscles associatéti mandibular depression. [61]
Manual pressure was applied to the latex bag tarerthe pressure was evenly
distributed and, if the pressure dropped durindiegipon of manual pressure then the
bag was inflated back to 20 mm Hg to compensaty. e volunteer was instructed to
slowly and gently nod their head similar to indiogt“yes” and hold the position for 5 s,
once the researcher indicated verbally that trgetgsressure had been reached. The task
was repeated, if successfully completed, for thgetigpressures of 22-28 mm Hg, with
increments of 2 mm Hg. A 10 s rest was providdaveen increments. They were able
to view the dial in order to obtain visual feedbacktheir performance and were allowed
up to one minute of practice and familiarizationhathe task to ensure optimal

performance and minimize the number of false passti
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Active cervical mobility was assessed using théd®Rdevice (Figure 2). The device
was applied to the participant’s head and should&he participant was instructed to
move as far as possible in each direction unty fieét increased pain or increased
muscle tension, keeping the shoulders still, fo#dvby a return to the start position
(facing directly ahead). Each movement was demaitest by the researcher and
repeated three times by the participant. The noédéime three repetitions was used to
determine active mobility for that direction. Toeler of testing was: flexion, extension

left lateral flexion, right lateral flexion, lefbtation, right rotation.

4.8 Data Processing and Analysis

The following description is limited to the domirtarpper trapezius electrodes (DUTP
and DUTA) as results for the non-dominant uppgrdrsus and gastrocnemius channels

were not included in the thesis document.

4.8.1 EMG Data Processing

All EMG data was processed, off-line in MATLABR2Q®{student version). Digital
filters were applied, baseline levels were subtrdend the data were normalized to the
relevant reference value. The details are destieéow.

Filtering

A 24" order Type 2 Chebyshev IIR bandpass filter inrtireye 35-500 Hz was applied
to EMG data from upper trapezius, to filter out @@wnination from cardiac signals (high
pass filter) as per the recommendations of Draled. @ 2006 [87], and to filter signals
higher than 500 Hz, which were unlikely to be eleal signals from contracting muscle,
in accordance with the 1999 European guidelinesdodiace EMG. [79] Due to the low

signal to noise ratio with all recordings, exceptidg the repetitive task, and frequent,
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significant 60 Hz spikes evident in the power sp@atensity plots, a™order Type 2
Chebyshev IIR 59-61 Hz notch filter was appliedEdG recordings from both channels.
Both filters were designed to optimize filter effieeness while retaining as much EMG
data as possible. The 24th order filter was afraesvhat higher order than conventional
filters, however, Zhou et al reported that incregdilter order higher than a 6th order
Butterworth filter had no significant impact on EMfata recorded from pectoralis major,

but further reduced ECG contamination. [88]

The mean amplitude (rms) for the EMG data was ¢tailed for each trial, using
MATLAB. In the analysis of pre-task, during repipt task and post-task trials,
amplitude and median frequency values were caledlfdr each 10 s block. The

window size utilized for calculation was 1 s (2Gf¥ia points).

In the case of pre-task, during the repetitive s post-task, median frequency was
calculated using the filtered data. The data ieseconverted to the frequency domain
using the fast Fourier transform for each 10 shlothe data was then converted to a
power spectral density plot by taking half of thstfFourier transform and creating a
periodogram (squaring the magnitude of each dat# pad then multiplying by 2). The
median frequency was calculated for each 10 s Wgdinding the frequency that

divided the area of the periodogram in half.

Baseline Subtraction
Baseline subtraction was performed in order toropi the signal to noise ratios.

The root mean square of the baseline EMG amplitaelasured in supine for 1 minute
was calculated for each participant and each charSwbtraction of the mean baseline

amplitude (root mean square or rms) for each ppaint and each channel was
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performed for the pre-task, during task and pasit-taals, and from each channel for the
reference contractions. Mean baseline amplitudeexaressed in pV. In one subject,
the baseline trial was contaminated by electricirference from an adjustable therapy
table, therefore, the data from the 60 s seatabvias utilized instead. Baseline

subtraction was performed using Microsoft OfficecEx2003.

Normalization of EMG Amplitude Data
The mean amplitude for the dominant upper trapeaiesence contractions was

calculated for each channel individually (DUTA dddTP) by averaging across four
contractions. Mean EMG amplitude was expressedviior dominant upper trapezius
seated bilateral shoulder abduction of 90 degieeS P and DUTA). Excel 2003 was
used to reference the mean EMG amplitude valuethéopre-task, during repetitive task
and post-task trials to the mean reference valase{ine subtracted from each), for each

channel.

4.8.2 Clinical Classification

Each whiplash injured participant was classifiedobyh NDI score (mild to moderate
10-28 or high 30) and Sterling Classification (WADIIA, WADIIB aVADIIC).

Demographic information was collated and analyz@dgSPSS16.

4.8.3 EMG Data Analysis

Statistical analysis was performed using SPSSD8.tHe purposes of this thesis,
analysis focused on the mean amplitude (percergfefence amplitude or RVE) and
median frequency of the filtered data from the aateand posterior channels of upper
trapezius of the dominant limb (DUTP and DUTA). aysis and results are not reported

for the non-dominant upper trapezius channels@gtstrocnemius channels.
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Separate analyses were performed for each clagsificsystem, for each dependant
variable and for each channel of upper trapezidk@tiominant limb, as per Table 3.
Three series of analyses were performed, usingoaration as follows: healthy versus
WAD, grouping based on NDI score (healthy, NDI 28490, NDI 30/100), and
grouping based on modified Sterling Classificafijbealthy, WADIIA, WADIIB,

WADIIC). Mixed ANOVA was performed with mean ampide and median frequency
as dependant variables. In the analysis of timteah(early, late), standing trial results
were averaged across the first and last half df &#al, while the first and last 70 s
recorded during the Westgaard Task were compaBeghificance was pre-determined to
be =0.05 and Sidak or Games-Howell post hoc tests welected, as appropriate, to
control the family-wise Type | error rate in eactalysis. In the case of group interaction
effects, independent repeated measures ANOVAs earéucted for each group,
followed by descriptive analysis of the differenc&ubject numbers of the outliers were
determined from box-plots to determine if there evany subjects that were consistent

outliers across trials and channels and if anyadb adjust for this was indicated.
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Table 3 Statistical Analyses for Upper Trapezius BIG of dominant limb; DV = dependent variable;
amp = amplitude, DUTP = Dominant Upper Trapezius Psterior; DUTA = Dominant Upper
Trapezius Anterior

Analysis DV1 DVv2
i. EMG amp ii. Median
1. WAD vs. Healthy (referenced) Frequency
a. DUTP a. DUTP
Group (2) x Trial (3) x Time in Trial (2) b. DUTA b. DUTA
i. EMG amp ii. Median
2. NDI (3 groups) (referenced) Frequency
a. DUTP a. DUTP
Group (3) x Trial (3) x Time in Trial (2) b. DUTA b. DUTA
i. EMG amp ii. Median
3. Sterling Criteria (4 groups) (referenced) Frequency
a. DUTP a. DUTP
Group (4) x Trial (3) x Time in Trial (2) b. DUTA b. DUTA
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5. Results

