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ABSTRACT 

EARLY DETECTION OF CERVICAL 
SPINE DISORDER IN INDUSTRIAL 

AND JOB RELATED INJURIES 
Alaa-Eldin A. Balbaa 

August 1999 

Background: There has been growing awareness among occupational health 

professionals worldwide over the past several years of the large number of 

musculoskeletal disorders (MSDs), in particular, neck and upper limb pain. Purposes: 

The first aim of this study was to develop a set of criteria ( cervical spine tests) for 

subjects at high risk for cervical spine disorders. The criteria included electromyography 

(EMG), clinical and biomechanical assessment tools. The second aim was to develop 

normal values using the criteria. The third aim was to objectively evaluate the use of the 

criteria measures in subjects employed in ergonomic workplace environments. Methods: 

A total of 45 subjects participated in the study, 15 normal subjects (male and female), 

ages 30-50 years. Fifteen subjects with neck pain and another 15 without neck pain (male 

and female) who were consistent computer workers for three years were tested using the 

criteria. Neck RO Ms were tested using the cervical range of motion (CROM) device. 

Muscle strength of the neck extensors and the upper trapezius muscles were tested using 

load cells transducer. Multi-channel surface EMG (Noraxon) was used to test the EMG 

parameters including the initial median frequency, median frequency slope values of the 

neck, at 80% and 50% of maximum voluntary isometric strength. Three repetition of each 

test were carried out. Data Analysis: Three one-way MANOV A were used with a post 

hoc analysis. This was followed by a discriminant function analysis to determine the 
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most sensitive criteria measures that predict possible future neck disorders and could 

discriminate among the groups. Results: Computer workers with neck pain developed 

limited neck ROM in side-bend and retraction, reduced neck extensors and upper 

trapezius muscle strength, and increased fatigability of the neck extensors and upper 

trapezius muscles. Computer workers without neck pain, results showed limited ROM of 

neck side-bend, reduced neck extensors muscle strength, and increased fatigability of the 

upper trapezius muscle. The criterion discriminates successfully among the groups. EMG 

test of muscle fatigability of upper trapezius muscle was the most sensitive discriminate 

measure for detecting future neck disorders. 
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Nature of the Study 

CHAPTER I 

INTRODUCTION 

There has been growing awareness among occupational health professionals 

worldwide in the past several years of the large number of musculoskeletal disorders 

(MSDs) and, in particular, neck and upper limb pain. Many studies suggest that these 

disorders are associated with ergonomic factors, such as repetitions, force, static muscle 

loading, and extreme joint position, that may lead to development of muscle, tendon, and 

nerve entrapment disorders at the neck and upper limbs. According to Stock ( 1991 ), 

researchers in Japan, Scandinavia and other parts of Europe, Australia, and the United 

States have been actively studying the relationship between workplace factors and the 

development of disorders of muscles, tendons and nerves in the neck and upper limbs in 

an effort to reduce the effect of these disorders in the work place. They are believed to be 

a major cause of time lost from work and long-term disability. In industrial work, 

postures play an important role, separately or in combination with other strain factors 

(Chavalitsakulchai, 1993), and the combined effects may be worse than those from a 

single factor. Thomas et al. (1996) distinguished between work-related injuries and 

occupational diseases. They reported that the MSDs are considered to be work-related 

injuries if work environment, performance, positions, and movements contribute 

significantly MSDs development. They added that the direct cause-effect relationship 
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between a single hazard and a specific disease ( e.g., asbestos and asbestosis, silica and 

silicosis) are considered to cause an occupational disease. Burt et al. (1990) conducted a 

study on workers at a major urban newspaper. They found that an increase in time spent 

typing at VDT keyboards was associated with increased prevalence of neck MSDs. They 

added that prolonged keyboard time resulted in longer time spent in static postures, in 

which the arms are unsupported and the neck is static position. Rossignol et al. ( 1987) 

reported increased prevalence of neck MSDs as the number of hours spent per day of 

using VDTs increased. As a result of changes in the work environment, and equipment in 

a work place using VDTs, there is a reduction in the number of sick days and decrease in 

the prevalence of neck disorders (Aaras, 1994 ). Therefore, this study has been designed 

to determine the effect of working on the computers for more than three years on the neck 

range of motion, muscle strength and electromyographic activities. 

It has been reported by the National Institute of Occupational Health and Safety 

Commission (1988) that increase the prevalence of neck and upper limb disorders is 

believed to be associated with advance of automation and specialization in work and by 

much faster work rates. The redesign of jobs often requires that a production worker or 

data entry clerk do a single task or a very limited number of tasks repeatedly, commonly 

tens of thousands of times per day (Bammer, 1987). Although new technologies have 

generally reduced the workload and fewer jobs entail heavy lifting, the repetitiveness of 

today's "light work" concentrates the workload on fewer, smaller muscle groups (Stock, 

1991). 
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"It has been further hypothesized that rapid, repetitive, and/or forceful 

movements, particularly if they are associated with high static load, may lead to localized 

muscle fatigue, ischemia and metabolic changes that impair muscle enzyme function. The 

affected muscles and tendons then become susceptible to microtears and inflammatory 

changes resulting in pain and impaired function (Chaffin, 1973; Hagberg, 1984; Feldman 

et al., 1983". The inflamed or thickened tendons or tendon sheaths may also compress 

adjacent peripheral nerves causing pain and limitation of movements (Chaffin, 1973; 

Hagberg, 1984; Feldman et al., 1983). 

Clinicians and ergonomists have described a progression of severity of symptoms 

and disabilities that are associated with these hypothesized pathophysiologic changes 

(Browne at al., 1984 ). The researchers said that the changes start as aching of the affected 

body part, which happens during work, resolves at rest, and does not affect the work 

capacity. The symptoms may resolve completely if the worker avoids repetitive work for 

a brief period of time or appropriately changes the condition of the work. If the exposure 

continues unabated, the disorders may progress to an intermediate stage in which 

recurrent pain may occur throughout the work day and persist after work. Work capacity 

may be reduced, Physical signs may be present, and the condition may take weeks or 

months to resolve even with treatment and cessation of work. If left untreated with 

continued exposure, the condition may reach a chronic stage, in which pain may occur at 

work and at rest and can be aggravated even by non-repetitive movements. There m~y be 

considerable disability in performing not only work but also tasks of daily living. These 

chronic conditions may persist for months or years, or they may never reverse, despite 



treatment and cessation of work. In the choronic and disabling stages, the condition 

progresses from specific symptoms of the initial stage to more defined disorders. These 

disorders include tendinitis and tenosynovitis of the fingers, thumb, forearm, elbow, and 

shoulder; muscle strain of the neck; nerve entrapment disorders at the level of the wrist, 

forearm, elbow, shoulder, brachia! plexus, or neck; and osteoarthrosis of the hands, 

elbows, or shoulders ( Browne at al., 1984). 

Waris (1979) defined the work-related neck disorder as a constant feeling of 

fatigue or stiffness, or both, in the neck plus one more subjective symptoms. This could 

be neck pain, tender spots or palpable hardening, restricted movements and/or muscle 

tightness. 

4 

James et al. ( 1991) argued that clinical measurements of cervical spine motion are 

the least accurate of the common measurements of the body's joints. They attributed this 

to the lack of bony landmarks on the head and to the thickness of soft tissues overlying 

segments of the cervical spine (Youdas et al., 1991 ). 

The Cervical Range-of-Motion (CROM) instrument, relatively recently 

developed, tests cervical spine ROM. Norlander et al. ( 1997) reported limited ROM of 

cervical spine with neck-shoulder pain. 

A survey preliminary study was conducted on total number of 238 subject, male 

and female. The purpose of that study was to evaluate the prevalence of neck MSDs in 

three different jobs. Truck driver G2, computer users G3, and sewing machine workers 

G4), all compared to normal subjects as a control group G 1 The study was conducted by 

simple individual pain questionnaire. Results showed statistically significant increase in 
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pain prevalence in the three working groups when compared to normal subjects. Such 

pain prevalence was increased with the number of years of working on the job. In sewing 

machine workers, subjects who have been on the job for over 10 years had more pain 

prevalence when compared to subjects with less than 5 years on the job. These results 

imply job related neck disorder occurring in truck drivers, computer operators and sewing 

machine workers. These disorders found to be directly related to the period of working on 

the job. 

Statement of the problem 

In clinical practice common neck injuries and various pain disorders are 

frequently associated with impairment of function rather than with morphologic changes 

(Janda, 1986). The need of more accurate measurement of neck movements has been 

recommended by many authors (Janda, 1986; Bennett et al 1963; Kottke et al., 1959). 

Cole ( 1982) said that the least accurate cl\nical measurement of the mobility of the 

body's joint is that of the cervical spine. 

Although there has been growing awareness to the work-related MSDs, there are 

still some problem with establishing a specific diagnosis, determining if the diagnosis are 

related to work, and differing eligibility criteria for compensation among the states 

(Thomas et al., 1996). 

The relationship between workplace factors and the development of disorders of 

muscles, tendons, and peripheral nerves in the neck and upper limbs has become the 

subject of growing interest in the past several years. 



There is a great need for sensitive and specific screening methods to identify 

workers at high risk of developing neck disorders as a result of jobs that require 

repetition, force, static muscle loading and extreme joint positions. This information will 

help in making the necessary modifications in the work site to reduce the chance of 

workers' developing such disorders. Computer users are a growing population who 

complain of neck and arm pain. Burt et al. ( 1990) found that an increase in the time of 

typing at the VDT keyboards was associated with increased prevalence of neck MSDs. 

Therefore, testing such subjects using more sensitive procedures is necessary to prevent 

future injury. 

Purposes of the Study 

The first aim of this study was to develop measures by which to determine subjects at 

high risk for cervical spine disorders. These measures include electromyography and 

clinical and biomechanical assessment tools. 

6 

The second aim of this study was to develop a database as a normative standard using the 

measures. 

The third aim of the study was to objectively evaluate the use of the measures in subjects 

employed in ergonomic environments. 



Research Questions 

1. Is there any difference in the ROM of the cervical spine among normal subjects and 

computer users with or without neck pain? 

2. Is there any difference in the EMG of the cervical paraspinal muscles (CPM) and the 

upper trapezius muscles (UTM) among normal subjects and computer users with and 

without neck pain? 

3. Is there any difference in the muscle strength of the neck extensors and the UTM 

among normal subjects and computer users with and without neck pain? 

4. Are any of the above mentioned tests more sensitive in detecting the person with a 

neck disorders? 

Research Hypotheses 

1. Computer workers with neck pain will have limited neck ROM when compared with 

normal subjects. 

2. Computer workers without neck pain will have limited neck ROM when compared 

with normal subjects. 

3. Computer workers with neck pain will have less isometric muscle strength of the 

CPM and UTM as compared with nom1al subjects. 

4. Computer workers without neck pain will have less isometric muscle strength of the 

CPM and UTM when compared with normal subjects. 
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5. Computer workers with neck pain will have an increased fatigability of the CPM and 

UTM as measured by EMG, when compared with normal subjects 
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6. Computer workers without neck pain will have a shifted fatigability level of the CPM 

and UTM as measured by EMG, when compared with normal subjects. 

7. Computer workers without neck pain will have different frequent spectrum 

parameters of the EMG of the CPM and UTM at 80% and 50% MVC, compared with 

normal subjects. 



CHAPTER II 

LITERATURE REVIEW 

2.1 Work-Related Musculoskeletal Disorders 

Thomas et al. ( 1996) defined musculoskeletal disorders (MSDs) as disorders of 

the soft tissues and their surrounding structures not resulting from an acute injury or 

trauma ( e.g., slips or falls). They classified MSDs into three groups: ( 1) clinically well

defined disorders, such as tendenitis, carpal tunnel syndrome, and hand-arm vibration 

syndrome, (2) less clinically well-defined conditions, such as tension neck syndrome, and 

(3) nonspecific, such as repetitive strain injury (RSI), cumulative trauma disorders, 

overuse syndrome, and cervicobrachial disorders. The same researcher added that 

clinicians usually relate to the clinically well-defined disorders in which the clinical 

criteria for diagnosis are similar to the epidemiologie "case definition". They added that 

clinicians focus on diagnosis, evaluation and treatment rather than on preventing the 

problems or avoiding the risk factors. Vender et al. (1995) reported that the issue of 

work-related MSDs fails to clarify these risk factors as a medical, diagnostic criterion. 

That is why these MSDs with their broad, less well-defined categories/terms are often 

confusing to clinicians (Slocum, 1960). The terms "overuse syndrome" and "repetitive 

strain injury" have been mentioned in the orthopedic literature to describe athletic injuries 

(McBryde, 1984 ). Riihimaki (1995) stated that over simplicity and lack of specific 

criteria, as in the standardized Nordic questionnaire, for measurement, has limited 

progress in MSDs research. A confusion over terminology and case definitions has had a 

9 
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dramatic impact on recognition, reporting, surveillance, and individual diagnoses of these 

disorders, according to Gerr ( 1991 ). MSDs are considered to be work-related injuries, if 

the work environment, performance, positions, and movements contribute significantly to 

their development. On the other hand the direct cause-effect relationship between a 

single hazard and a specific disease ( e.g., asbestos and asbestosis, silica and silicosis) are 

considered to cause occupational disease (Thomas et al., 1996). Thomas and workers 

concluded that there is a strong association between MSDs and physical factors. There 

are a variety of methods to evaluate workplace exposure, like job title. The validity of the 

job title as an indicator can be assessed by an ergonomics expert, using ergonomic 

checklists and video and EMG recording of the representative workers. They added that 

these physical factors included frequent or prolonged repetitive movements, static muscle 

loads, forceful exertion, awkward postu~es, cold temperatures, local or segmental 

vibration, and contact stress. Exposure to these risk factors typically occurs, in some 

combination in occupations in which the risk of MSDs is elevated. Armstrong ( 1993) 

reported the importance of intervention in the workplace before explicit signs of disease 

develop. 

2.2 Magnitude of the Work-related Musculoskeletal Disorders 

The Bureau of Labor Statistics (1995) reported that from 1984 to 1994 there were 

over 332,000 cases of disorders caused by repeated-work injuries. The incidence rate of 

these disorders increased from 5.1 to 39 cases per 10,000 full-time workers. Leigh (1996) 

related this increase to increased awareness among employees, employers, and health 
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care providers that these disorders may b~ work-related. Therefore, there are either more 

cases reported or a true increase in the number of patients with MSDs. 

2.3 Work-Related Spine Disorders 

Neck and back pain are well-attend_ed medical conditions and frequent work

related complaints. Stembach ( 1986) reported that 50% of the working-age population 

reported having a back pain episode in a given year. It has been reported that 60% to 90% 

of all populations complain of back problems during their lifetimes (Deyo, 1992; 

Frymoyer, 1988). Anderson (1991) estimated a yearly prevalence of 15% to 20% of all 

populations. Back-related disorders are considered to be the most common cause of 

physical disability for people younger than 45 (Cunningham, 1984). Cunningham added 

that the prevalence of cervical pain complaints is less than the low back pain, although it 

was still significant. James et al. ( 1996) reported that the prognosis was good for groups 

of workers with acute work-related neck and back pain. Waddell (1987) reported that 

between 80% and 90% of acute back pain patients returned to work in 6 weeks from the 

first day of pain. The percentage of workers returning to work after the first several 

weeks after back injury decreased as the period of the absence from work increased. 

After 6 months absence, only 50% of patients returned to work. After 1 year, only 25% 

returned and by 2 years, return to work was minimal, (McGill et al., 1968). Although 

prognosis is good for back pain (James et al., 1996), the number of workers disabled by 

back problems is still increasing. In the United Kingdom, between 1955 and 1982, the 

number of total days of absence for back problems increased to 300% for men and 490% 
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for women (James et al., 1996). During the same period, lost work days for all medical 

reasons increased by 40% for men and by 6% for women. The reason for the increased 

absence from work is not quite clear. In fact, it is not a result of increase in the number of 

back problem reports in the population growth. This is simply because the U.S. National 

Center for Health Statistics has reported 168% increase in the number of individuals 

disabled by back pain between 1971 and 1981, while the U.S. population increased by 

only 12.55% during the same period (Hazard, 1989). 

The total cost of back care in the U.S. was $85 billion in 1990. The cost of 

industrial back pain ranging from $32.1 billion to $55. 7 billion per year (Cats-Baril, 

1995). The cost of that care can be divided into direct costs, e.g. money spent for medical 

care which is about 20% to 33% of the total expenditure, and indirect costs, e.g. lost 

wages and lost productivity that represent 67% to 80% of the total cost. Because of their 

financial impact, neck and back pain are a serious medical problems (James et al., 1996). 

Nachemson (1991) reported that the total direct and indirect cost of back problems in 

Sweden in 1991 were estimated at more than $3 billion U.S. for only 8 million people. 

He added that 95% of the costs were indirect, related to long-term sick leave or disability 

pens10n. 

2.4 N eek Pain 

2.4.1 NECK PAIN IN GENERAL POPULATION 

Chronic neck pain in the general population is a common symptom; however, it 

does not always result in a medical consultation (J iri, 1998). Makela et al. (1991) 
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reported on a study of 8000 adults that found chronic neck pain in 9 .5% of the men and 

13.5% in women. In a 1994 study in Norway, a random sample of 10,000 were given 

questionnaires and 77% responded. The result showed 34.4% complained of neck pain; 

women reported more incidences lasting 1 month or longer (Bovim et al., 1994). Another 

study conducted by Jiri (1998) showed 13.8% complainted of neck pain lasting more than 

6 months, thus meeting the chronic criteria. Chronic neck pain is more frequent among 

women, and prevalence and pain duration increased with age. Jiri ( 1998) pointed out the 

importance of considering the effect of morphologic, age-related changes of the cervical 

spine in evaluating and treating neck pain. Jiri, (1998) hypothesized that the changes in 

the intervertebral disc, vertebral processes, and zygapophysial joints will change function 

and cause pain. 

2.4.2 WORK-RELATED NECK DISORDERS 

It was reported more than 100 years ago that MSD in the neck and shoulder were 

associated with occupations other than heavy manual labor (Foldmark et al., 1992). The 

development of neck MSDs, as a result of work involving repetitive movements, has 

been reported in many studies (Anderson, 1994; Burt, 1990; Kukkonen, 1983; Kuorinka, 

1979). James et al., (1996) reported that work-related neck and back disorders are usually 

associated with individual exposure to different job environments. So, repeated minor 

trauma and its cumulative effect must be taken into consideration when evaluating and 

treating such problems. Because neck and back pain usually result from a number of 

causes, it is difficult to determine the consistency of the relationship between the severity 
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of symptoms and the severity of precipitating factors (James et al., 1996). On the other 

hand Ohlsson (1989) did not find a statistically significante relationship between work 

involving repetitive movements and neck MSDs. Some studies reported that professional 

drivers are at high risk to develop spinal MSDs including back and neck pain, sciatica, 

spondyloarthrosis, and herniation of lumber disks (Hildebrandt, 1995; Kelsey et al., 1975; 

Krause et al., 1991). A study conducted on 294 poultry workers showed that 12% in the 

high-exposure group (based on repetition and force) had neck symptoms and physical 

examination findings, compared with none in the low-exposure group (Kiken et al., 

1990). The level of work intensity and its relation to neck MSDs was studied, and results 

showed that workers in those jobs had a higher prevalence of neck disorders than those 

with less forceful, repetitive jobs (Berg et al., 1988; Kuorinka, 1979; Linton, 1989). Neck 

muscle strength in those studies was estimated either by questionnaire, biomechanical 

models or electromyography. Some studies evaluated neck MSDs in subjects working at 

video display terminals (VDT) (Aaras, 1994; Rossignol, 1987). When changes are made 

in the work environment, and equipment in a workplace using VDTs, there is a reduction 

in the number of sick days and decrease in the prevalence of neck disorders (Aaras, 

1994 ). Most of the neck MSDs studies (Bovim et al., 1994; Jiri, 1998) used symptom 

questionnaires to identify subjects with neck disorders. Prevalence of neck disorders that 

has been reported based on symptoms was only twice that based on symptoms and 

physical examination (Bergqvist et al, 1995; Bernard et al, 1994; Burt et al., 1990; Hales 

et al., 1994). Other studies found an association between wearing bifocals and adopting 

bad neck and head posture and developing neck MSDs (Bergqvist, 1995; Hales, 1994; 
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Martin, 1988). Bernard et al.(1994) and Burt et al. (1990) reported an association 

between working under a deadline and neck disorders. Jiri (1998) reported that there is a 

reduction in the EMG load of the trapezius muscle as a result of the change in the 

workplace organization and equipment in a work place. This study showed the 

relationship between static load and MSDs, and identification of these risk factors 

resulted in a decrease in worker disability and sick time. Studies by Ohara et al. (1976) 

and Winkel et al. (1992) reported the association between neck and shoulder MSDs and 

the increase in repetitiveness, awkward and static posture by cash register operators using 

new electronic cash registers placed on unsuitable counter heights. Hagberg et al. ( 1987) 

evaluated the association and impact of occupational exposure and neck and shoulder 

injuries. They compared office workers, farmers, and dentists and they reported an 

increased odds ratio for cervical spondylosis and shoulder joint osteoarthrosis for the 

dentist group. Meat carriers, miners, and heavy workers also had significantly higher 

rates of cervical spondylosis compared with office workers and farmers. They also found 

that with high shoulder-neck load an odds ratio of 4.0 was reported for thoracic outlet 

syndrome, with an etiological fraction of 0.75. Rotator cuff tendinitis in the occupational 

group with work at shoulder level showed an odds ratio of 11 and an etiological fraction 

of0.91. Keyboard operators had an odds ratio of 3.0 for tension neck syndrome. Hagberg 

and workers (1987) added that high rates and etiological fractions for rotator cuff 

tendinitis and tension neck syndrome suggest that preventive measures could be effective. 

They concluded that highly repetitive shoulder muscle contraction, static contraction, and 

work at shoulder level are risk factors for developing neck and shoulder MSDs. On the 



other hand Kuorinka ( 1979) did not find an association between work pace and 

productivity with neck disorders among the blue-collar assembly workers. 

2.5 Exposure to Risk Factors and Increased Prevalence of Neck MSDs 
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There are many studies that report the relationship between time of exposure to 

the risk factors and prevalence of neck MSDs. (Burt et al., 1990; Rossignol et al., 1987; 

Jonsson et al., 1988). Burt et al. (1990) studied workers at a major urban newspaper. 

They found that time spent typing at VDT keyboards was associated with prevalence of 

neck MSDs. They added that the keyboard time resulted in increased the time spent in 

postures in which the arms are unsupported and the neck is static. Rossignol and 

colleagues' work (1987) reported the same association. Jonsson et al. (1988) studied the 

relation between muscular effort during work and subsequent pain, using video recording 

as an indirect measurement of the muscle load. The result of this study found that the 

relative time with elevated shoulders and a flexed neck could be considered as a risk 

factor for developing neck and shoulder MSD. Kaj et al. (1993) reported that prolonged 

muscle activation, as in repetitive work, is a risk factor for developing neck and shoulder 

MSD. 

