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CHAPTER 1
l , INTRODUCTION

Upper extreﬁity cumulative trauma disorders (CTDs) may be caused,
precipitated or aggravated by forceful or repetitive exertions.
Occupationally related CTDs largely affect the musculoskeletal system
(tendinitis, tenosynovitis, bursitis, trigger finger, epicondylitis) or
the peripheral nervous system (carpal tunnel syndrome, cubital or Guyon
tunnel syndrome, thoracic outlet syndrome, digital neuritis).

It has been suggested that the major occupatjoné] risk factors for
these disorders include repetitiveness, force, awkward postures,
vibrating and non-vibrating hand tools.

[t is proposed that jobs requiring highly repetitive or high]y
forceful Eand and wrist motions, irrespective of other factors, will be
positively associated with hand wrist cumulative trauma disorders.
Further, it is proposed that with jobs requiring both high
repetitiveness and high force, the magnitude of association will be

greater than with either factor alone.

1.1 Aims and Objectives
The overall aim of this investigation was to determine whether
there were associations between cumulative trauma disorders and job
attributes of force and repetitiveness, using primary sources of

exposure and health status. The emphasis of this investigation was on



hand and wrist CTDs. Within this context, the specific objectives of
this investigation include:

1. Development of field instruments to identify occupationally
related upper extremity CTDs in active workers.

2. Estimation of the prevalence of upper extremity CTDs among
workers in jobs whose force and repetitiveness requirements
have been determined.

3, Estimation of the individual and multiplicative contributions
of occupational and non-occupational factors which may be
associated with these disorders. |

4, Test the null hypothesis of no association between the
prevalence of CTDs among workers Qith different force and
repetitive work requirements.

| 1.2 Significance
Despite growing worker and management concern, and media
attention (Lublin, 1983), there has been little documentation of actual
incidence or prevalence of CTDs in the United States reported in the
scientific literature.

Incidence rates, based on company medical records, OSHA 200 logs
or worker's compensation records have been reported in several US
studies. Armstrong et al (1982) reported 129.6 cases of upper
extremity CTDs per 100 worker years in a poultry thigh skinning
operation., Wherle (1976) reported 25.6 cases of carpal tunnel
syndrome per 100 worker years in an automotive sewing operation.
However, data used to determine health outcome in these studies were of
uncertain quality.

Most epidemiologic investigations of “overuse" disorders and



occupational risk factors have taken place outside the United States.
Prevalence studies, using standardized screening examinations to
determine health effect, have found some types of CTDs to be present in
up to 61% of some Scandinavian workers (Kourinka and Koskinen (1979).

The difficulty in estimating the incidence or prevaience of CTDs
in industrial populations is not unique to the United States. Noting
the 220% increase in compensation claims for "repetitive strain
injuries" in New South Wales between 1970 and 1980, Browne et al (1984)
believe that the estimates are merely the tip of the iceberg because of
inadequacies in diagnosis, classification and reporting of these
disorders in Australia. Ferguson (1984) suggests that the "epidemic"
of repetitive strain injuries occurring in New South Wales is really
endemic., Because active treatment has been largely ineffectual,
Ferguson recommends concentrated effort on identification at the
predisability stage and prevention through work organization and
design. However, as a necessary precursor to this concentrated effort,
he suggests a sounder knowledge of the epidemiology of these injuries
is essential,

The National Swedish Board of Qccupational Safety and Health
recognized the adverse effects of "jobs involving the lifting of heavy
loads, repetitive and monotonous maovements and unsuitable work
postures" on worker health and safety. The Board enacted an ordinance
(AFS 1983:6) concerning Work Postures and Working Movements, effective
January 1, 1984, The ordinance provides ergonomic guidelines for
reducing a variety of occupational risk factors. No similar ordinance

exists in the United States.



CHAPTER 2
BACKGROUND

Ramazzini (1713) noted the effects on workers of cumulative trauma
from poorly designed work and described “certain violent and unnatural
postures of the body, by reason of which the natural structure of the
vital machine is so impaired that serious diseases gradually develop
therefrom..."

Since Ramazzini's time, most of the literature on workplace causes
of upper extremity cumulative trauma disorders (CTDs) still consists of
case studies and clinical reports,

The first section of this review briefly describes hypothesized
vmechanisms of CTDs. The second section reviews some of the more
commoniy reported CTDs and summarizes reported risk factors. The third
section focuses on field studies of upper extremity CTDs with emphasis
on measures of health effects and occupational exposures. Very few
stﬁdies have addressed both health effects and occupational exposures
with equal rigor,

2.1 Mechanisms

The premise of cumulative trauma is that repetitive or sustained
microtrauma occurring over time compromises the integrity or
functioning of the tissues. There are several ways in which forceful
and repetitive motions can lead to inflammation of tendons and
compression of nerves. Cumulative trauma disorders therefore largely

affect the musculoskeletal system or the peripheral nervous system.



.Forcefui (static or repetitive) contraction of muscles causes
their corresponding tendons to stretch, thereby compressing the
vascular, epitendon and endotendon microstructures which in turn cause
ischemia, fibrillar tearing and inflammation (Rathburn and Macnab,
1970; Herberts and Kadefors, 1976). Frictional damage to the sheaths
can occur with repetitive motion (Lamphier, 1965), Also, with
repetitive loading of the tendons (without adequate recovery time)
progressive lengthening and “creeping" or sliding of tendon fibers
through the ground substance matrix occurs, resulting in inflammation
(Goldstein, 1981). Awkward postures may contribute to muscle-tendon
inflammation by compression of the microstructures and by increasing
the force requirements of tasks (Tichauer, 1973).

Where the nerves come into contact with less yielding structures
than themselves, they can be compressed or entrapped. The carpal canal
is a compact unyielding tunnel through which the flexor tendons and
median nerve pass. Inflammation of these tendons and sheaths can
compress the nerve, As a result, carpal tunnel syndrome is often seen
with flexor tenosynovitis (Smith et al, 1977; Phalen, 1972; Gainer and
Nugent, 1977). Similarly, external repetitive or sustained pressure
over the nerves, such as that associated with many manual tasks, can
mechanically compress them. Figure 1 shows the sites of common upper

extremity cumulative trauma disorders.



FIGURE 2.1
SITES OF COMMON UPPER EXTREMITY CUMULATIVE TRAUMA DISORDERS
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2.2 Review of Clinical and Case Study Literature

2.2,1 Hand and Wrist Disorders

The most commonly hand and wrist disorders reported to be
associated with cumulative trauma include tendon related disorders
(teﬁdinitis, tenosynovitis, De Quervain's disease, trigger finger),
carpal tunnel syndrome (CTS), Guyon tunnel syndrome, digital neuritis,
ulnar arterial thrombosis (hypothenar hammer syndrome) and degenerative
joint disease of the fingers. Occupational factors reported to be
associated with these disorders are presented in Table 2.1

Tendon Related Disorders include tendinitis (inflammation of the tendon

tissues), tenosynovitis or tenovaginitis ( separate or concomitant
inflammation of the tendon and its sheath) and peritendinitis
(inflammation outside the tendon sheath at'the bony insertion or’
musculotendinous junction). These disorders have common ¢linical
presentations and their names often have been used interchangeably in
the literature. The most common symptom is pain along or about the
tendon, often accompanied by swelling or crepitus. Stenosis or
thickening of the tendon sheath may occur. Two of the most common
tendon related disorders are DeQuervain's disease, a stenosing
tenosynovitis of the abductor pollicis longus and extensor pollicis
brevis tendons; and trigger finger which is often associated with the
development of a small ganglion arising in the flexor sheath (Bunnell,
1964; Mathews, 1973).

While tendon related disorders have been associated with acute
trauma (E11is, 1951; Lanfear and Clark, 1972) and rheumatoid arthritis
(Urbaniak and Roth, 1982), most investigators believe the majority of

cases are related to "overuse" which causes either frictional or



stretch damage. Table 2.1 includes occupational factors reported to ‘be
associated with tendon related disorders.

Carpal Tunnel Syndrome (CTS), the most common nerve entrapment,

involves compression of the median nerve in the carpal tunnel. This
produces symptoms of pain and paresthesia in the median nerve
distribution of the hand. However, other patterns may be present
(Mariancci and Von Hagen, 1965; Mathur, 1981). Occupational factors
reported to be associated with carpal tunnel syndrome are summarized in
Table 2.1.

CTS has been reported to be positively associated with:

~Female sex {Tanzer, 1959%; Kendall, 1960; Phalen, 1972)

-Diabetes Mellitus {Mulder et al, 1961; Jung et al, 1971;
McCann and Davis, 1978)

-Birth control pills (Sabour and Fadel, 1970)

-Bilateral ocophorectomy (Bjorkquist, 1977; Cannon et al, 1981)
-Pregnancy (Wilkenson, 1960; Gould et al, 1978; Massey, 1978) -
-Rheumatoid Arthritis, Gout (Barnes and Currey, 1967; Phalen, 1972)

-Trigger finger, Ganglion, Tennis Elbow, Raynaud's phenomenon
(Phalen, 1972)

-Wrist size or shape (Gelmers, 1981; Johnson et al, 1981).

Guyon Tunnel Syndrome, less commonly reported than CTS, is an

entrapment of the ulnar nerve as it passes through the Guyon tunnel.
The tunnel, located more superficially than the carpaT tunnel, contains
the ulnar nerve and artery and some fatty tissue (no tendons).
Symptoms and signs can be sensory, motor or both (Shea and McClain,
1969). An anatomically related disorder is ulnar artery thrombosis
(hypothenar hammer syndrome). Repetitive use of the ulnar base of the

palm as a hammer is the most commonly cited factor in both of these



disorders (Table 2.1) although anomalous muscles and acute trauma have
occasionally been noted.

Degenerative Joint Disease (DJD) characterized by insidious local joint

pain, stfffness, limitation and deformity (Moskowitz, 1984), has an
unknown etiology. While aging has been the primary factor associated
with localized osteoarthrosis of the hands (Acheson and Collart, 1975;
Plato and Norris, 1979; Cummingham and Kelsey, 1984), it remains
unclear whether degenerative joint disease is an inevitable disease of
aging or the result of prolonged exposure to processes begun much
earlier in life, Females have a higher prevalence of changes in distal
interphalangeal (DIP), proximal interphalangeal (PIP) and first
carpometacarpal {CMC) joints whereas males have a greater prevalence in
metatarsophalangeal (MTP) and wrist joints (Kellgren and Lawrence,
1958). The role of chronic occupational trauma has been sited in a
number of studies (Table 2.1). Acheson and Collart (1975) found
disease to be more severe in the right hand than the left hand in
right-handed people suggesting a role for chronic mechanical stress.

As can be seen in Table 2.1, similar occupational risk factors
have been cited for most of these disorders. They include forceful and
or repetitive hand and finger exertions, often in combination with

wrist deviation and pinching grip with the fingers.
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2.2.2 Elbow and Forearm Disorders
There are four common types of elbow and proximal forearm
_ disorders reported to be associated with cumulative trauma. The most

commen of these is Epicondylitis, an inflammation of tendons about the

elbow, either lateral (tennis elbow) or medial (goifer's elbow). Pain
is experienced when the wrist and finger extensors (lateral) or flexors
(medial) are in use. In an annual cross-sectional survey of the common
rheumatic diseases conducted among the adult Swedish population,
Allander (1974) noted a 1-3% prevalence of lateral epicondylitis among
both sexes that decreased with age, unlike degenerative joint disease.
‘This suggests that Tactors other than aging, including occupational
stress, could be factors. Roto and Kivi (1984) recently found the
prevalence of epicondylitis in meatcutters to be 8.4% compared to 1.4%
among construction foremen. The prevalence among meatcutters increased
with age or years on the job. Table 2.2 preseﬁts reported occupational
factors associated with epicondylitis.

Radial Tunnel Syndrome is a peripheral nerve entrapment that manifests

itself as a resistant tennis elbow. Morrison (1981) suggests a
pathological thickening of the supinator muscle at the proximal border
to be the cause.

Pronator Teres Syndrome (compression of the median nerve as it passes

through the two heads of the pronator teres in the forearm) has
symptoms similar to CTS that extend to the forearm. The pronator
teres muscle is most active {contracting) during rapid or resisted
pronation (Basmajian, 1979), and forceful pronation of the forearm with
wrist f]exion'(Mill‘s test) can aggravate this syndrome (Cailliet,

1981).
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Cubital Tunnel Syndrome is a compression of the ulnar nerve as it

passes through the cubital tunnel behind the medial epicondyle.

It is

often seen in those with prolonged external pressure at the cubital

tunnel. When the forearm is pronated pressure on the ulnar nerve is

increased (Cailliet, 1980).

TABLE 2.2

OCCUPATIONAL FACTORS ASSOCIATED WITH ELSOW AND FOREARM DISORDERS

DISCROER

Cutrital Turmne!
Synarone

Pronator teres
Syndrome

Radial Tunnel
Syndrome

Enicandylitis
{(Tateral most
common }

OCCUPATIONAL FACTORS

~repeatecd or prolionged elibow
FIgiOoNn wWith wrigt extenstion

-repeated trauma or leaning
elbow on workbench

=habitual elibow leaners

-~9ltow flexion and repesatsd
trauma

=flexien and pressure

-repgeated pronation or grasp

-tight gripping, turning of
tools

-forseful pronatiaon with
finger flexion

=forcsd pronaticon with esibow
extengion

-repeated rotary movements
assamdly of heavy faprig
~repetitive wrist flaxion with
pronation ar wist eaxtansion
with supination

“regeated forcefyl movements

~constant use of a3 hammer
“regeatsd supinaticon/pro-
nation

-repeated forceful wrist
extensian

~supinaticn of gripping hana
with wrist extenstion,
activity of smail muscles at-
tached to the epicondyle
“ynaccustomed or regetitive
moOvenents with forearm or
?inger extensars

-macro/micro tears with undue
stress

“regeated trauma

-repetitive sSupingtion with
flexed elibow and 1Q15. load

REFERENCES

Macnicoi (1979) 7

Feldaman et al (13983)

B8ora, Csterman {1982)
Feingel (19%8), Reddy (1383)
Craven, Green (13980)
Wadswaorth, Williams (1973)

Hartz et al (1981)
Seyffartn (19%1)

Morris. Peters (1978)
Felcman et al (1983)
8ora, Osterman (1982)

Marrison ( 1980)

Lister (1984)

Roles, Maudsiey (1972)

Mills (1928)

Rascn, B8runaker (19%7)

Sinclatr (19€8), Garaner (1570Q)
Lapidus, Guidotti (1970)
Ferguson (1971)

wagsworth, villiams (1973)
Cyriax (1978)

Rate, Kivi (1984)

Stetner (1976)

repsated

Golgte (1964}
Kurppa et al (1979)
Covpar, Hocper (1973)

8ayd, MclLsog (1973)
Perrott (1961)
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ﬁith the exception of prolonged external pressure in cubital
tunnel syndrome, the occupational risk factors‘for these four disorders
are quite similar and include repetitive forearﬁ rotation in
combination with repetitive wrist deviation or finger motion.

2.2.3 Shoulder Disorders

The most common shoulder disorders reported to be associated with
cumulative trauma include rotor cuff tendinitis {primarily
supraspinatus) and bicipital tenosynovitis.

Shoulder function involves 3 bones, 4 joints, 12 ligaments and
more than 15 muscles (Matsen and Kirby, 1982). The zones of
avascularity in the supraspinatus, biceps brachii and infraspinatus
tendons are subject to microruptures and degeneration {Rathburn and
Macnab, 1970). As the tension on the tendons increases (as with
overhead work) the venous circulation decreases and finally stops,
thereby accelerating degenefation (Hagberg, 1984). Brewer (1975)
suggests the progressive changes seen in the supraspinatus tendon are
secondary to a summation of biomechanical forces of functional demand.
The shoulder is a frequent target for degenerative joint disease and
rheumatoid arthritis.

In an electromyographic study Hagberg (1981) reported rapid
fatigue of the supraspinatus muscle in abduction; of the biceps brachii
in flexion and of the upper trapezius in both. The fatiguing process
in the muscle indicated a constant traction on the tendon. He suggests
the ischemic effect on the tendon as the major etiological factor in
supraspinatus tendinitis.

Reported occupational factors are summarized in Table 2.3.
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TABLE 2.3
QCCUPATICNAL FACTCORS ASSOCIATED WITH SHQULOER DISCROEARS

OISOROLR QCCUPATICNAL FACTORS REFERENCES
S1eipieal <gvernead reaching, lifting Navisser (1380, 1983)
tenosynavitis =repested mincr trauss Siman (197%)
pulling or lifting Crenshaw, Xilgore ( 1968)
~“arY Sace 1O regeatadly OePalma, Callery (19%4)
worsh &t sechanical Jisaa-
vantage

econtinuous vae in sbouction Meyer (192%)
and rotation

~OVerise Sayle (19€3)
Rotor Cuff ~excassive or forcible Gooth, Marvel (1937%)
tendinitis shoulder exersion
=papetitive activities with Siman (1973)
rotation or sisvation
-gvaruse (n overhesd worg Matsen. Xirgy (1982)
~repetitive pulling, 1ifting Neviaser (13S8Q), Neer (1983)
“gveruse Susn (1383), Boyle {196€3)
MeLaughiin (1948)
~sustained gr repetitive Caventry ( 19%3)
flaxion or aBaucStian
ecumyiative trausa Meyer (1337)
sworw with hanas at or Sjeile et al (1979, 1981)
above acromicn heignt Kvarnstros (1983)

pralanged tansian of shoulder
tanilizing susgles whnile
perfarming hand intensive

wors

~lgading sf the arm aBave Herderts, Kaderors (19378)
0 degrees adduction or HerSerts ot al {1981)
flaxion

=gxcessive usa of. the hand Mascn at 2l (1980)
~static musGle load Luopajarvi et al (1979)

In summary, occupational factors associated with shoulder
tendinitis primarily include repeated or sustained flexion or abduction
of more than 60 degrees. Additiocnally, work requiring fine hand
maniputation requires static loading of the shoulder to hold the entire
upper extremity in placge.

2.2.4 "Occupational Cervicobrachial Syndromes"
These are poorly defined disorders which have}received

considerable attention in the Japanese and Scandinavian literature.
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The Japanese Industrial Health Association on Cervicobrachial Syndrome
(1973) describes the disorder(s) as "a functional and organic disorder
brought about by muscular and mental fatigue of work."

Perhaps the first report of this type of disorder and its risk
factors was reported among professional writers by Ramazzini (1713) who
noted "...constant writing also considerably fatigues the hand and
whole arm on account of the continual and almost constant tension of
the muscles and tendons" which eventua11y leads to “"palsy of the whole
arm,"

Symptoms include shoulder stiffness, neck, back and forearm pain,
coldness and hypesthesia (or paresthesia) of the hands, excessive
physical fatique, headaches, irr%tation and insomnia (Maeda, 1975).
Waris (1980) includes thoracic outlet syndrome, tension neck syndrome,
humeral tendinitis and cervical syndrome as the primary types of
“cervicobrachial syndrome.” Table 2.4 presents some of the factors
reported to be associated with these disorders.

