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ABSTRACT

Title of Thesis: Predicting Clinical Outcomes and Lost Work
in Patients With Work-Related Upper Extremity Disorders.

Julie Kay Miller, Doctor of Philosophy, 1998

Thesis directed by: Michael Feuerstein, Ph.D.
Professor
Department of Medical and Clinical Psychology
Department of Preventive Medicine and Biometrics

MthoughpastmeamhhassuggmeddntawidemngeofdamgmphiqwcupaﬁomL
physiological, biomechanical, and psychosocial factors may be important in work-disabled low back
pain patients, the influence of a combination of these factors on clinical outcomes ana lost work in
patients with work-related upper extremity disorders has rarely been studied. The present study utilized
apmpwﬁvcmulﬁ&cwrhlapprmchmprediaclhﬂmlaMWkawomsmarwanlydhgnmed
sample of work-related upper extremity patients. The objectives were two-fold: First, to develop and
validate a comprehensive assessment instrument to be utilized by health care professionals to assess
and predict clinical outcomes in patients at increased risk for chronic long-term disability. Second, the
mdyauanptdwdaanﬁmwheﬂaamuMmddwhkhmidasdumgnphimand
occupational status, medical status, pain/symptoms, activity/function, work demands/work
characteristics, work environment/work perceptions, support, and mental health measures determined
in the early stages of a work-related upper extremity disorder is predictive of clinical and work
outcomes at one month post initial diagnosis. Forty-cight subjects were assessed via questionnaire and
pinch/gripstrengthnmsmeumtsnomorethansixweeksaﬁathcirhitialdiagmsiswithawork—
related upper extremity disorder. Outcome measures of days lost work, pain/symptoms,
acﬁﬁW/ﬁnﬁomaMnmﬁlhuhhwmmpldedommonﬁaﬁubasdideﬁvuiﬁeﬁmﬁml
mgwsimmlysemmdmdaamﬁnmctdaﬁmhipofptdiaavuhblsmmhofmcfom
outcomes. Rsultsiqdicaﬁedﬂntmmbaofhstw«kdayswaspndictedhymmwnsuhﬁm
daysiniscdwmkinthepmviousmonth.sympmmseverity,andhighworksuppat Pain/Symptoms
mpMWWpﬁamumﬁsm,bmelmesympmmsmhyaMﬁmﬁmm
and ergonomic stressors. Functional impairment was predicted by prior healthcare treatment history,
age, baseline function, and job stress. Mental Health (distress) was predicted by baseline mental health
scores and symptom severity. Results support multidimensional models of work-related upper
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INTRODUCTION

Prevalence and Costs Related to Work-Related Upper Extremity Disorders

According to the National Safety Council, there were approximately 960,000
disabling upper extremity injuries in the United States in 1992 alone (NSC, 1993).
These injuries, which include afflictions such as carpal tunnel syndrome and tendonitis,
accounted for one-third of all disabling work injuries and about one-fifth of worker’s
compensation costs (NSC, 1993). Carpal tunnel syndrome (CTS) is one of the mcst
commonly-occurring Work-Related Upper Extremity Disorders (WRUED:s) in the
United States (US Department of Labor, 1995). Most significantly, approximately
50% of all cases of carpal tunnel syndrome are work-related (MMWR, 1989), making
carpal tunnel syndrome a primary focus as the exemplar for the study of work-related
upper extremity disorders. Disorders associated with repeated trauma, the broad
classification used by the Bureau of Labor and Statistics, now account for
approximately 65% of all occupational illnesses, or about 332,000 cases in 1994

(Bureau of Labor Statistics). One of the most common work-related upper

extremity disorders causing employees to miss work is carpal tunnel syndrome.
Others may include tendonitis, thoracic outlet syndrome, cubital tunnel syndrome,
medial and lateral epicondylitis, nerve impingements, trigger ﬁnge_r, or unspecified
mononeuritis of the uppler limb. Work disability from cagpal tunnel syndrome is
common, with more than one month of lost work time reported irr about haif of the
cases of work-related carpal tunnel syndrome reported by the Bureau of Labor

Statistics (1995). The time lost from work due to carpal tunnel syndrome is



significantly longer than that for low back pain (Cheadle et al., 1994). The lost job
productivity may lead to direct and indirect costs in excess of $10,000 for an
uncomplicated case, and greater than $30,000 for an individual with a more chronic,
complicated case of work-related carpal tunnel syndrome (Rider, 1991; Palmer and
Hanrahan,1995). Although there is little data available regarding the economic costs
associated with work-related upper extremity disorders, the National Council on
Compensation Insurance (NCCI) reported that the average cost for a cumulative
injury claim in 1989 was over $24,000 (NCCI, 1991). In recent studies in which case
definitions were more clearly specified as upper-extremity disorders, the mean cost
per case has ranged from $8,070 (Webster and Snook, 1994) to approximately
$10,000 (Brogmus and Marco, 1992). In Webster et al.’s study, it was noted that the
mean cost per case of upper extremity cumulative trauma disorders (including carpal
tunnel syndrome) was almost two times the amount for the average worker’s
compensation claim, and the median cost per case was almost five times the amount
for all compensable claims (Webster and Snook, 1994, p.714). Furthermore, the total
compensable costs for upper extremity cumulative trauma disorders that occurred in
1989 in the US was estimated at $563 million, with 25% of the cases accounting for
almost 90% of the costs (Webster and Snook, 1994). This is significant in that it
suggests that those cases with chronic, unremntmgdjsabihtyare the source of most of
the expenditures. |

Demographically, over 80% of work-rehteti carpal tunnel syndrome cases

occur in individuals between 25 and 54 years of age; the backbone of our nation’s



workforce. Interestingly, numerous scientific studies have shown a ratio of 4-5:1 in
women versus men for carpal tunnel syndrome (Bureau of Labor and Statistics, U.S.
Department of Labor, 1995; Katz et al., 1990; Stevens et al., 1988). Recent research
using the Occupational Health Supplement to the National Health Interview Survey
(0=30,074) indicated that hand discomfort (not yet diagnosed as carpal tunnel
syndrome or upper extremity disorder) from work was reported in 12.5% of female
respondents while back pain from work injury and back pain from repeated work
activities was reported in only 1.7% and 3.6% (respectively) of women (Behrens,
1994). Furthermore, although Bigos, Baker, and Lee (1993) cited back injury as the
most expensive industrial injury and the most frequent source of disability in adults
under age 45, recent research has indicated that upper extremity disorders such as
carpal tunnel syndrome are projected to surpass back injury as the most frequent cause

of work-related disability (Cummings, 1993).

As a consequence of the increasing human costs and economic toll associated
with such occupational musculoskeletal disorders, the National Institute for
Occupational Safety and Health (NIOSH) proclaimed work-related musculoskeletal
disorders one of the top ten priority work-related conditions that demand increased
attention and understanding for improved prevention, treatment, and rehabilitation
(MMWR, 1983). Of considerable concern is that despite the utility of current
treatments for carpal tunnel syndrome (and similar Work-related upper extremity
disorders), there is a subset of individuals who do not fully recover (Adams, Franklin,

and Barnhart, 1994; Higgs, Edwards, Martin, and Weeks, 1995). In Adamset al.’s



study of post-operative occupationally-related carpal tunnel syndrome patients, the
mean duration of lost time due to disability was four months, with 8% of cases
resulting in over one year of lost work time. In order to understand why some
individuals develop chronic, unremitting disability, studies such as the proposed
investigation are needed. A better understanding of the multiple determinants of
prolonged disability (e.g., Himmelstein et al., 1995) should assist in the prevention of
long-term disability and in the identification of factors associated with carpal tunnel
syndrome and other work-related upper extremity disorders. In this way, early and
appropriate interventions may be developed for those individuals with, or at increased

risk for work-related upper extremity disorders.



BACKGROUND

Anatomy and Pathogenesis of Carpal Tunnel Syndrome and Work-Related

Upper Extremity Disorders

Work-Related Upper Extremity Disorders (WRUEDSs) are disorders of the
muscles, tendons, peripheral nerves, or vascular system. They may be caused,
precipitated, or exacerbated by intense, forceful, repeated or sustained exertion,
movements, insufficient recovery intervals, vibration, or exposure to cold. (Armstrong
et al., 1993; Silverstein et al., 1987). The common characteristic among individuals
who develop work-related upper extremity disorders appears to be repetitive or
intensive use of the hands, simply conceptualized within a dose-response relationship
(Armstrong et al., 1993). Thus, the response that occurs in reaction to the dose
(exposure) may decrease or augment the potential for responding to subsequent
exposures. Work-related upper extremity disorder symptoms typically fall into the
two categories of tendon-related and nerve-entrapment-related disorders (Putz-
Anderson, 1988; Armstrong et al,, 1993). Among the tendon-related upper extremity
disorders, tendonitis of the shoulder, elbow, forearm, and wrist are most common.
Among the nerve-entrapment-related upper extremity disorders, carpal tunnel
syndrome is the most common peripheral tissue compression neuropathy (Kerwin,
Williams, and Seiler, 1996). As Armstrong et al. (1993) point out, the known
pathogenesis and/or risk factors involved in the development and/or exacerbation of

work-related upper extremity disorders, both tendon and nerve-entrapment-related is



very similar. In addition, while a precise diagnosis is most useful when examining
and/or treating afflicted workers, the diagnostic overlap and “fuzziness” with regard
to symptoms, site(s), and work-related upper extremity disorder diagnoses makes this
very difficult in the earliest stages of such disorders. Armstrong et al. state that it is
often necessary to sacrifice some specificity in order to obtain a high degree of
sensitivity in identifying (and treating) workers in the early stages of work-related
upper extremity disorders. So, although there are subtle differences among thece
disorders, they are for logistical purposes often grouped as one diagnostically related
group of syndromes/disorders holding common mechanical, anatomical, and
physiological exposure and response mechanisms. This group of related disorders is
referred to here as work-related upper extremity disorders and carpal tunnel syndrome
is a good exemplar for this group, both in terms of its’ symptomatological
presentation and high degree of work-relatedness, as well as its’ high prevalence and
societal impact discussed previously. In view of this, a discussion of the anatomical
considerations at work in the pathogenesis of carpal tunnel syndrome is useful in
understanding carpal tunnel syndrome and work-related upper extremity disorders in
general. Related terms used in the literature for the related group of
syndromes/disorders include repetitive strain injuries, cumulative trauma disorders,
repetitive motion injuries, overuse syndromes, and work-related musculoskeletal

disorders.

Anatomically, the carpal tunnel is an anatomic space in the palmar region of

the hand which serves as a relatively rigid canal for the median nerve and flexor



tendons to run from the forearm across the wrist into the palm. The median nerve lies
within the tunnel, surrounded by the bones, muscles, tendons, and ligaments which
form the walls of the canal, and is aligned with the third finger of the hand. Once it
passes through the tunnel, it bifurcates into a sensory branch and a motor branch. The
sensory branch subdivides to innervate the thumb, index, third, and part of the fourth
finger. The motor branch innervates the muscles of the hand. The relative rigidity
and limited free space of the carpal tunnel means that it is not able to accommodate
extreme alterations in pressure within the canal very well. Thus, any process which
diminishes the capacity of the tunnel or expands the volume occupied by its contents
will increase interstitial carpal tunnel pressure and ultimately cause compression of
the median nerve. Although Hagberg et al. (1995, p.60) describe carpal tunnel
syndrome as “compression of the median nerve at the wrist,” which, along with
“partial thenar atrophy” is in line with the International Classification of Diseases
(Ninth Revised Clinical Modification; ICD-9-CM; U.S. Department of Health and
Human Services, 1980) [ICD-9] criteria, the mechanism of carpal tunnel syndrome is
thought to be related to mechanical stresses and ischemia. These mechanical stresses
may involve stretching or compression of the median nerve (Hagberg et al., 1995).
Furthermore, as Ditmars and Houin (1986) point out, the superficial and anterior
position of the median nerve under the transverse carpal ligament make it particularly
susceptible to direct mechanical compression by the flexor tendons as well. Any
increase in tissue pressure above critical levels may significantly impair the blood
supply, hence oxygen, to the tissues. As with ischemia in any body tissue, effects

may be immediate and profound depending upon the duration of the ischemic



episode. This may lead to functional deficiencies of the sensory (e.g., numbness,
tingling, complete paresthesias) or motor functions (e.g., weakness, total paralysis) of
the nerves which are sensitive to any disruptions in the microcirculation (Lundborg
and Dahiin, 1996). While interstitial pressures have been measured within the tunnel
at neutral position at only 2.5mmHg; pressures at normal wrist flexion and maximum
extension are about 30 and 31 mmHg respectively (Gelberman et al., 1981). Even
such normal increases in carpal tunnel pressure result in decreased epineural venous
blood flow (Lundborg and Dahlin, 1996). Interestingly, Gelberman et al. also found
that patients with carpal tunnel syndrome exhibited an average carpal tunnel pressure
of 32mmHg while normals showed average pressures of only 2.5mmHg. In addition,
studies which have shown that participants with systemic hypertension require higher
levels of interstitial carpal tunnel pressure to cause nerve conduction block suggest
that complete conduction block will occur at interstitial carpal tunnel pressures that
are about 30mmHg less than the participant’s diastolic blood pressure (Gelberman et
al., 1983; Szabo et al., 1983). With higher levels of pressure between 60-80 mmHg,
there will be a complete cessation of intraneural blood flow (Rydevik, 1981).
Furthermore, studies have shown that extreme or awkward wrist postures (prolonged
and/or repetitive) increase pressure within the carpal tunnel, resultu}g in paresthesias
(Gelberman et al., 1981; Szabo and Chidgey, 1989).

In addition to the effects of extreme pressures and/or mechanical

impingements, the structural and functional integrity of the peripheral nerves,

including the median nerve, are also dependent upon its tensile properties. As Kerwin



et al. (1996) point out, tensile stretch is a major source of nerve (as well as tendon)
damage which may result in sensory and/or motor impairment. Under normal
conditions, activities and movements of the hand produce minor alterations in posture
and tissue conformation without the development of neurologic signs or symptoms.
Although it is well-recognized that there is a safe limit of stretch or elongation
beyond which there is damage, this limit has not been empirically quantified (Kerwin
et al., 1996). Furthermore, the clinical picture is complicated by the fact that

perineural damage may exist without detectable alterations in gross morphology.
Acute and Chronic Forms of Carpal Tunnel Syndrome

Carpal tunnel syndrome may occur in both acute and chronic forms. Although
both the acute and chronic states are similar in that they are nerve compression
neuropathies, they have several distinctions in their magnitude, duration, mechanisms,

and sequelae.
Acute Carpal Tunnel Syndrome

Acute carpal tunnel syndrome, as the name implies, is a state in which there is
an abrupt onset of and sustained increase in the interstitial pressure within the carpal
tunnel compartment. This condition may be found in a gamut of clinical situations in
which there is excessive edema or fluid accumulation within the canal. These
conditions may include fracture at the distal end of the radius, or acute hemorrhage

due to any traumatic injuries or pathological condition.

Chronic Carpal Tunnel Syndrome



Chronic carpal tunnel syndrome exists when there is a slower, insidious
elevation in the interstitial carpal tunnel pressure. The peak pressure may be less
severe, and at more moderate levels than that in acute carpal tunnel syndrome, but it
will not have an abrupt onset or remission. it is the eventually persistent and
continuous nature of the elevated pressure that is thought to be the injurious process
here. Whether chronic carpal tunnel syndrome is categorized as early (mild),
intermediate, or advanced depends upon the duration, persistence, and severity of
sensory and motor symptoms as well as whether or not there are irreversible or
reversible pathophysiologic changes in the median nerve tissue (Gelberman et al.,
1988). The extent of the damage and subsequent severity classification correspond
with the duration and magnitude of median nerve compression in the carpal tunnel
(Gelberman et al., 1981 ; Kerwin, Williams, and Seiler, 1996). According to Kerwin
et al. (1996), chronic carpal tunnel m@me in the early stages is characterized by
mild, intermittent symptoms of less than one year’s duration. This is clinically
significant in that a “milder” symptom picture may be indicative of poorer prognosis

and chronic disability (Kerwin, Williams, and Seiler, 1996).
Causes and Contributing Factors
Idiopathic or Multifactorial?

Although there are numerous factors which may contribute to the increased
interstitial carpal tunnel pressure which eventuates in median nerve compression
and/or carpal tunnel syndrome, the causes of carpal tunnel syndrome are still not

completely understood. Although Phalen’s (1972) description of “idiopathic” carpal

10



tunnel syndrome as one type of carpal tunnel syndrome that occurs in otherwise
healthy adults, the lack of probable causes of carpal tunnel syndrome in such
individuals does not truly exist, hence the term “idiopathic” is probably not accurate.
It may be more appropriate to conceptualize these cases as having a “mixed” etiology
which may include a combination of extrinsic and intrinsic factors, which can include
those related to disease states (innate or acquired), epidemiological (demographic or

environmental) factors, and work-related or occupational stressors.

Extrinsic Factors

Extrinsic factors are those conditions in which the pressure within the carpal
canal is increased for reasons which do not involve a change in the volume of the
canal contents. Such changes may occur due to the alteration of bony or soft tissue
structures forming the canal. These alterations may be due to physical or mechanical
trauma (e.g., dislocations, fractures), or neuropathic or degenerative disease states
(e.g., diabetes mellitus, rheumatoid arthritis, osteoporosis, hemophilia) which are

genetically-linked or acquired (Kerwin et al., 1996).
Intrinsic Factors

Intrinsic factors are those which increase the volume of the contents, and
subsequently the interstitial pressure, within the carpal tunnel (Kerwin, Williams, and
Seiler, 1996). Such factors may include inflammatory disease states (e.g., rheumatoid
arthritis, nonspecific tenosynovitis); conditions which alter (increase) fluid levels
(e.g., thyroid disorders, obesity, pregnancy, kidney disease); and incursion of the

lumbrical muscle into the carpal tunnel [a normal occurrence with finger flexion

11



which may be injurious if the muscle is hypertrophied due to the nature of one’s

work] (Cobb et al., 1994); Kerwin, Williams, and Seiler, 1996).
Anatomy and Gender As Risk Factors

Interestingly, since variances in carpal tunnel diameter exist in the normal
population, with women occupying the lower end of the carpal tunnel size
distribution, this has been suggested as one possible reason for the sometimes higher
prevalence of carpal tunnel syndrome in females (Slater and Bynum, 1993). Another
related theory that has received some empirical support (e.g., Papaioannou et al,,
1992) is that smaller carpal tunnel size (not gender per se) may be a predisposing or
potential etiological factor for carpal tunnel syndrome. Papaioannou et al.’s research
showed that men with carpal tunnel syndrome, when compared with normals, have
smaller carpal tunnel spaces (similar to their female counterparts). Controversy
remains in this regard, and the precise role that genetically-determined carpal tunnel
size may have in the etiology of carpal tunnel syndrome is not yet clear.

Job Tasks As A Risk Factor

Carpal tunnel syndrome (and its related symptoms of the musclw,' tendons,
and nerves of the fingers, hands, wrists elbows, shoulders, and neck) has recently
been shown to be associated with hand-intensive jobs that involve repetition,
awkward postures, excessive force (Armstrong et al., 1993) and stmng grip and

vibration exposure (Szabo and Madison, 1992).

12



So, what Phalen (1972) referred to as “idiopathic” carpal tunnel syndrome,
and what Braun (1989) referred to as “dynamic” carpal tunnel syndrome may more
accurately be described as a “mixed” or “multifactorial” carpal tunnel syndrome (of
which work-related carpal tunnel syndrome is one example). While the literature
does not support the statement that “occupational or job-related hand or wrist
overuse” as a risk factor for developing carpal tunnel syndrome is “controversial”
(Kerwin, Williams, and Seiler, p.248, 1996), work does not have a simple linear
cause-effect relationship with carpal tunnel syndrome. As Hagberg et al., (1995)
state, “there is strong evidence supporting the contribution of work related factors to
the development of carpal tunnel syndrome.” (p 69). In fact, well-controlled
empirical research documenting the significant role of hand and wrist overuse in
work-related carpal tunnel syndrome has been going on for over 10 years (e.g.,
Cannon et al., 1981; Falck and Aamio, 1983; Punnet et al., 1985; Punnet and Robins,
1985). In addition, epidemiological, case-referent, cross-sectional, and cohort studies
have suggested this relationship for up to 30 years (e.g., Armstrong and Langolf,
1982; Franklin, Haug, and Heyer, 1991; Hymovich and Linholm, 1966; Masear,
Hayes and Hyde, 1986; McKenzie et al., 1985; Putz-Anderson, 1988; Wisseman and
Badger, 1977). Although many case-control studies have documented the increased
prevalence of work-related upper extremity dlsordcrs in certain industries,
occupations, and geographical regions, the precise potential etiological role of most of
these factors has not been determined (Armstrong and Langolf, 1982; Franklin, Haug,
and Heyer, 1991; Hymovich and Linholm, 1966; Masear, Hayes and Hyde, 1986;

McKenzie et al., 1985; Putz-Anderson, 1988; Wisseman and Badger, 1977). Specific
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contributing biomechanical factors which have been identified include: jobs with
repetitive wrist movement or use of vibrating tools (Cannon et al., 1981), high- force
movements (Nathan et al., 1988; Silverstein et al., 1987), and awkward or extreme
wrist postures (de Krom et al., 1990). As Hagberg et al. (1995) and Armstrong et al.
(1993) point out, there appears to be an additive or multiplicative effect as well in that
studies show that repetitiveness alone, although a risk factor, has a smaller association
with work-related carpal tunnel syndrome than repetitiveness combined with high-

force (Silverstein et al., 1987) or cold (Chiang et al., 1990).