5.1 Recruitment and Enrolment

One hundred and two enquiries were received frotarpial volunteers with neck pain
and thirty-four were received from potential hegltlolunteers (see Figure 3 for a
summary of numbers of volunteers at each stageeofeicruitment and enroliment
process). Five healthy women and nineteen wom#énmeick pain chose not to
participate in the study. Following initial scrésmand exclusion of ineligible volunteers
(13 healthy and 54 women with neck pain), all &ligiWwAD volunteers obtained a
signed medical release from their family physia@medical specialist. Twelve healthy
and twenty-five WAD volunteers enrolled in the stud'wo enrolled WAD volunteers
were subsequently excluded due to NDI scores wieitloutside the range required for
the study and four were excluded due to unilateeakory and or motor impairments
consistent with radiculopathy, classifying them&DIII. [5,29,89] Ten healthy, nine
WADII subjects with NDI scores of 10-28/100 and srbjects with NDI scores of at

least 30/100 were included in data analysis.
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Figure 5

Summary of subject recruitment and screeing
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5.2 Overall Demographics of Participants

The mean age of the 10 healthy participants wag ydars (sd 10.8; range 21-53)
which was lower than that of the 19 whiplash inguparticipants mean of 38.8 (sd 13.2;
range 19-58). The difference in mean ages wastatstically significant (t = -1.488,

Ponetailed= 0-074)-

5.2.1 Demographics of WAD Participants

In the whiplash-injured group, the mean time sith@r motor vehicle accident (MVA)
was 5.2 y (sd 5.7 y) with length of time post MV&nging from 0.8-18.5 y. Volunteers
were included in the study, only if they reporthdit neck pain had persisted from the
time of the MVA. Fifty-eight per cent of the paipants with whiplash injuries were less
than 3 years post MVA. The self-reported directibimpact in their collisions was:
rear 53%, side 21%, front 16% and other in 11%ases (1 rear and front and 1 single
vehicle accident involving a rollover down an emkraent). The mean NDI score,
39/100, represented moderate to severe disatslityl8), with scores ranging from 16-
70/100 and the mean, typical pain reported was natelémean = 5, sd 2.3; range 1-8),
on a scale of 0-10. Forty-seven per cent of theDIWparticipants had fully returned to
work, 28% had partially returned and 28% reporteithdp unable to return to work as a
result of their MVA. Three of the 5 participant®ievhad not returned to work, were on
long term disability (one due to an MVA related lback injury), and two were in school
to train for alternate occupations. One participamo reported working full time, also

reported they had changed careers due to injuoes their MVA.

Eighty-four per cent of WAD volunteers selectedcker upper back pain and muscle

tension including past week” as their worst uppmhyor generalized symptom from a
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list containing 28 possible selections. All of gherticipants reported multiple symptoms,
with the mean number being 11 (sd 5; range 2-E®)ty-two per cent of WAD
participants reported no medication intake, while itest were taking a variety of
medications, including antiinflammatories (53%)akgesics (26%), muscle relaxants
(26%) and other (26%). See Appendix 7.6 for detailhe details regarding breakdown
of group demographics by classification systemdaseribed with the results for each of

NDI and Sterling analyses.

5.3 Classification of WAD Participants

The 19 WADII participants were classified by NDbse and by Sterling Classification
in to WADIIA, WADIIB or WADIIC. All participants dassified as WADIIC had NDI
scores greater than 30 but there was a wide ramgmores for the WADIIA and
WADIIB groups. See Table 4 regarding the distridmuiof participants using the two

classification systems.
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Table 4 Distribution of participants with NDI and Sterling Classification; TSK = Tampa Scale of
Kinesiphobia

CLASSIFICATION NDI10-28 NDI 30

WADIIA

NDI mean 29.7, sd 14.8
range 16-58

TSK mean 40.1, sd 11.4
range 25-60

WADIIB

NDI mean 38.2, sd 20.1
range 22-70
TSK mean 40.7, sd 8.3
range 29-50

WADIIC

NDI mean 51.6, sd 11.8
range 38-64

TSK mean 44.8 sd 7.9
range 34-55

5.4 EMG

The focus of this thesis was upper trapezius otitimainant limb. The results for
DUTP (Dominant Upper Trapezius Posterior) and DUDAmMinant Upper Trapezius
Anterior) are presented in Section 5.4. The redolt upper trapezius of the non-

dominant limb and gastrocnemius were not includetthé thesis document.

5.4.1 EMG Signal Processing

Following application of digital filters, the me&aseline levels of each channel per
subject ranged from 0.45 to 2.25 pV for DUTP amuirfr0.48 to 2.57 uV for DUTA.

The means of the filtered baseline resting triaissach channel were 1.21 pV for DUTP
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and 1.8 pV for DUTA. The coefficients of variatiarere 0.37 for DUTP and 0.45 for
DUTA. Due to the variability of the baseline lesgthe values for each subject and each

channel were individually subtracted from subsetjtrggds prior to analysis of the data.

5.4.2 EMG Statistical Analysis Overview

EMG amplitude, averaged across all groups measiredth dominant (dynamic limb)
upper trapezius channels was significantly diffekertween trials, with significantly
higher upper trapezius activation during the repetitask relative to the standing trials.
Unless otherwise stated, amplitude expressed i, équal to reference voluntary
electrical (RVE). RVE is the root mean square psraentage of the root mean square
EMG amplitude obtained during the reference volyntantraction. Median frequency
was significantly lower in upper trapezius of thdmic limb during the repetitive task
compared with pre-task and post-task standing.relere several significant
interactions that are described in detail with eacalysis, with the relevant channel. For
the EMG analysis section, pre-task standing wasidered Trial 1 (T1), the repetitive
task was considered Trial 2 (T2) and post-taskdst@was named Trial 3 (T3). In the
analysis of time in trial (early, late), standimgtresults were averaged across the first
and last half of each trial, while the first andtl@0 s recorded during the repetitive task

were compared. All effects are reported as sigaii at p 0.05.
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5.4.3 Research Question 1: WADII versus Healthy

The first of three research questions to be exglorehis thesis was:

Do female WADII patients differ from female healtbontrols with respect to
dominant upper trapezius surface EMG amplitudefesgliency, measured pre, post and

during a repetitive upper limb task, performed lhg lominant limb?

A three way mixed ANOVA, group (2) by trial (3) biyne in trial (2) was performed for
each channel for the dependant variables medigndrey and mean EMG amplitude.

The results are presented by channel location epdritient variable.

Posterior fibres (DUTP): Mean EMG amplitude
The three-way ANOVA revealed a main effect of tf@ mean EMG amplitude in

DUTP (R.1, 28.6= 264.2, p < 0.0001) with Trial 2 amplitude beingnsficantly higher
than Trial 1 (p < 0.0001) and Trial 3 (p < 0.000There were no other main effects or

interaction effects in the analysis of mean EMG Einnge for DUTP.

Anterior Fibres (DUTA): Mean EMG amplitude
Analysis revealed a main effect of trial for meaWi& amplitude in DUTA (ko 27.6=

111.7, p < 0.0001) with Trial 2 amplitude beingrsigantly higher than Trial 1 (p <

0.0001) and Trial 3 (p < 0.0001). This was comsistvith the findings for DUTP.