Thoracic Qutlet Syndrome is a genéra] term for the compression of the
'

neurovascular component of the upper extremity at the brachial plexus
(Tyson and Kaplan,1975; Riddeil, 1967). Although it is a well defined
clinical entity, it is included in this section to reflect the
classification of Waris (1980). Symptoms include tingling, burning and
numbness along the inner arm, forearm, hand and fingers in
corresponding dermatomes. There are a variety of mechanisms believed
to cause this compression. Anomalous cervical ribs and aging are
thought to be the primary factors by many authors. However, these
symptoms are rare in the aged and those with cervical ribs (Qverton,

1967). Nelson (1957) and Waris (1980) suggest posture and occupational
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factors may aggravate or precipitate the symptoms but are not important
in underiying etiology. Lord and Rosati (1958) noted that when the arm
is abducted 180 degrees, the brachial plexus and auxiliary vessels are
subject to maximum compression against the "auxiliary pulley" of the
pectoris minor muscle around the coracoid process (hyperabduction
syndrome) . |

Tension Neck Syndrome is a poorly defined condition with pain, muscle

weakness and fatigability in the region of the neck and scapular area.
"Objective signs” (excluding other disorders such as cervical root
disorders) include muscle tenderness in the upper part of the
trapezius, local muscle spasm or hardening, trigger points along the
muscle insertion (Waris, 1979). Tichauer (1966) noted that when the
arm is abducted 40 degrees, the upper fibers of the trapezius are
stressed 8 times as much as at a 20 degree angle and 64 times as much
as at a 10 degree angle. Similar types of disorders are reported by

Cohen (1980), Valtonen (1968) and DeLacerda (1982).
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TABLE 2.4
OCCUPATIONAL FACTORS ASSOCIATED WITH "COCCUPATIONAL GCERVICUBRACHIAL SYNDRGOMES

DISOROER QCCUPATIONAL FACTORS REFERENCES
Tension Neck ~acute strain Komoike (1979)
{primary tension <-repetitive Nigh speed finger Ferguson (197
myalgia) wrist and arm mottion Kourinka (1979)
Scapularcostal -static arm, elbow slevation Valtonen {1963}
Syrirome of 80-30 degrees

-prolonged neck., shoulder Cohen (19580)

bending

=chronic cccupational muscle Simona (197%)

strain

*repetitive or sustained Cetacsrda (1982)

arm abcduction more than 795

degrees
Thoracic Outlet =carrying heavy objects Sitver (1380)
{hypersbduction, Naffzinger, Gramt 1938)
anterior scalene Lascellies et al (1977)
.costoclavicular Brickner [1927)
syrciromas ) McCleery st al {(19%t)

Lorg, Rosatt (19%8)
Nichels (1967)
Falconer, vecgel! (19543)
Miller (1984)
-avernead work {repsated Urscne! et al (1963)
or sustained) veignt {194%), Sateman (1968)
Lascelles et a3l (1977)
Beyer, weignt (19%1)
Kremar, ARiquist (197%)
Lord, Rosatt (19%8)

~rapid finger motions MeClewry ot al (19%1)
Rigael! (1967), Brickrer (1927}
~throwing or rowing Strukel. Garrick (1378)
~vibration Riadeil (1967)
Rogs. Owens (1968)
~Hammer ing Kramer, Aniguist (1975}
Cerviconracnial -ntgn speed regetitive use Mgeda (1974)
Disorgar of nands angd fingers Komoike (197%)

-gtatic or gynamic Durden
on armg (elevated)

2.3 Epidemiologic Studies
Epidemiology has been used to evaluate relationships between
health effects and occupational exposures or risk factors. Prospective
cohort studies, in general, provide the most convincing evidence of
causal relationships. Cross-sectional or prevalence studies are
useful in generating hypotheses about risk factors. Case-contraol
studies are often used as an initial step in determining whether there

is an association between a suspected cause and effect (MacMahon and
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Pugh, 1970).

Prospective studies of upper extremity CTDs have not been
reported in the literature. Prevalence and case-control designs have
been employed in studies of cumulative trauma disorders in industrial
groups to generate hypotheses in this relatively new area of
epidemiologic investigation.

The emphasis of this review is to address the following points:

1. What health endpoints have been associated with cumulative

trauma and how can they be ascertained in studies of
industrial populations?

2. How common are these disorders in industry?

3. What exposure measures are important to ascertain?

4, How have potentially important confounders and effect modifiers
been addressed in these studies?

Four basic approaches have been used to identify health effects
and occupational exposures in the cross-sectional and case control
studies reviewed. Type [ studies have concentrated on relatively
rigoroug definitions of health effects (primarily degenerative joint
changes) and less precise measures of exposure. Type II studies have
utilized variations of postural discomfort or symptoms as a measure of
health effect and more precise measures of exposura. Type III studies
have used existing plant records to measure health effect and a variety
of techniques to measure exposure. Type IV studies have used clinical
criteria to evaluate primarily soft tissue health effects and more
precise measures of exposure including detailed analysis of specific
jobs.

2.3.1 Examples of Type I Studies
A number of industrial populations were surveyed by the British

Industrial Survey Unit of the Arthritis and Rheumatism Council in the
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19505-1960s, including dock workers, civil servants, miners, foundry
workers and cotton operatives (Lawrence and Aitken-Swan, 1952;
Partridge and Duthie, 1968; Anderson and Duthie, 1963; Lawrence, 1961;
Partridge et al 1968; Duthie and Anderson, 1962). Health effects were
determined by clinical examination including x-rays of hands, feet,
cervical, dorsal and lumbar spine. Disorders of interest were ‘
primarily degenerative joint disease of the spine and limbs, ard
rheumatoid arthritis. Soft tissue disorders were of secondary
interest. Peripheral neuropathies were not investigated.

Positives were those who met pre-determined criteria. “Rheumatic
complaint" was defined as persistent or recurring musculoskeletal pain
without immediate traumatic cause. Those with pain at the time of
interview or during the previous year were “pﬁsitives“ and those who
had symptoms only prior to one year were "intermediétes“. Those with
Heberden's nodes but without generalized changes were described as
localized osteoarthrosis (LOA). Chronic tenosynovitis was defined as a
history of continuous or intermittent pain on movement of a tendon
within its sheath or on pressure over the sheath for at least 6 weeks,
Chronic tenosynovitis and bursitis were grouped as "other specified
rheumatic conditions" (Anderson, 1972).

Combined results for 2,684 males from the various studies
indicated a marked increase in LOA from 2.49% at 25-34 years of age, to
12,26% at 55+ years. A much less dramatic increase was observed for
"other rheumatic diseases,": 3.53% at 25-34 years to 4.03% at 55+
years. This suggests that age may not be an important factor in tendon
related disorders. However, among civil servants (Partridge and

Duthie, 1968), an increase in “other rheumatic conditions was observed
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with increasing age: 2.2% at 35-44 years to 11.1% at 55+ years. Among
dockyard workers, the prevalence decreased slightly from 25-34 years
(3.8%) ta 55+ years (1.5%). Civil servants also tended to have more
neck and shoulder girdie pain than dockyard workers (13;8% versus 8.3%)
with no apparent age trend. Partridge and Duthie suggested working
posture among civil servants as a possible explanation of the
difference. Generalized ostecarthrosis increased with age in all
populations.

The majority of these studies were conducted among males.
Lawrence (1961) reported results for both male and female cotton
operatives 45+ years of age and their controls for osteoarthrosis.
Heberden's nodes were present in 38% of male and 35% of female cotton
operatives compared to 12% and 22% among respective controls. DIP, PIP
and first CMC joint involvement was more frequent in male cotton
6peratives than their controls. ‘Female cotton bperatives had similar
patterns of joint involvement but did not differ significantly from
controls. One of the difficulties noted in thfs study was that of
finding appropriate control populations. One-third of the males in the
general community were coal miners, an occupational group among whom
elevated prevalences of osteoarthrosis had been reported. Occupations
of female controls were not discussed.

Exposure was measured by the Industrial Survey Unit using the
BAHLPS system (back, arms, hands, legs, posture, site) which graded the
effort exerted by the body part and the environmental temperature
(Anderson, 1972, 1974). Increased effort was associated with some
rheumatic diseéses including chronic tenosynovitis and bursitis. The

major limitation of these studies was that occupation rather than



22

specific work tasks was used to classify exposure.

Lockshin et al (1979) conducted detailed clinical evaluations for
the prevalence of rheumatoid, gouty and degenerative arthritis among
miners and non-miners. No significant differences were observed, The
imprecision of the exposure classifications may have masked any
positive occupational associations.

Brown and Lingg (1961) investigated the prevalence of rheumatic
complaints among New York Consolidated Edison employees reporting
musculoskeletal complaints to the company medical bureau. Cases were
classified by the criteria of the American Rheumatism Association.
There was no significant ‘gender difference in the incidence of
rheumatic complaints ( 15% males and 16% females). However, incidence
of rheumatic coﬁplaints increased with age for both séxes ( 11% males
and 10% females less than 40 years, 17% males and 19% females more than
40 years). |

Imprecise exposure categories, similar to those of the British
studies, were used. No relationship between rheumatic complaints and
increased work stress among males was observed. However, females in
the light indoor category had a significantly elevated prevalence of
subdeltoid bursitis and bicipital tendinitis (3.7%). Upon closer
examination, it was noted that females in this category were engaged in
typing, keypunching and filing tasks. The prevalence of these
disorders was similar among males and females performing these tasks.
This finding suggests the need for more precise exposure measurements
to detect differences, particularly a refinement of "1ight" work.

Hadler et‘a1 (1978) conducted a study of hand and wrist

degenerative joint disease among active Virginia female worsted mill
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workers with at least 20 years on one of three jobs (spinners, burlers,
winders). Measures of health effects included a questionnaire (not
described) and clinical examination (range of motion and joint
measurements) and x-rays of the hands and wrists.
| Measurement of exposure is not completely described. Task
description was performed by a ergonomist who observed the jobs.
Significant increased impairment of both wrists was noted among winders
(143-144 degrees flexion-extension versus 151-154 degrees) whereas
increased second and ihird digit joint radipgraphic changes were noted
on the right hand among burlers and spinners. Analysis of the jobs
indicated that winders used bilateral wrist motions with power grips
énd little fine finger movement whereas the other jobs required
primarily right first to third digit movement. These patterns of DJD
correlated well with the different patterns of hand usage among these
workers. This study demonstrates the need for detailed task.énaIysis
to identify specific occupational risk factors that may be associated
with specific disorders. *
While these Type [ studies were concerned primarily with
degenerative joint disease, many of the investigators note the
importance of more precisely defining exposure to estimate the
influence of occupational factors on various disorders. However,
precise diagnostic categories, particularly for non-articular
"rheumatic diseases," may not be as important as the location of the
disorder. Neck and shoulder girdle pain among civil servants
(Partridge and Duthie, 1968) and shoulder disorders among clerical
warkers (Brown.and Lingg, 1961) indicate that a closer look at "light

work” is in order.
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2.3.2 Examples of Type II Studies

A number of studies have used variations of Corlett and Bishop's
Postural Discomfort technique (1976) to assess the effect of various
sustained or repetitive tasks., The assumption is that pain or
discomfort is a precursor to disease and disability. In addition to an
overall discomfort rating, the technique included body diagrams on
which workers are asked to indicate painful areas using 2 7 point scale
for each area. The localized postural discomfort technique has been
well correlated with functional anatomical and electromyographic
studies of muscle load (Kourinka, 1983; Lee and Wu, 1984; Hagg and
Suurkuyla, 1984), The technique has been used for pre and post
evaluation of job modifications among spot welders (Corlett and B8ishop,
1976), office workers (Webb et al, 1984) and shoe assemblers (Drury and
Wick, 1984), A variation of this approach was reported by Wells et al
(1983) who used telephone interviews to assess musculoskeletal
complaints of letter carriers and two reference populations.

In an intervention study in the shoe industry, Drury and Wick
(1984) used the Corlett and Bishop technique to evaluate pre and post
job modification results. Jobs were videotaped and later analyzed for
task and posture, Force was determined by estimating compressive forces
on spinal disks calculated by body angle and by weighing objects.
Postural analysis of the upper extremity was similar to that described
by Armstrong et al (1982). Repetitiveness was estimated as the number
of times a motion occurred. Results were presented as the frequency of
“pathological combinations" for the upper extremity such as each task
element where wrist deviation with a pinch occurred. Both job analysis

and postural discomfort ratings were performed before and after
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modification. Postural stresses and dis&omfort scores were reduced
considerably after modification. Local body discomfort ratings were
used to make furtherAjob modifications where necessary.

Karlgvist (1984) expanded the postural discomfort technique in a
study of 118 Swedish female ffsh canning bench operators. Evidence of
acute trauma of the hands and forearms (carving scars, etc.) were
recorded by an industrial nurse. A1l hands were copied in real size on
paper. Workers marked injuries as well as'areas of subjective
complaints including pain, ache, numbness or tingling.

Exposure measurements included analyzing videotapes of the jobs
for knife holding positions, movement patterns and types of grasps.
Results were not stratified by age or years ¢n the job. The most
complaints were in the knife holding hand: the wrists were the most
likely to have pain, swelling and stiffness; neurological symptoms were
most prevalent in the knife holding hand especially the thumb and index
finger. For example, 67% of the workers identified problems with the
right index finger versus 11% with the left index finger. Job factors
associated with these symptoms included: ulnar deviation'with the thumb
pushing down on the knife, high workload of the finger flexors, wrist
flexion and muscle strain in the arms and shoulders. New knives were
developed and pilot tested to facilitate less stressful working
postures. Preliminary followup reports by workers indicated decreased
fatigue and an unwillingness to return the new knives.

These studies demonstrate the usefulness of questionnaires to
identify jobs requiring ergonomic intervention. However, it remains
unclear whether discomfort leads to (TDs.

2.3.3 Examples of Type III studies



26

Common industrial sources of health effect information include
OSHA 200 logs, worker's compensation and insurance c¢laims, and plant
medical records. There are inherent biases in each of these which
1imit their usefulness in studies of upper extremity cumulative trauma
disorders. Entries into OSHA logs, by law, must include disorders
"believed to be associated with repetifive trauma" if they involve
restriction of work or motion, transfer to another job or more than
first aid treatment. But there is no definition or general agreement
as to what constitutes repetitive motion disorders or first aid, and
therefore inconsistent reporting may exist. The worker's compensation
‘system is an adversarial process which may result in distortions in
reporting and acknowledgement of claims which bears 1ittle relationship
to objective medical evidence. Plant medical records vary in quality
and may reflect selective reporting of workers to the plant medical
departments for a variety of reasons. Worker utilization of outside
medical resources for health care may lead to underestimates of
prevalence based on plant medical records. In case control studies,
this may result in classifying some with CTDs as controls.

Company data often available for exposure classification include
department or job classification. Misclassification of exposure (job
of onset versus current job) or imprecise measures of exposure
(departmental rates versus rates for jobs in different departments with
the same work attributes) are potential problems. The limitations of
these data sources are demonstrated in a case control study of carpal
tunnel syndrome among aircraft engine manufacturing employees (Cannon
et al, 1981). 'Cases were ascertained from workers compensation records

and medical department memory whereas controls were chosen from the

L
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rest of the plant population without any screening measures to insure
that they were without carpal tunnel syndrome. Imprecise exposure
measures weaken the findings of increased risk of carpal tunnel
syndrome with bilateral oophorectomy, use of vibrating tools and
repetitive motion tasks.

Despite the 1n§dequacies of using these types of secondary data,
they have sometimes been used to identify clusters of CTDs for
ergonomic evaluation., Examples of studies using plant health records
to target specific jobs for ergonomic investigations include those of
Hymovich and Lindholm (1966), Ferguson (1971), Wherle (1976), Rabourn,
1977; Armstrong and Chaffin (1979), Armstrong et al (1982). When plant
records are used to look for associations between specific disorders
and more generalized exposure measures, the adequacy of plant health
records becomes more critical because there is already considerable
misclassification.

Kvarnstrom (19?3) used plant medical records to identify cases and
controls in a study bf shoulder disorders in a Swedish electronics
plant. Cases were defined as those who: 1) had shoquer'probTems
limiting their ability to work, 2) were off work more than four weeks,
3} had pain or excessive fatigue aggravated by their work , and 4) had
shoulder tenderness on clinical examination. Controls were randomly
selected from company factory workers matched for age and sex.
Interviews were conducted to gather information regarding onset, amount
worked, physical and psychosocial workload and environment, social and
ethnic conditions, and past work history. Shoulder muscle strength was
measured with strain guages at least one year after reporting symptoms

by cases.
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Company engineers graded jobs of onset { or job during the same
time for the controls) for degrees of monotony and repetitiveness.
This included flexibility of the job, degree of jbb enrichment and
other non-described items.

Cases had significantly more repetitive and monotonous work and
less strength than controls. In a case control study, it is difficult
to determine whether decreased muscle strength in cases was a cause or
an effect of the shoulder disorder. Female sex and immigrant status
were associated with disease and exposure, The frequency of shoulder
disorders was higher in 25-47 year old females than older women,
perhaps a survivor effect. There were no differences in well-being or
psychological content of work, previous work history, or height. The
author concluded that a static tension in the shoulder stabilizing
muscles over exgessive]y long periods while performing repetitive hand
work was found to he a main cause of the syndrome.

The utilization of plant records in this study may be less
probiematic than in most US investigations'because health care in
Sweden is integrated into one system. While the findings are
strengthened by analyzing job attributes rather than broad occupational
classifications, a more detailed description of the exposure
measurements would have strengthened the conclusions.

2.3.4 Examples of Type IV Studies

Herberts and Kadefors (1976, 1981) compared the prevalence of
shoulder disorders among male shipyard welders and male office clerks.
Questionnaire interviews were used. Workers with shoulder pain,
stiffness and/or weakness that interfered with work, and an equal

number responding negatively, were invited to participate in clinical
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examinations. Clinical examinations were not performed until a year
after questionnaires and included: inspection, palpation, gross muscle
strength using a dynomometer and active, passive and resisted motion
testing. Previous ergonomic evaluation, using electromyography, of

" overhead welding jobs had been performed by the investigators (Herberts
and Kadefors, 1976). No evaluation of clerk jobs was reported.

While this study suggests overhead welders are at a significantly
greater risk of having shoulder tendinitis, it suffers from the
following weaknesses: 1) not all welders and clerks received clinical
evaluations; 2) differential criteria for entry into the study were
used ( welders with more than 5 years work, clerks more than 39 years
of age); 3) no ergonomic evaluation of clerk jobs appears to have been
performed; 4) 34% of welders were lost to followup clinical
examinations; 5) the one year time Iég between guestionnaire and
clinical examination may have diminished the associations. In generai, the
limitations would tend to minimize positive associations.

Bjelle et al {1979) studied 20 male industrial workers with
prolonged shoulder pain of more than 3 months and their controls during
a one year period. Cases came from 3 machine shops, 2 pulp mills and a
saw mill and were seen initially by the same physician. Controls were
selected from manual workers in the same plants as the cases and
matched on age and sex. Physical examination of the cases included
grip strength, routine blood and urine tests. Patients were then
referred to the rheumatology outpatient clinic for extensive
evaluation.

Health care personnel, knowledgeable of the workplaces,

~ interviewed subjects to determine physical workload and working height
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of the hands. Three cases had related systemic diseases and were
excluded. Twelve of the remaining 17 cases had bicipital or
supraspinatus tendinitis. Mean grip strength of cases was significantly
lower than controls. There was no difference in previous or current
physical workload levels. Work at or above acromion height was
significantly higher for cases than controls.

