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CHAPTER |

INTRODUCTION

Background and rationales

There are many office workers who use computer longer than 6 hours a day
continuously. The intensive computer useage could cause the neck — shoulder
musculoskeletal disorder. The workers may need medical service with the chief
complaint of chronic neck and shoulder pain eceasionally. Computer plays major and
universal role in most careers,-anyone could hardly-avoid computer task. Each career
worker spends various time of.ebmputer usage. Some career workers such as secretary,
accountant, programmer, ai€hitect, typist',letc may use computer for a long period
everyday. Prolong computerusers need prolong neck muscle contraction and position
to accommodation theifVisign in arder to tj,‘fje‘;the computer correctly. Working with
computer and stress arefassociated and th':a«_users always develop neck pain in the
workplace. -l ,- j .
Neck pain or cervical my.__a_igﬂi-ad from éq}r_g@ter usage one of the work — related

musculoskeletal disorders. This syndrome is:t_ﬁe most common health problem among

both developed and_developing countries. In Canada, 54%;"‘o_fthe Canadian female

office workers sufferéd from neck pain (1). Around 67% of Dutch female office workers
also had experienced neck pain (2). In United State, more-than 600,000 office workers
suffered musculeskeletal pain eagh year, (3)-Prevalence.of work. related
musculoskeletal in Norway working population rates'80% or even higher (4). The
Denmark national research. center referred the probiem of neck symptoms in female
office workers is 80% (5). In Thailand, there were 62.7 % of office/workers with work —
related musculoskeletal disorder, comprised of neck and shoulder 43% lower back and
wrist 36.9%, upper back 29.7%. This symptom occurred in both female and male age
groups between 20 — 60 years old (6).

In term of economic impact, it was estimated that in 1995, the cost of work —
related musculoskeletal disorders in the USA was approximately $215 billion (3). The

cost of treating neck pain in the Netherlands in 1996 was around $868 million (2). In



1996, the total cost was added up to approximately 668 million Euro (7). In 2000,
594,000 Dutch males and 1,013,700 Dutch females were registered with chronic neck
pain. The average treatment cost of chronic neck pain in Finland in 1988 was estimated
to be 240 Euros and the cost due to sick leave per patient case was 653 Euros (8). For
more than a million of computer office workers complaint of the arm, neck, and shoulder
pain were cause of treatment cost and absentees in the USA rate $45 to $54 billion
annually. Additionally, in Netherlands annual,cast for occupational pain is estimated to
be 2.1 billion Euros for 7 million working population (9). In Thailand, number of workers’
work — related musculoskeletal-disorder eompensaiion-claim from the data of the Social
Security Office in 2003 was 144734 0f 55,5696 claimed cases (21%) (6). The cost of
insurance and the compensation for patie‘pts, employers could effect finance, economic
and social. 7 14

The common behavior of combuter-,‘usJers in offices is continuous computer use
. )
during workdays; chroni€ repetitive computer works such as data entry were associated

with the increasing risk of the ghronig neck pja;}i_n -symptoms. The hypothesis postulates
that prolong low — level workloads with {00 sh"@'tt;__@eriod of muscle resting can result

overuse of low — threshold muscle fibers thatii‘é_ags to WRMSDs (10). Consequently,

patients suffer chronieZneck = shoulder fatigue duetothis yvbrking type. The symptoms

originate and exacerbate are related with the accumulation of muscle fatigue because
continuous low — level muscle contraction of the corresponding muscle in the static
posture for a long period of time, contributespoenmicrogirculation (11). Blood circulation
then becomes s@ poor that it'effects the'lack of essential and oxygen in soft tissue,
moreover, some.waste products, from metabolism are collected.in muscle tissue.
Conventional wisdom' has assumedthatthe'pain was a‘consequence of-a sustained
spasm of musculoskeletal due to muscle fiber activity induce energy crisis. Laser —
Dropper Flowmetry (LDF) was used to explain this statement, so, the data indicated pain
was associated with trapezius vasodilation but not with muscle activity. Relationship
between blood vessels and norciceptors might be important in stimulation of muscle
nociceptors in the case of chronic neck — shoulder pain (4). If muscle got insufficient

oxygen, lactic acid would be produced.



Acid is commonly considered a painful stimulus as ischemic pain mediation
(12). So, muscle acidosis can lead to local and referred pain and hyperalgesia (13).
Finally, muscle will be exhausted, fatigue, and injured. Moreover, the nature of computer
task needs intensive concentration which causes the lost of relationship among
colleagues. This situation could cause mental stress, easy — spasm muscle and injury
(6).

Upper trapezius muscle is frequently/involved in the neck/shoulder discomfort
prevalence in computer users, for example,patients.with chronic neck pain demonstrate
reduced motion and pattern-ehanges of muscile-conirelin the cervical flexor and upper
trapezius muscle during spegifi€ lasks. According to most investigating research, work —
related neck or shoulder pain focus on thé;H trapezius muscle the most (14). Because
upper trapezius muscle is a'superficial muscle, the surface EMG is often used in
researches related to eccupational ‘heaélth.—-,:‘ v

The method of (16) study includes ;F_I isometric task selective for the upper
trapezius muscle at different force-llﬂe_:\;/els andjppe fatiguing contraction (15). The fatigue
characteristics of trapezius due fo-.computer W(_')ﬂ(__‘aare explained in many studies that

investigated both of perceived exertion and Ir‘}—fgajized muscle fatigue. Because it was

still unclear why and:how: chronic-muscle fatigue-could-be i,,r'-jduced from transitory

muscle fatigue, furthér study was needed to reveal whether ﬂiscrepancy could be a
major factor and to detefrmine some guidelines in preventing computer work — related
chronic musclefatigue in trapezius muscle (41)sTe understand.the biomechanical
exposure in this postural stability model ‘and its development to WRMSD in visual display
terminals (VDIs), activity of.trapezius.of.computer Users have been.assessed in many
studies. Patterns ofincreased muscle activity in the Upper trapezius were found in
symptomatic workers during typing task and the pain increased during prolonged typing
(16). The computer users with muscle tension showed significantly higher median
trapezius EMG activity and tendency toward lower degree of muscle rest. These surface
EMG signals were recorded bilaterally upper trapezius muscles during keyboard typing,
edit, precision, and color word stress task in female Denmark and Sweden who are 46 —

65 years old (10).



There are many ways to solve this problem; medicine, acupuncture, massage,
and exercise. The first three solutions have cost in the treatment. In fact, this syndrome
can be prevented in the save way by physical exercise for good physical fitness, good
work environment, good ergonomic, and enough breaking time. Flexibility is a part of
physical fitness that attributes stretching exercise. Stretching exercise is a common part
of treatment for neck pain, which has been suggested as a treatment of musculoskeletal
disorder which is possible for home . program or exercise at work (17, 18).

Prevention and self treatment of work = related musculoskeletal disorder gave
many advantage includingireduce cost of treatment;reduce absent from work days,
reduce injury claim, being ablesto.work and earn, and improve quality of life.

Thai Health Promotien Foundation‘lactively campaigns the prevention of office
syndrome or computer syndrome This health promotion.includes articles via website
and flyers, activity, road show, and Qoﬁsultéfiqp in its own website
(www.Thaihealth.or.th). Fhe information‘in V\';'ebsite and publications are usually exercise
program or healthy ways of living. 9 &

)
iid TN

Work — related musculoskeletal disorde‘:_'_r-ﬁmong office workers is a very

important health problem. If the_gt_r_at—ggy of pragy_ethipn or treatment is not appropriate,

the problem may be.more severe and could affect more warkers. The reimbursement for

treatment and sick —1éave could increase and cause economic and social impact.
Therefore, any study forbetter understanding of the cause; prevention and treatment of
work — related musguloskeletal disorderwill benefit the werkersssociety and economy of
the country.

The aims. of this study were.to, investigate and compare.the effect of 4 - week
short break'neck 'stretching exerciseand relaxation Breathing exereise'in female office
workers with prolong use of computer in term of neck pain (VAS), neck muscle
fatigability by surface EMG median frequency (MF), and the neck disability index (NDI).

The study has been approved the by the Institutional Review Board of Faculty of
Medicine, Chulalongkorn University. Written informed consent was obtained from each

subject before the experiment started. On attendance, subjects were given the details of



the research procedure and risk involved, and reminded of their right to withdraw at any

stage of the study.

Research Questions

Primary research question: Will the computer user office workers who do the

neck stretching exercise have less pain level than the ones who do the breathing

exercise for relaxation when the re vas ured by the visual analog scale (VAS)?

Secondary research question er user office workers who do the

exercise for relaxation

frequency and the nec

Objective
1. To investigate the

(MF), and the neck disabili

breathing exercise for relax

2. To compare the chanm

B e f‘,_

and the neck dlsamendex (NDI) betwee

breathing exercise forsela

Hypothesis

Compﬂ UE‘J %meﬂ

pain level, Surface EMG median frequ‘ency IeveI ctmges and the neek disability index

level Iea Wq} a&% ihe |




Conceptual framework

Computer user’s office worker with neck pain

Short break with

neck stretching @ @

v

Short break with

breathing exercise Prolong static posture

®

Neck — shoulder musculoskeletal pain

Figure 1 Conceptual framework.

Scope of study

This study is @ human experimental research in. which computer user office
workers with neck pain as the subjects.

Workplace exerciseprograms were divided into two groups consists of neck
stretching group and/breathing exercise for relaxation group. |Each group followed the

protocol 2 sessions every working day for 4 weeks.

Assumption

1. The samples are volunteer and get the information paper with explanation of
research methodology. All participants have to fill in the sign consent form.

2. The participants must not do any heavy activity or exercise, not being
physiotherapy or medical program.

3. To collect data is before and after 4 — week of exercise program.



4. The Visual Analog Scale (VAS), surface EMG median frequency, and the Neck

Disability Index (NDI) is protocol in this recent study.

Limitation of study
1. This study must be associated with computer user office worker include in

inclusion criterion.

Stretching, Neck isual Analo ; Disability Index, Surface

actual or potential tissugdamagé ) erms cﬂsuch damage that result of a
sustained spasm of skeletalimuscle.

2 oty SR DI BR Bon samrs, r

muscles during %'Ioth active and passive movement,.with more than 3 months.
A QAR URIINEAR ¢
4 Stretching is elongation of the muscle that is one part of prevention or
treatment for musculoskeletal disorders.
5. Breathing exercise for relaxation is one of breathing exercise technique by

diaphragmatic breathing pattern



6. Neck disability index is the questionnaire has been designed to give the
information as to how the neck pain has affected the ability to manage everyday life.
Score is 0 — 50 range that “50” as worst disability.

7. Visual analog scale is a psychometric response scale which can be used in
questionnaire. It is linear scale respondents specify their level of agreement to a

statement by indicating a position along a 100 millimeters horizontal continuous line

possible pain.

8. EMG median frequene s thefrequeney-that divides the power spectrum into

1. To investigate” ‘of'paiffand ' lectromyography from

2. To determine the' stretching exer € program in computer use.

\

4. Able to protect neck a loskeletal disorders in computer use.

et

5. To extent in | 7

T == )

g §
AU INENTNEINS
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CHAPTER I
LITERATURE REVIEW

Chronic neck musculoskeletal pain in office workers.

Neck musculoskeletal pain is common in the general population in many
industry countries, especially among the prolonged computer users. The visual display
terminal (VDT) or the computer desktop is standard equipment for many office workers.
The VDT is able to increase risk of poor condiiions related to the mental health and the
musculoskeletal system. The pathology eompuler—related neck musculoskeletal
disorder remains unclear, so tosrelief pain is the major demand (19, 20).

The selective and sustained active‘ition of the muscles is the possible
pathophysiological mechanisms hypothesis for the development of soft tissue damage
(21). The prolong computeruser offi_ce;wof[?ér‘s have been static posture with low — load

/4
muscle contraction becatise the.computertask needs only low — load physical demand,

¥ N

(11, 14, 22). fta 7

but it is enough to give opportunity o:f musqnl.-é;,mbrphological changes, fatigue, and pain

Upper trapezius (UT) and cewical ereEt__ot_spinea (CES) often pain among

computer office WOFk_é[’S (4,14, 16, 23) due to they play anj'}nportant role during

computer task to proin'd_e stability and motion for neck and arms (19, 24, 25). This is
mechanical neck pain that poor posture is one of multiple*risk factors of neck
musculoskeletaldisorders. Self —.poor, posture, such.as head,forward or bad ergonomic
of work station was '‘associated with ‘upper'quarter musculoskeletal symptoms in
computer users, Additional, inadequate_postural changes promote musculoskeletal

problems (6, 26).

Musculoskeletal pain is

Mention in Ana Claudia “Pain is an unpleasant sensory and emotional
experience associated with actual or potential tissue damage that is why patients tend
to stop working or exercise. In chronic pain, the sensorial process becomes abnormal,

leading to detectable changes in central nervous system data processing, motor



10

control, and the experience of pain itself. Chronic neck pain is a sensation of hyperalgia
to skin palpation, ligaments, and muscles during both active and passive movement.
Mechanical neck pain has been described as having no detectable or specific etiology
(such as inflammation or infection), and it may be reproduced by provocative stimuli”
(27). Pain is the same meaning of myalgia (22). There is many term of work — related
pain have been described differently in various include repetitive strain injury,
cumulative trauma disorders, and occupational overuse syndrome. These disorders

demonstrate little by little progression that is'a‘chronie course and often disregard (28).

o v NS

I_V Oyerload oniinvolved muscle

Risk factors:

Fatigue’” Improper

* Personality

} Bl treatment and
+ Job description 1

rehabilitation

*Psychosocial

Microtrauma
‘ A
The injury rate.is greater than the healing rate

]

Musculoskeletal disorders

Figure 2 Process of Musculoskeletal disorders from working.
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Risk factors of work — related musculoskeletal disorders.

The etiology of WRMSDs is originated by multi — factorial that is a combination of
physiology, biomechanical, psychological, and social factors. They are possible to offset
or modify the influence of other factors (16).

Following the biopsychosocial model of musculoskeletal disorders development
combine 3 elements include physical, psychosocial, and biomechanical — environment
that was divided into

1. Physical factors consists of personal factors, occupational factors

2. Psychosocial factors J
Personal factors

Sex: Prevalence of femalé compuﬁfar users with myalgia is greater than male. The
potential reason is TRE Y
« Normally, female’s physical isiwgaker tha‘.ﬁ males’,

» The most office equipment is pairéd with Jm_aie’s composition that provide
inappropriate ergonomic in female-', fbr exarﬁzﬁje"-in computer task, females are more

o
often elevate shoulder than males:. . Fei f

* The most women have to involve housewor_kfa_r]d_ look after the family duty that result

muscle accumulation-phenomenal.

» The prolonged monetenous work, such as, secretary or aés’istant, the most is women.
» Women are sensitiveo stress than men. In some local, men cannot present bad
attitude to stressjand pain. This.demonstrates:the pain,in.females.is greater than males
(22, 25).

Age: Many physiological changes among elder peoples that'eontribute the risk
of musculoskeletal'disorder, .example; tissuesiare décreased strength, .endurance, and
flexibility, delayed tissue healing, delayed new job skill. The most musculoskeletal
disorders population is 45 — 64 years old. In the other hand, a long time skilled
experience is able to prevent and protect musculoskeletal disorders through
compensation and technique knowledge (6).

Body shape: Unsuitable equipment for body shape contributes inappropriate

posture and movement is potential cause musculoskeletal disorders (6).
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Physical fitness: Such as body composition, cardiovascular fitness, flexibility,
muscle endurance, and muscle strength. An exercise group is less risk of
musculoskeletal disorders than sedatives. Due to exercise provides physical fitness
improvement and decrease mental stress. Computer office worker is one of sedative
occupational style that is poor physical fitness and common development of
musculoskeletal disorder (6, 29).

lliness history and congenital disability «For example, general health, hospital

report, accident history, disease involved musculoskeletal system, mineral insufficiency,
vitamin insufficiency, scoliesis;-head forward, round-shoulder, etc. People with illness is
easier develop and recurrentiie injuty than normal-one (6).

Characteristic: Workthabits; such @s stressiul, nonstop working, high
responsibility, personality class’As Individual'habits, such as, sedative, not enough
resting, drunkard, andssmoker. They_, are p(;ier,}tial harmful physical condition (20).

/ 4
Hobby: Avocation can decrease work — related muscle pain because posture

il g

and movement will be changed. Spdn avoc@i}pn improves physical fitness. However,

some hobbies are harmful physi_c}al,condition';fs_'_tjg_f_;h as, computer game (6, 24).

Family member: a numpq_r_of:children",éng state, a number of elderly people and

capacity. High Workload makes more risk (6).

Locality: Loné‘éuration of traffic contributes stress,i"STétic posture, reduce resting
period, be exhausted that affect accumulated injury (6).

SmokingyThis isssecondary causesof-musculaskeletakinjury, particularly
intervertebral disc, becatse of reduces oxygen transportation' capacity and delayed
tissue healing.(6, 24).

Alcahol, Ted, Coffee! non = study’shows relationship-between them and

development of muscle injury. However, drunkards are strong potential to make mistake

or incident during working (6, 24).