There was, however, a significant interaction effetween group and trial for DUTA
mean amplitude @f 27.6= 5.441, p = 0.026). Separate follow-up analysissfich of the
two groups revealed that the effect of trial wals Egnificant for both healthy (Fp, 9.1=
44.023, p < 0.0001) and WAD groups (Fss= 63.394, p < 0.0001), again showing that
the mean amplitude of Trial 2 was significantlyteg than Trial 1 (p < 0.0001) and

Trial3 (p < 0.0001).
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The 95% Confidence Intervals for each group arad éme presented below in Figure 4
and Table 5. The significant group by trial intgtran was due to group differences
during the repetitive task. The WADII group hagrsficantly lower amplitude, on

average, during the repetitive task, comparededtalthy group (F.7= 4.6,

p =0.041).
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Figure 6 WADII vs. Healthy DUTA mean EMG amplitude (group by trial)

Table 5 DUTA 95% Confidence Intervals for mean EMGamplitude (% RVE)

Group T1 T2 T3
Healthy 54+4.1 107.2 £+ 28.9 6.2+6.2
WADII 8.2+46 73.7 £16.2 95+49

Posterior Fibres (DUTP): Median Frequency
The main effect of trial was significant for DUTRethan frequency, (& s7.s= 9.584 p

= 0.001) with the mean of Trial 2 being signifidgress than Trial 1 (p = 0.001) and less

than Trial 3 (p = 0.009).
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In the analysis of DUTP median frequency, there alas a significant effect between
group and time in trial (F27= 5.734, p = 0.024). Independent analysis of #edthy
group revealed no main effect of trial and no neffect of time in trial. In contrast, the
WAD group showed a significant main effect of tiig 3, 238= 6.234, p = 0.014), with
Trial 2 median frequency being significantly lowkan Trial 1 (p = 0.014) and Trial 3 (p
= 0.039) and no main effect of time in trial. Tignificant interaction was not evident

with secondary independent group analysis, ratmy, when the groups were compared.

Figures 4 to 6 show that the differences in tim&iad between the WADII and healthy
groups were demonstrated within the pre and pse&tdtanding trials rather than during
the repetitive task. During pre-task and post-tdakding the median frequency of the
healthy group increased 10.4% between the firstastd2.5 minutes of the trial, while
median frequency in the WADII Group declined by 8%ting Pre-Task Standing and by
11.9% during post-task standing. During the répettask, median frequency declined
by 0.5% in the healthy group and by 1.7% in the WIABroup, from the first 70 s to the

last 70 s.
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Figure 7 WADII vs. Healthy DUTP median frequency Tial 1 (group by time in trial)
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Figure 8 WADII vs. Healthy DUTP median frequency Tial 2 (group by time in trial)
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Figure 9 WADII vs. Healthy DUTP median frequencyTrial 3 (group by time in trial)

Anterior Fibres (DUTA): Median Frequency
The main effect of trial was significanty(F 30.s= 10.001, p = 0.003). The mean of Trial

2 was significantly less than Trial 1 (p = 0.01&)d Trial 3 (p = 0.008). All other main

effects and interactions were non-significant.
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5.4.4 Research Question 2a: Classification by Nec  k Disability Index
Score

The second of three research questions to be @diorthis thesis, was: Do subgroups
of female WADII patients differ from each other dedhale healthy controls with respect
to dominant upper trapezius surface EMG amplitutefeequency, measured pre, post
and during a repetitive upper limb task when cfaesiby NDI scores in to mild to

moderate, 10-28, and moderate to severe disabil®@?

A comparison of the NDI groups with respect to dgmaphics is presented prior to
presentation of the results of the statistical gsialof the EMG data. A three-way mixed
ANOVA, group (3) by trial (3) by time in trial (2yas performed for each channel for the
dependant variables median frequency and mean Effgitade. There were 9 subjects
in the NDI10-28 group and 10 in the healthy and NBDI groups. The results are

presented by channel location and dependent variabl

NDI Group Demographics
Increased perceived disability in the NBD group relative to the NDI10-28 group was

confirmed by work status, with one of the ten aotants having fully returned to work,
in contrast with 8/9 in the NDI10-28 group havingjy returned to work. See Table 6
for a comparison of group demographics. Medicaitibake was also higher in the

NDI 30 group. The NDI30 group was younger and reported a slightly higiuenber
of symptoms as well as increased duration of symptm comparison with the NDI10-

28 group, but these differences were not founcetethtistically significant.
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Table 6 Summary of demographics by NDI group

Partially returned 11

Variable NDI10-28 NDI 30
Age (y) Mean 43.6 (sd 12.6) Mean 34.6 (sd 12.6)
range 23-58 range 19-49
Time since MVA (y) 5 (sd 5) 5.4 (sd 6.7)
< 3y Post MVA (%) 56 60
Direction of Impact (%) Rear Rear
56 60
Side Side
22 10
Front Front
0 30
Other Other
22 10
(front left 11, rear then (roll over down
front 11) embankment)
Mean NDI score 23 (sd 3.7) 53 (sd 12.8)
(range) range 16-28 range 30-70
Pain (0-10) mean 3.3 (sd 1.5) mean 6.5 (sd 1.8)
range 1-6 range 2-8
Work Status (%) Fully returned 89 Fully returned

10 * (after change in
career due to MVA)
Partially Returned
30

Not working due to
MVA 40
Training for career
change

due to MVA

20
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Variable NDI10-28 NDI 30

Worst Problem Neck or upper 89 80
Back pain
Including Muscle Tension (%;
in past week)

Number of Symptoms 10 (sd 5) 11 (sd 5)
range 2-17 range 3-22
Taking Medications related to 33 70
MVA (%)

Posterior Fibres (DUTP): Mean EMG Amplitude
The main effect of trial was significant in therpary analysis (F1, 27.7= 282.282, p <

0.0001), as noted with WAD versus healthy, and Watlow-up analysis for each group
(p < 0.0001), with Trial 2 demonstrating greater GMmplitude than Trial 1 and Trial 3

(p < 0.0001).

There was also a significant interaction betweewugrand trial for the analysis of
DUTP mean amplitude ¢k »77= 3.415, p = 0.045). Independent group, repeated
measures ANOVA revealed a significant interactietwen trial and time in trial (3,
11.6= 4.839, p = 0.042), only in the ND80 group. In the NDI30 group, mean EMG
amplitude rose by 33% between the first and lalsielseof Trial 1, and by 36% between
the first and last halves of Trial 3, while it deeld by 5.8% during the repetitive task.
There were no other significant main effects oeiacttions in the independent group

analyses.

Figure 10 depicts the behaviour of the three grdrgos trial to trial. The NDI10-28

and NDI 30 groups showed patterns which differed from edblr and the healthy
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group. Pre-task and post-task, the N8Il group had higher EMG amplitude than the
NDI10-28 and healthy groups, with confidence inéés\that were larger and widely
overlapped those of both other groups. Duringépetitive task, the mean for the

NDI 30 group was similar to that of the healthy grdug, showed a greater amount of
variability, whereas, the NDI10-28 group, demortstldower EMG amplitude during
the task relative to the healthy and NBO groups, as well as demonstrating greater

variability than the healthy group.