The conclusion that heavy work at or above acromion height is a
risk factor for prolonged shoulder problems is weakened by 1)
informational bias due to possible differential treatment of subjects
{no indication that controls received the same examination) and 2)
potential observer bias when sybjects were classified into exposure
groups by those knowledgeable of their health status.

Bjelle et al (1981) conducted another case control study of acute
shoulder/neck disorders in a Swedish truck cabin manufacturing company
where major jobs included assembly, press and welding operations.
Cases were 20 consecutive workers attending the industrial health
center for the first time with acute shouider/neck pain. Each patient
received a detailed clinical examination, laboratory tests and x-rays.
On the same day anthropometric measures and isometric muscle strength
was assessed in various shoulder/elbow postures with strain guage
instruments. Athropometric measurements and strength testing were
determined for contrels as well.

Seven of the 20 cases were classified as "diseased cases"
(congenital mal formations, arthritis, post-infection syndromes). Two
controls for each of the remaining 13 cases were matched on age, sex
and place of work (factory halls). There was no indication that

controls had a clinical examination which might have ruled out any
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unreported shoq]der/neck disorders.

Non-diseased cases had primarily right sided supraspinatus
tendinitis. Muscle tenderness was found in all but one. Anthropometric
data were not significantly different between cases and controls.
Isometric strength was stronger among controls in some of the tests
performed,

Exposure data was based on biomechanical analysis and
electromyography (EMG). The duration and frequency of shoulder
abduction or flexion of more than 60 degrees was measured by a
laboratory assistant blinded to health status. All non-diseased cases
had work tasks demanding their hands at or above acrqmion height and
had significantly longer duration and higher frequency of right and
left abduction and flexion compared to céntro]s. EMG analysis showed a
significant decrease in mean power frequency in the suparaspinatus
muscle over one-hour recor&ings in 4/5 of assemblers evaluated
indicating fatiguing muscle processes. The authors suggest cumulative
ischemic trauma, as evidenced by EMG and muscle enzyme data (transitory
increases in aldolase, creatine kinase or both), as the important
etiological factor related to exposure.

The major potential weakness in this otherwise convincing study is
that controls may not have had the same screening examinations as cases
to determine if they were in fact controls.

Falck and Aarnio (1983) evaluated carpal tunnel syndrome (CTS)in
17 of 19 eligible butchers working in two Finnish slaughter houses.

All subjects were right handed and had no systemic disease or relevant
injuries. Symptom questionnaires, c¢linical examinations ( Phalen's

test, Tinel's sign, cuff test, body mass index), and bilateral ulnar
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and median sensory nerve conduction veIocities‘(NCV) were measured
using a standard protocol. Nine {(53%) had subjective symptoms and
positive NCV findings on the nondominant left side., Those that had
bilateral CTS were more severely affected on the left, except one case.
Clinical tests correlated poorly with symptoms and NCVs. This suggests
that interview data alone may be sufficient to detect carpal tunnel
syndrome. Positive findings were not associated with age or body mass
index. The butchers felt that the load on the left hand was much
greater than on the right hand. When jobs were analyzed, it was found
that the right hand holds the cutting knife while the left hand holds
and turns the carcass and tears the hide off.

Waris et al (1979) developed a screening tool for use in
epidemiologic studies of occupational upper extremity disorders.
Specific diagnostic c¢riteria based on interview and non-invasive
clinical e;amination were determined. The exam consisted of
inspection; palpation; passive, active and resisted range of motion
tests and hand grip strength in several positions. All test results
(ekcept hand grip) were recorded as negative or positive. Each record
was later analyzed and compared to the predetermined criteria to
ascertain the presence of a disorder. Interviews, conducted after the
examinations, pertained to history of previous diseases, outside
activities, and subjective symptoms. This screening tool was used in
several Finnish industrial studies.

Kuorinka and Koskinen (1979) used the screening tool in a
prevalence study of workers in a scissor making factory, Temporary
workers and thbse with recent trauma were excluded. Data from both

screening and work evaluations were available for 93 workers {90 female
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and 3 male). The overall prevalence of tension neck syndrome was 61%
and of wrist muscle-tendon disorders was 18% No age association was
observed for either of these disorders. No distinction was made
between sexes because the vast majority of subjects were females.
There was a 10 month delay between job evaluation and screening
evaluation of workers. Two types of work related data were collected.
First, relatively complete production data for the previous year was
-available for 76 workers. Second, videotaping and observation of
workers were used to estimate repetitiveness and wrist posture. The
amount of time per cycle in which wrist deviation of more than 20
degrees occurred was muitiplied by the the number of cycles per hour
times the number of hours worked in the previous year. This was used
as an index of wrist load. Task variables included cycle time (short.
and long), inspection or manipulation type of task, and wrist
deviation index. These were summarized by specific jobs. There Qere no
significant differences observed in task variables for those with and
without these disorders. The number of symptoms increased as estimated
parts per year increased. Hand posture was not included in the wrist
load index. There is no indication of whether changes in work methods
took place in the 10 month interval between job and health evaluations.
Luopajarvi et al (1979) used the same screenin§ tool to compare
the prevalence of upper extremity disorders in female assembly line
packers to that of female shop assistants (excluding cashiers). Every
workplace was ergonomically analyzed by a team of foreman, worker,
labor safety officer and occupational physiotherapist (measures not
specified). Jdbs were videotaped and evaluated by a physician and work

study engineer.
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Significantly more shop assistants were classified as non-diseased
than packers (63% versus 30%). Packers had significantly higher
prevalences of shoulder disorders (12.5% versus 3.8%) and hand/wrist
disorders (56% versus 14%). Packers had significantly more extensor
than flexor tenosynovitis. Common job factors identified among
packers, but not among shop assistants were: 1) repetitive finger and
hand motions at high speeds; 2) static muscle loading; 3) extreme hand
postures; 4) 1ifting 5,000 Kg average per day in some tasks; 5) use of
non-fitting gloves. Exposure measurement methodology is not well
described in this report.

Viikari-duntyra (1983) utilized the screening tool described by
Waris (1979) in a prevalence study of slaughterhouse workers. An
additional clinical examination was also employed, Of the 113 workers
(52 cutters, 38 butchers, 23 byproduct workers), 82 were males. Mean
age was 30.1 for males and 36.1 for females. Mean length of employment
was 5.5 years. .

At the end of the screening examination and interview, the subject
used a diagram to shade in the areas of pain experienced in the
previous 24 hours. The screening diagnosis was used if it did not
conflict with the drawing. The c¢linical examination involved non-
invasive neurological testing as well as many of the same tests used in
the screening examination. Diagnostic criteria for the clinical
examination was not as restrictive as for the screening examination and
identified 20 more cases.

More females (58.1%) reported neck and shoulder symptoms in the
previous 12 months than males (45.7%). However, the prevalence of hand

and forearm symptoms in the preceding 12 months was similar (61.3% and
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59.3%, respectively). Fifteen men (13.3%) reported physician diagnosed
tenosynovitis or peritendinitis in the preceediné 12 months, 12 of the
men were under 30 years of age and all were butchers or cutters.

Prevalences of clinically diagnosed tension neck (6.2%) and
tenosynovitis (4.4%) were much lower than in the populations reported
by Kourinka and Koskinen (1979) and Luopajarvi (1979). The author
suggests that high selection/ survival factors among workers; and a
recent labor management dispute (2 weeks before the study) which had
just reduced the workload by 25%, as possible explanations.
Additionally, while noting that the clinical examination could not be
used as a test of the validity of the screening examination because
both used many of the same procedures, the author believes thaf
"softer" criteria should be used in epidemiologic screening so that
disorders can be detected at an earlier stage.

2.4 Summary

The incidence and prevalence of upper extremity éTDs in US
industrial populations have not been well documented. Many of the
clinical and case study reports suggest that factors such as forceful
or repetitive work, awkward postures and vibration may lead to a
variety of occupational cumulative trauma disorders. However, in
uncontrolled clinical studies which include only patients who seek
medical attention, the resylt may reflect Berkson's fallacy (Fleiss,
1981). This selection bias may result in unfounded risk factor
hypotheses.

A number of potential confounders or effect modifiers were
identified in fhe clinical literature and to a lesser extent in the

epidemiologic literature. These include:
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Sex. Several studies have indicated that females are at a higher
risk than males for carpal tunnel syndrome as well as
rheumatological conditions (Linos, 1980; Hochberg, 1981; Armstrong
and Chaffin, 1979; Phalen, 1972; Kendall, 1960; Tanzer, 1959).

Age. A number of articular disorders have been associated with
advancing age (Hochberg, 1981; Linos, 1980; Allander, 1974;
Lawrence, 1961; Anderson, 1974; Partridge and Duthie, 1968).

Prior Injuries. A previously_fractured finger or wrist may prevent
full range of motion. A whiplash may precipitate symptoms of
thoracic outliet syndrome (Roos and Owens, 1966).

Chronic Diseases. A number of disorders may present assymptoms of
CTDs. For example, rheumatoid arthritis, systemic lupus erythema-
tosus, Reiter's syndrome, ankylosing spondylitis, Crohn's disease
and' gonorrhea may present with pain and swelling of the joints and
in some cases consequent peripheral neuropathies (Phalen, 1972;
Lister, 1984), Diabetes mellitus, chronic alcoholism or a ruptured
disk may be manifested in peripheral neuropathies (Cyriax, 1978).
Gall bladder disease, angina pectoris and myocardial infarction may
be manifested in referred shoulder and arm pain (Cailliet, 1981).
Reproductive history. Pregnancy, use of oral contraceptives and
bilateral oophorectomy have been reported to be associated with
carpal tunnel syndrome among females {Sabour and Fadel, 1970;
Witkenson, 1960; Kendall, 1960; Bjorkvist, 1977; Cannon, 1981).
Sports and Hobbies. Non-work activity may lead to or exacerbate
CTDs. For example, lateral epicondylitis may be related to regular
tennis pla}ing (Conrad and Hooper, 1983).

Prior Job. CTDs may have occurred prior to the current job.
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Prevalence studies of rheumatic comp]aihts (Type I) conducted
among industrial populations indicate that degenerative joint changes
increase with age (Anderson, 1972); that females tend to have more
changes in digital joints than males (Partridge and Duthie, 1968); and
that specific patterns of joint degeneration may be associated with
specific patterns of usage (Hadler, 1978). No clear age or sex pattern
was noted with soft tissue disorders. However, when specific jobs were
isolated from broad occupational categories, associations with soft
tissue disorders were observed (Brown and Lingg, 1961). However, for
the most part, these studies have focused on joint changes and broad
exposure definitions rather than specific job attributes.

Type 1l studies, concentrating primarily on ergonomic assessment
and intervention, have presumed that pain or discomfdrt was a result of
the specific job rather than external factors. Rarely have potential
confoundérs or effect modifiers been addressed in éhese studies.

Type 11l studies, utilizing existing plant records, have generally
neglected to evaluate the quality of medical data upon which their
findings rest.

To date, Type IV studies present the most potential to assess
associations between defined health effects and defined job attributes.
The majority of Type IV studies used either direct observational or
videotape analysis of specific jobs for estimates of exposure.
Electromyography was used to estimate forceful exertions about the
shoulder in some of these studies but was not used to estimate forceful
exertions about the wrist. Armstrong, et al (1982) have successfully
used electromyography to estimate forces about the wrist in Type III

studies. The prevalence of hand/wrist disorders varied from 4.4% among
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slaughterhouse workers (Viikari-Juntura, 1983) to 56% among assembly
1ine packers (Luépajarvi et al, 1979).

With the exception of Viikari-Juntura (1983), the Type IV studies
have been conducted largely among study populations of one gender or
the other. Viikari-Juntura found no significant gender differences in
the prevalence of these disorders. No apparent age trend has been
identified with the soft tissue disorders whereas a clear increase in
prevalence is seen with increasing age in degenerative joint disorders.
Recreational activities did not appear to be an important factor in any
of the studies that investigated these factors. Differences in
prevalence of hand/wrist CT0s reported dHy Luopajarvi (1979) and
Kourinka and Koskinen (1979) may be a result of differences in types of
jobs studied, job analysis methods, individual characteristics or other
unknawn "plant" factors. This "plant effect" is not addressed by
either of these studies. Viikari-Juntura (1983) suggests plausible
“plant effect” factors which may explain the low prevalence of
disorders observed among slaugh;erhouse workers, including a "survivor
effect" and recent changes in production.

There have been no Type IV studies reported among US industrial
populations. An important step in continuing this work is a carefully
controlled study in which subjects are chosen solely on the basis of
the types of tasks they perform and without knowledge of health status.
Standardized ascertainment of symptoms, potential confounders and
clinical findings (performed blinded to subject tasks) and concomitant
standardized ergonomic assessment of those tasks, will provide insight
into the relationship between these disorders and potential risk

factors in US industrial workers.



CHAPTER 3
MATERIALS AND METHODS
The objective of this investigation was to estimate the prevalence

of upper extremity cumulative trauma disorders (CTDs) among active
workers, who worked at least one year on jobs that required one of four
specific hand/wrist force and repetitiveness attributes:

1. Tow force-low repetitiveness (LOF.LOR)

2. high force-low repetitiveness (HIF.LOR)

3. low force-high repetitiveness (LOF.HIR)

4, high force-high repetitiveness (HIF.HIR).
The low force-low repetitiveness (LOF.LOR) category served as an
internal comparison population for the other three categories {exposed).
Odds ratios were used to estimate risk of CTDs in the exposed
categories compared to the unexposed category (LOF.LOR). The null
hypothesis was that of no association between CTDs and exposure. The
final study population included 574 active workers from six different
industrial plants.

A simplified flow chart of the study is presented in Figure 3.1

20
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FIGURE 3.1
FLOW CHART QF THE STUDY DESIGN
Contact potential study sites
/

Walk through assessment of all potential jobs

\/
Job Selection
\/
Subject selection
/
Job data collection Health data collection
/
Job analysis Health status analysis
\ /
Statistical Analysis
/ N\
Univariate Multivariate
N\ /

Findings and Conclusions

3.1 Site Selection
Approximateiy 20 plants were contacted for possible participation
in the study. Six plants were selected based on these criteria:
1. At lTeast one job for each exposure category with approximately
20 workers performing each job |

2. Stable employment and production patterns over the previous two

years
3. Plant willingness to release employees for health evaluation
4, No active labor-management disputes in progress.
Seven plants did not have enough workers performing the same job
in each of the four exposure categories. Two plants were cdncerned
that the study might result in increased workers compensation claims.

Three plants had extensive administrative delays and two plants were in

‘the process of changing product lines.
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Of the seven plants that participated in the study, three had
previous relations with the University of Michigan Center for Ergo-
nomics. Contact with the other three plants was made through a State
Health Department, an International Union, or plant Industrial
Engineering's request to participate. Table 3.1 presents the type and

size of the 7 participating plants and jobs studied,

TABLE 3.1

STUDY JOBS SELECTED BY PLANT
Plant 1. Electronics Assembly, Southern USA, 6000 employees

LOF.LOR: 664Board~ insert wires into circuit boards *
Solder Touchup- solder and repair circuit boards

HIF,LOR: Mold Housing- unload parts from injection molding
Automatic Press- load and unload presses

LOF .HIR: Eyeletting- feed small parts into punching machine
Drill & Tap- feed plastic parts into thread machine

HIF (HIR: Buffing- use stationary buffing wheel to polish product
Mold Handles- load and unload presses, knock out excess
parts * : '

Plant 2. Major Appliance Manufacture, Midwest USA, 1600 employees

LOF.LOR: Inspector- use guages to check parts specification

HIF.LOR: Auto Screw Machine- 10ad and unload steel rods

LOF.HIR: Punch Press- load metal blanks into punch press *

HIF.HIR: Hanger- transfer parts to and from moving racks (89:1ids,*
43:motor parts)

Plant 3. Investment Casting, Midwest USA, 2,200 employees

LOF.LOR: Wax Assembly- assemble clusters of wax impressions
Gauging- guage parts to check specifications
HIF.LOR: Wax injection- remove formed wax parts from dies
Ceramic Press- l1oad and unload ceramic inserts
LOF.HIR: Mounted Point- fine grind small ceramic parts
Belt Sander- use small wheel to sand metal part
HIF.HIR: Burr Bench- use small hand grinder to remove burrs *
Cutoff- use stationary cutting wheel to disassemble
castings
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TABLE 3.1
(continued)

STUDY JOBS SELECTED BY PLANT

_P1ant 4, Apparel Sewing, Southeast USA, 650 employees

LOF.LOR: Supervisor- supervise sewing and material handling
KIF.LOR: Material Handler- load/unload warehouse material
LOF.HIR: Hem Legs-:use power sewing machine to hem pantlegs *
HIF.HIR: Belt Loops- use machine to attach loops to waist band *

Plant 5. Ductile Iron Foundry, Southeast USA, 1500 employees

LOF.LOR: Control Panel .Operator- control materials flow
HIF.LOR: Hutchinson Machine Operator- shell making for castings
{OF.HIR: Core Cleaner- file excess off cores
HIF.HIR: Staticnary grinder- grind sprue off casting
Hand Grinder- use small hand grinders to remove sprue
from casting

Plant 6. Bearing Manufacture, Midwest USA, 370 employees

LOF.LOR: Staff- office and supervisory personnel excluding typists
HIF.LOR: Auto Screw Machine- load steel rods intoc machine
LOF.HIR: Plunge Grind Operator- load/unicad small shafts in *
- automatic grinding machine
HIF.HIR: Water Pump Assembiy- place and space balls into bearing
rings and;assemble

Plant 7. Bearing Manufacture, Midwest USA, 500 employees

LOF.LOR: Plater: monitor and maintain plating tanks

HIF.LOR: Plater helper - place bearings in racks and move to plating
machine

LOF.HIR: Manual Machine Operator: insert individual bearings into
machine and operate*

HIF.HIR: Automatic Machine Operators: transfer group of bearings
into conveyor for machining*

* changed exposure categories with detailed job analysis (Table 4.5)

3.2 Job Selection
At least one job for each category was selected per plant.
At each plant, management was asked to provide a list of all

employees, their social security number, birthdate, seniority
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date, sex, department and occupational code. Those occupational
codes which had approximately 20 or more workers were abstracted
from the employee roster, Exclusion from potential job selection
included newly introduced jobs (within the previous two years).
A preliminary analysis of them was performed to assess job force
and repetitiveness attributes for final job seiection. The
preliminary job analysis was performed by project investigators
blinded to worker health problems.

Repetitiveness was measured in terms of the percentage time
spent doing the same task and the time to complete the task,
called the cycle time. In cases where the same set of motions or
work elements was repeated, the amount of time spent performing the
fundamental cycles was used.

Cycle times were measured, in some cases, by observing the
jobs as they were performed by experienced workers. This was
usually done from video tapes to minimize disturbances in the
plants. Area supervisors were asked to recommend experienced
operﬁtors for study. In other cases, work standards and
production records were used to estimate cycie times for the
preliminary analysis. Jobs were classified initially as low
repetitive if the cycle time was more than 30 seconds or if less
than 50% of the cycle time involved performing the same kind of

fundamental cycle. Jobs were classified as high repetitive if

their cycle time was tess than 30 seconds or if more than 50% of
the cycle time involved performing the same kind of fundamental

cycle.
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Forcefulness was estimated from the weight of tools and
parts or from the effort that the workers appeard to exert. In
some cases, surface electromyography as described by Armstrong et al.
(1979) and Armstrong et al. (1982) was used. Jobs were classified
initially as low force if their peak force requirements were less
pounds or less. Jobs were classified as high force if there peak
force estimate was ten pounds or greater,

A1l jobs meeting one of the four category criteria were then
listed within each category. Job selection was.determined by
choosing the most extreme within the category to maximize between
category differences. For example, if two jobs met the criteria
for low force-high repetitiveness, the job that was the most
repetitive was selected., After the preliminary job analysis and
final job selection was completed a second, more thorough,
analysis was performed to further quantify the job forcefulness,

repetitiveness and postural attributes.