Occupational factors

High force demands: Excess force effort in some activities or tasks is able to

contribute musculoskeletal pain, such as, pushing, pulling, and carrying. Injury is a
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consequence of incorrect ergonomic, improper biomechanics, overload, and over
repetitive movement. In case of computer duty, is static effort which is sustained
contraction of low — threshold motor unit or repetitive muscle tension in trapezius.
Sedentary work is always impaired flexibility and local muscular circulation (19).

Posture in working: Posture is one of the key factors for neck pain, associate with

duration of constrained postures, awkward, and improper device (26, 30).

Duration of working: Excess.repetition ar excess prolong posture provide

overuse injury. There is not clarity about durationof computer working; however,
average is between 3 — 5 heurs/day. Sitting longerstrongly relate to development of
muscle pain, thus, the restrictien of working duration can reduce risk to development.
Break during working includes active bre%k — change task pattern, walking, restroom,
stretching muscle, etc — that beg able to reduce risk factors and passive break — stop and
freeze — that is not enotigh 10 prevent the p?in,;(& 26).

Environment: Includetlight, noise. t;mperature, space, ventilation. For example,

inadequate brightness provides moré‘gazirtg;,t‘o focus with face close up, in the other

hand, excess brightness can harm tiie eyes. 'Npi_s;e makes mental stress and distraction.

Room temperature which is too _Qpl_d~,provides‘,f‘i_r,1gspje contraction to generate body

temperature; this is t_eri‘sional to soft tissue (24).

Work schedu‘l'é'"; Involve regular work hour a day anda week, over —time per
week. These indicate total work hour that relate duration of'working (6).

Skill of speeific warke=High, skill and experience level-can-reduce occupational

relate injury becausethey know the best ergonomic ‘and physical estimation, they know
how to manage.workload and stress. High experience is parallel to.inCreased age that

involve ta principle‘of aging (20).

Psychosocial factors
Due to psychological, social, and environment are relate closely. Social and
environment factors tend to effect temperament, as follow

Psychological risk factors (6) include

Anxiety
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Fear of job loss or job insecurity
Low job satisfaction

Feel exhaust and overload

Low attitude of health care

Unsolved mission or problem

Low job control
Low influence

Intensive concentr

Frustration causes stress which increase injury oc@sion. Moreover, stress

makes overloa ‘ar \ i & ) increase, heart rate
increase. Thes@m:igl e eﬂdﬂﬂﬁlﬂﬁﬁmﬁ way, there was not
enoug f evid to.ev q t ' ji &} ﬁ s and
psych&lﬁﬁo&ﬁﬂﬁeﬁﬂ:ﬂiﬂﬁn wilﬂﬁ sgeracts the
workers.
Muscle fatigue definition

Fatigue is failure to maintain the required force, contraction do not produce

smooth or steady force. While muscles are being fatigued, the force fluctuation

demonstrates increase both during and after sustained contraction (32).
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Physiology of fatigue

Phase 1  Ca® transients increasing
PCr decreasing, P, increasing

Phase 2 Ca2* transients slowly decreasing
CGlycogen decreasing, H* and lactate increasing
Other metabolites stable

................

Phase 3 Ca? fransienis decreasing and submaximal
Ca® sensitvity reduced (P, & H')
ATP reduced, Mg® increased, ADF increased

III |
- Ill l" lli
|||l (A
) e‘"!!! |' !n.!-....!n{....
Figure 3 Schematic of the 8ses fc e e a ehtified fatigue in an isolated
single fiber at room temperature a d relevantintercellular changes noted (33).
f T~ - -
The studies in isolated sr "at room temperature which
measurement of ionic levels awdm‘fétﬁéo gue mechanism combines with
metabolites in contractile-preieins-ana-Ca—felease-for 'arcoplasmlc reticulum

(SR). There is force failﬁéa ! etﬂ tetanus that includes 3

phases (figure 3), as folloxymg

Phase ﬁ uﬁdﬁﬁnw&ﬂ%w Eﬂc@r me line because the

inhibitory effect &f inorganic phosphate (Pi) on the transition of the cross bridge to its
- grAfen BRE PP P A B
decreasing o phosphocreatlne (PCr).

Phase 2 Force of muscle demonstrates constant force. This phase manufacture
ATP from aerobic and anaerobic break down of glycogen matches the rate of ATP
consumption. Involve Ca’" transients slowly decreasing, glycogen decreasing, H" and
lactate increasing, other metabolism stable.

Phase 3 force starts to decline again caused principally by the reduction in SR

Ca2’ release (reduced ca’’ transients) coupled to reduced sensitivity of the contractile
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proteins to Ca”". The mechanism of the decline in Ca’" release is still debated.
Additional, involve Ca’” sensitive reduced to Pi and H', ATP decreasing, Mg2+

increasing, and ADP increasing (21, 33).

Metabolic changes of fatigue
As definition of musculoskeletal fatigue, is failure to produce required force, is

able to interpret that because of energ isis. The essential energy source of muscle

contraction is adenosine triphospl

\;\“\

B GLUCDSE
rilﬁ[)'
HALH +H*
ADP

ATP

D
HAGH +H* 4k ] %
0,

Figure 4 Glycolysis and C.Ltnc Acid Cycle (Kreb cycle)

(http:/student. ﬁ %ﬁﬁ Wﬂ%ﬁ Wﬁ % ﬂ r%’htm
qWﬂcﬁeﬂ ﬂ)ﬁtmtﬂj mﬁ\ Wﬁﬁoa sﬂathway (figure

5) and the Citric Acid Cycle (figure 6) are able to demonstrate the product in end of

process.
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ferme
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(http://www.sparknotes.com/biology espll i sis/summary.html)

Glycolysis is t cose into pyrovate. This

ibu eW ATP. When'oxyger S yruv
rocess contributes a f XY ruvate can be completel

NADH"™ H*

Figure 6 Analysis of Citric Acid Cycle pathway (http://swu141km.swu.ac.th)
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In case of the rate of pyruvate from glycolysis exceeds the rate of pyruvate
oxidation in the tricarboxylic cycle and/or oxygen insufficiency, it will be converted into
lactic acid. Then, lactic acid dissociates into lacate and proton (H"), which provide lower
muscle pH. Proton in muscle may provide fatigue due to

1. Decreasing Ca’’ release from sarcoplasmic recticulum (SR). The lowering of
pH is possible to inhibit the Ca’’ release from SR.

2. Decreasing the sensitivity. of troponini C to Ca”". The lowering of pH is potential
to provide ca’”’ sensitivity of troponin C impairment. Since muscle is activated, ca”" will
be release from the SR and-binds to tropenin C.then;the binding troponin C exposes
the myosin — binding sites on.the actin filaments to allow cross — bridge formation and
cycling. Muscle force production is indica'Ied by Ca  release concentration and
functional troponin C binding sites. The mechanism behind this decreased sensitivity is
not known, but evidence suggests t‘hat;a Io;v pH (= 6.8) may cause inhibition of ca”’
binding to troponin C because of Competitiéﬂ between H and Ca”".

3. Interference cross - bridgé cyclin:g;:__l'k-]e investigation of metabolic factors
related muscle fatigue. The muscle fatigue role{_\iyfas determined by analysis of the

different metabolic components _c;_on(;entratidr‘,r‘;;-fg;r_example, adenosine diphosphate

[ADP], inorganic phesphate [Pil, and hydrogen-ion [H] in js';ingle muscle fiber. In

muscle membrane, intracellular calcium concentration of C.a’24 release manipulation is
one of direct problem if‘cross — bridge cycling. An increased Pi concentration is not
only interfere crosse bridge-formation; but alsoidecreases Ga’ zrelease from SR. Itis
one of major causative factorin skeletal muscle fatigte at'the cross — bridge level (34,

35).

Pathophysiology of muscle nociceptor and painful muscle spasm

Nociceptor is a sensory receptor that responds to potentially damaging stimuli.
Nociceptor includes external and internal nociceptor that muscle nociceptor is one of
internal norciceptor. Nociception starts at pain stimuli assault free nerve ending C — fiber
and A that locate in muscle or skin over muscle. Then one part of pain signal will be

send to the spinal cord via dorsal horn and brain via spinothalamic tract for percept of
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pain. Another one contributes spinal reflex by stimulate 'Y motor neurons and QL motor
neurons at ventral horn result in increase muscle tone, painful muscle spasm, and
spasm — pain — spasm cycle, respectively (36).

Several receptor molecules on the nociceptor membrane are responsive to pain
— producing agents. They are seem to be directly to muscle pain and tenderness, as
following

Bradykinin (BKN) receptors(B1 and B2) is released from blood plasma protein
when blood vessel break. It is not be able to considered a specific excitant of
nociceptors because BKN-exeite-is not only noeieeptors but also low — threshold
mechnosensitive endings.

Serotonin receptorsd(pasticularly 5'1— HT,), Serotonin (5 — hydroxytryptamin, 5 —
HT) is released from bloodplatelets when blood clotting. The serotonin concentrations
released in the tissue are ustially not eﬁoug?h to excite nociceptors directly but they are
more sensitive than BKN: 7 i J‘

Prostaglandins (particularly prostaglﬂaﬁdin E2) is as sensitive as serotonin.

Acid — sensing ion channels (ASICs) éﬁ(—::‘_éensitive to a lowering pH and non -

specific pH level and response.to. small pH ctn“'e_mge_s. This receptor, for example, ASIC1

and ASIC3 is very impt‘_}rtant for muscle pain. Exhausting ex"_er_eise, ischemia, and

inflammation is causé‘l'é)wer tissue pH that is pathogenic ch'éﬁges in muscle.

P2X3 receptorsare a subtype of the purinergic recéptors that are activated by
ATP. It is released fromeall traumantissue;and-othen pathelogie,changes that are related
cell death. That's why; ATP is'considered a general signal substance for tissue trauma
and pain.

Transient'receptor'potential receptor subtype (TRPV4) is one'ofthe most
important molecules to produce pain. It is activated by capsaicin, increased H+

concentration, and heat (approximately 39 C) (37).
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Pathophysiological model of chronic muscle pain

Neuroplasticity
51 cortical area
Dersal spinal cord
Ventral spinal cord

- Behavior
Microtrauma = Motor
Task Demands Muscle . 4 Decrement o
Repetition §:  |Bysfunction| 5 1 Rate 9 PO
Posture TengSe . Weakiess [ I Durstioi | WISD and
Durativn Nerve C ym=iness Disabili
Bone : + Force isability
Force Fatigability 8
Ligamenl uccess

+
'
*

" vicious 3
CYCLE

Tlssue‘ jury .
Mcshanical >

Inflammatory (local
snd gyetemic) !

Figure 7 Schematic of the development of musculoskeletal disorders. Solid arrows
represented the pathway from recentiresearchs Dotted arrows represented the pathway

of elucidation (36). P £

A conceptua’l‘k sch@m*atm‘fUrThe—nTech?m’sms—ofWRMSD illustration starts from
repetitive, posture, du‘ration, and force. These factors affecits’ to tissue that include
muscle, tendon, nerve, leigament, and bone. In computer —’related neck pain involves
muscle system @nd nervelsystem. The effects of prolenged statiCi posture on muscles is
ischemic and inflammation, both local.and systemic. And neuroplasticity affects about
chroni¢.pain. Both 6itwe phenomenons provide motordysfunction-end decrease
functional efficiency, finally, progress to be chronic WRMSDs and disability (36).

Energy crisis theory explains relationship between ATP and ca”’ pump, which
demonstrates ATP insufficiency is cause of decreased sarcoplasmic reticulum ca”’
pump for release muscle contraction. Prolonged muscle overload causes macrotrauma
or microtrauma, that microtrauma is the most common injury in computer task. Cell
trauma contributes Ca”’ leakage from disruption of sarcoplasmic reticulum (SR) or

extracellular fluid. They go to sarcolemma, and then accompany with ATP to activate
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actin bind myosin, and then become pathophysiological muscle contraction. This
contraction is not voluntary contraction due to normal physiologic contraction will
release contraction after ran out of nerve impulse and it just takes place some part of the
whole muscle. These areas named relative ischemic that are insufficient of oxygen and
collecting of metabolic waste, for example, prostaglandins, bradykinins, serotonin,
histamine, kinins, and potassium. These substances promote local edema and muscle
fiber segmental degeneration. According to muscle fatigue and lactate, lactate is acid
that be able to inhibit ATP preduction.

Motor endplate (Dysfunction endplate)-hypethesis, additional, associated with
energy crisis through disorderof endplate or neuromuscular junction increases
acetylcholine secretion from‘motornerve fprminal over than normal 100 — 1,000 time.
This process makes sustained depolarization at post — junction membrane of muscle
fiber and energy crisis; after (38, 37),. ! A J

Figure 8 illustrated the pathophysio:tagic mechanism of local muscle pain. Then
pathophysiological mechanism of -lc‘hir-onic mgs_cle pain is from peripheral mechanism

which is chronic sensitization of nociceptor and from central mechanism which is

neuroplasticity. e s

Il

Chronic sensitization of nociceptor that consists of_2‘-v major causes, as following;

1. Energy crisis_theory

2. Local edema-Injured muscle secretes vasoneuroactive substances that can
be vasodilatationrandjincrease yasculampermeabilitys The key substance is bradykinin,
prostaglandins, and histamine, so, make local edema. Normally,"muscle healing
process.will start healing state.after edema..But.in Case of chronic muscle pain, local
edema is not stopped by 2 reasons;

2.1 Local edema. The primary local edema disturbs pumping action of veins that
is circulation obstruction, and then become local ischemic. The local ischemic is the key
activation to bradykinin which is vasoneuroactive substance and nociceptors stimulant.
This process repeat again and again until be local edema cycle.

2.2 Axon reflex. Central sensitization phenomenon comes from vasoneuroactive

substance, and then activates nociceptors that provide neuropeptides from that specific
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nociceptor. Substance P SP) and calcitonin — gene related peptide (CGRP) is the key of
axon reflex, especially SP affects to exaggerated local edema.

The continuous vasoneuroactive substances secretion and local edema
develops to be chronic sensitization of nociceptor.

Neuroplasticity was definite as the ability of the human CNS to changes the

synaptic functional area shortly as a result of one experience, especially, dorsal horn

neurons at spinal cord and brain stem , this process is the most interesting to
explain chronic muscle pain erve impulse but pain remain.
There are 2 proc

1. Secretion of excita es from presynaptic membrane

with receptor at

that are glutamate and asp ale. of ‘\\\\\s\k

postsynaptic membrane, and allow po it 1C ecules, then make
depolarization. Moreover, itis cé £ aﬁ / ;ﬂ h \»\\ fial.
2. Secretion of i i ansﬁHtte hat is glycine. It participates to receptor of
‘ W
. . £ Joasa .
postsynaptic potential membrane a[‘p oy ;_-w e charged molecules. That reason
P e 1

S

In normal, both of thesgm g

shows increased exaif

of difficult activation.

be balance, on the other hand, pain
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Sustained muscle contraction/ Microtrauma/ Macrotrauma

Disruption of sarcoplasmic reticulum

ﬂ Release of free Ca”"

In the presence of ATP/ Stimulates actin and myosin interaction and

increased metabolism activitv

’I\ serotonin, histamine, kinins,prestaglandins

’I‘sensitivity and firing ef group Il and IV muscle nociceptors

v

Muscle norciceptars
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/ j other visceral and somatic inputs in cell

Motor unit s GNS

1

Perception of local and referred pain
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4\Contractlle
metabolites and &
activity
sustained postural
and mobility Rrotective muscle splinting,
disturbance muscle spasm, immobility
secondary to pain
Free Ca2+ & ATP interact \l/local blood flow

\

/

\l/ATP & Ca2+ pumping action

Figure 8 Physiological pathway of musculoskeletal disorders (18)
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Pathophysiology of overuse progression of neck pain in computer usage (14, 37).

Chronic work — related muscle pain was described as chronic work — related
muscle myalgia or repetitive strain injury that mentions to three typical manners, include,
constant sitting, increase movement of the hand, and mind strain. This kind of muscle
working makes incomplete recovery time or relaxation between contraction because of
too little time, pain in the muscle, and psychology stress. Prolonged low force muscle
contraction provides, as following;

1. Muscle ischemia. Low load approximately.10 — 20% of maximal voluntary
contraction is potential to-eeelude-the mierocirculation-in the muscle.

2. The sympathetiCc ngwvous system is increased. Muscle working contributes
increased sympathetic nepvoussystem acitivity and vasoconstriction respectively.

3. Depletion of eneigy resources. Normally, glycogen is stored in large fast
fatigable muscle fiber moregthan the_,srﬁall 6he;;which does most of the work during
prolonged low load contractions. So, the snf'}all one is easy to exhaust and if circulation is
not enough, they cannot be refresﬁj.f-[he AT‘I%:’;Erlgufficiency is likely to affect to painful

contractures. et el

4. Motor unit recruitment changes. Nq;mg;lty, Type | muscle fiber are recruited

before Type Il musclefiber and deactivated last. This Was_réferred to The Cinderella

hypothesis that postulate the continuous activity of motor units of type | (low — threshold)
muscle fiber, and then"prone to be overloaded. This kind of pain may be mediated by
proton — sensitive membraneeceptorns because continueus-contractions probably have
a low pH.