2.6 Work-Related Shoulder MSDs. 

Hagberg and Wagman ( 1987) reported the association between shoulder MSDs 

and workplace exposures. They added that risk factors associated with shoulder tendinitis 

include working at or above shoulder height, heavy lifting, static postures, and hand-arm 
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vibration. Other studies found strong association between repetitive movements and 

shoulder MSDs (Baro et al., 1991; English et al, 1995; Hales et al., 1989; Kiken et al., 

1990). The prevalence of shoulder MSDs among workers in different jobs but with the 

same time of exposure ranged from 1 % in sign language interpreters (Sweeney et 

al.,1994) to 31 % in sewing machine operators (Anderson et al., 1993). Other studies 

found an association between shoulder MSDs and the duration of employment as an 

assembler, telephone operator, newspaper worker using VDTs, or rockblaster (Bernard et 

al., 1994; Ignatius et al.,1993; Kilborn et al., 1987). Wells et al. (1983) reported direct 

exposure-response effects among the male letter carriers with adjustment of age, number 

of years on the job, height/weight ratio, and prior work experience. Westgaard (1985) 

reported that the risk of developing shoulder MSDs increased according to the level of 

static load on the trapezius muscles. Baron et al. ( 1991) found a strong relationship 

between 25 hours or more of working at a cash register per week and prevalence of 

shoulder MSDs. Rossignol et al. ( 1987) reported that shoulder MSDs doubled after 7 

hours working on a VDT, which required neck static posture with the ann unsupported. A 

two-year follow-up study of 68 female assembly line workers showed that there was a 

significant increase (from 8% to 21 %) of shoulder tendinitis (Kilborn et al., 1987). They 

found strong predictors of developing severe neck and shoulder MSDs after two-years 

exposures to be rate of shoulder elevations and neck flex ion per hour; duration of neck 

flexion, shoulders extension, and fixed arm posture; and fixed arm posture (shoulder 

abduction from Oto 30 degrees). The results of the study showed that 38 workers (55%) 
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who changed their work tasks improved, (16% initially had severe symptoms), and those 

whose work tasks did not change deteriorated further (26%). 

2. 7 Common Symptoms of Cervical Spine Disorders 

The most common symptoms of cervical spine disorders are constant neck pain, 

motion induced neck pain or both, and suboccipital headache. Radicular or referred pain 

is another symptom that might be associated with sensorimotor affectation. Age-related 

change in the cervical spine should be taken into consideration when evaluating and 

treating cervical disorders. Children and young adults, for example, could complain of 

neck pain or disorder due to acute trauma to the neck or following sports activities (Jiri, 

1998). Penning and Tondury (1964) reported that the dysfunction of the intervertebral 

meniscoids could be a cause of disturbed movements of the cervical spine. Bony 

malformations, especially in the cranial-cervical junction, are much more common than 

inflammatory changes and primary or secondary tumors in children (Ono, 1987; Taylor et 

al., 1993). Degenerative processes of the cervical spine as people age might be the cause 

of intermittent neck discomfort (Kimura et al., 1974; Kuorinka et al. , 1979). The 

researchers added that if there are actual radicular signs and symptoms, important 

information could be obtained from the patient's history. The most common disorders 

resulting in radicular compression or cervical myelopathy are degenerative changes such 

as disc herniation, foraminal stenosis, and narrowing of the spinal canal (Kimura et al, 

1974; Kuorinka et al, 1979). 



2.8 Different Diagnostic Criteria of Neck-Shoulder Disorders 

2.8.1 TENSION NECK SYNDROME 
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Silverstein (1985) defined tension neck syndrome as neck pain or stiffness, 

muscle tightness, palpable hardening, and tender spots. Hagberg et al. ( 1987) defined it as 

pain in the shoulder or neck in addition to tenderness over the descending part of the 

trapezius muscle. Waris et al. (1979) reported that tension neck syndrome might be 

associated with pain in the neck and shoulder area during rest, muscle stiffness, headache, 

muscle weakness, fatigability, and numbness of the upper limb. There may also be 

muscle spasm, tenderness (particularly in the trapezius muscle), muscle tightness and 

decreased range of motion of the cervical spine, in particular the lateral flex ion and 

rotation ranges. These were the diagnostic criteria of tension neck syndrome collected 

from data entry operators, assembly line packers, shop assistants, and female office 

workers. Hunting et al. ( 1981) said that for the Swiss data entry operators, 

"Conversational terminal operators," typists, and office workers the medical finding 

listed as "tendomyotic pressure pain in shoulders and neck" was defined as tension neck 

syndrome. In another study, Onishi et al. (1976) reported that office workers, teachers, 

nurses of handicapped children, and lamp assembly workers with shoulder stiffness and 

tender trapezius muscles were diagnosed with tension neck syndrome. 

2.8.2 CERVICAL SPONDYLOSIS AND CERVICAL SYNDROME 

One of the most important causes of neck and shoulder pain is the osteoarthrosis 

of the cervical spine. X-ray examination is the only diagnostic criterion for cervical 
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spondylosis, which shows the degenerative change of the cervical spine, including 

reduced disc space and/or osteophytes (Hagberg et al., 1987). It could be concluded that 

cervical spondylosis is characterized by reduced disc height, indicating disc 

degeneration, and by proliferation of bone tissue (spurs or osteophytes). On the other 

hand, Lawrence (1969) distinguished between cervical osteoarthrosis and disc 

degeneration. 

The diagnosis of cervical syndrome was based on interview and physical 

examination. When symptoms were present, a simple clinical examination was carried 

out to determine the cause and to localize the site of pain (Hagberg et al., 1987). Waris et 

al ( 1979) defined cervical syndrome ( cervical disc disease) as pain in the neck region that 

might radiate to the upper limb and cause numbness and parasthesia. Neck pain could 

occur during rest or during movement. Headache is also a symptom of cervical 

syndrome, especially in upper cervical region pathology. Waris et al. (1979) also added 

such vertebrobasilar autonomic symptoms as vertigo, tinnitus, or dilopia. He also 

reported that the objective signs included neurological disturbance of the affected root, 

disturban_ce originating from the cervical cord and vertebral arteries, and decreased 

function of the cervical spine. Also there is decreased sensation in some of the upper 

extremity dermatomes with adjacent muscle weakness or atrophy. Myelopathy and 

decreased ROM of the cervical spine were also reported. 
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2.8.3 THORACIC OUTLET SYNDROME 

Hagberg et al. (1987) defined the thoracic outlet syndrome as a compression of 

the neurovascular bundle at the shoulder-thoracic junction. Thoracic outlet syndrome 

(TOS) as reported by Waris et al. (1979), contains at least three conditions: anterior 

scalene, hyper-abduction and costoclavicular syndromes. Pain and paresthesia of the 

upper extremity, fatigability, weakness of the arms, numbness, swelling, and stiffness 

were reported, as well as claudicating and autonomic vasomotor changes. Waris et al. 

(1979) also reported that reduced sensation and muscle weakness were important signs 

for TOS. Also, a positive Roos's test was found with abduction and external rotation 

resulting in pain and early fatigue, tingling or paresthesia on the ulnar side of the forearm 

and the hand. Moreley's sign with tenderness in the supraclavicular fossa is another 

indicator (Hagberg et al., 1987). Drooping shoulder or positive Adson's test (radial pulse 

impairment or loss on head rotation), positive Allen's hyper-abduction maneuver and the 

costoclavicular compression test were also important observations. However, these tests 

could be positive in 15-82% of normal subjects (Waris et al., 1979). 

2.8.4 ROT ATOR CUFF SYNDROME (Supraspinatus tendinitis) 

Rotator cuff syndrome is an MSD that affects the shoulder complex. It may 

present with various symptoms from different jobs. Herberts et al. (1981; 1984) found that 

in male office workers, localized shoulder pain and tenderness of the humeral head were 

indicators for rotator cuff syndrome. Other signs and symptoms including pain with 

isometric contraction, decreased active range of motion and muscle strength were 
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measured, but it was not clear whether they were required for diagnosis. For 

slaughterhouse workers, the diagnostic criteria were shoulder pain and tenderness 

(Viikari, 1983). The criteria for data entry operators and assembly workers were local 

pain and tenderness, pain during abduction, and limited active abduction (W aris et al., 

1979). Bjelle et al. ( 1979) reported that working with the hand at or above shoulder level 

could cause local pain, tenderness, and pain at isometric contraction. 

2.8.5 FROZEN SHOULDER SYNDOME (Shoulder joint capsular contracture) 

Frozen shoulder syndrome is the stiff and painful shoulder that results from 

several pathological or idiopathic conditions (Booth et al., 1975; Simon, 1975; Pasila, 

1965). The subjective symptoms of the frozen shoulder as reported by Booth (1975) are 

shoulder pain, pain during effort, and nocturnal pain. The objective symptoms are limited 

active and passive range of motion, atrophy, and muscle spasm of the shoulder and 

parascapular muscles (Booth, 1965). Simon (1975) also reported tenderness of the 

anterior capsular ligament of the shoulder joints as an objective symptom. 

Waris ( 1979) defined the capsular contracture as progressive pain and stiffness of the 

shoulder with limitation of active and passive outward rotation. 

2.9 Other Factors Affecting the MSDs 

AGE 

The relationship between age and some MSDs, for example, osteoarthritis, has 

been established in many studies, (Cummings et al., 1985; Kelsey et al., 1988). Other 
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studies found a relationship between age and shoulder tendinitis (Punnett et al., 1985; 

Herbert et al., 1981). Thomas et al. (1996) explained the lack of relationship between 

advancing age and work-related disorders was probably because most older people had 

left their jobs as a result ofMSD. They added that advancing age and increasing number 

of years on the jobs are highly correlated. 

GENDER 

Many studies found a higher prevalence of MSDs in women (Bergqvist et al., 

1977; Bernard et al., 1994; Chiang et al., 1993; Hales et al., 1994). This might be true 

because women's jobs usually required less physical strength but more stereotypic, 

repetitive movements (Thomas et al., 1996). Another explanation was that work stations 

were typically designed for the convenience of the height and reach capabilities of men. 

As a result women using these work stations were more likely to report pain and seek 

medical help (Armstrong et al., 1993). Also, it has been reported that women have more 

exposure to the job risk factors than men (Armstrong et al., 1993; Hales et al., 1994). 

After 35 years of age women experience more somatic symptoms as a result of life 

stresses (Greene et al., 1980). On the other hand, Hagberg et al. ( 1987) and Silverstin et 

al. ( 1986) reported no relationship between gender and MSD. 

SPORTS, PHYSICAL FITNESS, TRAINING AND STRENGTH 

Some studies reported an increased prevalence of MSDs among athletes, 

especially at the professional level. For example, epicondylitis has been found among 
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professional tennis players and baseball pitchers (Nirschl, 1973; King et al., 1969). 

Ringel et al. (1990) reported a slowing of smprascapular nerve conduction among healthy 

baseball pitchers as the season progressed. There are other studies that indicate a 

protective effect of sports (Thomas et al., 1996). 

Cady et al. (1979) reported that physical fitness and conditioning had a significant 

preventive effect on back injuries. Other research suggests however that there is no 

significant affect of physical fitness on preventing back injuries (Battie et al., 1989; 

Frymoyer et al., 1983). 

Thomas et al. ( 1996) reported less strength in trunk flex ors and extensors in 

patients with low back pain as compared with normal subjects. However, reduced 

strength was a result of low back pain and was not a cause of it. On the other hand, 

studies documented that strength of the trunk muscles was insignificant in preventing 

work-related low back pain (Jorgensen et al., 1987; Battie et al., 1989). 

PROLONGED SITTING AND ST ANDING 

Magora (1972) reported that jobs that require all-day standing or all-day sitting 

postures increase the incidence of low back pain. He added that frequent posture change 

during work reduced sick days and reduced postural fatigue. 
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VIBRATION AND DRIVING 

Some studies reported that professional crivers are at high risk to develop spinal 

MSDs, including back and neck pain, sciatica, spondyloarthrosis, and herniation of 

lumber disks (Hildebrandt, 1995; Kelsey et al., 1975; Krause et al., 1991). 

SMOKING 

Tobacco smoking has been associated with low back pain (Kelsey et al., 1988; 

Garg et al., 1992). The researchers related this association to nicotine-induced diminished 

blood flow to vulnerable tissues and smoke-induced coughing, causing mechanical strain. 

The same assumption could be applied to neck pain. 

SOCIOECONOMIC STATUS 

Lower socioeconomic status employees reported low back pain more frequently 

than workers higher socioeconomic status. This is probably because of the physically 

demanding occupations often held by the former (Nagi et al., 1973 ). 

PSYCHOSOCIAL FACTORS 

Thomas et al ( 1996) divided workplace psychosocial factors into three categories: 

* Job or task demands: heavy workload, high workload variability, increasing work 

pressure, unrealistic deadlines, unrealistic production standards, no control over amount 

or quality of work, no control over job-related matters, lack of meaningful work, 



underutilization of skills, monotonous tasks, inadequate resources to accomplish job, 

customer hostility, and no opportunity for learning. 

*Organizational factors: job insecurity, lack of participation in decision making, poor 

communication, no opportunity for carrier advancement, inadequate compensation, 

performance evaluation done poorly, computer monitoring, long hours or required 

overtime, shift-work, little interaction with coworkers, lack of social support from 

supervisor or coworkers, poor labor-management relationship, low priority for 

health, racial or gender discrimination, sexual harassment, and no spirit of 

partnership or teamwork 

*Physical factors: too hot or cold, noisy, noxious odors, poor ventilation, poor lighting, 

and crowding, isolation. 

2.9.9 INDIVIDUAL AND NON-WORK FACTORS 
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The following are individual and non-work-related factors that have also been 

reported as causes for MSDs: personality traits, psychological dysfunction, coping 

ability, job dissatisfaction, attitude toward life, attitude toward one's own health, overall 

poor health, lower socioeconomic status, and lower intelligence, marital problems, living 

alone, financial problems, coping ability, child-rearing problems, and interpersonal 

conflicts. 



2.10 Impairments, Disabilities, and Handicaps 

2.10.1 IMPAIRMENTS 

Impairments can be defined as "any loss or abnormality of psychological, 

physiological, or anatomical structure or function". Examples are multiple sclerosis and 

cerebral infarction (Duckworth, 1984). 

2.10.2 DISABILITIES 

Disability can be defined as a limitation of function or reduced amount of 

functional capacity or ability to work as a result of physical impairment or anatomical 

abnormality (Waddell et al., 1984 ). Reduced gait, inability to perform activities of daily 

living are examples of disability. 

2.10.3 HANDICAPS 

Handicaps can be defined as "a disadvantage for a given individual, resulting 

from an impairment or a disability that limits or prevents the fulfilment of a role that is 

normal (depending on age, sex, and social and cultural factors) for that individual" 

(Duckworth, 1984 ). 
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Handicap can arise directly from an impairment or even from a pathology without 

impairment, as well as from disability. For example, a right hemianopia may cause no 

problem until it is diagnosed by a doctor, then, it become a problem that may lead to 

disqualification from driving, and thus handicap. In the case of handicap, the link with 
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disability can be very slight. Environmental factors such as social expectation, family 

support, the physical environment, and financial support, all have a major effect upon the 

final handicap. Handicap, disability and are considered to be a reduction of some pre

existing conditions that resulted from an underlying pathology (Wade et al., 1988 and 

1989). 

2.11 Evaluation of Spinal (Neck and Back) Pain 

Many physical examination findings of the neck and back are still nonspecific. 

This makes it hard to identify specifically the spinal problem at hand and thereby its 

treatment (James et al., 1996). Clinical evaluation includes use of pain diagrams and 

scales, examination of postures, assessment of cervical range of motion, manual 

assessment of segmental cervical motion, palpation of the tender muscles, and evaluation 

of muscle strength (Jensen, 1990; Leggett et al., 1991). Sprain and strain are two terms 

that are widely used to describe many neck and back injuries. Those terms indicate that 

some work-related trauma or injury has happened (lifting, twisting, or fall), has caused 

injury to the soft tissue (muscles, ligaments, fascia, or intervertebral disc) and has led to 

the back or neck pain (James et al., 1996). Palpation of the back muscle may show 

muscle tenderness and tightness. However, these findings have been found in different 

back injuries and they cannot distinguish between diagnoses (McCombe et al., 1989). 

Another physical examination finding is painful back with extension and side bending, 

which is poorly correlated to anesthetic blocks of the facet joints (Jackson et al., 1988). 

Physical examination, in general, lacks specificity for diagnosing most patients (James et 
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al., 1996). James and coworkers added that one of the most important physical 

evaluations of the spine is the range of motion test. Keeley et al. ( 1986) and Mayer et al. 

(1984) reported that neck range of motion can be measured in three planes, include 

saggital for flexion and extension, coronal for side bending, and axial for rotation. They 

added that these motions could be measured using an inclinometer. It has been reported 

that limited range of motion of a related area (shoulder, scapula) can cause neck pain. 

Improvement of these areas may reduce symptoms of the neck and restore functional 

ability (Mayer et al., 1986; Mellin, 1985). 

In order to determine the origin of pain in the upper or lower cervical spine, 

clinical assessment of axial rotation or maximum flexed position can be of great help 

(Shimizu et al., 1993; Taylor et al., 1993). The researchers added that severe atlanto-axial 

osteoarthritis completely blocks rotation out of maximum flexion and causes severe pain. 

Axial rotation out of the neutral position may be less painful. They also added that 

palpatory examination of painful muscles might localize trigger points and cause pain in 

these muscles. 

2.11.1 NECK RANGE OF MOTION 

James et al. ( 1991) argued that clinical measurements of cervical spine motion are 

the least accurate of the common measurements of mobility of the body's joints. They 

attributed this weakness to the lack of bony landmarks on the head and to the thickness of 

soft tissues overlaying different segments of the cervical spine (Youdas et al., 1991 ). 

Martin et al. (1989) reported the difficulty of evaluating complex neck motion. They 
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added that it is usually measured on three different planes, separately during active or 

passive movements. This gives limited information about neck functional ability (Kottke 

et al., 1959). There have been no proven or reliable clinical methods for measuring the 

cervical segment range of motion (Arthur et al., 1992). Some studies reported that 

radiography is the most accurate method to evaluate neck normal motion pattern in the 

frontal and saggital planes (Colachis et al., 1965; Fisher et al., 1977; Leighton, 1956). 

This opinion was supported by other studies that evaluated individual spinal segments 

(Lysell, 1969; Panjabi et al., 1981 ). Fielding (1957) studied the normal motion pattern by 

cineradiography. Jones (1960) used cineradiography to study two motion patterns that 

could occur during flexion. Penning (1978) reported that he used the conventional 

radiography to measure normal motion pattern during flexion and extension. Penning et 

al. ( 1987) reported on the use of computerized tomography to measure the normal motion 

pattern of the lower back and AROM. Johnston et al. (1985) used the video recording to 

evaluate neck motion pattern. Brown et al. (1976) and Panjabi et al. (1981) used three

dimensional radiographic techniques for spinal motion analysis. Martin et al. ( 1989) used 

electrogoniometric methods to evaluate neck motion patterns in common neck disorders. 

They suggested that the functional motion analysis could be used together with 

electromyographic recordings of neck and shoulder muscle activities. Electrogoniometery 

was also used by Alund et al. ( 1990) to measure AROM of the neck. Fielding (1956; 

1957) reported that radiography is the most accurate and objective measurement of the 

joint motion as well as neck AROM. However, the disadvantages of exposure to 

radiation, the expense, and time required all affect its use. Jorgen et al. (1994) used the 
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Nicometer to measure the head posture. Storms (1955) reported using a tape measure to 

evaluate the cervical spine AROM. He measured the distance, in inches, between the chin 

and sternum to determine flexion and extension, between the chin and acromion for 

rotation, and between the ear and acromion for lateral rotation. Marcrae et al. ( 1969) also 

recommended the use of a tape measure to evaluate neck AROM. Norlander et al. ( 1997) 

used the cervicothoracic ratio (CTR) technique to measure the relative segmental flexion 

mobility in the cen1icothoracic motion segment and the upper thoracic spine. The CTR 

technique described what is defined as the relative flexion mobility, a calculated ratio 

based on absolute values of skin distraction between C7 and T5 (Kapandji, 1970). Moll 

and Wright (1976) reported that the visual estimation is the most popular technique for 

the cervical spine range of motion evaluation; however, Moore (1949) reported that 

visual estimation did not lead to reliable measurements. Kadir et al. ( 1981) and Tucci et 

al. ( 1986) reported the use of a head goniometer in evaluating neck AROM, and Kadir et 

al. ( 1981) used a skull-cap with chin straps and three calibration scales. Tucci et al. 

(1986) used a standard gravity goniometer spirit level and head adapter to measure neck 

AROM. Kottke et al. (1953) and Ferlic (1962) used protractors to evaluate the neck 

AROM. The hydrogoniometer has also been used to measure neck AROM (O'Driscoll et 

al. , 1982). The full-circle goniometer, or universal goniometer (UG), is a versatile device 

for recording measurements of peripheral joint ROM in healthy subjects and in patients 

(Boone, 1987; Low 1976). On the other hand Cole et al. (1992) reported difficulties with 

the UG to measure the neck AROM because of problems identifying the bony landmarks 

in the cervical spine, and other researchers preferred gravity goniometer (GG) over the 
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UG for the same reason (Tucci, 1986; Zachman, 1989). Fish et al. ( 1985) found the 

disadvantage of the UG to be the improper alignment of the goniometer and variations in 

manual force. As reported by Y oudas et al. ( 1991) the GG consists of a metallic gravity 

pointer encased within a flat protractor-like scale that moves freely about an axis. When 

the scale is in the vertical plane, gravity pulls the pointer downward. It requires only one 

hand to operate, leaving the other hand free to move the joint being tested. The GG and 

the Bubble goniometer can be used to measure the neck AROM in flexion, extension, and 

lateral rotation (O'Driscoll et al., 1982). Neck lateral flexion can be measured by the 

magnetic compass (Alund et al., 1990; Lind et al., 1989). The cervical-range-of-motion 

(CROM) instrument is a relatively recent development to test cervical spine ROM. It 

consists of a plastic frame that is mounted over the subject's nose bridge and ears and 

secured to the head by a Velcro strap. The three dial-angle meters attached to the frame 

and arranged orthogonally to one another indicate the subject's cervical ROM. Youdas et 

al. ( 1991) studied the within-tester and between-tester reliabilities of measurements of the 

active ROM of the cervical spine with the CROM, UG, and GG. They concluded that 

AROM measurements of the cervical spine made by the same physical therapist have 

well-to-high reliability, regardless of whether the therapist used the CROM or the UG. 

When different physical therapists measured the same subject's AROM, the CROM 

device was the most reliable testing instrument. In clinical practice common neck injuries 

and various pain disorders are frequently associated with impairment of function rather 

than with morphologic changes (Janda, 1986). The need for more accurate measurement 

of neck movements has been recommended by many authors (Janda, 1986; Bennett et al. 