Furthermore, although research has suggested that work factors (other than
ergonomics) may play a role in the development of carpal tunnel syndrome
(Armstrong et al., 1993; Theorell, 1991) the exact nature of this relationship remains

controversial (Kasdan, 1994; Silverstein et al., 1996).
Evidence For Multifactorial Etiology and/or Maintenance

Although there are a very limited number of empirical studies which have
examined etiology of work-related carpal tunnel syndrome from a multifactorial
perspective; findings from epidemiological studies have suggested that the
development of work-related upper extremity disorders, including carpal tunnel
syndrome, is associated with a multitude of factors which includes not only
workplace characteristics, but demographics and personal attributes as well (Bigos et
al., 1991; Cheadle et al., 1994; Frymoyer and Cats-Baril, 1987; Rohrer, Santos-
Eggimann, Raccaud, and Haller-Maslov, 1994). Additional factors proposed to play

a role include ergonomics, existing medical disorders (e.g., diabetes mellitus,
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rheumatoid arthritis), obesity, and various psychosocial factors (Bongers et al., 1993;

Hales et al., 1994; Kasdan et al., 1994; Rempel et al., 1992; Theorell, 1991).

In regard to exacerbation, maintenance and prognosis; the research does
support the idea that physical injury or abnormal physical findings are related to pain
and disability; however, physical findings alone are not predictive of long-term work
disability associated with work-related musculoskeletal disorders, particularly low
back pain (Bigos et al., 1991; Hasenbring, Marienfeld, Kuhlendahl, Soyk~=, 1995;
Lancourt and Kettelhut, 1992). Furthermore, the existing literature examining factors
which exacerbate and maintain work-related carpal tunnel syndrome, both in
regression cohort and case-control studies, has consistently shown the role, as
Armstrong et al. (1993) describe, that increased “dose” or exposure plays in the
exacerbation and maintenance of work-related carpal tunnel syndrome (Cannon et al.,
1981; Franklin et ai., 1991; Wieslander et al., 1989; de Krom et al., 1990).
Unfortunately, methodological limitations in many of the existing studies limit the
implications that may be made. These limitations include lack of appropriate control
groups when indicated (e.g., usual care, no treatment, placebo), insufficient statistical
analyses, very small sample sizes, and variable case definition and participant
inclusion criteria. In addition, the variability in the types of outcome measures used,
measurement of outcomes, in combination with the small number of prospective and
randomized studies, make the available body of research specific to predictors of

work-related carpal tunnel syndrome outcome very limited.
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Overall, cross-sectional epidemiologic studies examining variables related to
work-related musculoskeletal disorders (including carpal tunnel syndrome and back
pain) are mixed in study design, number and diversity of variables studied, and
measurement of outcomes. Population-based cross-sectional studies rarely focus on
work-related variables, and as Bongers et al. (1993) point out in their comprehensive
review, many of the existing studies lack adjustment for confounding variables.
Case-control studies, although useful for prevalence data and demographic data, do
not usually provide data on the extent of reports of work-related upper extremity

disorders in U.S. industry as a whole (Brogmus, Sorock, and Webster, 1996).

Hales et al.’s large (n=533) study (1994) of telecommunication employees
utilizing video display terminals (VDTs) provided additional evidence supporting the
idea that a multifactorial model of work-related upper-extremity musculoskeletal
disorders may be useful as the basis for the development of innovative assessment
and treatment procedures. Hales et al. found modest but comparable associations of
numerous variables with the existence (n=111) of at least one upper-extremity
musctﬂoskeletal disorder. These variables were relevant to a multitude of areas
including demographics (non-caucasian race); medical status (existence of a thyroid
condition and use of bifocals at work); psychosocial and work environment
characteristics (fear of being replaced by computers, increased work pressure, surging
demands in workload, lack of decision-making opportunities in low-control mundane
work tasks, high information-processing load, a high variety of changing work tasks,

and lack of a production standard).
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Most occupationally-focused studies which target video display terminal
workers have consistently shown the effect of ergonomic (e.g., Maeda et al., 1982;
Sauter et al., 1991) and psychosocial (Hales et al., 1994; Linton et al., 1989; Sauter et
al., 1983; Starr et al., 1985) stressors in the evolution and/or exacerbation of

musculoskeletal symptoms and/or disorders.
Treatments

Existing treatments for carpal tunnel syndrome are as varied as the factors

contributing to the development of carpal tunnel syndrome (Feuerstein et al., 1996).
Non-Surgical Treatments

Non-surgical conservative treatments for carpal tunnel syndrome may include
a combination of splinting, steroid injection, ergonomics, activity modification,
exercise, and vitamin B-6 therapy (Sailer, 1996; Jacobson, Plancher, and Kleinman,
1996; Weiss et al., 1994). Patient education is also typically employed as part of any
treatment regimen, and, when integrated and implemented within a multifactorial,
multidisciplinary treatment/rehabilitation framework, outcomes may be enhanced
(Feuerstein et al., 1993).

Splinting of the wrist in a neutral position to maximize carpal tunnel space
diminishes pressure within the canal and is a mainstay of nonsurgical treatment which
may be particularly useful if employed within the first three months after symptom
onset (Monsivais and Scully, 1992). Splinting also limits motions of the wrist which

may increase pressure or exacerbate inflammatory processes in edematous tissues.
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Despite the frequent use of splints, some research suggests that symptomatic relief
may be expected in only 55% of cases four months after treatment (Miller et al.,
1994). A variety of materials and configurations of splints are available according to
individual needs.

Corticosteroid injections are one commonly used method for decreasing
inflammation in local tissues. Usually, the injection is followed by immobilization
of the joint in a splint for several weeks. Although some discomfort is common for
the first 24 to 48 hours post injection, alleviation of symptoms is usually rapidly

achieved (Giannini et al., 1991; Kulick et al., 1986).

Ergonomic accommodations, particularly at the workplace, are a potentially
effective part of many carpal tunnel syndrome treatment regimens. Ergonomically
designed hand tools, keyboards, computer screens, chairs, and desks are some
examples of attempts to allow for more neutral wrist positioning and proper postural
alignment of the body to prevent carpal tunnel syndrome and related disorders tied to
repetitive motions and/or improper or awkward work postures. Although avoidance
of prolonged forceful gripping may be difficult in many jobs, gloves or tool handles
which dampen vibrations to the hand may be feasible. Gloves may also be coated
with high-friction materials to decrease the force needed to pinch, grip, or lift objects
(Sailer, 1996).

Modification or limitation of participation in activities which involve
repetitive, forceful, or prolonged wrist and finger motion or gripping should be

accomplished if possible. For those with work-related carpal tunnel syndrome, this is
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often extremely difficult, particularly if the employer is not supportive of such efforts.
Modification of the workload or pace of work is important if the individual is to
remain working. Sailor (1996) points out that activity modification, combined with
ergonomic interventions, may be quite effective in preventing disability if accomplished
early. This idea is supported by studies such as Westin’s (1990) study of a preventive
organizational intervention for video display terminal workers at the Federal Express
Corporation.

Aerobic and/or range-of-motion exercise is another potentially useful tool in
the prevention and treatment of carpal tunnel syndrome symptoms (Cook et al., 1995;
Sailor, 1996). Although there is very little empirical data to support or refite it,
suggested potential benefits may include increased tissue perfusion, weight loss,
increased flexibility, and more efficient healing of injured tissues (Sailor, 1996). In
fact, Cook et al.’s findings indicated that range-of-motion exercise was more effective
than splinting as measured by symptom severity, general function, and return to work.
If such regimens may be accomplished during the work break, this provides an
opportunity for the individual to break the “work posture” which may be aggravating
carpal tunnel syndrome symptoms, and provide increased strength and perfusion to
tissues affected by prolonged, awkward, or sedentary body postures (Sailor, 1996).

Vitamin B-6 (pyridoxine) therapy is anothef, more controversial, conservative
treatment for carpal tunnel syndrome that arose out of the observation by Ellis and
colleagues (1976) that vitamin B-6 deficiency eommonly coexisted in patients

diagnosed with carpal tunnel syndrome (Ells et al., 1976a; Ellis et al., 1976b; Ellis et
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al., 1977). Although there is a plethora of studies both supporting and refuting the
association vitamin B-6 deficiency and carpal tunnel syndrome, it is well-accepted
that such a deficiency can cause reversible peripheral neuropathy that abates upon B-6
administration (Ball, 1994; Leklem, 1994; Linder, 1991). Furthermore,
administration of proper dosages of B-6 has been shown to reduce pain (Bernstein
and Dinesen, 1993; Lazo-Guzman, 1989), while overconsumption may cause

neuropathy (Bemstein, 1990; Foca, 1985; Parry and Bredesen, 1985).

Cognitive-behavioral or biobehavioral interventions are often overlooked in
the literature which discusses treatment modalities (e.g., Sailer, 1996). However, it
has been suggested that just as such factors may have a role in the etiology and/or
exacerbation of carpal tunnel syndrome, these may be useful in the treatment as well
(Feuerstein, 1996). Cognitive-behavioral interventions may include treatments such
as cognitive restructuring, relaxation training, pain management strategies, and
communication skills training (Spence, 1989; Spence, 1991), while biobehavioral
interventions may involve techniques such as biofeedback and muscle re-education
(Skubick et al., 1993). A few studies such as that by Swerissen et al. (1991) have
used a combination of cognitive-behavioral interventions and movement-retraining in

the treatment of individuals with occupational injuries with some limited success.
Surgical Treatment—Carpal Tunnel Release

The common surgical, or non-conservative treatment for carpal tunnel
syndrome is carpal tunnel release. Optimally, carpal tunnel release is performed only

after attempts at more conservative treatments have failed to produce satisfactory

.
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long-term remission of carpal tunnel syndrome symptoms (Sailer, 1996). Although
there are a gamut of variations in the basic procedure, the end goal is release of the
transverse carpal tunnel ligament, and subsequent rehabilitation strategies are basically
the same, although recovery progress may vary according to characteristics of the
procedure or the patient. As Sailer (1996) astutely points out, comparison of the
degree of invasiveness (openness) of the procedure on recovery outcomes is difficult
at best due to tke fact that handedness, work type, availability of work accomodation
strategies, and compensation status are just some of the variables which affect and
complicate this relationship.

An intensely structured physical therapy program for the hand, combined with
splint use and progressively increasing use of the hand is employed, typically in the
acute and subacute stages of carpal tunnel syndrome, with close monitoring to
prevent complications. Rehabilitation is generally a 3-stage (postoperative
immobilization, mobilization, progressive strengthening and work conditioning)
lengthy process which may be between 3 and 8 weeks for light activity workers, or up
to 3 months or more for workers with jobs that require heavy lifting or high-repetition

motions (Sailer, 1996).
Predictors of Return to Work—Factors Affecting Return to Work Following
Treatment

While most researchers seem to agree that the economic cost of lost work
time, treatment, and worker’s compensation is spiraling upward, there continues to be
debate regarding the proper strategies to address these issues. Cummings (1993)
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states that direct industrial compensation costs alone (without lost or diverted
manpower and psychosocial effects) were 70 billion dollars in 1993. However, there
is little consensus regarding the most efficacious strategies to prevent injury and/or
rehabilitate workers for return to the workplace. The main reason for this lack of
consensus appears to be the plentiful body of contradictory findings and beliefs

regarding factors which affect return-to-work (RTW).
Although studies of prolonged functional recovery in work-related

carpal tunnel syndrome are lacking, a number of studies of prolonged functional
recovery of low back pain are helpful in examining variables which have been shown
to be associated with, and possibly predictive of, work disability. These studies,
although using work-related back pain as a model rather than work-related carpal
tunnel syndrome, utilize many of the same multifactorial concepts that have been
proposed as models for development of work-related upper extremity disorders. The
ergonomic, biomechanical, psychosocial, and work-related risk factors for work-
related low back pain are well-documented (Bergenudd and Nilsson, 1988; Bigos,
Spengler, and Martin, 1986a; Bigos, Spengler, and Martin, 1986b; Garg and Moore,
1992; Marras et al., 1995; Skovron et al., 1994; Svensson and Andersson, 1983).
This makes the inclusion of some of the work-related low back pain literature useful in
augmenting the more scarce, developing body of research which specifically focuses
on work-related upper extremity disorders such carpal tunnel syndrome. Two
particular broad categories of interest which are relevant to the proposed study are

1) Predictors of functional recovery; and 2) Predictors of clinical outcomes.



Predictors of Delayed Functional Recovery

Relevant variables which have been shown in to potentially account for delayed
functional recovery and return to work include demographics, injury/symptom history,
work history, job characteristics, perceptions of the workplace, employer practices
affecting return to work, and coping abilities of the worker (Bigos et al., 1991;
Cheadle et al., 1994; Deyo, 1987; Habeck et al,, 1991; Hasenbring, Marienfeld,

Kuhlendahl, Soyka. 1995; Lancourt and Kettelhut, 1992; Marras et al., 1995).

Two other factors which are often hypothesized as predictive of functional
status and return-to-work are presence of compensation and attorney consultation or
litigation. In a recent review of the literature by Gallagher, Williams, and Skelly
(1995), they present evidence that supports the idea that the results from prior studies
reporting that workers who receive work compensation payments or have consulted
an attorney are less likely to return to work are questionable at best. So, while such
factors may have some value in the few months subsequent to the injury, findings
presented by Gallagher et al. and Tollison (1993) showed that significant differences in
return to work among compensated and non-compensated workers were negligible six
months post-injury. Gallagher et al. even argue that in a subgroup of patients seen as
having elevated risk due to poor locus of control, compensation actually increased
their return-to-work outcomes. Despite the controversy, a recent well-conducted
large-scale (n=7,651) meta-analysis of the existing research on the relationship of

chronic pain and financial compensation showed that receiving financial



compensation is associated with greater levels of reported pain and reduced treatment
outcomes (Rohling, Binder, and Langhinrichsen-Rohling, 1995). Theories attempting
to explain this relationship include Fordyce’s (1985) behavioral explanation that states
that the behavior (per this model) of pain is reinforced by the receipt of compensation
and Mendelson’s (1982) hypothesis that compensation is in a sense “treating™ the
patient’s experiences of depressed mood, anxiety, and increased sensitivity to pain that
occur as a result of disabling injury and economic instability. According to the latter
idea, patients who receive monetary compensation should eventually exhibit reduced
symptoms and greater levels of recovery, a finding not supported by Rohling, Binder,
and Langhinrichsen-Rohling’s findings.

Unfortunately, one potential barrier to expedient return-to-work outcome lies
within the current worker’s compensation system; the very system which is purportedly
designed to assist workers during their disability (Guest and Drummond, 1992; Bigos et
al., 1993). Using industrial back pain as an illustrative model, Guest and Drummond
(1992) point out that the terminology and structure used in the worker’s compensation
system have unwittingly fostered the development of adversarial attitudes in what they
have appropriately termed an “adversarial help” system. This oxymoron is unfortunately

apmposhtlntasystemwithumon&oﬂablyhngeoningexpendinmhashadvery
little effect in achieving its purported goal of “keeping our populous productive”

(Bigos et al., 1993, page 112). Sucha system, which appears judgmental toward
the very individuals whom it invites to seek help seems to demand that the

patient “prove “ that he/she is ill; a double-sided message which can promote
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somatization and exaggerated “pain behavior” which is then often interpreted as
evidence of malingering and just cause to withhold needed treatment or benefits
(Bigos et al., 1993; Holloway, 1994; Waddell, Turk, and Melzack, 1989).
Furthermore, although contributors to the worker’s distress may be multifactorial
stressors related to pressures from work, relationship, or personal problems, society’s
stigma against admitting distress that is not physically-focused only enhances the
pressure for the worker who “needs a break™ to voice complaints with a “legitimate”
or “acceptable” physical cause as it may be viewed as the only viable avenue to obtain
time off from work pressures. Surprisingly, despite the fact that the detrimental
impact of psychosocial stressors (e.g., role conflict, role ambiguity) on return-to-work
has been established in the occupational literature (e.g., Fisher and Gitelson, 1983; Jex,
Beehr, and Roberts, 1992), this has had little effect on the configuration of the existing

worker’s compensation systems.
Predictors of Clinical Outcomes and Return to Work

Workplace variables that have been found to be associated with the

development, exacerbation, or maintenance of work-related musculoskeletal pain

(one frequently-examined clinical outcome) include the type of work; exposure to
repetitive movement, excessive force, and/or awkward posture; and psychosocial
stressors ( Bigos et al,, 1991; Bureau of Labor Statistics, 1994; Frymoyer et al., 1983;
Habeck et al, 1991; Marras et al,, 1995). The variables which affect clinical
outcomes, including pain, symptoms, mood, and function, may also affect return-to-

work, a non-clinical outcome of interest which may be affected by a multitude of



factors including the injured worker’s perceptions of functional capabilities and

characteristics of the work environment (Feuerstein et al., 1993).

Presence of a psychological disturbance is another factor which is often seen as
indicative of poor clinical and return to work outcomes. One limitation of the
literature supporting this idea is the use of “pain behavior” or objective behavioral
signs of pain exhibited on physical exam, as indices of psychological disturbance.
While in certain specific psychiatric populations this may have some value (e.g.,
hypochondriasis, somatization disorder), it may not be an appropriate indicator for this
construct (psychological disturbance) in most instances. Furthermore, although
Gatchel et al. (1994) found Axis I diagnoses in over 90%, and Axis II diagnoses in
over 50% of 152 disabled chronic low back pain patients entering a rehabilitation
program,; they reported that neither type or degree of psychopathology was
significantly predictive of patient ability return-to-work. However, it is important to
note that the best outcomes from treatment and rehabilitation programs have been in
programs which included psychosocial components (Gatchel et al., 1994). While Bigos
et al. (1992) states that many of the existing strategies used in the past have been
“dismal failures” in successfully preventing back problems or restoring function,
Burke, Harms-Constas, and Aden (1994) and Gatchel et al. (1994) have observed
better results in programs which are structured to address psychosocial and/or
psychopathological factors, including those stemming from the workplace. Indeed,
some researchers even propose that psychosocial factors are more important factors in
return-to-work than physical indices (Gallagher et al., 1989; Lancourt and Ketteﬂnlt,



1992). Feuerstein et al.(1994) used a multivariate approach in analyzing predictors of
vocational outcome in workers with chronic low back pain. Although Feuerstein et al.
note the importance of psychological characteristics, they also listed important
demographic (e.g., younger, absence of legal claim), medical (fewer surgeries, shorter
duration of disorder), physical (e.g., greater trunk and lower extremity strength), and
pain-related (lower pain intensity, lower impact of pain on function) predictors of

return-to-work following multidisciplinary rehabilitation.

In a related vein, Bigos et al. (1991, 1992) examined a variety of work-related
and non-work-related variables that were predictive of work-related low back pain
symptoms and/or delayed return-to-work. Even Bigos et al.’s (1991,1992) large-scale
prospective study (n=3020) of back-injured aircraft employees showed only one
significantly predictive physical variable (prior history of back injury) useful for
predicting acute work-related back pain. Conversely, they found the most predictive
factors were psychosocially-linked (job dissatisfaction and mental health). In a related
study, Fordyce et al. (1992) found that subscales on the MMPI that measure lassitude-
malaise, denial of social anxiety, and need for affection to be somewhat predictive of
subjective reports of back pain among similar workers. Interestingly, the subscale
specifically measuring somatic complaints was not significantly predictive of subjective
report of back injury.

In addition, studies of workers with more physically demanding tasks (e.g.,
Leavitt, 1992; Tate, 1992) show that some physical variables may be highly relevant

for a subset of workers with highly physically demanding work tasks and increased
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injury severity. So, even though many studies support the importance of psychosocial
variables as equally or more important than physical factors; there may be a subset of

workers for whom physical factors are more salient.

Ultimately, these data, while valuable, still do not identify who will respond
best to treatments nor what treatments are most efficacious in promoting successful

return-to-work

Multifactorial Models of Work-Related Upper Extremity Disorders and

Implications for Functional Recovery and Clinical Qutcomes

One of the principal goals in the treatment or rehabilitation of the worker with
a work-related upper extremity disorder is to assist the recovering worker in
accomplishing successful return to work by reducing the discrepancy between the
worker’s work capabilities and the demands of the work environment. Few theoretical
models have been proposed that consider how the multitude of contributing factors

influence clinical outcomes, recovery, and return to work in workers with

work-related upper extremity disorders. One such model, proposed by Feuerstein
(1991), is the Rochester Model of work disability. This model is applicable to all
work-related musculoskeletal disability, including low back pain and work-related
upper extremity disorders. Feuerstein proposes that the combination of medical status,
physical capabilities, and work tolerances in relation to work demands and |
psychological and behavioral resources (worker characteristics, psychological
readiness for work, ability to manage or cope with pain) coniributes to the
development, exacerbation, and maintenance of work disability associated with
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work-related upper extremity disorders. This implies that these factors should be
predictive of measures of functional improvement following work-related disability

and rehabilitation.

