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ABSTRACT

The purposevasto assess a nedpecific exercise program on balance
performance. Balanogasmeasured using standing teg@mberg (ROM), Modified
Romberg (MROM), and Unipedal Stance) force plateto assess center of pressure
velocity (COPV)with eyes open and cled (EC). Neckendurancevas measured using
the Cervical Flexion Endurance (CFET) and Cervical Extension Endurance (CEET)
tests Twenty participantsvererandomly assigned across groupBe exercise
interventioninvolvedneck training X/weekfor 2 weeksRepeateaneasures ANOVAS
showed the intervention group had significant improvements in CFET0(003, thus
differing from the control group pesttervention p = 0.009, butno changes in CEET.
COPV for ROMEC showed significant main effect for grougp (= 0.04, and
MROMEC showed anain effect for timepoinp = 0.010. The results show that CFET
is a specific tool to increase neck flexion endurance, but further reseaeguiied to

understand a possible interaction with balance.
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1. INTRODUCTION

1.1. THE PROBLEM

There is currently no consensus on the best way tortesik musculature to elicit a
functional change in performan@eeolsson et al., 20Q7)his lack of agreement appears
to stem from an inability to adequately aefiterminology used when discussing training
for neck musculature. The ter ms ifittet r engt ho
literature concerninthe cervicabpine T h e t teemgtitd fiosn  ishat able te n
encompass all types and qualities of strengthcandotbe used broadly when looking at
specificqualities The same issue present for the topic @huscular endurance.
AEnduranceis used as a blanket term for anything dealing wittdadone repeatedly
for a long period of time. However, in order to qualify thugher, we must distinguish
betweermuscular failurgusually volitiona) or thereduction in force outpygsadrop
in meanelectromyographic or EM@equency)and even betwen contractile states
(isometric versus concentri¢Ygllestad, 1997)These distinctions in terminology need
to be considered when evaluating methodological desigspgmificity towardsieck

muscle testing and training.

Research has shown high adaptability and trainallityeck muscleas well as
establifingits rolein human postural stability and balance, tngtre is stillndi g 6 | d
s t a n tbaned waining(Hanney & Kolber, 2007; Vuillerme & PinsauD09) Neck
muscles can occupy severalesto allow thehead and necto movein conjunction
acrosanultiple movemenplanes making them difficult tasolate from each other
(Conley et al., 1995)he nature of thesightly packedmuscle groupseanghat

targeting specific muscles difficult without standardizing neck position and

1



establishing muscle borders and landmasksa directional approa¢anterior or
posterior for exampletp exercise and testing is typically adopféavanshir et al.,

2010)

Although it has been shown that improvements in neck lméigaction leads to
better postureareduction n neck pain, and a reduction in theidenceof head and
neck injuriesmany of these improvements al@calized to the nec{D. Falla et al.,
2006; Lavallee et al., 2013; Vuillerme et al., 20@gveral studies have shown that
when the neck is fatigued, whole body balance performance is rettimoagh
interference with neural afferent inflof@chieppati, Nardone, & Schmid, 2003he
same decrement in performance is found in populstiatin chronic or acute injuries or
impairments to the head or ne€kuskiewicz et al., 2001; N. Yoganandan et al., 1986)
is possible that training the neck for the purpose of balance improvement may help as a
rehabilitative or prénabilitative method of injury prevention and improved overall
balance functon Thi s may be possi ble because of
and subsequent posture based on head orientation. When neck fatigue increases, this
control is interfered with. If neck fatigue can be redudeshay be possible tamprove
upon peripheral motor contrbly redueng neural inflow issuedortifying balance

control and improvingdaily function(ShumwayCook & Horak, 1986; Winter, 1995)

1.2. PURPOSE

The purpose of this study is to assess neck enduranatasnaiingbalance changes
in adultsbeforeand after aneck specific training prograto determindf changes in
standing balance occaftongside improvements in neck muscle endura@ueently, o

definitive guidelinesxist thatuse isometric and unloaded nemntercise as a method for

2
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improvingstandingbalanceln the proposed studyhanges in neck enduranagl be
compared to changes in center of pressure velaeitich is considered valid and
reliablemeasure of balance performarfteet al., 2016; Liang et al., 2014, Lin et al.,
2008) These performance chandgesm baselinevould becomparedoth before and
aftera training program designed to increasekenduranceThe creation of a viable
and effective training program that usedoadedsometricneck exercise to address
whole body balanceould potentiallyprovide a simplend inexpensivenethod to
improveprevention and rehabilitation strategies for those suffdrorg head and neck
injuries, balance disorders, age related declines in balandeeck dysfunctioras well
as a method to improve balance for those wdmmnot utilizemore demandingnethods

of training such as leg exercise

1.3. OBJECTIVES

1.3.1. To assess thefficacy of a2-weekisometric neckraining program on neck
musde endurance
1.3.2. To determine the relationship between neck endurandeenter of pressure

velocity.

1.4. HYPOTHESES

1.4.1. Neckflexion and extensioendurance will improvéllowing participation in the
2-week neck endurance program.

1.4.2. Neck endurance improvements will laegerin flexion than inextension.



1.4.3. An improvement in neck enduran@ecreased time heldyill be related to an
improvement ircenter of pressure velociperformancddecrease in sway

velocity).

1.5. RESEARCHRELEVANCE

There are several ways in which this research may hold significance and be relevant

to current problems

1.5.1. Head and neck injurida the athletic populatioareoftena cause for declines in
neck and balance functi@ue to traumatic changes in muscle coordination and
function(Collins et al., 2014; Hildingsson et al., 1989; Lincoln et al., 2011; Uhlig
et al., 1995)This project would provide the first relevant training program to
improve neck and balance functisimultaneouslyhrough exerciserhis would
pioneerresearchnto training the neck for wholeody stability and balance
improvements.

1.5.2. Concussionsarea serious concelin sport this project would provide a viable
and proven training program for injury prevention and rehabilitaggarding
concussions. This could stimulate further rese&cprotocolsto use in sport
specific contexts to prepare athlebgsmitigating the neural disruptions in
sensory information caused afteithstandng forces that lead tavhiplash or
concussion®r spead up their recovery following traumatic event his is not a
claim to alter brain function, but simply as a buffer for body stability following
the destabilizing effects of a concuss@rwhiplash type injurgCollins et al.,

2014)



1.5.8.

1.5.4.

1.5.5.

1.6.

Neck pain isacommon chronic problem in sedentary workpla@®szasoltani et
al., 2012; Schuldt, 19887 his project would assist in the reduction of neck
fatigue potentially reducinghe incidencef neck pain in the workplace. This
falls in line with a large body of research currently available bobvel in its
attempt to influence improvements to baladwectly (D. Falla et al., 2006)
This project could provide a progratmatwould be usefufor reductionor
mitigation of balance changes in patients suffering faoorte or chronic
conditionsthat affect balance

The aging population is at a significant risk of falls, whielnleadto serious
injuries and an increase in morbid{xmbrose et al., 2013)f shown to be
effective, he use of thisypeof training could supplement current balance

trainingprograms in the aging population to reduce the risk of falls.

LIMITATIONS

Therewere someanethodological limitationg thestudy.In that thiswasa novel

study, therewasa chance that neignificantimprovementsvould occur Throughout the

study,selfreported informationvascollected from participants. Thiscluded activity

levels, training history and frequency, dayday scheduleas well as injury historyWe

did not perform supervision throughout the training intervensoassumptionsvere

madeas towhether participantaerefollowing guidelines properlpr hadgiventruthful

information to the researcheiBhiswasmitigatedby monitoringthroughtraining,

reporting and a weeklgheckin from each participards well as consistent instruction

on how to perform the exercises in the programpossible limitatiorwassubjective

effort from each participant, regardless of the guidelines provideay of the tests for



neck endurance requdenaximal isometric holdfr time; endurancéesting,and
training is known to cause significant musgulliscomfort Participantsverestrongly

encouraged and motivated to provide maximal efforts for each test.



2. LITERATURE REVIEW

2.1. THE CERVICAL SPINE

2.1.1. BIOMECHANICS & ANATOMY

To understand why the neck plays a key role in overall posture, the organization of
its structures and tissues must be well understbeelhumancervical spine i®riented
posterior to the center afiassof the heagdattaching at the occipof the skull
(Yoganandan et al., 199@ttached at the occiput is the atlas (C1) and axis (C2) levels
of the cervical spine, both of whichrcenoveindependently througeervical flexion and
extension Lateral bending causes afpper spinesegments to shift togethavhereas
rotationmostly occurs in the upper segments of the cervical $pi@ening, 1978)
Below this point theervical spinas organized lordoticallyo support the head atop the
body, where cervical muscles are arranged to allowhfstordosis to occuand
smoothlydistribue forces downhrough the spin€Olson et al., 2006 Cervicalmuscles
(especially superficial onessich aghe upper trapezii) act to maintaiarvicd stability
duringresting posturefuiet standing and sittinglhd complex movemen{bending
and rotatiorsimultaneously, and are constantly acting to support the head detpite

posterior orientatiofOlson et al., 2006)

Due tothe necls posterior placeménflexion causes lengthening of the spinal
column,while extension compresseq@specially at the occiputreating a firstlass
lever effect{Brough, 1994; Pennind,978; Strimpakos, 2011afLervicalrange of
motiontypically falls within80-90 degrees of flexion, 70 degrees extensior420

degrees of lateral flexion and up to 90 degdestation(Swartz ¢ al., 2005) Passive



range of motion at the cervical spimereases theangethat can be demonstrated
(Strimpakos, 2011aYhefirst classlever organization of the cervical spiakows

cervical muscles to have a greater mechanical advantage against the weight of the head,
but this creates an inherent restrictiorémvical flexibility as the segments possess

limited endrange movement regardless of direction moved before the t@saianable

to extendfurther, or the skull and superficial tissues restrict further movement (rotation

typically maxes out at 800 degees for example)see Figure 1jBrough, 1994)