3.3 Job Analysis

A second job analysis was performed to verify the initial
exposure classification of jobs based on the preliminary job
analysis and to determine the job postural attributes. At least
3 workers in esach selected job were videotaped performing the job
for at least 3 cycles. Signal generators displaying time, date,
frame number and bilateral electromyographic (EMG rms) recordings
were incorporated into the system's video mixer (Figure 3.2).
The surface electromyogram was calibrated so that force could be
estimated for all of the observed hand postures as described by

Armstrong et al, (1979); and Armstrong et al., (1982).
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The EMG system in this investigation (Figure 3.2) used three
surface electrodes per arm (active placed on the belly of the
flexor muscle; reference placed approximately two inches distal
to the active; and a ground placed on or slightly above the
medial epicondyle) attached to a pre-amplifier system placed on
the arm (to boost the electrical signal generated by muscle
activity)., The pre-amplifier is connected through a flexible
cable to a low pass filtering amplifier and Analog Devices .
integrated circuit board {true rms to dc converter). The root
mean square value (integrated averaging of the signal over time)
“of the boosted EMG signal is digitalized and displayed tﬁrough

the video system as a bar graph.

FIGURE 3.2
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Calibration of EMGs to known forces was performed before and
after the subject is filmed. The most frequent working hand ‘
postures or grips {6 different possible pinching or grasping
postures are identified, Figure 3.3a) are used with a spring
fixture with known force levels (Armstrong, 1979; Figure 3.3b) to
calibrate the EMG recordings. An example of 2 typical .

calibration plot is illustrated in Figure 3.3c (Armstrong, 1979).

FIGURE 3.3 EMG CALIBRATION
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3.3.1 Repetitiveness

A stopwatch was used to estimate mean time for three cycles.
A traditional industrial engineering work methods procedure was
used to analyze the work content {Barnes, 1972). Each task was
described as series of steps or elements as by Barnes (1972).
Sequences of elements that repeated were defined as fundamental
cycles. The percent of cycle time spent performing the
fundamental cycles was estimated. Example of this procedure is shown in
Table 3.2 for the Drill and Tap job at Plant 1 and and in Table 3.3
for the Belt Sand job at Plant 3. The Driil and Tap job involves only
one task and has a cycle time of 1.67 seconds; therefore it meets the
high repetitive criteria. The Belt sand job also involves only one
cycle, but its cycle time is 41.5 seconds. It can be seen from the
work analysis in Table 3.3, that 59% of the cycle consists of a
repeating sef of similar elements. The fundamental cycle tfme is
“calculated as 1.8 seconds. Thus the 8elt Sanding job alsc meets the
high repetitive criteria.

Several of the LOF.LOR jobs required multiple diverse tasks and
had no defined cycles. These included plant 2 inspectors and plant 4
supervisors, plant 5 control panel operators and plant 6 staff. With
these jobs, work sampling techniques were used to characterize these

jobs (percent of time performing different tasks).
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TABLE 3.2

ONE CYCLE OF DRILL AND TAPE (SUBJECT 1012)

LEFT RIGHT
WRIST HAND FRC WRIST  HAND FRC
FRAME ELEM DEV ANGLE POSIT KG ELEM DEV  ANG POSIT KG
70353 MOVE NEU NEU P PNC 0.0 REACH NEU 45F IDLE 0.0
70373 RLSE NEU 45F IDLE 0.0 GRASP ULN NEU P PNC 1.2
30393 HOLD NEU NEU P PNC 2.8 POSIT ULN NEU P PNC 1.8
70413 MOVE NEU NEU P PNC 5.5 POSIT ULN NEU P PNC 0.6
70433 HOLD ULN NEU P PNC 2.8 MOVE ULN NEU P PNC 1.2
70453 HOLD NEU NEU P PNC 2.8 REL NEU  NEU IDLE 0.0
Average cycle time: 1.67 sec.
LEFT RIGHT
WRIST NEU 84%  33%
DEV ULN 16% 67%
WRIST NEU  84%  84%
ANG 45F 162 16%
HAND  IDLE 16% 33%
POSIT P PNC 84% 67%
FORCE AVG., 2.2 0.8
ST.OV. 1.9 0.7
ADJ. 3.9 1.3
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TABLE 3.3

ONE CYCLE OF BELT SAND {SUBJECT 4022)

LEFT RIGHT
, WRIST  HAND FRC WRIST  HAND FRC -

CYC FRAME ELEM DEV ANG POSIT KG ELEM DEV  ANG POSIT KG
212100 IDLE NEU NEU 1IDLE 0.0 REACH NEU NEU IDLE 0.0
1212120 IDLE NEU NEU IDLE 0.0 GRASP NEU NEU PGRSP 0.3

1 212140 IDLE NEU NEU IDLE .0 MOVE NEU NEU PGRSP 0.3
1 212202 GRSP  NEU NEU LPNC 1.3 POSIT NEU NEU PGRSP 0.5
2 212220 MOVE NEU NEU LPNC 1.3 MOVE ULN NEU PGRSP 1.3
2 212240 POSIT ULN E45 LPNC 0.5 POSIT ULN NEU PGRSP 0.4
3 212300 POSIT ULN E45 LPNC 0.8 MOVE ULN NEU PGRSP 0.2
3 212320 POSIT ULN E45 LPNC 0.8 POSIT ULN NEU PGRSP 0.2
4 212340 POSIT ULN E45 LPNC 1.0 MOVE ULN NEU PGRSP 0.3
4 212400 POSIT ULN E45 LPNC 1.3 POSIT ULN NEU PGRSP 0.3
5 212420 POSIT ULN E45 LPNC 1.5 MOVE ULN NEU PGRSP 0.3
5 212440 POSIT ULN E45 LPNC 0.8 POSIT ULN NEU PGRSP 0.3
6 212500 POSIT ULN E45 LPNC 1.0 MOVE ULN NEU PGRSP 0.3
6 212520 POSIT ULN E45 LPNC 1.0 POSIT ULN NEU PGRSP 0.3
7 212542 POSIT ULN E45 LPNC 1.0 MOVE NEU NEU PGRSP 0.2
7 212600 POSIT ULN E45 LPNC 1.5 POSIT NEU NEU PGRSP 0.2
8 212620 HOLD ULN E45 LPNC 1.0 HOLD NEU NEU PGRSP 0.3
8 212640 MOVE NEU NEU LPNC 1.8 MOVE NEU NEU PGRSP 0.3
212700 INSP  NEU NEU LPNC 0.8 [NSP NEU EXT PGRSP 0.0

9 212720 MOVE  NEU E45 LPNC 1.0 MOVE ULN NEU PGRSPO.3
9 212740 HOLD NEU E45 LPNC 0.5 POSIT ULN NEU PGRSP 0.2
212801 MOVE  NEU E45 LPNC 0.5 MOVE ULN NEU PGRSP 0.3

10 212821 HOLD  NEU E45 LPNC 0.8 HOLD ULN NEU PGRSP 0.1
10 212841 MOVE NEU E45 LPNC 1.0 MOVE ULN NEU PGRSP 0.2
212901 HROLD NEU E45 LPNC 0.5 HOLD ULN NEU PGRSP 0.1
212921 INSP  NEU E45 LPNC 0.8 |INSP NEU EXT PGRSP 0.1
212941 MOVE  NEU E45 LPNC 1.0 MOVE NEU EXT PGRSP 0.3

11 213001 MOVE NEU E45 LPNC 1.0 MOVE ULN NEU PGRSP 0.3
11 213023 HOLD  NEU E45 LPNC 1.0 HOLD ULN NEU PGRSP 0.3
12 213041 MOVE  NEU E45 LPNC 1.3 MOVE ULN NEU PGRSP 0.3
12 213101 POSIT NEU €45 LPNC 1.5 POSIT ULN NEU PGRSP 0.3
213121 POSIT NEU E45 LPNC 1.3 POSIT ULN NEU PGRSP 0.1
213141 HOLD NEU E45 LPNC 1.5 HOLD I;M MEI PGRSP 0.3

13 213201 POSIT NEU E45 LPNC 0.8 POSIT ULN NEU PGRSP 1.3
13 213221 MOVE NEU E45 LPNC 1.0 MOVE NEU EXT PGRSP 0.3
213241 INSP  NEU E45 LPNC 1.0 INSP NEU EXT PGRSP 0.0
213301 MOVE NEU NEU LPNC 1.8 MOVE ULN E45 PGRSP 1.2
213321 MOVE  NEU NEU LPNC 1.7 RELS NEU NEU IDLE 0.0
213341 RELS NEU NEU IDLE 0.0 GRASP NEU NEU PGRSP 1.2
213401 GRASP NEU NEU LPNC 0.8 MOVE ULN NEU PGRSP 1.0
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TABLE 3.3 (CONTINUED)

ONE CYCLE OF BELT SAND (SUBJECT 4022)

LEFT RIGHT

WRIST  HAND FRC WRIST  HAND FRC

CYC FRAME ELEM DEV ANG POSIT KG ELEM DEV ~ ANG POSIT KG
14 213421 POSIT NEU E45 LPNC 0.8 MOVE ULN NEU PGRSP 0.3
14 213441 POSIT NEU NEU LPNC 0.8 POSIT ULN NEU PGRSP 0.1
213501 HOLD NEU NEU LPNC 0.5 HOLD ULN NEU PGRSP 0.3

15 213521 POSIT NEU NEU LPNC 0.5. MOVE ULN NEU PGRSP 0.1
15 213541 POSIT NEU NEU LPNC 0.8 POSIT ULN NEU PGRSP 0.5
16 213601 HOLD NEU NEU LPNC 1.0 HOLD ULN NEU PGRSP 0.3
16 213621 MOVE NEU NEU LPNC 1.3 MOVE ULN NEU PGRSP 0.5
213641 POSIT NEU NEU LPNC 2.6 RELS NEU NEU IDLE 0.0
213703 RELS NEU NEU IDLE 0.0 GRASP NEU F45 MGRSP 0.3
213721 IDLE NEU NEU IDLE 0.0 MOVE NEU F45 MGRSP 0.9
213741 IDLE NEU NEU IDLE 0.0 MOVE NEU NEU MGRSP 0.9
213803 IDLE NEU NEU IDLE 0,0 RELS NEU NEU IDLE 0.0
213821 IDLE NEU IDLE 0.0 REACH NEU NEU IDLE - 0.0

NEU

Average cycle time

Fundamental cycles:

+ 28.7 seconds

16

1.8 seconds

WRIST
DEV

WRIST
ANG

HAND
POSIT

FORCE

LEFT RIGHT
NEU 7%
ULN 23%
F45 0%
NEU 45%
E45 55%
EXT 0%

IDLE 17%
LPNCH  83%
PGRSP 0%
MGRSP 0%
AvG. 0.8

ST.DV. 0.5

ADJ,

1.2

~NwWww
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3.3,2 Force.

EMG recordings (number of bars on the video) and hand posture’
were abstracted approximately every 20 to 30 frames of the video
tape (one-third to one-half second). Mean force and standard
deviation for the right and left hand were estimated (using
calibration curves for each hand posture for each subject, Figure
3.3c} and averaged over the subjects performing the same job.
Electromyography was impractical with 5 LOF.LOR jobs (Plant 2
inspectors, plant 4 supervisors, plant 6 staff, plant 7 platers and
tool crib attendants) because their jobs required traversing the
plants. A default value of 1 Kg+0.5 was used. Example of the
estimated force for one cycle of two jobs, Drill and Tap at Plant 1
and Belt Sand at Plant 3 are shown in Tables 3.2 and.3.3. Hand force
_ranged from 0 to 5.5 Kg for the left hand and 0 to 1.8 Kg for the
right hand in Drill and Tap (see Table 3.2). Force ranged from Olto
2.6 Kg for the left hand and 0 to 1.3 for the right hand in Belt sand
(see Table 3.3).

Several methods were considered to characterize the EMG
estimated force requirements of different jobs. In addition to
mean force over the cycle, a weighting measure was developed to
take into account extreme variability in force within the cycle.

The weighted measure is referred to as "adjusted force."
Adjusted Force=(Variance/Mean Force)+ Mean Force

Another weighted measure of force considered was mean force
plus 2 standard deviations. The three values for the right and
left hand are presented in Chapter 4. The adjusted force was used

to classify jobs into low and high force categories. An adjusted
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force (either right or left hand) of more than 6 Kg was defined as
high force and less than 6 Kg was defined as low force, The Drill
and Tap job shown in Table 3.2 had an adjusted force of 3.9 Kg
versus a2 mean and standard deviation of 2.2+1.9 Kg for the left
hand qnd 1.3 Kg versus 0.8+0.7 Kg for the right. The Belt Sand
job shown in Table 3.3 had an adjusted force of 1.2 Kg versus a
mean and standard deviation of 0.8+0.5 Kg for the left hand and

0.7 Kg versus 0.3+0.3 Kg for the right.

3.3.3 Posture

Wrist postures was characterized in terms of flexion and
extension (movement towards and away from the palm) and ulnar and
radial deviation {towards and away from the little finger). Because
it was ndt possible to precisely estimate joint angles to the nearest
degree, the range of joint motion were divided into a series of
ranges or zones as described by Priel 1974; Corlett et al., 1979;
Armstrong et al., 1982.

A form for recording upper extremity postures that has been
used extensively in studies of cumulative trauma disorders by
Armstrong et al., {1982) is shawn in Figure 3.4. It includes two
axes of wrist rotation. Each of the axes is divided into ranges
according to the overall range of motion. The 57 degrees of
possible radial-ulnar deviation (Youm et al., 1978) was divided
into three zones and labeled U, N or R for Ulnar deviation,

Neutral or Radial deviation. The 131 degrees of possible flexion-
extension (Bradley and Sunderland, 1953) was divided into five

zones and labeled E, 45E, N, 45F, F for more than 45 degrees
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FIGURE 3.4

FORM FOR RECORDING UPPER EXTREMITY POSTURES

JOB:

HAND: RIGHT/LEFT

0ATE
WRIST HANO
/ Dev Angle Posmon /ingers
STEP| WORK
ELEMENT | * e o4
<) é‘\ ?\ ?\ 0“ FORCE
RN UlE4s N as F frcimclp f 231458
----- anueunasrpc!mcppwnrp 0123458
TT T T TTR N u [£45 N a5 F [PGIMG|PR{LAPS|FP| [Of 23 4 5
----- RN U |Eas N 4s r [roimclpr[iripalrr] |01 23 4 8
----- R N U |[E45 N 45 F mimppLPaoiFP 0123 458
_____ AN U|EaS N as F |rclmcire|r{rarr| [01 23 a8
————— AN U|E4S N 48 F [PGMG|PR|LP|PelFr| |01 23 45
----- RN U[Eas Nas FrcmclprlLplralre] 01 23 45
AN U|[Eas nas F [Pamclrr|Lrlrolrr] fo 123 43
----- RN U|[E4s N 45 F |rG|mciPe[Lrlrejrr| [01 23 45 i
----- RN ufEas Nas F [Pc|mclPpiLAPalrr| 0123 43
------ RN U|E4S N 45 F |Po(wo|PPiLP|PalFP| Ot 23 45
----- RN U |Eas N as F [PolmclepiLrlralfP| 0123 45
----- RNU|ESS N 45 F |pciMcipeiLrlralrp| |01 23 4 s
————— R NU|Eas nas F [relvcirelelalrr] o123 4 s
----- R nu|€Eas nas r froimcirr|irimoier| Jo 12 3 43
Dev Angle Position Fingers
STEP WORK - FORCE
ELEMENT WRIST HANOD :
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Extension, 15 to 45 degrees Extension, 15 degrees Extension to 15
degrees Flexion, 15 degrees Flexion to 45 degrees Flexion and more
than 45 degrees Flexion, In this system the analyst used a stop
action video tape player to observe the work posture approximately
three times per second. The postures then were recorded by circling
the appropriate cell on the table. Additional resolution was added as
needed by circling two adjacent cells. The results of the postural
analysis for one subject performing one cycle of the Drill and Tap job
at Plant One is shown in Table 3.2 and the Belt Sand job at Plant
Three is shown in Figure 3.3. In Drill and Tap the left wrist was
flexed 15 to 45 degrees and ulnarly deviated 16% of the time and
neutral the rest of the time., The right wrist was ulnarly deviated
67% and flexed 15 to 45 degrees 16% of the time and neutral the rest
of the;time. In Belt Sand, the Teft wrist was neutral and extended 15
to 45 degrees 45% and 55% of the time; it was neytral and ulnarly
deviated 77% and 23% of the time. The left wrist was neutral and
extended 15 to 45 degrees 45% and-SS% of the time.‘ The right wrist
was flexed 15 to 45 degrees, neutral, extended 15 to 45 degrees and
extended more than 45 degrees 4%, 81%, 2% and 9% of the time,

A joint by joint posture analysis of the hand involved
unnecessary detail. Therefore, a syStem loosly based on the highly
simplified systems of Jacobson and Sperliing (1976) and used by
Armstrong et al., (1982) was employed. An encoding form for this 
system is shown in Figure 3.4. First the hand position was indicated
as a medial grasp, palmar grasp, pulp pinch, lateral pinch, palm

pinch, or a press by circling the header in the appropriate cell,
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Second, the area of contact, with the palm, first, second, third,
fourth or fifth digit, was indicated by circling the 0, 1, 2, 3, 4, or
5 in the appropriate cell. The analysis of hand posture was performed
at the same time as that of the wrist and the EMG, The results of the
postural analysis for one subject performing one cycle of the Drill
and Tap job at Plant One is shown in Table 3.2 and the Belt Sand job
at Plant Three is shown in Table 3.3. In Drill and Tap, both the
right and left hands were in pulp pinch postures 84% of the time and
idle 16% of the time. In Belt Sand, the left wrist was idle and in
lateral pinch 17% and 83% of the time. The right wrist was in idle,
palmar grasp and medial grasp 9%, 85% and 6% of the time.
3.4 Subject Selection

A1l current workers performing the chosen jobs were identified.
Excluded from potential selection were those workers who had been on
the specific job for less than one year immediately prior to the date
of examination. A random sample of 12-20 workers per job were chosen
for health evaluation. Within each job, where possible, worker
selection was stratified by sex and age. The last digit of the soﬁia]
security number was used with a random numbers table (Remington and
Schork, 1970), to choose subjects within each strata. Prior selection
of workers (whether by employer or employee) into jobs, particularly
with respect to gender, mitigated against equal distributions of males
and females in many jobs.

3.5 Evaluation of Health Status

Standardized structured interviews and physical examination were
used to evaluate the presence of CTDs among subjects (Appendices 1-5).
A1l health evaluations were conducted in private rooms in the plants

during working hours by University of Michigan personnel.