Secondary analysis, using one-way ANOVA, to anabaeh trial, showed no
significant differences overall between groups aigk and post task, but significant
between group differences during the task{E 3.363, p = 0.05), with the NDI10-28
group demonstrating EMG amplitude which was sigaiiitly lower during the repetitive
task relative to healthy controls (Games Howelltax test, p = 0.046) but not

significantly different from the NDI30 group.

- 54-



Figure 10 NDI classification DUTP mean EMG amplitule (group by trial)

Anterior Fibres (DUTA): Mean EMG Amplitude
The three-way ANOVA for mean EMG amplitude in DUTévealed a main effect of

trial (F1.0, 26.5= 103.022, p < 0.0001) with Trial 2 amplitude besignificantly higher
than Trial 1 (p < 0.0001) and Trial 3 (p < 0.0001).contrast with the WADII versus
healthy analysis, there were no other significaatmor interaction effects in the analysis

of mean EMG amplitude, for DUTA.

Posterior Fibres (DUTP): Median Frequency
The three-way ANOVA for median frequency in DUTRealed a main effect of trial

(F1.4,36.4~ 9.474, p = 0.002) with Trial 2 frequency beingrsficantly lower than Trial 1

(p < 0.003) and Trial 3 (p < 0.008). In contragth the WADII versus healthy analysis,
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there were no other significant main or interacediects in the analysis of median

frequency for DUTP.

Anterior Fibres (DUTA): Median Frequency
The three-way ANOVA for median frequency in DUTArealed a main effect of trial

(F1.2,20.6= 9.763, p = 0.003) with Trial 2 frequency beingrsficantly lower than Trial 1
(p =0.012) and Trial 3 (p = 0.010). This was éstenit with the findings when

comparing NDI groups for median frequency with DUTP

5.4.5 Research Question 2b: Sterling Classificatio n

The third of three research questions to be exglor¢his thesis, was: Do subgroups of
female WADII patients differ from each other andhfde healthy controls with respect to
dominant upper trapezius surface EMG amplitudefeegliency, measured pre, post and
during a repetitive upper limb task when classitigdsubgrouping as per a modified

Sterling clinical classification system (WADIIA, WAIB, WADIIC)? [32]

A comparison of the Sterling groups with respeaémographics is presented prior to
presentation of the results of the statistical gsialof the EMG data. A three-way mixed
ANOVA, group (4) by trial (3) by time in trial (2yas performed for each channel for the
dependant variables median frequency and mean ERfgitade. There were 10
subjects in the healthy group, 6 subjects in theDNA group, 8 subjects in the
WADIIB group and 5 subjects in the WADIIC grouphd&results are presented by

channel location and dependent variable.
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Sterling Group Demographics
The assignment to Sterling group, WADIIA, WADIIB WADIIC was determined by

clinical assessment. See Section 4.5 for criferigroup assignment and Section 4.7.3

for the procedures used as well as rationale fmesa

Although there was a wide range of symptom durdioreach group, the WADIIC
group had a shorter mean duration of symptomsagsy@d 1.6) versus 6.6 (sd 10.6) for
WADIIB and 6.9 (sd 10.6) for the WADIIA group. S@&able 7. Eighty percent of the
WADIIC group had an MVA less than three years ptthe study. In contrast the
percentage of the group who were less than thraes ywst MVA was 63% for the
WADIIB group, and 33% for the WADIIA group. Due the variability with respect to
symptom duration in all three groups, the diffeesin mean symptom duration between

groups were not statistically significant (k7= 2.950, p = 0.053).

All five women in the WADIIC group were drawn frothe pool of volunteers with
NDI scores of 30 or more (scores ranged from 38-B#e Table 4 regarding distribution
of volunteers in NDI and Sterling groups. On agerghe WADIIA group had less self
reported neck pain related disability (lower NDbsas) than the WADIIB and WADIIC
groups. As a result of this distribution, thereevelear differences with respect to
percent of the groups fully returned to work, WABMas 89%, WADIIB was 57% and
WADIIC was 0%. There was a higher percentage dfgypants in the WADIIC group
taking medication for symptoms from their MVA, 80%rsus 57% in the WADIIB, and
50% in the WADIIA group. See Table 7 for a compan of demographics between

Sterling groups.
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Table 7 Summary of demographics by Sterling group
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Posterior fibres (DUTP): Mean EMG amplitude
The three-way ANOVA revealed a main effect of tf@ mean EMG amplitude in

DUTP (R.1, 26.3= 260.865, p < 0 0001) with Trial 2 amplitude lgesignificantly higher
than Trial 1 (p < 0.0001) and Trial 3 (p < 0.0001n.contrast with the analysis of DUTP
mean amplitude using the NDI Classification, th@eze no other main or interaction
effects in the analysis of mean EMG amplitude fofTP, using the Sterling

classification.
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Anterior Fibres (DUTA): Mean EMG amplitude
The three-way ANOVA revealed a main effect of tf@ mean EMG amplitude in

DUTP (Fo, 25.8= 260.865, p < 0.0001) with Trial 2 amplitude besgignificantly higher
than Trial 1 (p < 0.0001) and Trial 3 (p < 0.0001n.contrast with the analysis of DUTA
mean amplitude in the WAD versus healthy analybexe were no other main or
interaction effects in the analysis of mean EMG kinngle for DUTA, using the Sterling

classification.

Posterior Fibres (DUTP): Median Frequency
Analysis of median frequency in DUTP revealed amadiect of trial (fr.4 35= 8.1,

p = 0.003) with Trial 2 frequency being significgribwer than Trial 1 (p = 0.006) and
Trial 3 (p < 0.016). In contrast with the WADIIngeis healthy analysis, there were no

other significant main or interaction effects.

Anterior Fibres (DUTA): Median Frequency
Analysis of median frequency in DUTA revealed amafifect of trial (ff.2, 29.4=

12.746, p = 0.001) with Trial 2 frequency beingnsiigantly lower than Trial 1 (p =
0.003) and Trial 3 (p < 0.004). Consistent with YWADII versus healthy and NDI
group analysis of median frequency in the antdiowes of the dominant limb, there
were no other significant main or interaction eféefor DUTA, using the Sterling

subclassification.
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6. Discussion

6.1 Research Question 1: WADII versus Healthy

There was evidence of differences between a groap bealthy women and 19 women
with WADII, with respect to differences in mean diyzle and median frequency
measured before during and after a unilateral titepeupper limb task. Specifically,
there were between group differences, in anteitooe$ of upper trapezius of the dynamic
(dominant) limb in mean EMG amplitude, which dit#drbetween trials, and, differences
between groups, in the posterior fibres of uppsgpdeius of the dominant limb, regarding

pattern of change of median frequency within trials

During the repetitive task, the whiplash injuredmen on average, demonstrated
reduced recruitment of upper trapezius relativiedalthy controls in the anterior fibres.
The interaction between group and trial was natigant for mean EMG amplitude in
the posterior fibres. The finding with respectaawer EMG amplitude in the WADII
group during the repetitive task was comparabledita et al [44], who reported
significantly lower activation of upper trapeziustiee dynamic limb during the repetitive
task, measured for 5 s intervals at 10s, 60 s 20ds,lwhen comparing 10 women with

neck pain persisting for 3 months post MVA, withHéalthy women.