Class One Lever

Force Load

Figure 1: Biomechanical lever system of the cervical sp{Beough, 1994)

Neck muscles argrosslycategorized into twgroups:flexors and extensors, which
canbe furtherifferentiatedinto superficial and deep muscl&niezek & Sofferman,
2012) Neck flexorsandextensors have been shown to generate considerable forces and
act as dynamic abilizers of the cervical spirtey working in synergyseeFigures 2 and
3for flexors and extensorsespectively (Nolan & Sherk, 1988)Superficial extensors
such as the levator scapulae, upper trapezius (which are also considered muscles of the
shoulder girdle), angpleniuscapitisactto initiateneckextension as well astationand

ipsilateral side bendin@schomacher & Falla, 201.3yhesemispinalis capitis,



semispinalis cervicis & multifidus (which cross into the thoracic spine) are the next layer
of extensor muscleproviding stability across the entirety of the cervical spine
(Schomacher & Falla, 2013yhe deepest extensors are the rectus capitis posterior
(major & minor) and obliquus capitis superior & inferior which have smaller moment
arms as well as multiple attachments and are predominantly composed of isbbw tw
musclefibers (~70%) acting on the C1 and C2 levalkich allows them to provide
stability even while under fatigy&chomacher & Falla, 2013 ervical flexors play a
predominant role in sustaining postures over long periods of(@nmA. Jull et al.,

2008) The longus capitis and longus colli muscles are responsible for the previously
mentioned craniocervical flexion to stabilize the sgi@eA. Jull et al., 2008)Other
muscles in thélexor group occupy very different roles than the capitis and colli. The
sternocleidomastoid (SCM) mus@ksoassiss in cervicalextension lateral bendingnd
rotation, while the anterior scalenes provide flexgtability to the cervical spinéGarces

et al., 2003; G. A. Jull et al., 2008)

Rectus
Capitis
Longus
Capitis
c2 Upper

Middle Longus
Colli

Lower

N

Figure 2: Deep Neck Flexor6 The Most Overlooked Cause of Neck Problems |
ChiroUp, n.d.)

Cc7



| Splenius capitis e ‘_
T \\/\
'ii_\

Levator y
scapulae (

Splenius
capitis (cut)

Sternocleidomastoid

Levator scapulae
Longissimus

Trapezius capitis

Multifidus ~

Acromion muscles

process of
scapula

Semispinalis
1st thoracic capitis
vertebrae

Scalenes
Neck muscles Superficial neck muscles: Deep neck muscles: left
(left lateral view) right side trapezius removed side semispinalis capitis
(posterior view) removed (posterior view)

Figure 3: Flexors and Extensors of the Ng@etts et al., 2013)

The cervical spine is designefficiently to dissipate force and move in complex
multi-planar movemestand its movement efficiendg dependent on the coactivation
of muscles on the dorsal and ventral aspects of the(8edk Edmondston et al., 2008)
Adequate neck posture is found when the head isviigich horizontal gazand a slight
chin tucked position is adoptetthis minimizes loading through the cervical spiye
creating a more rigid posture that requires less effort to maif@amey & Corlett,
2002) This postureould be considered equilibrium for the cervical sghreugh the
subtlemuscle coactivation that occurs from fiohin-tucked position (also known as
craniccervicalflexion) where there igcreasedieepneckmuscleactivity (Harris et al.,
2005) While in ths neutralposition, siperficial flexorsare at an optimal length and
serve to initiate gross movememiben needednstead of operating in a flexed and
shortened positio@Jull & Falla, 2016) Deep neck flexorésuch as the longus colkt
as a stabilizing sleevier the cervical spine against gravitiile the chin is tucked,
augmenting the lever operation of neck extenfidesris et al., 2005; Mayoux

Benhamou et al., 1994A\ny muscle impairments or inefficient postures (forward

10



leaningor excessive tiltingcanlead to postual instability, interfering with natural

postural designof the necBonney & Corlett, 2002; Harris et al., 2005)

The human neck is sensitive to deformation wéidnject tahigh compressiofoads
and its natural stability is overconfoganandan et al., 1990 oft tissue the neck
including muscles and tendqm®vern responses to external loading and act to resist
excessive deformation to its natul@dotic shapgBogduk & Yoganandan, 2001)
Interverebral dscs and ligaments serve to absorb high forces at low impact velocities,
while high velocities cause themrapidly stiffen (Cusick & Yoganandan, 2002)
Ligamens of the upper cervical spine are stronger in extension than the lower cervical
spine, andhe upper cervical spine is significanthore resilientvhen faced with
external loadingNightingale et al., 2007Yhisis thanks to thextensodominant
organization of the neck explained earliene sze and organization of tisssién the
neckhavebeen dictated bthe recks extension dominant orientationresponse to the
forward orientation of the head relative to the cervical spine and an inherent need to
cancel out the pull of gravityith male necksypically greatelin size and stiffness
when compared tfiemalesdue to their larger physical sigdightingale et al., 2007,

Nuckley et al., 2008)

No structure is built to withstand all situatiohajor injuries are defined as those
that cause structurpfroblemswhich compromig stability andneural integrity(Cusick
& Yoganandan, 2002 he cucial determinantsf these injuriegremagnitude ad
vector of force as well as rate of force applma{Cusick & Yoganandan, 2002)
Injuriesare more likely to occuwhen the neclkenduresightensile force®r axial

loading (down the axis of the spire)d shearingn the cervical spinespmetimes at the

11



same tim§ leading to excessive loadingdadeformation of cervical structures
(Yoganandan et al., 1996)he severity of injuries from these forces also increast
age as movement limitations worsen and tissue quality degRelgardless of age,
howeverthe whiplash type injurfrapid acceleration followed immediately gpid
deceleration) can causevere damaggusick & Yoganandan, 200Hligh speed
impacts are the most dangerous, as dartageck structuresan occur beforéhe onset
of reflexive neuranuscular actionthusbeforethe muscles camespond talissipate
incomingforces(Swartz et al., 2005)An inability for peopleto be ina neutral head and
neck position is thought to be an indicator of patholagy possiblyead to a
predispogion to greatedamage from high impact injurié€usick & Yoganandn,
2002; Strimpakos, 2011a&)lowever, injury patterns are not solely dependent on
mechanical structures; neuromuscular coordination must also be optimized to ensure
adequate spinal stability. In the next sectimgyromuscular coordination will be
explained to better understand how muscles of the neck furintibwe greater physical

system

2.1.2. NEUROMUSCULAR CONTROL & FATIGUE

Proprioception is the sensepdfysicalposition in spacéGrigg, 2016) The neck
servesas an intermediarwyithin theproprioceptive chairbridgingsensory input
between the eydsision), ears (vestibularjand brain withthe rest of théo d ysénses
(Figure 4)(Vuillerme et al., 2005)Propriocepive nerve endingareactive
predominantlywhen muscle tension is detect@dth musclespindlereceptors being the
most importanturingmuscle stretch froroverall movemen{Strimpakos, 2011apeep

neck muscles are unique as they posses&htgan normatlensities omusclespindles

12



(stretch detecting proprioceptois)the dorsal and occipital musclgsabilizers) which

are thought to bthemajorsource oheck proprioceptiofiGosselin et al., 2004)

Afferent signalsfrom musclespindlesandtendons contribute to joint positiGensean

active conditions buyplay no role when muscles are relaX&irimpakos, 2011ayWhen

the body is attempting to maintain upright balance, the spine is ntgpstdjusting to

postural disturbances, meaning there is a near constant inflow of inforriratiothe

peripheral nervous pathways related to movem#hen there is impairment to tiheck

musclesthe proprioceptive response is reduced, interfering witlaffieeent inflow of

information and also reducing thecks role in posture and stabilifGosselin et al.,

2004)

Inputs Controllers

Vestibular ——

Visual —— e

Proprioceptive——|

Auditory ———>

Other —————

Individual central

processors

N\

Commaon
central
processor

Output

Eye movements

Adaptive
controller

- >Posture

Figure 4. A schematic of sensorimotor integration with the brain (Halmagyi et al. 2003.)

All musclestypically require neural input for a contraction to occur, and research has

shown that mator unit discharge in the neck is similar to other mudaléise body

(Schomacher & Falla, 2013pverall, neck muscles at rest require minimaiscle

activation to maintain stability, withting postures requing as little a®-6% MVC in

13



the deep and superficial musc{&lmondston et al., 20114t low levels ofmuscular
demandsmultipleneckmuscles act together to produce the same movemeni;hieut
greater forces and higher loantscur at theneck the muscles of the nedefer to the

muscle responsible fahat particulamovemendirection (such as the trapezius for

extensionSchomacher & Falla, 2013)

Fatigue is defined as axerciseinduced reduction in the ability to produce force or
power whether the task can be sustained or not, and typically begins as soon as activity
occus (Enoka & Duchateau, 2008Yluscle fatige leads to abnormal positioning and
movement sense at the neck, leading to postural disturbg@tcespakos, 2011a) his
alters the signal output and information frpnoprioceptors in neck musclemdis
thought to bea source ofdisturbancen posture and balandgkiang et al., 2014)

Although the nek can perform its rolas a stabilizewith minimal requirements, deeper
neck muscleareinnervated with tonic gamma motor neuronaking themhighly
sensitive to fatigue antthe build-up of contractile metabolitesuch agpotassium ions,
lactic acid,andarachidonic aciqGosselin et al., 2004Thesemetabolites stimulate a
positive feedback loop ithe musclespindles causing morenuscleactivity to occur,

not unlike other muscles in the boffyosselin et al., 2004)