1963; Kottke et al., 1959). Cole (1982) said that the least accurate clinical measurement 

of the mobility of the body's joint is that of the cervical spine. The CROM might be the 

solution of these measurements problems. 

2.11.1.1 RANGE OF MOTION OF PAINFUL NECK 
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The significance of joint mobility, as an important factor in MSDs, has been 

reported by Johansson et al. (1996). Norlander et al. (1997) reported limited ROM of the 

cervical spine with neck-shoulder pain. The researchers measured the ROM of cervical 

spine using the cervico-thoracic ratio (CTR) which is calculated ratio based on absolute 

values of skin distraction between C7 and TS. Norlander et al. ( 1996) reported that 

hypomobility at level C7-Tl was an indicative factor of neck-shoulder pain. Youdas et al. 

( 1991) reported that cervical spine disorders usually affect normal neck AROM. They 

added that the prognoses of the patients with neck disorders and their responses to 

therapeutic interventions are often documented by measuring or visually estimating 

changes in the AROM of the cervical spine. Thomas et al. (1992) evaluated neck AROM 

in the sagittal plane and isometric muscle strength of the neck extensors using a MedX 

Cervical Extension Machine in 90 patients complaining of neck pain, pre and post 

training. The results of this study showed that after a rehabilitation program using the 

same machine, there was a significant improvement in the neck AROM and the isometric 

muscle strength of the neck extensors and a significant decrease in neck pain. It is unclear 

whether loss of or diminished motion of the cervical spine is a secondary effect of 

chronic neck pain or a cause of neck pain (Metland, 1983). The researchers added that it 
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is also unknown whether loss of motion of one or more of the cervical segments is related 

to neck pain. 

2.11.2 EVALUATION OF NECK MUSCLE STRENGTH 

Hans et al. ( 1994) used strain-gauges applied to an ergometer to measure 

isometric strength. They were mounted at fixed distances from the axis of rotation. Thus, . 

strength measurement during neck rotation, flexion, and extension were carried out. 

Calibration was carried out before and after each test. J ari et al. ( 1994) used the strain

gauge device attached to a sturdy metal stand mounted to the wall to measure the 

isometric strength of neck muscles. Michael et al. (1994) used a MedX machine to 

exercise the cervical extensor muscles through full ROM. Bjelle et al. ( 1981) used 

anthropometric measurements to evaluate subjects who worked at a manufacturing plant 

and visited the industrial health care center with acute non-traumatic, shoulder and/or 

neck pain. These measurements consisted of stature, eye height, acromion height, elbow 

height, and grip height when standing. Load cell transducers have long been used for 

measuring isometric muscle strength. The recorded forces usually are transmitted to an 

oscilloscope through a powered amplifier, which had gain controls. The oscilloscope was 

usually used to measure muscle force after converting the mechanical force by the force 

transducer and amplifier to voltage differential. The oscilloscope has also been used as a 

feedback device by which the subject could control 80% and 50% MVC (Gogia and 

Sabbahi, 1994). A load cell was also used by Dolan et al. (1995) to evaluate the 

maximum voluntary contraction of the erector spinae muscles. The isometric head 
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dynamometer has been used to measure the strength and endurance of the neck muscle in 

man in one of the four directions. (flexion, extension, right and left rotation) (Petrofsky et 

al., 1982). The researchers added that the dynamometer makes it possible to measure the 

effect of different dynamic activities and other work activities on neck muscle strength 

and endurance. Pamela et al. (1996) used the integrated EMG in quantitative 

measurement of the neck flexor muscle strength. 

· 2.11.2.1 EFFECT OF MUSCLE WEAKNESS AND EXERCISES ON NECK PAIN 

It has been suggested in many studies that increased muscle strength, ROM and 

endurance may alleviate neck and shoulder pain and discomfort (Dyrssen et al. , 1990; 

Jordan et al., 1993; Levoska et al., 1993). Brattberg et al. (1989) and Leigh et al. (1989) 

claimed that in industrial countries there is an association between limited neck ROM, 

neck muscle weakness, neck pain and muscular fatigue. Patients' complaints of neck 

problems coincided with weakness of the neck muscles (Kvamstrom, 1983; Bjelle et al., 

1987). Another longitudinal study by Kilborn et al. ( 1988) showed reduction of neck 

muscle strength in women who performed heavy manual work. Rempel et al. (1992) 

proposed reduction of work- load with ergonomic improvements in the occupational 

setting. Other studies demonstrated a reduction in neck disorders after a controlled 

physical exercise for the neck (Nachemson et al., 1991; Dyrssen et al., 1989). Dyrssen et 

al. ( 1989) reported that young women clerks showed improved neck muscle strength and 

reduced neck pain after nonspecific training of the shoulder and neck muscles. Hans et al. 

( 1994) reported the importance of improving neck muscle strength in order to reduce 
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neck disorders. Highland et al. (1992) demonstrated that significant improvements of 

isometric strength of the cervical extension resulted in a significant reduction in neck 

pain and increased neck AROM. Jari et al. (1994) found the same results with 

rehabilitation programs, and improvements of neck muscle strength resulted in marked 

decrease in neck pain. Cailliet (1981) and Kraus (1970) showed that neck pain often 

resulted in muscular weakness and fatigue. N eek muscle strength has been documented to 

be an important factor in stability of the cervical spine (Franco et al., 1987). Other studies 

showed the importance of strengthening the neck muscles to reduce neck pain and 

minimize the risk of neck injury (Worble et al., 1986; Schall, 1989; Franco, 1987). These 

results led Micheal et al. (1993) to suggest the importance of defining safe and effective 

methods for strengthening of the cervical muscles. Micheal et al. (1993) reported the 

effect of neck rehabilitation program on reducing neck pain and improving neck function. 

Arthur et al. (1992) suggested that if trunk muscle weakness can cause low back pain, 

then it is assumed that strengthening exercises of the back muscles would reduce such 

pain. He added that a similar argument could be made for the cervical flexor and extensor 

musculature in order to reduce neck pain. Thomas et al. (1992) reported that there was 

significant reduction in neck pain with improvement in neck ROM and muscle strength 

as a result of specific training of the cervical spine. Kraut et al. (1966) evaluated the 

strength of neck flexors and found a correlation between chronic neck pain and cervical 

muscle weakness. Bjelle et al. (1987) evaluated the muscle strength of the neck and 

shoulder using the strength gauge dynamometer. They reported that there is a correlation 

between shoulder muscle weakness and development of shoulder and neck MSDs. 
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Hagberg (1981) reported a correlation between muscle fatigue and neck pain. Another 

quantitative evaluation of the neck flexor was conducted by Silverman et al. ( 1991 ), who 

reported a correlation between chronic neck pain and cervical muscle weakness. On the 

other hand Kamwendo et al. (1991) reported that there is no positive effect of neck 

rehabilitation in reducing neck pain. Nachemson et al. (1969) said that it is unclear 

whether neck or back muscle weakness is a residual finding of disuse weakness resulting 

from acute or chronic pain. 

2.11.2.2 MUSCLE STRENGTH AND FATIGUE 

Muscle fatigue can be defined as "the process leading to a decrease in the 

performance capacity of the ·muscle" (De Luca, 1984 ). Fatigue can also be defined as a 

decrease of the endurance time at a given force level (Sahlin et al., 1989). Bills (1943) 

divided fatigue into three categories: ( 1) subjective fatigue, characterized by a decrease of 

alertness, mental concentration, motivation, and other psychological factors; (2) objective 

fatigue, characterized by a decrease in work output; and (3) physiological fatigue, 

characterized by changes in physiological processes. Physiological fatigue may be 

induced at the beginning of the muscular contractions. It is associated with external signs 

and symptoms, such as the inability to maintain a desired force output, muscular tremor 

and localized muscle pain. This fatigue is localized to the muscle or to the group of 

activated muscles and is called localized muscle fatigue (Chaffin, 1973). Chandler et al. 

(1983) reported that when over 15% of the MVC is sustained, the contractions are said to 

be fatiguing, and the length of the time the contraction can be held is related to the 
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endurance level. They added that endurance time is inversely related to the muscle 

tension sustained. For example, if the hand grip muscle contraction sustained at 25% of 

MVC was held to fatigue, the endurance time was calculated to be 8 min (Funderburk et 

al., 1974). They added that when contraction was sustained at 70% MVC the endurance 

time was only 1 min. Petrofsky et al. (1982) reported that the relationship between 

strength and endurance for the neck muscles are similar to the handgrip muscle, but there 

are some differences. For example, at higher isometric contraction levels, the endurance 

time of the ventral muscle group is similar to those of handgrip, while it is longer for the 

dorsal and lateral neck muscle groups (Petrofsky et al., 1982). 

Petrofsky et al. ( 1979) reported that blood flow is one of the most important 

factors determining whether a contraction is fatiguing. When the muscle contraction 

sustained for a period of time the intramuscular pressure increases (Mack, 1967) and 

blood flow either decreases or is occluded to the hand grip muscle, if the tension is over 

70% MVC (Lind et al., 1964; Myers et al., 1968). Another study of leg muscles by 

Barcroft et al. ( 1939) showed that occlusion of the blood vessels occurred when the 

muscle contraction exceeds 20-30% MVC. This has been attributed to the mechanical 

nipping of the arteries that perfuse the calf muscle. Therefore, the relationship between 

strength and endurance depends on intramuscular pressure and the compressed 

vascularity of the contracting muscle. The type of the muscle fiber can also, to a large 

extent affect muscle fatigue (Close, 1972). There are generally two types of muscle 

fibers, fast twitch motor units that are associated with high strength and low endurance 

contractions and slow twitch motor units that are associated with less strength and very 
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high endurance (Close, 1972; Petrofsky, 1979). Most of the muscles of the body are 

composed of a combination of slow and fast muscle twitch motor units, although the 

proportion of each type varies. Chandler et al. ( 1983) concluded that the muscles used for 

dorsal and lateral flexion of the neck might have a higher percentage of slow-twitch 

muscle fibers, which allow the muscle to sustain isometric contraction for longer time, 

than those muscle used for ventral flexion. Measuring localized muscle fatigue has had 

some difficulties because of the risk of injury and of subject motivation (Van Dieen et al. 

1993). Evaluating muscle fatigue by observing the contraction level is not objective 

because is depends to a large extent, on the cooperation of the subject. 

2.11.3 ELECTROMYOGRAPHIC EVALUATION OF THE NECK MUSCLES 

The function of the neck muscles has been well studied using electromyography 

(EMG). (Campbell, 1955; Costa et al., 1990). EMG has been used to evaluate localized 

muscle fatigue for limb muscles (Deluca, 1984 ). Some investigators used the increase in 

amplitude of the myoelectric (ME) signal as an indicator of localized muscle fatigue (De 

Vries, 1968; Currier, 1969; Lloyd, 1971). Lindstrom et al. (1977) and De Luca (1979) 

claimed that the changing duration of muscle action potential is a reflection of the 

frequency shift of the ME signal. Many studies reported the decline of the frequency 

component of the ME signal spectrum as recorded by surface EMG (De Vries, 1968; 

Hagberg, 1981; Kadefors et al., 1968; Kogi et al., 1962 ). The frequency shift as an 

indicator of localized muscle fatigue has been used in association with ergonomics 
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( Kadefors et al., 1968; Petersen et al., 1976). Hagberg (1979; 1981) studied the effect of 

the elevated arm position on localized muscle fatigue of the shoulder, which was 

experienced by workers in different work environments. He reported that localized 

muscle fatigue of the arm can be measured by change in the ME signal power density 

spectrum. The changes in the frequency spectra, such as the median, mean and mode, 

have been used as indicators of localized muscle fatigue. The median frequency was 

preferred because it was less sensitive to white noise, less sensitive to signal aliasing, and 

more sensitive to the biochemical and physiological processes that occur in the muscle 

during sustained contraction (De Luca, 1997). 

The median frequency (MF) can be defined as "the frequency at which the power 

density spectrum is divided into two portions of equal energy. It provides a more reliable 

estimate of spectral frequency transitions when noise accompanies the EMG signal " 

(Roy et al., 1989). The researchers also defined the initial MF as "the MF estimate that 

corresponds to the very beginning of a contraction, before muscle fatigue process can 

modify the EMG signal. " The rate of decrease in the MF during the sustained isometric 

contraction may be defined as the slope of the median frequency (SMF). Since the work 

of Piper ( 1912), it has been known that as the contraction is sustained there will be a 

decrease in the frequency spectrum as an indication of localized muscle fatigue. Cobb et 

al. (1923) also reported the increase in the amplitude of the MF signal toward the end of 

contraction. Edward et al. (1956) reported that as the contraction progresses there is an 

increase in the number of motor units recruited to maintain constant muscle contraction. 

Some other studies suggested that motor unit synchronization may change the frequency 
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component (Bingland et al., 1981; Palla et al., 1981 ). DeLuca ( 1984) suggested that this 

change in the frequency spectrum might be due to motor unit recruitment, motor unit 

synchronization, changes in the conduction velocity of muscle fibers, and changes in the 

firing rate statistics of the motor unit discharges (Pearson et al., 1972). Another 

explanation by Sahlin et al. (1975) and Tesch et al. (1977) is that as a result of isometric 

muscle contraction lactic acid is formed and passes through the muscle fibers to the 

surrounding interstitial fluid. This will increase the hydrogen ion concentration and 

decrease the muscle pH. Such reduction in the muscle pH may lead to the decrease in the 

conduction velocity (DeLuca et al., 1983; Stulen, 1980). Calcium deposit is also 

suggested to be the cause of these changes ( Bianchi et al., 1982). Muscle fatigue can also 

be explained as a result of afferent flow from the fatigued muscle to the central nervous 

system to regulate the recruitment of motor units. This may be the reason for the change 

in the EMG activity during sustained maximum voluntary contraction, rather than failure 

of peripheral transmission in the muscle (Gunnevi et al., 1992). 

Change in the frequency spectrum can be used as a diagnostic criterion of 

musculoskeletal and neuromuscular disorders (DeLuca, 1984 ). There are some 

limitations which decrease the usefulness of the contractile force measure of fatigue in 

evaluating human physical performance; theses are: ( 1) contractile fatigue can be 

subjective because contractile force may decrease due to psychological factors. The EMG 

spectral variables monitored during constant-force isometric contraction are not subject to 

the psychological factors. (2) The contractile force can only be measured by evaluating 

the muscle torque around the joint, which could be carried out by more than one muscle. 
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On the other hand the EMG signal can be detected from a single muscle. (3) A final 

consideration is that the spectral variable decreases continuously from the onset of 

contraction, thus showing the rate of the fatigue process early in the contraction (DeLuca, 

1993). 

Some points that can affect the results have to be taken into consideration when 

performing such tests, such as the position, gender, effect of gravity, and body build 

(Gogia et al., 1991 ). Some other factors that could affect the test's outcome are force 

level of contraction, time into contraction, type of electrode used to obtain the ME signal, 

thickness of the subcutaneous tissue, and muscle being studied (DeLuca, 1997). 

2.11.3.1 EMG FINDINGS 

Gogia and Sabbahi ( 1994) found no significant difference in the IMF values 

between patients with osteoarthritis of the cervical spine and normal subjects. According 

to their results, Gogia and Sabbahi ( 1994) suggested that there is no composition 

difference in the anterior and posterior neck muscle fibers between the osteoarthritic and 

the control group. They attributed these results to the short period of the disease, location 

of the surface electrodes, or to cross-talk activity from the neighboring muscles. They 

also reported, in the same study, a higher median frequency slope in the patient group 

than in normal subjects. In a study carried out by Biedermann et al. (1990) on the back 

muscles to discriminate between normal subjects and patients with low back pain, the 

researchers found a higher rate of fatigue, a lower degree of variation of the sampled peak 

values of the spectrum, and elevated estimates of initial median frequency in the patient 
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group compared with the normal group. Kaj et al. (1993) studied the change in the static 

EMG level and the EMG gaps (a periods of muscle silence) during work as a predictor of 

trapezius muscle myalgia. They reported that the static EMG level during work did not 

predict trapezius myalgia, but static EMG level does not exclude higher static load as a 

risk factor for trapezius myalgia. They added that a low rate ofEMG gaps (i.e., more 

constant contraction) is a weak but significant predictor of trapezius myalgia. Oberg et al. 

( 1990) reported that the decrease in the mean power frequency (MPF) as a sign of fatigue 

has to exceed 8% of the initial value to be considered significant. Christensen ( 1986) 

reported that the MPF decreased by more than 8% in the lateral portion of the descending 

trapezius muscle in repetitive work at a pillar-drill. The same results were found in 

welding work (Kadefors et al., 1976), in simulated work tasks· in different work postures 

(Herbert et al., 1980), and in elevated arm positions (Hagberg, 1981 ). EMG signs of 

fatigue have also been found in both parts of trapezius muscle (Gunnevi et al., 1992). The 

researchers added that the cervical portion of the upper trapezius muscle had a different 

activity pattern than the lateral portion, and the static load in the cervical portion was 

higher than the lateral portion although signs of fatigue were not found in any subjects. 

According to EMG studies, there are different functions for different portions of the 

descending trapezius muscle (Mathiassen et al., 190; Schuldt et al., 1988). Lindman et al. 

(1991) attributes this variation in function to the different composition of the fiber type 

between the different portions of the whole trapezius muscle. They added that the lower 

part has more type I fibers, making it more responsible for postural function. The upper 

part is composed mostly of type II fibers, which help in head motor control during 
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postural sway. It was also reported by Gunnevi et al. (1992) that the standardization of 

the machines in the workplace cause interindividual differences in trapezius muscle 

activity. The researchers added that the differences of fatigue incidences among different 

portions of the same muscle and between the different muscle groups could be due to 

fatigue of selected motor units in those muscles. At a time that some motor units are 

recovering from fatigue, other motor units take over their function and maintain muscle 

activity. Gunnevi et al. ( 1992) suggested that changing limb position within the ROM 

could cause variation in muscle fatigue. They also studied the rate of perceived exertion 

(RPE) using Borg's RPE scale. "This RPE scale evaluates how the subjective intensity of 

exertion varies with the physical intensity (Borg, 1990)." They found a continuous 

increase in the RPE, even with no changes in the work output, that explains that the 

fatiguing process could be a result of high monotony in the work task, lack of visual and 

mental stimulation, and high work load. Gunnevi et al. (1992) concluded that a slower 

work pace, integrated pauses, or a redesign of the workstation to decrease shoulder 

flexion could prevent complaints of fatigue. Vasseljen et al. (1995) found an association 

between pain and increased upper trapezius muscle activity, as recorded by surface EMG 

during work and in testing situations. Other studies found increased EMG activity of the 

upper trapezius muscle in subjects with work-related myalgia, compared with the control 

group (Elert et al., 1992). On the other hand, Hagg et al. ( 1991) reported that there was no 

significant fatigue of the trapezius muscle during standardized work sessions. 
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2.11.3.2 ELECTRODE LOCATION 

Roy et al. ( 1989) reported that the shape of an electrode signal could be due to 

differences in the conductivity of the tissues beneath the electrodes and to differences in 

the location of the electrodes in relation to the innervation zone and tendon. The 

researchers added that the "highest values of the median frequency always occur at the 

region of the innervation zone and tendinous insertion of the muscle and decrease 

proportionally with distance from these areas". There are some other points to be taken 

into consideration when applying the electrodes, according to DeLuca (1993 ): "(1) the 

electrode should be sufficiently small and placed well within the borders of the muscle, 

thus, detecting the EMG signal from the required muscle and not from nearby muscle 

(avoiding the cross-talk signal); (2) the fixed spacing between the detecting surfaces 

inversely scales the value of the spectral variables; (3) the orientation of the detection 

surfaces in relation to the muscle fibers also affects the value of the spectral variables; 

and ( 4) the temperature of the muscle directly affects the value of the spectral variables." 

DeLuca (1993) used in his study two parallel bars electrode, each 1.0 cm long and 1.0 

mm wide, spaced 1.0 cm apart. Tests made for comparison should be carried out at the 

same temperatures and scaled appropriately. Ambient electromagnetic radiation, motion 

artifacts, clipping of the signal during detection, and poor signal-to-noise ratio can all 

affect the value of the spectral variables. 



Design 

CHAPTER III 

MATERIAL AND METHODS 

Two different designs were used for the purposes of the study. In order to 

determine the differences between the three tested groups, three separate one way 

MANOVA were carried out (one for each measured criterion). 

Because of the results of the first design, which showed a significant difference 

between groups in several measured criteria, a second step was carried out. In this step a 

discriminant analysis was used to determine the most sensitive criterion measure that 

detected subjects with neck pain. 

3.1 Subjects 

The experiment started with the subject's reading and signing the informed 

consent approved by the Human Subjects and Review Committee at Texas Woman's 

University. A total of 45 male and female subjects ages 30-50 years participated in the 

study (Table 3.1 ). The first 15 subjects were the control group (normal subjects) who 

worked in jobs that did not require activities such as repetitions, force, static muscle 

loading, or extreme joint position. This group was called G 1. Thirty subjects were 

computer users; 15 had complaints of neck pain for more than 6 months, this group was 

called G2 . The other 15 subjects from the computer workers group had no complaints of 

neck pain and were called G3. They used the computer 5-6 hours per day 5 days per week 
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for more than 3 years and were required to hold their heads in a relatively fixed position 

for long periods with repetitive movements of the arms. 

Table 3.1. Characteristics of study subjects. 

GROUP N Minimum Maximum Mean SD 

1 Age 15 30.00 49.00 38.6000 5.6290 
Height 15 5.00 6.01 5.1907 .3324 
Weight 15 130.00 225.00 178.1333 23.2529 

2 Age 15 31.00 49.00 36.8667 4.4860 
Height 15 5.00 6.02 5.1240 .2496 
Weight 15 118.00 230.00 166.7333 26.9456 

3 Age 15 30.00 49.00 38.4667 6.0577 
Height 15 4.11 6.01 5.0993 .3967 
Weight 15 135.00 230.00 171.9333 27.2435 

3.1.1 INCLUSION CRITERIA FOR NORMAL SUBJECTS (G 1) 

1. Male and female ages 30 -50 years. 

2. No history of auto accident or acute neck injury. 

3. No history of neck pain or neck surgery. 

4. Normal range of neck movements 



3.1.2 EXCLUSION CRITERIA FOR NORMAL SUBJECTS G 1 

1. History of metabolic or systemic disorders. 

2. Spinal deformities. 

3.1.3 INCLUSION CRITERIA FOR COMPUTER USER SUBJECTS WITH NECK 

PAIN (G2) 

1. Male and female ages 30 -50 years. 

2. No history of auto accident or acute neck injury. 

3. No history of neck surgery. 

4. History of neck pain. 

3.1.4 EXCLUSION CRITERIA FOR COMPUTER USER SUBJECTS WITH NECK 

PAIN (G2) 

1. History of metabolic or systemic disorders. 

2. Spinal deformities. 

3.1.5 INCLUSION CRITERIA FOR COMPUTER USER SUBJECTS WITHOUT 

NECK PAIN (G3) 

1. Male and female ages 30 -50 years. 

2. No history of auto accident or acute neck surgery. 

3. No history of neck pain or neck surgery. 
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3.1.6 EXCLUSION CRITERIA FOR COMPUTER USER SUBJECTS WITHOUT 

NECKPAIN(G3) 

1. History of metabolic or systemic disorders. 

2. Spinal deformities. 

3.2 Instrumentation 

3.2.1 TESTING CHAIR 

49 

A custom-designed force measurement apparatus was constructed of perforated 

modular tubing anchored to the front and back of a specially designed chair (Fig 3.1). 