5. Shear.forces between.active and.inactivefibers. During high.— force
contraction‘of muscle, almost all muscle fibers are activated-together, but not during low
— force contraction. In low — force contractions have only the small fibers do contraction
and shear forces is happen between active motor units and adjacent inactive ones. After
that, they may release sensitizing substances from interstitial cells that sensitize muscle
nociceptors. Sensitized nociceptors are easy to stimulate and excited by the relative
movement between muscle fibers. The Cinderella phenomenon reflects an impaired

muscle control because the motor units don not take turns. Not only nociceptors but also
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muscle spindle and golgi tendon organs changes the afferent input that compromises

motor coordination

Evaluation of musculoskeletal disorders

Visual Analog Scale (VAS)

VAS is a measurement instrument to measure a characteristic or attitude that
convince to range across a gradual intensityand.eannot easily be directly measured.
Normally, VAS is a horizontal line'with 100 mm. fength with anchored by word
descriptors at each end:"0'whereisithe left end as “no pain” and 100 where is the right
end as “worst imaginable pain”. .Fhe rate '(i)f score is marked in the line that represents
the perception condition at present. fihe VAS score is determined by measuring in

millimeters from the leftdand'end of the ling'to the point that was marked (25, 38).

“baiienigmark
I r f .i F I
I ;._4 '.L';:‘ I
no ety wiorst
pain T — pain
g e b f B e imaginahle
. 30amm T - o
il L. |
(v 100 mm 78

_ Fatient's score = 30
Figure 9 Visual Analog Scale (VAS) (25, 38)

VAS is ene of the most popular to assess the pain intensity in occupational
investigationzVegard, Stromreported the paimintensityiVASbeforesstanted experimental
session was higher than reference group, significantly. After 90 minute computer work
task, both of these two groups reached the peak of pain intensity at the end of work task
(4). According, Anna Sjors investigated different physiological reaction between women
with chronic trapezius myalgia and pain — free from the low — load repetitive work. On
completion of the repetitive task, the pain group rated VAS and stress intensity higher
than base line (22). Grace Pui Yuk Szeto evaluated motor control differences between

symptomatic and asymptomatic office workers in different resting postures, consisted of
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resting hands on lab and resting hands on a keyboard. Additional compared the muscle
activity response in pain related to typing. At the study of each study in the resting
conditions, symptomatic group had a greater mean summed discomfort rating than
asymptomatic group, significantly (23). During the typing trials, as well as, asymptomatic
group also had greater discomfort rate. V. Johnston examined the impairments which
have been documented in other neck disorders, include ROM, surface EMG, VAS, and
NDI. Workers with neck pain had reduced neck rotation and increased muscle activity.
At the end of the task, the neck muscles showedan inability to relax in the pain group.
There was linear relationship-between the workers-self= reported intensity of pain and
disability and the movement and muscle changes (14). Lars L. Andersen investigated
the effect of three contrasting interventionlg; on muscle function and pain in women with
trapezius myalgia due 1o menotonous work, repetitive work tasks, prolonged static
muscle activity, and insufficient variatiSn inT;th;vement. The measurements include pain
intensity by VAS, surface EMG for EMG ami‘a{itude and spectrum median frequency, and
muscle thickness by ultrasound sc-.eﬂl_r;dner (25)1,. I:s:abel A P Walsh evaluated

i

musculoskeletal disorders among active induSiri;f;_‘b workers by physical assessment and

fill in the questionnaires. The resuits -indicated?é.i’Qnificant and good correlations were

found between clinicatfinding and symptoms (r="0.73), anfj between but moderate

correlations were found-between clinical findings and the pa’i’h scale (r = 0.56), and
between clinical findings and ODQ (r = 0.60). But not significant association was

identified betwgen the results, from clinigal findings and sickdeave (39).

The Neck Disability Index (NDI)

The ' Neck Disability Indéx is'a‘ten= item questionnaire thatiassesses disability
associated with neck pain and whiplash to determine how much the neck pain has
affected patient ability for self activities daily management. It contains four items that
relate to subjective symptomatology and six items that relate to activities of daily living.
Subjects have to circle only one choice in each section which most closely describes

the problem right now.
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The summed of total score ranging from 0 (no disability) to 50 (maximum
disability) that is divided into less than 4 indicates no disability, 5 — 14 mild disability, 15
— 24 moderate disability, 25 — 34 severe disability, and greater than 35 complete
disability. This questionnaire shows to correlate with VAS of pain (correlation coefficient
0.6) (40).

Table 1 Score of VAS relate level of disability.

Score Level of disability
Less than 4 No«disability
5-14 < | Mild disability
15-24 Moderate disability
2534 | | Severe disability
Greater than 35 _ | Complete disability

NDI is one of many questianafres in‘occupational medicine study, for example,
David M. Kietry studied the effects of strengﬁﬂv‘_and flexibility exercise for 4 weeks in
computer users. It was showed loweting NDI'S’C@Ee from baseline, but VAS current pain

was a bit higher (26). Julie M. Erdiz used the _NDJ,EO describe a proposed classification

system for patients vvité neck pain that received physical thérapy interventions for one

year (41). V. Johnstoﬁ"'éssessed neck ROM and muscle ac’frv_ilty, moreover, the office
workers fill in some quéstionnaire include NDI, VAS, and GHQ — 12 for stronger
relationship between painintensity and@egree of physical ehanges. It was found that
workers without pain demonstrated higher level of cervical activity in the coordination
task than nen.—working.controlsubjects which could infer risk if.developing a work —

related cervical disorderin computerusers (14).

Calculation score of the neck disability index as this process (42).
1. Collect point together (total maximum = 50) in each of the 10 sections which is

scored separately (0 — 5 points each)




Table 2 Demonstrate the representation between choice in NDI and point value.
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Choice Point value
A Represents as 0
B Represents as 1
C Represents as 2
D Represents as 3
E Represents as 4
F Represenis as 5

-

2. In case of all 10 sections.are completed, simply double the patients score.

3. In case of 10 sections are not completeb due to it never be done. The total score will

be divided by the number.of sections"combl'éted times 5.

Following the formule;

— —

i
|‘ *

.i!

Patient’s totalscore .

X']OD—

Number of sections completed x5 -’J’f"..!

____ %Disability

Example: if 9 of 10 secnoasaﬁegamplated,_diMLdeihe_pairents score by 9 x 5 = 45; if

patient’s score were 22

22

9x95

x 100 = 48%Disability

Surface electromyography (SEMG)

Surface Electromyography (SEMG) is the study of muscle function through

analysis of the electrical signals emanated during muscle contractions. The electric

signal is the muscle electrical activity that from the skin over the evoked action

potentials of all active motor units in a muscle (43).
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Mechanism of SEMG signal

EMG is measuring the electrical signal associated with the activation of the
muscle include voluntary and involuntary muscle contraction. The EMG signal capture
from the depolarization of a motor unit which is named motor unit action potential. The
functional unit of muscle contraction is a motor unit that was activated by the action
potentials. While the nerve impulse of the motor nerve, which supplies one muscle, was
transferred to the muscle. Then, the depolariza.tion generates an electromagnetic field
and spreads along the muscle membrane that‘ is"muscle action potential which can be
measured as a voltage. In.contraction ofumuscle, the motor unit action potential is the
temporal summation of the individual muscle action potentials for all the fibers of a
single motor unit within thré. i€k £ up area‘iior size of electrode. So, the SEMG signal is
the algebraic summation of,motor unit action potentials within surface of electrode that
perhaps include over th{Qne motor unit b,‘ecause of different mergence of muscle fiber
was entered by the motor umt a smgle motor unit is able to contain 3 — 2,000 muscle

l’a! l

fibers. EMG signal would be reduced at the.skm surface, that why, decrease skin

Py x J'l:'-

impedance and use amplifieris Q@cessary ﬂ.

Figure 10 The motorneuron AP initiates the process of muscle fiber excitation (1) The AP
arrives at all of the motor endplate innervated by the motorneuron (2) By electrochemical
process, a muscle fiber AP is initiated and propagates along the length of the muscle
fiber (3) The sum of all muscle fiber potentials activated by one motorneuron produces a
motor unit AP (4) which can be recorded at the skin surface with amplifiers used

specifically for biological signals (44).



30

The advantages and disadvantages of surface electromyography

The advantages of surface electromyography (44, 45)

—

. Safe to patient

N

. Easy to use than indwelling electrode

w

. SEMG is noninvasive method that is not necessary to penetrate the skin

The disadvantages of surface electromyography (44, 45)

—_

. Surface electrodes can only be used farirecording from superficial.

2. Be the best for large muscle.

3. Electromyography is ofienrabused and misused-py-the most practitioners.

4. A cross talk phenomenon is«€asy o happen where the energy from one muscle group
step is over into the capturessiteoi anothé'[ muscle group. This phenomenon is a

problem to specific of SEM@ recording. =
v
Type of electromyography signal processing include
1. Time domain is the time analysis. This sh,o}}ys -the ability to correlate EMG amplitude

with muscle force output (44). /i 'l--'i.;.lfi*

1.1 Rectification is any type of averag;.oﬂthe EMG signal in the time domain will

yield a value of close:to zero, independent of the-number inmotor units contributing to

the signal and their mean firing rates.

1.2 Smoothing s elimination of the high — frequency of the EMG raw signal. It is
accomplished by any;low;—pass filter:

1.3 Integration The integration of the EMG signal is performed in the rectified
form of the signal and refers to.mathematical integration of the EMG.=time records with
respect to time. It has been related to'muscle force more than any ‘etherforms

1.4 Root Mean Square (RMS) is representing the number of active motor units
and the average firing rate of the active motor units. It is an excellent indicator of the

magnitude of the signal and it is frequently used in muscle fatigue study.

2. Frequency domain or spectral analysis is received much attention because of the

high — frequency content of the signal with increasing muscle fatigue or can be call
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muscle fatigue indexes. The most important parameters for analysis of power density
spectra of the EMG signal that be obtained by the Fast Fourier Transformation technique
(FFT) include

2.1 Mean frequency or Mean power frequency (MPF) is defined as the sum of
the first moments of frequency divided by the area under the power frequency curve.
The mean is defined as mean in statistic. It is the most commonly used in the power
spectral frequency (16, 23). \ ‘ l‘, _

2.2 Median frequency@f) is definé@(—‘ﬁequency that divides the power of

the EMG spectrum into twe-equal-areas. The mediansis-defined as median in statistic

(the 50" percentile). It iW 10

but it is considered to be e e t ‘c"hanges in the low — frequency band (20 —

mm_oﬁly used in the power spectral frequency

[ 'i_g‘-ér_’né'td{e of .the po'\!/'ver spectrum is negative

e

40 Hz) of the power spectr:

skew; therefore, MF m
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Figure 11 Median frequency and mean frequency in frequency domain or spectral

analysis (70).

2.3 The Zero crossing rates is the less commonly parameter which donates the
number of times that the surface EMG signals cross the “zero” polarity line per time unit

(16, 23, 44).
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Additional, this parameter in frequency domain can be called the surface EMG
power spectrum, which represents a sum of all the spectrum contributions of active
motor unit action potentials. The shift of the power spectrum demonstrates muscle

fatigue (16, 23, 45).

Analysis of EMG in muscle fatigue (16, 23, 44, 45, 46)

The energy from muscles has a frequency spectrum like the rainbow that
consists of its range of frequencies. The spectralis analyzed by the fast fourrie
transformation (FFT) whichiis-a-mathematic technigque«~FFT decomposes the signal into
its various frequency components«It provides the power spectral density curve that is
plotted from the frequency.eomponents oﬁthe SEMG signal as a function of the
probability of their occurrence. ¥

The relationship of muscle e_ne?gy raép,r_esented by the two filters described
above could shift underwvarious condi{i‘ons;ﬂ@uring the muscle fatigue observed a

downward shift in the shape of thé pbwer d‘e“‘r}gity such that the median frequency. In

fatigued muscle, the shape of tha frequency. Séé__@trum changes such that is a diminution

of the higher frequencies and an»__aug_mentati_qﬁ;.ojme slower frequency. This shift or fall

in the median freque_ndy could be attributed to the synchrorj:ization of motor unit

recruitment pattems,;é'jslowing of the conduction velocities."'é'fy‘the muscle fibers, a shift
in dominance from fast™= stitch fiber to slow — twitch fiber as a result of the fatigability of
the fast — twitch-fibers, or a eéembinationsof all-ofithe above. In,order to quantify the
spectral shift secondaryto fatigue, however, one must ask the patient to exert a steady
isometric contraction at.approximately 80%.0f maximum voluntary (iSometric)

contraction (IMVC)for a'period of 11 ‘minute. 'Such'an-analysis‘can be'quite powerful.
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Figure 13 The development graph of a decreasing firing rate of the median frequency as

the muscle demonstrates fatigued (44).

Diagnostic EMG of muscle pain assessment to presume pain relates fatigue has
been difficult to establish. SEMG signals illustrates a spectral shift to lower frequencies,
but not convincingly established to provide an index of muscle fatigue. It is not known

whether there are other causes of similar spectral shift. Some spectral parameters such
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as the mean and median frequency are known to decrease continuously after the onset
of muscle contraction. So, it may be possible to monitor the fatigue process early in

contraction before the point of mechanical failure has been reach (47).

Noise and artifact (46, 48)

The characteristics of the electrical noise that may spread from various sources
include

1. Ambient noise is generated by eleciromagnetic devices such as computers,
force plates, power lines, radio;-television, elecirical=power wires, light bulbs,
fluorescent lamps, and anything that is plugged into the wall A/C (Alternating Current).
This noise has a wide rangeof frequency.lpomponents, however, the dominant

frequency component is 50Hz or 60Hz, corresponding to the frequency of the A/C
power supply (i.e. wallutlet). N T P
b A
2. Motion artifacis consist of two main sources of motion. First, originate from the

FEAd
r bt

interface between the detgttion surface of t‘h‘?{electrode and the skin. Second, originate

Py -

from movement of the cable Conneciing the e}e_'_é_hfode to the ampilifier. Both of them have

most of their energy in the frequency range k;eﬂwgep 0-20 Hz.

3. Inherent n.oi-ée in-the electronics components-in th'ie_;detection and recording

equipment is generafé’é.from all electronics equipment. Thié‘ﬁoise cannot be eliminated
but only can be reducéed by high quality electronic components. It has frequency range
from 0 Hz to several thousand Hz

4. Inherent instability 'of the signal. The frequency components between 0 — 20
Hz that.are.unstaple.because they.are affected by the guasi + random nature of the

firing rate of the motor units and EMG'amplitude.

Filter
To clarify the signal, it is needed filter for filtering the signal by the specific filter,
as following

1. High — pass filter (16, 23, 44)
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This mean the frequency that higher than then number is allowed to pass. Use
for reducing the influence of movement artifact, cable, and electrode contact. High —

pass filter at 20 Hz, that hold up 0 — 20 — Hz frequency range.

| ERG Artitacts [heart beats]

‘‘‘‘‘

’t'zl‘lfi

Use for reducing the influence of hg‘fa’?reqf . fro electnc equipment. The low —

Use to reduce :ﬁ} non = bi e orﬂectromagne‘uc radiation,

such as, radio, TV, electrlgal power wire, ar&}fluorescent lamps. This filter cuts off 2

specific frequeﬁleuncﬂdégow W‘ﬁpwaﬁﬂﬂ ‘ﬁam the transformer.

(BGranh

50-60Hz Power Line Interference

Figure 15 50 — 60 Hz power line interference that is seen in electronic equipments (70).

Impedance (16, 45)
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The impedance of the skin at the electrode — skin interface is important in SEMG
procedure. The impedance at the electrode skin interface is too high or too imbalanced
is considered to be unclean signal. It is necessary to be as low as possible and
balanced of the two recording electrodes. The high impedance at the electrode site
includes dry skin, scaly skin, skin with oil, based makeup, scurf, and skin with a deep
layer of hair.

No specific level of skin impedance that valid and meaningful clinical record due
to this is upon the SEMG instrument. For research purposes, the impedance at the
electrode site was suggested-to-be below 5,000—=10,000 ohms. To decrease skin
impedance, it is commonly aceomplished by abrading and scrapes the skin vigorously
with an alcohol pad and shavesithe hair. ‘l

However, one should net be seduced into thinking that because the SEMG will
allow resistance at the€lecirode skin;inte;'ffap,e of 10 megohms, it is not necessary to
abrade or otherwise prepareithe skin for théﬁelectrode; dry, horny skin or oily skin can
easily exceed an impedance of 10-. mﬂegohmsj,.q

One should avoid placemeni on hairyla_r:e_gis whenever possible. In addition,

imbalances may occur when one eleciroce log_egggod adhesion to the skin during a

dynamic evaluation grireatment session. Two other elements.can moderate the

impedance of the signal, The first is the electrode itself. The Second element is the cable

that exists between the'electrode and the amplifier itself. =

Skin preparation,(45,48)

Site. preparation.is strongly.recommended 3s part of all clinical protocols.
It is a delicate matter‘and need-to'be-aslow and balanced ‘as possible.~Fhis process
must be done before put the electrodes on the skin.

As above, dry skin, scaly skin, skin with oil, based makeup, scurf, and skin with
a deep layer of hair is a key material in high skin impedance. These should be
eliminated by shave the hair, use an alcohol — soaked pad and rub the electrode site
with approximately six vigorous strokes. The pad should contain some rag content so

that it is a little rough. To abrade of skin, some electrode preparation pads contain a
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small amount of pumice to facilitate abrasion. Avoid cotton balls and tissues for this
pUrpose.

Skin temperature is another factor that may noticeably affect the impedance of
the site of recordings. Vigorous exercise is more likely affect on skin temperature than
room temperature. Skin temperature is fluctuate, for example, the skin temperature
increase makes the impedance reduce that can alter the SEMG recording.