Regardless of ageex condition or muscle, neakysfunctionand @A whi pl asho t
injuries lead to greater proportions of type IIC fiberseck muscleftransitional or
immature)(Uhlig et al., 1995)Muscles with type 1IC fiberare highly susceptible to
fatigue due to their reliance on glycolytic energy systems rather than the slow oxidative
naturetype | fibers thatleeper neck musclégpically rely on(Olson et al., 2006; Uhlig

et al., 1995)Higher leves$ of superficial muscle activation is an indicator of deeper
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disfunctionor impairment(usually detected by low endurarmmetheincreasegresence
of Type IIC fiberg (Jull & Falla, 2016; Schomacher & Falla, 201Bgople with neck
injuries ordysfunctiontendto contract isometrically with more @xtivationof
superficial musclegegardless othe direction of théorce appliegdwhen compared to
asymptomatipeople(Falla et al., 2004; §iomacher & Falla, 2013; Sterling et al.,
2001) Because of thignuscleactivation istypically moreconstant in those witbhronic
head & neck painwhichmay contributdo difficulty maintaining endurang@arton &
Hayes, 1996) Fear avoidance behaviouand low enduranceause reduced muscle
activationin deeper musclesesulting in arincreased stabilizing role fauperficial
muscles a task they are nathich they are ngbrimarily suitedfor (Schomacher & Falla,

2013)

2.1.3. TESTING & NORMATIVE DATA

Assessment adhe neck is important tonderstangberformance levels, ambssible
dysfunction Valid and reliable neck muscnduranceestsinclude the extensor and
flexor endurance testEdmondston et al., 2008; Schieppati et al., 200Bgcervical
flexion endurancéest(CFET or craniocervical flexion test¥ specifically designed to
target the longus capitis and colli on the anterior aspect of thg(@eokreferred to as
deep flexorspnd requires the participant to lie supine while maintaining craniocervical
flexion (Figure 5)(Jull et al., 2008)A difference betweethe twotrials of more than 15
secongtypically warrants a third tridbe dongKumbhareet al., 2005; Olson et al.,
2006) TheCFET has beemsed to detect improvementsnauromotor contraluring

study time frames dds little as 6 week@Nezamuddin et al., 2013 his test has been
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shown to have good to excellent intrarater reliability (ICC =@.82) and moderate to

good interrater reliability (ICC = 0.6@.85)(Harris et al., 2005; Olson et al., 2006)

The cervical extension endurance test (CEET) is a test from Ljungquist et al., who
created the test based on Biering-Sorenson baclextension testS. J. Edmondston et
al., 2008; Ljungquist al., 1999) Thistest has been found to talid andreliablewhen
comparing group$&SE of kappa = 0.109, 95% Cbut unlike the CFETrequires the use
of a weight hanging from the head while prone with the body strapped down to ensure no
trunk contribution during the isometric contracti@osselin et al., 2004; Sebastian et
al., 2015) A similar test, requiring no added weight, has also been used to measure
extension endurancan addition to its declination over tinf€ebastian et al., 2015)
Both the flexor and extensor tests may be interfered with by the superficial muscles, such
as the sternocleidomastoighere larger muscles naiged for true extension or flexion
may override postural muscles when they are not req(f@ehondston et al2011)
Reliability of these tests can be verified by performing the tests 3 times onenaek

period(Strimpakos et al., 2005)

Figure 5: Craniocervical Flexion Endurance Té&rnstein, 2020)
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Figure 6: Cervical Extension Endurance T¢Smale & Rayner, 2016)

When testing neck endurance, it is suggettatparticipans be allowedo practice
the chin tuckposition (cranigervical flexion) for several second®lson et al., 2006 A
practice sequenatescribedoy Olson et al. (2006)sed practice trials of 10 seconds with
30 seconds of rest betwetrem When in this positionsomestudies have used a blood
pressure cuff placed under the occiput as a feedback tool for the partioip@aihtain
20mmHgpressurgor the placement of a hand just under the oc¢hmltling at about
2.5 cm above neutral restin@dmondston et al., 2008; Jull & Falla, 201%) both
cases, verbal encouragement is important, as the tests require maximal effort and do
cause muscular discomf¢&dmondston et al., 2008)esting iscommonlymonitored
with the Borg CR 10 scale tdelpdetermine if maknal subjectiveexertionwas reached
usually in conjunction witlobjectiveEMG measurement@/uillerme et al., 2005)in
spite of these two methods being used together frequéuity CR-10 ratingshave been

shown tohavea weak correlation to EMG activiig the neck'Strimpakos et al., 2005)

Normative data for the CFETas been established withsttimesestablished at
approximately38.9(+20.1) seconds for men ar9.4(+13.7) seconds for women

(Domenech et al., 2011$ubsequent studies have foundtibarticipantswithout neck
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paintypically last40 (+25) second®r more,and those with @in score25 (+10) seconds,
(Harris et al., 2005 .ow CFETscoreshave been accepted as an indicatatysfunction
in deep neckléxorsas explained in the previous sect{@alla et al., 2004)Testing
should be in an environment with minimal distractions, strehuous activity avoided

for 1-2 days before testingp acquire the best resu(Strimpakos, 2011a)

Individual neck muscle activity is difficult to measure dueheirtightly packed
organization and muscle overlépniezek & Sofferman, 2012Jypical EMG protocols
for neck extensor testing involvapper trapezius, usifgpolar electrodes with 1mm
distancingbetween electrodetargeting thanusclebellies2 cm frombodymidline and
4 cm belowthecranial insertios (Schieppati et al., 2003The EMG signais usually
amplified 1000fold with alow pasdilter cut off at 500Hzwith the signakampled at
1000Hz(Schieppati et al., 2003pPuringenduranceesting EMG is normallyrecorded
for the first 10secondoeriod of each minutef testing(Schieppati et al., 2003Markers
of true neck fatiguean be detected fromprogressive increase in signal amplitude and
decrease in signal frequenSchieppati et al., 2003raniocervical flexioras well as
anabducted arm appears to leadhe highest flexor anextensor EMG activity
respectively(Schuldt, 1988)Median frequencghift duringEMG measuremens
accepted as the most useful noetlior objective measurement of neck function and
fatigue(Gosselin et al., 20047 declineof 9.518.9%in medianfrequency and an
increase in amplitudeas been showo bea reliablemarker of fatigue during voluntary
contractions at the ne¢Katsis et al., 2004 Examiningmedian frequency EMG
changes as a slope a&féective for short isometric bursts bare not agffective for long

lasting endurance boutStrimpakos et al., 2005 uch of the difficulty in testingvith
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EMG arises from the extreme difficulty in measuring neck neuromuscular activity
without the use of invasive methodige to the compact overlap of muscle tissue

(Rezasoltani et al., 2012)

In previous studiesnclusion criteria for participants who are asymptbot® neck
pain or dysfunctiomaveincluded no complaints of pain, no symptsrof pain while
joints arepalpaed andno limiting injuries in thgpastyearsuch as a concussion or
whiplash Exclusion criteridnaveincluded any history of spinal surgery, known cervical
abnormalitieor musculoskeletal issuess well as anpistory of canceor significant
neck injury. Participants are also typically excluded if thaye participated in a neck
training program in the previougar(S. J. Edmondston et al., 2008; D. Falla et al.,
2006) Participants areftenscreened using the neck disability indesich screens for
the previously mentioned conditiorts)determine if necklysfunctionis presen{D.
Falla et al., 2006)The target age range for most endurance testing is betwekn 18
years of aggto exclude the effecsging mayhave on muscle function and

proprioception(Field et al., 2008)

2.1.4. TRAINING THE NECK

Neck muscles have been showmdspond well to gneral strengthening and
endurancéraining (Falla et al., 2006 Neck musculature isspeciallyadaptable to
training within the first few weekgossiblydue to neuromuscular coordination
improvementsand can be trained in a periodized mar{flamney & Kolber, 2007;
Olson et al., 2006)t has been theorized that the level of neck endurance and strength
attained ayouth predisposes those saqalitieslater in life (Strimpakos et al., 2005)

Even thoughmuscle performance in the neck declines with agwith other muscles,
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isometricqualities havdbeenshownto stay relatively high well into old age regardless of
sex(Chiu et al., 2002)The most commonly used methods of trairtimg neckinvolve

cervical flexion and extensiaepetitiong(either resisted or unresisteat)isometric

holdsin flexion or extensior(Falla et al., 200684anney & Kolber, 2007)Studies

typically build training programshat takel0-20 minutesof necktraining 2-5 times per
weekovera2to 8week period Hanney & Kol ber, 2007; Jul
2007) Neck muscles resporaspe@lly well to strength training by increasing

hypertrophy by 612% inabout8-12 weeksand s thought to help reduce the risk of

injury and prevent neck pairHowever, nowidely acceptegrotocols haveetbeen

establishedGarces et al., 2003)

2.2. BALANCE

2.2.1. COMPONENTS OF BALANCE

Balance is considered a key motor skill in noranzlvities of daily livingand
can be expressed statically or dynamic@Rycotti, 2011; Vuillerme & Pinsault, 2009)
The overall ability to maintaistaticbalancgpostural balance contratpmes from
coordinationof the vestibular, snatosensory and visual systems, allowing the body to
orient itself upright against gravityy interpretingthe inflow of afferent information
from these sensory inpugguillerme et al., 2005)These systems receive sensory input
from external disturbances and cause reflexive changes in the body against changes to
body positiorwhich are sent to the central nervous system as afferent i(figure4)
(Gosselin et al., 2004 he body uses these systems in combination, but to varying
degrees. There is a notable preference to rely on the visual and somatosgsteany,

with vision playing a more significant
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posture(Gaerlan et al., 2012)t has beeshownthat the ability for vision to dominate
balance control is reduced after wigsh injuries to the neqidildingsson et al., 1989)
this becomes especially true in aging populations, where vision typically worsgéns a
tissues begin to logdasticity andunction (compared to younger populatigisading

to alterations in Hdance(Abrahamova & Hlavacka, 2008; Halmagyi, 2003)