Another model, proposed by Sauter and Swanson (1996), is the Ecological
Model of musculoskeletal disorders. This model represents an integration of earlier
more unidimensional psychosocial stress models (e.g., Kagan and Levi, 1971;
Karasek and Taoeorell, 1990) and biomechanical models of musculoskeletal disorders.
Here, the etiology (and possibly exacerbation and maintenance) of work-related
musculoskeletal disorders may be linked to the characteristics of work technology,
which includes both the nature of the tools and work systems at the workplace. Work
technology, which Sauter and Swanson illustrate using a video display terminal
(VDT)/computer as one example of the primary tool in office or video display
terminal work, has a direct link to physical demands and work organization, with
physical demands also linked to work organization in a way that illustrates the fact
that the latter may be exacerbated by the former. The salient point is that the
ecological model recognizes the multidimensional etiology of work-related upper
extremity disorders in a framework which incorpprat&s technology, physical demands
(including ergonomics), work organization (including mechanization), individual
factors, biomechanical strain, and psychological stram. In addition, this model
incorporates cognitive processes as mediators, a characteristic not included in most
other similar models (e.g., Bongers and de Winter, 1992; Bongers et al., 1993). The

inclusion of cognitive mediators, such as attribution/labeling (of, in this case,
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symptoms) is vital and logical in that the worker’s environment is replete with
competing stimuli, and the influence of situational and experiential factors in such
inferential processes has been well-accepted since Schacter and Singer’s (1962)

classic work.

A third model is based upon tte construct of workstyle (Feuerstein, 1996)
which is one psychosocial variable simply defined as “how the individual approaches
work.” Workstyle is viewed as an individual pattern of cognitions, behaviors, and
physiological reactivity that co-occur while performing job tasks. The workstyle may
be associated with alterations in physiological state that with repeated elicitation can
contribute to the development, exacerbation and/or maintenance of recurrent or
chronic musculoskeletal symptoms related to work. According to this model, an
“adverse” or high-risk workstyle, is one which predisposes or is associated with
increased occurrence of work-related upper extremity disorder symptoms. This
adverse workstyle may be precipitated by any number or combination of factors (eg.,
need for achievement, need for acceptance, fear of job loss, fear of loss of social
support) which affect the perceived work demands. This model is based upon the
premise that certain workstyles (which involve heightened behavioral, cognitive, and
physiological reactivity) when paired with work climate, work demands, and
workstation factors, interact; increasing exposure to ergonomic stressors, thereby
enhancing the likelihood of work-related upper extremity disorder symptoms or

exacerbation and maintenance of symptoms that already exist.

30



Although it has been shown that increased ergonomic strain is associated with
increased risk of work-related upper extremity disorders (e.g., in Armstrong et al.,
1993), this model suggests that certain workstyles may interact to predispose and/or
potentiate such risks. In addition, workstyle factors may serve as risk factors, either
alone, or in concert with biomechanical and other factors, to exacerbate or maintain
work-related upper extremity disorder symptoms, contributing to chronic, long-term

disability (Feuerstein, 1996).

A fourth model is that proposed by Armstrong et al. (1993). Armstrong et
al.’s mode! emphasizes the multifactorial conceptualization of work-related neck and
upper-extremity disorders viewed within a dose (exposure) response relationship. This
model is an interactional one in which the complex interplay between exposure, dose,
capacity, and response is used as a conceptual framework for understanding,
discussing, planning, and interpreting relevant research focusing on the development of

work-related musculoskeletal disorders.
Limitations of Previous Research

_Although previous research with low back pain has suggested the importance
of pain levels, distress, pain coping, pain behavior, son:atization, and return to work
expectations on the functional status of work-disabled low back pain patients; the
influence of these factors on clinical outcomes related to rehabilitation of work-
disabled carpal tunnel syndrome patients has not been examined until recently
(Feuerstein et al, 1993). Limitations existing in the present body of empirical

literature include : 1) the lack of research addressing predictors of recovery in work-
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related carpal tunnel syndrome (most of the research that does address predictors of
recovery focuses on low back pain, not carpal tunnel syndrome); 2) most of the
research that does address predictors of recovery in work-related carpal tunnel
syndrome deals solely with surgical samples; 3) the existing outcome studies rarely
include multivariate measures of outcome, focusing either on symptoms, function, or
return-to-work but not all three; these studies routinely neglect potential ergonomic,
work-related, and psychosocial predictors, and if they do include one or two of these,
they exclude other important measures (e.g., demographics, occupational status,
pain/symptom severity, activity level and function); 4) methodological limitations,
including the lack of prospective studies, inadequate or non-existent statistical
analyses, small sample sizes, unclear case definition (e.g., duration of symptoms prior
to treatment, presence of concomitant diseases), inconsistencies in the types of
outcomes studied and unclear operational definitions of how outcomes were
measured, poor homogeneity of the sample in regard to occupational status,
comparable disease severity and/or disability, lack of specific hypotheses, and a small
number of prospective studies across multiple outcome categories.
While there is emerging evidence that supports the multifactorial nature of
carpal tunnel syndrome and its association with work disability (Feuerstein et al.,
1996), existing investigations rarely have included multidimensional measures of

outcome or predictors of recovery.
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Rationale for Proposed Study

Work-related upper extremity disorders, such as carpal tunnel syndrome,
when persistent, may lead to decrements in physical and psychological functioning
and ultimately, in a subgroup of cases with chronic, prolonged long-term work
disability. The interactive role of ergonomic, psychosocial, and other stressors in the
development, exacerbation, and maintenance of work-related upper extremity
disorders, although showing preliminary support in the literature, has not yet been
thoroughly examined, particularly from a multifactorial (outcomes as well as

predictors) perspective.

The proposed study will address many of the limitations that are inherent n
the existing body of literature by presenting a multifactorial approach to predicting
clinical and return-to-work outcomes in work-related upper extremity disorder
patients via a prospective design. Case definition and outcome measures will be
clearly defined and thoroughly analyzed. The information that will be gained from the
study is critical to design empirically based primary and secondary treatment and
prevention efforts directed at the suspected multifactorial nature of these
symptoms/disorders, and the factors that appear to influence outcome/disability.
Once such information is available, betteram_:_:énttoolsmyhedevelopedto
identify the factors demonstrated to be related an&predictiveofwork—relatedupper
extremity disorder development and long-term recovery or lack of same.
Furthermore, organizational interventions involving work methods and work
environment may be developed to reduce associated morbidity and work disability.
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Finally, personnel who are at particular risk for work-related upper extremity disorder
or long-term work-related upper extremity disorder-associated disability may be
identified so that some targeted early prevention/intervention strategies may be

employed to maintain function.
General Study Objectives:

To develop and validate a comprehensive assessment instrument to be utilized
by health care professionals to assess and predict clinical outcomes in patients at
increased risk for chronic long-term disability associated with work-related upper

extremity disorders.

The present study is designed to determine whether a multivariate model
which considers demographics, medical status, pain/symptoms, activity/function,
work demands/work characteristics, work environment/work perceptions, support
(social support), and mental health (mood/thoughts) measures determined in the early
stages of a work-related upper extremity disorder is predictive of clinical outcomes

and return to work at one month post initial diagnosis.

Specific theses for the pro study are:

1. A combination of demographics, medical status, pain/symptoms,

~ activity/function, work demands/work charactet;istics, work perceptions/work
environment, support (social support), and meﬁtal health (mood and thoughts) will

significantly predict clinical outcomes.
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2. Cases with both greater symptom severity and greater psychosocial
stressors will be more likely to exhibit delayed functional recovery than those with
either alone.

3. Cases with greater symptom severity (a composite of frequency and
severity) will display higher levels of ergonomic and psychosocial stressors.

4. Cases with lost work time will display higher levels of ergonomic and
psychosocial stressors.

5. Cases with greater functional limitations will display higher lev.ls of

ergonomic and psychosocial stressors.
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METHOD

Participant Recruitment, Screening, and Inclusion Criteria

Work-related upper extremity disorder participants were recruited from the
metropolitan Washington D.C., Maryland, and Northern Virginia communities
via advertisements placed in various local media, clinics, and hospitals.

Volunteers were accepted for the study if they:

1) met the modified NIOSH case definition for an occupational upper extremity
disorder by reporting a) symptoms of pain, aching, stiffness, burning,
tingling, or numbness (any one or more) within the preceding six weeks; b) no
previous accident (non-occupational) or acute trauma to symptom area within
the previous year; c) no previous diagnosis to the specified symptom area(s);
d) symptoms began after employment at present job; ¢) symptoms lasted
greater than 1 week, or occurred at least once per month since onset;

2) were a male or female between 20 and 65 years of age; and,
were currently working 20 or more hours per week

Sample Description

The sample consisted of 52 participants who met the selection criteria. After a
brief phone screen that posed questions which addressed basic inclusion criteria,
followed by completion of a medical information form outlining necessary diagnostic
criteria, all eligible participants were scheduled to participate in the study and offered

monetary compensation (40 dollars). See Appendices A and B for copies of the
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phone screen and medical information form. Individuals with a history of seizure
disorder, major endocrine disease (e.g., insulin-dependent diabetes mellitus), non-
correctable sensory or physical impairment (e.g., deafness, blindness, bipolar
disorder, dwarfism), current psychoactive s 1bstance abuse, or current pregnancy were
excluded as potential participants. Approximately 250 people were screened over a
six-month period, approximately 60 met the case inclusion criteria, and 52 followed-
through with participation. Reasons for non-inclusion included: individuals who were
outside the age range (e.g., an 84-year-old carpenter), had major confounding medical
conditions or physical anomalies (e.g., diabetes mellitus, rheumatoid arthritis,
dwarfism), had problems which were not clearly symptoms of an upper extremity
disorder and/or necessarily work-related (e.g., potentially a result of a hobby, recent
fall, or accident), reported long-standing symptoms and/or had been first diagnosed
months or years ago versus within the past six weeks, were now unemployed, on full-
time disability, or no longer working at least 20 hours per week. Other reasons
individuals declined to participate included statements which indicated: insufficient
monetary compensation (“it’s not worth it™), feeling unable to take time to visit study
site at all or within a reasonable time-frame (“I’m too busy”, “I could do it in a couple
of months”), changing their minds for various reasons (e.g., “I’m afraid my boss will
find out somehow™), or desiring a treatment study (*‘Oh, I only wanted to do it if I'm -
going to get free treatment”). The sample was comprised of 38 women and 14 men
who ranged in age from 22-63 years. See Table 1 for demographic characteristics and

Table 2 for diagnostic characteristics.
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General Overview of Design and Procedures

The study utilized a single group (work-related upper extremity disorder
patients) prospective design. Participants were asked to complete a 30-45 minute
baseline questionnaire which originally consisted of 347 total individual items divided
into eight general sections that measured: occupational status and demographics,
medical status, pain and symptoms, activity and general function, work
demands/characteristics, work environment and workstyle, (social) support, and
mental health (mood and cognitions). These eight broad categories were constructed
apriori and each contains related items proposed to contribute to the prediction of
outcomes.

Follow-up questionnaires consisting of 100 items in four general areas of
outcomes (i.e., work status, pain and symptoms, activity and general function, and
mental health) were distributed at the time of the initial assessment with instructions to
complete one month after the initial work-related upper extremity disorder diagnosis.
The follow-up questionnaire was expected to take approximately 15-20 minutes to
complete and mail back in the accompanying pre-paid and addressed envelope. A
telephone call was placed to each participant within one week prior to their anticipated
completion of the follow-up questionnaire to serve as a reminder and opportunity for
requesting mailing of a replacement qm&@, if necessary. Questions were paired
with a variety of response formats including: forced choice, open-ended, and 10
centimeter Visual Analogue Scale (VAS) with verbal descriptors at the two extreme

poles.
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Procedure

For the initial assessment, the participant was seated in a comfortable chair in
a well-lit and temperature-controlled room. Each participant completed informed
consent procedures (see Appendix C ) and after any questions had been answered,
height, weight, and pinch and grip strength were measured in an adjoining office.
Pinch and grip measurements were taken in both the dominant and noncominant hand
via three trials and the scores were recorded and averaged. Instructions read to each
participant were standardized and are provided in Appendix D. No invasive measures
were employed. Afterward, the participant was given a baseline questionnaire to
complete with an assigned participant ID# so that nominal identifiers could be
removed from the data collection forms and given to the principal investigator (PI) for
safekeeping. This protected the confidentiality of participants so that unnecessary
linking of their names and personal response data would not occur. The researcher
checked on each individual’s progress every 10-15 minutes and offered clarification
regarding any questions on response format or question content. After completion of
the multidimensional self-report measure, each participant was given a follow-up
questionnaire with their subject identification number and the date to be completed
filled in on each form with a pre-paid addressed envelope addressed to the
investigator included. Each participant was followed over a period of one month with
follow-up questionnaires completed one month after the baseline measures in order to ‘

track the course of work status, pain/symptoms, activity/function, and mental health
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over the weeks following initial diagnosis. Each participant was telephoned within
approximately one week prior to the one month follow-up period as a reminder to
complete the follow-up form. At this time, if the participant had misplaced the form, a

replacement was mailed so that it could be completed on schedule.
PREDICTOR VARIABLES

Prediction of Work Status, Pain/Symptoms, Activity/Function, and Mental

Health

The predictor variables used in the present study fall into eight general
categories which were collected and used to predict clinical outcomes one month after
administration of the baseline measures relevant to the work-related upper extremity
disorder. A questionnaire originally consisting of 347 items was used to obtain baseline
measures in each of eight categories: Demographics/Occupational status; Medical
Status; Pain/Symptoms; Activity/Function; Work Demands/Work Characteristics;
Work Environment and Workstyle; Support (Social Support); and Mental Health
(mood/cognitions). These measures were used to predict the four occupational and
clinical outcomes of Work Status, Pain/Symptoms, Activity/Function, and Mental

Health, measured one month after the initial baseline measurement.



BASELINE QUESTIONNAIRE
Demographics/Occupational Status

The first section of the baseline questionnaire included questions on age,
gender, educational level, marital status, and ethnicity as well as how long the
individual had held their current job, job title, full or part-time status, and whether or
not there had been breaks or periods of limited or alternate duty. This section
contained items which were intended to measure various demographic and
occupational status characteristics. These were included based upon findings in the
literature which indicate that factors such as non-caucasian race, female gender,
divorced status, type of job, union status, attorney consultation and litigation status,
and return-to-work expectations may be significant factors in the exacerbation and/or
maintenance of work-related upper extremity disorders (Cheadle et al., 1994; Hales et

al., 1994). This category included a total of 12 individual questions.
Medical Status

This section contained items intended to measure various aspects of medical
status. These were included based upon findings in the literature which suggest that
factors such as thyroid condition, rheumatoid arthritis (Hales et al., 1994), use of
bifocals at work (Hales et al., 1994), and prior medical condition or injury (Chaffin
and Fine, 1993) may be significant factors in the exacerbation and/or maintenance of
work-related upper extremity disorders. This category included a total of 55 items,
including pinch and grip strength which have shown to be reliable and valid measures

of hand strength and function (Levine et al., 1993; Mathiowetz, Weber, and Volland,
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1984), disability and impairment (Gelberman et al., 1983), and predictive of future
function (Levine et al., 1993). Furthermore, Moore and Garg (1995) suggest that
since maximal strength varies within the population, with required strength remaining
constant; weaker individuals generally have greater strain placed upon them, and
therefore may be at greater risk for carpal tunnel syndrome, other work-related upper
extremity disorders, or poorer outcomes in general. Procedures used to measure pinch
and grip strength followed the recommendations outlined by the America:.
Association of Hand Therapists (ASHT, 1992) and manufacturers of the Jamar

dynamometer.

In order to determine current musculoskeletal health status and the
relationship of impaired status to work outcomes, a series of more focused questions
related to whether there is pain or discomfort that is believed to be work-related and
whether and how such discomfort has interfered with work were posed. Questions
regarding prior history of a worker’s compensation injury were asked as well as
specification of type and site of any previously-diagnosed upper extremity disorders
as well as presence of other potentially serious medical conditions (i.e., diabetes,
thyroid problems). Questions related to past treatment of pain or other problems of
the hands, wrists, arms, shoulders, or neck by medical (i.e., steroids; surgery),
physical (i.e., splinting), or psychological (i.e., str&ss or pain management) therapies
were included. These were followed by quwtioﬁs regarding how helpful various
treatments and providers have been in facilitating recovery and/or return-to-work.

Finally, general data regarding alcohol, tobacco, and medication usage were included
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in this section as well. The total score was computed for each group of related items

and each group was considered as one variable.
Pain and Symptoms

This section cc;ntained items which were intended to measure various
characteristics of pain and symptoms commonly observed in work-related upper
extremity disorders. These were included based upon findings in the literature which
suggest that factors such as increased symptom severity and increased symptom
frequency, as well as pain coping strategies may be significant factors in the
exacerbation and/or maintenance of work-related upper extremity disorders
(Himmelstein et al., 1995; Levine et al., 1993; Rosenstiel and Keefe, 1983). This
category included a total of 17 individual items. As per the instructions of the
original authors, the total score was computed for each group of related items and

each group was considered as one variable.

After general information regarding presence or absence of upper extremity
pain and its relationship to and effects on work status were collected, more specific
questions focusing on hand and wrist pain and symptoms were asked. This section
measured the qualitative (e.g., weakness, numbness, or tingling), quantitative (e.g.,
‘severity, frequency) aspects of symptoms, general effects on function (e.g., difficulty
grasping objects, difficulty sleeping), pain beliefs and coping responses to pain or
discomfort, as well as general measures of work-related upper extremity disorder

symptoms.
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The Discomfort Intolerance Survey (DIS) is a 6-item measure with statements
describing participant’s reactions or behavior related to various descriptions of
discomfort. Each item is a statement accompanied by a visual likert-type scale from
0-6 with 3 verbal descriptors ranging from “Not at all Like Me” at 0-1 to “Extremely
Like Me” at 5-6; “Moderately Like Me” being in the middle 2-4 area. This measure
is currently being validated and was modified from it’s original form into a2 10 cm
visual analogue scale (VAS) response format (Schmidt, 1995). Scott and Husk:sson’s
(1976) extensive analysis showed that this type of VAS is very accurate, more
sensitive than descriptive scales, and easy for patients to use in the graphic

representation of pain or discomfort.
Activity and Function

This section of the questionnaire contained items which were intended to
mea;ure various aspects of general function and activities of daily living. These were
included based upon findings in the literature which indicate that factors such as
general function (Ware and Sherbourne, 1992) and functional self-efficacy (Lackner,
Carosella, and Feuerstein, 1996) may significantly contribute to the exacerbation
and/or maintenance of work-related upper extremity disorders or work-related

musculoskeletal disorders in general.

This section contained questions that more specifically address the effects of
hand and/or wrist symptoms and general physical and/or emotional health on activity

and function; both in non-work-related and work-related daily tasks or activities of



daily living. Questions about perceptions of general health status and feelings during

the preceding four weeks were also included.

The SF-36 (Ware and Sherbourne, 1992) is a 36-item survey consisting of
items which represent eight general areas: limitations in physical activities due to
health problems, limitations in social a:tivities due to physical or emotional
problems, limitations in usual role activities due to physical health problems, bodily
pain, general mental health (e.g., “How much of the time during the past 4 weeks:”
“have you been a very nervous person?” or “have you felt so down in the dumps that
nothing could cheer you up?”, limitations in usual role activities because of emotional
problems, vitality (energy and fatigue), and general health perceptions (e.g., “I seem
to get sick a little easier than other people,” “I am as healthy as anybody I know,” “I
expect my health to get worse,” “My health is excellent™). This category included a
total of 53 individual items. The total score was computed for each group of related

items and each group was considered as one variable.

The inclusion of diverse measures is consistent with the view that overall
quality of life includes not only biological and physical aspects of health and well-
being, but psychological perceptions, perceived function, and occupational and social

functioning (Greenfield and Nelson, 1992; Ware, 1991; Wilson and Cleary, 1995).
Work Demands and Work Characteristics

This section contained items which were intended to measure factors related
to physical (and psychosocial) demands of the workplace and characteristics of the

work environment. These were included based upon findings in the literature which
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indicate that factors such as: feeling rushed at work, working in a painful way to
ensure high quality, fear of developing a pain problem at work, fear of being replaced
by computers, lack of decision-making input, high information-processing demands,
time pressure, monotonous work, and perceived exertion may be significant factors in
the exacerbation and/or maintenance of work-related upper extremity disorders
(Houtman et al., 1994; Feuerstein, 1996; Hales et al., 1994; Keyserling et al., 1993;
Reid et al., 1991). This category included a total of 107 individual items. The total
score was computed for each group of related items and each group was considered as

one variable.

Questions related to characteristics and frequency of task-oriented (e.g., “How
frequently do you find yourself making a ‘pinching type’ motion?”) or ergonomic
stressors potentially related to occupational tasks (e.g., “How much can the height of
the work surface be adjusted?”, or “How frequently do you find yourself using the
computer mouse?”’) were included as well as characteristics of the job and its
associated physical and mental demands. The section began with more general
questions regarding frequency of requirements on the job to work “very fast”, with
time pressure, marked increases in workload, agd increases in mental concentration or
thought processing. More specifically-focused gu&stions regarding hand and wrist
movements followed, with questions regarding the frequency of repetitive, forceful,
and rapid, jerky movements included. This was followed by additional hand and
wrist movement-focused, and task-specific questions addressing the frequency of

specific (e.g., pinching, squeezing, screwdriver-twisting) movements and work tasks.