The apparatus could be adjusted in height in order to accommodate different subjects. 

The posterior tubing houses load-cell force transducers and cuffs positioned to fit against 

the subject's head, and two other cuffs with adjustable arms were placed on the shoulders, 

to provide resistance for upper trapezius isometric contractions. 



50 

.,,,.ii--r ead cuff for isometric neck 
extension (Adjustable in height) 

Two adjustable shoulder cuffs for 
isometric shoulder shrugging 

Figure 3.1. Specially designed chair 
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3.2.2 CERVICAL RANGE OF MOTION MEASUREMENT (CROM) 

Cervical spine ROM were measured using the CROM* ( cervical range of motion 

unit). The CROM device consists of a plastic frame that was placed on the subject's nose 

bridge and ears. It was secured to the head by a velcro strap (Fig.3.2.). Neck flexion and 

extension movements were recorded by a gravity goniometer attached to the side of the 

plastic frame. Another gravity goniometer was attached to the front of the plastic frame to 

measure the neck side-bend. Neck rotation was recorded by a compass goniometer 

attached horizontally to the plastic frame on the central top of the subject's head. A 

magnetic yoke was placed on the shoulders with the arrows pointing north to align the 

magnetic fields of the yoke's magnets and the earth, in order to minimize the chance of 

errors in rotation when using the compass measurement. 

A new attachment was added to the CROM device (Fig.3.3.) to measure ROM of 

head retraction and protraction. It consisted of an adjustable rod, and it reached the 

transverse measurement arm of the CROM with an arrow to determine protraction and 

retraction in centimeters while the subject maintained the gravity goniometer at zero. 

This assured pure protraction and retraction without flexion or extension. 



Compass goniometer to 
measure the head rotation 
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Gravity goniometer to measure 
neck flexion and extension 

Gravity goniometer to 
measure neck side-bend 

Figure 3.2. The CROM applied to the subject's head 



The arrow measures in 
centimeters, the ROM of 
protraction and retraction 

Figure 3.3. The new attatchment to the CROM 
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3.2.3. SURFACE ELECTROMYOGRAPHY 

A multi-channel Myosystem 2000 EMG* system was used to record and analyze 

the EMG data (Fig.3.4 and 3.5). The system included four channel EMG amplifiers with 

input impedance of 16 megaohms, a common mode rejection ratio of 85dB, a gain of 

I 000 and a bandpass frequency of 0-500 Hz. The raw signals were directly analog-to

digital (A-D) converted and stored in MYOSOFT software program, using a personal 

computer. The software program allowed users to specify the filter range, the sampling 

rate, and the amplification gain of the recorded signal. It also allowed control of the 

smoothing rate and length of the sampling interval. The software performed a Fast 

Fourier Transformation for the power spectral analysis of the ME signal. 

Bipolar surface electrodes were used to detect the muscle activity signal. The two 

IO mm diameter silver-silver chloride circular electrodes were implanted in a plastic bar 

with a fixed inter-electrodes distance of 30 mm (center-to-center) (Figure 3.6). 

3.2.4. LOAD CELL FORCE TRANSDUCERS 

Isometric forces were measured using load cell force transducers (INTERFACE, 

advanced force measurement)* with force sensitivity up to I 00 lb. The voltage difference 

of displacement of the force transducer was transmitted to an oscilloscope 

--------------'----------------

*PERFORMANCE A TI AINMENT ASSOCIATION, 958 LYDIA DR., ROSEVILLE, MN 55113. 

*NORAXON USA, INC. 13430 N. SCOTTSDALE ROAD# 104 SCOTTSDALE AZ 85254 

*INTERFACE INC. 7401 E. QUTHERUS DR. SCOTTSDALL, AZ. 85280 
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Figure 3.4. Four-channel surface EMG 
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Fig.3.5. Experiment apparatus for myoelectric signal acquisition 
and analysis 
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through a power amplifier, with gain controls. The oscilloscope was used to measure 

muscle forces after they were converted to differential voltage. The oscilloscope also 

served as a visual feedback device for the subjects so they could control 80% and 50% 

maximum voluntary contractions (MVC). The force transducer was calibrated linearly as 

1.5 mv/5 lb. As shown in Table 3.2. 

Table 3.2. 
Linear calibration of the force transducer 
Pounds 5 10 15 20 30 40 50 

mv 1.5 3 4.5 6 9 12 15 

3.3 Procedure 

3.3.1 SCREENING TESTS 

Medical and surgical histories that related to this study were obtained from 

each subject. Each subject was evaluated with a series of neurological (dermatomal, 

myotomal and reflex) tests and safety tests (alar, transverse ligament and vertebral artery) 

to identify any significant problems in the neck and shoulder areas. Subjects with positive 

safety tests were excluded from study. Other tests included active and passive ROM of 

the shoulders and palpation of the skin, muscles and spine to rule out any postural defects 

or trauma. 

3.3.2 EXPERIMENTAL PROCEDURE 

Subject position: Subjects signed the informed consent and sat in a comfortable 

straight-back chair with no arm support. The lower back was supported against the back 
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of the chair. The arms were hung relaxed at the sides and both feet were flat on the floor. 

The subject was stabilized in the chair using four wide straps fastened across the pelvis 

and the chest. The shoulders were exposed. Gowns were provided to insure modesty. 

The researcher then placed the CROM on the head of the subject over the ears and 

the nose-bridge, similar to wearing eyeglasses. The rotation arm attachment was applied 

to measure rotation movement. 

Each subject was instructed in proper neck movements in each direction (flexion, 

extension, left lateral flexion, right lateral flexion, left rotation, right rotation, retraction 

and protraction) as far as he/she could go pain free. Each subject performed these 

movements three times prior to the test, for training purposes. Then, the subject was 

asked to perform each movement three more times for measurement, and the average was 

calculated. Subjects then rested for 5 min before the muscle strength test and EMG 

recordings were taken. The skin of the recording sites was prepared with fine sandpaper 

and alcohol to reduce skin resistance. Bipolar surface fixed-bar electrodes were placed 

with coupling gel posterior over the upper trapezius muscle bilaterally on the medial third 

of the muscle and about half-way between the acromion and C7. Another set of similar 

electrodes were placed on the middle portion of the neck paraspinal muscles between C3 

and C6, approximately 2.0 cm lateral to the spinous processes. A metal ground electrode, 

2.5 cm diameter, was placed with gel on the C7 (Fig. 3.6). The subject's head was 

maintained in a neutral, and upright position. 

Once the subject was comfortably seated, he/she was instructed to practice 

isometric pushing movements against the transducer cuff complex in neck extension 
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three times with progressively increasing forces in order to get the feel for the task 

requirements. The investigator then gave oral instruction to the subject to perform three 

sustained isometric MVCs neck extensions for IO sec each. The subject rested for 5 min 

after each contraction. The average MVC force (muscle strength) was calculated from the 

oscilloscope, and 80% and 50% of the MVC was calculated (Fig.3.7). A target 

representing 80% and 50% MVC was set on the oscilloscope screen. The subject rested 

for 5 min, then he/she performed a sustained 80% MVC for 20 sec, three times with 5 

min rest periods in between. This was followed by another set of three sustained 50% 

MVCs for 20 sec with 5 min rest periods in between. 

The head cuffs were then replaced with shoulder cuffs that test shoulder 

shrugging. The subject was then instructed to practice isometric shoulder shrugging three 

times against the cuff with progressively increasing forces to get the feel for the task 

requirements (Fig.3.8). The investigator orally instructed the subject in three sustained 

isometric (MVCs) shoulder shrugs of IO sec each. A 5 min rest was given after each 

contraction. The average MVC from the oscilloscope was calculated and then 80% and 

the 50% of the MVC was calculated. A target representing 80% and 50% of shoulder 

shrug MVC, was set on the oscilloscope screen. The subject rested for 5 min, after which 

he/she was asked to perform the sustained 80% MVC for 20 sec three times with a 5 min 

rest in between. This was followed by another set of three sustained 50% MVCs for 20 

sec with a 5 min rest in between. Electrodes were then taken off, and subject was released 

from the experiment. 
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Figure 3.6. Surface EMG electrodes placement 
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Figure 3. 7. Subject performing isometric neck extension 
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Figure 3.8. Subject performing isometric shoulder shrug 



3.4 Data Analysis 

3.4.1 PRELIMINARY ANALYSIS 

Descriptive statistics including frequencies, means, minimums, maximums and 

standard deviations were calculated for each measure of ROM, MVC and EMG. 

63 

A reliability test was carried out for the new attachment to the CROM to measure 

the ROM of head protraction and retraction. 

One-way ANOV A was done to determine if there was a significant difference 

between the right and left sides in the three groups. 

3.4.2 RESEARCH QUESTION #1 

Is there any difference in the ROM of the cervical spine among the normal 

subjects and computer users with or without neck pain? To test this question MANOV A 

was used to test for significant differences in the RO Ms of the cervical spine among the 

normal subject group and the groups of computer· users with or without neck pain. The 

dependent variables were neck flexion, extension, retraction, protraction, rotation and 

side bending. A Bonferroni adjustment was used to reduce the risk of inflating the alpha 

level. This resulted in an acceptable alpha level 0.0028. The univariate follow-up analysis 

was performed to determine where the differences lie. 
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3.4.3 RESEARCH QUESTION #2 

"Is there any difference in the EMG of the cervical paraspinal muscles (CPM) 

and the upper trapezius muscles (UTM) among the normal subjects and computer users 

with and without neck pain? A MANOV A was again used to test for significant 

differences in the EMG of the CPM and UTM among the normal subject group and the 

groups of computer users with or without neck pain. The dependent variables were initial 

median frequency (IMF) and the median frequency slope (SMF). A Bonferroni 

adjustment was used to reduce the risk of inflating the alpha level. This resulted in an 

acceptable alpha level 0.008. The univariate follow-up analysis was performed to 

determine where the differences lie. 

3.4.4 RESEARCH QUESTION #3 

Is there any difference in the muscle strength of the neck extensors and the upper 

trapezius muscles among the normal subjects and computer users with and without neck 

pain? To test the third research question MANOVA was used to test for significant 

differences in the isometric muscle strength of the CPM and the UTM among the normal 

subject group and the groups of computer users with or without neck pain. The dependent 

variables were CPM and UTM muscle strength (at 100 MVC). A Bonferroni adjustment 

was used to reduce the risk of inflating the alpha level. This resulted in an acceptable 

alpha level of 0.004. The univariate follow-up analysis was performed to determine 

where the differences lie. 
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3.4.5 RESEARCH QUESTION #4 

Are there any of the above-mentioned tests that are more sensitive to detect the 

person with neck disorders? To test this question discriminant function analysis was used 

to determine the most sensitive test of the cervical spine that detect workers with neck 

disorders with p<.05. 



The Effect of Sidedness 

CHAPTER IV 

RESULTS 

A study was conducted to find out if there are any differences between the right 

and left sides in the three groups. One-way ANOV A was used for this purpose. The 

results of this study showed that the differences were not significant. Therefore, data 

from the right and left side were added and averaged. 

4.1 Results of Neck Range of Motion Measurements 

Measurement of neck ROM showed reduced value of side-bend, rotation, flexion, 

extension, protraction and retraction in both computer workers groups (G2 and G3) 

compared with normal subjects (G 1) (Tables 4.1.1. and 4.1.2). The values of the 

movements were significantly smaller in G2 ( computer workers with neck pain) than G3 

( computer workers without neck pain) in flexion, retraction, side-bend and rotation 

movement directions (Table 4.1.3). The variability among subjects, seen in the SD 

values, was higher in G2 and G3 than in normal subjects. Such variability was more 

pronounced in G2 than G3 in most movement directions reflecting varying degrees of 

painful movements in G2 subjects (Figs 4.1.1. and 4.1.2). 
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Data were analyzed using a one-way MANOV A, between-groups design (Table 4.1.3). 

The results of this analysis revealed a significant difference [Wilks' Lambda=.412, .E 

(12,74)=3.440, Q<.001] in ROM between groups. Subsequently, follow-up testing (alpha 

= .0027) of the univariate group effects, one-way ANOVAs, showed that groups were 

significantly different with respect to side-bending [E (2,42) = 9.308, Q<.001] and 

retraction [E (2,42) = 9.097, Q<.001]. Using Tukey's test for multiple comparisons, 

results demonstrated significant differences between G 1 and G2 and between G 1 and G3 

with respect to side-bending (Table 4.1.4 ) and a significant difference between G 1 and 

G2 with respect to retraction (Table 4.1.5 ) (Figures 4.1.1. and 4.1.2). The results showed 

that the differences among the three groups were not significant with respect to neck 

ROM in flexion, extension, rotation, and protraction (Figs. 4.1.1. and 4.1.2). It was also 

not significant between G 1 and G3 with respect to retraction. There was no significant 

difference between G2 and G3 at any of the ROM tests. It is very important to point out 

that our study was subject to a type II error because the alpha level was divided by the 

number of variables we have in this study to control the alpha level. The reliability study 

of the new attachment of the CROM showed good reliability of protraction and retraction 

measure. The generalizability coefficient of the protraction was .863 in one repetition and 

for retraction it was .895. 



Table 4.1.1: 
Descriptive statistics of the three groups for the average of side-bend 
(SIDEBA V) and rotation (ROTA V) movements 

Group/Movement Minimum Maximum Mean SD 
1 SIDBAV 40.0 46.2 43.2 2.0 

ROTAV 60.8 81.8 68.4 6.8 
2 SIDBAV 20.0 49.3 34.7 7.8 

ROTAV 40.8 68.8 61.6 6.6 
3 SIDBAV 20.3 45.8 34.0 7.8 

ROTAV 39.2 77.3 61.6 10.5 

Table 4.1.2 
Descriptive statistics of the three groups for neck extension (N. EX), neck 
fl . (NFL) k t f (PRO) d k t f (RET) ex1on . , nee pro rac 10n , an nee re rac 10n 

Group/Movement Minimum Maximum Mean SD 
I AVG(N.EX) 53.3 79.0 64.8 6.5 

AVG(N.FL) 40.6 66.7 50.6 6.6 
AVG(PRO) 3.8 6.7 5.3 .7 
AVG(RET) 2.2 5.7 3.3 .8 

2 AVG(N.EX) 29.3 86.0 63.0 12.6 
AVG(N.FL) 28.3 50.0 41.2 6.9 
AVG(PRO) 1 .2 7.2 4.9 1.5 
AVG(RET) .8 3.3 2.2 .66 

3 AVG(N.EX) 41.7 81.7 63.2 11.1 
AVG(N.FL) 29.3 60.0 44.5 8.5 
AVG(PRO) 2.3 5.8 4.3 1.0 
AVG(RET) 1.5 4.2 2.5 .74 
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Table 4.1.3 
MANOVA fth 0 e nee kROM across th th e ree 

Type III sum 

Dependent variable of squares df 

Flexion 683.2 2 

Extension 28.3 2 

Retraction 10.1 2 

Protraction 7.7 2 

Side-bend 781.9 2 

Rotation 459.4 2 

*Significant alpha = .0028 

Table 4.1.4 
P t h t t (T k ) S. d b d. . b I os - oc es s u ey: I e- en m2 vana e 

Mean 
(!)Group (J)Group Difference SE 

(I-J) 

1 2 8.48* 2.37 
3 9.17* 2.37 

: 

2 1 -8.48* 2.37 
3 .69 2.37 

3 1 -9.17* 2.37 
2 -.69 2.37 

*The significant difference at p< .002. 
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~roups 
Mean 

square F Sig. 

341.6 6.3 .004* 

14.1 .13 .878 

5.0 9.1 .001 * 

3.8 3.0 .062 

390.9 9.3 .000* 

229.7 3.4 .041 * 

95% 95% 
confidence confidence 

Sig. interval interval 
Lower Upper 
Bound Bound 

.002 2.73 14.22 

.001 3.42 14.91 

.002 -14.22 -2.72 

.954 -5.06 6.44 

.001 -14.92 -3.42 

.954 -6.44 5.06 
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Table 4.1.5 
P t h t t (T k ) R t f . b I OS - oc es s u ey: e rac 10n vana e 

Mean 95% 95% 
Difference confidence confidence 

(!)Group (J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 1.14* .27 .000 .48 1.81 
3 .76* .27 .022 .10 1.42 

2 1 -1.14* .27 .000 -1.81 -.48 
3 -.39 .27 .337 -1.05 .27 

3 1 -.76* . . 27 .022 -1.42 -.10 
2 .389 .27 .337 -.27 1.05 

*The significant difference at p<0.002. 
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4.2 Results of Muscle Strength Measurements 

Strength measurement showed substantial reduction in its value during neck 

extension (CPM) and shoulder shrug (UTM) in G2 and G3 compared with G 1. The 

reduction was more pronounced in G2 than G3 (Tables 4.2.1.and 4.2.2). Concerning 

ROM measurements, the variability in the value of the strength measurements for CPM 

and UTM in G2 and G3 were not higher than those in G 1. 
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Data were analyzed using a one-way MANOV A (Table 4.2.2), between groups 

design. The results of this analysis revealed a significant difference [Wilks' 

Lambda=.440, E (4,82)=10.416, n<.001] between groups. Subsequently, follow-up 

testing (alpha= .008) of the univariate group effects, one-way ANOVAs, showed that at 

least two of the groups were significantly different with respect to neck muscle (CPM) 

strength [ E (2,42) = 18.259, 12<.00l] and upper trapezius muscle (UTM) strength [E 

(2,42) = 14.743, n<.001] Using Tukey's test for multiple comparisons, results 

demonstrated significant differences between G 1 and G2 and between G 1 and G3 with 

respect to CPM (Table 4.2.3), and differences between G 1 and G2 with respect to UTM, 

(Table 4.2.4) (Fig. 4.2.1 ). The results demonstrated that the difference between G2 and 

G3 was not significant with respect to CPM. There were no significant differences 

between G 1 and G3 or between G2 and G3 with respect to UTM. 



Table 4.2.1 
Descriptive statistics of the three groups for the neck extensors 
(CPM) d th t I (UTM) an e upper rapezms muse es 

Group/Muscle Minimum Maximum Mean 
1 UTM 3.00 8.00 4.72 

CPM 2.00 5.00 3.28 

2 UTM 1.50 4.50 2.68 
CPM 1.00 3.00 1.79 

3 UTM 2.00 5.00 3.61 
CPM 1.00 3.00 1.88 

Table 4.2.2 
MANOVA fth 0 e muse e stren~t h across t h b et ree ~roups 

Type III sum Mean 

Dependent variable of squares df square 
-

Neck extensors 21.0 2 10.5 

Upper Trapezius 31.2 2 15.6 

* significant alpha = .0085. 

SD 
1.29 
.966 

.76 

.63 

.97 

.63 
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F Sig. 

18.3 .000* 

14.7 .000* 
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Table 4.2.3 
P t h t t (T k ) N k os - oc es s u ey: ec extensors muse e stren2t h (CPM) . bl vana e 

Mean 95% 95% 
Difference confidence confidence 

(!)Group ( J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 1.49* .27 .000 .82 2.17 
3 1.40* .27 .000 .72 2.07 

2 1 -1.49* .27 .000 -2.17 -.82 
3 -.1 .27 .939 -.77 .58 

3 1 -1.40* .27 .000 -2.07 -.73 
2 .1 .27 .939 -.58 .77 

*The significant difference at p< .008. 

Table 4.2.4 
P th t t (T k ) U OS - oc es s u ey: t pper ra pezms muse e streng th (UTM) . bl vana e 

Mean 95% 95% 
Difference confidence confidence 

(!)Group (J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 2.04* .38 .000 1.13 2.95 
3 1.10* .38 .014 .19 2.02 

2 1 -2.04* .38 .000 -2.95 -1.13 
3 -.93* .38 .044 -1.85 -.02 

3 1 -1.10* .38 .014 -2.02 -.19 
2 .93* .38 .044 .02 1.85 

*The significant difference at p< .008. 
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Figure 4.2.1 Neck muscle strength in the three tested groups during neck extension 
(cervical paraspinal) and shoulder shrug (upper trapezius) 
Neck Ext M = CPM Upper Trap M = UTM 
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4.3 Results of the EMG 

Samples of EMG signal for the IMF and SMF are presented in Fig. 4.5.l through 4.5.12. 

4.3.1 INITIAL MEDIAN FREQUQNCY 

Measurements of the IMF showed elevated values of CPM and UTM at (80%) 

and (50%) MVC in G2 and G3 compared with G 1. The values of the IMF were higher in 

G2 than in G3, in most tests. The variability among subjects, was higher in G2 and G3 

than in G 1 in most tests reflecting histological changes of muscle fibers in G2 subjects 

(Fig 4.3.1.1 ). 

Data were analyzed using a one-way MANOV A (Table 4.3.1.2), between group 

design. When normal subjects (G 1 ), computer users with neck pain (G2), and computer 

users without neck pain (G3) simultaneously compared to variables measuring IMF, the 

results of this analysis revealed a significant difference between groups [Wilks' Lambda 

=.235, E (16,70) = 4.656, 12<.00l]. Subsequently, follow-up testing (Alpha= .008) of the 

univariate group effects, one-way ANOVAs, showed that at least two of the three groups 

were different with respect to initial median frequency of the CPM at 80% MVC [E 

(2,42) = 9.982, 12<.00l] (Table 4.3 .1.3) and the initial median frequency of the CPM at 

50% MVC [E (2,42) = 7.187, 12<.00l] (Table 4.3.1.4). Using Tukey's test for multiple 

comparisons, results demonstrated significant differences between G 1 and G2 with 

respect to IMF of the CPM at 80% MVC (Table 4.3.1.3) and 50% MVC (Table 4.3.1.4) 

as presented in Fig 4.3.1.1. The differences between G 1 and G3 as well as between G2 

and G3 at any of the contraction level of the CPM were not significant. The same figure 

showed that the difference between the three groups were not significant with respect to 



the IMF of the UTM at 80% and 50% MVC. Again we pointed out that our study was 

subject to a type II error. 

Table 4.3.1.1 
Descriptive statistics of the three groups for the IMF of the 80% and 50°/c, 
isometric MVC of the CPM and UTM. 