The somatosensory system plays a role in evaluating orientation about the base of
support based on sensory disturbances from joints and ti&uaswayCook & Horak,
1986) Development of this system comes into maturity early indifeund the ages of
3-4 (Steindl et al., 2006)There appear to be dominant proprioceptive stiegeg
depending on stance. When feet are placed comfortabhogidiele, the body relies on
somatosensory information from the ankkfegding anterior and posterior disturbances,
while the hips counteract mediateral disturbance@Vinter, 1995) When feet are
oriented heeto-toe, the bodyeverseshese strategies, whénethe ankles counteract
mediclateral disturbances and the hips, anterior and posterior(\dfieter, 1995) The
vestibular systemontinues talevelop until about 236 years of age, and funct®to
create biological signals from forces agtion the head in order to stabilize, but can be

overridden by visiorfHalmagyi, 2003; Steindl et al., 2006)

The central nervous system is actively processing input from the diftereses,
each providing information about a possible shift from postural stability or base of
support(Balasubramaniam & Wing, 200Balancecan be botlstatic(standing or
sitting in place)& dynamic(walking or running)with influence from feedforward and
feedbackneural control mechanisnislehta et al., 2010)These mechanisnaslow the

human body tenaintaina stablebase of suppodndallow for anticipatory or pre
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planned muscle activation known as anticipatory postural adjustments against an
anticipatedoerturbationor generating a reflexive response tisiurbancgBouisset &
Do, 2008; Ricotti, 2011; Mehta et alQZ0). This system can be augmented through
learned movement and behaviour patterns from past or similar expetigacgiven
situation hfluendng the anticipatoryor reflexivedecisians availablgBouisset & Do,
2008) Thesemechanism canbe trained and improvedllowing for active
counterbalancing against disturbant®ethebody orfrom limb movementmeaning lie
body can become more efficient at maintaining balance when faced with a variety of
disturbances or challengésich as taking a step or reaching forward with an) arm
(Balasubramaniam & Wing, 2002; Mehta et al., 2020)inique study looking at the
effects of lance trainingon postual neck pain showedradudion in neck painand
improvedcervical coordination after 5 week§balance training. Thialludes to the
possibilitythat the necks involved in the feedforward and feedback mechanisms of

balance, and neck training miagprove balance performan¢Beinert & Taube, 2013)

There are several conditions which can alter overall balance funthiese
typically affect major centers of balance control, such as vestibular issues from the inner
ear (l abryrinthitis and ahdintéerfereneedvith jaint seas e)
and muscle proprioceptive tissues through degradation (either damiagey)
(Sturnieks et al., 2008Dther issues arise froanfailure to integrate sensory information
via neural injuries or diswlers, such as spinal cord injuri®sa r k i diseas®, Strokes,
traumatic brain injuries, and peripheral neuropathies fronditionssuch as unmanaged
diabetes, brachial plexitis and many oth@shoneburg et al., 2013; Turcot et al., 2009)

Although issues from the previously mentioned disorders/injuries can be dielgilaad
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difficult to manage, théeading causesf neuropathy and spinal cord injury comes from
automobile accidents and fa(Batek & Stewart, 2020The later has significant

implications for balance management, especially in the aging population. Although there
are many issues that affect balance which are difficult to prevent or mamagbee

possible to increase quality of life through improved balano&@o

2.2.2. BALANCE ASSESSMENT

Stabilometry is the study of body sway during quiet standing, typically without
disturbance or voluntary movemeHiunihiro, 2014) Balance agssments used to date
come in many forms, utilizing a variety of measurement tools and techniques. The
accept sd afnhgmllitydically used fobalanceestingis alaboratory force
plate regardless of testing techniqused(Clark et al., 2010; Kunihiro, 2014; Shieh et
al., 2020) In most studies, measurement tools are either comparedtagainsed in
conjunction with force plates, however these devices require a high cost and are

generally impractical outside of a testing or lab setBtgeh et al., 2020)

There are alternative measurement techniques for balance, including
accelerometry and motion analy@i&@men et al., 1998; Kejonen & Kauranen, 2002)
Accelerometry utilizes small sens@ttached to the body to detect changes in
acceleration, providingcceleratiorspecific infomation about movemexivhich
velocity can be derived fromput can be costly to acquire and require expertise to
operate which has led to an increased use of gghartie based accelerometry research
(Hsieh & Sosnoff, 2021; Ojie & Saatchi, 202®)otion analysis utilizes infrared
markers and cameras to build a thagmensional model of the body or limbs while they

undergo movement, allowing for the calculation of limb or joint specific angles,
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velocities and acceleratiofiKejonen & Kauranen, 2002Both of these methods of
measurement allow for more specific analysis of the body when compadggblimb
motionsand have been used as valid alternatives to force gtase=h & Sosnoff, 2021;

Kejonen & Kauranen, 2002; Shieh et al., 2020)

Stabilometry tests are well suited for observationstudle bodysway by
measuringenter ofpressuréCOP) andcenter of pressure velocifCOPV)asan
averagewhich is one of the more reliable and valid waysteasurejuiet standing
balance, especially in study designs with multiple measurement trials and timepoints
(Barbado et al., 2017; Clark et al., 2010; Kunihiro, 20%¥hile COPV is the best
choice for measuring postural balanctier reliable and viable methods of
characterizing center of pressure data include the convex hull method, principle
component analysis, mean of circle areas, and root mean square (RMS) distaate
al., 2008; Wollseifen, 2011)n the convex hull method, sway is characterized by
calculated the area within the sway trajectory as an approximation. Principle component
analysis is used to create an ellipse around timplgadata. The mean of circles looks at
the distance each sample point is from the origin point, whereas the RMS method looks

at the average distance between data p@umset al., 2008)

There are a variety of quiet standing tests utilized to assess balance performance,
several of which were designed to assess balance or identify potential vestibular or
proprioceptive disorders. These tests cimgieedynamic or static stability, anticipatory
and reactive postural control, functional stability limits, sensory integration and cognitive
or attentional influencéArora et al., 2020)Common testand testing batterigaclude

the Rombergbasic vestibular testpingle Leg Stanc@ynamic chlienges to single leg
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stability), the Balance Evaluation Systems TesB&ISTest &nd the shortamini-

BESTest both a battery of tegtsghe Balance Error Scoring SystéBESS,similar to

the tests used in this study), the Tinetti POMA test (a battegssf (Canbek et al.,

2013; Chinsongkram et ak014; Finnoff et al., 2009; Kim et al., 2012; Yingyongyudha

et al., 2016)

Many of these tests are used in clinical populatioressess changes in balance
performance, however not all of them solely rely on standing balaeesurements and
can be considered more dynamic in nature compared to more simple tests such as the
BESS of each of t h c&BasBdobiBesss availaldaghesr i dual t est
components of the BESS test were selected based on their practicality and ease of use
along with the use of a force plate to increase its validity and reliability. Quiet standing
tests were chosen to allow for any postural changesdromtervention to bisolated
more easily compared tests that require significant movemehtkey factor is the use
of a visual cue or target during tests such as the Romberg, as vision serves as a major
contributor of balance control (to avoid physideft from gaze drift).Visual cuing
essentially provides a control against postural drifting from the vestibular system,
allowing changes in balance to be considered postural/proprioceptive andKisal

& Dalton, 2019)

2.2.3. NECK INFLUENCE ON BALANCE

Cervical receptors playlkeyrole in central and reflegonnections to vestibular,
visual and postural contrahich make it a significanhtermediaryfor sensory
informationfrom theperipheral andentral nervous systes(Field et al., 2008)Balance

diminisheswhenthe neckhas undergongaumaor when significantlyfatigued as
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demonstrated bglteratons in center of pressure distributi@tield et al., 2008; Gosselin
& Fagan, 2014; Liang et al., 2014eck function camlsobe affected by posture,
movement, eyes being open or closed, gumlity of spinal contro{Strimpakos, 2011a)
Abnormalsignalsdue tochanges in proprioceptiat or passing througheck muscles
causeatypeofii c e r v i ¢ anherevbalandeiis gltered because informasorot
being relayed properlyhrough theproprioceptive chaito the brain and spinal cord
(Schieppati et al., 2003Altered somatosensory input and integration can come from
direct trauma to receptoes well asmpairment of muscle and joint receptors
inflammation mayalsodirectly alter spindle activitfField et al., 2008)These changes
can be seeduringlow level maximal voluntary isometric contractiomsmuscles such
astheneck extensorsaf approximately25% of maximun), leadng to significant
changes in balana lower median EMG frequenciéfatigue)(Gosselin et al., 2004)
Atrophied neck musclgsypically through dysfunction or inactivitylsoappear tocause

aredudion in proprioceptive performance during balaridcPartland et al., 1997)

Studies show thagimulated pairandintentional wbrationover theneck muscles has
a greater influence on postural control thanwlsrein the body suggestinghat
dysfunction and injuryo the neclsignificantly alter proprioceptio(Field et al., 2008;
Vuillerme & Pinsault, 2009)Direct vibrationon the neck causegnter of pressure
changes and increased swayhedirectionopposit to the source of vibration
(Schieppati et al., 2003Yniquely,neckvibration during stepping in placauses
person taotak towards the contralateral si@@chieppati et al., 2003Yibration studies

effectively highlight the importance of neck mukure in maintaining postusend
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spinal stabilization during balance athét itplays a constant role in counteracting

gravity.