Some questions regarding the perceived effort required in both a typical and highly
demanding workday were included, as well as questions related to relatively-stable
characteristics of the physical work environment and general attitude and interaction
patterns of the workgroup as a whole. Finally, questions about individual coping
strategies and attitudes used in the management of work-related pain and symptoms
were included along with assessment of job-focused functional self-efficacy and

return-to-work expectations.

The National Institute for Occupational Safety and Health (NIOSH) Checklist
of Work-Related Psychosocial Conditions (NIOSH, 1995) is a 26-item (excluding
demographics) measure designed to be completed by a NIOSH evaluator who is
examining characteristics of a given workplace environment. This measure was
modified slightly in verbiage to allow use as a self-report measure answered by the

worker.

Some items were extrapolated from risk factor areas outlined in Stetson et
al.’s (1991) worksheet for recording duration and frequency of potentially damaging
ergonomic upper extremity risk factors in the workplace. The risk factors
incorporated into the screen included exposure to repetitiveness, localized mechanical
contact stresses, forceful mechanical exertions, awkward upper extremity posture, and
hand tool use. The inclusion of these areas is supported in reviews of risk factors for
work-related upper extremity disorders (Armstrong et al., 1993; Hagberg et al., 1995).
A related group of items measuring workplace ergonomic stress exposure was taken

from Pransky and Hill-Fotouhi’s (1996) questionnaire.
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Other items also related to frequency of performing biomechanically stressful
work activities were adapted from information contained in the risk factors
incorporated into the checklist designed by Lifshitz and Armstrong (1986) for the

“control and prediction of cumulative trauma disorders in intensive manual jobs™
(p.837).

(Psychosocial) Work Environment and Work Perceptions

This section contained items which were intended to measure varicu;
psychosocial aspects of the work env-ironment and perceptions of the workplace.
Specific questions about the perceptions of coworker and supervisor support and
rapport and the reactions of coworkers and the supervisor to the respondent’s work
injury were included, as well as efforts made to accommodate or modify work
schedule, work tasks, or work environment to assist the injured worker. Each
respondent was also asked to appraise the degree to which he/she blames his/her
employer for the injury or is angry about the employer’s reaction. These were
included based upon findings in the literature which suggest that factors related to
perceived work environment, communication and rapport with coworkers,
communicgtipn and rapport with supervisor, reactions of coworkers and/or
supervisor, wc;tkplace accommodations, anger or blame directed at employer,
pereeived ptessure in the workgroup, clarity of duties, and coping strategies used at
work may be significant contributing factors to the exacerbation and/or maintenance
of work-related upper extremity disorders (Bongers et al., 1993; Feuerstein, 1996;

Habeck et al., 1991; Rosenstiel and Keefe, 1983; Theorell et al., 1991; Sauter et al.,
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1983; Hopkins, 1990; Pot, Padmos, and Brouwers, 1986; Linton, 1991). This
category included a total of 65 individual items. The total score was computed for

each group of related items and each group was considered as one variable.

The Coping Strategies Questionnaire (Rosenstiel and Keefe, 1983) is a 50-
item questionnaire which includes questions which assess six cognitive coping
strategies and two behavioral coping strategies. Each coping strategy subscale has six
items and there are two questions which ask the respondent to rate the perceived
efficacy of their usual coping strategy(ies) . The Catastrophizing Subscale (CS) is a
six-item cognitive coping strategy subscale that assesses how often an individual
contemplates a negatively-focused cognition or cognitive coping strategy
(Himmelstein et al., 1995). While initially applied to low back pain patients in
Rosenstiel and Keefe’s study, Himmelstein et al. more recently used this subscale as
part of a larger study examining the clinical and psychosocial characteristics of
individuals with work-related upper extremity disorders. Himmelstein et al. found
that work-disabled subjects scored significantly higher on the catastrophizing measure
than individuals who continued working. So, although this questionnaire was
designed to categorize different coping techniques that patients with low back pain
use to manage pain, it is proposed that the use of such coping strategies may be
predictive of clinical outcomes in work-related upper extremity disorder cases. This
scale has consistently exhibited good psychometric properties, with an internal
reliability (Cronbach’s alpha) of .78 (Rosenstiel and Keefe, 1983).
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Selected items related to workplace practices were obtained from Habeck et
al.’s (1991) self-report questionnaire of disability management strategies in the
workplace. This instrument is a 73-item questionnaire designed for investigating
organizational factors and practices that were empirically related to differences in
rates of worker’s compensation claims in similar industrial settings (e.g.,
transportation, manufacturing). The items selected were those significant

discriminators of high and low worker’s compensation groups.

Items related to workplace accommodation (e.g., adjustability of the work
surface) were based upon suggestions and results of work by Hales et al., (1994).
Several items regarding ergonomic stressor exposure and satisfaction with employer
responses to injury (including workplace accommodations and efforts to
communicate with the employee) were taken from Pransky and Hill-Fotouhi’s (1996)
questionnaire. Other questions related to generic sources of job stress were also

added from Moos and Moos (1994).

Support

This section is a brief measure of social support. It included questions which
measured the extent to which the participant is satisfied with the reactions of family
and friends to his/her problems and the extent to which he/she feels that his/her

friends and relatives are willing and able to share personal problems with each other.
This section contained items which were intended to measure various aspects
of the individual’s social support, specifically related to family and friends. These

were included based upon findings in the literature which suggest that factors such as
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lack of social support from spouse, friends and/or relatives may be significant in the
exacerbation and/or maintenance of work-related upper extremity disorders (Hales et
al, 1994). This category included a total of six individual items. The total score was
computed for each group of related items and each group was considered as one
variable.

Mental Health

The final section included items that assessed mood (particularly anxiety, and,
to a lesser degree, depression), general stress coping, and cognitions related to mood

(e.g., anxiety), problem-solving, and cognitive aspects of workstyle.

This section contained items which were intended to measure various aspects
of mood (particularly anxiety). These variables, including anxiety and depression may
be significant contributors to the exacerbation and/or maintenance of work-related
disability and/or associated symptoms (Feuerstein, 1996; Gallagher et al., 1989;
Gatchel et al., 1994; Lancourt and Kettelhut, 1992; Spence, 1990; Ursin, Endresen
and Ursin, 1988; Theorell et al., 1991). This category included a total of 34 individual
items. The total score was computed for each group of related items and each group

was considered as one variable.

The State-Trait Anxiety Inventory, Form X-2 (Trait Amdety) is a measure of
anxiety (Spielberger, Gorsuch, and Lushene, 1970). The Trait version of the STAI-X
asks individuals to indicatehowtheyusuallyfeelhcomnnneverydaysiﬂmtions. This
section refers to the more stable, general feelings of anxiety. Total scores ranged from

20 to 80, with higher scores indicative of increased anxiety and/or pathology.
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The psychometric properties of the scale are very good (Spielberger, Gorsuch, and

Lushene, 1970).
OUTCOME VARIABLES

Outcomes were measured one month after the diagnosis of a work-related
upper extremity disorder. Occupational Status, Pain/Symptoms, Activity/Function,
and Mental Health (mood/cognitions) outcomes were examined after calculation of a

total score for each variable within the category.
Occupational Status

This section, when finalized, contained one item, the number of workdays
missed in the past month due to the work-related upper extremity disorder, intended to
reflect current occupational status. This was utilized based upon findings in the
literature which provide indirect evidence indicating that factors such as number of
hours worked may be significant contributing factors in the exacerbation and/or
maintenance of work-related upper extremity disorders (Cheadle et al., 1994; Habeck
et al,, 1991; Hales et al., 1994) and those such as Bigos et al. (1986) who state that
time lost from work may be the most useful outcome measure for those with work-
related disability. This category included a total of one individual item.

Items which were not included in the final analyses included a few questions on
current work characteristics were adapted from Pmnsky and Hill-Fotouhi’s (1996)
survey. These questions ask about one’s cun'entjbbd&scriptionandclarifythe current

work situation and whether any changes in work status are related to the work
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injury. These data were potentially important in determining whether or not a
participant met the operational definition for successful work outcome and permitted
examination of any mediator and/or moderator variables (e.g., change in job type,
hours, or accommodations). The questions also allowed for the possibility that the
worker may have changed jobs for reasons unrelated to his’her work-related upper
extremity disorder (one individual was dropped from the final predictive analyses due
to inability to provide useful follow-up data due to loss of job unrelated to the upper
extremity disorder problem).

Pain/Symptoms

This section, when finalized, contained 1! items which were intended to
measure various pain and symptom characteristics which were analyzed in the
outcome data as dependent variables. These were included based upon findings in the
literature which suggest that factors such as increased symptom severity and increased
symptom number may be significant factors in the exacerbation and/or maintenance of
work-related upper extremity disorders (Himmelstein et al., 1995; Levine et al,, 1993;
Rosenstiel and Keefe, 1983). Research using low back pain as a model has
consistently shown that lower symptom severity is a better prognostic indicator which
is linked to improved outcomes (e.g., decreased work disability, improvement in
symptoms, and return-to-work (Deyo and Diehl, 1988; Frymoyer and Cats-Baril,

1987; Hazard et al., 1996; Lancourt and Kettelhut, 1992; Singer et al., 1987).
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The Symptom Severity Scale (Levine et al., 1993) is an 11-item self-
administered questionnaire for the assessment of the severity of symptoms in patients
who have carpal tunnel syndrome. The scale exhibited high test-retest reliability with
Pearson correlation coefficient of r=0.91. and internal consistency (Cronbach’s alpha =
0.89. As per the original author’s instructions, the total score was computed
considered as one variable. This category included a total of 11 individual items.

Activity/Function

This section, when finalized, contained 8 items which were intended to
measure various aspects of general function and activities of daily living. These were
included based upon findings in the literature which suggest that factors such as
functional status (Levine et al., 1993) represent important outcomes in patients with
work-related which may be significant factors in the exacerbation and/or maintenance
of work-related upper extremity disorders (Pransky and Himmelstein, 1996). Initial
levels of perceived function and performance of activities of daily living should be
predictive of future levels of function based upon studies which show that general
function (McHomey, Kosinski, and Ware, 1994) and functional status, like symptoms,
are responsive to clinical change (Levine et al., 1993) and useful in measuring a gamut
of clinical and patient-centered (e.g., work status, sense of well-being) outcomes
(Brazier et al., 1992; Maklan, Green, and Cummings, 1994; McHomey et al., 1992;
McHorney, Ware, and Raczek, 1993; McHomey, Kosinski, and Ware, 1994; Stewart,

Hays, and Ware, 1988).



The Functional Status Scale (Levine et al., 1993) is an eight-item self-
administered questionnaire for the assessment of functional status in patients with
carpal tunnel syndrome. The scale exhibited high test-retest reliability with a Pearson
correlation coefficient of r=0.93 and internal consistency with Cronbach’s alpha=0.91.
As per the original author’s instructions, the total score was computed and considered
as one variable. This category included a total of eight items.

Mental Health

This section, when finalized, contained items which were intended to measure
various aspects of mood (particularly anxiety). This set of items were included based
upon findings that suggest that conditions such as increased anxiety and depression
may be significant factors in the exacerbation and/or maintenance of work-related
disability and/or associated symptoms (Feuerstein, 1996; Gallagher et al., 1989;
Gatchel et al., 1994; Lancourt and Kettelhut, 1992; Spence, 1990; Ursin, Endresen

and Ursin, 1988; Theorell et al., 1991).

The Mental Health Index (MHI-5) is a five-item measure of mental health that
is a subscale contained within the 36-item standard-form health survey (SF-36) from
the Medical Outcomes Study (Ware and Sherbourne, 1992). It exhibits a test-retest
Pearson correlation coefficient of r = .95 with the 38-item “long form™ measure of
mental health, the Mental Health Index (Davies et al., 1988; Veit and Ware, 1983). As
per the original author’s instructions, the total score was computed and considered as

one variable.
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Selection of Predictor Variables

Data reduction to identify variables to be included in the various regression
analyses was accomplished by examining the interrelations among variables using
correlation matrices. Composite scores of multi-item measures within the apriori
categories (i.e., demographics, pain/symptoms, medical status, work
characteristics/work demands, work environment/work perceptions, social support,
activity/function, and mental health) were examined for cross-correlations, and
measures which indicated correlations of .28 or above (p < .05) were reviewed.

As mentioned, the questionnaire categories were chosen apriori, and although
they were chosen to reflect different broad areas of interest, it was expected that there
would be some overlap in item areas and constructs. Although some overlap may
have been unavoidable in the sense that the reflected constructs are not completely
discrete and therefore would not demonstrate complete discriminant validity, an
attempt to rectify any such category overlap involved empirically creating sets of items
which each reflected an area hypothesized to be predictive of outcomes. Given the
fact that the baseline questionnaire had a large number of items (347), the first set of
analyses was targeted at reducing the number of items to the smallest number based
upon empirical, conceptual and clinical considerations. In order to accomplish this,
the questionnaire items were subjected to correlation analyses and those items that
demonstrated Pearson correlation coefficients of at least 28 (p <.05) or greater were
subjected to data reduction procedures. Itwasa;&medtlnttheamlymwould
generate groups of items that approximated the eight broad categories used to

construct the screening questionnaire: Demographics/Occupational Status; Medical



Status; Pain/Symptoms; Activity/Function; Work Demands/Work Characteristics;

Work Environment and Workstyle; Support; and Mental Health.

The original baseline screening questionnaire included items that comprised
pre-existing scales (i.e., symptom severity scale, functional status scale, Borg
measures of physical exertion (typical workday and highly demanding workday), SF-
36 (including the MHI-5 subscale), Stait-Trait Anxiety Inventory (trait version),
Discomfort In*olerance Survey (adapted), Upper Extremity Function Scale, wourk
resources and work stressors subscales, NIOSH Checklist or Work-Related
Psychosocial Conditions (adapted), Pransky Ergonomic Index, and the
catastrophizing subscale of the Coping Strategies Questionnaire) as well as items that
were included to measure conditions that were assumed to predict outcomes of
interest (e.g., workplace accommodations). In an effort to reduce the number of
variables used in the regression analyses the following approach was used:

1. Composite scores were computed for each group of related items within each of
the broad categories of predictors: demographics, medical status, pain/symptoms,
work demands/work characteristics, work environment/work perceptions, social
support, activity/function, mental health.

2. Correlation matrices were computed for each of the broad categories of predictor
variables. Refer to Tables 3-12 for the specific correlation matrices as well as a
correlation matrix containing all predictor and dependent variables.

3. Variables were eliminated if they correlated at r=.28 (p < .05) with another

measure believed to assess a similar construct.
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Other considerations for eliminating a variable included: a) missing data, b)
indication by respondent(s) that a question (s) was difficult to understand or
answer because of wording or format and therefore was subject to varied
interpretation which would preclude efficacy as a valid and reliable baseline
measure of the specific outcome of interest, or c) did not have demonstrated or
hypothesized utility for upper extremity specifically (i.e., may have been
associated with low back pain outcomes and not work-related upper sxtremity
disorders.

This screening procedure resulted in the identification of eleven potential
predictor variables of interest. These variables were: body mass index and
dominant-hand grip strength (medical status), symptom severity score
(pain/symptoms), functional status score (activity/function), (work
environment/work perceptions), ergonomic stressor exposure, quantity of

workload and physical exertion, typical workday (work demands/work

characteristics), workplace social support (social support), catastrophizing and the

mental health index (mental health). Seven demographic and medical history
items were entered as covariate controls (age, attomey consultation, education,
prior worker’s compensation claim, gender, healthcare treatment history, and
number of symptomatic upper extremity dxsoxder sites by history. The baseline

equivalent measure for each outcome was also entered into the analysis.
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Selection of Outcome Measures

The follow-up outcome measures recorded at one month fell into four broad
categories: occupational status, pain/symptoms, activity/function and mental health.
A single score was computed for each of these areas and these scores were used as

dependent variables in the analyses conducted to predict outcomes.
Data Analyses

Test-retest reliability of the Questionnaire
Test-retest reliability of the various subscales of the screen was also
computed. All participants who completed the baseline screen were invited (for an
initial incentive of twenty dollars) to complete the screen again within ten days after

the first administration. This was to allow determination of test-retest reliability of

the instrument.
Prediction of outcomes

A separate hierarchical multiple regression was computed to predict follow-up scores
indicative of patterns of poorer outcomes for each of the four outcome categories:
occupational status, pain/symptoms, activity/function, and mental health. In this way,
the utility of the baseline screen in predicting clinical and work outcomes was
determined. Hierarchical regression analyses were performed to examine the
relationship between potential predictor (independent) variables and the (dependent)

outcomes of interest.
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The specific predictor measures entered into the regression analyses were: the
baseline measure of the outcome of interest (workdays missed in the past month,
pain/symptoms, activity/function, or mental health), body mass index, dominant-hand
grip strength, symptom severity scale score , functional status scale score, work
stressors-Moos, NIOSH quantity of workload subscale, physical exertion-typical
workday (Borg scale), ergonomic stressor exposure at work-Pransky, the
catastrophizing subscale of the coping strategies questionnaire, the mini menta health
index (MHI-5), and work resources-Moos. These were entered, and while controlling
for age (in years), attorney consultation, educational level (in years), prior worker’s
compensation injury, gender, healthcare treatment history, and number of sites of
upper extremity disorder by history, four separate hierarchical regression analyses

(each reflecting a different outcome) were computed.

Finally, in an effort to examine a potential means of a simplified and clinically
meaningful scoring methodology to assist in determining risk status, a composite
index of risk was computed utilizing a unit weighting procedure described by Dawes,
Faust, and Meehl (1989) and Cohen and Cohen (1983). This index of risk sum was
calculated for each participant summarizing the predictive utility of the baseline
scores for each of the 11 (attorney consultation, days missed work, symptom severity
score, work resources, healthcare treatment histofy, functional status score, ergonomic
stressors, age, wWork stressors, mental health index) statistically significant predictors
for each of the four outcomes (work, pain/symptoms, perceived functional

impairment, mental health). Using +1 (positively predictive), -1 (negatively



predictive), and O (not predictive) at discretionary cutoff points for each predictor
score, a composite index of predictive risk was calculated using the sum of the
assigned unit weight values. This sum was examined as a potentially easy and readily
interpretable face-valid method of scoring (e.g., higher score = higher risk). Pearson
correlation coefficients were computed to examine the relationship between the
composite index of risk for each participant and each of the four outcomes (work,

pain/symptoms, activity/function, mental health).

Lastly, an outcome-specific index of risk was computed utilizing the same
unit weighting procedure. This outcome-specific index of risk summarized the
predictiveness of the baseline scores of the statistically-significant predictors for each
outcome. The index of risk for work outcome included symptom severity score,
attorney consultation, days missed work-past month, and work resources-moos as
predictors summarized in the index. The index of risk for pain/symptom outcome
included ergonomic stressors, symptom severity score, healthcare history, and
functional status score as predictors summarized in the index. The index of risk for
activity/function outcome included functional status score, healthcare history, work
stressors-moos, and age as predictors summarized in the index. The index of risk for
t_nental health outcome included the MHI-5 and symptom severity score as predictors

summarized in the index.
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Results

Demographic characteristics

Demographic variables are presented in Table I. Demographic characteristics
of the sample (n=52) were examined and revzaled an age range of 26-63 years
(mean=41.1, SD=9.66). Gender distribution included 38 (73.1%) females and 14
(26.9) males. 40 (76.9%) of the participants identified themselves as white or
caucasian, 7 (13.5%) as black or african-american, 4 (7.7%) as latino or hispanic, and
1 (1.9%) as asian or pacific islander. 16 (30.8%) described having attended “some
college” without a 2-year degree, 9 (17.3%) “some graduate school” without a
Master’s degree, 8 (11.5%) had earned a Master’s degree, 6 (11.5%) had eamned a
graduate degree beyond a Master’s, 5 (9.6%) had earned a Bachelor’s degree, and 4
(7.7%) had earned 2-year degrees and a high school diploma or equivalent. 3 (5.8%)
responded affirmatively to a question asking if they had consulted an attorney
regarding a worker’s compensation claim and 1 (1.9%) was currently in litigation
regarding a worker’s compensation claim. 19 (36.5%) were single, 2 (3.8%) were
single but cohabiting in a romantic relationship, 7 (13.5%) were divorced, 1 (1.9%)
were separated and widowed, and 22 (42.3%) were married. 14 (26.9%) stated they

had had a prior worker’s compensation injury and 7 (13.5%) were members of a

union.
Clinical characteristics

Diagnostic clinical characteristics and diagnoses are presented in Table 2.
Most of the participants had a primary diagnosis of work-related carpal tunnel

syndrome. Most participants had more than one related diagnosis or syndrome(s),
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therefore, the total number of listed diagnoses exceeds the number of participants.
No participants were included who did not have a diagnostic profile which included
symptoms characteristic of at least one ICD-9 category 353, 354, 726, or 727 work-
related upper extremity disorder (see Table 2).
Test-retest reliability and psychometric properties of predictors

A subset of approximately 25% (n=12) of the sample completed a second
baseline questionnaire within 10 days of the initial screen and test-retest reliability of
was computed using Pearson correlation coefficients (Anastasi, 1988). The
scales/variables used in the present study showed test-retest Pearson correlation
values ranging from 0.4 to 0.9. The lowest test-retest reliability was demonstrated on
the NIOSH quantity of workload subscale (r = 0.41). All other scales demonstrated
at least a r = 0.7 level of test-retest reliability. The highest test-retest reliability
(excluding demographic and missed work items) was shown on the activity/function
measure (r = .94), the Functional Status Scale. Table 17 reveals the test-retest results
for each of the scales/variables used in the prediction of outcomes. In addition, all of
the predictive measures (with the exception of “workdays missed” and a measure of
self-reported ergonomic stressors (Pransky and Hill-Fotouhi, 1996) have been used in
previousmchandtnvedemmuatedgoodm-retwtmﬁabﬂhyandhnemal
mnsiste@ (see pages 43-46).