55

3.5.1 Interview.

A "Primary Interview," administered by research team interviewers
to all subjects, (blinded to exposure status) elicited demographic,
prior health and work history information, Potential confounders or
effect modifier data obtained by Primary Interview included sex, age,
prior injuries to the upper extremity, chronic diseases, reproductive
status for females, recreational activities and prior job activities.
The remaining questions addressed upper extremity pain or discomfort
experienced in the previous two years., If the subject had experienced
recurring -difficulty in one or more parts of the upper extremity,

‘the appropriate secondary interview instrument was used (Appendix 1).

The secondary interviews were designed to obtain more detail about
the subject's complaints including location, duration, onset,
aggravating factors and treatment (Appendices 2-4).

3.5.2 Physical Examination (PE).

All subjects received a standardized non-invasive physical
examination (Appendix 8) from a research team examiner blinded to
medical history and occupational exposures. The physical examination
consisted of the following:

A. Inspection of the upper extremity for abnormal bony contours,
contractures, deformities, scars,-Heberden's nodes, bony swelling which
might interfere with range of motion. Swelling, depending on the
Tfocation and presence of redness, suggest tendinitis, infebtion,
rheumatoid arthritis. Blanching of one or both hands or fingers may
suggest a vascular disorder, including Raynaud's phenomenon, thoracic
outlet syndrome, hand-shoulder syndrome, Palpation was reserved for
the end of the examination to reduce the likelihood of precipitating

generalized pain (Cyriax, 1978).
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B. Range of Motion (ROM). Active and passive ranges of motion as well

as resisted tests were performed about each joint of the upper
extremity. Pain (scale of 1 =minimal to 8=worst pain ever
experienced), limitation, strength (1 to 7) and symptoms of numbness or
tingling were recorded. Passive ranges of motion were not performed if
active ROM was normal. However, passive ROM was always tested at the
wrist,

The general concepts of evaluating ranges of motion were
derived from the work of Cyriax (1978).. Active range of motion
indicates willingness and ability to perform the action and that range
of motion is possible. Passive range of motion indicates the state of
the inert tissue or joint. A painful arc, felt at mid range, implies
impingement of soft tissue between bony surfaces. Resisted movements
provide information on the state of every muscle-tendon group about
the joint., Pain on resisted motions, with nd limitation on passive
ROM, indicates a muscle or tendon lesion, Significant weakness, in
the absence of pain, suggests rupture of the tendon’or a central
nervous system disorder., Weakness and pain on resisted motions
indicate a gross lesion. Positive signs must always be balanced by
corroborative negative signs. For example, in lateral epicondylitis,
there is no pain or limitation on full passive ROM; there is pain on
resisted extension of the wrist (with fingers flexed) and pain on
resisted radial deviation of the wrist. There is no pain on resisted

ulnar deviation., Pain may be present at the epicondyle on palpation.

C. Specific Tests. Phalen's test (Phalen, 1966, 1972; Smith, 1977,

Sandzen, 1981) and Tinel's test (Kendall, 1960; Phalen, 1972; Cailliet,

1981) are used to evaluate the presence of carpal tunnel syndrome.
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Fihke]stein;s test is used to assess the presence of De Quervain's
disease (Finkelstein, 1930; Muckart, 1964; Lamphier, 1965; Hymovich,
1966) . |

D. Pulses. Brachial and radial pulses are palpated to determine if
there is any evidence of occlusion which might account for a subject's
symptoms.

E. Reflexes. Triceps, biceps, brachioradialis and finger flexor
reflexes are checked with a reflex hammer for evidence of neurological
disorders.,

F. Dermatomes. Pinprick sensation is evaluated for the ulnar, medial
and radiél nerves for evidence‘of sensory loss {Cailliet, 1981; Brown,
1977).

G. Hand Grip Strength., A dynamometer is used to evaluate grip

strength. The dynamometer is adjusted for the subject's hand to
facilipate a power grip. The largest of two tries is recorded for each
hand, The dominaﬁt hand is expected to have the strongest hand grip
(E11is, 1951; Waris, 1979; Ferguson, 1971).

H. Two-Point Discrimination. The tips of the palmar surfaces of the

index and Tittle fingers are tested to evaluate sensory loss of median
and/or ulnar nerves in the hands. This may be prgsent in Raynaud's
phenomenon, carpal tunnel syndrome, and thoracic outlet syndrome as
well as cervical root disorders (Brown, 1977, Sandzen, 1981; Carlson,
1979; Corlett, 1981).

I. Additional Tests. If abnormalities are detected on the physical

examination, additional tests are performed to more closely localize
the disorder. For example, with evidence of radicular signs, all

dermatomes of the upper extremity are checked for pinprick sensation,
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A protocol was developed to minimize differences between
interviewers and between examiners {(Appendix 6).

3.5.3 Endpoints

The interviews and physical examination were developed to identify
specific endpoints (Table 3.5). These were grouped in broad categories
about the major joints.

Diagnostic criteria for specific disorders are presented in
Appendix 7. General criteria were used to define a positive CTD case

on InterQiew and Physical Exam (Table 3.6).
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“TABLE 3.5
ENDPOINTS

A. All Hand, Wrist, Finger Disorders
-Ulnar nerve compression (Guycn' tunnel)
-Carpal tunnel syndrome
-Trigger finger
-Tendinitis, tenosynovitis, De Quervain's Disease
-Non-specific pattern of pain, numbness or tingling
-Degenerative Joint Disease (LOA)
B. Hand/Wrist Disorders Excluding LOA
C. Tendon Related Hand/Wrist Disorders
-Tendinitis, tenosynovitis, De Quervain's Disease
D. Carpal Tunnel Syndrome
E. bow, Forearm Disorders
-Lateral and medial epicondylitis
<0lecranon bursitis :
-Radial nerve compression {radial tunnel syndrome)
-Median nerve compression (pronator teres syndrome)
=Ulnar nerve entrapment (cubital tunnel syndrome)
F. Shoulder Disorders
-Bicipital tendinitis
-Rotor cuff tendinitis
-"Frozen shoulder"
-Degenerative joint disease
G. Neck, Scapular Area
-lension neck syndrome
-Scapulocostal syndrome

TABLE 3.6
GENERAL CRITERIA FOR CTDS

INTERVIEW
1. Meets one of the endpoint criteria
2. Symptoms lasting more than 1 week and/or occurring 20+
times in previous year
3. No evidence of acute traumatic onset
4. No related systemic diseases
5. Onset since on current job

PHYSICAL EXAMINATION
1. Characteristic signs of endpoints
2. Rule out other conditions with referred symptoms

Those subjects meeting the Interview criteria but with no physical

findings were classified as Positive Interview, Those who reported



60

symptoms occurring in the previous year, but not present at the time of
evaluation, would not be expected to have physical findings.

Those subjects who met the Interview criteria and had
characteristic physical findings were classified as Positive PE and
Interview. Those subjecps with positive physical findings but were
asymptomatic on Interview were classified as negative CTD.

3.6 Methods of Statistical Analysis of Associations

In order to test the hypotheses of no association between exposure
categories and cumulative trauma disorders two basic approaches were
used: contingency analysis and multiple logistic regression.

The first step in the analysis was to determine if any of the
potential confounders were associated with exposure. Analysis of
variance was used with the continuous variables of age and years on the
study job (Neter and Wasserman, 1974). Categorical variables were
teste& for independence with contingency analysis (Chi square or Fisher
Exact test when an expected cell was less than 5). Those factors for
which there was not a two fold difference between exposure groups ( or
for sex, within exposure groups) were dropped from consideration as
potential confounders. Similarly, several factors were initially
considered to be effect modifiers of disease such as reproductive
status of females and carpal tunnel syndrome, recreational activities,
number of hours worked at the time of evaluation, 0dds ratios were
calculated to estimaﬁe the associations and Fisher Exact probabilities
(two-tailed) or uncorrected Chi square (Mantel-Haenszel) tests were
used to test independence with categorical variables. Student t tests
were used to test the hypothesis of no difference in time worked

between those with and without recurring problems.
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Throughout the analyses, gender was considered a potentially
important confounder or effect modifier., In order to test the
hypotheses of no association between sex and various CTDs, job-adjusted
odds ratios (Mantel-Haenszel) for females ;ompared to males were
calculated, restricted to jobs with both male and female subjects,
(Fleiss,1981; Kleinbaum et al, 1982).

Plant-adjusted odds ratios {Mantel-Haenszel) were used to estimate
associations between exposure and CTDs, while controlling for a
potential “plant effect." Plant combined or crude odds ratios were
also presented for comparison to the plant-adjusted odds ratios.
Analyses were stratified by sex. Sex-combined analyses were also
performed when no significant associations between sex and CTDs were
identified within exposure categories in the job-adjusted odds ratios.

0dds ratios, rather than prevalence ratios, were chosen as the
measure of association because computer software was more readily
available. The odds ratics may overestimate the magnitude of
association when there is a high prevalence of disease. The odds ratio
is more reflective of the prevalence ratio when the prevalence of
disease is low. Overestimates were expected when all CTDs were
analyzed., However, as the analysis proceeded to more specific CTDs
with lower prevalence, the odds ratios would be more reflective of
prevalence or risk ratios. Therefore, the term "risk" will be used to
describe the magnitude of associations observed with specific CTD's and
"odds" will be used to describe the magnitude of associations observed
with all CTD's.

In the stratified analyses for hand wrist CTDs, tests for trend
(Fleiss, 1981, Schlesselman, 1982) were used to test the hypothesis of

no difference in prevalence of CTDs by age group.
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Unconditional multiple logistic regression techniques (Kleinbaum,
1982) wefe used to estimate associations between various hand wrist
CTDs on PE and Interview while controlling for age, years on the study
job, sex and plant.

Continuous variables included age, years on the job, percent
wrist flexion, percent pinch, fundmental cycles per hour, mean force
and adjusted force. Dummy variables (0,1) were constructed for sex
.(1), plant (5), and exposure category (3). Each variable (or set of
dummy variables was entered into the model separately and together in
both forward and backward stepwise fashion. The predicted associations
between exposure and CTDs were compared to the observed associations
estimated in the stratified analysis for consistency. In general 3
models were presented (Chapter 5). A}l models contained plant
variables. Model I'contained age, sex, years on the study job. Model
Il contained the same variables as Model I plus final exposure
classification variables. Model III contained the same variables as

Model I plus initial exposure classification variables. Interaction

terms between these variables were also entered into the models.
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The following model was constructed:

P(D/X)= 1
-{Bo + BiXi)
1 + exp
where:
P(D/X) is the probability of disease (CTD) given-
X2 =HIF.LOR (initial classification) (0,1) Model III
X3 =LOF.HIR (initial classification) (0,1) "
X4 =HIF. HIR (initial classification) (0,1) "
X5 =Repetitive (initial classification) (0,1)
X6 =Force (initial classification) (0,1)
X14 aSex (male,female) (0,1)
X15 aAge
X16 aYears on specific job
X18 =Plant 2 (0,1)
X19 =Plant 3 (0,1)
X12 =Plant 4 (0,1)
X20 “#Plant § {0,1)
X21 =Plant 6 (0,1)
X300 =% wrist flexion
X301 = fundamental cycles/hour
X302 =% pinch
X303 =% ulnar deviation
X304 =% flexion with ulnar
X305 = flexion with pinch
X306 = hyperextension with pinch
X307 = awkward
X308 = awkward with pinch
X1000 =Age* Years on specific job
X1002-04 =Age*Exposure group
X1008 =Age*Sex
X1006 =Age*Years on Job*Sex
X1007 =Sex*Years on Job
X1008-10 =Sex*Exposure group
X1011-25 =Plant*Exposure group
X1026-28 =Years on Job*Exposure group
X1032 =Sex*pinch
X2046= HIF.LOR (Final classification) (0,1) Model II
X2047= LOF.HIR (Final classification) (0,1) "
X2048= HIF.HIR (Final classification) (0,1) "

X2050= Adjusted force

X2060= Mean force

X2051= Force (Final classification) (0

X2052= Repetitve (Final classification) (0
Estimates of associations between Exposure and CTDs were performed

for both initial exposure category classification and final exposure

category classification for comparison.

Results of the job analyses are presented in Chapter 4,



CHAPTER 4
JOB ANALYSIS RESULTS
Jobs chosen on the basis of the preliminary analysis were
analyzed further to reduce misclassification among exposure groups and
- to assess their postural attributes., Job analysis results are based on
review of videotapes of at least 3 workers performing each selected
job to provide job summary estimates of hand wrist force,

repetitiveness and postural characteristics for the jobs.

4.1 Repetitiveness
High repetitiveness is defined as cycle time of less than 30 seconds
or more than 50% of cycle time spent performing the same fundamental
cycle. Summary estimates for rebetitiveness are presented in Table
4.1. Using the original criteria for classifying repetitiveness into
"high and low" categories, 4 jobs changed categories: Mold handles at
Plant 1, Plunge grind at Plant 6 and Automatic machine operator at
Plant 7 were determined to be low repetitive jobs. 664 Board at Plant
1 was determined to be a high repetitive job.

The Mold handle job was comprised of 3 basic tasks: 1) removing
plastic handles from an injection molding machine and positioning them
on a work bench, 2) knocking out metal inserts from the handles by
hitting the handles against the work bench, 3) placing metal inserts
into the maolding machine for the next cycle. In many respects, this

job would intuitively be considered a high repetitive job,

/4
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particularly in comparison to some of the other "low repetitive" jobs
such as AC Press in the same plant. However, the mean cycle time was
more than 30 seconds and the percent of the cycle time spent knocking
out inserts was less than 50%.

The Plunge grind job at Plant 6 was comprised of 3 basic tasks:
1) load a handful of shafts into a grinding machine ( 6-8 per
handful), 2) remove one or two shafts for inspection and guaging, 3)
pick up a handful of finished parts and place them in a storage bin.
Occasionally, machine maintenance would be performed. It was
initially assumed that because 1900-2300 parts were produced per shift
that this was a high repetitive job. The mean cycle time was 54.6
seconds and guaging parts accounted for less than 37% of the cyéle
time. |

The automatic machine operator job consisted of 2 tasks: 1)
getting several stacks of bearings from a bin and positioning them on
a conveyor belt which fed into the machine, and 2) removing stacks of
finished bearings from a lower conveyor belt and positioning them in a
storage bin. Depending on the specific machine, cycle time ranged
from 15-57 seconds. The mean cycle time was 38.0+14.4 seconds.
Loading and unloading stacks of bearings accounted for 44% of the

cycle time. This job was therefore designated low repetitive.



66

TABL

E 4.

SUMMARY ESTIMATES OF REPETITIVENESS BY JOB

PLANT CYCLE TIME MAJOR FUNDAMENTAL CYCLE
(Job) Seconds Name (#) Time % of Cycle
Time
PLANT 1
Eyealet 4.4
Drill & Tap 2.Q
Mole housing 14.9 Flle *12 14.8 33%
AC Press 3600.0 Unioad *7 54.9 2%
Mol1d Handle 57.8 Knockout 710 15.4 27%
Buffing 22.0 Buff 8-14 19.2 87%
Touchup 102.7 Solder *12 44.3 a3%
664 Board 203.8 Wire 12-80 97.86 50%
PLANT 2
Punch Press 13.0
Hang89 13.0
Hang48 6.3 Load *10 25.9 70%
Scraw Machine 1800.0 Losg *6 165.7 %
Inspector** %$400.0 Guage *1223 2075.4 38%
PLANT 3
Balt Sand . 41.5 Sand *14 24.3 59%
Mounted Point 138.2 Sand *102 117 .2 asi
Burr Bench ta6.7 Grind * 340 118.2 R A
Cutaff 102.0Q Cut *12 79.6 78%
Guage %4 5 Guage *2 21.4 39%
Wax Assembly 846.4 Brush *36 292.1 354
Core Press 1%9.4 Spray *5 30.4 19%
Wax Injection 73.3 Inspect *2 16.0 22%
PLANT 4
Hem)egs 11.5 Sew *2 3.2 80%
8ait Loops 22.5 Sew *10 18. 1 80Y%
Material Handle** 384.0 Unload *a 121.8 33%
Supervisor** 2127.6 Pushcart *20 177 .6 axt
PLANT S
Hang Gring 12.0 Grind *8 10.6 88%
Stat Grind (med size) 7.0 Grind *4 5.9 84%
Stat Grind (1g size) 76.7 Grind *18 55.0 72%
Core Clean 20.5 File r3%-50 13.2 a9%
Huteh Machine 130.0 Insert *5 2%.9 20%
Pana! Operator** 854.3 Insert *2 60 .5 7%
PLANT 6 .
Plunge Grind S54.6 Guage *2Z 20.1 3I7%
Pump Assembly 22.9 Insert =12 13.2 $8%
Screw Machine 1800.0 Load *6 87 .4 S%
Staff e 28800.n Housekeep ing 35%
PLANT 7
Plater ** 18C0.0 None
Tool Crib Attmy *°* 72.0 None
Plater Helper 100.9 load bearing*2{ 22.6 22%
Aytomatic Op 38.0 load/unioaa’4 i16.6 44%
Marual GOp 5.3 none

*s Eaztimated by job sampling technigques
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The 664 Board job consisted of 3 basic tasks involved in
assembly of electronic circuit boards: 1) inserting 12-20 wires
depending on the board, 2) soldering the wires, 3) crimping or
¢lipping the wires with needle-nosed pliers/clippers. There was
~ considerable variation between the jobs of the 4 workers analyzed on
videotape due to the different boards that were assembled. Cycle time
ranged between 75.7 seconds and 332 seconds ( the latter occurring
when 3 boards were assembled together).

Although there were a number of fundamental cycles occurring in
each task, inserting wires required the most time (varying between
46.1% and 54.2% of' the cycle time). This job was on the border
between "high" and "low" repetitiveness. The most conservative
approach, with respect to estimating associations bethen CTDs and
exposure, was to classify this job as "high repetitive" because the
average percent fundamental cycle time was 50%.

No other jobs changed repetitiveness categories between the
initial andifinal classification.

4,2 Force'

Summary force estimates (mean, adjusted and mean+2 standard
deviations) for the left and right hand are presented in Table 4.2.
Initial classification relied on weighing parts or estimating the
amount of force required to perform certain tasks {push palm buttons,
pull cloth, squeeze the trigger of a spray gun). However, the initial
classification resulted in modest overlap between low and high force
jobs (Figures 4.1, 4.2, 4.3). Cutoffs for "low" and “high" force were
selected which both minimized misclassification of the initial walk

through classification and resulted in more homogeneous groups. These
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cutoffs were 3.5 Kg for mean force and 6 Kg for adjusted force and

mean force + 2 standard deviations {St Dev).