In contrast with three similar studies [22,43,4hgre was no evidence that the WADII
women had higher post-task EMG amplitude compaiiéu pve-task that differed from
the control group. This was similar to the findsngported by Nederhand et al in 2003
for a sample of 92 WADII participants. They hadawmtrol group and considered pre

minus post values greater than zero to be abnofg&]l. The different findings could
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have been due to differences in sampling, longeatoin of measurements pre and post-
task in the current study and in Nederhand et @B26r filtering of cardiac signals in the
current study, the absence of which could haveatorded previous study findings. For
example, Nederhand et al in 2000 [22] had a WABIhple with mean NDI scores that
were higher than those in this study. The 95%0C Nlederhand et al 2000 was 52 + 12,
and in this study, the 95% CI for NDI scores wast3 Scores were similar to this
study in the Falla et al study, 42 + 2 [44], loi@r Nederhand et al 2003 [28], 21 + 4.3,
and not reported in Nederhand et al 2002. [22] ddeaihd et al in 2000 measured EMG
for 10 s pre and post task and Falla et al analiz2é@ for the peak 1 s of a 5 s epoch pre
and post task, while in this study EMG was averageat the first and last 2.5 minutes of
pre and post task standing. If differences inigftib relax post task, were of short
duration, then such differences could have beesadisiith the longer time averaging in
this study. The difference may be partially expdal by continuous versus intermittent
sampling. In this study, EMG was recorded contusly pre, during and post-task, while
all four of the previous studies reported on EM@&gkng over a period of 1 s [44] or 10
s at various intervals. [22,28,43] None of thevmas studies mentioned or managed

cardiac contamination of the EMG signal.

The differences between groups in median frequandie posterior fibres of upper
trapezius, with respect to differences early amel\lathin the trials, were particularly
evident during the pre-task and post-task stantgliaty. The interaction between groups

and time in trial was non-significant in the anteffibres of the same muscle.

Fatigue has been defined and measured in manyetffevays, however the definition

applicable to the findings of this study is, in@ed muscle recruitment and/ or declining
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median frequency over the course of the trialh@absence of increasing load or other
task demands. [17,90] Declining median frequencgpmbination with rising EMG
amplitude over time is a classic sign of fatigus®,b4,57,90] Table 8 compares changes
within trials between groups with respect to medraquency and mean amplitude in the
posterior fibres of upper trapezius of the dynalnnd, and shows that the WADII group
demonstrated a pattern consistent with fatigudjquaarly during the standing trials, that
was larger post-task than before performance ofdpetitive task. This pattern was not
seen in the healthy group for the posterior fibresny of the three trials. There was no

evidence of differences between the groups in nnefdegjuency of the anterior fibres.

Table 8 DUTP percentage change in EMG amplitude (#p) and median frequency (Freq) relative
to first half of trial

Pre-task Standing Westgaard Task Post-task Standing
T1 T2 T3
Group
Freq Amp Freq Amp Freq Amp
Healthy | 10.4 -2.9 -0.5 -2.6 10.4 -9.2
WADII -4.9 33.2 -1.7 2.1 -11.9 40.1

6.2 Research Question 2a: Classification by Neck D  isability Index Score

Do subgroups of female WADII patients differ fromcé other and female healthy
controls with respect to right and left upper tiape surface EMG amplitude and
frequency, measured pre, post and during a repetipper limb task when classified by

NDI scores in to moderate (10-28) and moderatevere disability ( 30)?
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The answer is yes, in that classifying by disapsitores revealed previously
unobserved differences between groups with DUTPnmaeaplitude, which differed
across trials. However, two interaction effectst tvere significant when comparing
WADII versus healthy, were non-significant when YWADII group was subclassified
by NDI scores (DUTA mean amplitude group by triatl@UTP median frequency

group by time in trial).

Greater differences, relative to healthy contralsre demonstrated in the group with
lower disability levels in EMG amplitude, measufezin DUTP, during the repetitive
task. The NDI10-28 group showed lower recruitmewnels relative to the healthy
controls, while the NDI30 group showed overall recruitment levels thateareot

significantly different from the healthy controlaymp.

Independent analysis of the N30 group also revealed a significant interaction
between trial and time in trial of DUTP that wag demonstrated in the other two
groups. In the NDI30 group, mean EMG amplitude rose by 33.2% betwleefirst and
last half of Trial 1, and by 36.4% between thetfansd last half of Trial 3, while it
declined by 5.8% during the repetitive task. Altgb both WADII groups showed
patterns of declining frequency and increasing &omqge from the first to last half of the
standing trials consistent with fatigue, the NBO group differences in amplitude within
trials were likely significant to due % RVE changssociated with higher initial RVE
values relative to the NDI10-28 group. See Tabler@amplitude and median frequency

changes for each group from first to last half adletrial.

- 64-



Table 9 DUTP percentage change in EMG amplitude (dp) and median frequency (Freq) relative
to first half of trial (NDI groups)

Pre-Task Westgaard Task Post-Task
Standing T1 T2 Standing T3
Group
Amp Freq Amp Freq Amp Freq
Healthy -2.9 10.4 -2.6 -0.5 -0.1 10.4
NDI10-28 33.1 -4.1 3.7 -1.4 47.9 -6.9
NDI 30 33.2 -5.7 -5.8 -2.0 36.4 -16.2

These findings indicate there were differences betwthe two NDI groups, however,
the findings in DUTP were in contrast with a negaitorrelation between NDI scores
and EMG amplitude reported by Falla et al, in ugpsgpezius of the dynamic limb in
women with WADII relative to healthy controls, dogi the repetitive task. [44] This
information, in combination with the fact that twaderaction effects, that were
significant when comparing WADII versus healthy,rev@on-significant when the
WADII group was subclassified by NDI scores, suggésat subclassifying by disability
scores may not be a reliable way of differentiatieyveen female WADII subgroups
with upper trapezius recruitment patterns thaediffom patterns found in healthy

women.
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6.3 Research Question 2b: Sterling Classification

Do subgroups of female WADII patients differ frormch other and female healthy
controls with respect to dominant upper trapezirgase EMG amplitude and frequency,
measured pre, post and during a repetitive upper task when classified by
subgrouping as per a modified Sterling clinicaksléication system (WADIIA,

WADIIB, WADIIC)? [32]

Subgroups of female WADII patients did not diffesrh each other or female healthy
controls with respect to dominant limb upper trapesurface EMG amplitude or
median frequency, measured from posterior and ianff@sres pre-task, post-task and
during a repetitive upper limb task when classifisthg a modified Sterling clinical

classification system.