Electrode placement (46, 48)

Introduction of surface electromyography'has mentioned to Fridlund and
Cacioppo who have highlighted-6-elements of sirategies for electrode placement that
can improve the fidelity and the'best outcome of SEMG recording;

1. Select the appropfiated proximf}y of a proposed site to the underlying muscle
mass, keeping the minimum amount of tissue between the electrodes and the muscle

— —

fibers themselves. \
& 4
2. Select the appropriate position of the electrodes relative to the muscle fibers.

3

g 4

Whenever possible, the electrodes should bé,placed parallel to the fibers to maximize

sensitivity and selectivity. Pefpendicular plac'erjnlr_a:mts tend to lead to greater common

mode rejection and less selectivity. -

3. Avoid stra.dd]ving the motor end plate region.If thi_‘é is done, the amplitude

observed typically IoWér. due to differential amplification. Pté’c"ing electrodes a little off
the center of the muscle'will accomplish this goal. -

4. Choose sitesthat.areseasy, todocate (sites;that-have geod anatomical
landmarks to facilitate reliable placement of electrodes during subsequent recording
sessions)

5! Choose sites that do'not unduly obstruct vision‘or-movement-Avoid areas that
present problems from skin folds, bony obstruction, etc.

6. Minimize cross — talk from proximal deep or superficial muscles by selecting

the best electrode size and inter — electrode spacing.
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Surface Electrode Placement

4

]

HNomaized PE0
Ex-

s

Figure 16 The amplitude and -m the EMG signal is determined by
the location of the electrw the midline of the belly of the
muscle (http://www.delsys o ) iomechanics.pdf).

Location: place tw ‘)%o that they run parallel to the
muscle fibers (origin an g the ridge of the shoulder,
slightly lateral to and one i tween the cervical spine at C7 and the
acromion. Palpate the musc méré_é__‘é_'t_ﬁd pla muscle belly (45).

Figure 17 Acti\%luﬂ ﬁa
ARNAIAIB NRIINYIAY

id cervical paraspinal location: palpate for the spinous processes of the
cervical spine and the two muscle bellies that lie just lateral to it. Two active electrodes
(approximately 2 cm apart) are placed so that they run parallel to the spine,
approximately 2 cm from the midline, over the muscle belly at approximately C4. Avoid

the hairline (45).
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Figure 18 Active electrode location of cervical erector spinae (45).

There are some studies have reporteddowering or downward shifting of the EMG
power spectrum. Yuichi Umezu investigated the difference in back muscle endurance
between normal adult women and_men with power spectral analysis that include median
frequency, mean power fregueney, and zéfro crossing rate. The finding showed the
negative slopes of these muscle fatigued pafameters in both groups (49). As well as, M.
Lowery (2002) observed the! EMG frequency spectrum during sustained fatigue
contractions of brachioradialis. The result \/\Zlas lower median frequency and muscle fiber
conduction velocity, but not'in foot mean squere amplitude (50). Static contraction is

4 ..r. "
more fatigue than dynamic contracUon that was: Qemonstrated by Kazumi Masuda. This

study, compared between static and dynamtg,‘_c;_on_t[actlon of Quadriceps muscle, was

investigated by mediép frequency and muscle fiber conduc;'"tien velocity. The outcome

showed both of thentdecrease from initial value, but the stet'r'c contraction showed
significantly lower values of dynamic contraction at the completion. According to, this
effect of the result, an accumulation of metabolic produces such. as lactic acid, which
reduces intracellularpH-and‘decreases 'the excitability of the muscle fiber membrane
(51). Because typewriting is static contraction taskg#Mitsutochi Kimura‘investigated the
developmentiand récovery of muscle fatigue in the dpper trapeziusimuscle by analyzing
electromyographic signals. During office workers are typing, decreased median
frequency with increased root mean square (11).

As above, pain has related with muscle fatigue. There are some study have
investigated muscle pain by surface EMG. Joseph K- F Ng used trunk holding test to
fine evidence that the endurance capacity of the back extensors is a predictor of the first

onset of back pain. The result showed negatively slope of median frequency in
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iliocostalis lumborum muscle and multifidus muscle with greater amplitude of both
muscles. This finding may be explained by the differential of both measurements used
to quantify the fatigue (52). Trunk muscle holding test, similarly, Serge H. Roy used the
EMG median frequency to assess a series of fatiguing isometric tasks. The results were
compared with chronic low back pain subjects. There is a normal characteristic pattern
of fatigue. The relative change in median frequency slope was significantly greater
among low back pain subjects compared to the control subjects (53). Some studies
have reported lowering or downward shifting.ef.ihe EMG power spectrum during
performance of prolong compuiertasks in a work-sitwation. Grace Pui Yuk Szeto studied
the EMG frequency changes.during standardized typing tasks in a series of two
conditions include to obsenve the gffects Qf prolonged static posture and increasing
typing speed versus typingiforee /These results from two laboratory conditions showed
trends for higher median frequency‘_i,n éymﬁtomatic subjects compared to asymptomatic
subjects. This finding did notshow any app;a_rent decline of median frequency with time
(16). And in 2008, Grace Rui Yuk Szeto et a‘l;;é_ér-npared muscle activity when female
office workers with chronic néck pain and as;’}_-rﬁé:ﬁomatic adopted two resting posture

between hands on laps versus hands on-a ke;b'g;ard. The outcome demonstrated similar

muscle activity levels:in Symptomatic and asymptomatic W_ith hands resting on laps. In

case of resting hands™an the keyboard, there was greater mUscle activity of the case,
especially in the high discomfort group (23). V. Johnston wanted to explore aspects of
cervical muscle-function,in women office workersywith neek pain=It was found that
during the coordination task, workerswith ‘pain showed greater EMG amplitude in the
cervical.extensor muscle than asymptomatic group-and perceived greater tension and
discomfort than those asymptomatic'(14):Anna Sjors assessed whétherwomen with
chronic trapezius myalgia show different physiological reaction, compared with pain —
free controls, during experimental repetitive low — force work, and a standardized
psychosocial stress test. The result showed graph of the root mean square value and
pain intensity were higher in both group during typing task. And all values of myalgia
group were greater than pain — free group (22). Annick Champagne indicated about one

of the physical characteristics of chronic low back pain subjects is higher fatigability of
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the back extensor muscle, as demonstrated by lower back endurance test duration (54).
L. Andersen investigated the effect of three different interventions on muscle function
and pain in women with trapezius myalgia for 10 weeks. The exercise program
consisted of specific strength training of neck — shoulder muscle, general fithess
training. The result demonstrated VAS level in the strength training group was lower after
training, contrast in the general fitness training (25). According to increased EMG

amplitude with small decreased EMG median frequency.

Stretching Exercise -

Stretching is the popularmethod to.increase flexibility and ROM. Stretching is
not only effect on muscle and tendon but ?Iso ligament, capsule, and nerve.

Flexibility is ability infmovement Witb@;ut pain. Range of motion (ROM) occurs at a
single joint or series ofjoint thalis tsed as'l'.én‘e_ of physicalindex. Good flexibility is
important not only athletie performa‘nce but:fa_lso in everyday activities (56, 57).

Jid F/R

Principle of increased tis_.sue_ﬂexibility-_,_—_—_ f-_;.‘,

Flexibility is a key elementin.normal @Qment of the joint. Impaired flexibility

o

provides decreased ROM, pain at rest and/or motion, and qhanges of movement

pattern, be easy to ihjk]ry or re — injury, reduced function or,_;c'tivities of daily living, and
impaired flexibility in adjacent tissue. In case of rehabilitation, the flexibility is the first few
things to select after recovery:

The factor in‘development of.flexibility: or ROM.(3, 58) include

1. Intrinsic factor such as jointalignment, joint capsule, ligameht, tendon, muscle
fiber, skin, and nerve.

2. Extrinsic factor such as age, adipose tissue, degenerative disease, and
trauma.

The way to increase range of motion that is used in rehabilitation (55 — 58)

1. Passive physiological movement is the method that someone gives joint
movement to patient. The movement must be slow rhythmic and as far as without pain.

Advantages of passive movement
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— Diffusion to cartilage. In full joint movement makes pressure which push
the essential substance into joint and cartilage.

— Increase local blood circulation.

— Decrease pain because joint movement affects joint mechanoreceptors
to activate impulse that is able to inhibit pain impulse. This mechanism is
gate control theory.

— Promote tissue healing and collagen re — alignment for appropriate
functional.

7

2. Active physiological mevement or active exercise or ROM exercise is patient
own movement with muscles€ontraction. This method need muscle strength. If muscle is
strong enough, ROM would bg'increase egsier. In the other hand, if muscle is not strong
enough, patient will need.assistant thét is %‘five assisted ROM. The most advantages
are not only as same as the passive’"physid}pgical movement but also involve muscle
strength, prevent varicose vein, im.pr,Ove méfqr control, joint degenerative, improve co —
ordination, and decrease Stress. .. ;-:.J’f"_.!

This technique is suitablé‘"fo‘r—muscul&éﬁé‘inous spasm, muscle strain, ligament
sprain, contusion, and early recovery The prlhmpre of actlve physiological movement is
similar to the passwe physmbgﬁaﬁevefﬁeﬁ{—ma{—ﬁbwhythmlc move without pain.

Types of stretchlng There are 3 different types of stretchmg as following
1. Static stretching ) )

Static stretchingis the most'effective and safest for flexibility joint movement that
is population in Fehabilitation. There are two sub — types of this technique, include,
passive static stretching is given stretch from-.someone, and activelOr auto static
stretching is self stretching.

First, subject must be relax and then do stretching slowly to the point of tension
or mild discomfort. In each muscle, hold 15 — 30 seconds, repeat 2 — 4 timesand 5 -7
days/week (at least 2 days/week) (55 — 58).

2. Ballistic stretching

The ballistic stretching is dynamic stretching actively with bouncing movement

slowly and repetitively. This technique is useful in sport specific rehabilitation because
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the pattern resemble to sport functional relevance. However, there is disadvantage due
to exceeded ROM or too aggressive. Excess ROM or overstretching is able to harm the
connective tissue. Moreover, sudden forceful activates reflex muscle contraction (deep
tendon reflex) may provide actually shorten the muscle and inhibit the stretching. This

technique is not suitable for severe injury state, elder, and sedentary people. Thus, it is

the less commonly type of stretching for increasing flexibility (55, 57, 58).

3. Proprioceptive Neuromuscular Facilitation' (RNF) stretching

This technique is high safety and greaterefiect but it is not popular. It is referring

to certain reflex principle thatinvelves contraction-and-relaxing in agonist and

antagonist muscle group include atiiogenic inhibit reflex, and reciprocal inhibition reflex.

The PNF stretching can produce great imh)rovements of flexibility but it can result in

muscle soreness. PNF is likké stati¢ stretching, hold for 15 — 30 seconds, perform 2 — 4

times, and at least 2 days/week (55__,<,57). 1

)
Table 3 ACSM exercise prescriptiBn:.p:rincip:l;e} J(;57)
Cardiovascular Frequency Intensity,;.;__,? Time Type
Cardiovascular 3-5 s :~40/5O —_:-‘E_Q%_Qf 20 - 60 min Large muscle
d_a@/week HRR or VO,R _ mass,
4 ~/ continuous,
o - rhythmic
Muscle strength=s| 2 - 3 3 ~te 20RM 1-set-each.of 8 | Major muscle
daysiweek range, — 10%exercises | groups, full
typically. 8 — t&=*| (< 1hr) ROM,
12RM controlled
speed (~ 3s
concentric, ~3s
eccentric)
Flexibility 2o0r3 To point of 15 - 30 for Static
days/week, tightness eachof2-4
ideally 5-7 reps




Guidelines for proper stretching (55 — 57)

Determine posture or position to be used. Ensure proper position and
alignment prior to the stretch.

Emphasize proper breathing. Inhale through the nose and exhale
through pursed lips during the stretch. One may stretch with the eyes

closed to increase concentration and awareness.

\.\ 3 V/// 5 - 60 seconds and take another

ched, relaxed, and softened so

e to focus on breathing.

til the end of the available

at naturmresting leng

ocaions o b UANBNITNYING
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fracture, after which gentle stretching may be start.

In individual with known or suspected osteoporosis, stretch with

44

particular caution, for example, men over than 80 years old, women over

than 65 years old, elder with spinal cord injury.



45

— Avoid aggressive stretching of tissues that have been immobilized such
as cast or splint. Tissues become dehydrated and lose tensile strength
during immobilization.

— Mild soreness should take no longer than 24 hours to resolve after

stretching. If more recovery time is necessary, the stretching force was

excessive.

y in clients with paralysis or sev& muscle weakness such as

tenodesis offinger flexor to allow grasp in an individual with

UBININIRETNS
BRI N TN URIINY1A Y

Tﬂere are many outcomes that were affected by stretching, as following;

Fiber realignment
The stretching of a muscle fiber begins with the sarcomere which is the basic
unit of contraction in the muscle fiber. In the contraction of sarcomere, the areas of

overlap between the thick and thin myofilaments are increased. On the other hand,
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stretching decreases this overlap areas, then allow the muscle fiber to elongate. Once
the muscle fiber is at its maximum resting length (all the sarcomeres are fully stretched)
and add the force of stretching on the surrounding connective tissue. While the tension
is increasing, the collagen fibers in the connective tissue align themselves along the
same line of force as the tension. To stretch, thus, the muscle fiber is pulled out to its full
length sarcomere by sarcomere, and then the connective tissue takes up the remaining
slack. This process helps to realigniany disorganized fibers in the direction of the
tension. This realignment helps to rehabilitaie.scarred tissue back to health.

Stretching cannot-elongate every-fiver-all-iogether that mean some of them were
lengthen, but others may remain at rest: The current length of the entire muscle depends
upon the number of stretched fibers (simiI"‘ar to the way that the total strength of a

contracting muscle depends on the/numberof recruited fibers contracting) (58).
v

Proprioceptors 4
o

Proprioceptor is the nerveending whieh transfer the information about the

musculoskeletal system to the central nervou?fgy;siem. Proprioceptors or

Mechanoreceptors areithe source of all proprioception.

Proprioception is,functional of proprioceptor that usEs to detect any changes in
physical displacement {movement or position) and any chianges in tension, or force,
within the body=Soythissprocess tells the pody aboutane's eown-body position and
movement that'they are found in all nerve endingsof'the joints, muscles, and tendons.

The proprioceptors.related.to stretching.are-located.in the tendons and in the
muscle fibers! There are'two'kinds'of*muscle fibers,includes-intrafusal muscle fibers and
extrafusal muscle fibers. Extrafusil fibers are the ones that contain myofibrils and imply
the muscle fibers. Intrafusal fibers are also called muscle spindles and lie parallel to the
extrafusal fibers. Muscle spindles or stretch receptors are the primary proprioceptors in
the muscle. Another proprioceptor that comes into play during stretching is located in
the tendon near the end of the muscle fiber and is called the golgi tendon organ. A third

type of proprioceptor, called a pacinian corpuscle, is located close to the golgi tendon
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organ and is responsible for detecting changes in movement and pressure within the
body.

To stretch, the extrafusal fiber and the intrafusal fiber (muscle spindles) is
lengthen together. The muscle spindle contains two different types of fibers (or stretch
receptors) which are sensitive to the change in muscle length and the rate of change in
muscle length. As muscles contract that it gives tension on the tendons where the golgi
tendon organ is located. The golgi tendon organ is sensitive to the change in tension
and the rate of change of the tension (58).

3
The Stretch Reflex

In stretching of musele that'is streﬁph of muscle spindle. It records the change in
length (and speed) and sends signals to the 'spine which convey this information. Then,
it triggers the stretch reflex (@lso call,ed the-:rhyptatic reflex) which attempts to resist the
change in muscle length by ¢ausing the strgtched muscle to contract. This basic
function of the muscle spindle. use-.t‘c.i--mainta:ii[;uscle tone and to protect the body from
injury. et ;.Jj_i

Mechanism of holding a:stretch for ai;;r_o@nged period of time in a stretched

position, the muscleispindle habituates (becomes accustqrﬁe_d to the new length) and

reduces its signaling. Gradually, the stretch receptor can betrained to allow greater

lengthening of the muscles (58).

Components of the ‘Stretch Reflex

The stretch reflex contains.a dynamic.component and a.static'component. A
dynamic'component of the stretch'reflex involves'speed domain that'response the initial
sudden increase in muscle length. A static component of the stretch reflex involves time
domain that persists as long as the stretched duration. Due to intrasusal muscle fiber
consists of two kinds, include, nuclear chain fibers, which are responsible for the static
component; and nuclear bag fibers, which are responsible for the dynamic component.

Nuclear chain fibers are long and thin, and lengthen steadily when stretched.