TABLE 4.2
THREE MEASURES OF ESTIMATED HAND/WRIST FORCES
JOB EXPO LEFT HAND RIGHT HAND

JOoe Mean St Dev Adjust Mean + 2 :Mean St Dev Adjust Mean + 2
PLANT ¢ St Dev : St Dev
Mald housing 3 HI 3.0 3.4 €.9 9.9 : 2.3 2.9 5.8 8.0
AC Prass 6 HI 6.0 6.8 13.7 19.6 : 6.1 7.5 15.4 21.2
6684 Board 1 L0 2.7 2.4 4.9 7.9 : 3.2 2.9 5.8 9.0
Tauchup 2 L0 1.2 t.8 3.2 4.2 : 1.3 1.9 4.0 g1
Eyelat 4 L0 1.9 1.3 2.8 4.9 : 2.8 2.2 4.6 7.3
Orill & Tap 3 Lo 2.0 1.8 3.5 5.5 : 1.2 0.9 1.9 3.0
Mold Hancles 38 HI 5.4 5.7 11.4 16.9 : 6.8 6.6 13.2 20.1
Buffing 7 ML 5.9 4.3 8.9 14.2 : 6.0 4.2 2.0 14.4
PLANT 2 :
Punch Press 1) LO 2.3 3.6 8.0 9.9 : 2.6 3.1 6.4 8.8
Hang 89 10 HI 2.1 2.3 4.7 €.8 : 2.3 2.7 5.5 7.7
Hang 48 11 M1 7.7 9.8 20.1 27.2 : 8.9 10.6 21.9 30.1
Scraw Machin 12 HI 3.3 L | 11.1 13.4 : 4.8 4.6 9.2 14.0
Inspectore* 9 Lo 1.0 0.5 1.3 2.¢: 1.0 0.5 1.3 2.0
PLANT 3 :

Gauge 14 L0 2.7 2.0 4.2 6.7 : 2.4 1.9 3.9 6.2
Wax Assembly 15 L0 0.6 0.5 t.1 1.7 ¢+ 1.2 1.3 2.6 3.7
Mount point 22 LO 0.9 Q.5 1.1 1.8 : 0.7 0.4 0.9 1.8
Belt Sand 23 Lo 2.1 1.9 3.7 5.8 : 2.0 t.2 2.8 4.8
Wax Inject 20 H1 1.8 3. T.2 8.1+ 2.4 4.1 9.5 10.6
Core Press 21 HI 1.2 2.0 4.5 $.2 : 2.4 3.5 7.4 9.4
Cutoff 19 H1 9.6 12.0 24.5 33.6 : 7.2 5.9 12.0 19.0
Burr Bengh 16 HI 1.6 1.4 2.9 4.4 : 3.6 2.4 5.1 8.3
PLANT & H

Beitloops 27 Hl 1.9 1.4 2.9 4.6 : 3.0 2.7 5.4 8.4
Hemlags 26 Lo 6.0 4.9 10.0 15.8 : 6.2 4.2 9.1 14.7
Mat! Handler 25 H1 4.8 9.6 24.9 23.8 : 9.3 10.4 2.9 J0.1¢
Supervisors 24 LO 1.0 0.3 1.3 2.0: 1.0 0.5 1.3 2.0
PLANT S :

Stat grind 31 HI 5.2 5.1 10.1 15.3 : 6.5 6.3 13.8 20.2
Hand Gring J3 M! 6.1 4.9 9.6 15.3 : 13.6 12.2 24.6 38.0
Core Clean 30 LO 2.8 1.9 4.1 6.6 : 2.7 1.5 3.5 5.7
Hutechinson 29 H! 2.3 6.5 20.8 19.4 : 6.1 i9.8 70.4 4%.7
Panel Op 28 LO 1.0 0.5 1.3 2.0 : 1.8 2.0 4.1 5.6
PLANT € :
Plunge Grind 38 LC 0.7 1.8 5.3 4.3 : 1.7 0.7 1.9 3.0
Pump Assemb! 39 HI $.3 2.6 6.6 10.5 : 8.7 4.8 9.7 15.3
Screw Machin 37 HI 3.3 5.1 it.1 13.4 : 4.8 4.8 9.2 14.0
Starfre 35 LO 1.0 0.5 1.3 2.0 : 1.Q Q.8 1.3 2.0
PLANT 7 .

Manual op 43 LG 0.5 1.3 3.8 3.1 : 2.7 4.8 9.9 13.3
Auto op 44 HI 1.2 3.5 11.4 8.2 : 1.7 4.9 1%.95 11.%
Plater help 42 HI 5.0 9.8 24.0 24.6 : €.4 10.4 23.4 27.2
Plater* 40 LO 1.0 0.5 1.3 2.0 : 1.0 0.9 1.3 2.9
Toal Cri* 41 LG 1.0 0.5 1.3 2.0 : 1.0 0.5 1.3 2.0

ADJYUST =({VARIANCE/MEAN) + MEAN
* DEFAULT VALUES (NO EMGS)

Table 4.3 presents the potential changes in force classification
using these cutoff points. Each of the jobs identified with the
adjusted force measure was also identified with at least one of the
other measures. As a result, those jobs identified for change in

classification by adjusted force were used in the final classification

R e T e mdm om mm al oaom
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TABLE 4.3

COMPARISON OF FORCE CATEGORY CHANGES
IDENTIFIED BY 3 FORCE MEASURES

A. Initial Category Low Force: Change to High Force

MEAN FORCE ADJUSTED FORCE MEAN + 2 ST DEV
Hemlegs (26) Hemlegs (26) Hemlegs (26)
Core Clean (30) Punch Press (13) Punch Press (13)
Manual Op (43) Manual Op (43) Eyelet (4)
664 Board (1)
Guage (14)

Manual Op (43)
B. Initial Category High Force: Change to Low Force

MEAN FORCE ADJUSTED FORCE MEAN + 2 ST DEV
Hang 89 (10) Hang 89 (10)

Burr Bench (16) Burr Bench (16)

Belt Loops (27) Belt Loops (27)

Mold Housing (5)

Wax Injection (20)

Core Press (21)

(number refers to job number in Figures 4.1, 4.2 and 4.3)

The Hang 89 (Job 10) job at Plant 2 was originally combined with
the Hang 48 (Job 11) job. However, the force requirements for these
two jobs were quite different (Table 4.3) and the jobs were separated
in the final exposure classification.

At Plant 4, Hemlegs (Job 26) and Belt Loops (Job 27) changed
force categories. Neither job required 1ifting heavy weights.
However, it was difficult to estimate how much force was required on
these sewing jobs in the plant walk throughs.

There was considerable variation within the Punch Press job (Job
13) at Plant 2 and the Burr Bench job (Job 16) at Plant 3. In the
Punch Press job, mean right force varied between subjects from 1.4-5.0
Kg with peak forces between 5.3-24.0 Kg. Left mean force varied

between 2,1-3.6 Kg with peak forces of 6.8-35.6 Kg. Right mean force
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for the Burr Bench job varied between 0.8-4.4 Kg with peak forces
of 8.3-26.5 Kg. Left mean force varied between 1.39-3.5 Kg with peak
forces of 5.7-12.8 Kg.

Among manual machine operators at Plant 7, mean right force
ranged between 2-5.8Kg with peak forces of 6-21Kg whereas the left
mean forces were 0;4-1.3Kg with peaks of 3.4-7.3Kg.

Student t tests were used to determine if there was a
statistically significant difference in the overall means between low
and high force jobs based on adjusted force classification {whichever
hand had the highest adjusted force was used ). The mean adjusted
force for “high force" jobs was 14.5+6.2 Kg and was 3.2+1.6 'Xg
for low force jobs (p <0.0001).

.However, there were also significant differences within the force
categories when stratified by repetitiveness. The mean adjusted force
for LOF.LOR was 2.3+1.3 Kg and was 4.2+1.4 Kg for LOF.HIR. The mean
adjusted force for HIF.LOR jobs was 14.4+5.7 Kg and was 14.6+6.8 Kg
for HIF.HIR. The difference within the low force category was due to
the default value given to 4 LOF.LOR jobs where EMG estimates of force
were not available. When these were excluded, the mean adjusted force
for LOF.LOR was 3.5+0.8.

Table 4.4 summarizes the changes in exposure category between

initial and final classification of selected jobs.



74

“Table 4.4
EXPOSURE CATEGORY CHANGES FROM INITIAL TO FINAL PLACEMENT

PLANT JOB INITIAL FINAL

1 664 Board LOF.LOR LOF.HIR
1 Moid Handle HIF.HIR HIF.LOR
2 Punchpress LOF.HIR HIF.HIR
2 Hanger 89* HIF .HIR LOF.HIR
3 Burr Bench HIF . HIR LOF.HIR
4 Hemlegs LOF.HIR HIF.HIR
4 Beltloop HIF.HIR LOF.HIR
6 Plunge Grind LOF.HIR LOF.LOR
7 Automatic Op HIF.HIR HIF.LOR
7 Manual Op LOF.HIR HIF .HIR

* originally combined with Hanger 48

4,3 Posture

Hand and wrist postures (abstracted from videotapes, Chapter 3)
were averaged over 3 cycles for each worker in a job and then averaged
over 3 workers per job. Postures cited in the literature as
contributing to hand wrist CTDs include flexion, hyperextension and
ulnar deviation of the wrist and pinching. Percent'of‘cycle time
spent in these postures as well as wrist flexion with a pinch are
- presented in Table 4.5. Pinch includes pulp,lateral and palm pinch
combined. It must be noted that there was often considerable

variation in posture between operators performing similar jobs.
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Jos

PLANT 1
664 Board
Solder
brill &Tap
Eyelet
Mold Housing
AC Press
Buffing
Mold Handles
PLANT 2
Inapector*
Hang 89
Hang 48
‘Screw
Punch Press
PLANT 3
Gauge
Wax Assem
Burr Banch
Cutoff
vax Inject
Core Prass
Maunt Point
Belt Sana
PLANT 4
Supervisaors
Mat! Handle
Hamlags
Beltioops
PLANT S
Panel op
Hutchinson
Core Claan
Stat Grind
Hand Grind
PLANT 6
Staffe
Screw mach

Plunge Grind
Pump Assem
PLANT 7
Plater?

Too! Crib*
Plater Help
Manua! Op
Auto Op

TABLE 4.5
PERCENT OF CYCLE TIME IN POSTURES (MEAN)

JOB # PINCH FLEXION  ULNAR HYPER- FLEXION
DEV EXTEND + PINCH

1 82.0 15.3 $2.5 3.2 4.7
2 74.6 9.8 24.6 8.2 6.7
3 S4.1 38.3 31.8 ¢.0 17.6
4 42.4 17.4 68.5 ¢.Q 2.4
E) 48. 1 25.1 St1.1 8.0 12.4
(1 13.8 25.6 21.1 4.0 1.6
7 17.3 14.1° %0.7 1.3 1.4
8 2.3 3.5 19.6 6.5 Q0.0
9 20.0 22.8 25.0 0.0 0.0
10 73.0 17.1 7%.0 0.0 11.8
LA 9.6 14.5 22.0 Q.9 5.2
12 15.4 55.2 11.9 Q.9 0.3
13 30.2 28.6 26.9 7.3 2.6
14 36.8 17.8 33.1 o.7 8.4
1S 28.0 40.8 S8.1 Q.6 0.8
16 60.1 11.8 24.7 1¢.0 2.3
19 12.2 19.1 42.1 4.8 1.1
20 27 .1 8.9 17.9 2.1 2.5
21 36.3 7.2 17.8 0.8 1.6
22 97.5% 0.2 $9.3 0.2 0.6
23 6t.4 5.7 31.0 2.3 3.4
24 20.0 22.8 2%.0 Q.0 Q.0
25 6.7 23.9 49.2 4.9 5.0
26 77.0Q 26.9 33.4 2.2 16.7
27 74.5 9.1 2.2 Q.0 17.6
28 0.0 22.8 25,1 0.0 0.0
29 13.6 2.4 7.4 3.4 0.4
30 38.5 9.8 26.1 3.0 1.0
<R Q.5 20.0 3C.0 0.0 0.0
a3 0.0 1.9 s5.6 1.0 0.0
35 20.0 22.8 24.9 0.0 0.0
37 15.4 55.2 11.9 Q.9 0.3
38 10.0 C.0 25.1 10.8 0.0
29 73.8 19.5 44.3 1.0 12.§
40 20.0 22.9 25.2 0.0 Q.0
a1 20.0 22.7 25.1 Q.0 0.0
42 10.8 4.9 195.0 0.% Q.0
43 64.9 5.2 7.2 2.1 5.2
44 2.0 1.0 7.6 0.9 0.0

* Default Valyes




CHAPTER 5
RESULTS
ASSOCIATIONS BETWEEN JOB ATTRIBUTES AND HEALTH STATUS

This chapter presents the results of the epidemiologic analysis of
upper extremity disorders among 652 active workers in four exposure
categories of hand force and repetitiveness. Methods of analyses
included contingency analysis and logistic regression analysis to test
the hypotheses of no associations between various cumulative trauma
disorders (CTDs) and exposure categories.

Results are presented for the final classification of jobs into
exposure categories. Results based on initial exposure c]assificagion
are also presented in prevalence figures and logistic regression
ahalyses for comparison.

. 5.1 Response

A total of 727 workers were originally selected from employee
rosters to participate in the study (Table 5.1). Approximately 2%
refused to participate. The highest refusal rate was in Plant 3
(4.6%). Another 3.3% were on medical leave of absence at the time of
evaluation. Plant 6 had the highest percent of known medical leaves of
absence (10.2%). Thirty-five or 4.8% were not actually working on a
study job, on layoff or had less than one year on the study job. Six
were excluded after health evaluation because of active Rheumatoid
arthritis at the time of evaluation. Of those originally selected,
89.7% (652) were included in the study. It was not known how many

waorkers in each study job had left the job or the plant due to CTDs.



77

TABLE 5.1
SUBJECT SELECTION BY PLANT

PLANT

1 2 3 4 5 6 7
SELECTED 96 92 173 81 111 88 86
REFUSED 0 3 8 1 0 1 0
MEDICAL LOA 0 1 7 4 0 9 0
EXCLUDED 1 0 3 1 1 0 .0
OTHER * 0 4 3 2 8 10 8
INCLUDED 95 84 152 73 102 68 78

PERCENT TOTAL 99% 91% 88% 90% 92% 77% 91%

* includes layoff, didn't meet study criteria

5.2 Study Group Characteristics
O0f the 652 subjects in the final study group, the mean age was
39.4 + 10.4 years (Table 5.3). There were 358 males and 294
females (Table 5.2) with similar mean ages. Mean years on the study
Jjobs for the entire study group was 7.7+46.1 years (8.0+6.6 for males
and 7.4+5.3 years for females) (Table 5.4). The distributions were

essentially the same by initial exposure classification.

Sex. Neither males or females were evenly distributed between exposure
categories or jobs. There were 21 out of 39 specific jobs in which
there were both males and females. Males tended to predominate in the
HIF.LOR category (38.8% of males and 19,0% of females). Females tended
to predominate in the LOF.HIR category (34.8% of females and 14.0% of

males).
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Age. Analysis of variance indicated no significant difference in
overall mean age between exposure categories, sexes or sex*exposure
categories. However, mean age for all males and for all females
(exposure groups combined) differed significantly between plants

(p <0.0001),

TABLE 5.2
SEX OISTRIBUTION BY EXPOSURE GRUUP AND PLANT

EXPOSURE GRQUPS

PLANT LOF.1LO®° .H1F .LOR LOF . HIR HIF HIR

: Maie Female: Male Female: Male Femala: Mala Female:
:PLANT : : ot ;
:Initial 1 22 11 13 . 6 18 : 11 13 :
:Final 1 11 17 192 : 6 29 : S 7
‘PLANT 2 : : :

:Initial 21 : 22 : 4 18 : 18 1
:Final 21 ;22 11 1 19 18 :
;Plaﬂt 3 : : : :
:Initial 12 27 & 32 40 25 10
:Fimal 12 27 - 32 : 12 80 : 13 :
IP1ant 4 : i : :
:Inttia) 2 15 : 13 1 : 21 - 20
:Final 2 16 : 13 t: 20 : 21
;P1ant S : : ; :
Initial 18 : 21 : 14 : 39 1¢
:Final 18 ;21 1 14 - 39 10 :
. . . £ . .
:Plant 6 : : :
:Infttal 10 5 : 22 : 11 2 18 :
:Final 21 7 : : : 18
;Ptant 7 : : :

:Initial 18 3 i4 3 19 : 24 1
:Final 18 3 38 4 : : 15

;TUTAL : : : .
Inttial a2 73 109 19 S0, 99 117 76
:Percent 22.9 24.8: 30.4 16.7: 14.0 34.5: 32.7 25.9:
;F'ﬂal 93 54 ; 139 g6 ; 43 100 ; a3 74 :

Parcent  26.0 21.8: 38.8 19.0: 12.0 34.0: 23.2 25.2:

:{Fimal anc Initial expesure classification)




TABLE 8.4

TABLE 6.2

MEAN YEARS ON THE STUDY JOB BY EXPOSURE GROUP AND PLANT
FINAL EXPOSURE CLASSIFICATION

MEAN AGE BY EXPOSURE GROUP AND PLANT
FINAL EXPOSURE CLASSIFICATION

EXPOSURE GROUP

HIF.LOR

EXPOSURE GROUP
HIF .LOR
Male Female:

HWIF .HIR

LOF .HIR

LOF .LOR

PLANT

HIF .MIR
Matle Fomale:

LOF .HIR

LOF .LOR
Male Female:

PLANT

: Male Femalo: Male femala:

Male Female

Mate Female:
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Years Worked on the Study Jobs. There was some correlation between age

and mean years worked on the study jobs ( r2=0.22 for males and 0.27
for females, p <0.0001). Analysis of variance indicated no significant
differences in mean years on the study jobs between sexes or between
exposure groups. However, there were significant differ;nces between
sex*exposure groups (p <0.05). There were also significant
differences between males and between females (exposure groups
combined) in different plants {p <0.001).

In summary, age, sex and seniority differed across plant*exposure

strata and were therefore treated as potential confounders.

Relevant Health History. There were no significant differences in the

reporting of potentially related diseases for males or females by
exposure category (Table 5.5). Eighty-two (12.6%) subjects reparted
physician diagnosed "“arthritis," (14.3% of females and 11.24% of
males), although the type and location was most often not specified by

the subjects. Females tended to report more "arthritis" than males.