Group/IMF Minimum Maximum 

1 IMC50 41.38 86.11 
IMC80 43.93 79.07 
IMU50 46.25 60.40 
INU80 49.15 62.42 

2 IMC50 64.95 112.14 
IMC80 65.87 94.23 
IMU50 41.89 72.31 
INU80 40.39 86.30 

3 IMC50 46.36 91.49 
IMC80 45.79 89.30 
IMU50 49.97 64.94 
IMU80 50.87 64.70 

IMF of the 50% MVC of CPM (IMC50) 
IMF of the 80% MVC of CPM (IMC80) 
IMF of the 50% MVC ofUTM (IMU50) 
IMF of the 80% MVC ofUTM (IMU80) 

Mean SD 

63.39 12.44 
60.88 10.82 
53.27 4.29 
54.14 3.92 
82.38 14.20 
79.08 8.20 
57.13 7.33 
56.80 10.06 

71.96 14.48 
70.00 13.76 
55.58 4.99 
56.35 3.88 
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Table 4.3.1.2 
MANOVA f h IMF h th o t e across t e ree group 

Type III sum 

Dependent variable of squares 

IMFC80 2486.0 

IMFC50 2712.7 

IMFU80 60.7 

IMFU50 113.4 

* Significant alpha = .0042. 
IMF of the 50% MVC of CPM (IMCS0) 
IMF of the 80% MVC of CPM (IMC80) 
IMF of the 50% MVC of UTM (IMUS0) 
IMF of the 80% MVC of UTM (IMU80) 

Table 4.3.1.3 

df 

2 

2 

2 

2 

Mean 

square 

1243.0 

1356.4 

30.3 

56.7 

P h (T k ) IMF f h CPM 80°/4 MVC . bl ost- oc tests u ey: o t e at 0 vana e 
Mean 95% 
Difference confidence 

(!)Group (J)Group (1-J) SE Sig. interval 
Lower 
Bound 

1 2 -18.21* 4.07 .000 -28.11 
3 -9.12 4.07 .076 -19.02 

2 1 18.21 * 4.07 .000 8.31 
3 9.09 4.07 .078 -.81 

3 1 9.12 4.07 .076 -.78 
2 -9.09 4.07 .078 -18.99 

*The significant difference at p< .0042. 
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F Sig. 

1.0 .000* 

7.2 .002* 

.7 .507 

1.8 .186 

95% 
confidence 
interval 
Upper 
Bound 

-8.31 
.78 

28.11 
18.99 
19.02 
.81 
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Table 4.3.1.4 
P t h t t (T k ) IMF f h CPM t 50°A MVC . bl os - oc es s u ey: 0 t e a 0 vana e 
(I)Group (J)Group Mean Std. Error Sig. 95% 95% 

Difference confidence confidence 
(I-J) interval interval 

Lower Upper 
Bound Bound 

1 2 -19.00* 5.01 .001 -31.18 -6.80 
3 -8.57 5.01 .214 -20.76 3.62 

2 1 19.00* 5.01 .001 6.80 31.18 
3 10.42 5.01 .107 -1.77 22.61 

3 1 9.00 5.01 .214 -3.61 20.76 
2 -10.42 5.01 .107 -22.61 1.77 

*The significant difference significant at p<.0042. 
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4.3.2 RESULTS OF THE SLOPE OF MEDIAN FREQUENCY 

Measurements of the SMF showed increased rates of reduction of the values of 

CPM and UTM at 80% and 50% MVC in G2 and G3 compared with G 1. The values of 

the SMF were higher in G2 than in G3 in most tests. The variability among subjects was 

higher in G2 and G3 than in G 1 in most tests reflecting metabolic changes in those 

muscles (Fig 4.3.2.1). 

Data were analyzed using a one-way MANOV A (Table 4.3.2.2), between group 

design. When normal subjects (Gl), computer users with neck pain (G2), and computer 

users without neck pain (G3) simultaneously compared to variables measuring SMF, the 

results of this analysis revealed a significant difference between groups [Wilks' 

Lambda=.235, E (16,70)=4.656, Q<.001]. Subsequently, follow-up testing (alpha= .008) 

of the univariate group effects, one-way ANOV As, showed that at least two of the groups 

were different with respect to SMF of the CPM at 80% MVC [E (2,42) = 17.961, Q<.001] 

(Table 4.3.2.3), SMF of the CPM at 50% MVC [E (2,42) = 7.061, 12<.00l], and SMF of 

the UTM at 80% MVC [E (2,42) = 19.670, 12<.00l]. Using Tukey's test for multiple 

comparisons, results demonstrated significant differences between G 1 and G2 in respect 

to SMF of the CPM at 80% MVC (Table 4.3.2.3) and 50% MVC (Table 4.3.2.4), and for 

the UTM at 80% MVC (Table 4.3.2.5), as shown in Fig. 4.3.2.1. The same figure showed 

that the difference between the three groups were not significant with respect to SMF of 

UTM at 50% MVC. The differences between G 1 and G3 as well as G2 and G3 were not 

significant at any contraction level of the UTM. Again we pointed out that our study was 

subject to a type II error. 



Table 4.3.2.1 
Descriptive statistics of the three groups for the SMF of the 80% and 
50% isometric MVC of the CPM and UTM. 

Group/SMF Minimum Maximum 
1 SU50 .03 .16 

SU80 .20 .43 
SC50 .05 .25 
SC80 .27 .46 

2 SU50 .06 .38 
SU80 .30 .49 
SC50 .10 .34 
SC80 .37 .98 

3 SU50 .08 .20 
SU80 .22 .36 
SC50 .06 .30 
SC80 .37 .73 

SMF of the 50% MVC of CPM (SCS0) 
SMF of the 80% MVC of CPM (SC80) 
SMF of the 50% MVC of UTM (SUS0) 
SMF of the 80% MVC of UTM (SC80) 

Table 4.3.2.2 
MANOVA fth SMF th th 0 e across e ree ~roups 

Type III sum 

Dependent variable of squares df 

SMFC80 .55 2 

SMFC50 5.5 2 

SMFU80 .09 2 

SMFU50 .20 2 

* Significant alpha = .0042. 

Mean SD 
.10 .04 
.29 .06 
.14 .06 
.36 .07 

.15 .08 

.39 .05 

.22 .07 

.63 .17 

.13 .04 

.30 .04 

.16 .06 

.51 .10 

Mean 

square F 

.28 18.0 

.03 7.1 

.05 19.7 

.10 3.0 

82 

Sig. 

.000* 

.002* 

.000* 

.. 060 
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Table 4.3.2.3 
P t h t t {T k ) SMF f th CPM 80°/4 MVC . bl os - oc es s u ey: 0 e at 0 vana e 

Mean 95% 95% 
Difference confidence confidence 

(!)Group (])Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

2 2 -.27* .05 .000 -.38 -.160 
3 -.6* .05 .003 -.27 -.05 

2 1 .27* .05 .000 .16 .38 
3 .11 * .05 .043 .03 .22 

3 1 .16* .05 .003 .05 .27 
2 -.1129* .05 .043 -.22 -.03 

*The significant difference at p< .0042. 

Table 4.3.2.4 
Post-hoc tests (Tukev): SMF of the CPM at 50% l\'IVC variable -

Mean 95% 95% 
Difference confidence confidence 

(!)Group (])Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 -.08* .02 .002 -.14 -.03 
3 -.02 .02 .582 -.08 .03 

2 1 .08* .02 .002 .03 .13 
; 3 .06* .02 .031 .05 .12 

3 1 .02 .02 .582 -.03 .08 
2 -.06* .02 .031 -.12 -.005 

*The significant difference at p< .0042. 
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Table 4.3.2.5 
P t h t (T k ) SMF f h UTM 80°/4 MVC . bl os - oc ests u ey: o t e at 0 vana e 

Mean 95% 95% 
Difference confidence confidence 

(I)Group (])Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 -.10* .02 .000 -.14 -.06 
3 -,06 .02 .930 -.05 .04 

2 1 .10* .02 .000 .06 .14 
3 .09* .02 .000 .06 .14 

3 1 .06 .02 .930 -.04 .05 
2 -.09* .02 .000 -.14 -.05 

*The significant difference at p< .0042. 
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SC80 = SMF of CPM at 80% MVC SC50 =SMF of CPM at 50% MVC 
UTM80 = SMF of UTM at 80% MVC UTMSO = SMF of UTM at 50% MVC 
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4.4 Discriminant Function Analysis 

Stepwise discriminant analysis was used to assess the prediction of the groups 

from the variables. The predictors were entered one at a time, with each additional 

predictor significantly discriminating among the three groups. The final Wilks' Lambda 

exact F statistic was F (8, 78)=13. 730,p<.001; statistics for all steps are displayed in Table 

4.4.1. On the basis of all the predictors, the overall association between the groups and 

the predictors were significant with Chi-square=l 7.188, df=8, p<.001. After the first 

function was removed the association remained significant, with Chi-square= 17 .863, 

df=3, p< .001 (Table 4.4.1.). 

The result of discriminant function analysis showed that four variables, if used in 

combination, could successfully discriminates among the three groups. The function 

analyses-were positively related to the SMF of the CPM at 80% MVC and negatively 

related to the isometric strength of the CPM. They were also positively related to the 

SMF of the UTM at 80% MVC and negatively related to the ROM of side-bend. Higher 

EMG and lower ROM are related to this function. 

Because we have three groups, two discriminant function analyses were used. 

Both functions were significant. Function I accounted for 83.1 % of the variables, it 

discriminates between normal and neck pain, but not computer users without neck pain. 

SMF ofUTM at 80% MVC SMF of CPM at 80% MVC, CPM strength and ROM of 

sidebend are approximately equally weighted in importance. Computer users with neck 

pain have relatively low neck muscle strength, limited range of motion (side-bend), and 

increased fatigability (SMF of CPM at 80% MVC, SMF of UTM at 80% MVC). In 
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contrast, normal subjects have relatively high neck muscle strength, good range of motion 

and are more resistant to fatigue. Computer users without neck pain are low to moderate 

on neck muscle strength and range of motion, and moderate to high on fatigability, and 

thus function (I) discriminates between G 1 and G2 and not G3. Function (II) counted for 

16.9%. It most heavily reflects trapezes muscle fatigue (.8) also reflects range of motion 

(.6) and neck muscle strength (.4). Fatigue of CPM is essentially irrelevant (.03) in 

function (II). UTM in G 1 and G3 are similarly highly resistant to fatigue. However, these 

muscles in the G2 are fatigued. Function (II) appears to discriminate between those with 

fatigued UTM (G2) and those without fatigued UTM (G 1 and G3) as presented in Table 

4.4.2. 

Function (I) and (II) in combination can thus discriminate between the three 

groups.The results of the two functions presented in Tables 4.4.2 and Table 4.4.3. For the 

purpose of classification, the prior probabilities were estimated from the sample group 

sizes. The prior probabilities for each of the three groups was .333. Most of the original 

groups (91.1 %) were classified correctly, with 93.3% were correctly classified for G 1 and 

G3, whereas only 86. 7% were correctly classified in G2 (Table 4.4.4 ). The structure 

(loading) matrix of the correlations between the discriminating functions and the 

predictors suggest that the best variable was the SMF of the UTM at 80 % MVC followed 

by the neck extensors muscle strength, SMF of CPM at 80% MVC, and then the ROM of 

side-bend. 
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Table 4.4.1 
Variables entered and removed 

Wilks' Lambda (Exact F) 

Step Statistic dfl df2 df3 

1 19.670 2 42 .000 

2 17.133 4 82 .000 

3 15.430 6 80 .000 

4 13.730 8 78 .000 

Table 4.4.2 
Structure Matrix of the Two Function 

Function 1 Function 2 

SMF of CPM at 80% .559* .055 
NECK strength -.534 .404 
SMF ofUTM at 80% .482 .739* 
SIDE-BEND -.362 .391 * 

Table 4.4.3 
Standardized Canonical Discriminant function analvsis 

Function 1 Function 2 
Neck -.576 .406 
SMF of CPM at 80% .613 .036 
SMF of UTM at 80% .458 .831 
SIDE-BEND -.357 .562 



Table 4.4.4 
Classification results 

Group 

1 
2 
1 

1 
2 
3 

Predicted group membership 
1 2 

14 0 
1 13 
n 1 

93.3 .0 
6.7 86.7 
.0 6.7 

A 91.1 % of original grouped cases correctly classified 
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Total 
3 

1 15 
1 15 

1.1 1 ~ 

6.7 100.0 
6.7 100.0 

93.3 100.0 
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CHAPTERV 

Discussion 

This study was designed to compare three groups: normal subjects as a control 

group (G 1 ), computer users with neck pain (G2), and computer users without neck pain 

(G3). The comparison of the three groups was based on evaluation of neck ROM, 

isometric muscle strength, and myoelectric activities. The neck ROM were tested using 

the CROM. The isometric muscle strength was tested using a load cell transducer. The 

myoelectric activities were tested using the EMG. 

The focus of this study was fourfold: 1) do computer users, with or without neck 

pain have limited ROM of the cervical spine compared with normal subjects? 2) Do 

computer users, with or without neck pain, have weaker isometric muscle strength 

compared with normal subjects? 3) Do computer users, with or without neck pain have 

different ME activities than the normal subjects? 4) Are any of the criteria more sensitive 

to discriminate among the three groups? 

Generally, results of this study showed that the computer users with or without 

neck pain had limited neck ROM, weak neck muscle, and shift of the frequency spectrum 

toward the lower level than did the normal subjects. The most sensitive measure to test 

subject with neck pain was the SMF ofUTM at 80% MVC. More specific comparison 

results of each criterion measure will be discussed separately. 

96 
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5.1 Neck Range of Motion 

We found significant reduction in neck side-bend ROM in computer workers 

(with or without neck pain) compared with normal subjects. The limitation increased in 

computer workers with neck pain over those without neck pain. This was possibly due to 

postural limitation adopted by these groups for extended periods during their daily 

routine; ·which might results in stiffness of the involved structure. This limitation could 

also be due to the neck and/or shoulder pain, muscle spasm, or weakness or fatigue of the 

neck muscle. Similar results have been reported by others; for example, forest machine 

operators with neck pain have limited cervical ROM (Hagen et al. 1997). Anderson and 

Hemborg ( 1985) studied neck ROM among 15 forest machine operators with continuous 

subjective neck pain for the last three years and another 15 operators with no neck pain. · 

They found a significant limitation in the horizontal plane movements in the pain group 

when compared with the non-pain group. Alaranta et al. (1994) suggested decreased neck 

ROM by aging; they found decreased neck ROM in the three dimensions (sagittal, 

coronal, and horizontal) in individuals ages 35-39 to 50-54 years. They also reported that 

those who complained of neck pain during the previous 12 months had significantly 

lower ROM in the cervical flexion-extension movements than those without pain. In this 

study the difference between groups with respect to flexion and extension were not 

significant. Norlander et al. (1997) reported limited ROM of the cervical spine with neck

shoulder pain. Lind et al. (1989) used radiographs for testing the neck ROM in frontal 

and sagittal planes. They found lower values than those reported in our current study. 

This might be due to the isolation of the upper thoracic spine from the cervical spine 
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during testing the ROM by radiography. The cervical ROM (flexion, extension, right and 

left rotation, right and left side-bending) in our G 1 was compatible with those published in 

previous studies. Youdas et al. (1991) reported that the mean and standard deviation of 

the male ages 40-49 years were (49.5±11.4) inflexion, (62.2±12.2) in extension, (62±7.6) 

in left rotation, (64.6±9.6) in right rotation, (35.6±8) in left lateral flexion, and (38±10.9) 

in right lateral flexion. These were compatible with the values obtained in this study with 

the mean and standard deviation of (50±6.6) flexion, (64.8±6.5) in extension, (68.5±7.5) 

in left rotation, (68.2±7.1) in right rotation, (42.9±2.2) in left lateral flexion, (43.4±2.7) in 

right lateral flexion. Y oudas et al. ( 1991) reported that the neck ROM was higher in 

females especially in younger people. Age and gender were matched in the three groups 

in this current study. Our results of reduced ROM were more pronounced in side-bending 

and retraction movements. Previously reported studies Hagen et al. ( 1997), Anderson and 

Hemborg (1985) showed similar limitation in side-bending movement direction and 

reduced neck ROM in flexion, extension and axial rotation in the neck pain group. Our 

study did not record this limitation in lexion, extension or axial rotation in the neck pain 

group. 

Neck retraction movements were significantly decreased in G2 and G3. This 

limited ROM in retraction could be due to neck and/or shoulder pain or spasm of the neck 

muscle due to holding the neck in an almost fixed position for long periods of time. No 

previous studies have evaluated the retraction movement with a reliable measure. 

Although, many studies used CROM for the measurement of cervical spine ROM 

in normal and neck pain patients, to our knowledge, no studies were carried out to 



evaluate the protraction and retraction movements. In this study we introduced a new 

attachment to the CROM to measure these movements. 
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Another study was conducted by the researchers to test the reliability of the new 

CROM attachment to measure neck ROM in protraction and retraction. The results of this 

.study showed good reliability. 

5.2 N eek muscle strength 

Results from this study showed reduced muscle strength of the CPM and UTM in 

G2 and G3 when compared with G 1. The difference in the isometric muscle strength 

between G2 and G3 was not statistically significant. This reduction in the muscle strength 

reflects localized muscle weakness and could be due to forward head postures at work for 

long periods. This may result in neck muscles fatigue and subsequent muscle weakness 

(DeLuca, 1984; Gogia and Sabbahi, 1991 ). It could also be due to pain reflex inhibition 

or disuse muscle weakness/atrophy resulting from neck pain that prevent the worker from 

normally us~ng these muscles. Another explanation of these findings is that recorded 

weakness of the neck muscle may directly reduce the stability of the neck, thus inducing 

a load on the soft tissue structures of the neck and causing neck pain. 

Trunk weakness is associated with the presence of chronic low back pain and is 

also associated with the recurrence of low back pain as reported by Smidt et al. (1983 ). 

Rodriguez et al. ( 1992) postulates that a similar argument could be made for the cervical 

flexor and extensor musculature regarding chronic neck pain, but no other studies have 

confirmed this hypothesis. It has been suggested that there is an association between neck 
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muscle weakness and neck pain (Hagberg, 1981; Kraut et al., 1966; Arthur et al., 1992). 

Improvement in neck muscle strength shows reduced neck pain (Michal et al., 1994; 

Worble et al., 1986; Schall, 1989; Franco, 1987). 

Reduced neck ROM is compatible with recorded reduction in neck strength. Both 

symptoms are risk factors that associated with increased neck pain (Norlander et al., 

1997). It is difficult to identify which is the leading symptoms (ROM or strength). Both 

symptoms may be interchangeable, resulting in reported neck pain. This notion is 

supported by previous studies (Michal et al., 1994; Worble et al., 1986; Schall, 1989; 

Franco, 1987) that encourage neck rehabilitation, (improvement of neck muscle strength 

and reduction of neck pain with restoration of neck function). On the other hand, chronic 

neck pain could possibly be the cause of neck muscle weakness as a result of disuse. 

Nachemson et al. (1969) said that it is unclear whether neck or back muscle weakness is a 

residual finding based on disuse weakness resulting from pain or an acute or chronic pain 

causing the muscle weakness. 

These results predict the possible future development of symptomatic clinical 

neck disorders in computer workers without current neck pain. It also suggest that earlier 

neck exercise programs may prevent the advancement of sub-clinical neck disorder into a 

· full-fledged pathology. 



5.3 EMG of the Cervical Paraspinal and Upper Trapezius Muscles 

5.3.1 THE INITIAL MEDIAN FREQUENCY OF THE CERVICAL PARASPINAL 

AND UPPER TRAPEZIUS MUSCLES 
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The results of this study showed that the IMF values of the CPM during 80% and 

50% MVC were significantly higher in the computer users with neck pain, than normal 

subjects. Increased the values of the IMF is possibly due to histological changes in the 

percentages of slow/fast twitch motor units of the CPM and UTM, in computer workers 

with neck pain. The IMF has always been used as a reflection of motor unit/muscle fiber 

function before the contraction begins (DeLuca, 1993). The IMF values were found to be 

higher in muscles with more fast twitch motor units, such as the vastus lateralis (Chandler 

et al., 1983 ), they divided the muscle fibers in the body into two classes: (I) fast twitch 

motor units which associated with high strength but are very fatiguable and (2) slow 

twitch muscle fibers which associated with less strength but very resistant to fatigue. 

Lower values of the IMF were recorded in muscles with predominantly slow twitch 

motor units, such as the soleus muscles. The following studies suggested either higher, 

lower or no differences in IMF values between the normal and pain-suffering groups. 

Biedermann et al. ( 1989) demonstrated higher IMF of the multifidus muscle in the back 

pain subjects, similar results were found in this study with neck pain group. They 

attributed this finding to a lower ratio of slow/fast twitch muscle fibers or to degeneration 

of slow-twitch muscle fiber. It has been suggested that the muscles with higher 

proportions of fast-twitch muscle fibers fail to resist fatigue. Gogia and Sabbahi ( 1994) 
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reported no significant differences in the IMF values between patients with osteoarthritis 

(OA) of the cervical spine and normal subjects. They suggested that in earlier stage of 

OA changes in the muscle fibers composition had not yet occured. Roy et al. ( 1989) 

reported lower IMF of the back muscle at the Ll level in low back pain patients as 

compared with normal subjects, which is unlike the results of this study. The differences 

in the IMF of the UTM at 80% and 50% MVC recorded in our study among the three 

groups were not statistically significant indicating local histological changes at this 

muscle in computer users. 

5.3.2 THE SMF OF THE CERVICAL P ARASPINAL AND UPPER TRAPEZIUS 

MUSCLES 

The result of this study showed a significant increase in the shift of SMF into the 

lower level in the CPM at 80% and 50% MVC and in UTM at 80% MVC in the computer 

users with neck pain compared with normal subjects. The SMF was also faster at 80% in 

the UTM in the computer users without neck pain than the normal subjects. This 

indicates increased fatigability of the CPM and UTM in both computer workers groups. 

The SMF has been used to reflect the metabolic fatigue occurring in the muscle fibers 

during the dynamic contraction (DeLuca, 1984 ). It could also be due to increase of the 

intramuscular ischemia at forceful contraction levels (80 % and 50% MVC) resulting in 

muscle fatigue and muscle spasm. This will lead to decrease blood flow to the muscle 

which results in muscle ischemia and accumulation of metabolites, decreased 

accumulation of calcium ions (Ca++), and decreased intramuscular pH DeLuca, (1984). 
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These results are compatible with previously reported studies, Chaffin (1973) reported 

that sustained isometric contraction caused increased fatigability and reduced muscle 

force. Another study by Gogia and Sabbahi (1994) showed increases in the shift of the 

SMF toward the lower level in patients with neck OA, when compared with normal 

subjects. They attributed this finding to the development of localized intramuscular 

ischemia at higher force levels, with large accumulations of metabolites and reduced 

Ca++ in OA patients. The increased muscle fatigability in the CPM and UTM is 

compatible with the recorded reduction in neck ROM and muscle strength. The three 

recorded findings are substrates for a common pathology, which is cervical spine 

disorder. It would be difficult to predict which single symptoms is the initiating/causing 

one to the other symptoms. However, increased muscle fatigability could be less 

dramatic, than changing ROM and muscle strength. This suggest the muscle fatigability 

to have the possible leading role of such strings of symptoms leading to cervical spine 

disorders. 