When these fibers are stretched, the stretch reflex nerves increase their firing rates
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(signaling) as their length steadily increases. This is the static component of the stretch
reflex. Nuclear bag fibers bulge out at the middle, where they are the most elastic. The
stretch-sensing nerve ending for these fibers is wrapped around this middle area, which
lengthens rapidly when the fiber is stretched. The outer-middle areas, in contrast, act
like they are filled with viscous fluid; they resist fast stretching, and then gradually
extend under prolonged tension. Thus, when a fast stretch is demanded of these fibers,
the middle takes most of the stretch at first; then, as the outer-middle parts extend, the
middle can shorten somewhat. So the nerve'thaissenses stretching in these fibers fires
rapidly with the onset of a-fastsireich, then slows-as-ihe middle section of the fiber is
allowed to shorten again. This«s the dynamic component of the stretch reflex: a strong
signal to contract at the onset affarapid iricrease in. muscle length, followed by slightly
"higher than normal” signaling which gradually decreases as the rate of change of the
muscle length decreases (58). ! A

J

The Lengthening Reaction "f'j‘:

Any muscle contraction, i produces tension at the point where the muscle is

connected to the tendon, where:the golgi tenéift_)n;aggan is located. The golgi tendon

organ records the change in tension, and the rate-of changé of the tension, and sends

signals to the spine to"convey this information. As this tension reaches over threshold, it
triggers the lengtheningreaction which inhibits the muscles from contracting and
causes them tosrelax.This basie function helps to protectthesmuscles, tendons, and
ligaments from‘injury.”/Another reasonfor holding a stretch for'a prolonged period of time
is to allow this,lengthening.reaction.to occur, thus helping the, stretched, muscles to

relax. It is easier fo'streteh, or lengthen,‘amuscle when'itlis'not trying to-contract (58).

Reciprocal Inhibition

In one motion is combined with contraction of agonists and relaxation of
antagonists. This phenomenon is called reciprocal inhibition because the antagonists
are inhibited from contracting. Stretching of calf muscle, for example, tibialis anterior

contraction inhibits the contraction of calf muscle (58).
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Viscoelastic changes in the muscle-tendon unit and range of motion.

Elastic property is one of the musculoskeletal properties which are able to return
to original length after release stretching immediately. But not in viscous properties that
muscles were stretched slowly when placed under stress and release to the starting
length slowly when the stress is removed. By sustained stretching at least 30 seconds
that is sustained for prolong time with continue stretch in the same load (creep), the
muscle compliance would be.increased. FinallyROM is gained by viscoelastic

properties of the musculotendinous unit (3).

Analgesic effect and ROM.

\
Muscle stretching provides increasing the pain threshold that is able to explain

by the analgesic effect’of stretching. It is réIéted between increasing of ROM and
: )
increasing of pain threshold that the first stretching moves until reach the pain threshold,

then, the second stretching needs mzore foro_'é,‘fo-r reaching the pain threshold and there
is increase pain — free ROM. Thisstate is relaté_d::j(he gain in ROM to an increased pain

threshold rather than changes jn__t_he-,viscoelajéi_ic»}zrpperties which was argued because

of unclear mechanism{3).

Anti-inflammatory effect”

Delayed=musclessorenessyDOMES).is: microsinjuries, ofsmuscle fibers, resulting
from unfamiliarand'mainly eccentricexercises. Micro™— injuries lead to inflammation,
swelling.and.free radical proliferation, causing painithat peaks 24 —.48 haours after
exercise 'and stops'within 96 hours. 'Stretching is commonly-used after physical activity
to prevent delayed muscle soreness. However, stretching is difficult to prevent intense

activity induced DOMS (3).

Neurophysiological changes and ROM.
Neuromuscular is effected by neurophysiological that were considered as a

possible for stretching induced ROM increasing. Proprioceptive neuromuscular
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facilitation (PNF) stretches are based on the belief that a muscle contraction would

cause a reciprocal inhibition allowing a larger stretch (3).

Muscle contraction changes.

There is not enough and clear between stretching and muscle strength. So,
stretching may be improve strength and prevent injury or may be not.

In case of myofascial pain syndrome that are involved to decrease blood flow in
the muscles due to sustained contraction for prolonged periods of time. Stretching
results in more efficient musele-contraction requiring-less oxygen. However, it is no
specific duration of sustain thesposture and no long — term evidence. Anyway, this
stretching may be suggested for workers 'performing jobs who do continuous sustained
contraction (i.e. isometric contraction) is typical of the activities performed (e.g.
precision work such as'computer panél asé{érqbly and data entry), unless the forces
required are high (e.g. wire welding) given ihe decreases in force generation
capabilities (3). 27

add % ol ol ok

=
5 4

Interaction between the physio_lo_gi_cal effeots:ﬁf._gﬁ[@tching.

Neurophysialegy and viscoelastic properties-have Q'hanges together that

decreased sensitivity of-muscle spindles, and inhibition of (' motoneuron due to
activation of nocioceptors, type Il and IV joint receptors, and Golgi tendon organs may
be responsible far inhibition-ef thesmuseclesfibers;following,stretching. But there are
augment in somg studies that reported an'inCreased or unaltered electromyographic
activity following.stretching.attributed, to.the.increased ROM. due, to.analgesia.

When'muscie contraction gives'tendon loading thattendon-willbe stretched 1%
- 2%. After the contraction, the tendon returns to the original length. Normally, tendons
elongate approximately 1% (residual strain) after contractions to reduced stress
tolerance capacity due to residual strain (decreased cross-sectional area).

The increased muscle compliance due to stretching decreases area of
crossbridge that may result in decreasing force production capabilities. Muscle and

tendon alterations modify mechanical efficiency requiring increased contraction to
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generate the same force. Similar changes may be observed in other musculoskeletal
tissues due to their viscoelastic characteristics (3).

There are studies that suggest using stretching in patients with muscle pain.
David M. Kietrys said resisted exercises is acceptable to enhance muscle performance
and perhaps advocated for postural alignment that could be efficacious for chronic neck
musculoskeletal disorder, additional, stretching exercises has also been advocated for
prevention of injuries associated with warkerorathletic performance. In this study,
subjects were assigned into experimental grodps consist of isometric, and elastic
exercise and stretching greups-consist of streiching-9-second hold, 5 repetitions. Both
of these programs provided bettesfeeling (26). William P. Hanten studied to determine
the effective of a home progfamoj ischerflic pressure followed by sustained stretching
for the treatment of myofaseial pain trigger point. Participants were divided into
stretching group consisted of holding éaoﬁ:mgscle 30 - 60 seconds and control group
consisted of active ROMO0 times each'for 'é-_days. The outcome was greater lowering
pain intensity in stretching/group (591 This h?sﬂmg duration is similar to Ana Claudia
Violino Cunha compared the effect of conventi{)!qgl static stretching and muscle chain

stretching by the global posture _(e_eQUcation:ﬁe’gbo_d for 6 weeks during working hour.

The static stretching.group performed 30-second-hold each'-.muscle, and the chain

stretching performedL 15 minute training. The result showed the static stretching and the
chain stretching were equally effective in reduce pain and‘improve ROM, nor quality of
life (27). AdditionalgJergen R. Jepsenjinvestigated effects ofsstretching on prevention of
upper limb pain.in computer users for 6 months. One"group performed stretching 4
directions which.hold 20.— 30 seconds approximately, 2 times, 3.times per day in office
hour. The other was'contral group: The fesult was not differenat on pain intensity in both

groups but may prevent the computer — related upper limb disorders (60).

Relaxation exercise
Anxiety and stress is one of the psychological risk factors to develop WRMSDs,

relaxation technique is one of therapeutic exercise to treat these disorders.
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Pawilai concluded “the definition of relaxation is defensive reaction and the
opposite mechanism of stress or anxiety. It is a moment of freedom from stress, anxiety,
and muscle tension that demonstrates both physical and psychological comfort.” (61).

Muscle relaxation is referred to “methods or techniques that are used to control

muscles for the purpose of relaxing muscle tension, reducing stress and anxiety with the

,i)s to achieve the relaxation response, as
following; | ;///

1. Progressive muscle relaxai se a!d re‘d
/ —

. Visual imagery

principle of mind — body connection.”

The relaxation includes ma

——i

. Deep breathing
. Meditation

. Hypnosis

. Yoga

~N OO o B~ W N

. Biofeedback

1. To reduce anxietysautonomic hyperacti fepsion that all seen in
y s A
chronic pain state. ) o

. This technique is ea

o ;1)) ke 31 e (1WTR
TR INeN Y

. Increase motivation, productivity, and improve decision — making.

to learn and practice.

o N OO o A W N

. Improve sleep disorder, high — blood pressure, and drowsiness.

Physiology effects of relaxation exercise
Muscle relaxation reduces functions of two excited nervous systems.

1. The autonomic nervous system
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Particularly, the sympathetic nerve that is in spinal cord level. The threaten
autonomic nervous system alters subject and prepares physical to be offensive and
defensive. An offensive physical responses increase heart rates, blood pressure, and
others including muscle tension. So, the indicator of stress and anxiety was autonomic
nervous system hyperactivity and muscle tightness that possible to show increasing of
stress and anxiety. Muscle relaxation training helps to inhibit the feedback mechanical
to the central nervous system temporary that provide lower stress, more comfort,
fineness, and relaxation (61, 62).

2. The hypothalamus o4

The direct effect on theshypothalamus is the sympathetic nervous system
inhabitation which is the major rele'in stress and anxiety. It increase muscle tension and
physical functions, includegoxygenation, carbon — dioxide production, metabolism,
respiratory rate, heart rate, blood pressurefar]_d lactate level. Any diseases or disorders
from stress and anxiety ean be reduced byiF_eIaxation techniques that decrease
emotional tension, anxiety; hypertk;effnia at the énd — limbed, higher epithelial

o

resistance, carbon — dioxide €xenetion, negative attitude, and increase the alpha and

beta electroencephalogram that related to haﬁp‘i_rje‘ss and relaxation (61, 62).

Breathing exercise (63) ;

Deep breathing-or abdominal breathing or diaphragmatic breathing is able to
reduce myalgia.that makes'muscle tension decreases. Breathing.exercise effects
directly on the autonomie’nervous'system that is' able-to incfeasérelaxation. The
breathing relaxation therapy is the simplest to relaxation that possible‘to practice
anywhere and anytime.

Typical pattern of diaphragmatic breathing exercise includes rhythm, slow, and
aware muscle tension. Lower chest wall must be expanding with upper abdominal
inflation while inhaling. The practice guideline of this exercise sequence being with sit
on the chair with full support, rest both arm on armrest with both feet on the floor, close
the eyes, awareness of breathing pattern, inhalation, and slow exhalation, respectively.

This exercise needs a least a few minutes everyday.
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A few studies related between relaxation breathing exercise and release pain,
for example, Matti Viljanen studied the effectiveness of dynamic muscle training and
relaxation training for chronic neck pain. All participants were trained by physiotherapist
three times a week for 30 minutes each over 12 weeks and followed up after 12 months.

The dynamic muscle training group exercised resisted training 1 — 3 kg. and stretching

after session. The relaxation training group comprised various techniques based on the
' : hniques. The ordinary activity or control
group got instruction participant not to ¢ 5 ‘vsical activity. They found that at
month 12", all of them decieased pe initiate (64). Afshin Samani
investigated effects of acliv : f.f & pause on spatial electromyographic activity of
i » se was 30% maximum
voluntary contraction of shotilcer 503 was relaxation. Both groups

performed four sessions of gomputer work wo minutes in one day. The results

| ’-,L activity with active compared

J up

\w- reater than passive group (65).

L L+
.
clive
e

with passive pauses. Paindntensity |
passive o

F .', e ™
Vet - 2

EELTL

T = .
g y
@uﬂﬁﬂﬂﬂ§M8qﬂ§
QRAIN T INY 1A



Chapter lli

MATERIALS AND METHODOLOGY
Research Design
This study was an experimental research which is randomized controlled trial
research. The aim of this study was to study the effects of neck stretching at work on

neck pain intensity and surface EMG median frequency changes in office worker.

Population and Sampling

The population of this'study was 2 female office worker with neck pain who is
computer users. The sampling was a volunteer thatis 25 — 35 years old — female office
workers with neck pain whe'are computeriuser over than 4 hours/day.

Inclusion Criteria ] A ‘

1. Female office workersiaged 25 —:’3_5 years old.

2. All participants have to égatform ar?.lr_wlmum 4 hours of computer daily with

mainly typing task. e #2470

3. All participants have)b_gen-,experie@é_eq neck pain or discomfort during

working or after finite:computer task.

4. History of chronic neck pain or discomfort at least3 months.
5. All participants are not in medical program or physical therapy program.

6. To bewilling to do-experiment and-sign incexperimental sign consent form.

Exclusion Criteria

1. A'past history'of neck surgery.

2. A past history of neck trauma.

3. Show sign and symptom of Cervical radiculopathy or Myelopathy.

4. Show sign and symptom of Systemic iliness or connective tissue disorder.

5. Present iliness or forbidden stretch musculoskeletal problem or obstructed
testing, example, Rheumatoid arthritis, Spondyloarthropathy .

6. Show deformity consists of round back, round shoulder, and head forward.
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7. Being in forbidden stretching exercise.
8. Over experimental period, get any severe pain or be musculoskeletal injury

provide needs medical treatment or physical therapy program.

Sampling procedures

The computer general randomization technique was used to random

participants into 2 groups.

Sample size calculation

To compute th d from David M. Kietrys et al

er user 72 office workers. To be

e

which studied effects

divided into various 2tching group is better 63%

(15/24) and control g 2 in the proportion difference

¥

equation with two — samp

alels (
Ad T,
n/group = {Z, \/(r + 1)P(1 — B +ZgNrP. (1 =

but “n” in each grou y:  equal 1 3\' the final is

n/group = {Z, Vszﬂ + Zg\NP,(1=P,) + P,(1-P,) }’ l]]
Cap _py .Y
Determination @‘uti fiﬂggnri mﬂ ’] ﬂ i
P, = ratio of control gréup is 0.21 & L7
WA adlbd WA TN A
2 2

d=P,—P,=063-0.42=0.42

0L = 0.05 (two-sided), Z, = 1.96
BB =0.10 (one-sided), Z3=1.28

n/group = { 1.96N2(0.42)(1 — 0.42) + 1.28V0.63(1 — 0.63) + 0.21(1 — 0.21) ¥’

(0.42)°
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n/group = 26.85 =~ 27
To prevent participants loss, additional, should add more participants 10%

approximately. Finally, this is 27 + 3 = 30 participants for each group.

Equipments
1. The Visual Analog Scale form (VAS)
2. The Neck Disability
3. , ent “Suri ‘ ectromyography” BIOPAC MP 100

4.

© © N o o

10.

Tape measure (glr’ A7
§ ] ,’.._,- o

1.
12. _ , £)
13. o A~
14. I
15.

- @uelnaninens
ARTANAIALUNAINNAY

19. Breathing exercise information sheet
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Female computer user office worker 25 — 35 years old

Divide into 2.gro

il

=

Short brea

stretching group

Measuremen , ,‘:;,

® Measure pain intensity. b
g =

after 4+vee

i

ps randomly by computer generated

domization

A 4

Short break with breathing

for relaxation group

;,“ frequency before and

® Measure NDI score before and after meek training.

AUE AN

Figure 19 Methodology process
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Methodology protocol

1. Explain research objective and protocol to participant.

2. Volunteer will be screened by criteria.

3. Participant has to fill in the consent form.

4. Fill the personal data in the personal data form.

5. Participant was divided into two groups by a simple random sampling
technique that includes stretching group (experimental) and breathing exercise for
relaxation (control), 30 participants each.

6. Participant has to.change clothiinto the experimental shirt to explore upper
trapzius and take a cap 10 hidghair.

7. To scrub the skindy gauze WitHialcohoI over involved area for decreasing skin
impedance. .L ’

8. Attach surfage elgctrode at 60thT‘L'jpper trapezius and cervical erector spinea.

9. Normalization to upper trépeziusfe_nd cervical erector spinea.

10. Typing for testing andréa]‘oture tkjg:SiE;l\/lG median frequency.

ald ol

11. Collecting pain déta ji:VAS and NDI: g

12. Explain exercise guideline and gb@_‘_ex_e_rcise information sheet to participant,

follow the random gr,_o-qp.

13. Make apbo‘i"h_tment for post — test in 4 weeks.

14. In the case-ef participant get any injury or trauma and being in medication or
physiotherapy program.will'be exclusion criteria.

15. Everyone'will-receive SMS'to remind‘the lexercise every Monday to Friday,
twice a day, at 10:00 am and 3:00 pm for 4 weeks.

16. Repeat Bl 1" pratocolfagain in post —test.

Data collecting
1. The Visual Analog Scale

Intensity of neck muscle pain was rated by individual participants on a 100 — mm
visual analog scale, where at 0 mm is “not pain at all” and 100 “the worst imaginable

pain”. The score was recorded at rest as pain at rest after 120 — minute computer typing
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task. Moreover, all participants received VAS as record form to rate the pain intensity
every Friday evening for 4 weeks. VAS was separated to 4 papers for 4 weeks. That is

total 5 — VAS graphs for pre — test and 4 — week program. Each paper would be marked

on the 100 — mm line and conserve in envelop for prevention comparison. The score
was demonstrated by ruler to measure length from the left end of the horizontal graph.

Unit is millimeters.