Based on the literature available, it appearsdbapneck musclesnayserve as an
adaptive controller for balance functibg influencing postural control and the reflexive
or anticipatory mechanisms of balar{dillerme & Pinsault, 2009)This can be seen
when neck muscésustain fatigue or damagdeading to significanbalancedisturbances
(Gosselin & Fagan, 2014; Vuillerme et al., 2Q0B)ere appears to be a dichotomy
between functions of thayers ofneck musclesvith thesuperficial and larger muscles
providing structural stability and support for ervical spineas prime movers for the
head(Blouin et al., 2007)Thedeeper musclesn the other hand, appear to play a key
role inspinal stability, predominantly assisting and influencing postural cai@talin
et al., 2007; Gosselin & Fagan, 20l4)n Gossel i n & Fthegedemsors st ud)
were fatiguedor fifteen minutesat 35% of maximal voluntary isometric camiction and
showedargedisturbances in posteriariented sway patterr{shifting back over the
heels after extensor fatiguén contrastwhen the flexors were fatigu¢gdame fatigue
protocol)the sway pattern wassignificantly changed anmhaintainedover the base of

support withonly a slight anterior trend.

This outcomeseems to highligha higher affinity foresistance to fatigue in the
flexor groupduring isometric endurancBleck muscles follow the size principike all
muscles, where larger prime movers have preferential recruitment, and then muscle
contractions fAidownshifto as type 11 fibers
smaller muscles (deep neck muscles) which are typically type | fibers andasistant

to fatigue(Holt et al., 2014)Despite Gosselin & Fagan (2014) bppg the same fatigue
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protocol for flexion and extension (using median EMG frequency shift to objectively
identify fatigue), the response in the extension direction implies that the deep extensors
are less able to withstand fatigue compared to the flekdesestingly, the deep

extensors possess up to 100 times more muscle spindles than the superficial trapezius,
indicating that theynaywork in synergywith deep flexors for cervical postural control
(Gosselin & Fagan, 2014Due tothe complex synergies present in neck muscles, it
remaingdifficult to determine what influence the deep extensors have over postural
controt based on their structure and locatiaineymay serve more of a role for head
andneck movement control rathtran spinal stabilityBogduk & Mercer, 2000; G. A.

Jull & Falla, 2016)It is possible thatheenduranceapabilitiesin these muscle groups

allowsfor balance control to be maintained frorneavical pine perspective.

2.3. SUMMARY

Current neck and balance literature provides an opportunity to explore whether neck
endurance can affect standing balatickasbeen shown that the neck is sensitive to
fatigue, but also highly trainable througimple methods of exercise. The role that the
neck plays as a conduit for sensory information and motor control establishes its
importance for overall body stability andniction, however there is no clear path
between directly training the neck and improvements in bal&vge it hasbeen
shown that neck training both improve neck endurance and functionistsdclear is
if balance will be affected by specificallsaining the neck. This study aims to improve

on the current literature base by exploring this question.
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3. METHODOLOGY

See Figure 7 for a schematic representation of the following study design.

STEP1 STEP2 STEP 4 STEP S

- Intervestion
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activity levels
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Figure 7: Schematic Representation of the Study Design
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3.1. RECRUITMENT

3.1.1. TARGET POPULATION

Participantsvererecruitedfrom the City of Halifax and the town of Wolfvillein
Nova ScotiaCanadaA previousneck flexion endurancgudy run by the co
investigatoiwas usedo determine thad sample size of @4 participantsvasrequired
to achieve statistical power (above Olf)that study, 24 participants were recruited and
large improvements in spine misendurance was seen overwaéek period (38
42%)(Moreside & McGill, 2012)Other studies similar in nature utilized similar sample
sizes ranging from 280 partcipants(Gosselin et al., 20047 his study recruigdeach
sex in even numberselectingapparently healthyouth and adults between the ages of
18-64 (as defined by Statistics Canada) thetecapable of legally consenting without a
guardianin total, 22 participants were recruited, but 2 participants were removed

because ohcomplete dataOne of the incompletions was due to a time conflict with
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other commitments, while the second one was removed because they were unable to

complete the poshtervention testing within the study timeframe.

Recruitmentvasdoneusingarecruitment poster, véreby the prospective
participans used thecontactinformationprovided toearnhow to get involved with the
study,via email/phonewith some participants recruited througbrd of mouth. Once
the participardhadbeen recruited, theyeresent copies of all necessary screening and
consent forms via emaifter agreeingo participate andompleting the preliminary
screening procesparticipantsvererandomly assigned titnve control orintervention
groupusing a block randomization methtmensure sexes were evenly distributed

across both groups

1 Participantsvere grouped as follows
o Interventon Group: 11 participants % males, 6 females)

o Control Group: Yarticipants § males 4 females)

3.1.2. SCREENING & SELECTION
ExclusionCriteria

Participants werscreened for physical readiness (PARQ+) and current activity
levels (PASBQ) (Appendix A & Brespectively). These fornvgere used tgcreen
participants for general readiness for physical activity (including dizziness and
concussion related injusg and assess their typical daily activity leviel see if changes
in physical activityoccuredthroughout the study. Th@imary investigatois a certified
exercise physiologist through CSEFEP and these forms are used befoost physical
activities in practice. The PARQandPASBQ wereadministerednceat the beginning
of the studythenthe PASBQwas alsaadministered aihe end of the study determine
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if physical activity behavioreadchangeé in any meaningful waythat may have
affectedphysical performancgésuch as a spike in resistance trainilog example).
Exclusion criteria includgéconditions that adversely affected neck and balance
performance either acutely or chronically withktl®months prior to study participation
(Appendix C). Any prospective participartsat had arnjury history or condition that
significantly affecedbalance wasxcluded Examples includeoncussions, neurological
impairments and damage, vision problemsamee disorders and musculoskeletal
injuries thatpermanentlympaired normal body functionAll screening questionnaires

can be found iMppendixes AC.

Screening Process

1. Participantsveresent/given the consent form for the study as well as a

copy ofthe PAR@G andthe screening questionnaire (Appendix C)

2. If participantswereineligible to participate, they contactthe research

team and notiéd them, butdid not have to specifgreason.

3. If they could participate, they retusdthe completed forms.

4. Following this,participantsnvereasked to complete PASBIQ establish

their physical activity habit baseline.

3.1.3. METHODS

3.1.3.1.  Paper Flers

Thesewereplaced in approved arebmmonlocations around campes

1 AppendixD: Flyer used and placed aroutie Dalhousie€ampus.
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3.1.3.2.  Digital Recruitment

Thiswasdoneprimarily through emailPromotionainformationwassent out to

key administrator$o attract prospective participants.

1 AppendixE: Email template

3.1.3.3.  Wordof-Mouthrecruiting

This methodwasused to promote the study and draw in prospective participargs.
goal ofthiswasto get prospective participants talking about the study and sharing
recruitinginformation with other people who may be interestamlow-upsto inquiries

weregiven using the emaiemplatementioned Appendix B.

3.1.4. CONSENT

Written consenwasnecessary for participation in the study, and participagts
informed they could remove consent at any tikveitten consent on the consent form
wasprovidedby participantdefore anypersonainformationwasobtained;such
information was limited t@nly that deemegertinent to the study desigRarticipants
wereable to email or phortheinvestigatorso ask any questions befdteey provided
their signedconsent form (Appendik) and weranformedthat they had the right to

withdraw consent at any time

Participants receiwkoral and written instructions from tleadinvestigator
outlining all testing procedures involved (Appen#jx Written consenivasgivenonly
after all participants' questionsgarding the study hdzken satisfied (vialpne, emalil
or in person). Before each test in the stullgleadinvestigatoraskedthe participant if

they undersiodthe instructions provided, and whether they reqLiuether
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clarification. Participatiorwasvoluntary, with no obligatiomo continue should they

decideto withdraw.

3.1.5. DATA STORAGE
Datawasstoredboth digitally andohysically All paper formsverekept in locked
cabinesi n t he supervi si ngverponlpdcoessiblothed s of f i ce
professoy with anydescriptive informatiomf participantgecorded ontéockeddigital
files, only accessible to therincipalinvestigatorsAll participantsweregiven a non

identifiabledesignatiorthat their data was listed ued

3.2. ANTHROPOMETRIC MEASUREMENT

On the first day of participation, testibbg@ganwith anthropometric testing.
Anthropometric measuremernitgludedage,sex body height and weight as well as neck
girth and lengtl{Gosselin et al., 20047 his provided information abouthe participants
to better describe and cgare their results. Neck measurememsild showif changes
had occurred to neckirth throughout the studywhich could infer that neck hypertrophy
hadtaken placeAge andsexwereself reported, whileinshodheight and bodyweight
wasmeasured using a stadiomea@dweight scale Neck measuremenigeretaken with
an anthropometric measuring tapath neck height measured from the spinous process
of the T1 vertebra to the occiput of the base of the skatlgirth was takernust under
the jawlineandoccipyb ut above t he @ AXdNoros, 139@pl ed f or

Measurements/ere taken before and after th@veekintervention

3.3. NECK ENDURANCE TESTING

Following anthropometric testingreck endurancerasmeasured usingalid and

reliable protocols for neck flexioand extensioHarris et al., 2005; Ljungquist et al.,
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1999) Flexionwasmeasureavith the participant lying supine on a plinteach
participant adomda chintuck positionwith aslightly raisel the headff the plinth,
with the examiners hand just below the occifsichparticipantwasgiven 2 practice
trials of 10 seconds (with 30 seconds rest between each) to become familiaewith
testing positior(Olsonet al., 2006)When the tedbegan participans weremotivatedto
hold the positionfor as long apossible, without touching the examiisdnandFigure
5). If the participant fagdto stay off the examiners harat,log the chintucked
position,the testwasover. All trialsweremeasured for time in secontisa maximum of
2 trials. The neck extensor test requiachparticipant to lie prone on a plinth with
their arms by their sideadopting the same chtack positon as the flexion tegFigure
6). Participants receivkthe same practice trial guidelines explained eafarticipants
weremotivated to holdheir headn theneutral (horizontal) position for as long as
possible During the test, anghangsto head inclinatioras demarked with a vertical

ruler ended the triallrials weremeasured for time in seconds.