Predicting Multidimensional Outcomes
Multivariate hierarchical regression analyses were used to determine the

relztionship of predictor variables on each of the four outcomes (days lost work,
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pain/symptoms, activity/function, mental health at one month follow-up. Data from a
total of four participants (including one who lost her job unrelated to her upper
extremity problem) were eliminated from the final predictive analyses due to
incomplete or tardy completion of the follow-up questionnaire, leaving a final n of
48). As hypothesized, the combinaticn of significant predictors varied for each of the
four outcomes.
Predictors of Work/Occupational Status

Regression analyses indicated that two demographic/occupational variables
were predictive of work/occupational status at 1 month follow-up (see Table 13).
Consultation with an attomey (p < .01) and number of days of missed work (p <.01)
in the past month (the baseline equivalent of the outcome measure) were predictive of
a higher number of work days missed in the month between baseline and 1 month
follow-up. With regard to pain/symptom predictors, Symptom Severity Score (SSS)
was predictive of the work outcome. In addition, a workplace-focused measure of
support, the work resources subscale was statistically predictive of work outcome (p <
.05). Lastly, the Borg scale subjective measure of physical exertion (typical workday)
was modestly predictive of work outcome (p <.07). Controlling for nonmodifiable
demographic variables, the four statistically significant predictors of work outcome
were able to account for 65 percent of the variance in work outcome at one month
follow-up.
Predictors of Pain/Symptoms

Regression analyses showed one medically-related variable to be predictive of

pain/symptom outcome one month later (see Table 14). Health care history, a



measure of treatment history, was predictive (p < .02) of pain/symptom outcome. As
expected, Symptom Severity Score (the baseline equivalent of the pain/symptom
outcome) was predictive (p < .01) of pain/symptom outcome. With regard to
activity/function, Functional Status Score (FSS) was predictive of pain/symptom
outcome at one month follow-up. Lastly, an ergonomic measure (Pransky) was
predictive (p < .001) of pain/symptom outcome one month later. Controlling for
nonmodifiable demographic variables, the four statistically significant predictors of
pain/symptom outcome were able to account for 74 percent of the variance in
pain/symptom outcome in the UED participants at one month follow-up.
Predictors of Activity/Function Outcome

Regression analyses showed one nonmodifiable demographic variable, age, to
be predictive (p <.05) of activity/function outcome one month later (see Table 15).
With regard to medical status, one medically-related variable, healthcare history, was
found predictive (p < .01) of activity/function outcome at one month follow-up. As
expected, Functional Status Scale (the baseline equivalent of the activity/function
outcome) predicted (p < .01) activity/function outcome at one month. Finally, lower
levels of workplace support were predictive (p < .05) of activity/function outcome 1
month later. Overall, the three potentially modifiable (excluding age) and statistically
significant predictors of activity/functional outcome accounted for 64 percent of the
variance in activity/function outcome in the upper extremity disorder participants at

one month follow-up.
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Predictors of Mental Health

Regression analyses showed two variables to be predictive of mental health
outcome at one month follow-up (see Table !6). Symptom Severity Score was
predictive (p < .01) of mental health one month later. As expected, the Mental Health
Index, the mental health subscale of the SF-36 (and the baseline equivalent of the
mental health outcome measure) was also predictive (p <.01) of mental health at one
month follow-up. Overall, the two statistically significant variables were able to
account for 55 percent of the variance in mental health outcome in the work-related
upper extremity disorder participants at one month follow-up.
A Composite Index of Risk

| Utilizing a unit weighting procedure, a composite index of risk score was

computed for each participant summarizing the predictiveness of the baseline scores
on each of the 11 (attomey consultation, days missed work, symptom severity score,
work resources, healthcare treatment history, functional status score, ergonomic
stressors, age, work stressors, mental health index) statistically significant predictors
of outcome. The composite index of combined predictors was correlated with work
outcome (r = .44, p < .05), pain/symptom outooms (t = .65, p < .01), activity/function
outcome (r = .62, p <.01), and mental health outcome (r=-45, p <.05).

These findings indicate that the compositeindex of risk is significantly
correlated with each of the four outcome measures investigated.

Lastly, an outcome-specific index of risk was computed utilizing the same

unit weighting procedure. This outcome-specific index of risk summarized the



predictiveness of the baseline scores of the statistically-significant predictors for each
outcome. The index of risk for work outcome (using symptom severity score,
attorney consultation, days missed work-past month, and work resources-Moos as
predictors summarized in the index) showed a correlation of r=.50 (p < .01) for work
outcome. The index of risk for pain/symptom outcome (using ergonomic stressors,
symptom severity score, healthcare history, and functional status score as predictors
summarized in the index) demonstrated a correlation of r=.71 (p < .01) for
pain/symptom outcome. The index of risk for activity/function outcome (using
functional status score, healthcare history, work stressors-Moos, and age as
predictors summarized in the index) showed a correlation of =.68 (p < .01) for
activity/function outcome. The index of risk for mental health outcome (using the
MHI-5 and symptom severity score as predictors summarized in the index)
demonstrated no significant correlation.
Clusters and patterns of predictors
Participant response patterns

In an effort to determine whether patterns of predictors exist among individuals
with UEDs, a cluster analysis was completed on the predictor variables using a k-
means format (SPSS, version 7.5, 1996). Results indicated the presence of three
distinct clusters of response patterns. Cluster 1 (n=9; 5 females, 4 males) appears to
be a relatively young group of individuals who exhibnt higher pain/symptom scores,
low grip strength, low BMI, low reported physical exertion and workload quantity in
the workplace, greater reported impairment of activity/function, and higher
ergonomic stress exposure. This group also shows the greatest tendency for missing
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work, low catastrophizing, and low levels of reported mental health despite their
higher reported workplace support. Cluster 2 (n =16; 10 females, 6 males) is similar
in age to those in Cluster 1, yet these individuals exhibit a tendency for few missed
workday s, low levels of activity/function impairment, moderate levels of
pain/symptoms and ergonomic stress exposure, low-to-moderate grip strength,
moderate BMI, low levels of catastrophizing, and high levels of mental health.
Cluster 3 (n=12; 11 females, 1 male) is a group of older workers who report rare
workdays missed, low-to-moderate pain/symptom levels, moderate activity/function

impairment, moderate-to-high levels of mental health, and high grip strength.
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Discussion

The present study prospectively examined the potential predictive efficacy of
a multidimensional model of work-related vpper extremity disorders (WRUEDs) on
multiple clinical and work outcomes in a sample of patients recently presenting with a
work-related upper extremity disorder. This study differed from most previous
investigations in several respects. First, unlike previous studies (e.g., Adams,
Franklin, and Barnhart, 1994; Cook et al., 1995, Kulick et al., 1986) this study was
not limited to surgical patients. Second, attempts were made to limit the sample to a
recently-diagnosed, less chronically-ill sample that could be prospectively examined.
Most studies which have included examination of recently-diagnosed individuals
have been cross-sectional or retrospective in design (e.g., Hales et al., 1994;
Himmelstein et al., 1995). Third, examination of multiple potential predictors
(assumed to play a role in work-related upper extremity disorders) and the assessment
of multiple indices of outcome was.accomplished. Finally, a number of potentially
important demographic and occupational covariates were controlled for in the
analyses. Based upon existing models of work-related musculoskeletal disorders and
related disability (Feuerstein, 1991; Armstrong et al., 1993; Sauter and Swanson,
1996; Feuerstein, 1996), it was anticipated that a combination of demographic,
medical status, pain/symptom, activity/function, work demands/work characteristics,
work perceptions/work environment, social support, and mental health factors would
significantly predict clinical outcomes. Overall, this hypothesis was supported.

Clinical (and work-related) outcomes were each best predicted by some combination
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of factors from the various categories. Even more interesting is the observation that a
combination of predictive factors differed substantially for each of the four (1 work, 3
clinical) outcomes (workdays missed, pain/symptoms, activity/function, mental
health) and a maximum of four predictors were able to account for a relatively large
percentage of the variance in any one outcome.

With regard to the work outcome, a combination of attorney consultation,
higher levels of reported pain/symptoms, more days missed work, and higher social
support in the workplace was predictive of poorer work outcome, as measured by
number of days missed work related to the work-related upper extremity disorder
problem. The combination of these four predictors was collectively able to account
for more of the variance in work outcome than any one factor alone.

These findings support research that suggests that unidimensional measures
such as pain or symptom level, are not by themselves effectively predictive of long-
term work disability in surgical or nonsurgical patients with work-related upper
extremity disorders [including low back pain] (Cheadle et al., 1994; Hazard et al.,
1996; Lackner, Carosella, and Feuerstein, 1996; Palmer, 1993; Higgs, 1995). This
also suggests that multidimensional models of risk are most appropriate for
examining not only etiological factors, but for exacerbation and maintenance of work-
related upper extremity disorders as well. Furthermore, the identification of
multidimensional areas of risk supports the need for multidimensional, collaborative
treatment approaches. Clearly the utility of a singularly-focused evaluation and/or
treatment or prevention effort is limited. Indeed, attempts to prevent and/or intervene

on a single factor (e.g., missed work, or pain or social support) are not likely to
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achieve the desired work outcome. Furthermore, the combination of attorney
involvement, high symptoms, and high workplace support as predictive of greater lost
work time is consistent with the findings of Tait, Chibnall, and Richardson (1990),
who observed that litigation was associated with lower levels of mental distress in
low back pain work-disability patients; and Himmelstein et al. (1994), who found
higher levels of workplace support reported by work-disabled patients. Himmelstein
et al., with regard to Tait et al.’s findings, hypothesized that attorney involvement
may serve as a coping strategy for distressed workers who are struggling with their
pain and the bureaucracy of the worker’s compensation system. If so, it may be that
if alternative coping strategies and support are available to such individuals early in
their pain/symptom experience, the likelihood of attorney involvement may be
attenuated. These findings are not necessarily inconsistent wnth results by Bonger’s et
al. (1993) who found that lack of coworker social support was associatea with greater
levels of musculoskeletal symptoms and musculoskeletal disease. Indeed, low
workplace support may exacerbate symptoms and discourage treatment and missed
work, while high workplace social support may serve as a coping mechanism and
support system which validates the worker’s concerns and “gives the worker
permission” to miss work in order to seek treatment or obtain rest. In this instance,
the association between high workplace social support and greater missed workdays
may not be an adverse finding. It may be that workers who are “allowed” to miss
work may have better long-term outcomes than those who continue to drive
themselves at work despite pain/symptoms. In fact, Himmelstein et al. found lower

levels of employer-directed anger in workers who reported a more positive work
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environment; such workers may have less motivation to seek litigation if they feel
they are being supported by their employer.

With regard to the pain/symptom outcome, a combination of higher levels of
reported pain/symptoms, a greater number of individual treatments by history, higher
reported exposure to ergonomic stressors at work, and higher levels of perceived
functional impairment were predictive of poorer pain/symptom outcome, as measured
by higher scores on the Symptom Severity Scale (SSS).

These findings support studies which have reported that medical history, high
work demands (Hales et al., 1994), and ergonomic stressors are associated with the
development and/or exacerbation of musculoskeletal symptoms and/or disorders
(Maeda et al., 1982; Sauter et al., 1991). This suggests that all those interested (e.g.,
worker, employer, doctor, insurance provider) in preventing and/or alleviating
pain/symptom sequelae of work-related upper extremity disorders should note the
suggestion that early identification, intervention, and multifaceted but organized,
targeted treatment may be the most efficacious strategy since, in this study, a greater
number of various treatment attempts by history was actually predictive of higher
levels .of pain/symptoms (as well as more missed workdays). Clearly, the idea of a
“shotgun” approach to treatment, or the mere compilation of a broad number of varied
&utment modalities may, in fact, predict poorer-outcome. This idea is supported by
research by Reid, Ewan, and Lowy (1991) whose findings suggest that individuals
with work-related upper extremity disorders may become “treatment-seeking” in their
efforts to obtain a more clear-cut diagnosis, treatment, prognosis, and the associated

benefits (pain/symptom relief, worker’s compensation, and validation from others



who may seem to doubt the severity of the problem). This haphazard approach to
treatment may result in a greater number of attempted treatments which are not
necessarily effective. On the other hand, early, targeted, consistent interventions
aimed at alleviating or reducing pain/symptoms, alleviating ergonomic stressors at
work, and improving activity/function may directly (e.g., alleviate pain/symptoms)
facilitate desired outcomes. In fact, well-intentioned but narrow attempts at
intervention (e.g., ergonomic accommodation only), when targeted in isolation, may
have minimal effectiveness on pain/symptoms if functional impact and integrated
medical management is not undertaken as well.

With regard to the activity/function outcome, a combination of a more
extensive treatment history, older age, higher level of self-reported impairment of
activity/function, and increased psychosocial stress in the workplace (work stressors)
was predictive of higher levels of perceived functiopal impairment as measured by
higher scores on the Functional Status Scale (FSS).

These findings support studies which have suggested that age (Himmelstein et
al., 1995), work environment characteristics (e.g., fear of being replaced by
computers, lack of decision-making opportunities, increased work pressure) (Hales et
al., 1994), and increased psychosocial stressors (Bongers et al., 1993, Linton et al.,
1989; Sauter et al., 1983; Starr et al., 1985) may play a role in the evolution and/or
exacerbation of musculoskeletal symptoms and/or disorders. Furthermore, these
factors may be particularly relevant when examining activity/functional outcomes (as
opposed to pain/symptom outcomes). Thus, early interventions which include

multidimensional foci (e.g., alleviation of pain/symptoms, activity/functional
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enhancement, and improved workplace support and stress reduction), with particular
efforts directed at older employees, may be the most fruitful in producing improved
levels of activity/function. Although very few intervention studies have attempted to
test this hypothesis in a group of individuals with work-related upper extremity
disorders (with the exception of low back pain), these findings are consistent with
those such as Feuerstein et al., 1993, who compared multidisciplirary occupational
rehabilitation versus usual (medical) care in a group of workers who wer.. on worker’s
compensation disability associated with work-related upper extremity disorders.
Usual care consisted of medical management by the primary physician and included
various treatments such as physical therapy, therapeutic exercise, hand therapy,
chiropractic treatment and rehabilitation counseling. The multidisciplinary program
included physical conditioning, work conditioning, work-related pain and stress
management, ergonomic consultation at the workplace, and vocational
counseling/placement for those who were unable to return to their former job.
Feuerstein et al. found that the group who received the multidisciplinary occupational
rehabilitation had an almost 2-to-1 ratio of return-to-work and retumn to full-time work
compared to the usual care group. Whether the reason(s) that increased age is a
predictor of poorer activity/function outcome may be physiological, psychological, or
behavioral, it is clear that special efforts should be made to identify and treat older
workers who may have work-related upper extremity disorder symptc;ms. Although
there may be some nonmodifiable factors related-to decreased physiological
resiliency, it is also possible that some of the reason(s) for this increased risk are

amenable to change. For example, it may be that older workers have a more
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entrenched “conscientious” or “hard-driving” workstyle, or a tendency for self-
reliance and a “can-do” attitude. Such workers may be reluctant to complain or admit
symptoms which may be incompatible with their self-image, or which they believe
may threaten job security in an ageist society. Research on worker participation in
worksite-based stress management and/or wellness programs has indicated that
whatever the reason, older workers are more likely to be non-participators (Alexy,
1991; Wilson et al., 1994).

Lastly, with regard to mental health outcome, a combination of lower reported
mental health (the absence of “unhealthy” moods/thoughts such as depression and
anxiety) and higher pain/symptoms is predictive of poorer mental health outcome as
measured by lower scores on the MHI-5. These findings support the general idea that
there is a relationship between work-related upper extremity disorder pain/symptoms
and individual psychological states (e.g., moods). However, it more specifically
supports the idea that pain/symptoms may influence an individual’s current
psychological state, but an individual’s current psychological state may not
necessarily affect levels of pain/symptoms. This suggests that declining mental
health indices may be sequelae which occur in response to increased pain/symptoms
in some individuals with work-related upper extremity disorders. Thus, if some
individuals are shown to exhibit lower indices of mental health and may be seen as
“distressed,” findings suggest that such distress may be in response to increased levels
of pain/symptoms and the associated difficulties.

These findings are supported research by Reid, Ewan, and Lowy (1991) and

Feuerstein’s (1996) concept of workstyle. Reid et al., in a retrospective study of
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_ female workers with repetitive strain injuries, found that these individuals reported a
tendency to “drive” themselves despite their symptoms, and most described themselves
as “hard-driving” or “pushing” themselves in their preoccupation with work even
before they were injured. Many of these women, particularly those with less clear-cut
diagnoses, also reported that they felt that their problem was not taken seriously, and
in their search for credibility and “proof” of their illness (before being able to obt>in
worker’s compensation benefits and medical treatment), they reported increased
distress and increased treatment-seeking behavior. The implication that higher
emotional distress is a response to higher levels of pain/symptoms is also supported by
the lack of other psychosocially-related predictors of mental health outcome (e.g.,
social support, catastrophizing) in that lower social support or a tendency for
negativistic thinking (i.e., catastrophizing) is not associated with, or responsible for,
poorer mental health outcomes. That is, neither low social support nor a tendency for
negativistic thinking was associated with poorer mental health. Thus, at least in terms
of the 1 month follow-up there is no support for the idea that decreased levels of
mental health precede heightened pain/symptoms in this sample. This contradicts the
findings of studies wbichsugg&stpsychologicalst;&asacausaﬁveﬁctormthe
development of symptoms of musculoskeletal disease (Leino, 1989; Dimberg et al.,
1989). Thlssuggwtstlmtearlymterventxonswhnchmhxdetwatmentsto alleviate
pain/symptoms may enhance overall mental health outcomes as well.

With regard to the first of the minor hypotheses, it was also expected that

individuals with both greater symptom severity and greater psychosocial stressors
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would be more likely to exhibit delayed functional recovery (poorer activity/function
outcomes, more work days missed) than those with either (high symptom severity or
high psychosocial stressors) alone. Overall, this hypothesis was supported. With
regards to days missed work at one month follow-up, greater days of work missed
was best predicted by a combination of factors, including higher symptom severity
score and higher support in the workplace. Although the most efficacious model with
regard to predicting work outcome included other factors as well (i.e., attomey
consultation, days missed work at baseline), the basic hypothesis was supported with
regard to work outcome. With regard to activity/function outcome, high levels of
workplace stress added to the predictive utility of the model. That is, participants
with both high levels of psychosocial stress in the workplace and high reported
activity/function impairment were at greater risk for poorer activity/functional
outcomes at one month than participants with either (i.e., high activity/function
impairment or high workplace stress) alone. Although the more subjectively-focused
(i.e., pain/discomfort sensation/perception) measure of pain/symptoms (the Symptom
Severity Scale) did not predict activity/function outcome despite its’ high correlation
with the more objectively-focused (i.e., functional task ability) self-report of
ftmctiohal limitation (the Functional Status Scale), this hypothesis was supported
;)vemﬂ. As with the main study hypothesis, the predictive utility of the model was
enhanced further by the inclusion of two other factors (i.e., attorney consultation,
number of workdays missed) predictive of work or (healthcare history, increased age)

activity/function outcome.
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Third, it was expected that cases with greater symptom severity (at baseline)
would also display higher levels of ergonomic and psychosocial stressors. This
hypothesis was supported. Cases with greater levels of symptom severity did exhibit
higher levels of reported ergonomic stressors as measured by Pransky and Hill-
Fotouhi’s (1996) ergonomic index, and the Borg scale measure of physical exertion
(tyﬁical workday). In addition, cases with greater Symptom Severity Scale scores
also tended to display higher catastrophizing scores. Higher symptom scores also
showed some relationship to lower mental health scores and lower support in the
workplace.

Fourth, it was hypothesized that cases with lost work time would display
higher levels of ergonomic and psychosocial stressors. This hypothesis was also
supported. Cases with greater workdays missed tended to exhibit higher ergonomic
stressor scores (Pransky et al.’s Ergonomic Index, Borg physical exertion-typical
workday) as well as higher scores on the catastrophizing measure.

Predictively, although cases with a greater number of workdays missed did
report higher levels of workplace-related psychosocial stress, scores on the
ergonomic stressor measure did not significantly contribute to poorer work outcome
at one month, as measured by a greater number qf workdays missed. So, although
higher ergonomic stress did contribute to poorer ﬁain/symptom outcome (higher
levels), and higher levels of pain/symptoms were related to poorer work (more days
missed) outcome, higher ergonomic stress was not directly related to poorer work
outcome; while low workplace support was. In view of this, strictly ergonomic

interventions might not directly influence or improve work outcome, however, they

78



could alleviate pain/symptoms, which indirectly might enhance work outcome. Most
optimally, a combined ergonomic, work support, and pain/symptom intervention
should enhance both work and non-work-related outcomes.