5.4 The Most Sensitive Measure to Discriminate Among the Groups 

The discriminant analysis was done for all nine significant variables tested in this 

study to identify the most sensitive measure for detecting subjects with neck disorders. 

The result showed that four in combination discriminated among the groups (SMF of the 

UTM at 80% MVC, the CPM muscle strength, SMF ofCPM at 80% MVC, and the ROM 

of side-bending). The most sensitive variable among the four was the SMF of the UTM at 

80% MVC. This measure reflected increased fatigability of the UTM in computer 
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workers, even before any MSD of the CPM or neck pain developed. Disorder of the CPM 

may result in full fledged neck MSDs such as osteoarthritis and cervical spondylosis. 

Increased fatigability of the UTM could begin the problem that will cause fatigue of the 

neck muscle followed by stiffness and limit~tion of neck ROM. In order to offset these 

sequences of pathological events we have to develop a preventive exercise program to 

strength the UTM in computer users even those who never complained of neck pain. In 

other words, cervical spine disorder in computer workers may start by increasing 

fatigability in the UTM, expanding to the CPM, causing limitation in the cervical ROM 

and localized muscle weakness. Such progressing pathological events would be triggered 

by the abnormal head/neck/shoulder complex that is adopted by computer workers. 

Muscle fatigue measurement using EMG is not an easily available technique for routine 

evaluation by a physical therapists. Two other variables did show significance difference 

between groups: isometric muscle strength of the CPM and ROM of the side-bend. Both 

measures are available, handy, fast, safe, and easy to use by physical therapists in 

screening subjects. 



CHAPTER VI 

Conclusions 

Based on the results of this s!atistical analysis and within the limitations of this 

study the following conclusions could be made. 

I. Computer workers with neck pain have limited neck ROM in retraction and side

bend directions. 

2. Computer workers with neck pain have reduced neck muscle strength of the CPM 

and UTM during neck extension and shoulder shrugging. 

3. Computer workers with neck pain have an abnormally elevated IMF of the CPM 

and increased rates of SMF of the CPM and UTM, indicating abnormal 

fatigability of those muscles. This is more pronounced in higher force contraction 

. level. 

4. SMF of the UTM is the most sensitive measure to test subject with neck pain. 

Limitations of the Study 

There were some limitations of this study which include 

1. Error during neck ROM measurement. 

2. Type II error for the three MANOV As. 

3. The assumption that all the subjects ( especially the neck pain group) performed 

the maximum effort to obtain MVC. This was also carried out within the 

sensitivity of the load cell (maximum of I 00 lb). 

4. Small sample size in each group. 
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5. Median frequency measure and analyses were carried out within the limitation of 

the applied electrodes and system employed (20 sec contraction, 0.4 sec of 

analysis window and within de to 500 Hz filter. 

Recommendations 

A follow-up evaluation of the computer workers, without neck pain group, who 

were tested in this study should be done. The purpose would be to determine if they 

developed neck pain within one year of the evaluation. 

A further correlation study between the different measures in this study is 

recommended. 

The criteria of this study could be used to follow-up with the neck pain group 

after a rehabilitation program. 

Periodic evaluation of neck ROM, muscle strength, and muscle fatigability for 

_ computer workers is necessary. Workplaces should be analyzed. Preventive exercise 

programs, specifically for neck muscle, should be investigated. 
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Related Studies 

Study I 

Changes of the EMG frequency parameters in symptomatic and non-symptomatic 
neck disorders - A study on computer users 

Abstract 
Background: There has been growing awareness among occupational health 

professionals worldwide over the past several years of the large number of 

musculoskeletal disorders (MSDs ), in particular, neck and upper limb pain. Many studies 

suggestethat these disorders are associated with ergonomic factors, such as repetitions, 

force, static muscle loading, and extreme joint position, that may lead to muscle, tendon, 

and nerve entrapment disorders at the neck and upper limbs of the exposed workers. 

Purposes: The first aim of this study was to develop an electromyography (EMG) set of 

criteria ( cervical spine tests) for subjects at high risk for cervical spine disorders. The 

second aim was to develop normal values using the criteria. The third aim was to 

objectively evaluate the use of the criteria measures in subjects employed in ergonomic 

workplace environments. Methods: A total of 45 subjects participated in the study, 15 

normal subjects (male and female), ages 30-50 years constitued the control group. Fifteen 

subjects with neck pain and another 15 without neck pain (male and female) who were 

consistent computer workers were tested using the criteria. Muscle strength of the neck 

extensors and the upper trapezius muscle were tested using load cell for all the groups. 

Multi-channel surface EMG (Noraxon) was used to test the EMG parameters including 

the initial median frequency, median frequency slope values of the neck, at 80% and 50% 
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of maximum voluntary isometric strength of neck extension and bilateral shoulder shrug. 

Data Analysis: One-way MANOV A was used with a post hoc analysis to test the 

significant difference between the groups using these criteria. This was followed by a 

discriminant function analysis to determine the most sensitive criteria measures that 

predict possible future neck disorders and could discriminate among the groups. Results: 

Computer workers with neck pain developed increased fatigability of the neck extensors 

and upper trapezius muscles. Among computer users without neck pain, results showed 

increased fatigability of the upper trapezius muscle.These results indicate on-going 

posture influenced disorders at the neck extensors and upper trapezius in computer 

workers, even in those without complaints of clinical disorders. Slope of the median 

frequency of the upper trapezius muscle at 80% MVC was the most sensitive 

discriminant variable for detecting future neck disorders. 

Introduction 

The function of the neck muscles has been well studied using electromyography 

(EMG). (Campbell, 1955; Costa et al., 1990). EMG has been used to evaluate localized 

muscle fatigue for limb muscles (Deluca, 1984 ). Some investigators used the increase in 

amplitude of the myoelectric ME signal as an indicator of localized muscle fatigue (De 

Vries, 1968; Currier, 1969; Lloyd, 1971 ). Lindstrom et al. (1977) and De Luca (1979) 

claimed that the changing duration of muscle action potential is a reflection of the 

frequency shift of the ME signal. Many studies reported the decline of the frequency 

component of the ME signal spectrum as recorded by surface EMG (De Vries, 1968; 
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Hagberg, 1981; Kadefors et al., 1968; Kogi et al., 1962). The use of the frequency shift as 

an indicator of localized muscle fatigue has been used in association with ergonomics ( 

Kadefors et al., 1968; Petersen et al., 1976). Hagberg (1979; 1981) studied the effect of 

the elevated arm position on localized muscle fatigue of the shoulder, which was 

experienced by workers in different work environments. He reported that localized 

muscle fatigue of the arm can be measured by change in the ME signal power density 

spectrum. The changes in the frequency spectra, such as the median, mean and mode, 

have been used as indicators of localized muscle fatigue. The median frequency was 

preferred because it was less sensitive to white noise, less sensitive to signal aliasing, and 

more sensitive to the biochemical and physiological processes that occur in the muscle 

during sustained contraction (De Luca, 1997) . 

. The median frequency (MF) can be defined as "the frequency at which the power 

density spectrum is divided into two portions of equal energy. It provides a more reliable 

estimate of spectral frequency transitions when noise accompanies the EMG signal " 

(Roy et al., 1989). The researchers also defined the initial MF as "the MF estimate that 

corresponds to the very beginning of a contraction, before muscle fatigue process can 

modify the EMG signal. " The rate of decrease in the MF during the sustained isometric 

contraction may be defined as the slope of the median frequency (SMF). Since the work 

of Piper (1912), it has been known that as the contraction is sustained there will be a 

decrease in the frequency spectrum as an indication of localized muscle fatigue. Cobb et 

al. ( 1923) also reported the increase in the amplitude of the MF signal toward the end of 

contraction. Edward et al. ( 1956) reported that as the contraction progresses there is an 
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increase in the number of motor units recruited to maintain constant muscle contraction. 

Some other studies suggested that motor unit synchronization may change the frequency 

component (Bingland et al., 1981). DeLuca (1984) suggested that this change in the 

frequency spectrum might be due to motor unit recruitment, motor unit synchronization, 

changes in the conduction velocity of muscle fibers, and changes in the firing rate 

statistics of the motor unit discharges (Pearson et al., 1972). Another explanation by 

Sahlin et al. (1975) and Tesch et al. (1977) is that as a result of isometric muscle 

contraction lactic acid is formed and passes through the muscle fibers to the surrounding 

interstitial fluid. This will increase the hydrogen ion concentration and decrease the 

muscle pH. Such reduction in the muscle pH may lead to the decrease in the conduction 

velocity (DeLuca et al., 1983; Stulen, 1980). Calcium deposit is also suggested to be the 

cause of these changes ( Bianchi et al., 1982). Muscle fatigue can also be explained as a 

result of afferent flow from the fatigued muscle to the central nervous system to regulate 

the recruitment of motor units. This may be the reason for the change in the EMG activity 

during sustained maximum voluntary contraction, rather than failure of peripheral 

transmission in the muscle (Gunnevi et al., 1992). 

Change in the frequency spectrum can be used as a diagnostic criterion of 

musculoskeletal and neuromuscular disorders (DeLuca, 1984 ). There are some 

limitations which decrease the usefulness of the contractile force measure of fatigue in 

evaluating human physical performance; theses are: (1) contractile fatigue can be 

subjective because contractile force may decrease due to psychological factors. The EMG 

spectral variables monitored during constant-force isometric contraction are not subject to 
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the psychological factors. (2) The contractile force can only be measured by evaluating 

the muscle torque around the joint, which could be carried out by more than one muscle. 

On the other hand the EMG signal can be detected from a single muscle. (3) A final 

consideration is that the spectral variable decreases continuously from the onset of 

contraction, thus showing the rate of the fatigue process early in the contraction (DeLuca, 

1993). 

Some points that can affect the results have to be taken into consideration when 

performing such tests, such as the position, gender, effect of gravity, and body build 

(Gogia et al., 1991). Some other factors that could affect the test's outcome are force 

level of contraction, time into contraction, type of electrode used to obtain the ME signal, 

thickness of the subcutaneous tissue, and muscle being studied (DeLuca, 1997). 

Material and Methods 
Subjects 

The experiment started with the subject's reading and signing the informed 

consent approved by the Human Subjects and Review Committee at Texas Woman's 

University. A total of 45 male and female subject ages 30-50 years participated in the 

study (Table 1 ). The first 15 subjects were the control group (normal subjects) who 

worked in jobs that did not require activities such as repetitions, force, static muscle 

loading, or extreme joint position. This group was called GI. Thirty subjects were 

computer users; 15 had complaints of neck pain for more than 6 months. This was the G2 

group. The other 15 subjects from the computer workers group had no complaints of neck 

pain and were called G3. They used the computer 5-6 hours per day 5 days per week for 
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more than 3 years and were required to hold their heads in a relatively fixed position for 

long periods with repetitive movements of the arms. 

Instrumentation 

TESTING CHAIR 

A custom-designed force measurement apparatus was constructed of perforated 

modular tubing anchored to the front and back of a specially designed chair (Fig. I). The 

apparatus could be adjusted in height in order to accommodate different subjects. 

SURF ACE ELECTROMYOGRAPHY 

A multi-channel Myosystem 2000 EMG* system was used to record and analyze 

the EMG data (Fig.2 and Fig.3.). The system included four channel EMG amplifiers with 

input impedance of 16 megaohms, a common mode rejection ratio of 85dB, a gain of 

1000 and a bandpass frequency of 0-500 Hz. The raw signals were directly analog-to

digital (A-D) converted and stored in MYOSOFT software program, using a personal 

computer. The software program allowed users to specify the filter range, the sampling 

rate, as well as the amplification gain of the recorded signal. It also allowed control of the 

smoothing rate and length of the sampling interval. The software performed a Fast 

Fourier Transformation for the power spectral analysis of the ME signal. 

Bipolar surface electrodes were used to detect the m~scle activity signal. The two 

10 mm diameter silver-silver chloride circular electrodes were implanted in a plastic bar 

with a fixed inter-electrodes distance of 30 mm ( center-to-center). 
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LOAD CELL FORCE TRANSDUCERS 

Isometric forces were measured using load cell force transducers {INTERFACE, 

advanced force measurement)* with force sensitivity up to 100 lb. The voltage difference 

of displacement of the force transducer was transmitted to an oscilloscope through a 

power amplifier, with gain controls. The oscilloscope was used to measure 

muscle forces after they were converted to differential voltage. The oscilloscope also 

served as a visual feedback device for the subjects so they could control 80% and 50% 

maximum voluntary contractions (MVC). The force transducer was calibrated linearly as 

1.5 mv/5 lb. as shown in table 11. 

Procedure 

SCREENING TEST 

Medical and surgical histories that related to this study were obtained from 

each subject. Each subject was evaluated with a series of neurological ( dermatomal, 

myotomal and reflex) tests and safety tests (alar, transverse ligament and vertebral artery) 

to identify any significant problems in the neck and shoulder areas. Subjects with positive 

, safety tests were excluded from study. Other tests included active and passive ROM of 

the shoulders and palpation of the skin, muscles and spine to rule out any postural defects 

or trauma. 
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EXPERIMENTAL PROCEDURE 

Subject position. Subjects signed the informed consent and sat in a comfortable 

straight-back chair with no arm support. The lower back was supported against the back 

of the chair. The arms were hung relaxed at the sides and both feet were flat on the floor. 

The subject was stabilized in the chair using four wide straps fastened across the pelvis 

and the chest. The shoulders were exposed. Gowns were provided to insure modesty . 

. The skin of the recording sites was prepared with fine sandpaper and alcohol to 

reduce skin resistance. Bipolar surface fixed bar electrodes were placed with coupling gel 

posterior over the upper trapezius muscle bilaterally on the medial third of the muscle and 

about half-way between the acromion and C7. Another set of similar electrodes were 

placed on the middle portion of the neck paraspinal muscles between C3 and C6, 

approximately 2.0 cm lateral to the spinous processes. A metal ground electrode, 2.5 cm 

diameter, was placed with gel on the C7 (Fig.4). The subject's head was maintained in a 

neutral, upright position. A sample of the EMG frequency spectrum signals is shown in 

Fig.5. 

Once the subject was comfortably seated, he/she was instructed to practice isometric 

pushing movements against the transducer cuff complex in extension three 

-------------

*NORAXON USA, INC. 13430 N. SCOTTSDALE ROAD # 104 SCOTTSDALE AZ 85254 

*INTERFACE INC. 7401 E. QUTHERUS DR. SCOTTSDALL, AZ. 85280 
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times, with progressively increasing forces in ord~r to get the feel for the task 

requirements. The investigator was then gave oral instruction to the subject to perform 

three sustained isometric MVCs neck extensions for 10 sec each. The subject rested for 5 

min after each contraction. The average MVC force (muscle strength) was calculated 

from the oscilloscope, and the 80% and 50% of the MVC was calculated. A target 

representing 80% and 50% MVC was set on the oscilloscope screen.The subject rested 

for 5 min, then he/she performed a sustained 80% MVC for 20 sec, three times with 5 

min rest periods in between. This was followed by another set of three sustained 50% 

MVCs for 20 sec with 5 min rest periods in between. 

The head cuffs were then replaced with shoulder cuffs that test shoulder 

shrugging. The subject was then instructed to practice isometric shoulder shrugging three 

times against the cuff with progressively increasing forces to get the feel for the task 

requirements. The investigator orally instructed the subject in three sustained isometric 

(MVCs) shoulder shrugs of 10 sec each. A 5 min rest was given after each contraction. 

The average MVC from the oscilloscope was calculated and then 80% and the 50% of the 

MVC was calculated. A target representing 80% and 50% of shoulder shrug MVC, was 

set on the oscilloscope screen. The subject rested for 5 min, after which he/she was asked 

to perform the sustained 80% MVC for 20 sec three times with a 5 min rest in between. 

This was followed by another set of three sustained 50% MVCs for 20 sec with a 5 min 

rest in between. Electrodes were then taken off, and subject was released from the 

experiment. 
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Results 

INITIAL MEDIAN FREQUQNCY 

Measurements of the IMF showed elevated values of CPM and UTM at (80%) 

and (50%) MVC in G2 and G3 compared with Gl (Table 2). The values of the IMF were 

higher in G2 than in G3, in most tests. The variability among subjects, was higher in G2 

and G3 than in G 1 in most tests reflecting histological changes of muscle fibers in G2 

subjects (Fig 6). 

Data were analyzed using a one-way MANOV A (Table 3), between group design. 

When normal subjects (G 1 ), computer users with neck pain (G2), and computer users 

without neck pain (G3) simultaneously compared to variables measuring IMF, the results 

of this analysis revealed a significant difference between at least two of the three groups 

[Wilks' Lambda =.235, E (16,70) = 4.656, :g<.001]. Subsequently, follow-up testing 

(Alpha= .008) of the univariate group effects, one-way ANOVAs, showed that at least 

two of the three groups were different with respect to initial median frequency of the 

CPM at 80% MVC [E (2,42) = 9.982, :g<.001] and the initial median frequency of the 

CPM at 50% MVC [E (2,42) = 7.187, :g<.001]. Using Tukey's test for multiple 

comparisons, results demonstrated differences between G 1 and G2 with respect to IMF of 

the CPM at 80% MVC (Table 4) and 50% MVC (Table 5) as presented in Fig 6. The 

differences between G 1 and G3 as well as between G2 and G3 at any of the contraction 

level of the CPM were not significant. Figure 6 showed that the difference between the 

three groups were not significant with respect to the IMF of the UTM at 80% and 50% 

MVC. Again we pointed out that our study was subject to a type II error. 
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SLOPE OF MEDIAN FREQUENCY 

Measurements of the SMF showed increased rates of reduction of the values of 

CPM and UTM at 80% and 50% MVC in G2 and G3 compared with G 1. (Table 6). The 

values of the SMF were higher in G2 than in G3 in most tests. The variability among 

subjects was higher in G2 and G3 than in G 1 in most tests reflecting increased fatigability 

of those muscles in G2 subjects (Fig 7). 

Data were analyzed using a one-way MANOV A (Table 7), between group design. 

When normal subjects (G 1), computer users with neck pain (G2), and computer users 

without neck pain (G3) simultaneously compared to variables measuring SMF, the results 

of this analysis revealed a significant difference between at least two of the three groups 

[Wilks' Lambda=.235, E (16,70)=4.656, 12<.00l]. Subsequently, follow-up testing (alpha 

= .008) of the univariate group effects, one-way ANOVAs, showed that at least two of 

the groups were different with respect to slope of median frequency of the CPM at 80% 

MVC [E (2,42) = 17.961, Q<.001] slope of median frequency of the CPM at 50% MVC 

[E (2,42) = 7.061, 12<.00l], and slope of median frequency of the UTM at 80% MVC [E 

(2,42) = 19.670, 12<.00l] Using Tukey's test for multiple comparisons, results 

demonstrated differences between G 1 and G2 in respect to SMF of the CPM at 80% 

(Table 8), and 50% MVC (Table 9), and for the UTM at 80% MVC (Table 10), as shown 

in Fig. 7. The same figure showed that the difference between the three groups were not 

significant with respect to SMF ofUTM at 50% MVC. The differences between G 1 and 

G3 as well as G2 and G3 were not significant at any contraction level of the UTM. Again 

we pointed out that our study was subject to a type II error. 
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Discussion 

IMF of Cervical Paraspinal and Upper Trapezius Muscles 

The results of this study showed that the IMF values of the CPM during 80% and 

50% MVC were significantly higher in the computer users with neck pain, than normal 

subjects. Increased the values of the IMF is possibly due to histological changes in the 

percentages of slow/fast twitch motor units of the CPM and UTM, in computer workers 

with neck pain. The IMF has always been used as a reflection of motor unit/muscle fiber 

function before the contraction begins (DeLuca, 1997). The IMF values were found to be 

higher in muscles with more fast twitch motor units, such as the vastus lateralis (Chandler 

et al., 1983), they divided the muscle fibers in the body into two classes: (1) fast twitch 

motor units which associated with high strength but are very fatiguable and (2) slow 

twitch muscle fibers which associated with less strength but very resistant to fatigue. 

Lower values of the IMF were recorded in muscles with predominantly slow twitch 

motor units, such as the soleus muscles. The following studies suggested either higher, 

lower or no differences in IMF values between the normal and pain-suffering groups. 

Biedermann et al. (1989) demonstrated higher IMF of the multifidus muscle in the back 

pain subjects, similar results were found in this study with neck pain group. They 

attributed this finding to a lower ratio of slow/fast twitch muscle fibers or to degeneration 

of slow-twitch muscle fiber. It has been suggested that the muscles with higher 

proportions of fast-twitch muscle fibers fail to resist fatigue. Gogia and Sabbahi (1994) 

reported no significant differences in the IMF values between patients with osteoarthritis 
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(OA) of the cervical spine and normal subjects. They suggested that in earlier stage of 

OA changes in the muscle fibers composition had not yet occured. Roy et al. (1989) 

reported lower IMF of the back muscle at the L 1 level in low back pain patients as 

compared with normal subjects, which is unlike the results <?f this study. The differences 

in the IMF of the UTM at 80% and 50% MVC recorded in our study among the three 

groups were not statistically significant indicating local histological changes at this 

muscle in computer users. 

SMF of Cervical Paraspinal and Upper Trapezius Muscles 

The result of this study showed a significant increase in the shift of SMF into the 

lower level in the CPM at 80% and 50% MVC and in UTM at 80% MVC in the computer 

users _with neck pain compared with normal subjects. The SMF was also faster at 80% in 

the UTM in the computer users without neck pain than the normal subjects. This 

indicates increased fatigability of the CPM and UTM in both computer workers groups. 

The SMF has been used to reflect the metabolic fatigue occurring in the muscle fibers 

during the dynamic contraction (DeLuca, 1984). It could also be due to increase of the 

intramuscular ischemia at forceful contraction levels (80 % and 50% MVC) resulting in 

muscle fatigue and muscle spasm. This will lead to decrease blood flow to the muscle 

which results in muscle ischemia and accumulation of metabolites, decreased 

accumulation of calcium ions (Ca++), and decreased intramuscular pH DeLuca, (1984). 

These results are compatible with previously reported studies, Chaffin (1973) reported 

that sustained isometric contraction caused increased fatigability and reduced muscle 
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force. Another study by Gogia and Sabbahi (1994) showed increases in the shift of the 

SMF toward the lower level in patients with neck OA, when compared with normal 

subjects. They attributed this finding to the development of localized intramuscular 

ischemia at higher force levels, with large accumulations of metabolites and reduced 

Ca++ in OA patients. The increased muscle fatigability in the CPM and UTM is 

compatible with the recorded reduction in neck ROM and muscle strength. The three 

recorded findings are substrates for a common pathology, which is cervical spine 

disorder. It would be difficult to predict which single symptoms is the initiating/causing 

one to the other symptoms. However, increased muscle fatigability could be less 

dramatic, than changing ROM and muscle strength. This suggest the muscle fatigability 

to have the possible leading role of such strings of symptoms leading to cervical spine 

disorders. 