2. The SEMG median frequency
Skin preparation )

The method, first, change shirt that open neck extensor and upper trapezius
both sides. Second, skin was'abraded for‘1c|eaning and minimizing skin impedance with
75% alcohol and gauze on poth'cenvical erector spinae muscles (CES) and upper
trapezius muscles (UT)#Third, two active e]féo}_rodes of both upper trapezius locate
stable along the ridge of.ithe shouldér, a hafﬁ_/\/éy pbetween the cervical spine at C7 and

the acromion. Similarly, cervical er-ecjtor spirﬂé}a were placed about 1 cm. distance lateral
o
to the C4 spinous process bilaterally- 7S 7

Il

Normalization

EMG normaliz;\t_ion procedures were carfied out by vhaving the participant
perform three trials of resisted isometric maximum voluntary contractions (IMVC) for
each muscle before the typifig trial. Each repetitive hold 10 seconds and rest 30
seconds. Repeated 8itimes €ach pase, and then calculated by sum of IMVC divided by
3. Upper trapezius, sit on the chair properly, againstamanual resistance on both
shoulders abduction 90vdegree and.extension with pronation of ellbow. /Cervical erector

spinae, sit on the chair, against manual resistance on neck extension.

Muscle electrical activity

The instrument were used for EMG capture in this study include BIOPAC MP 100
(BIOPAC Systems Inc., USA) and self — adhesive Ag/AgCl electrode. Bipolar surface

electrodes 18 min diameter were placed on the four muscles, include, both upper
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trapezius and both cervical erector spinae. With a 36 mm inter — electrode distance
(center to center). The BIOPAC MP 100 was used to capture the EMG signals as a
sampling frequency of 1,000 Hz and a band — width 10 — 500 Hz. EMG data were
captured from the four muscles for a 60 — second period. A high pass filter at 20 Hz, a
low pass filter at 500 Hz, and notch filters at 50 and 60 Hz to reduce the noise levels.

The 20 — Hz high pass filter was used to reduce the influence of movement artifact and

aliases. Whilst there was a small amo ‘ r over 200 Hz lost, this
counteracted the loss assqé Ih thﬂtwo-ﬁﬁﬁh-iﬁﬁs In some of the testing

session, there were still som

of EKG signals. The 500 — Hz low p ced the influence of high frequency

mg requencies recorded which
presented as second — w pectrum were discarded and
these were replaced wi i _ i ials. The 50 and 60 Hz notch

filters were inserted in jate t ical signal noise at 50 Hz (from

To collect the EM es over the 120 — minute typing
trials. First, participant has t Lhe tation, chair, and computer set
into proper ergonomics. To cap@,% — minute period for 5 times
include, at 0, 30, 60 i Il be transform to the

ﬂﬂﬂ’mﬁﬂ‘ﬁﬁ,ﬂ;};@@m
AINIUNAINYIAY

MNECK SXIENEDE

TrAPEIiUE p. GEECEnTans

Figure 20 Demonstrate surface EMG electrode locations of UT and CES

(http://www.delsys.com/Attachments_pdf/WP_Biomechanics.pdf)
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3. The Neck Disability Index
To score the NDI by choosing the most closely answer in each section, and then
calculate the score follow as the formula. This questionnaire needs to collect in pre —

test and post — test after typing test only. Unit is percentage.

Patient preparation before test
1. Sleep at least 6 — 8 hours the night before the test.
2. Do not take any food-and beverage thatwas mixed with alcohol and/or

caffeine at least 12 hours. 2

3. Avoid vigoroussactivities and/or exercises before the test 24 hours.

\

Neck stretching instruction for experim;entalgroup

Participant instruction protocel

1. Correct sitting posture & )

2. Stretch upper trapezius muscle side by side. To start being to do right neck
’ )
lateral with right hand compression‘until feel fightness hold 30 seconds, repeat 3 times.
' o2 f

Then, repeat again in other diredfion. =

3. Stretch cervical erec_t_d'r'-sp'inae muscIerQ putboth-hands behind the head

with bend head overlL{‘ntiI feel tightness. Hold 30 seconds, f‘@_beat 3 times.
4. Follow number 2 and 3 daily in office at 10:00 am. and 3:00 pm. All
participants will receive the remind SMS before both practice sessions.

5. All participants receive self — report form.

Diaphragmatic breathing exercise instruction for control group

1 Correct posture and feel relax with the work chair.

2. Put both hands over diaphragm or inferior to xyxphoid.

3. Inhale via nose until abdominal inflate and do not elevate shoulder. Then
exhale with purse lip technique.

4. Do breathing exercise during 5 minutes period daily in workplace at 10:00 am.
and 15:00 pm. All participants will receive remind SMS before both practice sessions.

5. All participants receive self — report form.
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This experiment gathered data in the Padthayapatana building, Chulalongkorn

University, and 4th floor. To collect data in 2 days that is before and after 4 weeks.

Data Analysis
Itis very important to verify all data after collect data completely. All

demographic data were analyzed by static methodology as following;

2. Comparing th erGe’0f pain inte 41;\ and NDI) of neck muscle and
SEMG median frequen aille peivee fore .~ retching program by pair t —

d NDI) of neck muscle and
SEMG median frequenc : r stretching program with

between the experimental v ANCOVA.

AU INENTNEINS
RINININUNINYAY



Chapter IV
RESULTS

Characteristics of subjects
Sixty office eligible female volunteers were selected according to the criterion
and divided into 2 groups of 30, include, stretching exercise group and breathing

exercise group. No one dropped out during experimental period.

Table 4.1 Baseline characteristics of sub_jfzcts (N=60)

Stretehing grou p"i Breathing group

Features J:_.--‘n:30 A | n=30 p values
/ Mean SD) : ‘T Mean(SD)

Age (years old) Yyl 83( (2. 98):' ’ 28.40(2.86) 0.709
Weight (kg.) J ] 52.37(.7.03)_4‘?}‘ ¥ 54.18(10.52) 0.198
Height (cm.) / 15;9,6'?{5.94) oy, 158.3707.22) 0.360
BMI (kg/m?) éo._@(zaz) ?’ ~ 21.74(3.92) 0.182
Work hour (hr) A - -8.-7(:)(2.26) il 1:67(2.09) 0.071
Keyboard (hr) _ 5.20(1.06) 5.2_%(44 .33) 0.832
Mouse hour (hr) il 3.47(1.57) 2:40(1.10) 0.003*

*p< 0.05 represents statistic-significant

Baseline characteristics of all*of 60 subjectsswere shown in table 4.1. All female
participants were 25 = 35 years'old range. The mean age was 29.12'+ 2.99 years old.
Range of body weight was 38 — 90 kilogram (53.28 + 8.92 kg.). They are tall between
144 — 172 cm. (159.02 £ 6.59 cm.). Range of BMI between 16.89 — 36.98 kg/m2 (21.13 %
3.25 kg/mz). These data were separated into 2 group in table 4.1 that is not significant
different of anthropometric.

All of them have worked 5 — 13 hours (8.18 + 2.22 hours), consisted of, keyboard

use hour 4 — 8 hours (5.23 + 1.20 hours) and mouse use hour 1 — 6 hours (2.93 + 1.45
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hours). However, mouse use hour in stretching group is greater than breathing group
(3.47 £ 1.57 vs. 2.40 + 1.10) (p< 0.05). The most baseline characteristics of both groups

were very similar.

Table 4.2 Practice hour percentage (n=60)

Stretching group WBreathing group p values
> ég

Practice hour (%) :, n88:42(12.70) 0.619

Table 4.2 showed pé ach group. Stretching group

had practiced less than bree t difference significantly.

Table 4.3 Visual Analoi a

" (mm.) p values

Mgl ean(SD)
Stretching group # 18.80 ' - -:‘;15# 0.000*
Breathing group | 9.33(20.37) 0.000*

£
*p< 0.001 represents s'fgtistio significant

AU ANNINEINS...
MY DR ALY Riph (10133

In breathing group changes was decreased 23.50 + 23.41 mm. (42.83 + 22.20 vs. 19.33
+20.37) (p<0.001).



Table 4.4 Surface EMG median frequency (MF) (n=60)
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Group | Muscle Pre — test p Post — test p
Mean(SD) values Mean(SD) values
Min0" Min120" Min0" Min120"
Stretching | Lt.CES | 181.25(24.33) | 165.73(19.53) | 0.000* | 173.86(23.07) | 171.04(23.07) | 0.648
Lt.UT | 183.10(33.92) 157.03(27.4?, 0.001* | 171.41(28.40) | 161.07(30.82) | 0.120
Rt CES | 186.68(21.04) 171.49(24.65}'?‘_6;992* 185.39(21.50) | 175.62(27.27) | 0.014*
RLUT | 193:10(80:84) | 141.08(27.02){+0:000%+| 194.99(41.02) | 150.70(31.23) | 0.000*
- |
_—— :
/"’ff I|.
Breathing | Lt.CES 17%2) 165.37&20.66) 0.017% |.180.39(26.91) | 167.99(18.39) | 0.018*
Lt UT 18%?@%} ‘158_'33(5;1‘512) 0.002% | 169.11(29.17) | 151.97(25.06) | 0.003*
& 4 F
Rt.CES 181.36{2%/ 168! 32 2\3 56) [ 0.009° | 183.83(25.66) | 173.04(28.95) | 0.009*
Rt.UT 18(%){ 147 B4( 3(’)184 0.000% | 179.61(41.29) | 135.41(23.87) | 0.000*
*p< 0.05 represents statnshcf@mﬁ@ant »_;':r“
Y s aahy

-

—?

Table 4.4 derqonstrated":thé’§Urface I‘Eﬁ'éim'edian frje{quency value of both

)
groups that consistS’Dﬁ

ed muscles. Significance in
)

decreasing of MF |mp|y“muscle fatigue. The pre — test valtes of both group are on left

side that every muscle shows decreasing of MF for both group significantly (p<0.05).

The post - testivalues of bothigroup are on right side that breathing group showed

muscle fatigue far all involved muscles. In stretching group has showed fatigueing on

Rt. CES an@'Rt:'UTyhowever, £t CES and Lt LUuT didinot’'show fatigleing!

Table 4.5 The neck disability index (NDI)

Pre - test Post — test p values
Group Mean(SD) Mean(SD)
Stretching (%) 13.26(8.81) 7.44(4.86) 0.000*
Breathing (%) 12.78(10.59) 9.16(10.33) 0.000*

*p< 0.001 represents statistic significant
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Table 4.5 demonstrated the neck disability index score that was calculated into

percentage. Both groups have showed decreased percentage of NDI significantly

(p=<0.001) that indicated the better quality of life and functional. The stretching group

changed 5.81 + 6.29% (13.26 + 8.81 vs. 7.44 + 4.86) (p<0.001), additional, the

breathing group changed 3.61 + 0.79% (12.78 = 10.59 vs. 9.16 = 10.33) (p<0.001).

Table 4.6 Intergroup comparison of VAS between stretching group and breathing group.

J
Stretehing group Breathing group p values
Meah (SD) Il Mean (SD)
Pre — test (VASO) 48.80 (23.99) 42.83 (22.20) 0.001*
Post — test (VAS4) 2Bad (Lo1) 1|4 19332057 0.390
*n< 0.05 represents statistic signifjcahf ‘ 4

This table was analyzed byANCO\/A_Tf}e‘ pain intensity score in pre — test

between intergroup was signific—ant_di’fferencé’%giﬁ&%). But the pain intensity score in

post — test between in't_érorouo was no significant differenceé (p>0.05).

Table 4.7 Intergroup cd‘ﬁwparison of mean difference of MF on Lt. UT between stretching

group and breathing groups(Rreitest).

Stretching=grnowp Breathing, group p values
Mean (SD) Mean (SD)
Min 0" 183.10(33.92) 157.03(27.44) 0.000*
Min 120" 171.41(28.40) 158.33(31.42) 0.740

*p< 0.05 represents statistic significant

This table was analyzed by ANCOVA. At the pre — test, the mean difference of

MF on Lt. UT at the min 0" was significant difference between groups (p<0.001). And
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the mean difference of MF on Lt. UT at the min 120" was no significant difference

between groups (p>0.05).

Table 4.8 Intergroup comparison of mean difference of MF on Lt. UT between stretching

group and breathing group (Post - test).

Stretching group Breathing group p values
Mean (SD) Mean (SD)
Min 0" 174:41(28.40) < 169:4(29.17) 0.006*
Min 120" 164007,(80:82) 151.97(25.06) 0.230

*p< 0.05 represents statisti€ sighificant 1

This table was‘@nalyzed by -_AN_CO\AA.JAt the post — test, the mean difference of
" W

MF on Lt. UT at the min 0" was significant difffere_nce pbetween groups (p<0.05). And the

mean difference of MF on/Lt. UT at themin 1§Om

groups (p>0.05).

| T
e

was no significant difference between

Table 4.9 Intergroup. ci?mparison of mean difference of MFi%}D-' Lt. CES between

stretching group and”'E;lreathing group (pre — test).

Stretching group Breathingsgroup p values
Mean (SD) Mean (SD)
Min 0 181.25(24.33) 174.42(21:32) 0.000*
Min, 120" 165.73(19.53) 165.37(20.66) 0.482

*p< 0.05 represents statistic significant

This table was analyzed by ANCOVA. At the pre — test, the mean difference of

MF on Lt. CES at the min 0" was significant difference between groups (p<0.05). And

the mean difference of MF on Lt. UT at the min 120" was no significant difference

between groups (p>0.05).
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Table 4.10 Intergroup comparison of mean difference of MF on Lt. CES between

stretching group and breathing group (post — test).

Stretching group Breathing group p values
Mean (SD) Mean (SD)
Min 0" 80.39(26.91) 0.037*
Min 120" 9(18.39) 0.453

*p< 0.05 represents statisti

This table was an
MF on Lt. CES at the min
the mean difference o

between groups (p>0.

p values
Min 0" ﬁ -1i'=|i l*'s; jﬁ‘%gtpqaﬂ)fi 0.758
. th! » I-J 11 L7
Min 120" 41 141.00(27.02) 147.64(30.843 0.401
-

PIRTAITTRNR1INE 1] Y

3 :

This table was analyzed by ANCOVA. At the pre — test, the mean difference of
MF on Rt. UT at the min 0" was no significant difference between groups (p>0.05). And

the mean difference of MF on Rt. UT at the min 120" was no significant difference

between groups (p>0.05).
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Table 4.12 Intergroup comparison of mean difference of MF on Rt. UT between

stretching group and breathing group (post — test).

Stretching group Breathing group p values
Mean (SD) Mean (SD)
Min 0" 194.99(41.02) 179.61(41.29) 0.044*
Min 120" 150.70( ‘ ’ 0.083
" st/

*p< 0.05 represents statistic

stretching group and breathing Q_@u‘p_--

4{-1

é !35.41(23.87)
/ .West, the mean difference of

\\

ol ween groups (p<0.05). And the

ignificant difference between

MF on Rt. CES between

p values
Min 0" ‘186.68(21 .04) 181.34(27.24) 0.000*
F 9 &
Min 120" 1 L Wzge_q ﬂ)di 0.862
) | L™ "1 v

*p< 0.05 represﬂms statistic S|gn|f|cant

M08

is table was an

" B |

DI,

N ﬂEl

e pre — test, the mean difference of

MF on Rt. CES at the min 0" was significant difference between groups (p<0.05). And

the mean difference of MF on Rt. CES at the min 120" was no significant difference

between groups (p>0.05).
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Table 4.14 Intergroup comparison of mean difference of MF on Rt. CES between

stretching group and breathing group (post — test).

Stretching group Breathing group p values
Mean (SD) Mean (SD)
Min 0" 194.99(41.02) 150.70(31.23) 0.758
Min 120" : 35.41(23.87) 0.401

This table was anal \t the pre — test, the mean difference of
MF on Rt. CES at the min ' iflcant di etween groups (p>0.05).
And the mean difference : .‘ " was significant difference

between groups (p>0.

Table 4.15 Intergroup cory ing group and breathing

group.
p values
Pre — test 13.26(8.81) 12.78(1. : 0.000*
Post -t - S—J 0.086
e TN T T T e M

*p< 0.001 reprewn S sHon S|gn|f|can

a;mmmmm:mmm.npre_

test between intergroup was significant (p<0.001). But the NDI score in post — test

between intergroup was no significant difference (p>0.05).
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Table 4.16 Comparison of difference between VASO and VAS4 from both groups by

ANCOVA.
Mean(SD) Stretching group Breathing group p values
VAS 0" - VAS 4" 22.50(22.10) 23.50(23.41) 0.866

p< 0.05 represents statistic significant

Table 4.16 showed the ave [! and VAS4 which are average of

oup At t

J
wgram, ST decreased 22.50 £

ted the BE was greater lowering

VAS 0" minutes VAS 4"

than ST but this was no si

22.10 and BE decreas
iy the effects of stretching
did not provide the better

Table 4.17 Comparison. d post — test of Lt. UT from

mﬂr /

each group. PA A
Mean(SD) p values
Stretching group | w20 0638 O —————2 55" i 0.858
Breathing group A ‘

p< 0.05 represents stat |c S|gn|f|cant

mmﬂuaqwﬂW§wawgﬁ

showed average of min 0" minutes min in each group with

MG N TSR TP 1

did not provide the better effect than control.
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Table 4.18 Comparison of difference between pre — test and post — test of Lt. CES from

each group.
Mean(SD) Pre — test Post — test p values
Stretching group 15.52+20.57 20.57£19.50 0.600
Breathing group 90.48+19.50 12.40£27.16

p< 0.05 represents statistic signifi

Table 4.19 Compariso ' re = t 1d post — test of Rt. UT from

each group.