6.4 Subclassification of WADII Summary

This study showed that NDI scores are not a goedigtor of level of upper altered
trapezius recruitment patterns. The group withdodisability scores in this study
demonstrated reduced amplitude relative to contfoiDUTP mean amplitude, during
the repetitive task, while the group with NDI scoé 30% and higher did not. This
finding is in contrast with Falla et al [44] whop@ted an inverse correlation between
NDI scores and EMG amplitude during the repetitagk. The conflicting findings with
respect to direction of correlation with NDI scooesild have reflected a chance
difference in sample characteristics in the twalss. However, it could also have
reflected differences in duration of EMG samplé&se current study recorded EMG

continuously and results reflected the entire domadf the repetitive task while Falla et
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al compared the means calculated from the peatf 5s EMG epochs at10, 60, 120 s

during the repetitive task.

Nevertheless, significant differences, which likedpresented fatigue, were
demonstrated within trials, only in the NCBO group for mean EMG amplitude
measured from DUTP. This effect was particulaxigent within the static standing

trials and may have impacted recruitment levelsnduthe repetitive task.

Subclassification using the Sterling system waseipfhl in differentiating WADII
participants with altered upper trapezius recruithpatterns, before during and after the
repetitive task. The findings when subgroupinglisability scores were consistent with
other findings of heterogeneity in WADII. [2,4,11]2However, the overall differences
between the WADII group and healthy controls in sugas of mean amplitude and
median frequency, before during and after a rapetupper limb task indicated the
differences were associated with the conditionesEistent neck pain post MVA, rather

than disability levels or the clinical patternsesgéd for this study.

6.5 Underlying Mechanism for Observed Differencesi  n Upper Trapezius
Recruitment

Differences between 19 women with WADII and 10 Heakontrols were evident in
upper trapezius of the dominant limb before, duang after the repetitive task.
Reduced recruitment during the repetitive taskhaadnterior fibres of upper trapezius
was demonstrated. Additionally, differences indabur of median frequency over time
differed significantly between the WADII group atiee healthy group, in the posterior
fibres of upper trapezius of the dominant limb.ingghe NDI Classification revealed

significant group differences with respect to bebarof mean EMG amplitude in the
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posterior fibres that differed between trials, thas not significant when comparing
WADII with healthy controls (p = 0.054). This faah combination with variable
findings in this and four previous studies [22,33441], indicates, that although several
abnormalities in muscle recruitment in WADII haveeh demonstrated, their presence
and magnitude is highly variable between individuaporting persistent neck pain post
MVA. In this study, differing results were founal the posterior and anterior fibres of
upper trapezius of the dominant limb, with respgedifferences between the whiplash
injured and healthy groups, indicating that resiutimm one recording site cannot be
generalized to the entire muscle. Increasing theber of recording sites improved the
sensitivity and gave additional context to the ifng$. Previous studies using the
Westgaard Task, with WADII patients recorded ombni the posterior electrode site and

did not compare mean or median frequency. [22,28#43

Mechanisms proposed for reduced EMG amplitude plitysical loading include
altered input from injured cervical tissues [1721R45-48], altered proprioception due to
pain or inflammatory mediators [19,45], particwaiih the presence of peripheral or
central sensitization [46], segmental inhibitioratgha motoneurons due to pain
[17,27,46], inhibition related to fear of moveméadt of pain [2,28,46], local muscle
injury [17], and or muscle pain [49], altered paaticontrol associated with muscle
fatigue, [17,45] and altered supraspinal inhibitadrmotor cortex and or alpha motor
neurons due to pain [46,50]and or anxiety. [17,8®85] Mosely and Hodges theorized
that subtle changes in muscle recruitment patterassociation with sensitization of
local tissue (peripheral and or central sensitiwgtmay become a self perpetuating

source of further pain and abnormalities of motwntml. [46] Arendt-Nielsen supported
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this theory based on a review of the literaturthmarea of sensory changes and altered
motor control in pain states. [92] Mosely and HeslgRichardson, and Sterling et al
have all described scenarios in which motor abnbtieemay begin in association with
pain but persist once pain has resolved, makimggbrtant to evaluate and rehabilitate
normal motor patterns in addition to providing mventions targeted towards resolving

or alleviating pain. [27,46,93]

As WADII has been found to be a heterogeneouspgridis possible that the
mechanisms for these abnormalities of muscle reoant overlap and differ amongst
individuals. [46] In this study abnormal recruitm@atterns were present in people with
various levels of disability and a variety of ctial presentations. However, it is likely
that inhibition of muscle recruitment begins egrbst trauma in response to pain and

persists as the pain persists.

Reduced activation of muscle during a dynamic teskbeen described by Arendt-
Nielsen [92] and reported by Falla et al [49] ie firesence of experimentally induced
muscle pain in healthy individuals, and, Arendt{sia reported that evidence to date is

consistent with reduced central drive of the padtaruscles in response to the pain.

Abnormalities with respect to changes in mediagusency within trials were found in
the posterior fibres of upper trapezius of the dant limb. Declining frequency in
association with increasing amplitude was noteithenWADII group, particularly during
the standing trials with larger changes post-thsk fpre-task. This pattern is consistent

with fatigue in the WADII group and was not seerthia healthy group.

A similar pattern was also observed in EMG measin@d the posterior fibres in the

NDI 30 group during the pre-task and post task stardialg. Increased fatiguability of
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muscle has been found using experimental muscteipdiealthy individuals [92] so
could have been related to the presence of paweWer, it could also have been a result
of deconditioning. This finding is intriguing, gim the low demand on upper trapezius in
static standing (95% CI for healthy subjects forTUn T1 were 5.4 £ 5.7% RVE and in
T3 were 6.2 + 6.5% RVE), and the fact that pattefrfatigue were not seen during the
repetitive task. The difference between trials rhaye reflected augmented central drive
from the motor cortex and reticular system assediatith voluntary limb movement,
versus primarily vestibulospinal inputs during statanding. Fewer motor units were
recruited in standing and therefore may have beam isusceptible to fatigue. In the
WADII versus healthy analysis, the effect was iasexl post-task, (steeper declines in
median frequency post-task versus pre-task in tA®Wgroup, indicating the repetitive

task also contributed to fatigue in post-task stamd

In contrast with altered upper trapezius muscleuituent post-whiplash, changes in
recruitment patterns of the superficial and deegkiexors have been consistent and

have shown a correlation with NDI scores. [27,458469,94,95]

6.6 Limitations

There were several limitations of the study inahgdsmall sample size and cross-
sectional design. Surface EMG is incapable of meag differences in deeper neck
muscles, which are also likely to be impaired.adidition multiple comparisons were
made with no adjustment to the family-wise errae @lpha was kept at 0.05), which
increased the risk of a Type | Error. Digitaldils were applied, which did necessitate
some loss of data but the filters were applied isbastly to all recordings, which should

not have impacted the results.
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Upper trapezius recruitment patterns do not dsfgnificantly and consistently amongst
patients with neck pain and there is large varigldimongst healthy subjects. Therefore,
the dependant variables selected, mean EMG ameldand median frequency, made it
difficult to distinguish abnormal patterns from nal variability. There were several
outliers, even in the healthy group. Although tinere from different subjects on
different trials and different channels it biaskd healthy mean upwards and increased
the standard deviations, increasing the risk ofeélygrror during the standing trials and

risk of Type | error during the repetitive task.