TABLE 5.5
SELF -REPORTING OF RELEVANT DISEASES
{% Positive, Final Exposure Class)

Final Exposure Classification

LOF.LOR HIF.LOR LOF . HIR HIF HIR

M 93 F 64 M 139 F S6 M 43 F 100 M 83 F 74
crs 1.1 6.3 2.2 3.8 4.7 4.0 6.0 6.8
Diabetes 1.1 1.6 2.2 2.0 9.3 4.0 3.6 1.4
Gout 3.2 3.1 2.9 0.0 4.7 1.0 3.6 2.7
Gall bladder 1.1 12.58 1.4 12.5 Q.0 4.0 0.0 8.1
Angina 4.3 1.8 2.2 1.8 4.8 2.0 1.2 c.0
Disk 8.5 4.7 2.9 Q.0 4.6 8.0 2.4 4.1
Qther* 9.7 4.7 7.9 7.1 11.8 .0 6.0 5.4
None 76.3 67.2 78.4 76.8 72.1 73.0 75.9 79.7
“Arthritis®ee

5.4 18.8 16.5 8.9 7.0 13.Q 10.8 16.2

* includes: rash. psoriasis, bowel! disease, gonorrhea, Reiter syndrome
(1), ankyleosing spondylitis (1).
** asked separately from other diseases listed
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Peripheral neuropathies can be associated with chronic alcoholism.
Although males reported more alcohol consumption than females, there
were no significant differences between exposure categories (Table

506)0

TABLE 5.6
REPORTED WEEKLY ALCOMOL CONSUMPTION

Final Exposure Classification

LOF.LOR HIF.LCR LQF HIR - HIF.HIR
Male Female Male Female Maie Ffemale Male Female
N 93 64 139 56 43 100 83 74
NONE

Percent 36.6 76.6 46.0 7.1 58.1 82.0 41.0Q 82.2

(n) 34 49 64 32 28 82 3 46
1«7 DRINKS PER WEEK

Percaent 34.4 17.2 33.8 26.8 23.3 15.0 37.3 33.8

{n) 32 14 47 1] 10 18 31 25
8-14 DRINKS PER WEEK

Pearcent 2.9 4.7 11.8 12.9% 11.86 3.0 13.3 4.1

(n) 12 3 ie 7 ] 3 it 3

MCORE THAN 14 DRINKS PER WEEK
Parceant 16.1 1.5% 8.6 3.6 7.0 0.0 8.4 ¢.0
{n) 111 1 12 2 3 Q 7 o]

Reproductive History: Females. Reproductive history including

pregnancy, birth control pill use (BCP), hysterectomy and bilateral
oophorectamy, was obtained from all female subjects because of reported
association with carpal tunnel syndrome (CTS). No significant
association between symptoms of CTS on Interview and any of these

factors was observed (Table 5.7).
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TABLE 5.7
REPRODUCTIVE HISTORY AND SYMPTOMS OF CARPAL TUNNEL SYNDROME

811at Oophorectomy Hysterectomy Current BCP

YES NO YES NO YES NO
CTS 1 13 2 12 1 i3
NO CTS 27 2%4 58 223 33 247
Odds Ratie Q.72 0.64 Q.58
Fisher Exact P 0.61 0.43 G.5%0

(two-taitled)

Recreational Activities. Subjects were asked about regular outside

plant activities including sports and hobbies such as playing a musical
instrument, knitting, sewing, gardening or other (Table 5.8). Within
e@ach exposure category, males tended to report more recreational
activities than females. There were no significant differences in
recreational activity among either the male exposure categories or among
the females. There was no difference in distributions between initial

and final exposure classifications

TABLE 5.8
PERCENT PARTICIPATING IN REGULAR RECREATIONAL ACTIVITIES
LOF.LOR  HIF.LOR LOF.HIR HIF.HIR

Males (n yes) 49 43 18 33
% * 65.3 42.6 41.9 43.5

Females (n yes) 28 17 39 21
45.9 32.7 39.4 - 28.4

5.3 Recurring Upper Extremity Pain and Discomfort
Subjects were asked about recurring or persistent ( more than once
or lasting more than one week) upper extremity pain or discomfort in

the previous two years (Figures 5.1-5.3). Within each exposure
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category, females tended to report approximately twice as many
recurring problems as males. There were no significant differences
between categories for reported neck/shoulder or elbow/forearm
problems, However, there were significant differences between

categories for reported hand/wrist problems (Figure 5.3, Table 5.9).

TABLE 5.9

REPORTED RECURRING HAND WRIST PROBLEMS: LAST 2 YEARS
PLANT COMBINED ODDS RATIOS

FINAL EXPOSURE CLASSIFICATION
LOF.LOR HIF.LOR LOF.HIR HIF.HIR

MALES
Yes (n) 10 35 16 31
No (n) 83 104 27 52
Odds Ratio 1.0 2.8*% §,g%** 5, QFk**
FEMALES
Yes (n) 21 2% 44 46
No (n 43 31 56 - 28
Odds Ratio 1.0 1.7 1.6 3.4

*p <0.05 **p <0.01 ***p <0.001 ****p <0.0001

“Recurring” does not discount those whose symptoms bégan prior to work
on the study job or those related to non-CTD problems (acute injury
onset, cervical root disorders, etc.).

With respect to the reporting of recurring problems, number of
hours worked at the time of interview was examined. There were no
significant differences in the hours worked between those reporting
problems and those not reporting problems (the mean was approximately 3
hours for both groups). Additionally, there were no significant
differences in the reporting of recurring problems by interviewer when
stratified by exposure group.

5.4 Any Upper Extremity Cumulative Trauma Disorders

There were 205 (31.4%) subjects who met the general c¢riteria



85

(Table 3.3) of having any upper extremity CTD on Interview. Females
had approximately twice the prevalence of CTDs on Interview (44.6%) as
males (20.7%). CTDs on PE and Interview were identified among 60 males
(11.2%) and 80 females (27.2%) (Figure 5.4). The difference in
prevalence between males and females (exposure groups combined) was
statistically significant (p <0.0001).

Males and females within categories were not always performing the
same job. Job adjusted odds ratios for feﬁales compared to males
working on the same jobs indicates that females in HIF.LOR and LOF.HIR
jobs had significantly higher odds of having any CTD on Interview than
males. No significant differences were detected on PE and Interview

{Table 5.10).

TABLE 5.10
ANY CTDS: FEMALE TO MALE COMPARISON
WITHIN EXPOSURE CATEGORIES
JOB ADJUSTED 0DDS RATIOS

LOF.LOR  HIF.LOR LOF.HIR HIF.HIR TOTAL

Joss (7) (8) (3) (3) (21)
INTERVIEW 1.0 3,3* 6.0% 2.4 2, 5%
# (6) (8) (3) (3) (20)

PE & INTERVIEW 0.7 2.0 2.9 2.3 1.8

# (4) (8) (2) (3) (17)

Chi square (M-H) *p <0.05 **p <0,01 ***p <0,001
(Total of 188 males and 151 females in 21 Jobs)
# Number of jobs in which there were any cases
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Plant adjusted odds ratios were elevated for all male groups
compared to the LOF.LOR group (Table 5.11), The odds ratios HIF.LOR
males (OR=2.7) and for HIF.HIR males (OR=3.6) on PE and Interview were
statistically significant. Significant differences between females

were not detected.

TABLE 5.11
ANY CTDS BY FINAL EXPOSURE CLASSIFICATION: 0DDS RATIOS (OR)

EXPOSURE
INTERVIEW LOF.LOR HIF.LOR LOF.HIR HIF.HIR
MALES
Yes (n) 12 - 25 7 30
N (n) 81 113 36 53
Crude QR 1.0 1.5 1.3 3, 8Ewdox
Plant Adjusted OR 1.0 2.0 1.3 3. 5%
FEMALES ,
Yes (n) 21 28 43 39
No (n) 43, 28 57 35
Crude 0R 1.0 2.1 1.4 2.1*
Plant Adjusted OR 1.0 1.5 1.2 2.4

PE & INTERVIEW
- LOF.LOR HIF.LOR LOF.HIR HIF.HIR

MALES
Yes (n) 4 16 3 17
No (n) 89 123 40 66
Crude OR i.0 2.9 2,7 §,7%*
Plant Adjusted OR 1.0 2.7* 3.6. 3.6*
FEMALES
Yas (n) 12 20 23 25
No (n) 52 36 77 49
Crude OR 1.0 3.6* 1.2 2.1
Plant Adjusted OR 1.0 1.9 1.0 2o

*p <0.05 **p <0.01 ***p <0.001 ****p <0,0001

There were 64 individuals (9.8%) who had more than one CTD on
Interview and 29 individuals (4.4%) with more than one CTD on PE and
Interview, (Table 5.12), Compared to the LOF.LOR categary, workers in

the other three categories tended to have more multiple CTDs on both
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Interview and on PE and Interview. The differences were significant

for both high repetitive categories.

TABLE 5,12
PREVALENCE OF MULTIPLE CTDS BY FINAL EXPOSURE CLASSIFICATION

o

EXPOSURE
LOF.LOR HIF.LOR LOF.HIR HIF,HIR
INTERVIEW 4.5% 8.7% 13.3%2*  13.4%*
(n yes) - 7 17 19 21
PE & INTERVIEW 1.3% 4.1% 7.0%* 5.7%*
{(n yes) 2 8 10 9

*p <0,05 **p <0.01

When hand wrist CTDs were excluded from "Any Upper Extremity CTDs,"
there were no statistically significant differences between exposure

categories for either males or females (Figure 5.5, Table 5.13).
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FIGURE 5.5
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TABLE 5.13

PREVALENCE OF ANY UPPER EXTREMITY CTDs EXCLUDING HAND WRIST
Final Exposure Category

INTERVIEW LOF.LOR
MALES
Yes (n) 1.0
No n 83
Crude QR 1.0
Plant Adjusted OR 1.0
FEMALES
Yes (n) 12
No (n) 52
Crude OR 1.0
Plant Adjusted OR 1.0
PE & INTERVIEW LOF.LOR
MALES
Yes (n) 4
No (n) 89
Crude OR 1.0
Plant Adjusted OR 1.0
FEMALES
Yes (n) 7
No (n) 57
Crude OR 1.0
Plant Adjusted OR 1.6

SEX COMBINED

Crude QR 1.0
Plant Adjusted OR 1.0
*p <0.05 **p <0.01

EXPOSURE
HIF.LOR  LOF.HIR HIF.HIR
16 5 18
123 38 65
1.1 1.1 2.3
1.6 0.8 2.0
17 29 20
39 71 54
1.9 1.8 1.6
1.5 1.3 2.4
HIF.LOR LOF.HIR HIF.HIR
12 1 9
127 42 74
2.1 0.6 2.7
2.1 1.1 1.7
12 17 10
44 83 64
2.2 1.7 1.3
1.8 1.3 0.8
3.0 4,5* 9, gkxk
2.4 2.7 16.6%%+*
*x*p 0,001 ****p <0.0001
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5.4.2 Hand _wrist Disorders

Analyses were performed for Any Hand Wrist CTDs (Chapter 3,

Evaluation of Health Status). A subset of Any Hand Wrist CTDs was

also analyzed (Hand Wrist CTDs Excluding Localized Osteoarthrosis). In

this subset (5.4.2A), those subjects with only symptoms of localized
osteoarthrosis of the finger joints were considered as negative for
CTDs. Two additional subsets of hand wrist CTDs were al1s0 analyzed:

Hand Wrist Tendinitis (Section 5.4.2A.1) and Carpal Tunnel Syndrome

(Section 5.4.2A.2). These two specific hand wrist CTDs were included

in Any Hand Wrist CTDs and Hand Wrist CTDs (excluding LOA).

There were 128 subjects (19.6%) who met the criteria for any
hand/wrist CTDs on Interview (11.7% of males and 29.3% of females, p
<0.,0001), On PE and Interview, there were 66 subjects (10.1%) with
Hand wrist CTDs (4.7% of' males and 16.7% of females, p <0.0001)
(Figure 5.8).

'TABLE 5.14

ANY HAND WRIST CTDS: FEMALE TO MALE COMPARISON
JOB ADJUSTED 0DDS RATIOS

LOF.LOR  HIF.LOR LOF.HIR HIF.HIR TOTAL

JOBS (7) (8) (3) (3) (21)
INTERVIEW 1.2 3.9% 5.,2% 2.6 2.,8%%x
# (5) (7) (2) (3) (14)
PE & INTERVIEW 5.8 2.6 4.7 1.8 2.2*
# (2) (6) (1) (3) (12)

Chi square (M-H) *p <0,05 =**p <0,01 ***p <0,001
(Total of 188 males and 151 females in 21 Jobs)
# Number of jobs in which there were any cases
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The odds ratio for LOF.HIR, and HIF.LOR females was statistically
significant for any hand wrist CTDs on Interview (Table 5.14). There
was insufficient power to detect any significant differences between
the sexes within specific exposure categories but the overall odds for
females was 2.2 times that of males on PE and Interview (p <0.05).
Subjects in all three other exposure categories had higher odds
of having hand wrist disorders than those in the LOF.LOR category
(Table 5.15). The odds ratios were statistically significant for
males in both high‘repetitive groups on Interview and for both sexes
in the HIF.,HIR category on PE and interview. HIF.HIR workers had more
than 16 times the odds of hand wrist disorders than LOF.LOR workers (p
<0.0001). The combined odds ratio for the HIF.,HIR group is
substantially higher than for either sex alone. This is because
females in 2 HIF.HIR jobs did not have female controls so were
excluded from the female specific analysis but included in the
combined analysis. Among female Punch Press operators and Hand

Grinders, 56% and 30% had hand wrist CTDs on PE and Interview.
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TABLE 5.15

ANY HAND WRIST CTDS BY FINAL EXPOSURE CLASSIFICATION
0DDS RATIOS (OR)

EXPOSURE
INTERVIEW LOF.LOR HIF.LOR LOF,HIR HIF.HIR
MALES :
Yes (n) 3 14 5 20
No (n) 90 120 38 63
Crude OR 1.0 3.4 3.9 g, Gxe*
Plant Adjusted OR 1.0 2.3 8,2* 7 3***
FEMALES
Yes {(n) 10 16 27 33
No (n) 54 40 73 41
Crude OR . 1.0 2.2 2.0 4, 3%x*
Plant Adjusted OR 1.0 1.6 2.0 4.1

PE & INTERVIEW LOF.LOR HIF.LOR LOF.HIR HIF.HIR

MALES
Yes (n) 0 5 2 10
No (n) 93 134 41 73
Crude OR 1.0 7.7 11.3 26 ,7%**
Plant Adjusted OR 1.0 7.4 6.0 4,9%
FEMALES
Yes (n) 4 9 13 22
No (n) 60 47 87 52
Crude OR 1.0 2.9 2.2 6., 3¥**
Plant Adjusted OR 1.0 2.0 2.0 6.0*
SEX COMBINED
Crude OR 1.0 3.0 4,5*% g, 8kw**
Plant Adjusted OR 1.0 2.4 2.7 16.5%***

*p <0.05 **p <0,01 ***p <0,001 ****p <0.0001

Overall prevalence of any hand wrist CTDs among males did not
differ significantly by age group (Table 5.16). Among females, there
was a significant age trend on Interview (p <0.05) and on PE and
Interview (p <0.01), although the increase does not appear to occur

until after the age of 40.
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PREVALENCE OF ANY HAND WRIST CTOS
SEX AND EXPOSURE GROUP

STRATIFIED BY AGE,

TABLE §.16

STUDY LOF.LOR HIF.LOR : LOF.HIR :  HIF .HIR TOTAL
NUMBER H :
M F M F . F H M F F
20-29 23 14 30 10 21 26 17 62
30-39 a3t 2¢ 51 27 a8 32 29 119
40~49 13 17 : 3t 12 14 : 14 19 62
$0-89 24 9 : 25 7 22 10 6 44
80+ 2 3: 2 0 : S : ] 3 11
POSITIVE ON INTERVIEW
20- N 1 1 2 3: 4 7 3 1"
% 4.3 7.4 : 6.7 30.0: 28.86 19.0 : 26.9 17.6 17.7
30- N 2 5 . 4 6 : 10 : 9 114 32
% 6.% 23.8 : 7.8 22.2: 26.3 : 28.4 237.9 27.8
40- N Q 2 : 2 5 : 5 : 3 12 24
% 0.0 11.8: 6.8 41.7 : 5.7 : .4 63.2 : 38.7
S0~ N Q 2 : ] 2: 7 1 5 : 16
% 0.0 22.2 : 20.0 28.6 : 31.8.: 10.0 .3 36.4
60+ N o] Q : 1 I 2: 3
% 0.0 0.0 : 0.0 20.0 : .7 27.3
POSITIVE ON PE & INTERVIEW
20~ N o) 1 : ) 3 : 1 4 J: S 8
*% .0 7.1 : 3.3 30.0: Q.0 4.8 : 15.4 .8 .8 12.9
30- N Q 1 1 2 2 2 : 4 7 : 7 12
% .Q 4.8 : 2.0 7.4 : 16.7 5.3 : 12.5 i B .6 10.4
4a0- N Q Q : i 4 (o] 3 2 S : 3 12
% .0 0.0 : 3.2 33.3: 0.0 21.4 : 14.3 L3+ 4.1 19.4
$0- N o] 2 : 2 | B (2] 6 : o} S : 2 i4
% . 22.2 : .0 t4.3: Q.0 27.3 : 0.0 .3 : 2.9 31.8
60+ N o o : o} LI o 2: Q 3
% .Q 0.0 : 0.0 20.0 : 0.0 .7 : 0.0 27.3
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Logistic regression techniques were used to evaluate the
association between exposure and hand wrist CTDs on PE and Interview
while controlling for sex (female=1, male=0), age; years on the
specific job and plant effect (Table 5.17). Plant and sex were
statistically significant (p <0.0001) and included in all models.
(For clarity of presentation plants are not listed in this table.
Neither age or years on the job were statistically significant
predictors. However there were statistically significant interactions
between sex and years on the job (sex*years) as well as age and years
on the job (p <0.05). The exposure predictors in the logistic
regression .analysis (p <0.0001) closely parallel the observed odds

ratios in the stratified analysis Table 5.15).

TABLE §5.17

PREDICTORS OF ANY HAND WRIST CTDS ON PE & INTERVIEW
MULTIPLE LOGISTIC REGRESSION ANALYSIS, N=6S52

{Plants Included in all models)

MODEL I 91 198
FINAL EXPUSURE INITIAL EXPOSURE

PREDICTOR COEFFICIENT 0Q0DS :COEFFICIENT 0QO0S :COEFFICUIENT 0QDDS
(ST ERROR) RATIO :(ST ERROR) RATIO :(ST ERROR) RATIC

SEX 1.2431 3.5 : 77709 2.2 : 1.1136 3.0
(.52292) : (.70967) : (.82812)

AGE 0.01513 1.0 : -.00169 1.0 : -.01810 1.0
{.023429 : {.02497) : (.02417)

YEARS JOB -.14887 0.9 : -.18004 0.8 : -.21117 0.8
(.12719) : 13187 : . 12984

AGE *YEARS .00265 1.0 : 00304 1.0 : 00380 1.0
(.00245) . (.00253) : (.002%0)

SEX*YEARS 09192 1.1 : 11068 1.1 10263 1.1
(.04767) : {.04843) : {.04882)

HIF.LOR : 1.6572 5.2 : 1.5411 4.7
: (.61855) : (.62090)

LOF . HIR : 1.0434 2.8 : 1.5%03 4.7
(.60932) : (.58377)

HIF .HIR : 2.792% 16.3 : 2.2198 9.2
(.62846) : (.s8a71)
-2 LoG 373. 11 : 343.01 : 352.88

LIKEL [HOOD : :

Statistically significant predictors: Sex, Plants, Age*Years,
Sex*Years, Erxposure
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In order to assess comparability of findings on physical exam
between examiners (8), hand wrist diagnoses {Appendix 7) were
stratified by examiner and exposure category. Significant differences
were identified for hand tendinitis in the HIF.HIR group {p <0.02) and
DeQuervain's disease in the LQOF.HIR group (p <0.05). When these
diagnoses were stratified by specific job and examiner, there were no
significant differences observed.