Both testswerecompleted for maximum time, with verbal encouragement given to
each patrticipant to hold the pasiis for as long apossible Two trials weredone for
each test, with 3 minutes of rest between each trial, and 5 minutes of rest between each
test.To determine subjective effort, the Borg @R scale waasked after each triak

seen in AppendiG.

3.4. BALANCE TESTING

3.4.1. BALANCE ASSESSMENT
Balancewasmeasured using AMTI force pla® evaluatestabilometry

specifically,center of pressur@atawhich allonedfor the calculation of center of
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pressure displacement, as well as center of presseaavelocity changegdescribed in
section 3.6)These two measurements are reliable measures of balance perfowitance
several studies reporting intraclass correlatioris C @fnmsean velocitypetwesn 0.75

and 0.9 which is defined as good reliabili§ouvelioti et al., 2015; Lin et al., 2008}l
teds requirel the participant to cross their arms over their chestgardgiven a visual
target at eye levdtripod with a marker against a plain backgroutoadhitigate

vestibular influencefalls or deliberate balance drifthe auditoryenvironment was
controlled by restricting access to the testing area during data collection to ensure there
were no auditory interruptions or disturbandearticipants completed a battery of
balance tests, including the RombeR{PM, feet parallel)the Modified Romberg
(MROM, dominant foot forward, he¢b-toe with the back fodt and unipedal stance
tests UL & UR, done orboththe left and right sidendividually). All balance tests
werecompletedwith eyes opene(EO) and eyes closeEC). Thesebalance tests were
choserbecause of their clinical simplicity in detecting proprioceptive changes or
impairments in order to allow for futuresearcherso easily replicate and utilize the
testsfrom this study in a practical settirfiylurray et al., 2014)The Romberg test
requires lowtechnology, and can be done with eyes opened and closed, and is found to
be valid and reliable when integster reliability is consisteiiurray et al., 2014)This
test is strengthened when used in conjunction withiee plates to evaluate swéim

et al., 2012)Single leg balance testing (UR & UL) has been found to be a challenging
but reliable test for measuring balarf¥e et al., 2014) All tests have been found to be
moderate to highly reliable in testtest reliability, with double leg tests providing

higher reliabilitywi t h | CC6s f al | i n(@oubekoti eva.e2015)0 . 6 7
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Each participantvasinstructed on how to perforeachbalanceestandwere
given time to familiarize themselves withe stances. Particpants completkthreeeach
of eyesopen and eyeslosed trials foeachtest. Romberg and Modified Romberg
balance testsad a maximum d80 secondsanda maximum o#5 secondsvas usedor
the single leg test3.he trial was restartefithe participantost balance (falling or a
significant break in upright postur@jthin the first 5 seconds, with a maximum2f
restarts Participantsventthrough their balance testing using the counterbalancing
method, whergy the sequencef balanceestingwas randomizedAll balance testing
was done after a full rest periofl 10 minuteswithin the same day as neck endurance

testing

3.5. TRAINING INTERVENTION

The training interventiomcluded6 session®ver 2 weeks(Tablel). Trainingtook
no more thari trainingminute 3 days per weekiraining requiré participants to hold
the chintucked position in flexion and extensjamith time increasing progressively
throughout the progranNo external implementsererequired. Extension holdsere
completed while prone, and flexion while supiAecopy of the program can be fouimd

Tables1 & 2

Table 1. Overall Training & Testing Schedule Example

Week Monday Tuesday | Wednesday| Thursday Friday
Pre-
1 Intervention
Testing

5 Intervention Intervention Intervention
Day 1 Day 2 Day 3

3 Intervention Intervention Intervention
Day 4 Day 5 Day 6
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Week Monday Tuesday | Wednesday| Thursday Friday
Post
4 Intervention
Testing

Table 2: Weekly Breakdown ofhe Training ProgramEach session is done 3x/week.

Rest can includendurance training for the other side of the neck, making this a circuit.

Flexion Extension .
Week Sets Hold Hold Total Time
1 2 10s 10s 40 sec
2 3 10s 10s 60 sec

3.6. DATA MEASUREMENT & STATISTICAL ANALYSIS

Data was collected using an AMTI force plakbe code used for acquisition and
processing was created by the researdsiscan be found asppendixH. The code
was written tacalculateforces and moments in the XYZ plarfesm voltage changes
which were collected at 1000Hzhen low pass filtered usingd¥ orderButterworth
filter (cut-off of 5 HZ) (Prieto et al., 1996)The data was saved to a structured array for
processing within MatLafversion 92.0.556344 R2QL7a; Natick Massachuset{$JSA)
to convert voltages to forces and momeiitse data was calibrated usitige specific
gain matrixand calibratiormatrix for the force plate to determine the forces and
momentsThe gain was set to 2000his data was then used to calculate GOBitional
data incentimeters and further converted into velobiyycalculating the derivativd he

code was written to poess each trial automatically as they occurfedanalyzeCOPV

measures, valuaegere averaged for each test condition for analysis.
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Data analyses was completed using SR®&&ion26, 2019, IBM Corp; Armonk,
New York, USA)on all participant trials2x2 mixed ANOVAs were performed on the
dependent variables, with pasbc ttests run to characterize any significant interactions
or effects comparing an intervention and control group prior to and dfterweek
training inkervention The dependent variables within this study are neck endurance
measures (CFET, CEET) a@®DPV balance measures (ROM, MROM, UL, UR, all with

eyes open or eyes closed).
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4. RESULTS

Anthropometric measures of study participantspgesented in Table 3, and neck
endurance and balandata for the study participants are presented in Table 4. The
ANOVA for CFET presented significantmain effect for timepoint of (F(1,17) = 8.135,

p = 0.011, partiadf? = 0.324), a nossignificant maireffect for group IF(1,17) = 103.206,

p = 0.056, partiaff> = 0.199), and a significant interaction effect between timepoint and
group E(1,17) = 10.614, p = 0.005, partiti= 0.384)(Figure 8) An independent
samples-test determined that there was mgn#icant difference prior to the

intervention { (17) = 0.023, p = 0.982) but there was significant improvement in CFET
in the intervention group (1012243.8 secondsfter the neck training intervention
compared to no significant change in the control group @29.9 seconds), t(18)=

2.936 p = 0.009

Table 3: Participant AnthropometricResultsrepresengroup means standard
deviation

Height Mass BMI Neck Girth Neck Length
Group
(m) (ko) (kg/n") (cm) (cm)
Control 1.7+0.1 74.6+18.8 251+35 33.2+3.7 12+2.38
Intervention 1.7+0.1 82.5+245 27.6+6.0 33.7t5.7 11.6+2.12

An ANOVA was run for CEET angresented a nesignificant main effect for
timepoint € (1,9) = 0.640, p = 0.444, partigt = 0.066), a norsignificant main effect

for group £ (1,9) = 0.995, p = 0.345, partigt = 0.100), and a nesignificant
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interaction between timepoint agdoup € (1,9) = 5.026, p = 0.052, partigf = 0.358)

(Figure9).

ANOVA testing for ROMEO presented nangnificant main effects for timepoinf (
(1,18) = 2.464, p = 0.134, partidd = 0.120) as well as group (1,18) = 28.461, p =
0.159, partiat|? = 0.107). The interaction between timepoint and group for ROMEO was
also nonsignificant € (1,18) = 1.177, p = 0.292, partigd = 0.061)(Figure 10).
ANOVA for ROMEC showed anonsignificant main effect for timepoirtf (1,18) =
1.630, p = 0.218, partig?® = 0.083), but a significant main effect for grop({,18) =
4.891, p = 0.04, partia = 0.214), and a nesignificant interaction between timepoint
and group (1,18) = 3.185, p = 0.067, partigd = 0.175)(Figure 11). The intervention

group showed a nesignificant change from the intervention.

ANOVA results for MROMEQOCOPV showed nossignificant main effects for
timepoint(F (1,18) = 0.059, p = 0.811, part@l = 0.003)and group(F (1,18) = 0.606, p
= 0.446, partiat|’ = 0.033) and a nossignificant interaction effect between timepoint
and groug(F (1,18) = 0.660, p = 02¥, partiald®> = 0.035)(Figure 12) ANOVA results
duringMROMEC showed a significant main effect for timepdiat1,17) = 8.381, p =
0.010, partiab®> = 0.330) a nonsignificant main effect for grou@r (1,17) = 0.002, p =
0.968, partiab]> = 0.000) anonsignificant interaction effect between timepoint and

group(F (1,17) = 0.041, p ©.841 partiald? = 0.002)(Figure 13)

ANOVA results for ULEOCOPV showed nossignificant main effects for timepoint
(F (1,18) = 0.342, p = 0.566, partigd = 0.019)or group(F (1,18) = 1.223, p = 0.283,
partiald? = 0.064) and a norsignificant interaction effedfF (1,18) = 1.775, p = 0.199,
partiald? = 0.090)(Figure 14) ANOVA results for ULEC showed nesignificant main
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effects for timepoin(F (1,17) = 3.709, p = 0.071, partigd = 0.179)or group(F (1,17) =
1.696, p = 0.210, partiaf = 0.091) and a nossignificant interaction effedF (1,17)=
0.015, p = 0.903, partiaf = 0.001)(Figure15). ANOVA results for UREO showed
non-significant main effects for timepoifE (1,18) = 0.589, p = 0.453, partidd =
0.032)or group(F (1,18) = 0.603, p = 0.447, partigd = 0.032) and a norsignificant
interaction effec{F (1,18) = 0.050, p = 0.826, partigl = 0.003)(Figure16). ANOVA
results for UREC showed nesignificant main effects for timepoiff (1,18) = 1.326p
= 0.265, patial d*> = 0.069)or group(F (1,18) = 0.002, p = 0.968, partigd = 0.000) and
a nonsignificantinteraction effectF (1,18) = 1.173, p = 0.293, partdl = 0.061)
(Figurel?).