Lastly, itwashypothesizedthatcaseswithgreaterperceivedﬁmctional
impairment (as measured by higher Functional Status Scale score) would display
higher levels of ergonomic and psychosocial stressors. Overall, this hypothesis was
supported. Participants reporting greater levels of functional limitation (which was
inversely correlated [e.g., low grip strength] with the objective measure of dominant-
hand grip strength) tended to report higher levels of ergonomic stressors at work
(Borg scale, physical exertion-typical workday, Pransky et al.’s Ergonomic Index).
The Borg measure (which asks the respondent to rate the degree of physical exertion
associated with a typical workday) proved to be much more highly correlated with
impairment in activity/function, while Pransky et al.’s Ergonomic Index showed a
higher relationship with lost work time (both were highly correlated with
pain/symptom scores). In addition, participants who reported high levels of
activity/function impairment also tended to exhibit high levels of catastrophizing and
low mental health index (MHI-5) scores. This is particularly interesting because these
two psychosociaﬂy—foqusedmasumarenotoorrelatedwithone another nor did they
tend to simultaneously exhibit high correlations with other independent variable’s as
they did here. Both of these measures demonstrated independent (unique) relationships
with activity/function.

As anticipated, the patterns of predictors that were identified were unique,

depending upon the outcome category. Ergonomic stress scores were predictive of



pain/symptoms, and pain/symptoms scores were predictive of mental health, but
neither perceived functional impairment nor ergonomic stress scores were directly
predictive of mental health outcome. Similarly, although ergonomic stress scores
were predictive of pain/symptom outcome, and the latter was predictive of work
outcome, ergonomic stress scores were not directly predictive of work or
activity/function outcomes.

At least three possibilities for this finding exist. One, it is possible that
ergonomic stress does not affect work (as measured by workdays missed) or
activity/function outcomes. This appears unlikely given the high correlation between
pain/symptoms and activity/function, and the fact that ergonomic stress scores were
predictive of pain/symptom outcome. Since the activity/function measure was not
work-focused, it may be that non-work-related activity/function was not greatly
affected by work-related ergonomic stressors. Second, it is possible that the
component of ergonomic stress that does influence work and activity/function
outcomes was not assessed by the measure used. Third, it is possible that ergonomic
stress only affects work and activity/function outcomes indirectly via pain/symptoms.
In this view, it is theoretically possible that ergopomic stressors alone have no impact
on any of the four outcomes, and it is individuali d:ﬁ‘erences in responding (both to
ergonomic stress and to pain/symptoms) that medxaxe impact on outcome(s). These
individual differences may be cognitive (e.g., te;dency for negative thoughts,
catastrophizing, etc.) , behavioral (e.g., tendency to seek treatment, self-initiate
adaptive strategies, etc.), physiological (body type), or some combination of these.

An interesting test of this hypothesis would be examining a sample of workers



exposed to an equivalent level and type of ergimomic stressors to identify what
factors distinguish those who develop high levels of pain/symptoms and/or work
disability. The exact nature of the relationship among these factors appears intriguing
and warrants further investigation.

Several potential limitations of the present study should be noted. These
include: a relatively small (n = 48) sample size, limited objective measures (e.g., BMI,
key pinch and grip strength measurements), limited follow-up measures (one month),
lack of uniform on-site physician diagnostic screening, and inability to accurately
control for length of symptom duration prior to seeking diagnosis and/or treatment.
Despite broadening of the study to include all work-related upper extremity disorder
cases (versus carpal tunnel syndrome only), it was much more difficult to recruit
individuals who fit our study criteria than anticipated, despite the payment for
participation and known prevalence of such disorders. Individuals who had been
diagnosed months, even years earlier, responded at a rate of three or four-to-one for
every individual who met criteria for inclusion. Further broadening of inclusion
criteria would have defeated the purpose of the study. Logistics of the study dictated
that objective clinical evaluation be relatively brief, therefore, we limited such
measures to key suspected predictors such as measurements of body weight and
height (for body mass index computation), grip strength, and key pinch strength
measurements. Gripandkeypimihs&engthne&uremntswerehighlyéorrelated,
allowing us to eliminate the latter in our data analyses. We did not conduct
electrodiagnostic studies nor did we collect such data from some patients who had

received such evaluations. Similar to Katz et al. (1997) we concluded that aside from
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practical obstacles (as well as the questionable utility of such measures in isolation),
we were more interested in measures of symptoms, functional limitations, and
perceptions of ergonomic and psychosocial workplace stressors as they relate to one
another and to work-focused outcomes. In addition, Lancourt and Kettlehut (1992)
found that in low back pain patients, several “nonorganic” factors were better
predictors of return to work than findings from “organic” medical measures (e.g.,
electrodiagnostic studies, physical examination). While the etiological, medical, and
clinical correlates of work-related upper extremity disorders are similar but not
equivalent, it may be that many of the factors that predict return-to-work and other
outcomes of interest are. The limited follow-up (one month) was related to the
difficulty recruiting. Although follow-up measures are still being collected as part of
an ongoing line of programmatic research, the returned follow-ups for the final n (48)
mentioned was complete for only the first follow-up period. An attempt to
compensate for the absence of an on-site physician diagnostic screen included the
implementation of diagnostically stringent criteria for inclusion in the study. It was
not feasible to control for differences in technique or ability among physicians who
diagnosed the individuals included in the study. Due to the small n, the exclusion of a
small number of patients (4) who met all diagnostic criteria but who were not
officially diagnosed by a physician due to limitations in healthcare coverage or refusal
to visit a physician affiliated with their workplace (due to fear of negative effects on
employment and/or promotional status) was not“[-)ractical. This is not viewed as a
major limitation given data from studies such as Barron et al.’s (1996) which

indicated that there is a strong association between self-report of pain/symptoms and
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physician’s diagnostic findings. Finally, although accepted cases were limited to
individuals first diagnosed and/or treated within six weeks prior to baseline screening,
the variations that exist among individuals in elapsed time between initial symptom
onset and seeking of treatment and/or diagnosis could not be controlled. It is possible
that all individuals with work-related upper extremity disorders are in a sense,
recurrently ill, or “chronic™ and that despite attempts to limit the sample to a recently-
diagnosed acute cohort, the episodic nature of work-related upper extremity disorders
may inhibit this. There is no standardized route of presentation for afflicted individuals
among workplace-based or medically-based treatment facilities. The time frames and
order of presentation vary as greatly as the individuals themselves. Presentation to
occupational medicine, physical medicine and rehabilitation, hand surgeons,
chiropractors, physical therapists, occupational therapists, general practitioners, pain
treatment specialists, neurologists, psychologists, and worksite-based providers is very
inconsistent and unpredictable. The screen that is being developed is designed in part
to assist with this problem.

The initial baseline screen has been reduced from one which required
30-45+ minutes for the participants to complete. This research represents an initial
approach forward in the development of a brief (15-minute) screen which may be
administered (and scored) by any healthcare provider, rendering a predictive
multidimensional risk profile which appears to explain a high percentage of the
variance in clinical and work outcomes one month later. The predictive utility of the
questionnaire in identifying those at greatest risk for poorer short-term (and potentially
longer-term) outcomes has been demonstrated, and the practicality of the
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brief 15-minute version of the questionnaire is impressive. The predictive ability of
the questionnaire has been retained in a brief measure which allows for its’ use across
a variety of clinical and occupational settings without excessive utilization of time,
money, or manpower.

Findings from the additional examination of potential composite indices of
risk demonstrated the robustness of the muitidimensional questionnaire. The
outcome-specific indices of risk examined via the unit weighting analysis
demonstrated again the predictive utility of the baseline scores for three (work,
pain/symptom, activity/function) of the four outcomes. The lack of significant
findings for the predictiveness of mental health predictors for mental health outcome
here indicates the need for additional study of the role of psychological factors in the
development and/or maintenance of work-related upper extremity disorders. It may
be that these factors play less of a role than previously suggested, or it is possible that
the measures used in this study as predictors of mental health outcome are not
discretely tapping the construct of interest.

Identification of individual risk profiles, as well as “type” of profile as
identified with cluster (1,2, or 3) membership should enable those involved in
prevention and treatment efforts to tailor multidimensional treatment strategies
(individual and group-based) targeted at each individual’s areas of risk and
outcome(s) of interest. For example, an individual who exhibits high pain/symptom
score, high ergonomic stressor exposure, high éerceived activity/function impairment,
low grip strength and BMI, and low reported physical exertion and quantity of

workload in the workplace would “belong” to cluster 1 and would require a different
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intervention strategy than an individual in cluster 3. First, although low reported
physical exertion and quantity of workload in the workplace may seem inconsistent
with the rest of the profile, it may be that individuals exhibiting this profile are self-
accommodating, decreasing their workload and physical exertion in attempts to
alleviate pain/symptoms. This groups’ greater tendency to miss work may be an
additional attempt to cope with pain/symptoms which may be encouraged by the
higher reported workplace support. Individual and group-based interventions for
workers with this risk profile may include a combination of 1) workplace
accommodations designed to decrease exposure to ergonomic stressors; 2)
modification of workplace duties to increase workload with appropriate non-
ergonomically stressful tasks which would increase activity/function; 3) physical
exercise program to increase strength and flexibility which should be assets in this
younger group; and psychosocial interventions to improve sense of well-being and
mental health (such as stress management or relaxation training, perhaps in
combination with #3). Since members of this group tend to exhibit poor outcomes in
all four areas (missed work, pain/symptoms, activity/function, mental heaith),
interventions aimed at improving all of these areas would be included.
Alternatively, while workers demonstrating a risk profile characteristic of
cluster 3 might have a very different treatment program despite the shared work-
related upper extremity disorder problem. Individuals in this group tend to be older,
report few or no workdays missed, low-to-moderate pain/symptom levels, moderate
activity/function impairment, moderate-to-high levels of mental health, and high grip

strength and BMI. This supports findings from studies such as Franklin et al.’s (1991)
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which found associations between high grip strength, improved surgical outcomes, and
fewer workdays missed. The findings from this study suggest that the association
between high grip strength and fewer workdays missed exists independent of surgical
intervention. Although these individuals may appear to have a more desirable profile
in that they appear to have lower levels of risk and improved outcomes, such
individuals may be at higher risk over the long-term if they are minimizing their
pain/symptoms and feel unable to allow themselves to miss work or diminish their
workload. Although the tendency to continue to drive themselves at work and
function despite pain/symptoms may be admirable in the short-term, it may be that
these older individuals may work diligently until they are so disabled from the severity
of their work-related upper extremity disorder that they are unable to ever fully
recover. So, although these individuals may appear to be less in need of treatment,
they may in fact be those most in need of intervention. Treatment strategies for these
individuals may include: 1) Relaxation training and stress management aimed at
allowing breaks from an overly work-focused hard-driving workstyle; 2) A social
skills and discussion group aimed at encouraging interaction with others, group
support, acceptance of limits versus Type A (hard driving) mentality; 3) workplace
analysis and education of the employee regardmg ergonomic stressor exposure and
suggested workplace accommodations; and 4) employer involvement in ensuring
earned vacation periods are taken on a regular basis by the employee.

Finally, individuals with a risk profile characteristic of cluster 2tend to be a
little older than those in cluster 1, yet ﬂmWmegwmdm those in
cluster 3. However, these individuals differ from cluster 1 in that they have few



missed workdays, low levels of activity/function impairment, moderate levels of
pain/symptoms and ergonomic stress exposure, low-to-moderate grip strength,
moderate BMI, low levels of catastrophizing, and high levels of mental health. So,
this group of individuals is similar to cluster | except that they tend to have higher
levels of grip strength, and lower levels of pain/symptoms and functional impairment;
the profile is “middle of the road” on most measures, including BMI. It is possible
that individuals in this group, with their high levels of mental health and 1>~k of
extremes, may have the best prospects for long-term recovery.

In conclusion, these data support muitidimensional models of predictors and
outcomes in the prevention, evaluation, and treatment of work-related upper extremity
disorders. Additional research should attempt to address the aforementioned
limitations, extending our strategy to a larger sample, and include longer follow-up
intervals after completion of baseline measurements. Additional efforts to identify
potential cognitive, behavioral, or physiological mediators involved in clinical and
work-related outcomes should be enthusiastically supported. Oversimplified
unidimensional views in the examination and/or treatment of work-related upper
extremity disorders should be considered limited in that they do not adequately

capture the complex nature of these disorders.



References

Adams, M.L., Franklin, G.M., & Bambhart, S. (1994). Outcome of carpal tunnel
surgery in Washington state workers’ compensation. American Journal of Industrial

Medicine, 25, 527-536.

American society of hand therapists: Casanova, J.S. (ed) (1992): Clinical

assessment recommendations, second edition. Chicago, [llinois. American society of

hand therapists.

Armstrong T.J., Buckle P., Fine L.J., Hagberg M., Jonsson B., Kilbom A,
Kuorinka I.A.A., Silverstein B.A., Sjogaard G., & Viikari-Juntura E.R.A. (1993): A
conceptual model for work-related neck and upper-limb musculoskeletal disorders.
Scandinavian Journal of Work and Environmental Health, 19,73-84.

Bergenudd, H., & Nilsson, B. (1988). Back pain in middle age: Occupational
work load and psychologic factors: An epidemiologic survey. Spine, 13, 58-60.

Bernard, B.P. (ed.). Musculoskeletal disorders and workplace factors: A critical

review of epidemiologic evidence for work-related musculoskeletal disorders of the
neck, upper 'emmig, and low back. DHHS (NIOSH) Publication No. 97-141, 1997.
Bemnstein, A.L. (1990). Vitamin B6 in clinical neurology. Annals of the New
York Academy of Sciences, 585, 250-260.
Bemstein A.L., & Dinesen J.S. (1993): Effect of pharmacologic doses of vitamin
B6 on carpal tunnel syndrome, electroencephalographic results, and pain. Journal of the
American College of Nutrition, 12(1), 73-76.



Bigos, S.J., Spengler, D.M., Martin, N.A,, Zeh, J., Fisher, L., Nachemson, A, &
Wang, M.H. (1986). Back injuries in industry: A retrospective study: II Injury factors.
Spine, 11, 246-251.

Bigos, S.J., Battie, M.C., Spengler, D.M., Fisher, L.D., Fordyce, W.E., Hansson,
T.H., Nachemson, A.L., & Wortley, M.D. (1991). A prospective study of work
perceptions and psychosocial factors affecting the report of back injury. Spine, 16, 1-6.

Bigos, S.J., Battie, M.C., Spengler, D.N., Fisher, L.D., Fordyce, W.E., Hansson,
T., Nachemson, A., & Zeh, J. (1992). A longitudinal, prospective study of industrial
back injury reporting. Clinical Orthopedics and Related Research, 279, 21-34.

Bigos, S.J., Baker, R., & Lee, S. (1993). A definition and approach to helping

the patient with a retum to work predicament._Physical Medicine and Rehabilitation

Clinics of North America, 4, 109-123.
Bongers , P.M., & de Winter, C.R. (1992). Psychosocial factors and

musculoskeletal disease: A review of the literature. Leden: TNO Institute of

Preventive Health Care, 28.

Bongers P.M., de Winter C.R., Kompier M.AJ., & Hildebrandt V.H. (1993):

Psychosocial factors at work and musculoskeletal disease. Scandinavian Journal of Work

and Environmental Health, 19, 297-312.
Borg, G. (1979). Psychophysical scaling with applications in physical work and

the perception of exertion. jnavi of Work and Envi ent H
16(suppl. 1), 55-58.

89



Braun, R.M., Davidson, K., & Doehr, S. (1989). Provocative testing in the
diagnosis of dynamic carpal tunnel syndrome. Journal of Hand Surgery, 14A, 195-197.

Brazier, J.E., Harper, R., Jones, N.M.B., O’Cathain, A., Thomas, K.J.,
Usherwood, T., & Westlake, L. (1992). Validating the SF-36 health survey
questionnaire: New outcome measure for primary care. British Medical Journal, 305,
160-164.

Brogmus, G., & Marco, R. (1992). The proportion of cumulative trauma
disorders of the upper extremities in the U.S. Industry. In: Proceedings of the Human
Factors Society 36th Annual Meeting. October 12-16, 1992. Atlanta, Georgia. Santa
Monica, California: Human Factors and Ergonomics Society, 2, 997-1001.

Brogmus, G.E., Sorock G.S., & Webster B.S. (1996). Recent trends in work-

related cumulative trauma disorders of the upper extremities in the United States: An

evaluation of possible reasons. Journal of Occupational and Environmental Medicine,
38(4), 401-411.

Bureau of Labor Statistics. Work injuries and illnesses by selected
characteristics. Technical Release USDL-94-213. Washington, DC: US Department of
Labor: April 26, 1994.

Burke, S.A., Harms-Constas, C.K., & Adeno, P.S. (1994). Return to work/work
retention outcomes of a functional restoration program. A multicenter, prospective study
with a comparison group. Spipe, 19, 1880-1886. . i-

Cannon, I.J., Bernack, EJ., & Walter, S.D./( 1981). Personal and occupational
factors associated with carpal tunnel syndrome. Journal of Occupational Medicine, 23,

255-258.



Chaffin, D.B., & Fine, L.J. (1993). (eds.) A national strategy for occupational
musculoskeletal injuries-implementation issues and research needs: 1991 conference
summary. Department of Health and Human Services (NIOSH). Publication Number
93-101.

Cheadle, A., Franklin, G., Wolfhagen, C., Savarino J., Liu, P.Y., & Salley,

C., & Weaver, M. (1994). Factors influencing the duration of work-related disability:
A population-based study of Washington State workers’ compensation. American
Journal of Public Health, 84, 190-196.

Cobb, T.K., An, K.N,, Cooney, W.P., & Berger, R.A. (1994). Lumbrical muscle
incursion into the carpal tunnel during finger flexion. Journal of Hand Surgery, 19(4),
434-438.

Cohen, J., & Cohen, P. (1983). Applied Muitiple Regression/Correlation
Analysis for the Behavioral Sciences (Second Ed.). Hillsdale, NJ: Laurence Erlbaum
Associates.

Cook A.C,, Szabo R.M,, Birkholz, S.W., & King E.F. (1995). Early
mobilization following carpal tunnel release: A prospective randomized study. Journal of
Hand Surgery (BR), 20(2), 228-230.

Cummings, N. (1993). Psychotherapy and workers’ compensation: Golden
opportunity or future disgrace? Workshop presented at The Brief Therapy Conference:
Essence and Evaluation. Orlando, Florida. December 8-12; audiotape available from
the Milton H. Erickson Foundation, Phoenix, Arizona.

Dawes, R- M., Faust, D., & Meehl, P.E. (1989). Clinical versus actuarial

judgment. Science, 243, 1668-1674.

91



de Krom , M.C.T.F.M., Knipschild, P.G., & Spaans, F. (1990). Carpal tunnel
syndrome: Prevalence in general population. Journal of Clinical Epidemiology, 45, 373-
376.

Deyo, R.A., & Diehl, A K. (1988). Psychosocial predictors of disability in
patients with low back pain. The Journal of Rheumatology, 15, 1557-1564.

Deyo R., & Tsui-Wu Y. (1987). Functional disability due to back pain: A
populations based study including the importance of socioeconomic factors. Arthritiz

and Rheumatism, 30, 1247-1253.

Ditmars, D.M. Jr., & Houin, H.P. (1986). Carpal tunnel syndrome. Hand
Clinics, 2(3), 525-532.

Ellis, J.M., Kishi, T., Azuma, J., & Folkers, K. (1976a). Vitamin B6 deficiency
in patients with a clinical syndrome including carpal tunnel defect. Biochemical and
clinical response to therapy with pyridoxine. Research Communications in Chemical
Pathology and Pharmacology, 13, 743-757.

Ellis, J.M., Kishi, T., Azuma, J, & Folkers, K. (1976b). Therapy of carpal

tunnel syndrome with vitamin B6, IRCS Journal of Medical Science, 4, 193.

Ellis, J.M., Azuma, J., Watanabe, T., Folkers, K., Lowell, JR. Jr., Hurst, GA.,
Ahn, C H., Shuford, E.H., & Ulrich, R.F. (1977). Survey and new data on treatment
with pyridoxine of patients having a clinical syndrome including carpal tuhnel and other
defects. h Communications in ical Pathology and Pharmacology, 17, 165-
177.

Falck, B., & Aamnio, P. ( 1983). Left-sided carpal tunnel syndrome in butchers.
Scandinavian Journal of Work and Environmental Health, 9, 291-297.



Feuerstein, M. (1991). A multidisciplinary approach to the prevention,
evaluation and management of work disability. Journal of Occupational Rehabilitation,
1, 5-12.

Feuerstein M. (1996). Workstyle: definition, empirical support, and implications
for prevention, evaluation, and rehabilitation of occupational upper-extremity disorders.

In SD Moon & SL Sauter (eds.). Beyond Biomechanics: Psychosocial Aspects of

Musculoskeletai Disorders in Office Work (pp. 177-206). Bristol, PA: Taylor & Francis.

Feuerstein, M., Callan-Harris, S., Hickey, P., Dyer, D., Armbruster, W., &
Carosella, A.M. (1993). Multidisciplinary rehabilitation of chronic work-related upper
extremity disorders: Long term effects. Journal of Occupational Medicine, 35(4), 396-
403.

Feuerstein, M., Menz, L., Zastowny, T., & Barron, B. (1994). Chronic back pain
and work disability: Vocational outcomes following multidisciplinary rehabilitation.
Journal of Occupational Rehabilitation, 4, 229-251.