Mean(SD) p values

Stretching group -

Breathing group m C

p< 0.05 represents sta?fg |c significant

g ANUNTNY

Table 4. @ showed average of min 0" minutes min 120" in each group with

d|V|de mﬁm W rirﬂt\geﬁlvagﬂ)etween pre —
test and qost—testwas unable to be computed by . )
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Table 4.20 Comparison of difference between pre — test and post — test of Rt. CES from

each group.
Mean(SD) Pre — test Post — test p values
Stretching group 15.18+24.33 44.29+48.14 0.016*
Breathing group 13.02425.35 44.20+£37.60

p< 0.05 represents statistic signifi

fnil{)/t“/(%imom in each group with

of these average between pre —

Table 4.19 showe

divided into pre — test W

test and post — test was sighif

ly the effects of stretching
provide the better effect t
Table 4.21 Comparison: ' t and post — test from both

groups by ANCOVA.

Mean(SD)% ,,; 5 [ Breathing group p values
: i

Pre — Post test 0.122

p< 0.05 represents staﬁt' .,-

Table AFT ﬁéﬁ%ﬁmﬁw | emlfﬂe Tst minutes post — test

in each group. Atithe end of program, ST decreased 5.81 £ 6.29 and BE decreased

¢

Y 90 Ao SN
significa >0. 5ahi ouldimplyth ects of stretching di provide the better

effect than control.




CHAPTER V

DISCUSSION AND CONCLUSION

Computer users use both hands for keyboard task and they use right hand for
mouse task, which may be the reason why their right hands work greater than their left
hands. As shown in table 4.1, average computer usage duration and keyboard hours
were very similar in both groups but neck stretching exercise group used mouse longer
than breathing exercise for relaxation group significantly. It might be potentially more
painful on the right side than on left side if right hands were used more than the left one.
Mean age of all samples in.this study Was‘below 30 years old which should eliminate

degenerative cervical spondyidesis that might cause-neck pain rather than work related

chronic neck pain from cempuier task fatigue.
\

a3 |

The Visual Analog Scale(VAS)

it

Both neck stretching exercise and P;rééthing exercise for relaxation could

reduce VAS pain score at ngck significantl;}-_(pﬁ@.001) after 4 weeks of exercise (Table
4.3). Neck stretching exercise is a popular é.a’lj.,widely prescribed treatment for neck
pain. The effects of stretching contribute in rer:_tu&‘ng discomfort and pain around the
neck effectively. Thus, there is a -g'roWing utili:z"é't"idh of stretching exercise for reducing
the risk of work — related-musculoskeletal-disorderinthe workplace, especially, in
computer users. A syéte'mic review showed a positive outcome on the productivity and
release fewer neck symbtoms using programs of “stop and stretch” or “stretch break”
program amongicomputer users/during working hour. There'were various protocols of
stretching intervention in office workers that provided positive effects. In this study,
stretching exerciseli the officestwice a'day-whilelat work for a period o' 4 week was
able to hélp in reducing neck discomfort and neck pain significantly (3). One stretching
was sustained 5 seconds and repeated 5 times. Other studies showed not only neck
pain but also upper extremities pain and discomfort could be improved by sustained
stretching (26, 60). The program set a sustained stretch 20 — 30 seconds at least 3 times
daily during working hours and after working over a 6 — month period (60). A home
program stretching twice a day for one week followed by sustained stretch for 30

seconds for 10 times also showed the effectiveness of pain reducing in individuals with
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neck and upper back pain from myofascial pain syndrome (59). Sustained stretching
was always prescribed to chronic neck pain patients. Any sustained stretching, as well
as, conventional static stretching and muscle chain stretching, in accompany with
manual therapy provided significant pain relief, ROM improvement, and quality of life
improvement (27). Working break stretching, whether rest break 5 minutes in every 35
minutes or 7 seconds micro break in every 5 minutes at computer work station showed
the efficacy of neck pain reduction during computer work (66). Yoga is an exercise that
combines stretching with diaphragmatic breathing exercise. Yoga during working and
rest could reduce pain score,increase pain thresheld and improve quality of life in
housewife with chronic neck'and Upper Back pain (18).

The VAS in breathing*€xerCise group. also reduced significantly, it indicated that
deep breathing exercise fer relaxation codlld help to reduce pain intensity. The mixed
intervention included massage, Stretching,Lrﬁobilization, correct posture, and relaxation
techniques provided reduction of paininte;q;sity during stress increasing were used to
eliminate pain and muscle tone that be indd_f_;ed‘_by stress (67). In the USA, commonly,
use the deep breathing technigue aﬂ_s;mind —pgdy therapy for patient with medical
condition associated with anxiety/depressioriar*&d:‘musouloskeleta| pain syndrome
among adults that provided poeitLve'outcome;"-ihese patients took varied technique of
mild — body therapy as se!f_eace_pmgxam_mmulmonihs then the breathing exercise
was the most common exercise (68).

As table 4.16, the mean difference between pre — test and post — test in
stretching exenCiselwas as iN‘similarasbreathing exercise fon relaxation. From table 4.3
and 4.16 it could be implied that the protocols in this present study which was set daily
rest break with stretehing amwith breathing exercise-ionrelaxation approximately 5
minutes each session, twice a day that was 10 minutes for ohe single working day over

4 weeks would be enough to reduce the pain intensity by VAS.

The Neck Disability Index (NDI)
The NDI is also self — reported levels of pain that associated between pain and
disability. Both groups have got lower score of disability that imply they are able to do

more activities and easier (table 4.5). At the beginning of experiment, the stretching
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group had greater disability than the breathing exercise for relaxation group had — but —
at the end of experiment, the stretching group had no less significant less disability than
the breathing group had (table 4.21). Exercise effects at office during work hour twice a
day for 4 — week period included strengthening, stretching, and breathing exercise
group that resulted all of them to rate lower NDI score from baseline. An 8 — week effects
of software programs stimulating regular breaks and exercises on work — related neck
and upper - limb disorders that were 5 — minute natural rest break and 5 — minute break
with stretching for every 35 minutes. There are/no significant different changes among
all of them but they showed decrease pain and«diseomfort score, decrease sick leave,
and increase productivity that were similé’Fr to this recent study (66). Ylinen used exercise
to treat female office workerwith.ehronic neck pain consists of strength, endurance, and
aerobic group. Exercise prescgiption was 1145 minutes with 20 — minute stretching
exercise for the neck, shoulder, and u'ppeﬁli’rhb muscles for regularly 3 times a week,
then, the NDI had decreased in strengih ar-\;d endurance group compared with the
aerobic group significantly but the_.VAS was’:‘qpt‘_ﬁ). Deep breathing exercises potential
help to release stress andreduce di_s‘z_comfo'ﬁt;pf irapzius and cervical extensor spinae

muscles (26). S 2572 h

There were increasing use-of-mixed ih‘té&ention model included massage,
stretching, mobilizatien,.correct posture, and.relaxation tecﬁniques which provided
reduction of pain intensity and muscle tone that induced by gfress (67). Deep breathing
exercise for relaxation also showed positive outcome in patient with medical condition
associated withzanXiety/depression andimusculoskeletal paifsyndrome (68). The total
workout in this study was 10 minutes per day for 4 weeks, this amount of exercise
showegdrefficacy-in the reduction ofineck painand improved neck disability index scores
(table 4.5). Deep breathing exercises for relaxation release stress and réduce
discomfort of trapzius and cervical extensor spinae muscles (26). This study compared
the effect of stretching exercise, strengthening exercise and breathing exercise for
relaxation in the office twice a day for 4 week and found that all exercises could reduce
neck disability index score. This study showed that breathing exercise for relaxation

provided improvement of function outcome as same as stretching exercise did. The
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breathing exercise for relaxation protocol in this study could reduce the pain score and
improve the quality of life significantly.

Thus, this suggested that breathing exercise for relaxation provided
improvement of pain and function as same as stretching exercise did. The breathing
exercise protocols in this study could be enough to reduce the pain score and improve

the quality of life.

The surface MEG median frequency

In this study, medianfrequency was used astthe indicator to measure pain and
neck muscle fatigue phenemenon. The lowering ofmedian frequency in the linear
regression slope and increase’EMG activities after prolonged muscle contraction
indicated muscle fatigue amund neck mu§cles (11). All participants in this study showed
neck pain and muscle fatigtie after 120 — minute computer typing trial when compared
to the median frequeney of neck mu_scie bé?for,@ and after the computer tasks. After 4
weeks of breathing exer€ise surface EMG i)f pe_ok muscles still showed the lowering of
median frequency after 120 minut(-as.lc_:ompuéé‘}‘fp-/ping trial while there was improvement
of the fatigue pattern by surface:EMG mediar’i-frét’_juency in left upper trapezius and left

cervical erector spinae after 4 weeks of neCKJs;tfe;tching exercise. The right upper

trapezius and right cetvical erector spinae still showed !owe}ring of the median

frequency after prolonged working (table 4.4). These finding:é‘ were similar to Grace’s
study who found that EMG muscle activity of symptomatic office workers on the Rt. CES
and Rt. UT wasmiore than Ltsside; (23).(T hisdfinding may-imply that right side worked
more than the left;side and 4 weeks stretching exercise still could not prevent muscle
fatigue,on the.right side;

There'was another'study using surface EMG analysis'to evaluate'physiologic of
muscle changes in female computer users during 120 — minute typing task (16). The
results of this study showed downward shifting of the median frequency of Rt. CES, Lt.
CES, and Lt. UT, but not Rt. UT. Mitsutochi et al assessed the development and
recovery of muscle fatigue by analysis of surface electromyographic median frequency.
This study showed that after 120 minutes typing with the perception of fatigue, there was

downward shift of median frequency surface EMG and the frequency increased after
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rest period (11). There were some studies explored relationships between EMG
amplitude and functional tests and showed greater surface EMG activity of neck
muscles during the test session (14). Another study tried to explain relationship between
surface EMG analysis and psychosocial stress test in chronic myalgia females but there
was still no conclusion (22). Most of the studies did not explore the effect of exercise
intervention in the benefit of changing muscular fatigue pattern by surface EMG
frequency domain test.

The outcomes could be implied that steetching exercise help to decrease pain,
however, these interventions in this study may.not.enough to decrease pain on right
side. As above, because the right hands mustbe used for keyboard task and mouse
task throughout the durationsef computer use but the left hands were used only for
keyboard task. In the same'intensity, duraliion, and frequency of stretching protocol
provided decrease pain fram the left side overload level only.

Our study tried to investigate ﬂ;e efgeot of neck stretching exercise and
breathing exercise for relaxation'to im’brové:nqu muscle fatigue pattern but we could
observe that the stretching exercisg_é‘ould ifﬁ}-‘g[‘ove fatigue only for the left upper
trapezius and the left cervical ereetor spinaeﬁéh might be less used than the right

i

side neck muscle during computerwork. -

Conclusion

The effects of stfetching exercise from short break exercise at work twice a day
in 4 — week program provided thejimprevementrin pain level;quality of life, and muscle
fatigability on the Jeft side. The effects of breathing exercise for relaxation contributed to
the improvement,in.painsevel and.quality of;life but-notfor all muscle fatigability. Thus,
stretching exercise*had some potential in‘reducing chronicneck'muscle’pain in

computer users.
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Recommendation to future study

1. Try to add any psychometric questionnaire to strengthen outcome.

2. This is able to add other parameter or questionnaire to be evidence base for
analysis of the results, such as, a number of children, housework duration, recreation,
psychological stress level, etc.

3. This is able to add more physical examination such as pressure pain
threshold.

4. Try to separate VAS for eacl ., scle because some muscles maybe

AULINENINYINS
ARIANTAUNIINGIAE
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Appendix B

Consent form

MmNEFes NaresnsEananilaneluanizinnminaeuAeanislanAeLaznng

iwasuuilasans Surface EMG median frequency lTunguniinanudniinanu

o Yo a o o =

Quslﬂﬂ’]ﬁluﬁl’ﬂll AUN . ARU. ..o WAL
v v YR =
AINLRT W/ UN/UNRND e VL@@WH?WH@ZL@H@@’]H
v ° o Yy = i A o o A

L‘ﬂﬂ@’?ﬂl‘ﬂﬂq}@@qﬂﬁ‘uaL“ll’]‘j"JNIﬁ‘i\‘iﬂ’ﬁ"J‘ﬂﬁlVlLLuUN’W@lU‘LI'Ju‘V] ........................................ LN

v Y o a Y 1 a o o
dnLangueandnaniasanisIaelnadiAg ba

U o - a o ¥

¥ Vo a Q= t:ll 1% 14
%WWL’Q’Wiﬂ?UZﬁ’] WNBNANZhaRI A2 TN ELEaNEN TN TulAgIN1gT EIVI?IWWL@’]1®@Q

b

% %

WIN Uay U Wiansnaaa sy A uNNsaN g0 939 iatneunazasnluly

KR o

a ¥ o a o é’ ¥ ¥ 20/ a Il\ 2 o & a o
guganlininisiaail TWWL’Q’]iﬂﬁ‘Uﬂ’]?@ﬁU, ﬂ’ﬂf]ﬂQ')@ﬂﬂﬂ’)lﬁmﬂﬁ‘ﬁi@\‘iﬁ%@ﬂﬂ’]?qqﬂ TETLINN

q
Vv 1

IAINIINNIAE FEN13I9E BLAFNEL IFABINIINATALNATUAINNFINE VraaneN 1T T9H9
— —_
tsrTeminazinaluannnisaae) LL@mmméﬁﬂ*}mimﬁ%ﬁu@ﬂ'wzm%ﬂm TR T AR
Tanaiesnwalunisdnodndaadaauirnisidinlastwiuae Tnadidalinauaininsiig o
v 3 VL 1 e v vy Wy " J

pneianafinla llTlnTed e s uaud e nala,

o Y o olle, N e ot AR Yy o ao o
°I.|"]WL@q?UVI?qU@qﬂEQ@HQ"TM']TTLﬂ@@umm?ﬂ“@mqﬂLﬂﬂqﬁlﬁﬂ INNITINUANNAND

=)

SednganazldFunisinuwaneitiatas ll@eAT e wavazlFFuATamanuanAas

¥ Y aa ad a Y a o Aﬂl ’-"E-I” 1o | v ¥

°}.|"]WL@qﬂJ@VlﬁVWSU@ﬂL@ﬂmqﬁ"JNsluIﬂ?\?ﬂq?Q@ﬂLllﬂslﬂﬂllm Iﬂﬂ1ﬂ@qLﬂum@ﬂLL@Q

a ol [V} a o d” = ' w A o ad dlez 1%

WFING LWASNITURNLANNITIUNTINNTTINEY @;”,VLNS\IN@[ﬁl’ﬂﬂ’]iiﬂﬂﬁiﬁ‘ﬂﬂ‘iﬂ@%ﬁ@u ] NIIWLAN
azialaFusialil

o ! ] o 4

E o =3 ¥ % | o a) % tﬂl
A BFUFBNINAzINUdayadauATas I WAL UANAL LL@ﬁ@ZLﬂ@LNﬂi@L@W’]ZLN@

u
v

IFFunasBusmiiay ndigw v yArfaRl A aTiuayLN1RAY

ADUENITHNIINANTUNATL HITNNNTIRENTAN bF LB UIANAL NN TN TR LAY

a
szunadoyarasgidndnian Mtlazdeanszin iinedngiscasfinansagntaany
v P 2 = o = o P yo o - vl
gnsiasaesdagawingy  TaannsanasiazidnsounisAnsnidndn i tusannay Iy

¥ o Ly ¥ v ! a o %
ﬂ’]ﬁ‘ﬁﬁ")@@ﬂﬂﬁlﬂﬂu@ﬂﬁ‘m ﬁl‘V]’Nﬂ’]‘j‘LLW‘V]EImﬂ\‘iE{L?I'T;TQN'J"QEILLQ

9 o o 1 s [~ Y ¥ a o tal a [ % QIIE./ 14
E\IQ@FLI?‘LI?’I‘J\']')’WZiﬁJNﬂ’]?Lﬂ‘LI‘II@Nﬂ@Iﬂ 7] VENRLINTININE LANNIAN UANINNTTNLS

a

a ¥ a o ¥ ¥ o A o 1 = 14
°}.|®£IﬂL@ﬂﬂ’]ﬁ‘L‘ﬂ’]?’JﬁJIﬂNﬂ’]?Q@ﬂLL@&IF]@QH’]?IMVI’]@’]EIL’ﬂﬂ@’]ﬁ‘LL@:ﬁ/‘Vi?’ﬂ iRt I IRTIadaL

> a L - % Y Ny
‘VI\WINﬁVlZQ’]N’]ﬁ‘O@UﬂMﬂQWQ?ﬂWLWﬂ@



96

Aa

¥ Y v ' 1y % < 4 o o Y %

dmiddnladn  drwdidnsnazmsaseviseuiladeyadoudivesdwiduay
aunsnLannsEns lunsldideyadousnaasdnndnld lnesiasudalifadsiunsuy

¥ ¥ 14 o 1Y a o =KX v rdl 1 a dll

drndnldnszuindideyalunisddusuidoyanienisunnegi laiiinia o e
AzHAUNIZLIUNGANY ] win naiudeys nistunndeyaluneuiames nsmeaaasy nis
ARz waznnawinedaglssasinidnenmans sanianislddeyantenisunmely

AUNARUTANTINENAIN AT Ut mmu

W nfaunsaaefngAuAN A

g .3 \ ................. ATUHEEUEaN

drwidaunasunnluen

[ " B TN S ) S LIEIIGHID
19924

ST I i 1o Y e Bl
¥ ¥ Y a o o = dl
drmdnlsadun WE PUMINE 1TeeIn1INena

a éf a o A é’ a o ' a 4
NATUINNNITAIE TR MUAINNITIRELBENAZIREA 197

¥ i

Wngan lulasan1TARe A NI NS Sl A vy 111N 1A RLAY NEANAIUINAT 1

2320

LONATLAAIANNEUIBN AL

ﬂn’u HfJ WEW]‘JW Emwﬂfj .....................
ARIRIATOS ummm@ﬂwm

TANWEHNU AAULTTAN



97
Appendix C

Personal Data Sheet
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Appendix D

Screening visit

Subject number.....................

o lunsdanaanilszang (auldynde)

No

2

Wunwiineaunnieulugsinaua s uiuAaNnaeas

NHa189219I19 25 — 50 T

|
NNUALABNNIADEYNAU Beinatiaetiag 4 49T
Fuilunuindidudential o
= A 1 o .é/ 1 =
Na1n191anA01TE AW ERA 3L BaNININNG) 3 thau
= =4 \ o A o
a9 nAaueR WAL gAY lnatsiinanu
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o A = NOpee— 3
naustlunisdniaanaanainifsdnss (medlaldnade)
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<]

o)
J A i,

et ; EJ R -

I o a

 flseTRneldiunageiinBanaevisanaedantn (Ndck surgery)

T
=

 AseiRimenlszaligifanae (Trauma) -
ilugldFunnsasadadniilu Cervical radiculopathy
il ldzunasiiage@niy Myelopathy

iugnlasun98iasa a1 Systemic ifiness

a

198 connective tissue disorder

dudnissnasniededndulsedadu-pn.