Cervical Flexion Endurance Test (CFET) Results

3

— e,
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140.0
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80.0
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Figure 8: Cervical Flexion Endurance T&FET) Results, comparing a control and intervention group
acrossthetwave ek training intervention for neck endur anc:¢

different from control group atpeste st (p O 0. 05), * = | ntnefommert i on gr
testtopost est (p O 0.05) .
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Cervical Extension Endurance Test (CEET) Results
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Figure 9: Cervical Extension Endurance Test (CEET) Resuatisnparing the control and intervention
group acrosghe twoweek training interventiofor neck endurance

Romberg Eyes Open (ROMEO) Results
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Figure 10: Romberg- Eyes Open (ROMEO) Resultsomparing average sway velocity (COPV) during

two-foot parallel stance with eyes open between the control and intervention group acrossvieekwo
training intervention.
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Romberg Eyes Closed (ROMEC) Results
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Figure 11: Romberg Eyes Closed (ROMEO) Resulisomparing average sway velocity (COPV)

during twofoot parallel stance with eyes closed between the control and intervention group across the
two-week training interventian  Significart maineffectforgroupgl p O 0. 05) .

Modified Romberg Eyes Open (MROMEOQO) Results
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Figure 12: Modified Romberg Eyes Open (MROMEO) Resultsomparing average sway velocity

(COPV) during the twdoot tandem stance with eyes open between the controheerdention group
across the twaveek training intervention.
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Modified Romberg Eyes Closed (MROMEC) Results
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Figure 13: Modified Romberg Eyes Closed (MROMECResults, comparing average sway velocity
(COPV) during the twdoot tandem stance with eyes closed betweerdhéol and intervention group
across the twaveek training intervention.  Significant effect for time poinfp = 0.01)

Unipedal Left- Eyes Open (ULEO) Results
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Figure 14: Unipedal Left- Eyes Open (ULEOResults, comparing average sway velocity (COPV)

during thesingle leg leftside stance with eyes open between the control and intervention group across the
two-week training intervention.
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Unipedal Left- Eyes Closed (ULEC) Results
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Figure 15: Unipedal Left- Eyes Closed (ULECResults, comparing average sway velocity (COPV)
during the single leg lefside stance with eyes closed between the control and intervention group across
the twoweek training intervention.

Unipedal Right Eyes Open (UREQO) Results
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Figure 16: Unipedal Right Eyes Open (UREOResults, comparing average swagocity (COPV)

during the single leg righdide stance with eyes open between the control and intervention group across
the twoweek training intervention.
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Unipedal Right Eyes Closed (UREC) Results
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Figure 17: UnipedalRight- Eyes Closed (UREQResults, comparing average sway velocity (COPV)
during the single leg rigkgide stance with eyes closed between the control and intervention group across
the twoweek training intervention.

Table 4: Endurance and balance outcomes prad posintervention. Results indicate
group mean * standard deviation.

CONTROL INTERVENTION
Variable Pre Post Pre Post
Endurance
(s)

CFET 53.2 +26.9 499+259 53.0+17.9 101.2 +43.8

CEET 300.0 0.0 286.8 +26.4 267.7 +33.8 296.2 +9.3

COPV EO EC EO EC EO EC EO EC

(cm/s)

104 + 6.2 + 51+ 10.0 + 49+ 51+ 39+ 43+

Romberg 12.4 3.2 41 7.1 2.0 1.9 23 25
Modified 104 + 11.1+ 8.9+ 8.1+ 7.7+ 109 + 8.4+ 7.6+
Romberg 8.4 5.1 5.1 42 3.1 6.0 3.7 46

Single Leg 10.1+ 153+ 109 139+ 15.1+ 18.8 + 13.0+ 16.0 =
Left 47 6.9 5.6 6.6 8.1 6.5 8.8 7.3

Single Leg 9.6+ 156+ 101+ 157+ 122+ 141+ 132+ 174%
Right 5.2 8.7 5.2 8.8 7.9 7.5 10.8 5.6
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5. DISCUSSION

5.1. MAIN DISCUSSION

To the best of ouknowledge, nather studiefiaveinvestigate the use of a neck
trainingprogram to influence balance performance. The hypothesbissfudy were
that 1) neck endurance would improve over atveek intervention program, and that
2) improvements would be greater in flexion than extension, where finally 3)
improvements in neck endurance in the intervention group woulglditedto an
improvementin balance performanc&he neck training intervention was intended to
cause a shoterm adaptation to fatigue resistance in the neck flexor and extensor

muscles in the intervention group.

Although the intervention applied to the test group was only two weeks in
duration, the resultdemonstratsignificant improvementis neck flexor endurange
with time held almost doubling (90.9% increpd®oth the intervention and otvol
group flexor @durance averageat baselinavereapproximatelys3 seconds, which is
higher than other studi@sporing normativeendurance timesf approximately 29 40
secondsn a similarage demographi@®omenech et al., 2011; Jarman et al., 2047)
study with a similar population showed averages e882econds with a larger sample
size posibly with more variability than the population used in this stiddyman eal.,
2017) This presents an increase that would be considered clinically significant in
populations with neck pain or disordékarris et al., 2005)T'he intervention used in
this study tooktwo weeks to completspecificallysekcted tadeterminaf a two-week
time framewas sufficient to elicit improvements in neck endurance compared to studies
that typically takeat least4-6 weeks to completdt alsoutilizeda simplerexercise
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programapproach to minimize the tinlrirden on participants and allow for easy
replication(Chen et al., 2018; Peterson et al., 20TH)s could have immediate practical
applications for use in populations with neck dysfunction, agtbeovemenin neck
endurance would possibly increase into and above normative ramgiesducing neck

dysfunction(Borisut et al., 2006)

Typically, neuromuscular adaptations to training occur within thesagéral
weeks of engaging intaaining program, which could explain why such large changes
occurred in a short period of tinfldanney & Kolber, 2007; Nezamuddin et al., 2013)
Changes to the neck flexor group in this period of time may have been caused by
improvedefficiency to the contractile metabolism of sustained isometric contraction
where the muscles responsible for neck flexion develop&ud@rovedability to resist
fatigue at the muscular lev@osselin et al., 2004yVith the neck being respdhke for
neuromuscular in and outflowet being highly sensitive to fatigud,is possible that the
improvements to flexion endurance werelarge becausenovel trainingnethod was
introducedo participants who had apparently untrained neck muscal@ta direct
neck endurance training intervention prior to study participatod)vould possibly
undergo a rapid adaptati¢8trimpakos, 2011b; Vuillerme et al., 200Buring this time
it is likely that neuromuscular coordinationproved, leadingo more ceactivation @
thedeep neck flexors, rather than defaulting to rely on the larger GCtitherford &
Jones, 1986; Sterling et al., 200Ihis rapid and brief increase in flexiendurance
couldalsobee x pl ai ned by the Al earning effecto wl
through exposure to a given task, possibly through a central motor adafatromon &

Cafarelli, 1987) Becausearticipantshad time to learn the requirements of the skill, they
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may have been able to learn from their experience and improve their performance
leading to a prglanned(centrd) or more efficient execution of the tadkis islikely,

as the method of exercise was novalltgarticipants andgnay have occurred in part
alongsidecentral and peripheraleuromuscular adaptatior@Sonsideringhese

possibilities, the first hypotlsés was answered, and it appears that two weeks of
isometric neck exercise is sufficient to elicit rapid changes in isometric neck endurance
and possibly improve neck functicalthough the exact mechanism cannot be established

(Gosselin & Fagan, 2014)

Changes in neck extensiendurancevere not significant, which may stem from
the likelihood that extensor muscles at the neck require a greater stimulus to elicit a
change than isometrically holding the head up, whieireadythe primary function of
the neck extensof$Schomacher & Falla, 2013 contrast to the neck flexor group,
extension relies on the use of the superficial upper trapezius muscle to maintain a given
head positionThus,the test used may not have fatigued the trapezius enough to lead to
further coeactivation of deeper extems (Johnson et al., 19940 his possible limitation,
in conjunction with an artificial time ceiling placed on the extension test (5 minutes) may
have curbed the ability to see a broader array of rdsyltseating aeiling effect It is
possible that either a longer test duration (no limit) or a more difficult test could lead to
definitive resultsNevertheless, to address Hypothesia@ were able to show that neck
flexor endurance improved to a larger deghaa extensioendurancehowever this

waspossiblydue to an unforeseen methodological limitation

COPVANOVA resultsshowed few changes over the course of the siliuy.

only sway velocity measuremeswvith asignificant change when comparing between
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groups in the posntervention phaseasthe Romberg test with eyes closed (ROMEC)
The reason for this testing condition presenting witangess uncertain considering

there wereno other significant changésr other COPV measurements loody be

caused by similar central learning mechanisms explained earlier that likely contributed to
neckendurancémprovementsThe control group decreased in performance (faster
COPV) creating aignificantdifference between the groups at pest(p =0.031) but

there is no other interaction presehteuromuscular adaptation to the balance condition
through repeated exposure, or a learning etfeatd haveoccurred, where participants
were able to @ively improve their skill through conscious effand learned experience
gainedfrom the baseline testing pericalthough they were explicitly told not to practice
balance during their participation in the study (in both the control and intervention
groups)(Balasubramaniam & Wing, 2002)hese results appear to be anomalous in

nature.