Conclusions 

The statistical design used to analyze the data did not support all hypotheses of 

this study. This study was subject to a type II error resulting from failure to reject the null 

hypothesis that is really false. Based on the result of this statistical analysis and within the 

limitation of this study the following conclusion could be made. 

1 Computer workers with neck pain have an abnormally elevated IMF of the CPM and 

increased rates of SMF of the CPM and UTM, indicating abnormal fatigability of 

those muscles. This is more pronounced in higher force contraction level. 



2 Computer workers without neck pain have a mildly elevated IMF of the CPM and 

mild increases in the rates of the SMF of the CPM and UTM. This indicate mild 

fatigability of those muscles. 
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Head cuff for isometric neck 
extension (Adjustable in height) 

Two adjustable shoulder cuffs 
for isometric shoulder shrugging 

Figure 1. Specially designed chair 
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Figure 2. Four-channel surface EMG 
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Fig.3. Experiment apparatus for myoelectric signal acquisition and analysis 
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CPM Electrodes 

UTM Electrodes 

round electrode 

Figure 4. Surface EMG electrodes placement 
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Figure 5. Sample of the EMG frequency spectrum parameter 
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Figure 6. Initial median frequency across the three groups 
IMC80 = IMF of CPM at 80% MVC IMC50 = IMF of CPM at 50% MVC 
IMU80 = IMF of UTM at 80% MVC IMU50 = IMF of UTM at 50% MVC 
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Figure 7. Slope of median frequency across the three groups 
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· f!JGroup 1 

□ Group 2 

■ Group 3 

SC80 = SMF of CPM at 80% MVC SC50 =SMF of CPM at 50% MVC 
UTM80 = SMF of UTM at 80°/4 MVC UTMS0 = SMF of UTM at 50% MVC 
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Table 1. Characteristics of study subjects. 

GROUP N Minimum Maximum Mean SD 

1 Age 15 30.00 49.00 38.6000 5.6290 
Height 15 5.00 6.01 5.1907 .3324 
Weight 15 130.00 225.00 178.1333 23.2529 

2 Age 15 31.00 49.00 36.8667 4.4860 
Height 15 5.00 6.02 5.1240 .2496 
Weight 15 118.00 230.00 166.7333 26.9456 

3 Age 15 30.00 49.00 38.4667 6.0577 
Height 15 4.11 6.01 5.0993 .3967 
Weight 15 135.00 230.00 171.9333 27.2435 



Table 2. 
Descriptive statistics of the three groups for the IMF of the 80% and 50% 
isometric MVC of the CPM and UTM. 

Group/IMF Minimum Maximum 

1 IMC50 41.38 86.11 
IMC80 43.93 79.07 
IMU50 46.25 60.40 
INU80 49.15 62.42 

2 IMC50 64.95 112.14 
IMC80 65.87 94.23 
IMU50 41.89 72.31 
INU80 40.39 86.30 

3 IMC50 46.36 91.49 
IMC80 45.79 89.30 
IMU50 49.97 64.94 
IMU80 50.87 64.70 

IMF of the 50% MVC ofCPM (IMCS0) 
IMF of the 80% MVC ofCPM (IMC80) 
IMF of the 50% MVC of UTM (IMUS0) 
IMF of the 80% MVC ofUTM (IMU80) 

Mean SD 

63.39 12.44 
60.88 10.82 
53.27 4.29 
54.14 3.92 
82.38 14.20 
79.08 8.20 
57.13 7.33 
56.80 10.06 

71.96 14.48 
70.00 13.76 
55.58 4.99 
56.35 3.88 
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Table 3. 
MANOVA fth IMF th th 0 e across e ree 2roup 

Type III sum 

Dependent variable of squares 

IMFC80 2486.0 

IMFC50 2712.7 

IMFU80 60.7 

IMFU50 113.4 

* Significa_nt alpha = .0042. 
IMF of the 50% MVC of CPM (IMCS0) 
IMF of the 80% MVC of CPM (IMC80) 
IMF of the 50% MVC of UTM (IMUS0) 
IMF of the 80% MVC of UTM (IMU80) 

Table 4. 

df 

2 

2 

2 

2 

Mean 

square 

1243.0 

1356.4 

30.3 

56.7 

Post-hoc tests (Tukey): IMF of the CPM at 80% MVC variable 
Mean 95% 
Difference confidence 

(!)Group (J)Group (I-J) SE Sig. interval 
Lower 
Bound 

1 2 -18.21 * 4.07 .000 -28.11 . 
3 -9.12 4.07 .076 -19.02 

2 1 18.21 * 4.07 .000 8.31 
3 9.09 4.07 .078 -.81 

3 1 9.12 4.07 .076 -.78 
2 -9.09 4.07 .078 · -18.99 

*The significant difference at p< .0042. 
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F Sig. 

1.0 .000* 

7.2 .002* 

.7 .507 

1.8 .186 

95% 
confidence 
interval 
Upper 
Bound 

-8.31 
.78 

28.11 
18.99 
19.02 

.81 



Table 5. 
P t h t t {T k ) IMF f th CPM t 50°/4 MVC . bl os - oc es s u ey : 0 e a 0 vana e 
(!)Group (J)Group Mean Std. Error Sig. 

Difference 
(I-J) 

3 2 -19.00* 5.01 .001 
3 -8.57 5.01 .214 

2 . 1 19.00* 5.01 .001 
3 10.42 5.01 .107 

3 1 9.00 5.01 .214 
2 -10.42 5.01 .107 

*The significant difference significant at p<.0042. 

Table 6. 

95% 
confidence 
interval 
Lower 
Bound 
-31.18 
-20.76 

6.80 
-1.77 
-3.61 
-22.61 

Descriptive statistics of the three groups for the SMF of the 80% and 
50% isometric MVC of the CPM and UTM. 

Group/SMF Minimum Maximum 
1 SU50 .03 .16 

SU80 .20 .43 
SC50 .05 .25 
SC80 .27 .46 

2 SU50 .06 .38 
SU80 .30 .49 
SC50 .10 .34 
SC80 .37 .98 

3 SU50 .08 .20 
SU80 .22 .36 
SC50 .06 .30 
SC80 .37 .73 

SMF of the 50% MVC of CPM (SCS0) 
SMF of the 80% MVC of CPM (SC80) 
SMF of the 50% MVC of UTM (SU50) 
SMF of the 80% MVC of UTM (SC80) 

Mean SD 
.10 .04 
.29 .06 
.14 .06 
.36 .07 

.15 .08 

.39 .05 

.22 .07 

.63 .17 

.13 .04 

.30 .04 

.16 .06 

.51 .10 
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95% 
confidence 
interval 
Upper 
Bound 
-6.80 
3.62 

31.18 
22.61 
20.76 
1.77 
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Table 7. 
MANOV A f th SMF th h 0 e across e t ree erou ps 

Type III sum Mean 

Dependent variable of squares df square F Sig. 

SMFC80 .55 2 .28 18.0 .000* 

SMFC50 5.5 2 .03 7.1 .002* 

SMFU80 .09 2 .05 19.7 .000* 

SMFU50 .20 2 .10 3.0 .. 060 

* Significant alpha = .0042. 

Table 8. 
P t h t t (T k ) SMF f h CPM 80°/4 MVC . bl os - oc es s u ey: o t e at 0 vana e 

Mean 95% 95% 
Difference confidence confidence 

(I)Group (J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

4 2 -.27* .05 .000 -.38 -.160 

3 -.6* .05 .003 -.27 -.05 

2 1 .27* .05 .000 .16 .38 

3 .11 * .05 .043 .03 .22 

3 1 .16* .05 .003 .05 .27 

2 -.1129* .05 .043 -.22 -.03 

*The significant difference at p< .0042. 



Table 9. 
P t h t t (T k ) SMF f h CPM 50°/4 MVC os - oc es s u ey: o t e at 0 

Mean 
Difference 

(!)Group (J)Group (I-J) SE Sig. 

1 2 -.08* .02 .002 
3 -.02 .02 .582 

2 1 .08* .02 .002 
3 .06* .02 .031 

3 1 .02 .02 .582 
2 -.06* .02 .031 

*The significant difference at p< .0042. 

Table 10. 
P t h t t (T k ) SMF f th UTM t 80°/4 MVC os - oc es s u ey: 0 e a 0 

Mean 
Difference 

(I)Group (J)Group (1-J) SE 

1 2 -.10* .02 
3 -,06 .02 

2 1 .10* .02 
3 .09* .02 

3 1 .06 .02 
2 -.09* .02 

*The significant difference at p< .0042. 

Tablet 1. 
Linear calibration of the force transducer 
Pounds 1 5 10 15 

mv 1.5 1.5 3 4.5 

Sig. 

.000 

.930 

.000 

.000 

.930 

.000 

20 

6 
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. bl vana e 
95% 95% 
confidence confidence 
interval interval 
Lower Upper 
Bound Bound 

-.14 -.03 
-.08 .03 
.03 .13 
.05 .12 
-.03 .08 
-.12 -.005 

. bl vana e 
95% 95% 
confidence confidence 
interval interval 
Lower Upper 
Bound Bound 

-.14 -.06 
-.05 .04 
.06 .14 
.06 .14 
-.04 .05 
-.14 -.05 

30 40 50 

9 12 15 
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Study II 

Changes in neck range of motion and muscle strength in symptomatic and non

symptomatic neck disorders- A study on computer workers 

Abstract 

Background: There has been growing awareness among occupational health 

professionals worldwide over the past several years of the large number of 

musculoskeletal disorders (MSDs), in particular, neck and upper limb pain. Many studies 

suggest that these disorders are associated with ergonomic factors, such as repetitions, 

force, static muscle loading, and extreme joint position, that may lead to muscle, tendon, 

and nerve entrapment disorders at the neck and upper limbs of the exposed workers. 

Purposes: The first aim of this study was to develop a set of criteria (cervical spine tests) 

for subjects at high risk for cervical spine disorders. The criteria included clinical and 

biomechanical assessment tools. The second aim was to develop normal values using the 

criteria. The third aim was to objectively evaluate the use of the criteria measures in 

subjects employed in ergonomic workplace environments. Methods: A total of 45 

subjects participated in the study, 15 normal subjects (male and female), ages 30-50 years 

constitued the control group. Fifteen subjects with neck pain and another 15 without neck 

pain (male and female) who were consistent computer workers were tested using the 

criteria. Neck RO Ms were tested using the cervical range of motion (CROM) device. 

Muscle strength of the neck extensors and the upper trapezius muscle were tested using 

load cell for all the groups. Data Analysis: Two one-way MANOV A ( one for each 
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criterion) were used with a post hoc analysis to test the significant difference between the 

groups using these criteria. Results: Computer workers with neck pain developed limited 

neck ROM in side-bend and retraction, reduced neck extensors and upper trapezius 

muscle strength. Among computer users without neck pain, results showed limited ROM 

of neck side-bend, reduced neck extensors muscle strength. These results indicate on

going posture influenced disorders at the neck extensors and upper trapezius in computer 

workers, even in those without complaints of clinical disorders. 

Introduction 

RANGE OF MOTION OF PAINFUL NECK 

The significance of joint mobility, as an important factor in MSDs, has been 

reported by Johansson et al. (1996). Norlander et al. (1997) reported limited ROM of the 

cervical spine with neck-shoulder pain. The researchers measured the ROM of cervical 

spine using the cervico-thoracic ratio (CTR) which is calculated ratio based on absolute 

values of skin distraction between C7 and TS. They concluded that invariable C7-Tl 

mobility together with an inverse function was a risk factor related to the development of 

neck and shoulder MSDs. Inverse C7-Tl function may become an objective diagnostic 

criterion of neck and shoulder pain. et al. (1991) reported that cervical spine disorders 

usually affect normal neck AROM. They added that the prognoses of the patients with 

neck disorders and their responses to therapeutic interventions are often documented by 

measuring or visually estimating changes in the AROM of the cervical spine. Thomas et 

al. (1992) evaluated neck AROM in the sagittal plane and isometric muscle strength of 
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the neck extensors using a MedX Cervical Extension Machine in 90 patients complaining 

of neck pain, pre and post training. The results of this study showed that after a 

rehabilitation program using the same machine, there was a significant improvement in 

the neck AROM and the isometric muscle strength of the neck extensors and a significant 

decrease in neck pain. It is unclear whether loss of or diminished motion of the cervical 

spine is a secondary effect of chronic neck pain or a cause of neck pain (Metland, 1983). 

The researchers added that It is also unknown whether loss of motion of one or more of 

the cervical segments is related to neck pain. 

EFFECT OF MUSCLE WEAKNESS AND EXERCISES ON NECK PAIN 

It has been suggested in many studies that increased muscle strength, ROM and 

endurance may alleviate neck and shoulder pain and discomfort (Dyrssen et al., 1990; 

Jordan et al., 1993; Levoska et al., 1993). Brattberg et al. (1989) and Leigh et al. (1989) 

claimed that in industrial countries there is an association between functional neck 

disorders with neck pain and muscular fatigue. Patients' complaints of neck problems 

coincided with weakness of the neck muscles (Kvamstrom, 1983; Bjelle et al., 1987). 

Another longitudinal study by Kilborn et al. (1988) showed reduction of neck muscle 

strength in women who performed heavy manual work. Rempel et al. ( 1992) proposed 

· reduction of work- load with ergonomic improvements in the occupational setting. Other 

studies demonstrated a reduction in neck disorders after a controlled physical exercise for 

the neck (Nachemson et al., 1991; Dyrssen et al., 1989). Dyrssen et al. (1989) reported 

that young women clerks showed improved neck muscle strength and reduced neck pain 
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after nonspecific training of the shoulder and neck muscles. Hans et al. (1994) reported 

the importance of improving neck muscle strength in order to reduce neck disorders. 

Highland et al. (1992) demonstrated that significant improvements of isometric strength 

of the cervical extension resulted in a significant reduction in neck pain and increased 

neck AROM. Jari et al. (1994) found the same results with rehabilitation programs, and 

improvements of neck muscle strength resulted in marked decrease in neck pain. Kraus 

(1970) reported that neck pain often resulted in muscular weakness and fatigue. Neck 

muscle strength has been documented to be an important factor in stability of the cervical 

spine (Franco et al., 1987). Other studies showed the importance of strengthening the 

neck muscles to reduce neck pain and minimize the risk of neck injury (Worble et al., 

1986; Schall, 1989; Franco, 1987). These results led Micheal et al. ( 1993) to suggest the 

importance of defining safe .and effective methods for strengt~ening of the cervical 

muscles. Micheal et al. (1994) reported the effect of neck rehabilitation program on 

reducing neck pain and improving neck function. Arthur et al. (1992) suggested that if 

trunk muscle weakness can cause low back pain, then it is assumed that strengthening 

exercises of the back muscles would reduce such pain. He added that a similar argument 

could be made for the cervical flexor and extensor musculature in order to reduce neck 

pain. Thomas et al. ( 1992) reported that there was significant reduction in neck pain with 

improvement in neck ROM and muscle strength as a result of specific training of the 

cervical spine. Kraut et al. (1966) evaluated the strength of neck flexors and found a 

correlation between chronic neck pain and cervical muscle weakness. Bjelle et al. (1987) 

evaluated the muscle strength of the neck and shoulder using the strength gauge 
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dynamometer. They reported that there is a correlation between shoulder muscle 

weakness and development of shoulder and neck MSDs. Hagberg (1981) reported a 

correlation between muscle fatigue and neck pain. Another quantitative evaluation of the 

neck flexor was conducted by Silverman et al. (1991 ), who reported a correlation 

between chronic neck pain and cervical muscle weakness. On the other hand Kamwendo 

et al. (1991) reported that there is no positive effect of neck rehabilitation in reducing 

neck pain. Nachemson et al. (1969) said that it is unclear whether neck or back muscle 

weakness is a residual finding of disuse weakness resulting from acute or chronic pain. 

Material and Methods 

Subjects 

. _ The experiment started with the subject's reading and signing the informed 

consent approved by the Human Subjects and Review Committee at Texas Woman's 

University. A total of 45 male and female subjects ages 30-50 years participated in the 

study (Table l). The first 15 subjects were the control group (normal subjects) who 

worked in jobs that did not require activities such as repetitions, force, static muscle 

loading, or extreme joint position. This group was called G 1. Thirty subjects were 

computer users; 15 had complaints of neck pain for more than 6 months. This was the G2 

group. The other 15 subjects from the computer workers group had no complaints of neck 

pain and were called G3. They used the computer 5-6 hours per day 5 days per week for 

more than 3 years and were required to hold their heads in a relatively fixed position for 

long periods with repetitive movements of the arms. 
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Instrumentation 

TESTING CHAIR 

A custom-designed force measurement apparatus was constructed of perforated 

modular tubing anchored to the front and back of a specially designed chair (Figure. I). 

The apparatus could be adjusted in height in order to accommodate different subjects. 

The posterior tubinghouses load-cell force transducers and cuffs positioned to fit against 

the subject's head, and two other cuffs with adjustable anns were placed on the shoulders, 

to provide resistance for upper trapezius isometrjc contractions. 

CERVICAL RANGE OF MOTION MEASUREMENT (CROM) 

Cervical spine ROM were measured using the CROM* ( cervical range of motion 

unit). The CROM device consists of a plastic frame that was placed on the subject's nose 

bridge and ears. It was secured to the head by a Velcro strap (Fig. 2. ). Neck flexion and 

extension movements were recorded by a gravity goniometer attached to the side of the 

plastic frame. Another gravity goniometer was attached to the front of the plastic frame to 

measure the neck side-bend. N eek rotation was recorded by a compass goniometer 

attached horizontally to the plastic frame on the central top of the.subject's head. A 

magnetic yoke was placed on the shoulders with the arrows pointing north to align the 

magnetic fields of the yoke's magnets and the earth, in order to minimize the chance of 

errors in rotation when using the compass measurement. A new attachment was added to 

the CROM device (Fig .. 3.) to measure ROM of head retraction and protraction. It 



consisted of an adjustable rod, and it reached the transverse measurement arm of the 

CROM with an arrow to determine protraction and retraction in centimeters while the 

subject maintained the gravity goniometer at zero. This assured pure protraction and 

retraction without flexion or extension. 

LOAD CELL FORCE TRANSDUCERS 
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Isometric forces were measured using load cell force transducers (INTERFACE, 

advanced force measurement)* with force sensitivity up to I 00 lb. The voltage difference· 

of displacement of the force transducer was transmitted to an oscilloscope through a 

power amplifier, with gain controls. The oscilloscope was used to measure muscle forces 

after they were converted to differential voltage. The force transducer was calibrated 

linearly as 1.5 mv/5 lb. as shown in table 11. 

Procedure 

SCREENING TEST 

Medical and surgical histories that related to this study were obtained from each 

subject. Each subject was evaluated with a series of neurological (dermatomal, 

myotomal and reflex) tests and safety tests (alar, transverse ligament and vertebral artery) 

to identify any significant problems in the neck and shoulder areas. Subjects with positive 

*INTERFACE INC. 7401 E. QUTHERUS DR. SCOTISDALL, AZ. 85280 

*PERFORMANCE ATTAINMENT ASSOCIATfON, 958 LYDIA DR., ROSEVILLE, MN 55113. 
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safety tests were excluded from study. Other tests included active and passive ROM of 

the shoulders and palpation of the skin, muscles and spine to rule out any postural defects 

or trauma. 

EXPERIMENTAL PROCEDURE 

Subject position: Subjects signed the informed consent and sat in a comfortable 

straight-back chair with no arm support. The lower back was supported against the back 

of the chair. The arms were hung relaxed at the sides and both feet were flat on the floor. 

The subject was stabilized in the chair using four wide straps fastened across the pelvis 

and the chest. The shoulders were exposed. 

The researcher then placed the CROM on the head of the subject over the ears and 

the nose-bridge, similar to wearing eyeglasses. The rotation arm attachment was applied 

to measure rotation movement. 

Each subject was instructed in proper neck movements in each direction (flexion, 

extension, left lateral flexion, right lateral flexion, left rotation, right rotation, retraction 

and protraction) as far as he/she could go pain free. Each subject performed the~e 

movements three times prior to the test, for training purposes. Then, the subject was 

asked to perform each movement three more times for measurement, and the average was 

calculated. After 5 min rest, subject was comfortably seated, he/she was instructed to 

practice isometric pushing movements against the transducer cuff complex in head 

extension three times, with progressively increasing forces in order to get the feel for the 

task requirements. The investigator was then gave oral instruction to the subject to 
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perform three sustained isometric MVCs neck extensions for 1 O sec each. The subject 

rested for 5 min after each contraction. The average MVC force (muscle strength) was 

calculated from the oscilloscope. The head cuffs were then replaced with shoulder cuffs 

that test shoulder shrugging. The subject was then instructed to practice isometric 

shoulder shrugging three times against the cuff with progressively increasing forces to get 

the feel for the task requirements. The investigator orally instructed the subject in three 

sustained isometric (MVCs) shoulder shrugs of 10 sec each. A 5 min rest was given after 

each contraction. The average MVC from the oscilloscope was calculated. 

Results 

Results of Neck Range of Motion Measurements 

Measurement of neck ROM showed reduced value of side-bend, rotation, flexion, 

extension, protraction and retraction in both computer workers groups (G2 and G3) 

compared with normal subjects (G 1 ). The values of the movements were smaller in G2 

(computer workers with neck pain) than G3 (computer workers without neck pain) in 

most movement directions. The variability among subjects, seen in the SD values, was 

higher in G2 and G3 than in normal subjects. Such variability was more pronounced in 

G2 than G3 in most movement directions reflecting painful movements in G2 subjects 

(Tables 2 and 3, Figs 4. and 5). 

Data were analyzed using a one-way MANOV A, between-groups design (Table 

4.). The results of this analysis revealed a significant difference [Wilks' Lambda=.412, E 

(12,74) = 3.440, Q<.001] in ROM between groups. Subsequently, follow-up testing (alpha 



165 

= .0027) of the univariate group effects, one-way ANOVAs, showed that at least two of 

the three groups were significantly different with respect to side-bending LE (2,42) = 

9.308, Q<.001] and retraction LE (2,42) = 9.097, Q<.001]. Using Tukey's test for multiple 

comparisons, results demonstrated significant differences between G 1 and G2 and 

between G 1 and G3 with respect to side-bending (Table.5.) and significant difference 

between GI and G2 with respect to retraction are (Table. 6.) presented in and Fig 4. and 

5. The results showed that the differences among the three groups were not significant 

with respect to neck ROM in flexion, extension, rotation, and protraction. Also the 

difference between G2 and G3 in retraction was not significant. It is very important to 

point out that our study was subjected to type II error because the alpha level was divided 

by the number of variables we have in this study to control the alpha level. 

Results of Muscle Strength Measurements 

Strength measurement showed substantial reduction in its value during head 

extension (CPM) and shoulder shrug (UTM) in and G3 compared with G 1. The reduction 

were more pronounced in G2 than G3, reflecting the painful symptom of the neck in G2 

(Table. 7.). Concerning ROM measurements, the variability in the value of the strength 

measurements for CPM and UTM in G2 and G3 were not higher than those in GI (Table 

.7. Fig. 6). 