It is possible that differences in complaints afstle pain and fatigue associated with
activity lay less in recruitment patterns and mardifferences in muscle metabolism.
[96] EMG is not capable of detecting such differesnr For example, Nederhand et al
(2000) evaluated 10 s epochs at 10, 60 and 126 soand that mean EMG amplitude at
three time points were not significantly differedgspite WADII volunteers complaining

of aggravation of pain and stiffness. [22]

Clinical tests to screen for WADII status, as veadlcompletion and scoring of the NDI
to confirm eligibility should have been done priorcompletion of EMG, and performed
on healthy subjects as well, to improve study &fficy and reduce the burden on

ineligible volunteers.

As this work was exploratory, there was no attetapink changes in muscle
recruitment patterns with function. It is not kmowhich functional limitations, if any,

are associated with the differences in muscle receunt described.

Participants performed the repetitive task withrtdeminant limb which might not

have painful. Fifteen out of nineteen WADII panpi@ants had bilateral neck pain and one
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had unilateral pain on their dominant side, howekesults could have been impacted by

the three participants that had unilateral nech paitheir non-dominant side.

6.7 Directions for Future Research

This and other research indicates that surface ESE&ssed on upper trapezius can be
helpful in delineating differences between WADIbgacts and controls before during
and after a task requiring sustained activationpgfer trapezius, so it is a useful avenue
of research to pursue further. [22,43,44] At tisk of having subjects focus more on
pain, symptoms should be monitored at prescrib®ad points throughout trials, in order
to determine the intensity of provocation of thektaA repetitive task involving bilateral
limb movements might be preferable, in order tadreissess changes in recruitment in
upper trapezius of both sides. The bilateral igpetshoulder flexion task used by Falla
et al in 2006 could be a suitable task. [49] Measshould assess differences in changes
over time, within trials, and between trials, ais #eems to be less variable than the
absolute values for each trial. Ideally particigashould be assessed on different days to
determine test-retest reliability, and a protoasdigned to provoke fatigue should be
assessed on two separate occasions so as notfeoiicdrthe results. A variable demand
(physical and psychological) motor task should &sancluded, but caution must be
exercised regarding exacerbation of symptoms, eddced activity tolerance in many
WADII patients with persistent pain. Larger stugimvolving both genders and

stratified by age group should be done to estabigsins.

The Impact of Events Scale should be administeyexkplore the impact of post-
traumatic stress, and to differentiate those that have increased motor drive from this

clinical syndrome, that is associated with hypenaad. [97-99] The Patient Specific
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Functional Scale should also be administered terdehe individual physical limitations
associated with abnormalities in muscle recruitmexrendt-Nielsen et al [92], and
Mosely and Hodges [46] advised inclusion of sensesting, as was done in this study,
to better understand sensitization of muscle afitsrand altered motor control in pain
patients. Due to heterogeneity of WADII patientsl @otential for multifactorial
influences, a thorough evaluation of psychologarad physical impairments should be
included incorporating such measures as evaluafiperceived threat from pain, fear of
pain/reinjury. [13,14,46] Ultimately motor contri@sts that could be administered by
clinicians would be the ideal and tests that caadministered in the community are
superior to having all subjects travel to one lmrgtas many volunteers expressed a
desire to avoid travel due to potential increasaseick pain. Surface EMG has potential

as a clinical evaluation tool.

Once a reliable measurement protocol exists anmsare established, the ability of
interventions to impact the abnormalities of muselguitment and function, such as
EMG biofeedback [36], to train amplitude contraidehome based exercise programs
should be assessed, for example targeting enduirapper trapezius, and other
relevant muscles. In both types of studies, tsearcher should control for, or evaluate
current use of upper body, including occupatiomal gecreational demands to adjust for
training effects at baseline. Further evaluategarding reduced ability to relax post
task, which includes cardiac filtering, should laered out, to determine whether the
difference in this study, with respect to impaisgddlity to relax post-task was related to

filtering or sample characteristics. [28,43,44]
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Other avenues of exploration that may have mextude use of real-time ultrasound to
evaluate deeper muscle contraction, fine wire ENh&rovascular, or biochemical
studies to improve understanding of relationshigtsveen motor control, local tissue
changes, circulatory control and neck pain. Camfidy of the vast amount of literature
regarding occupational trapezius myalgia, low ba&ik and chronic pain, would be
required, prior to embarking on such a study taemna sound hypothesis and increased
likelihood of definitive answers. There are mamanswered questions and
opportunities for research regarding abnormaliiespper trapezius recruitment and
optimal interventions. Any studies in this areastmecognize these recruitment changes
occur in the context of complex and variable clhigatterns and incorporate

measurement of concurrent, relevant impairmeng21f,19,46,64,100,101]
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7. Appendices

Appendix 7.1 Summary of Excluded Participants (Heal  thy and WAD)

Table 10 Summary of reasons for exclusions of helay volunteers
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Appendix 7.2 WADIIA, B, C Criteria as per Sterling 2004

Table 12 Summary of WADIIA, B, C criteria as propcsed by Sterling in 2004

WADIIA

WADIIB

WADIIC

Subjective Complaints

neck pain

Motor Abnormalities

1. Mobility

2. Altered Muscle recruitment
a. Impaired CCFT

b. Increased Joint Positioning Error (relocation to X
neutral)

Psychological Impairments
1. elevated distress

a. GHQ-28 X
b. TAMPA X
c. elevated levels of (acute) “post-traumatic stress”

IES X

*5

Sensory Impairments
a. local cervical mechanical hyperalgesia
b. generalized or multimodal) hypersensitivity X

(mechanical, thermal) including increased sensitivity
to brachial plexus tension test

Autonomic Impairments X

possibly

®* denotes distinguishing feature according to IBtgr2004 [32]

-76-



Appendix 7.3 Power Analysis

The sample size for each group was selected usiRgwger [102] and inputting
standard deviations for pre to post change asgseiits from Nederhand et al 2000 [22]
for post-task EMG amplitude minus pre-task EMG atage which was 5.3 (% RVE)
for the dynamic side and 6 (actual 5.6) for théi@tary side. See the table below
comparing the values from Nederhand et al (200@) thie values input to G*Power for
sample size calculation. An assumption was maalethie standard deviations of the
differences pre to post-task would be closer to ¢tfighe control group if, as planned, the

WAD sample was subgrouped.