No relationship wasound between neck endurance performgirceither
flexion or endurancegnd balance performance in the intervention grdirpinishing
the likelihood thaheck endurance improvemeimsthis studyinfluenced balance
performanceCurently there is an understanding that the neck plays a role in balance,
but to what degree and what form of balance iswtitlertainlGosselin & Fagan, 2014)
Ournovel findingthat the CFET correlates with the Romberg test supportbdoey
thatneck flexor enduranamay bea predictor of Romberg balance performandes
CEET, howevershowedonly negative correlations in the greervention phase with
pre-intervention ULEC, and post intervention ULEO and UREO. The cause for this is

uncertain busuggestshat there is no correlation between extensor endurance and single

50



leg balance performance. It is possible that this is due to the way in which balance
performance is controlled. When balancing on onerfegscularcoordinaton atthe

ankle and higre recruited tonaintainposturalcontrol,with the anklebeingreliedupon

in simple balance tasks in the sagittal plarteus, suggesting thbalance control

occurred primarily around tHewer extremity(Reimer & Wikstrom, 2010These results
seem to indicate thakeck endurance may be a possible predictor of balance performance
over a two week period tar than a controlling mechanisbut furtherresearch in this

area would be necessary to substantiate this claiaddressing Hypothesis Bi¢ study

was unable to establish that improvements in neck endurance led to improvements in

balanceperformanceas there was no significant change in balance.

5.2. LIMITATIONS

A major limitation the study was the choice of neck extension test, which appears
to not have been sufficient to elicit meaningful changes in aneek study period. In
future a mae difficult test may be more appropriate to demonstrate significant changes
in a short study period, such as the one defined by Ljungquisivdtiexie they utilized a
loaded version of the CEHLjungquist et al., 1999 further limitation could be the
brief time frame of the stugalthough showing strong support for the use of stesrh
neck flexion traning toelicit changes in flexion endurance, the timeframe may be too
short toalsoobserve changes balance performance. There may have been central
adaptations (learning) to balanelich were not evident in such a short tirmefuture a
longerexercisentervention may be necessary to explore more definitive changes in
balancecontrol These changesgere formalized into a document for a proposed follow

up study whichaddressethese limitations andiould havepossibly providd more
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definitive answergo the research question at hand. The proposed, $tadsever, faced
significant roadblockdncluding the arrival of the COVIBL9 pandemic which curbed

the ability of the follow up study to occur.

5.3.  CONCLUSION

In conclusion, we can resolve that neck flexor endurancgreatlyimprove in
as little as two weeks, however extensor endurance may requiatarggtimulus to
elicit any adaptationsSecondly neck endurance improvements appear not telaéd
to balance performandmprovements but may serve as a predictor for balance
performance in certain conditiobased on other studids future, adjustments could be
made to this study design in response teehesults. A mordalifficult endurance test
should be selected, aadonger study duration may be necessary to detect meaningful

changes beyond the neuromuscular adaptation period.

5.4. FUTURE DIRECTIONS

This projectcould be expanded into aveek time frame, with three\Reek
cyclesthatutilize more appropriate extensiogsting, and more concise balance testing.
It is possible that fortifying neck musculature against fatigue may slobsager
interaction with balance performance when baldasténgoccursboth atrest and under
neck fatiguewhere an improvement in balance while the neck is fatiguey better
indicate a peripheral adaptation has occurred rather than a central override. The neck
appears to play a role in balarperformancebutthisis still not definitively understood.
Theproposeduture studycouldsubsequentljead to research in older adult populations
to further manage fall prevention, in occupational settings involving neck pain, and in

athletic settings dealing witbre- or postconcussiormanagemeniThere is meritn
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exploring the effects of neck endurance on balance control by comparing visual
conditions to a further degree, which could inform if there are adaptations occurring that
show increased proprioceptive control in lieu of visual injpus.well understoodhat
vision is a core component of balance contaduture study could observe the changes
in balance without the use of vision, or under different levels of visual inpaluded or
monocular) If balance control improves through neck endurance tratespite the
condition of visualnput, it would be possible to infer that proprioceptive control is
increasing independent of vision. This would hkrgeimplications for balance control
in populations with visual deficits or impairmerndsfurther look into comparisons
between balance tests woualldobe necessary to determine if neck fatigue impacts
balance control differently (ankle versus hip dominant balamasajremainsunclearas

to which degree various modalities of balance testing are influenced by fatitpee in

cervical musculature.

Additionally, there is merit irexploringdifferent exercisemodalitiesin future
studies to elicit adaptations in neck muscles. These could include flexion and extension
specific exercises, under progressive load rather than for increasgtbbiking at
strength increased as they relate to balarnde&rature has shown that heavy compound
exercises have fubbody effects could be utilizethowever this is not definitiviConley
et al., 1997)The taskspecific nature of training in the same positiora &sst ensure
ease okxecution, but other modalities of exercise should be looked at in future studies

as their impacts may be valid and useful
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Appendix A PARQ+Questionnaire

CSEP approved Sept 12 2011 version: for use by CSEP Certified Exercise Physiologists®

PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone

Regular physical activity is fun and healthy, and more people should become more physically active every day of the week.
Being more physically active is very safe for MOST people. This questionnaire will tell you whether it is necessary for you to
seek further advice from your doctor OR a qualified exercise professional before becoming more physically active.

SECTION 1 - GENERAL HEALTH

Please read the 7 questions below carefully and answer each one honestly: check YES or NO.

Has your doctor ever said that you have a heart condition OR high blood pressure?

Do you feel pain in your chest at rest, during your daily activities of living, OR when you do physical
activity?

Do you lose balance because of dizziness OR have you lost consciousness in the last 12 months? Please
answer NO if your dizziness was associated with over-breathing (including during vigorous exercise).

Have you ever been diagnosed with another chronic medical condition
(other than heart disease or high blood pressure)?

Are you currently taking prescribed medications for a chronic medical condition?

Do you have a bone or joint problem that could be made worse by becoming more physically active?
Please answer NO if you had a joint problem in the past, but it does not limit your current ability to be
physically active. For example, knee, ankle, shoulder or other.

Has your doctor ever said that you should only do medically supervised physical activity?

O O Oolg|o|oas

O O oojo|o|4sg

If you answered NO to all of the questions above, you are cleared for physical activity.

0 Go to Section 3 to sign the form. You do not need to complete Section 2.

Start becoming much more physically active — start slowly and build up gradually.

Follow the Canadian Physical Activity Guidelines for your age (www.csep.ca/quidelines).

You may take part in a health and fitness appraisal.

If you have any further questions, contact a qualified exercise professional such as a

CSEP Certified Exercise Physiologist® (CSEP-CEP).

If you are over the age of 45 yrs. and NOT accustomed to regular vigorous physical activity,
please consult a qualified exercise professional (CSEP-CEP) before engaging in maximal effort
exercise.

0 If you answered YES to one or more of the questions above, please GO TO SECTION 2.

Delay becoming more active if:

» You are not feeling well because of a temporary illness such as a cold or fever — wait until you
feel better

You are pregnant — talk to your health care practitioner, your physician, a qualified exercise
professional, and/or complete the PARmed-X for Pregnancy before becoming more physically
active OR

Your health changes — please answer the questions on Section 2 of this document and/or talk to
your doctor or qualified exercise professional (CSEP-CEP) before continuing with any physical
activity programme.
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SECTION 2 - CHRONIC MEDICAL CONDITIONS

Please read the questions below carefully and answer each one honestly: check YES or NO. YES NO
1. | Do you have Arthritis, Osteoporosis, or Back Problems? IFyes, answer If no, goto
questions question 2
1a-1c

Do you have difficulty controlling your condition with medications or other
physician-prescribed therapies? (Answer NO if you are not currently taking
medications ar other treatments)

0

O

1b.

Do you have joint problems causing pain, a recent fracture or fracture caused
by osteoporosis or cancer, displaced vertebra (e.qg., spondylolisthesis), and/
or spondylolysis/pars defect (a crack in the bony ring on the back of the spinal
column)?

]

]

1c.

Have you had steroid injections or taken steroid tablets regularly for more than 3
months?

]

]

2. | Do you have Cancer of any kind?

If yes, answer
questions
2a-2b

It no, go to
question 3

Za.

Does your cancer diagnosis include any of the following types: lung/bronchogenic,
multiple myeloma (cancer of plasma cells), head, and neck?

0

O

2b.

Are you currently receiving cancer therapy (such as chemotherapy or radiotherapy)?

[

[

Do you have Heart Disease or Cardiovascular Disease?
3. | This includes Coronary Artery Disease, High Blood Pressure, Heart Failure, Diagnosed
Abnormality of Heart Rhythm

If yes, answer
questions
3a-3e

If no, go to
question 4

3a.

Do you have difficulty controlling your condition with medications or other
physician-prescribed therapies?
(Answer NO if you are not currently taking medications or other treatments)

3b.

Do you have an irregular heart beat that requires medical management?
(e.g. atrial brillation, premature ventricular contraction)

3c.

Do you have chronic heart failure?

3d.

Do you have a resting blood pressure equal to or greater than 160/90 mmHg with or
without medication? (Answer YES if you do not know your resting blood pressure)

3e.

Do you have diagnosed coronary artery (cardiovascular) disease and have not
participated in regular physical activity in the last 2 months?

o000 d

Ojooo) g

4. | Do you have any Metabolic Conditions?
This includes Type 1 Diabetes, Type 2 Diabetes, Pre-Diabetes

]

If yes, answer
questions
da-4c

If no, go to
question 5

da.

Is your blood sugar often above 13.0 mmol/L? (Answer YES if you are not sure)

0

O

4b.

Do you have any signs or symptoms of diabetes complications such as heart
or vascular disease and/or complications affecting your eyes, kidneys, and the
sensation in your toes and feet?

]

]

4c.

Do you have other metabolic conditions (such as thyroid disorders, pregnancy-
related diabetes, chronic kidney disease, liver problems)?

0

O

Do you have any Mental Health Problems or Learning Difficulties?
5. | This includes Alzheimer's, Dementia, Depression, Anxiety Disorder, Eating Disorder,
Psychotic Disorder, Intellectual Disability, Down Syndrome)

If yes, answer
questions
5a-5b

If no, go to
question &

Sa.

Do you have difficulty controlling your condition with medications or other
physician-prescribed therapies? (Answer NO if you are not currently taking
medications or other treatments)

0

O

5b.

Do you also have back problems affecting nerves ar muscles?

O

O
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