Feuerstein, M., Callan-Harris, S., Hickey, P., Dyer, D., Armbruster, W., &
Carosella A.M. (1993). Multidisciplinary rehabilitation of chronic work-related upper
extremity disorders: Long term effects. Journal of Occupational Medicine, 35(4), 396-
403.

Feuerstein, M., Burrell, L.M., Miller, V.L,, I:incoln, A., & Berger, R. (1996).
‘Clinical management of carpal tunnel syndrome: A ten year review.of outcomes. In
Press.

Fisher, C.D., & Gitelson, R. (1983). A mete__-analysis of the correlates of roles

conflict and ambiguity. Journal of Applied Psychology, 68, 320-333.

93



Foca, F.J. (1985). Motor and sensory neuropathy secondary to excessive
pyridoxine ingestion. Archives of Physical Medicine and Rehabilitation, 66, 634-636.

Fordyce, W.E. (1985). Back pain, compensation, and public policy. In J.C.
Rosen & L.J. Solomon (eds.), Prevention in heaith psychology (pp390-400). Hanover,
N.H.: University Press of New England.

Fordyce, W.E., Bigos, S.J., Battie, M.C., & Fisher, L.D. (1992). MMPI Scale 3
as a predictor of back injury report: What does it tell us? The Clinical Journal of Pain,
8, 222-226.

Franklin, G.M., Haug, J., Heyer, N., Checkoway, H., & Peck, N. (1991).
Occupational carpal tunnel syndrome in Washington state, 1984-1988. American Journal

of Public Health, 81741-746.

Frymoyer, J., Pope, M., Clements, J., Wilder, D., MacPherson, B., & Ashikaga,
T. (1983). Risk factors in low-back pain. Journal of Bone and Joint Surgery, 65(2),
213-218.

Frymoyer, J., Cats-Baril, W. (1987). Predictors of low back pain disability.
Clinical Orthopedics and Related Research, 22, 89-98.

Garg, A. & Moore, J.S. (1992). Epidemiology. Occupational medicine: State
of the art reviews, 7, 593-608.

GamheL R.J,, Polatin, P.B., Mayer, T.G., & Garcy, P.D. (1994).
Psychopathology and the rehabilitation of patients with chronic low back pain disability.
Archives of Physical Medicine and Rehabilitation, 75, 666-670.

Gallagher, R.M., Rauh, V., Haugh, L.D., Milhous, R., Callas, P.W., Langelier, R.
McClellan, J. M., & Frymoyer, J. (1989). Determinants of return to work among low

back patients. Pain, 39, 55-67.



Gallagher, R.M., Williams, R.A., and Skelly, J., Haugh, L.D., Rauh, V,
Milhous, R., & Frymoyer, J. ( 1995). Workers compensation and return to work in low
back pain. Pain, 61, 299-307.

Gelberman , R.H., Hergenroeder, P.T., Hargens, A.R., Lundborg, G.N., &
Akeson, W.H. ( 1981). The carpal tunnel syndrome: A study of carpal tunnel pressures.

Journal of Bone and Joint Surgery, 63A(3), 380-383.

Gelberman, RH, Szabo, RM, Williamson , RV, & Dimick MP (1983).
Sensibility testing in peripheral-nerve compression syndromes. An experimental study
in humans, Journal of Bone and Joint Surgery, 65A, 632-638.

Gelberman, R.H., Rydevik, B.L., Pess, G. M., Szabo, R.M., & Lundborg, G.
(1988). Carpal tunnel syndrome: A scientific basis for clinical care. The Orthopedic

Clinics of North America, 19, 115-124.

Giannini, F., Passero, S., Cioni, R., Pardiso, C., Battistini, N., Giordano, N.,
Vaccai, & D., Marcolongo, R. (1991). Electrophysiologic evaluation of local steroid
injection in carpal tunnel syndrome. Archives of Physical Medicine and Rehabilitation,
72, 738-742.

Greenfield, S., & Nelson, E.C. (1992). Recent developments and future issues in
the use of health status assessment measures in clinical settings. Medical Care, 30,
MS23-MS41.

Guest, G.H., & Drummond, P.D. ( 1992). Effect of compensation on emotional
state and disability in chronic back pain. Pain, 48, 125-130.

Habeck, R., Leahy, M., Hunt, H., Chan, F., & Welch, E. (1991). Employer

factors related to workers’ compensation claims and disability management.

Rehabilitation Counseling Bulletin, 34(3), 210-226

95



Hagberg, M., Silverstein, B., Wells, R., Smith, M., Hendrick, H,, Carayon, P.,
& Perusse, M. (1995.) Work related musculoskeletal disorders (WMSDs): A
reference book for prevention. Bristol, PA: Taylor & Francis.

Hales, T.R., Sauter, S.L., Peterson, M.R., Fine, L.J., Putz-Anderson, V.,
Schleifer, L.R., Ochs, T.T., & Bernard, B.P. (1994). Musculoskeletal disorders among
visual display terminal users in a telecommunications company. Ergonomics,
37(10),1603-1621.

Hasenbring, M., Marienfeld, G., Kuhlendahl, D., & Soyka, D. (1975). Risk
factors of chronicity in lumbar disc patients. A prospective investigation of biologic,
psychologic, and social predictors of therapy outcome. Spine, 19, 2759-2765.

Hazard, R.G., Haugh, L.D., Reid, S., Preble, J.B., & MacDonald, L. (1996).
Early prediction of chronic disability after occupational low back injury. Spine, 21(8),
945-951.

Higgs, P.E., Edwards, D., Martin, D.S., & Weeks, P.M. (1995). Carpal tunnel
surgery outcomes in workers: Effect of workers® compensation status. The Journal of
Hand Surgery, 20A(3), 354-360.

Himmelstein, J.S., Feuerstein, M., Stanek, E_J., Koyamatsu, K., Pransky, G.S.,

Morgan, W., & Anderson, K.O. (1994). Work-related upper-extremity disorders and

work disability: Clinical and psychosocial presentation. Joumal of Occupational and
Enviromental Medicine, 37(11), 1278-1286.

Holloway, J. (1994). Susto and the career ﬁath of the victim of an industrial
accident: A sociological case study. Social Science in Medicine, 38, 989-997.
Hopkins, A. (1990). The social recognition of repetition strain injuries: an

Australian/American comparison. Social Science and Medicine, 30, 365-372.



Houtman, I.L.D., Bongers, P.M., Smulders, P.G.W_, & Kompier, M.A J. (1994).
Psychosocial stressors at work and musculoskeletal problems. Scandinavian Journal of

Work, Environment, and Health, 20(2), 139-145.

Hymovich, L., & Linholm, M. (1966). Hand, wrist, and forearm injuries: The
result of repetitive motions. Journal of Occupational Medicine, 8, 573-377.
International Classification of Diseases, ninth edition, 1980.

Jacobson, M.D., Plancher, K.D., & Kleinman, W.B. (1996). Vitamin B6

(Pyridoxine) therapy for carpal tunnel syndrome. Hand Clinics, 12(2), 253-257.

Jex, S.M., Beehr, T.A., & Roberts, CK. (1992). The meaning of occupational
stress items to survey respondents. Journal of Applied Psychology, 77(5), 623-628.

Kagan, A. & Levi, L. (1971). Adaptation of the psychosocial environment to
man’s abilities and needs, in Levi, L. (ed.).,Society, Stress, and Disease, pp.399-404,
New York: Oxford University Press.

Karasek, R.A., & Theorell, T. (1990). Healthy work: Stress, productivity, and
the reconstruction of working life., New York, New York: Basic Books.

Kasdan, M.L., Wolens, D., Leis, V.M., Kasdan, A.S., & Stallings, S.P. (1994).
Carpal tunnel syndrome not always work related. Journal of the Kentucky Medical
Association, 92(8), 295-297.

Katz, JN., Larson, M.G., Sabra, A., Krarap, C., Stirrat, C.G., Sethi, R., Eaton,

H.M.,, Fossel, A.H., & Liang, M.H. (1990). The carpal tunnel syndrome: Diagnostic

utility of the history and physical examination findings. Annals of Internal Medicine,
112, 321-327.

Kerwin, G., Williams, C.S., & Seiler, J.G. Il (1996). The pathophysiology of

carpal tunnel syndrome. Hand Clinics, 12(2), 243-251.

97



Keyserling, W.M.,, Stetson, D.S., Silverstein, B.A. & Brouwer, M.L. (1993). A
checklist for evaluating ergonomic risk factors associated with upper extremity
cumulative trauma disorders, Ergonomics, 36(7), 807-831.

Kulick, M.L,, Gordillo, G., Javidi, T., Kilgore, E.S. Jr, & Newmayerm, W.L. III
(1986). Long-term analysis of patients having surgical treatment of carpal tunnel

syndrome, Joumnal of Hand Surgery, 11A, 59-66.
Lackner, J., & Carosella, A.M. ( 1993). The functional self-efficacy

expectancies and reinjury/pain expectancies scales: A preliminary manual. Rochester,
N.Y.: School of Medicine, University of Rochester.

Lancourt, J., & Kettlehut, M. (1992). Predicting return to work for low back
pain. Spine, 6, 629-640.

Laso Guzman, F.J., Gonzalez-Buitrago, J.M., de Arriba, F., Mateo, F., Moyano,
J.C., & Lopez-Alburquerque, T.L. (1989). Carpal tunnel syndrome and vitamin B6.
Klinische Wochenschrift, 67, 38-41.

Leavitt, F. (1992). The physical exertion factor in compensable work injuries.
A hidden flaw in previous research. Spine, 17, 307-310.

Leklem, J.E. ( 1994). Vitamin B6. In: Shils, M.E., Olsen, J.A., Shike, M. (eds.)

ition in health and di ei edition. Malvern, PA, Lea and Febiger, pp

?83~393.

Levine, D.W., Simmons, B.P., Koris, M.J., Daltroy, L.H., Hohl, G.G., Fossel,
AH., & Katz, J.N. (1993). A self-administered questionnaire for the assessment of
severity of symptoms and functional status in carpal tunnel syndrome,_The Journal of
Bone and Joint Surgery, 75A(11), 1585-1592.

98



Lifshitz, Y.R., & Armstrong, T.J. (1986). A design checklist for control and

prediction of cumulative trauma disorder in intensive manual jobs. Proceedings of the

Human Factors Society 30th Annual Meeting, Dayton, Ohio, pp- 837-841.

Linder, M.C. (1991). Nutritional hiochemistry and metabolism with clinical
applications, second edition. New York, Elsevier Science Publishing, pp 127-137.

Linton, S.J., & Kamwendo, K.(1989). Risk factors in the psychosocial work
environment for neck and shoulder pain in secretaries. Journal of Occupational

Medicine, 31, 609-613.

Linton, S.J. (1991). A behavioral workshop for training immediate supervisors:
The key to neck and back injuries? Perceptual and Motor Skills, 73, 1159-1170.
Lundborg, G., & Dahlin, L.B. (1996). Anatomy, function, and pathophysiology

of peripheral nerves and nerve compression. Hand Clinics, 12(2), 185-193.

Maeda, K., Hunting, W, & Grandjean, E. (1982). Factor analysis of localized
fatigue complaints of accounting-machine operators. Journal of Human Ergology, 11,
37-43.

Maklan, C.W., Greene, R., & Cummings, M.A. (1994). Methodological

challenges and innovations in patient outcomes research. Medical Care, 32 (7 Suppl):

JS13-JS21.

Marras, W, Lavender, S., Leurgans, S., Fathallah, F., Ferguson, S., Allread, W.,
& Rahuluy, S. (1995). Biomechanical risk factors for occupationally related low back
disorders. Ergonomicg, 38(2): 377-410.

Masear, V.R., Hayes, JM. & Hyde, A.G.(1986). An industrial cause of carpal

tunnel syndrome. Journal of Hand Surgery, 11, 222-227.



Mathiowetz, V., Kashman, N., Volland, D. et al. (1983). Grip and pinch
strength: Normative data for aduits. Archives of Physical Medicine and Rehabilitation,
66, 16-24.

Mathiowetz, V., Weber, K., Volland, G., & Kashman, N. (1984). Reliability of
grip and pinch strength evaluations. Journal of Hand Surgery, 9A(2), 222-226.

McHorney, C.A., Kosinski, M., & Ware, J.E. Jr. (1994). Comparisons of the
costs and quality of norms for the SF-36 health survey collected by mail versus

telephone interview: Results from a national srvcy. Medical Care, 12(6), 551-567.

McHorney, C.A., Ware, J.E. Jr., Rogers, W., Raczek, A.E., & Lu, JF.R. (1992).
The validity and relative precision of the MOS short and long-form health status scales
and Dartmouth COOP charts. Results from the medical outcomes study. Medical Care,
30(Suppl), MS253-MS265.

McHomey, C.A., Ware, J.E. Jr., & Raczek, A. (1993). The MOS 36-item short-
form health survey (SF-36): II. Psychometric and clinical tests of validity in measuring

physical and mental health constructs. Medical Care, 31, 247.

McKenzie, F., Storment, J., Van Hook, P. & Armstrong, T.J. (198S). A program
for control of repetitive trauma disorders associated with hand tool operations in a
telecommunications manufacturing facility. American Industrial Hygiene Association
Journal, 46, 674-678.

Mendelson, G. (1982). Not ‘cured by a verdict:” Effect of legal settiement on
compensation claimants. Medical Jg_ggm of Australia, 2, 342-345.

Miller, RS., Iverson, D.C., Fried, RA., Green, L.A., & Nutting, P.A. (1994).
Carpal tunnel syndrome in primary care: A report from ASPN. The Journal of Family

Practice, 38(4), 337-344.

100



MMWR, (1989). Occug' ational disease surveillance: Carpal tunnel syndrome,

38, 485-489.

MMWR, (1983). Leading work-related diseases and injuries—-United States, 32,
24-32.

Monsivais, J.J., & Scully, S. (1992). Rotary subluxation of the scaphoid
resulting in persistent carpal tunnel syndrome. Journal of Hand Surgery, 17A, 642-644.

Moore, J.S., & Garg, A. (1995). The strain index: a proposed method to analyze
jobs for risk of distal upper extremity disorders. American Industrial Hygiene

Association Journal, 56, 443-458.

Moos, R.H., & Moos, B.S. (1994). Life Stressors and Social Resources
Inventory: Adult Form Manual. Odessa, Florida: Psychological Assessment Resources.

National Council on Compensation Insurance. (1991). Call for detailed claim
information instruction manual. Boca Raton, FL: NCCI: Section 4, 11.

National Safety Council. (1993). Accident Facts 1993 Edition, V38. Itasca,

[llinois: National Safety Council.

Palmer, D.H., & Hanrahan, L.P. (1995). Social and economic costs of carpal

tunnel surgery. Instructional Course Lectures, American Academy of Orthopedic
Surgeons, 44, 167-172.

Papaioannou, T., Rushworth, G., Atar, D. et al. (1992). Carpal canal stenosis in
men with idiopathic carpal tunnel syndrome. Clinical Orthopedics, 285, 210.
Papciak, A.S., Feuerstein, M., & Jones, R.H. (1991). Influence of perception of
disability on performance in a functional capacity evaluation in low back pain patients.
at the twel meeting of the Society of Behavioral Medicine

March 1991, Washington D.C.

101



Parry, G.J., & Bredesen, D.E. (1985). Sensory neuropathy with low-dose
pyridoxine. Neurology, 35, 1466-1468.
Phalen, G. S. (1972). The carpal tunnel syndrome. Clinical Orthopedics, 83,

29-40.

Phalen, G.S. (1983). The carpal-tunnel syndrome: Clinical evaluation of 598

hands. Clinical Orthopedics, 83, 29.
Pot, F., Padmos, P., & Brouwers, A. ( 1986). Determinants of the VDU

operator’s well-being.. In: B Knave and P.G. Wideback (eds.), Work With Display
Units '86. Elsevier Science Publishers, B.V. (North Holland), 16-25.

Pransky, G. & Hill-Fotouhi, C. (1996). Injured worker outcomes evaluation
instrument. Ambherst, Massachusetts: University of Massachusetts, Occupational health
program.

Pransky, G., & Himmelstein, J. (1996). Outcomes research: Implications for

occupational health. American Journal of Industrial Medicine, 29, 573-583.

Punnet, L., Robins, ] M., Wegman, D.H., & Keyserling, W.M. (1985). Soft
tissue disorders in the upper limbs of female garment workers. Scandinavian Journal of
Work, Environment, and Health, 11, 417-425.

Putz-Anderson, V. (1988). Defining cumulative trauma disorders. In:
Cumulative T a Disorders: A Manual for eletal Disorders of th r
Limbs. London: Taylor & Francis, 6-7.

Reid, E.J., Ewan, C., & Lowy, E. (1991). Pilgrimage of pain: The illness
experiences of women with repetitive strain injury and the search for credibility, Social

Science and Medicine, 32, 601-612.

102



Rempel, D.M., Harrison, R.J., & Barnhardt, S. (1992). Work-related cumulative

trauma disorders of the upper extremity. Journal of the American Medical Association,
267, 838-842.

Rider, B.A. (1991). Carpal tunnel syndrome rehabilitation. Critical Reviews in
Physical and Rehabilitation Medicine, 3(1), 27-57.

Rohling, M.L., Binder, L.M., & Langhinrichsen-Rohling, J. (1995). Money
matters: A meta-analytic review of the association between financial compensation and
the experience and treatment of chronic pain. Health Psychology, 14(6), 537-547.

Rohrer, M., Santos-Eggimann, B., Raccaud F, & Haller-Maslov, E. (1994).
Epidemiologic study of low back pain in 1398 Swiss conscripts between 1985 and 1992.
European Spine Journal, 3, 2.

Rosenstiel, A.K., & Keefe, F.J. ( 1983). The use of coping strategies in chronic
lower back pain patients; Relationship to patient characteristics and current adjustment.
Pain, 17, 33-44.

Rydevik, B., & Lundborg, G. (1981). Permeability of intraneural microvessels
and perineurium following acute, graded experimental nerve compression. Scandinavian
Joumal of Plastic and Reconstructive Surgery, 11, 179.

Sailer, S.M. (1996). The role of splinting and rehabilitation in the treatment of
carpal and cubital tunnel syndromes. Hand Clinics, 12(2), 223-241.

Sauter, S.L., Gottlieb, M.S., Jones, K.C., Dodson, V.N_, & Rohrer, K.M.(1983).
Job and health implications of VIDEO DISPLAY TERMINAL use: Initial result of the

Wisconsin-NIOSH study.

Machinery, 26(4), 284-294.

103



Sauter, S.L., & Schleifer, L.M. (1991). Work posture workstation design, and
musculoskeletal discomfort in a VIDEO DISPLAY TERMINAL data entry task, Human

Factors, 33, 151-167.

Sauter, S.L., & Swanson, N.G. (1996). An ecological model of musculoskeletal

disorders in office work. In SD Moon & SL Sauter (eds.), Beyond biomechanics:
Psychosocial aspects of musculoskeletal disorders in office work (pp. 3-21). Bristol, PA:

Taylor & Francis.

Schacter, S., & Singer, J.E. (1962). Cognitive, social, and physiological
determinants of emotional state. Psychological Review, 69, 379-399.

Schmidt, N. B. (1995). The Discomfort Intolerance Survey (DIS).

Scott, J., and Huskisson, E.C. (1976). Graphic Representation of Pain. Pain, 2,
175-184.

Silverstein, B.A., Fine, L.J., & Armstrong, T.J. (1987). Occupational factors and

carpal tunnel syndrome. American Journal of Industrial Medicine, 11, 343-358.

Silverstein, M.A., Silverstein, B.A., & Franklin, G.M. (1996): Evidence for

work-related musculoskeletal disorders: a scientific counterargument. Journal of

Occupational and Environmental Medicine, 38(5), 477-484.
Skubick, D.L., Clasby, R., Stuart Donaldson, C.C., & Marshall, W.M. (1993).

Carpal tunnel syndrome as an expression of muscular function in the neck. Journal of
Qccupational Rehabilitation, 3(1), 31-44.

Slater, R.R., & Bynum, D K. (1993). Diagnosis and treatment of carpal tunnel
syndrome. Orthopedic Reviews, 22, 1095. "

Spence, S.H. (1989). Cognitive-behavior therapy in the management of chronic,
occupational pain of the upper limbs. Behavioral Research and Therapy, 27(4), 435-446.

104



Spence, S.H. (1990). Psychopathology amongst acute and chronic patients with
occupationally related upper limb pain versus accident injuries of the upper limbs.
Australian Psychologist, 25, 293-305.

Spence, S.H. (1991): Cognitive-behavior therapy in the treatment of chronic,

occupational pain of the upper limbs: a 2 yr follow-up. Behavioral Research and

Therapy, 29(5), 503-509.

Spielberger, C.E., Gorsuch, R.L. & Lushene, R.E. (1970). Manual for the State-

Trait Anxiety Inventory, Consuiting and Clinica. Psychologists Press, Palo Alto,
California.

Starr, S.J., Shute, S.J., & Thompson, C.R. (1985). Relating posture to
discomfort in VDT use. Journal of Occupational Medicine, 27, 269-271.

Stetson, D.S., Keyserling, W.M., Silverstein, B.A., Armstrong, T.J., & Leonard,
J.A. '(1991). Observational analysis in the hand and wrist: A pilot study. Applied
Occupational and Environmental Hygiene, 6, 627-937.