Rheumatoid arthritis, Spondyloarthropathy s

. {innsiiagilannue round back, round shoulder, uaz head forward

v
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@ v -
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Appendix E
N199mua (Data measurement)
Date.........coevnen.
Subject number..................... (€140 0] o
1. A1 Normalization (100%MVC)UPPER TRAPEZIUS.............
CES i,
2.A130 %MVC ~ UPPER TRAPEZIUSAM.y ............ CES....ooioovo.

\\\ i
’ y o \
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" Augningng
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Appendix F
Study summary
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Appendix G

Subject number

Short break neck stretching exercise diary
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dlanin 1 weWearua ans
1791 10:00
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Appendix H
Short break deep breathing exercise for relaxation diary
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Appendix |

The visual Analog Scale
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Appendix J
The Neck Disability Index

NECK PAIN AND

TfBILITY INDEX (Vernon-Mior)

///

PLEASE READ INSTRUCTIONS™ 4
This questionnaire has been w-- as to how your neck pain has affected your ability to
manage in everyday life. Please : aach section only ONE box which applies to you. We
realize you may consider | J atem 7 any ' section relate to you, but just mark the box which most
closely describes your problem ; W \

SECTION 1 - PAIN INTENSI “t\ - CONCENTRATION

[ 1 have no pain at the mome / ! - | ean cogiantrate fully when | want to with no difficulty.

[ The pain is very mild a: the man @ ; orcantrate fully when | want to with slight difficulty.

O The pain is moderate at the rofent ' - J a a fair degree of difficulty in concentrating when | wani to
[0 The pain is fairty severe af omgnt. il T ha ot of difficulty in concentrating when | want to.

] The pain is very severe at the mogeni. & - o i | | Bgve 3 great deal of difficulty in concentrating when | want Lo
[ The painis the worst imaginable althe st AL [ 1eannot concentrate at all,

SECTION 2 - PERSONAL CARE (Washing 2S5ing f SECTION 7 -WORK

[ 1can look affer miyself normally witgeu | ) can do as much work as | want o,

O 1 can look ader myself normally but it ca "can only do my usual work, but no more.

[ Itis painful to look afier myself and | am slow ang carall [ 1can do most of my usual work, but no more.

1 ! need some hslp but manage most of m care, p [} 1 cannot do my usual work.

[ | need help every day in most a@eﬂ? y = an hardky do any work at all.

O | do not get dressed, | wﬂl i ariy work at ail.

A
SECTION 3- LIFTING | - SECT s DRIVING
[ ! can lift heavy weights’ 1 & ity car without any neck pain
[ ! can lift heavy weighls b 2 my car as long as | want with slight pain in my neck.
{Q Pain prevents me from |if ve my car as long as | wanl with moderate pain in my neck
can manage if they are cofiwEniently pCalhOﬂGd for example on hilve my car as long as | want with because of mederate
a table. A in my neck.
Pain prevents me frem Bifting I‘ancnqht.., but | can manage) [2) | ean hardly drive at all because of severe pain in my neck.

e'zzasf:mmmﬁim of ki ol

1 | have no trouble sleaping.

SEC'ﬂON 4- REA NG [ My sleep is slightly disturbed (less lhan 1 hour sleepless).
c much as | want to ‘with no pain in y neck. My sizep is mildly didfuBed (1-2 hours sleepless).
uch g{ Mwﬁ @ mgmﬁﬁ LEI: {?-3 hours slespless).
D | c lge really o (3-5 hours sleepiess).
| can't ri {5-7 hours sleepless).
nack
| can hardly read at all because of severe pain in my neck. SECTION 10 - RECREATION
| cannot read at all. [Z] Iam able to engage in all my racreation activities with no neck
pan at all.
SECTION 5 - HEADACHES ] 1am able o engage in all my recreation activities, with some pain
[ | have no headaches at all. in my neck.

I am able 10 engage in most, but not all of my usual recreation
activities because of pain in my neck.

1 am able to engage in few of my usual recreation aciivities
because of pain in my neck.

| can hardly do any recreation activities bacause of pain in my neck
[ | can't do any recreation activities at all.

[ | have slight headaches which come infrequently.

| have moderate headaches which come infrequently.
| have moderale headaches which come frequently.

| have severe headaches which come frequently.

| have headaches almost all the time.

I'JCC

g
[}
Q
Q
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Appendix K
Instruction of short break neck stretching exercise
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Appendix M
Instruction of short break deep breathing exercise for relaxation

=X dl ' = ?/ o é/
nsennsmglananisauAane NiunAaLaAgl

1 SUAININTINLAND Had 2 119 aeldmsanssiiaan (lFautl)

v k73 4 [ o
2. weladimigayndn Miesasteansgy

Y

S

/ N

)

R4

£

SNEL TN

——

et e ":=_-r

3.unelaaannigtnngne 71z

Mslfudainnaanlun1sn1eaulil

nI/ o o a o X ’_jﬂ— - 1ha "
1.1f0mse nadefewidnifing oo ol

-

E | B X 2 ¥
AR LRSIV WNANUNN 2 U

. N
1 a 24 i t
3.UANAINLT U TRY IS ma I lnaaenn

2. 4fumnugereaniin

4 U ugnungiinneudedlines (Uszuno 25 asamaidas) tnerzeaniandunnlainle

' 2

N S S Y 3 v
e e ANYNINYINT
e &

W-&-ms’

E)
2 1HnL



107
Appendix N
Equipments
1. The Visual Analog Scale form (VAS) (n1ANWAN )
2. The Neck Disability Index form (NDI) (nMAKWIN £Y)

3. Collective data instrument “Surface Electromyography” BIOPAC MP 100 (BIOPAC

Systems Inc., USA) with self — adhesive Ag/AgCI electrode

B 1121713719
R ST RITART SRR B

q

- : = = B
PREEESEERE

8. Collective data computer



108

9. Stop watch

10. Ruler

11. Tape measure

RN TUNNINYINY

=1




109

14. Cotton

15. Towel

16. Experimental shirt
17.Cap

18. Stretching ﬂa %E‘O@W %}%%JW&J ’] ﬂ ’j

19. Breathing exu(nse information sh@et mmmmﬂ )

> QR ORER 191N Y




Appendix O
Methods

1. fiddansnidunlasdalaanisldndumnas
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5. Anang surface EMG electrode cable
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Appendix P

112

Raw data
EI’]?’N“?]I mﬂaﬁu MUTNNAN
fuR N 218 Swiin duge  BMI e dutlu  Afihd o
1 ST 28 55 158 2203 10 4 6 b
2 ST 33 70 166 25.4 8 4 4 Fia
3 ST 30 51 156 2096 11 6 5 b
AN
4 ST 5 4 1 Fia
5 ST 10 6 4 n
6 ST 10 6 4 n
7 ST 10 6 4 n
8 ST 6 4 2 Fia
9 ST 7 4 3 b
10 ST 6 5 1 Fia
11 ST 8 5 3 Fia
12 ST 6 4 2 Fia
13 ST 8 5 2 Fia
14 ST 10 6 4 Fia
15 ST 10 6 4 n
16 ST 170 17. 3 7 6 Fia
ﬂuaqwawswa1ﬂi o
q 162 21 34 4 2 Fia
18‘4 W’]Mﬂiﬂ! NWTWFEJ'W gz
4 1 Fia
20 ST 27 50 165 18.37 8 6 2 Fia
21 ST 28 51 159 2017 7 5 2 Fia
22 ST 25 42 150 18.67 8 4 4 Fia
23 ST 34 56 163 21.08 11 7 4 Fia
24 ST 34 58 165 21.3 12 6 6 Fia
25 ST 34 58 165 21.3 12 6 6 Fia



26 ST 28 49 155 20.4 10
27 ST 33 44 156 18.08 10
28 ST 34 50 150 2222 8
29 ST 33 50 160 1953 8
30 ST 25 42 157 17.04 12
31 BE 8
32  BE 10
33  BE 10
34  BE 9
35  BE 7
36  BE 5
37  BE 10
38  BE 8
39  BE 8
40  BE 10
41 BE 5
42  BE 7
43 BE 8
44 BE c 9.6 1 5
45  BE 1 168 2268 5
° Eﬂ‘LFEJ’J WEW]?W g7
47 q 155 22 06 10

491

50 BE 27 56 158 22.43 8
51 BE 29 41 154 17.29 6
52 BE 34 95 156 39.04 9
53 BE 26 53.5 163 20.14 6

54 BE 26 58 161 22.38 10

QA IAINTP N I8 e

o o ~ A 00 A OO O M N A OO O N OO OO M O

5
5

©® A o A~ o

S ) O T N L N L S @ O R O (o O N o) I N o)
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w M~ b~ O

N N W N W
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55
52
65
53

48

55

55 BE 26

56 BE 33

57 BE 32

58 BE 31

59 BE 26

60 BE 25

pa 2 deyatesazansii i

sFLf naw

1 ST

2 ST

3 ST

4 ST

5 ST

6 ST

7 ST

8 ST

9 ST

10 ST

11

12

160
147
156
158

114

2148 8 5 3 b9
24.06 7 5 2 5o
2671 5 4 1 5o
2123 5 4 1 5o
AN
2133 5 4 1 B
2148 6 4 2 5a

ﬂUEJ’v]V]EJVIﬁWEJ’Iﬂ?

92.5

ﬂﬁﬁa\"lﬂﬁﬁuﬂﬁﬂﬂmﬁﬂ

16
17
18
19
20
21

ST
ST
ST
ST
ST

100
82.5
95
77.5
100
85
92.5



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

ﬁuaawﬂwﬁwawni
ﬂmmﬂoﬁmumwmaﬂ

ST 100
ST 52.5
ST 85
ST 100
ST 80
ST 95
ST
ST
ST
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
100
75
BE 925
BE 82,5
BE 100
BE 62.5
BE

72.5

115



53
54
55
56
57
58
59
60

o s dl
ANALUN

© 0o ~N oo o @~ w DN

—_
o

15
16
17
18
19
20

BE
BE
BE
BE
BE

ﬂUﬂ’ﬂﬂHﬁﬂﬁWEﬂﬂi
13“1W‘1Nf6‘r‘iﬂﬂliﬂ'}’3 WEI'] ﬂ"&l

ST

ST
ST
ST
ST
ST

92.5
95
90

72.5

97.5

70
42
69
23
65
42

77
39

4
11
80
26

58
50
2
6
77

25

53
36
0
3
68
12

(&2}

7

41
27
0
1
65

116



117
21 ST

27 17 7 9 12
22 ST 23 13 4 0 0
23 ST 48 49 52 53 27
24 ST 60 67 61 62 53
25 ST 37 44 52 47 57
26 ST 56 81 80 57 18
27 ST 5
28 ST .
29 ST o
30 ST o4
31 BE o
32 BE 42
33 BE a5
34 BE 5
35 BE g
36 BE ;
37 BE 3
38 BE 20
39 BE .
40 BE ﬁ‘ 31 o s
41 .

. ﬂUH?ﬂHﬂ§WHWﬂiw
44ammmmwm1ma4ﬂ

46 61 59 54 35 17
4 BE 33 21 16 16 9
48 BE 33 10 11 12 10
49 BE 59 50 51 39 40
50 BE 28 22 17 18 17
51 BE

15 5 5 29 4



52
53
54
55
56
57
58
59
60

BE
BE
BE
BE
BE
BE
BE
BE
BE

45
40
23
31
57
36
65
14

32

34

10

22
47
11

24

28

11

13
15
33
12

26

A13799 4 Surface EMG me@ian frequency:=

18

(o R e

25

23

A19199 4.1 Surface EMG miedian fre‘quency‘ ofileft UT (pre — test)

°o o
ANPUN

1

© 0o N oo oo »~ W N

N N\ i U G
D> o0 A WD~ O

nga
ST
ST
ST
ST
ST
ST
S
ST
ST
ST
ST
ST
ST
ST
ST
ST

UANTO
157.1655

184.1431

158.7524

157.6843
1635132
1677399
116.4093
260.8795
193.6646
150.2838
200.0275
150.2838
193.1458
202.6672
215.3626

172.5006

WIA30

L 1TN60

)
159.8053 169.32678

183:09021

151.33667

170.76111
167.73987

132.8125
139:69421
126.46484
136.52039
169.86084
150.80261
150.80261
131.75964
164.03198
151.33667

126.9989

#e 2 4

203.72009

150.80261

184.67712
17356873
131.75964
153.9917
134.93347
13017273
174.16382
169.86084
126.46484
122.23816
149.74976
173.03467

151.33667

WTR90
149.74976
148.16284

138.1073
166115295
188.64136
141.81519
146.04187
129.11987
143,93616
123.29102
192.07764
213.77563
128.05176
160.85815
161.39221

150.80261

88

23

UINN120

151.87073
160.85815
157.16553
169.86084
144.98901
143.93616
149.74976
151.87073
136.52039
194.19861
191.02478

126.9989
126.46484
138.64136
176.74255

119.58313

118



17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE

150.8026
165.1001
179.9164
194.7327
130.1727
183.6243
247.1161
230.1788
230.1789
215.8966
195#2515
1534576
21016018
161.9263
145.5231
146.0419

209.0149

147.6288

249.2371
221.1914
2259522
1746216
169.8608
167.7399
116.9434
249.7559
243.4082
123.8251
212.7228
255.5847

133.3166

150.80261
169.32678
128.58582
176.74255
104.76685
147.10999
159.8053
249.75586
160.33936
140.762:;3
197102478
150.2838|1‘_
205.84106 ,
1 14‘.82239";‘"
144.—45496-:.‘
192:61169 ‘:

1#6-20859

169.86084

153.45764
160.85815
125.41199
13546753
155.57861
172.50061

149.2157
208.48083
163.51318
117.47742
146.57593

186.7981

165.1001

142.86804
166.68701
137.57324
150.80261
149.74976
144.98901
190.49072
161439221
12564604
129.63867
173.56873
130.17273

1195.78552
171.44775

148.16284

Jﬁ_sn 55884

%-'ﬁ:%f§3987

150.28381
150.28381
216.43066
116.94336
120.11719
164.03198
149.74976
126.46484
237.06055
161.39221
120.65125
137.57324
168.27393

134.93347

135.98633
180.43518
131.75964
179.91638
109.00879
142.34924
166.68701
193.66455
143.93616

126.9989

170.3949
174.08752
209.01489
218.01758
150.80261
158.75244
167.22107
236.52649
153145764
147.10999
192.07764
120.65125
158.75244

165.1001
122.75696
212.18872

165.6189
120.65125
168.80798
209.54895

165.1001

150.80261
216.43066
142.86804
176.74255
106.35376
138.64136
207.42798
193.14575
130.70679
123.82507

176.2085

148.6969
188.90381
169.86084

153.9917
164.56604

165.1001
150.80261
231.24695
211.13586
179.38232
122.23816
150.80261
192.07764
119.58313
188.90381

165.6189
123.29102
219.07043

165.1001

150.80261

119



48
49
50
51
52
53
54
55
56
57
58
59
60

BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE
BE

113.2355
178.8483
159.2712
123.8251
177.7954
192.0776
182.5562

125.946

227.005
177.2614
19567855
193.6646

166.153

119.58313
124.87793
154.5105
120.11719
155.57861
147.62878
123.82507
132.8125
131.22559
1158905
1703949
{76./14355
161.92627

123.82507
129.11987
151.87073
159.27124
150.28381
122.75696
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m13799 4.2 Surface EM@ median frequenchf qut CES (pre — test)
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A13197 4.3 Surface EMG-median frequency of right CES (pre — test)
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A19199 4.4 Surface EMG median frequency of right UT (pre — test)
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A13199)4. 6-Surface-EMG median frequencysof left CESy(post & test)
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