· Data were analyzed using a one-way MANOV A (Table 8), between groups 

design. The results of this analysis revealed a significant difference [Wilks' Lambda 

=.440, E ( 4,82) =I 0.4 I 6, Q<.001] between groups. Subsequently, follow-up testing (alpha 
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= .008) of the univariate group effects, one-way ANOVAs, showed that at least two of 

the groups were significantly different with respect to neck muscle (CPM) strength [ E 

(2,42) = 18.259, 12<.00l], and upper trapezius muscle (UTM) strength LE (2,42) = 14.743, 

:g<.001]. Using Tukey's test for multiple comparisons, results demonstrated significant 

differences between G 1 and G2 and between G 1 and G3 with respect to CPM (Table 9), 

and significant differences between G 1 and G2 with respect to UTM (Table 10), are 

presented in, Fig 6. The results demonstrated that the difference between G2 and G3 was 

not significant with respect to CPM. There were no significant differences between G 1 

and G3 or between G2 and G3 with respect to UTM. 

Discusion 

N eek Range of Motion 

We found significant reduction in neck side-bend ROM in computer workers 

(with or without neck pain) compared with normal subjects. The limitation increased in 

computer workers with neck pain over those without neck pain. This was possibly due to 

postural limitation adopted by these groups for extended periods during their daily 

routine; which might results in stiffness of the involved structure. This limitation could 

also be due to the neck and/or shoulder pain, muscle spasm, or weakness or fatigue of the 

neck muscle. Similar results have been reported by others; for example, forest machine 

operators with neck pain have limited cervical ROM (Hagen et al. 1997). Anderson and 

Hemborg ( 1985) studied neck ROM among 15 forest machine operators with continuous 

subjective neck pain for the l_ast three years and another 15 operators with no neck pain. 
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They found a significant limitation in the horizontal plane movements in the pain group 

when compared with the non-pain group. Alaranta et al. (1994) suggested decreased neck 

ROM by aging; they found decreased neck ROM in the three dimensions (sagittal, 

coronal, and horizontal) in individuals ages 35-39 to 50-54 years. They also reported that 

those who complained of neck pain during the previous 12 months had significantly 

lower ROM in the cervical flexion-extension movements than those without pain. In this 

study the difference between groups with respect to flexion and extension were not 

significant. Norlander et al. (1997) reported limited ROM of the cervical spine with neck

shoulder pain. Lind et al. (1989) used radiographs for testing the neck ROM in frontal 

and sagittal planes. They found lower values than those reported in our current study. 

This might be due to the isolation of the upper thoracic spine from the cervical spine 

during testing the ROM by radiography. The cervical ROM, (flexion, extension, right and 

left rotation, right and left side-bending) in our G 1 was compatible with those published in 

previous studies. Youdas et al. (1991) reported that the mean and standard deviation of 

the male ages 40-49 years were (49.5±11 .4) inflexion, (62.2±12.2) in extension, (62±7.6) 

in left rotation, (64.6±9.6) in right rotation, (35.6±8) in left lateral flexion, and (38±10.9) 

in right lateral flexion. These were compatible with the values obtained in this study with 

the mean and standard deviation of (50±6.6) flexion, (64.8±6.5) in extension, (68.5±7.5) 

in left rotation, (68.2±7.1) in right rotation, (42.9±2.2) in left lateral flexion, (43.4±2.7) in 

right lateral flexion. Youdas et al. (1991) reported that the neck ROM was higher in 

females especially in younger people. Age and gender were matched in the three groups 

in this current study. Our results ofreduced ROM were more pronounced in side-bending 
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--
and retraction movements. Previously reported studies Hagen et al. (1997), Anderson and 

Hemborg (1985) showed similar limitation in side-bending movement direction and 

reduced neck ROM inflexion, extension and axial rotation in the neck pain group. Our 

study did not record this limitation inflexion, extension or axial rotation in the neck pain 

group. 

Neck retraction movements were significantly decreased in G2 and G3. This 

limited ROM in retraction could be due to neck and/or shoulder pain or spasm of the neck 

muscle due to holding the neck in an almost fixed position for long periods of time. No 

previous studies have evaluated the retraction movement with a reliable measure. 

Although, many studies used CROM for the measurement of cervical spine ROM 

in normal and neck pain patients, to our knowledge, no studies were carried out to 

evaluate the protraction and retraction movements. In this study we introduced a new 

attachment to the CROM to measure these movements. 

Another study was conducted by the researchers to test the reliability of the new 

CROM attachment to measure neck ROM in protraction and retraction. The results of this 

study showed very good reliability. 

N eek muscle strength 
Results from this study showed reduced muscle strength of the CPM and UTM in 

G2 and G3 when compared with G 1. The difference in the isometric muscle strength 

between G2 and G3 was not statistically significant. This reduction in the muscle strength 

reflects localized muscle weakness and could be due to forward head postures at work for 

long periods. This may result in neck muscles fatigue and subsequent muscle weakness 



169 

(DeLuca, 1984; Gogia and Sabbahi, 1991 ). It could also be due to pain reflex inhibition 

or disuse muscle weakness/atrophy resulting from neck pain that prevent the worker from 

normally using these muscles. Another explanation of these findings is that recorded 

weakness of the neck muscle may directly reduce the stability of the neck, thus inducing 

a load on the soft tissue structures of the neck and causing neck pain. 

Trunk weakness is associated with the presence of chronic low back pain and is 

also associated with the recurrence of low back pain as reported by Smidt et al. (1983). 

Rodriguez et al. (1992) postulates that a similar argument could be made for the cervical 

flexor and extensor musculature regarding chronic neck pain, but no other studies have 

confirmed this hypothesis. It has been suggested that there is an association between neck 

muscle weakness and neck pain (Hagberg, 1981; Kraut et al., 1966; Arthur et al., 1992). 

Improvement in neck muscle strength shows reduced neck pain (Michal et al., 1994; 

Worble et al., 1986; Schall, 1989; Franco, 1987). 

Reduced neck ROM is compatible with recorded reduction in neck strength. Both 

symptoms are a risk factors that associated with increased neck pain (Norlander et al., 

1997). It is difficult to identify which is the leading symptoms (ROM or strength). Both 

symptoms may be interchangeable, resulting in reported neck pain. This notion is 

supported by previous studies (Michael et al., 1994; Warble et al., 1986; Schall, 1989; 

Franco, 1987) that encourage neck rehabilitation, (improvement of neck muscle strength 

and reduction of neck pain with restoration of neck function). On the other hand, chronic 

neck pain could possibly be the cause of neck muscle weakness as a result of disuse. 

Nachemson et al. (1969) said that it is unclear whether neck or back muscle weakness is a 
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residual finding based on disuse weakness resulting from pain or an acute or chronic pain 

causing the muscle weakness. 

These results predict the possible future development of symptomatic clinical 

neck disorders in computer workers without current neck pain. It also suggest that earlier 

neck exercise programs may prevent the advancement of sub-clinical neck disorder into a 

full-fledged pathology. 

Conclusions 

The statistical design used to analyze the data did not support all hypotheses of 

this study. This study was subject to a type II error resulting from failure to reject the null 

hypothesis that is really false. Based on the result of this statistical analysis and within the 

limitation of this study the following conclusion could be made. 

1. Computer workers with neck pain have limited neck ROM in retraction and side-bend 

directions. 

2. Computer workers with neck pain have reduced neck muscle strength of the CPM and 

UTM during neck extension and shoulder shrugging. 
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Figure 1. Specially designed chair 
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Figure 2. Subject performing isometric neck extension 
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The arrow measures in 
centimeters, the ROM of 
protraction and retraction 

Adjustable rod 

Figure 3. The new attachment to the CROM 
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Figure 6. Neck muscle strength in the three tested groups during neck extension 
(cervical paraspinal) and shoulder shrug (upper trapezius) 
Neck Ext M = CPM Upper Trap M = UTM 



179 

T bl 1 Ch a e . t . f f d b. arac ens 1cs o stu .y su iJects. 

GROUP N Minimum Maximum Mean SD 

1 Age 15 30.00 49.00 38.6000 5.6290 
Height 15 5.00 6.01 5.1907 .3324 
Weight 15 130.00 225.00 178.1333 23.2529 

2 Age 15 31.00 49.00 36.8667 4.4860 
Height i 15 5.00 6.02 5.1240 .2496 
Weight 15 118.00 230.00 166.7333 26.9456 

3 Age 15 30.00 49.00 38.4667 6.0577 
Height 15 4.11 6.01 5.0993 .3967 
Weight 15 135.00 230.00 171.9333 27.2435 
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Table 2. 
Descriptive statistics of the three groups for the average of side-bend 
(SID EBA V) and rotation (ROT AV) movements 

Group/Movement Minimum Maximum Mean SD 
1 SIDBAV 40.0 46.2 43.2 2.0 

ROTAV 60.8 81.8 68.4 6.8 
2 SIDBAV 20.0 49.3 34.7 7.8 

ROTAV 40.8 68.8 61.6 6.6 
3 SIDBAV 20.3 45.8 34.0 7.8 

ROTAV 39.2 77.3 61.6 10.5 

Table 3. 
Descriptive statistics of the three groups for neck extension (N. EX), neck 
flexion (N.FL), neck protraction (PRO), and neck retraction (RET) 

Group/Movement Minimum Maximum · Mean SD 

1 AVG(N.EX) 53.3 79.0 64.8 6.5 

AVG(N.FL) 40.6 66.7 50.6 6.6 

AVG(PRO) 3.8 6.7 5.3 .7 

AVG(RET) 2.2 5.7 3.3 .8 

2 AVG(N.EX) 29.3 86.0 63.0 12.6 

AVG(N.FL) 28.3 50.0 41.2 6.9 

AVG(PRO) 1.2 7.2 4.9 1.5 

AVG(RET) .8 3.3 2.2 .66 

3 AVG(N.EX) 41.7 81.7 63.2 11.1 

AVG(N.FL) 29.3 60.0 44.5 8.5 

AVG(PRO) 2.3 5.8 4.3 1.0 

AVG(RET) 1.5 4.2 2.5 .74 



Table 4. 
MANOVA fth 0 e nee kROM across t h h et ree 

Type III sum 

Dependent variable of squares df 

Flexion 683.2 2 

Extension 28.3 2 

Retraction 10.1 2 

Protraction 7.7 2 

Side-bend 781.9 2 

Rotation 459.4 2 

*Significant alpha = .0028 

Table 5. 
p h ost- oc tests u ey: I e- en me vana (T k ) s·d b d. . bl 

Mean 
(!)Group (J)Group Difference SE 

(I-J) 

2 2 8.48* 2.37 
3 9.17* 2.37 

2 1 -8.48* 2.37 
3 .69 2.37 

3 1 -9.17* 2.37 
2 -.69 2.37 

*The significant difference at p< .002. 
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?roups 
Mean 

square F Sig. 

341.6 6.3 .004* 

14.1 .13 . .878 

5.0 9.1 .001* 

3.8 3.0 .062 

390.9 9.3 .000* 

229.7 3.4 .041 * 

95% 95% 
confidence confidence 

Sig. interval interval 
Lower Upper 
Bound Bound 

.002 2.73 14.22 

.001 3.42 14.91 

.002 -14.22 -2.72 

.954 -5.06 6.44 

.001 -14.92 -3.42 

.954 -6.44 5.06 



Table 6. 
Post-hoc tests (Tukey): Retraction variable 

Mean 
Difference 

(!)Group (J)Group (I-J) SE 

4 2 1.14* .27 
3 .76* .27 

5 1 -1.14* .27 
3 -.39 .27 

6 1 -.76* .27 
2 .389 .27 

*The significant difference at p<0.002. 

Table 7. 

95% 
confidence 

Sig. interval 
Lower 
Bound 

.000 .48 

.022 .10 

.000 -1.81 

.337 -1.05 

.022 -1.42 

.337 -.27 

Descriptive statistics of the three groups for the neck extensors 
(CPM) d th . I (UTM) an e upper trapezms muse es 

Group/Muscle Minimum Maximum Mean SD 
1 UTM 3.00 8.00 4.72 1.29 

CPM 2.00 5.00 3.28 .966 

2 UTM 1.50 4.50 2.68 .76 
CPM 1.00 3.00 1.79 .63 

3 UTM 2.00 5.00 3.61 .97 

CPM 1.00 3.00 1.88 .63 

Table 8. 
MANOV A of the muscle stren~th across t h h et ree 2roups 

Type III sum Mean 

Dependent variable of squares df square 

Neck extensors 21.0 2 10.5 

Upper Trapezius 31.2 2 15.6 

* significant alpha = .0085. 
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95% 
confidence 
interval 
Upper 
Bound 

1.81 
1.42 
-.48 
.27 
-.10 
1.05 

F Sig. 

18.3 .000* 

14.7 .000* 
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Table 9. 
P th tt(Tk )N k os - oc es s u ey: ec extensors muse e strengt h (CPM) . bl vana e 

Mean 95% 95% 
Difference confidence confidence 

(I)Group (J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

1 2 1.49* .27 .000 .82 2.17 
3 1.40* .27 .000 .72 2.07 

2 1 -1.49* .27 .000 -2.17 -.82 
3 -.1 .27 .939 -.77 .58 

3 1 -1.40* .27 .000 -2.07 -.73 
2 .1 .27 .939 -.58 .77 

*The significant difference at p< .008. 

Table 10. 
p h ost- oc tests u ey: ipper trapezms (T k ) U I t muse es reng th (UTM) . bl vana e 

Mean 95% 95% 
Difference confidence confidence 

(!)Group ( J)Group (I-J) SE Sig. interval interval 
Lower Upper 
Bound Bound 

2 2 2.04* .38 .000 1.13 2.95 
3 1.10* .38 .014 .19 2.02 

2 1 -2.04* .38 .000 -2.95 -1.13 
3 -.93* .38 .044 -1.85 -.02 

3 1 -1.10* .38 .014 -2.02 -.19 
2 .93* .38 .044 .02 1.85 

*The significant difference at p< .008. 

Tablet 1. 
Linear calibration of the force transducer 
Pounds 1 5 10 15 20 30 40 50 

mv 1.5 1.5 3 4.5 6 9 12 15 
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Study III 

Job related prevalence of neck pain 

Abstract 

Neck pain and cervical disorders has long been reported to be related to work 

conditions. This is mainly due to movement repetitions, stress related posture, abnormal 

forces and extreme joint positions. Purpose: The purpose of this study was to evaluate 

the prevalence of neck and shoulder pain in three job types which requires such 

ergonomic conditions (movement repetitions, stress related posture, abnormal forces and 

extreme joint positions). Methods: Subjects n= 188 workers in three job types 

participated in the study. Truck drivers, (TD), n = 50 with a mean age of 45 ±_6 (all males 

were tested), sewing machine workers (SW), n = 88 with a mean age of 39 ± 6 (20 males 

and 68 females), computer operator, (CO), n = 50, with a mean age of 41± 6, (9 males 

and 41 females). These groups were compared to a group of normal age-matched subjects 

(n =50), (28 males and 22 females). Methods included completion of a single item pain 

questionnaire to evaluate occurrence of neck pain within the last 12 month (not related to 

accident or pathological condition). Data Analysis: None parametric Chi square was 

employed to analyses the data. Results: Results of this study showed statistically 

significant increase in pain prevalence in the three working groups compared to normal 

subjects. Such pain prevalence was related to the number of years of experience on the 

job. In SW group, subjects who have been on the job for over 10 years had more pain 

prevalence compared to subjects with less than 5 years on the job. These results imply 

job related neck disorder occurring in truck drivers, computer operators and sewing 



machine workers. These disorders were found to be directly related to the period of 

experience on the job. Clinically, neck disorder prevention might be necessary for such 

working individuals. 

Introduction 

Work-Related Musculoskeletal Disorders 
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Thomas et al. (1996) defined musculoskeletal disorders (MSDs) as disorders of 

the soft tissues and their surrounding structures not resulting from an acute injury or 

trauma ( e.g., slips or falls). They classified MSDs into three groups: (1) clinically well

defined disorders, such as tendenitis, carpal tunnel syndrome, and hand-arm vibration 

syndrome, (2) less clinically well-defined conditions, such as tension neck syndrome, (3) 

nonspecific, such as repetitive strain injury (RSI), cumulative trauma disorders, overuse 

syndrome, and cervicobrachial disorders. The same researcher added that clinicians 

usually relate to the clinically well-defined disorders in which the clinical criteria for 

diagnosis are similar to the epidemiologie "case definition". They added that clinicians 

focus on diagnosis, evaluation and treatment rather than on preventing the problems or 

avoiding the risk factors. Vender et al. (1995) reported that the issue of work-related 

MSDs fails to clarify these risk factors as a medical, diagnostic criterion. That is why 

these MSDs with their broad, less well-defined categories/terms are often confusing to 

clinicians (Slocum, 1960). The terms "overuse syndrome" and "repetitive strain injury" 

have been mentioned in the orthopedic literature to describe athletic injuries (McBryde, 

1984 ). Riihimaki ( 1995) stated that over simplicity and lack of specific criteria, as in the 
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standardized Nordic questionnaire, for measurement, has limited progress in MSDs 

research. A confusion over terminology and case definitions has had a dramatic impact 

on recognition, reporting, surveillance, and individual diagnoses of these disorders, 

according to Gerr (1991). MSDs are considered to be work-related injuries, if the work 

environment, performance, positions, and movements contribute significantly to their 

development. On the other hand the direct cause-effect relationship between a single 

hazard and a specific disease ( e.g., asbestos and asbestosis, silica and silicosis) are 

considered to cause occupational disease (Thomas et al., 1996). Thomas and workers 

concluded that there is a strong association between MSDs and physical factors. There 

are a variety of methods to evaluate workplace exposure, like job title. The validity of the 

job title as an indicate or can be assessed by an ergonomics expert, using ergonomic 

checklists and video and EMG recording of the representative workers. They added that 

these physical factors included frequent or prolonged repetitive movements, static muscle 

loads, forceful exertion, awkward postures, cold temperatures, local or segmental 

vibration, and contact stress. Exposure to these risk factors typically occurs, in some 

combination in occupations in which the risk of MSDs is elevated. Armstrong (1993) 

reported the importance of intervention in the workplace before explicit signs of disease 

develop. 

Material and Methods 

SUBJECTS 

A total of 238 subjects of male and female participated in the study. Fifty normal 

subjects (28 men, 22 female) as a control group whose working in a jobs th'at does not 
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require such ergonomic factors (G 1), with mean age of 42.02 and SD 4.24 .The second 

50 subjects were truck drivers (all were men), who need in their job to drive for a long 

periods ,holding their arms in a high position and their head is fixed in a very limited 

range with vibration to the back throughout the trip (G 2), their a mean age of 45.47 and 

SD of 6.24 , and a mean years of experience in this job of 18.80 and SD of 4. 71. The 

third 50 subjects were the computers workers (9 male, 41 female), they works 8 hours 

/day 6 days/week, they also hold their head in a fixed position for a long periods, with a 

repetitive movements of the arms (G 3), they have a mean age of 40.97 and SD of 6.12, 

and the mean years of experience of 18. 7 and SD of 4. 71. The fourth group were the 

sewing machine workers with more than 15 years of experience ( 4 male , 46 female) they 

works 8 hours/day 6 days/week, they also used to hold their head in a very limited range 

of motion and moves the upper extremities in a repetitive movements (G 4 ), their mean 

age 38.68 and SD 6.04 and the mean years of experience was 19.32 and SD was 4.74. 

The fifth group were 38 subjects (13 male, 25 female) the sewing machine workers 

without experience or with less than 10 years of experience (G 5), with a mean age of 

24.43 and SD 4.06, and the mean years of experience was 5.73 and SD 2.91. 

THE PAIN QUESTIONER 

A simple pain questionnaire was asked to each subject with quite explanations of 

the aim of the study, the question was "Have you ever experienced a continuous pain 

episode for a month or more in any period after work debut"? 



The subjects were from Egypt .Any subjects with neck pain or disorder due to 

accidents or any reason other than his jobs were excluded from the study. 

DAT A ANALYSIS 

A Chi-square using SPSS was used as a data analysis with an adjusted level of 

significant of 0.05 to be 0.01, to compare between each job workers and the control 

group. Table 1 shows the mean and the standard deviation of the age and the years of 

experience of each group. 

RESULTS 
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The results of this study statistically analyzed using Chi-square at an adjusted 

level= 0.01. The study showed a high significant association of neck pain and the truck 

drivers, computers workers, and the sewing machine workers with more than 15 years of 

experience at this job compared to the control group, and a significant difference in neck 

disorder between the sewing machine workers with more than 15 years experience and 

the sewing machine workers with less than 10 years experience. Also the study showed 

that there was no significant differences between the control group and the sewing 

machine workers with less than 10 years of experience (Fig. 1 ). 

Discussion 

This survey was done in EGYPT where the working compensation program is 

dealing with the direct injury during work, but does not consider the repeated minor 
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trauma over a several years in job. Also most of the truck drivers, computer workers, and 

the sewing machine workers were working privately or has their own business. These two 

points makes the worker do not relate their neck pain to the job looking for working 

compensation unless they really feels that the job is the main factor causing their 

suffering. 

There is a development in the work place in the different jobs to avoid such 

problem and many other problem originating from the postures or the physical activities 

during work. The most development noticed in work station for the three job were in the 

truck cabins including a very comfortable seat with adjusted height, angle, forward or 

backward position, back and arm support, with air-conditioning and adjustable steering 

wheels. Plus that the truck drivers can stop for rest any time compared to computer and 

sewing machine workers. The only development of the work station of the computer 

workers concerning the key board adjustment to avoid the carbal tunnel syndrome or the 

stool under the feet to relax the lower back muscle. Sometime changing the angle of the 

key-board reduces the load on the neck muscle. We can raise a suggestion here to study 

the effect of using a recorder during typing. Worker instead of reading from a paper and 

held his or her head in a fixed position for a long time he/she can read and record it on a 

tap first, then he can lessen and type it. For the sewing machine workers there was no 

marked development in the work station. 
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Conclusion 

There is a significant relationship between the three jobs and the development of 

neck pain and/or disorders, which recommend the need to establish a criteria of 

measurement to detect the people at this kind of work who may be at a high risk to 

develop neck pain and disorder in the future if they continue in the same job. 
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Table 1. 
Characteristics of study subjects. 

job type N male female age 

mean 

Control 50 28 22 42.02 

Truck driver 50 50 00 45.47 

Computer worker 50 09 41 40.97 

Sewing with ex 50 04 46 38.68 

Sewing without ex 38 13 25 24.43 

Table 2. 
The results of the survey with the answer of the pain question 

Job type 

Control 

Truck driver 

Computer workers 

Sewing with ex 

Sewing without ex 

Yes 

08 

25 

38 

38 

08 

No 

42 

25 

12 

12 

30 

193 

years in job 

SD mean 

4.24 00 

6.24 18.80 

6.12 18.70 

6.04 19.32 

4.06 05.73 