Stevens, J.C., Sun, S., Beard, C.M., O’Fallon, W.M., & Kurtland, L.T. (1988).
Carpal tunnel syndrome in Rochester Minnesota, 1961 to 1980, Neurology. 38, 134-138.

Stewart, A.L., Hays, R.D., & Ware, J.E. Jr. (1988). The MOS short-form
general health survey: Reliability and validity in a patient population. Medical Care, 26,
724-735.

Svensson, H.O., & Andersson, G.B. (1983). Low-back pain in 40 to 47-year-old

men: Work history and work environment factors. Spine, 8(3), 272-276.

105



Swerissen, H., Matayas, T., & Thomas, S. (1991): An experimental investigation
of a cognitive-behavioural and movement-retraining program for the treatment of
chronic pain associated with occupational overuse injuries. Behavior Change, 8(2), 60-
69.

Szabo, R.M., & Chidgey, L.K. (1989). Stress carpal tunnel pressures in patients
with carpal tunnel syndrome and normal patients. Journal of Hand Surgery (AM), 14(4),
624-6217.

Szabo, R.M., Gelberman, R.H., Williamson, R.V. et al (1983.) Effects of
increased systemic blood pressure on the tissue fluid pressure threshold of peripheral
nerve. Journal of Orthopedic Research, 1, 172.

Szabo, R., & Madison, M. (1992). Carpal tunnel syndrome. Orthopedic Clinics
of North America, 23, 103-109.

Tate, D.G. ( 1992). Worker's disability and return to work. American Journal
of Physical Medicine and Rehabilitation, 71, 92-96.

Theorell, T., Harms-Ringdahl, K., Ahlberg-Hulten, G., & Westin, B. (1991).
Psychosocial job factors and symptoms from the locomotor system: A multicausal
analysis. Scandinavian Journal of Rehabilitation Medicine, 23, 165-173.

Tollison, C.D. (1993). Compensation status as a predictor of outcome in non-
surgically treated low back injury. Southern Medical Journal, 86, 1206-1209.

Ursin, H., Endresen, LM., & Ursin, G. ( 1988). Psychological factors and self-
reports of muscle pain. European Joumnal of Applied Physiology, 57, 282-290.

US Department of Labor, Bureau of Labor Statistics. (1993). Occupational
injuries and illnesses in the United States by Industry, 1991. Washington, DC: US
Government Printing Office, 1991.

106



US Department of Labor, Bureau of Labor Statistics. (1995). Occupational

injuries and Ilinesses in the United States by Industry, 1993. Washington, DC: US

Government Printing Office, 1993.

Vogelsang LM, Williams RL, Lawler K(1994): Lifestyle correlates of carpal
tunnel syndrome patients. Journal of Occupational Rehabilitation 4(4):141-152.

Waddell, G., Turk, D., & Melzack, R. (1989). Clinical handbook of pain
assessment. N.Y.: Guilford Press, pp15-36.

Ware, J.E. Jr. (1991). Conceptualizing and measuring generic health outcomes.

Cancer, 67 (Suppl), 774-779.

Ware, J.E., & Sherbourne, C.D. (1992). The MOS 36-item short-form health

survey (SF-36). Medical Care, 30(6), 473-483.
Webster, B.S., & Snook, S.H. (1994). The cost of compensable upper extremity
cumulative trauma disorders. Journal of Occupational Medicine, 36(7), 713-717.

Webster, B.S., & Snook, S.H. (1990). The cost of compensable low back pain.

Journal of Occupational Medicine, 32, 13-15.
Westin, A'F. (1990). Organizational culture and VDT policies: A case study of

the Federal Express Corporation. In Sauter, S.L., Dianoff, ., and Smith, M. (eds.),
Promoting Health and Productivity in the Computerized Office, pp.147-168, London:

Taylor and Francis.

Wieslander, G., Norback, G., Gothe, C., & Juhlin, L. (1989). Carpal tunnel
syndrome (CTS) and exposure to vibration, repetitive movements, and heavy manual
work: A case-referent study. British Journal of Industrial Medicine, 46, 43-47.

107



Weiss, A.P.C., Sachar, K., & Gendreau, M. (1994). Conservative management
of carpal tunnel syndrome: A reexamination of steroid injection and splinting. The
Journal of Hand Surgery (AM), 19A, 410-415.

Wilson, J.B., & Cleary, P.D. (1995). Linking clinical variables with health-
related quality of life. A conceptual model of patient outcomes. Journal of the

American Medical Association, 273, 59-65.
Wisseman , C.L., & Badger, D. (1977). (Eastman-Kodak Company). U.S.

Department of Health, Education, and Welfare. Hazard Evaluation and technical
assistance report number TA 76-93. Cincinnati, Ohio: U.S. Department of Health,

Education, and Welfare.

108



Table 1 Demographic characteristics of the sample
Characteristic n % Mean SD
Age, in years 41.1 9.66
Gender
Female 38 73.1
Male 14 26.9
Ethnicity
Asian or pacific islander 1 1.9
Black or african-american 7 13.5
Latino or hispanic 4 77
White or caucasian (non-hispanic)40 76.9
Other 0 0.0
Education (years) 15.6 262
High School diploma or GED 4 7.7
Some college 16 30.8
2 year degree 4 7.7
Bachelor’s degree 5 9.6
Some graduate school 9 17.3
Master’s degree 8 154
Graduate degree 6 1L.5
Marital Status
Single 19 36.5
Single, but cohabiting 2 3.8
Divorced 7 13.5
Separated i 1.9
Widowed 1 1.9
Married 22 423
Attorney Consultation
No 49 942
Yes 3 5.8
Current Litigation
No 51 98.1
Yes 1 19
Prior Worker’s Comp Injury
No 38 73.1
Yes 14 26.9
No 45 86.5
Yes 7 13.5
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Table 2 Diagnostic characteristics of the sample

Diagnostic category

Mononeuritis of the upper limb(354)
Carpal tunnel syndrome (354.0)

Cubitil Tunnel Syndrome(354.2)

Unspecified mononeuritis of the
upper limb(354.9)

Tendon, synovium, and bursa disorders(727)
Trigger finger (acquired) (727.03)

Radial styloid tenosynovitis
(deQuervain’s) (727.03)

Other Tenosynovitis of the hand and wrist
(727.05)

Specific bursitis often of occupational origin
(7272)

Unspecified disorder of the synovium, tendoa,
and bursa(727.9)

Peripheral enthesiopathies(726)
Medial (726.31) and/or
Lateral epicondylitis(726.32)
(tendonitis; tennis efbow)
Unspecified enthesiopathy(726.9)

Nerve root and plexus disorders (353)
Thoracic Outlet Syndrome (353.0)

Unspecified nerve root and plexus disorder
(353.9)

Disorders of the muscle, ligament, and fascia(728)
Muscle spasm(728.85)

Unspecified disorder of the muscle, ligament,
or fascia(728.9)

Disorders of the cervical region(723)
Cervicalgia(pain in neck) (723.1)

24

6 (M)‘t

11

2

*note. total n is greater than sample size because many subjects had muitiple diagnoses.
No subjects were included that had a diagnosis of 728 or 723 exclusively.

** note. 4 undiagnosed subjects who exhibited symptoms consistent with carpal tunnel syndrome

are included here.

110



1

sopiosiq Anwanxg soddn Jo K10ISHH = aanxH.

100" ST aee 10> sy >a

- diyssoquidus

uouf)

el [41) Lnfug DM Joud

(48 140 w 19pUdD

ot 9t 60~ 60- uonedni

€0’ €0 €0 Lo- 80’ +a3NXH

+0¢™ e 18 o 80'- S0’ SSaUpIpusH

ot- £0- 00 - 91 vT- 00 Qpwuygg

XA 6l - 60’ bl 81 S0’ 0T uofieonpy

i) 60 14 80~ Lo sU Lo~ 18 u- sieso)id

vt 148 (44 Gl seslS S0 tl- - 10 [A uonelnsu0)

Lousony

saebl oe.a 0™ ¥0™ 61 60’ ¥l 80° S0 eslt »8 ady
smelg  lysioquidwt Kinfug uonelnsuo)
{ee womy OMoud Jopuop uonedml  danxH ssoupopuel  Anowyqig  uoneanpg  sieojid Lowsony

51160 ¢ JIQBL



41

JUSUDEIR PUB U, *N[BAS [BO1pow Bupyess a10jaq swoidwAS/uled Jo uoneM( = DVIX ‘UR{qoid Awmanxg nddn weumnd g
A1381ng Jo UonBPUSWIWOIGY UBIIIEAY JO AIOIIH = DUNSOTY ‘WGOL] WILND 03 okl swolduIk [Bo18ALJ PUB [BIPOW PO JO L0STH = XSAHAATN
‘19plosiq Ajusnxg wddn) ue 105 A198.mg Jo KIOISTH = DYNSXH ‘KI0ISTH 9589810 PYPO = XHZA ‘KIOISTH WML, 038D QeH = XHOH 90U

100°>d ges 10°>d 4e 50'>d

DVIXL
o' DUNSOM
AN 60" XSAHdAaIWN

oIt .12 90'- DINSXH
00’ £ 18 L XHzd
20~ v oSE’ AR 0"~ XHOH

pulg

g0’ 80" 18 90’ g1~ A jusuwo]

dup

118 (41 i 10 Tl of€" 0058’ justwo(

xopu]

s0' +0¢" 90’ 80 VT vl - - ssU Apog
| Xapu]

OV1  DINS Yuyd dup ssey
XL O  XSAHJAIW OINSXH XHZAd XHOH ‘weumoq jusutmog Apog




Table 5 Correlations Among Work Demand Measures

Borg Physical NIOSH NIOSH NIOSH
Exertion, typical work qu., work qu., work qu.,
workday physical quantity of  workload
and mental workload variance
exhaustion
Borg Physical
Exertion,
typical workday 35+ 31 20
NIOSH work
qu., physical
and mental
exhaustion A9 56%%*
NIOSH work
qu., quantity of
workload 520

*p<.05 **p<.0l ***p< .00l
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Table 6 Correlations Among Pain/Symptom Measures

Pain
Severity,
past week
(VAS)
Symptom
Severity Score  .42**

*p<.05 **p<.0l ***p< 001
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Table 7 Correlations Among Measures of Workplace Support

Satisfaction with Supervisor/ Support, Work
Employer Employer Reaction Resources- Moos
Response (positive)

NIOSH work

qu., social 28 .07 -.05

support

Satisfaction

with Employer

Response T4%%* 45%*

Supervisor/

Employer

Reaction J3o*

(positive)

*p<.05 **p<.0] ***p<.001
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Table 8 Correlations Among Job Stress Measures (Physical/Psychosocial)

Job Stress: NIOSH work Job Stress:  NIOSH Job Job Stress:  Job
Anger/Blame  qu., Job Future  Job Support  work qu., Stress: Workstyle,  Stress:
Ambiguity physicaland NIOSH cognitive Work
mental work qu., (Total) Stressors-
exhaustion work Moos
pressure

Job Stress:
Anger/Blame a -.35* 39+ 21 35* 35 -.44°*
NIOSH work qu.,
Job Future
Ambiguity -.26 -14 -13 -21 -03
Job Stress:
Job Support .16 25 .19 -61%%*
NIOSH work qu.,
physical and
mental 40%* 33 03
exhaustion
Job Stress:
NIOSH work qu.,
work pressure 35* -17
Job Stress:
Negative
Workstyle, -11
cognitive (Total)

¢p<.05 **p<.0l ***p<.001
a reverse-scored item, the higher the score, the lower the employer-directed anger/blame.
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Table 9

Correlations Among Measures of Ergonomic Stressors and Workplace Accommodations

Ergo Accomm 1 Ergo Accomm 2 Ergo Workstyle
(Habeck) (New) (cognitive)

Ergonomic

Stressors Total -.44* -13 34+

Ergo Accomm 1 23 -23

(Habeck)

Ergo Accomm 2 -.14

(New)

‘2<-05 ..2<-01 tttps_wl
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Table 10 Correlations Among Measures of Activity/Function

Functional SF-36b UEFS«c
Status Scale a
Functional
Status Scale -.60*** K2 hacd
SF-36 -67%%*

*p<05 **p<.0l ***p < .00l
s Higher score = higher perceived functional impairment

b SF-36 = the SF-36 Health Survey; Higher score = Higher perceived health

¢ UEFS = the Upper Extremity Function Scale; Higher score = higher perceived finctional impairment
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Table 11 Correlations Among Measures of General Distress/Mental Heaith

STAI* MHI-5 b Premorbid
Life Stressors
Q343
STAI -.43%* 2
MHI-S -23

‘2<-05 ¢.2<_01 ..‘25.-00'
& STAI = Stait-Trait Anxiety Inventory, (trait version); Higher score = Higher Trait Anxiety.

b MHI-S = the Mini Mental Health Index, a five-item subscale of the SF-36 Health Survey:
Higher score = Higher Mental Health.

19



ovi

sll

njsy)

"XOpUY YIEOY [BIUd U
311} JO DINSEOUI SUIODINO ) = BNFIYI ‘I{EIS SUIEIS [BUOHIUNG S JO AUNSEANL COINO ) = ENYSS] ‘9(E9S 1119498 WOKHUIAS ONf) JO AINSEOS HWOOIIO ) = BNJSSS ‘yiuons ised
410M PISS{ SAEP JO 2INSE3UW FUICOINO ) = GENIM ‘YIUOW 198d YIOM POSSIU SKEP JO JINSEINI HUI{OSEQ ) = G-MUIP AIAIMS QIEIH E-JS ) JO D[EISARS UIDI-3AL B ‘XOPu]
YI{ESY (RIS 1T SY) JO SINSEIL AlfEULONISID u}|58q Y1 = q-fyu ‘arpEuNOYSINY) $3yB1eNgG BurdoD ) Jo ofeosqns Surzydanseed ) = ISEIED 1B 1D Aysuesg-amsodxd
10553118 S1WIOU0T1D = 0515 *AepPy1oM [E31A) € )M POIBII0SSE UONIOXD JO 3183p ‘D83 510q = B10q ‘SOOJ-O[EIQNS S30IM0SII YIOM m ULIM 121805GNS PEcIom JO Kipuend
HSOIN 'SPUBUIIP 310M = [MDPM 'SOOJN-0[BISGNS SIOSSANS YIOM = UISA ‘O[BIS SHIEIS [EUONIUNY = 55) '0[83s K1ar3s woituiks = $33 ‘yiBuans duB puey-jusuiwop = dud

‘xopu) ssew £poq = 1uq ‘K101s1y £q sopiosip Kywanxo 19ddn Aue jo soNs Jo soqUINU = SANSPIN ‘opiosip A1wasixs soddn ue jo swordmAs Lue 10 POBwANE 1043 SIUNTILI)

JO 19qUINU-KI01S1Y WUSWIESIL 31BIYIEIY = XYyx12Y ‘Kinfuy uopesuaduiod s, 1930A Joud = omd L9pusd = pusdd ‘s1ea£ Ul ‘UOREINDD = INPI (UONBINSL0O Adousone = Aue "S0U

1004 €O -

ST elET etV el slS ITC w8t M 0L TL eSS o0t 696 eslS” Ie- ot 10~ 8 L €0~ of€- MM
sebl 14 81U oS eeb SI° el or 01 oolS™ 008  oslV  oeOF- 24 o 00’ 1) $1- or 24 N mjsyy
ol¢ 9€  eelb- 'Y TANNYY . B 1 11} 90 o9E  ell »l9 L or 14 A 314 Lo R0 118 ot 10’ e
0 l¥ 60" W eelE L 90 %' 0" 9 eV $T- 10° oo 1} or ye- 80 o098 DT T
IS AN A AT - MY mS 1 A | 4 61 2 AT 13 £0°  ol¥ 114 " " €0 ol e AR o
olg 100 o1c- ol or 07  eelf™  off- ' AN < R X Y §0* u £0" 10~ P Mw
08 oobb 1 B 1 A 91" 0 eeSY IARIYS 1 Lo st 0 4 Lo o 1) s
10 00 ef§ PO~ 6T ee9¥ €0 124 Lo 0 0 90" 111} oot TR ol
o8E 15 81 «e8C 000§ ST+ o8 st Lo o' 20 " 20" o iy
bV ellb- or 9t 60" 14 - 0 0™ £ w o L utw
" - ol £0- L0 91" $1- e 10~ L 10 o0 hpw
T T AT £ oot 91 eelb 1K 1 w ot 1 N
b eebbc el () Y{% st T 1 ool 90 W
$T- ot L N34 10 TR 14 el " "8
90- okt eolb [ J AT ) L ot ol didt
L ot 14 90" L L w Ky
s
oSt ry- TR W ot - pan
0’ e TR Y 4 - oy
LK $0- 0z - oy sl
V1N re - it
v HE npa
ot Sue
*u
6y 4 qQ mb P .
”myses W emup i pwe o 8i0q uum P unm " s 3 g pon xpay awd pus3 nps e e

 SUCIFIRIIG) Z1 d1qel.



Table 13 Predictors of Lost Work at One Month

" Model R RSquare Adjusted Standard  RSquare F p value  Beta
RSquare Errorofthe Change Change
: Estimate .~ _ . __ .. .

Attorney 560 314 287 237 314 11.89 002 250

Prior WC

Treatment

History

UEDSites a 629 396 348 226 .082 3.40 .08 270
Days Missed 735 541 483 2.02 145 7.56 .01 .550
Work

Body Mass 775  .601 532 1.9 061 3.50 .07 -.536
Index

Grip Strength

Symptom 868 .753 .696 1.54 151 13.45 .001 453
Severity Score

Functional

Status Score

Work Stressors,

Moos

Work

Demands,

Quantity of

Workload

Borg scale,

Physical

Exertion,

typical workday

Ergo Stressors

Catastrophizing

MHI-5

Support-work 894 799 741 1.43 046 4.79 04

resources,
Moosbh

note; Predictors are listed in the order in which they were entered into the regression.
Data for the statistically significant predictors retained in the model are listed.

a UEDSites = Number of Sites of Diagnosed Upper Extremity Disorder, by history

b Lower score = more negative work environment
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Table 14 Predictors of Pain/Symptoms at One Month

Model R RSquarc Adjusted Standard  RSquare F p value Beta
R Square Error ofthe Change Change
e Estimate . e el e

HCTXHX o 451 203 170 .687 203 6.12 02 .146

Symptom 672 452 404 .582 249 10.43 .004 .100

Functional 749 562 502 532 110 5.51 .03 420

Quantity of

Workload

Work Stressors,

Moos

Borg Physical 882 .778 T2 398 .038 346 .08 217
Exertion,

typical workday

Ergonomic 860 .740 .690 .420 178 14.35 .001 .396
Stressors,

Pransky

Catastrophizing

MHI-5

Work

Resources,

Moos_

note: Predictors are listed in the order in which they were entered into the regression.
Data for the statistically significant predictors retained in the model are listed.
s HCTXHX = Healthcare Treatment History-the number of attempted treatments
ever tried for any upper extremity disorder symptoms.

122



Table 15 Predictors of Functional Impairment at One Month

Model R R Square Adjusted  Standard R Square F p value Beta
R Square Error ofthe Change  Change
o L o . Estimate e e
Age, in years 614 377 325 .847 .126 484 .04 199

HCTXHX a 501 251 221 910 251 8.39 .008 044
UEDSites
Fiunctional 839 .705 .666 596 328 25.53 .00 671
Status Score
Grip Strength
Body Mass
[ndex
Symptom
Severity Score
Work Stressors, .872 .761 7 .548 056 5.14 .03 -274
Moos b
Work
Demands,
Quantity of
Workload
Borg Scale,
Physical
Exertion,
typical workday
Ergo Stressors
Catastrophizing
MHI-5
Work
Resources,
— Moos -

note: Predictors are listed in the order in which they were entered into the regression.
Data for the statistically significant predictors retained in the model are listed.
a HCTXHX = Healthcare Treatment History; the number of treatments ever attempted
for symptoms of an upper extremity disorder.
B Higher score = more negative work environment
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Table 16 Predictors of Mental Health at One Month

RSquare Adjusted
R Square

Model R

332 .10 079

151
573

210
617

458
.785

715 .669
Functional
Status Score
Work Stressors,
Moos

Work
Demands,
Quantity of
Workload

Borg Scale,
Physical
Exertion,
typical workday
Ergo Stressors

Work

Moos

Standard

Error of th
Estimate.
4.154

3.986
2.829

2.488

RSquare F
e Change Change

110

099
407

.098

p value Beta

347 07 109

3.40 .08 192

27.61

8.62 .007 007

note: Predictor are listed in the order in which they were entered into the regression.
Data for the statistically significant predictors retained in the model are listed.

s UEDSites = Number of Sites of Upper Extremity Disorder, by history

b Higher score = Higher Mental Health
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Table 17 Test Re-Test Reliability of the Predictor Variables

Item/Measure

r

F

Workdays Missed in the Past Month

Medical Status-Number of UED sites by history
Medical Status-Healthcare Treatment(s) History
Work Demands-Ergonomic Stressors
Pain/Symptoms-(SSS)

Activity/Function-(FSS)

Work Stressors (Moos)

Work Demands, Quantity of Workload

Physical Exertion, Typical Workday (Borg)
Ergonomic Stress Exposure (Pransky et al.)
Mental Health-(MHI-5)

General Distress-Catastrophizing

Work Resources (Moos)

95

.83

.87

.65

.80

94

.66

41

.60

.65

.65

.56

.83

97

.83

.65

81

.39

.73

.80

.62

2

S

91
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