Table 13 Comparison of values used in power analgsversus values reported by Nederhand et al
2000

Actual Belot-
Dynamic Side Dynamic Side
Group Mean (sd) Estimate
Nederhand et al 2000 Mean (sd)
[22]
HC 0.5 (5.3) 0.5 (5.3)

not subgrouped
WAD 9.4 (8.2) 6 (5.3)
10 (5.3)

13 (5.3)
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The results were as follows:

Dynamic Side
F tests -ANOVA: Fixed effects, omnibus, one-way
Analysis: A priori: Compute required sample size

Input: Effect size f = 0.883
= 0.05
Power = 0.95
Number of groups =4
Output:  Non-centrality parameter = 21.851
Critical F = 3.009
Numerator df =3
Denominator df = 24
Total sample size = 28
Actual power = 0.964

The active side power calculations indicated 7 peppr group would give a 95%
probability of detecting a significant overall be@n-group difference, however, the true
variability was unknown, particularly in the WADarp, consequently the planned size

of each group was increased to 10.
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Appendix 7.4 Regression Formulas for Decision Makin g Regarding
Impaired Cervical Active Mobility

Table 14 Regression formulas and variables to detaine lower bound of 95% CI for female norms
(Y=a+Db*age)

Direction a (degrees) b

Flexion 62.9 -0.4
Extension 92.9 -0.5
Left Lateral Flexion 52.5 -0.4
Right Lateral Flexion 55.4 -0.4
Left Rotation 78.5 -0.4
Right Rotation 83.7 -0.4
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Appendix 7.5 Questionnaires
Appendix 7.5.1 Participants with Neck Pain (Demogra  phics, Work and
Health)

A. Demographics(Section A is identical to the healthy subject dgnaphic form)

Please fill in the blanks for the statements below:

1. My age in years, today is

2. My heightis m/cm or ft/in

3. My weight today is kg or lbs

4. My current primary
occupation is
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B. Questions regarding your accident, work and heéh

Accident

5. The specific or approximate date of my motorislehaccident was:

6. My vehicle collided with another in the follovgmway(please tick all responses that

apply}

My vehicle was struck or impacted another vehioleaother object) on my left side.

My vehicle was struck or impacted another vehioleather object), on my right

side.

My vehicle was struck or impacted another vehjoleother object), at the front of

my vehicle.

My vehicle was struck or impacted another vehjoleother object), at the rear of

my vehicle.

Other(Please describe briefly)

- 81-



Work

7. |1 have returned to my usual occupatjBiease tick the box beside the answer that

most applies to your situatian)

Fully

Partially: | am working fewer hours or doing nifegtl duties due to injuries related
to my motor vehicle accident

Not at all: 1 am off work due to injuries relatelmy motor vehicle accident

Not at all: | am off work for reasons unrelatedny motor vehicle accident

Other (Please Describe Briefly)

Current Health

Please think about your health in the past weekwvamswering questions 8-12.

8. My biggest problem related to my car accident is

Upperbody problem (includes area between shoulder bjad@sm or hand, head,
neck or upper back)

A lower body problem
A generalized problem

other
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9.

a) Please read the entire list and then write the neimdne beside the answer that fits
best for the following statement.

“My biggest upper body or generalized problem edab my car accident is:”

__Vertigo (seems like the room is moving or | amving) and feeling off balance

__Dizziness only

__Collapsing or fainting

__Feeling anxious and stressed frequently or midsteatime

__Bouts of sudden feelings of anxiousness andatinfiesweaty and or feeling like
my heart is beating very fast and or dizziness

__Feeling sick (nausea)

__Ringing or other funny noises in my ears

__Hearing loss

__Reduced tolerance to noise or light

__Trouble remembering things

__Trouble swallowing

__Changes in ability to speak or communicate

___Changes in my vision

__Changes in smell or taste

__Headaches

__Jaw or face pain

__Neck or upper back pain and muscle tension

__Hand, wrist or arm pain

__Shoulder pain

__Numbness or tingling in my neck, upper back, faead(s) or arm(s)

___Arm or hand feels very hot or very cold somesraeturns funny colours

__Problems sleeping but not from pain

__Feeling tired and sleepy

__Trouble concentrating, thinking

___ My neck feels unstable

__my shoulder, elbow, wrist, hand, finger or thuifeéls unstable

___nightmares

__problems with coordination in arms or legs
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b)
I only have one upper body or generalized problelated to my accident

or

| have more than one upper body or generalized@mobelated to my accident

If you have more than one upper body or generalpretilem related to your accident,
please return to the list in question 9 a. and atlie number two beside your second
biggest problem.

c) lonly have two upper body or generalized probleetsted to my accident

If you have more than two upper body or generalfm@iblems related to your accident,
please return to the list in question 9a. and wiiite number three beside your third
biggest problem.

d) If you have more than three upper body or genesdlizroblems related to your
accident please return to the list in question&ad place a check mark beside all the
problems that apply to you that do not already haveimber beside them.

e) Please put a line through all the items in iseih question 9.a. that do not apply to
you.

f) Please check that all items have a number ockimeark beside them or a line through
them. If not please correct your response.

10. I have had pain, numbness or other sensatieied to my motor vehicle accident in
the past week. YES NO
a) If yes, colour the symptomatic areas on the bodytgdrovided.
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11. The medications | take for symptoms relatechyomotor vehicle accident are:
Please include non-prescription medications andiretremedies.
If you are not taking any medications related tmpyoms from your accident,
Write N/A on the first line.
a.

b.
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12. Please list any current major medical problgmshave which are unrelated to your
motor vehicle accident, e.g. diabetes, cancert loksgase, rheumatoid arthritis.

a.

b.

- 86-



Appendix7.5.2 Neck Disability Index

-87-



- 88-



Appendix 7.5.3 Impact of Events Scale (IES)

On (approximate date) you experienced a motor vehicle accident.
Below is a list of comments made by people after stressful life events. Please check
each item, indicating how frequently these comments were true for you DURING THE
PAST SEVEN DAYS. If they did not occur during that time please mark the ‘NOT AT
ALL’ column.

9 + % 9 2?1 $ mm11

94 | 1" 7 % 9
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Appendix 7.5.4 Tampa Scale of Kinesiphobia (TSK)

READ EACH QUESTION AND CIRCLE THE NUMBER THAT BESTORRESPONDS TO HOW
YOU FEEL.

Strongly Disagree

2. Somewhat Disagree

3. Somewhat Agree
4

=

Strongly Agree
1. I'm afraid that | might injure myself if | exdse. 12314
2. If  were to try to overcome it, my pain woulttiease. 12314
3. My body is telling me that | have something dznogisly 12314
wrong.
4. My pain would probably be relieved if | weredrercise. 12314
5. People aren't taking my medical condition seslgienough. 1234
6. My accident has put my body at risk for the sy life. 1234
7. Pain always means | have injured my body. 1234
8. Just because something aggravates my pain dbesean 1234

it is dangerous.
9. | am afraid that | might injure myself acciddhta 12314
10. Simply being careful that | do not make anyagassary 1234
a movement is the safest thing that | catodarevent my pain

from worsening.

11. I wouldn’t have this much pain if there weresoimething 1234
potentially dangerous going on in my body.

12. Although my condition is painful, | would bettss off 12314
if | were physically active.

13. Pain lets me know when to stop exercising ab th 1234
| don't injure myself.

14. It's really not safe for a person with a coiuditlike 12314
mine to be physically active.

15. I can't do all the things normal people do hesesit's too 12314
easy for me to get injured.

16. Even though something is causing me a lot f, pa 12314
| don't think it's actually dangerous.

17. No one should have to exercise when she/tmegain. 12314
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Appendix 7.6 WAD Participant Demographics

Tablel5 Demographics and clinical characteristicef WADII participants; symptoms only listed if experienced in previous week; * ages not included

in order to maintain anonymity of participants
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