A. Hand Wrist CTDs (Excluding Localized Osteoarthrosis)

When symptomatic localized osteoarthrosis (LOA) was excluded from
consideration as a CTD (12 females, 5 males)}, there were 111 subjects
(17.0%) with symptom criteria for hand wrist CTD; {pain, tingling and .
or numbness) on Interview (10.3% of males and 25.2% of females, p
<0.0001). There were 53 subjects (8.1%) with hand wrist CTDS on PE
and Interview (3.9% of males and 13.3% of females, p <0.0001).
Prevalence of these disorders were not evenly distributed across
exposure categories (Figure 5.7). Stratified r‘ésults are presented by
sex (Table 5,18), exposure group by sex (Table 5.19), age group (Table
5.20) and plant (Table 5.,21),

TABLE 5.18

HAND WRIST CTDS (EXCLUDING LOA):FEMALE TO MALE COMPARISON
JOB ADJUSTED ODDS RATIOS

LOF.LOR  HIF,LOR LOF.HIR HIF,HIR TOTAL

JOBS (7) (8) (3) (3) (21)
INTERVIEW 2.7 3.1 15.3** 2.1 3, 2%
# (4) (7) (2) (3) (16)
PE & INTERVIEW 5.8 2.6 2.8 1.6 2.2
# (1) (6) (1) (3) (11)

Chi square (M-H) *p <0.05 =**p <0.01 ***p <0.001
(Total of 188 males and 151 females in 21 Jobs)
# Number of jobs in which there were any cases
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Females in the LOF.HIR category reported significantly more hand
wrist CTDs on Interview than males. This was largely attributable to
the Burr Bench job at Plant 3 where 7/10 females and 4/12 males
reported hand wrist CTDs on Interview (p <0.05). Statistically
significant gender differences were not detected on PE and Interview
(Table 5.18)., Plant adjusted odds ratios (Table 5.19) indicate
increased risk for hand wrist CTDs (excluding LOA) in all exposure
categories compared to the LOF.LOR category. Among males on Inter-
view, the statistically significant odds ratios ranged from 5,0 in the
LOF.HIR group to 10.6 in the HIFHIR group, On PE and Interview, the
risk for HIF.HIR males was 5 times that for the LOF.LOR group {p
<0.05). Among females, the HIF.HIR group had more than a 6 fold
increased risk of having hand wrist CTDs {excluding LOA) on Interview
(p <0.05) and a 5 fold risk on PE andrlnterview, though not statis-
tically significant.

In the sex combined analysis, the odds ratio for the HIF.HIR
group was 30.3 (p <0.,0001). The high prevalence of these disorders
among female Punch Press operators (44.4%) and female Hand Grinders
(30%) is reflected in the sex combined odds ratio for the HIF.HIR

group.
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TABLE 5.19

HAND WRIST CTDS (EXCLUDING LOA) BY FINAL EXPOSURE CLASSIFICATION
0DDS RATIOS (OR)

EXPOSURE
INTERVIEW LOF.LOR  HIF.LOR LOF.HIR HIF.HIR
MALES
Yes (n) 1 13 3 20
No (n) 92 126 40 63
Crude OR 1.0 8,.8%* 6.9 29, 2%k**
Plant Adjusted OR 1.0 8.9* 5.0* 10.6%+**
FEMALES
Yes (n) 6 15 22 31
No (n) 58 4] 78 " 43
Crude OR 1.0 3.5* 2.7* 7 o Qirtex>
Plant Adjusted OR 1.0 2.5 2.7 6.4*

PE & INTERVIEW LOF.LOR  HIF,LOR LOF.HIR HIF.HIR

MALES
Yes (n) 0 3 1 10
N (n) 93 136 42 83
Crude OR 1.0 4.8 6.6 23.5%*
Plant Adjusted OR 1.0 2.7 3.3 4.9%
FEMALES
Yes (n) 2 9 g 19
No (n) 62 47 91 85
Crude OR 1.0 5.9* 3.1 10,7%%*
Plant Adjusted OR 1.0 4.1 2.9 5.2
SEX COMBINED A
Crude OR 1.0 5.1* 5.8* 16, 3%**x
Plant Adjusted OR 1.0 3.0 3.6 30, JFdr>

*p <0.05 **p <0.01 ***p <0.001 ****p <0.0001

There were no statistically significant age trends observed for
overall prevalence of hand wrist CTDs (excluding LOA) for either males

or females by age group (Table 5.20).
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TABLE 5.20

PREVALENCE OF HAND WRIST CTDS (EXCLUDING LOA)
STRATIFIED BY AGE, SEX AND EXPOSURE GROUP

STUDY LOF.LOR : HIF.LOR :  LOF.HIR : HIF.MIR : TOTAL
NUMBER H : : H

M F : M F : M F M F M F
20-29 23 14 30 10 : 7 21 26 17 - 86 62
30-239 3 21 89 27 : 12 as : 32 29 : 126 115
40~-49 13 17 31 12 : 15 14 14 19 73 62
%0-59 24 ° 9 : 25 7 : ) 22 : 10 6 : 68 a4

60+ 2 3: 2 0 : Q 5 : 1 3: 9 "

POSITIVE ON INTERVIEW
: 3: 10 9

20~ N Q 1 : 2 2 : 1 J: 7
% 0.0 7.1 ; 6.7 20.0 : 14.3 14,3 : 26.9 17.6 : 11.86 14.5
30- N 1 4 4 e 1 9 : 9 1f : 13- 30
% 3.2 19.0: 7.8 22,2 : 8.3 23.7 :28,1 37.9 : 11.9 26.1
40- N Q | ] 2 - 2 i 4 : 3 12 : - 22
* 0.0 .9 : 6.9 4t.,7 : 6.7 28.6 : 21.4 83.2 : 8.2 3%8.S5
S0- N Q 0 : 4 2 : o] 6 : 1 4 : 5 12
% 0.0 .0 : 16,0 28,6 : 0.0 27.3 : 10.0 66.7 : 7.4 27.3
60+ N Q 0 : 1 : o 0 t o 1 1
% 0.0 .0 : 50.0 0.¢: 0.0 33.3 : 20.0 9.1
POSITIVE ON PE & [INTERVIEW
20- N Q i 1 2: c § 4 3 : S 7
% 0.C 7.1 ¢ 3.3 20.0: 0.0 4.8 i15.4 17.6 : 5.8 1.3
Jg- N Q ) I ¢ 2 1 2 4 7 S t2
% Q.0 4.8 : 0.0 7.4 : B.3 5.3 12.5 24.1 : 4.0 10.4
40~ N C (= BN ) "4 o} 2 2 5 : 3 11
% Q.0 0.0 : 3.2 33.3 : 0.0 14.3 4.3 26.3 : 4.1 17.7
S0- N o} 0 : 1 1 o) 4 o < 1 8
% 0.C 0.0 : 4.0 14,3 : 0.0 18.2 0.0 50.0 : 1.5 18.2
60+ N (o] o : Q o) [s) | I 0 1
% Q.0 0.0 : 0.0 .0 : 0.0 33.3 : 0.0 9.1

The overall prevalence of hand wrist CTDs (excluding LOA) on PE
and Interview ranged between 2.6% at Plant 7 to 12.5% at Plant 3 (Table
5.21). No statistically significant difference between plants was

observed in the stratified analysis.
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TABLE 5.21

PREVALENCE OF HAND WRIST CTOS (EXCLUDING LOA)
ON PE & INTERVIEW BY PLANT

FINAL EXPOSURE CLASSIFICATION
LOF.LOR HIF.LOR LOF.HIR HIF .HIR TOTAL

PLANT 1

Yes (n) 0 3 0 3 6
No (n) 12 33 35 9 89

% Yes - 0,0 8.3 6.0 25.0 6.3
PLANT 2

Yes (n) 0 0 0 9 9
No (n) 21 22 12 20 75

% Yes 0.0 0.0 ¢.0 31.0 10.7
PLANT 3 ' ’

Yes (n) 2 6 9 2 19
No (n) 37 32 53 11 133

% Yes 5.1 15.8 14.5 15.4 12.%
PLANT 4

Yes (n) 0 0 1 2 3
No (n) 18 14 19 19 70

% Yes . 0.0 0.0 5.0 9.5 4.1
PLANT 5

Yes (n) 0 1 0 8 9
No (n) 18 20 14 41 93

% Yes ; 0.0 4,8 0.0 16.3 8.8
PLANT 6

Yes (n) 0 0 - 5 5
No (n) 28 22 - 13 63

% Yes 0.0 0.0 0.0 27.8 7.4
PLANT 7

Yes (n) 0 §] - 5 5
No (n) 28 22 - 13 63

% Yes 0.0 0.0 0.0 27.8 7.4
TOTAL

Yes (n) 2 12 10 29 53
No (n) 135 183 133 128 599

% Yes 1.3 6.2 7.0 18.5 8.1
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The predictors in the 1o§istic regression analysis (Table 5.22)
were quite similar to the odds ratios observed in the stratified
analysis (Table 5.20). Exposure, plant and sex (F:M) were the only
significant predictors. There were no significant interaction terms.
The models that predicted association between sex and hand wrist
disorders (odds ratio=4,7) did not take into account job differences
within exposure categories. The predicted odds ratio for the HIF.HIR
category compared to the HIF.LOR category was 4.2 (exp(3.2504-1.8046))
and compared to the LOF.HIR category, it was 7.2 (exp(3.2504-1.2740)).
When FORCE (0, 1 variable), irrespective of repetitiveness, was
entered into Model I, the odds ratio for High Force was 4.5 (p
<0.001). When REPETITIVENESS (0, 1 variable) was eﬁtered into Model

I, the odds ratio for High Repetitiveness was 2.3 (p <0.05).
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TABLE §.22

PREDICTORS OF HAND WRIST CTDS (EXCLUDE LOA): PE & INTERVIEW
MULTIPLE LOGISTIC REGRESSION ANALYSIS. N»652

(Plants included in all models)

MODEL 1 ' 1t 111
FINAL EXPOSURE INITIAL EXPOSURE

PREDICTOR COEFFICIENT 000S :COEFFICIENT OO0DS :COEFFICIENT O0DDS
(ST ERROR) RATIO :(ST ERROR) RATIO :(ST ERROR) RATIC

*
H

SEX 1.8362 6.3 : 1.5087 4.8 : +.8016 6.1
.39802 : .39657 : (.40817)
AGE - 00673 1.0 : 00952 1.0 : -.00177 1.0
(.01718) : (.01831) : (.01738)
YEARS JOB 00323 1.0 : - .01219 1.0 : =~ .001S4 1.0
(.02992) : (.03093) : (.03061)
PLANT 2 1.4708 4.4 ; .37348 1.5 : 1.3373 3.8
(.59781) . (.64108) : (.50792)
PLANT 3 78158 2.2 : 1.1228 3.1 : .8%098 2.3
(.%5079%) : {.52287) : {.51639)
PLANT 4 - .56693 0.6 : - 1.0737 0.3 : - .79816 0.5
(.73308) : (.77938) : (.7478%5)
PLANT S 1.5658 4.9 : .39966 1.5 : 1.0033 2.7
(.61868) . (.ea947) . (.62179)
PLANT & .68920 2.0 : -.20887 0.8 : 23819 1.3
(.64782) : (.72494) : (.67759)
PLANT 7 24379 1.3 : -.20727 0.8 : 10518 1.1
(.87370) : (.901%84) : (.88817)
HIF . LOR : 1.8171 6.2 : 1.6469 5.2
(.78727) : (.79904)
LOF .HIR : 1.2680 3.6 : 1.8272 6.2
(.79819) : (.77974)
HIF.MIR : 3.2908 26.9 : 2.7188 18,2
(.796%9) . (.78138)
-2 LOG 332.28 : 299.06 : 308.74
LIKELIHOQD . :

------------------ W g D T D D N S D D AP A W D TR WD W W P Eh e R S W W W P D

Statisticaltly significant predictors: sax, plants, exposure

1. Hand Wrist Tendinitis

There were 45 subjects (6.9%) who met the criteria for tendinitis
(2.5% of males and 12.2% of females) on Interview. On both PE and
Interview, there were 29 subjects (4.4%) with hand wrist tendinitis.
The prevalence of tendinitis was not evenly distributed between

categories (Figure 5.8).
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Limiting the analysis to jobs where gender comparisons were
possible, females tended to have more tendinitis than males in each
category (Table 5.23). Although there was insufficient information to
detect significant differences within exposure categories, overall the

differences were statistically significant.

TABLE 5.23

HAND WRIST TENDINITIS:FEMALE TO MALE COMPARISON
JOB ADJUSTED 0DDS RATIOS

LOF.LOR HIF.LOR LOF.HIR HIF.HIR TOTAL

JOBS (7) (8) (3) (3) (21)
INTERVIEW 5.8 3.5 8.4 2.5 3.2%*
# (1) (5) - (2) (3) (11)

PE & INTERVIEW 5.8 1.6 7.4 2.2 4.3*

# (1) (3) (1) (3) (8)

Chi square (M-H) *p <0.05 **p <0.01
(Total of 188 males and 151 females in 21 Jobs)
# Number of jobs in which there were any cases

Crude and plant adjusted odds ratios were elevated for the three
exposure groups on Interview and on PE and Interview (except LOF.HIR
males) (Table 5.24). The plant adjusted odds ratio for HIF.HIR females
on Interview was 8.9 (p <0.05). The sex combined odds ratio for
HIF.HIR on PE and Interview was 29.4 (p <0.001). Among female Punch
Prass operators and Hand Grinders, 17% and 30% had tendinitis on PE and
Interview, respectively. No statistically significant trend by age

group was observed (Table 5.25).
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TABLE 5.24

HAND WRIST TENDINITIS BY FINAL EXPOSURE CLASSIFICATION
0DDS RATIOS (QR)

 EXPOSURE
INTERVIEW LOF.LOR HIF,LOR LOF.HIR HIF.HIR
MALES
Yes (n) 0 1 1 7
No (n) 93 138 42 76
Crude OR 1.0 2.3 5.3 18, 3**
Plant Adjusted OR 1.0 2.7 3.3 4,2
FEMALES
Yes (n) 2 8 10 16
No (n) 62 48 90 58
Crude OR 1.0 5.2 3.4 8.6**
Plant Adjusted OR 1.0 2.6 2.8 8.9*

P INTERVIEW LOF.LOR HIF.LOR LOF.HIR HIF.HIR

MALES
Yes {n) 0 1 0 5
No (n) 93 138 43 78
Crude OR 1.0 2.3 - 13.1*
Plant Adjusted OR 1.0 2.7 - 3.2
FEMALES
Yes (n) 1 5 5 12
No (n) 63 51 95 62
Crude OR 1.0 6.2 3.2 12,2%
Plant Adjusted OR 1.0 4.% 2.9 5.8
SEX COMBINED
Crude OR 1.0 5.0 5.7 18, 9*>*
Plant Adjusted OR 1.0 6.1 3.3 29,4%%x

*p <0.05 **p <0.01 ***p <0.001
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TABLE 5.2%

PREVALENCE OF HAND WRIST TENDINITIS
STRATIFIED BY AGE, SEX AND EXPOSURE GRQUP

sSTUDY LOF.LOR : HIF.LOR :  LOF.HIR : HIF.HIR : TOTAL
NUMBER : H : :

M F M F ] F M F M F
20-29 23 14 : 30 10 7 F R 26 17 - 1] 62
30-29 31 21 : 59 27 12 38 : 32 29 : 126 s
40-49 13- 17 : 31 12 : 15 14 : i4 19 : 73 62
50-89 24 9 2% 7 9 22 : 10 6 : a8 44

60+ 2 3 2 0 : o} $ : 1 3 : 5 1

~“BOSITIVE ON INTEAVIEW

20~ N o] 1 0 1 ] 1 1 2: 2 -]
% 0.0 7.1 : 0.0 10.0 14.3 4.8 3.8 11.8 : 2.3 8.1
30- N 0 L 0 2 o) 4 5 8 : s 13
% 0.0 4.8 : 0.0 7.4 : 0.0 10.9% 15.6 20.7 : 4.0 11.3
40- N (o] 0 : 1 3: C 2 1 4 : 2 9
% Q.0 .0 : 3.2 25.0Q : .0 14.3 T.1 21,1 ¢ 2.7 148
50- N o] Q : Q 2 : Q 3 0 J: 0o 8
* 0.0 0.Q : 20.0 28.6 : .0 13.6 0.9 S50.Q0 : 0.0 18.2
60+ N 0 0 : 0 : 0 Q 1 Q 1
% 0.0 .9 : 0.0 0.0 0.0 33.3 : 0.0 9.1
POSITIVE ON PE & INTERVIEW
20- N o] 1 o] ] 0 L I { | I 1 4
% Q.0 7.1 : G.0 10.0: 0.0 4.8 : 3.8 5.9 : 1.2 6.5
J0- N [o] Q: Q o : 0 1 3 S : 3 e
% Q.0 .0 : 0.0 a.0 : 0.0 2.6 : 9.4 17.2 : 2.4 5.2
40- N o Q: 1 3: Q 0 : 1 2: 2 -]
% 0.0 0.0 : 3.2 23\B.Q: 0C.Q .0+ T.1% t0.% - 2.7 8.1
S0~ N Q Q : Q b I Q 3 : o] J: 0 7
% 0.0 0.0 : Q.0 14,3 : 0.0 13.6 : 0.0 SC.0: 0.0 15.9
80+ N o o 0 [= 2+ 0 1 [} t
% 0.9 0.0 + 0.0 .0 : 0.0 33.3 Q.0 9.1

The exposure predictors in the logistic regression analysis (Table
5.26) are similar to those observed in the stratified analysis for

hand wrist tendinitis on PE and Interview (Table 5.24). The risk of
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having tendinitis decreased with age and yéars on the job (not
statistically significant). However, statistically significant
interactions were observed between both sex and age with years on the
job. The predicted association between tendinitis and exposure was
statistically significant (p<0.0001). The predicted risk of having
tendinitis in the HIF.HIR group ( while controlling for other factors
was 37.6 times that in the LOF.LOR group. The predicted risk in the
HIF.HIR group was 4.3 times greater than the HIF.LOR group and 11.8
times greater than in the LOF.HIR group.

When Force (0,1 variable) was entered into model I (irrespective
of repetitiveness), ‘the odds ratio was 4.7 p <0.005). When
Repetitiveness (0,1) was entered into Model I (irrespective of force),
the odds ratio for Repetitiveness was 2.3 and not statistically

significant.
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TABLE $.26

PREDICTORS OF HAND WRIST TENDINITIS: PE & INTERVIEW
MULTIPLE LOGISTIC REGRESSION ANALYSIS, N=652

(Plants included in all models)

MODEL ! 11 19 9
FINAL EXPOSURE INITIAL EXPOSURE

PREDICTOR COEFFICIENT 0ODS :COEFFICIENT ODDS :COEFFICIENT 0003
(ST ERRCR} RATIO :(ST ERRDR) RATIO :(ST ERROR) RATIO

.
.

SEX 1.1847 3.3 ; .55843 1.7 : . 97994 2.7
(.80877) : (.83202) : (.80367)

age -.01914 1.0 : -.01285 1.0 : -.02804 1.0
(.03432) . (.03722) : (.03541)

YEARS JOB -.20094 0.8 : -.28329 0.8 :  -.31325 0.7
{.17308) : (.17968) : (.{784%)

AGE*YRS .Q0272 1.0 ; . 002397 1.0 ; . 00488 1.0
(.00337) : {.00357) : (.003489)

SEX*YRS . 14263 1.2 : 16244 1.2 : 16778 1.2
(.08888) : {.084089) .: (.08768)

MIF .LOR : 2.16%4 8.7 : 2.1602 8.7
. . (1.2309) : (1.1408)

LOF . HIR : 1.1%69 3.2 : 1.2611 3.8
: (1.1299) : (1.1291)

HIF HIR : 3.6278 37.6 : 3.1506 24.3
: (1.1609) : (1.0967}
-2 LOG 194.24 ‘ 174.48 : 175.00

LIKELIHOOD H . :

Statistically significant predictors: sax, plants, agetyears,
sex‘years, sxposure

2. Carpal Tunnel Syndrome

There were 25 subjects (3.8%) who met the criteria for carpal
tunnel syndrome on Interview (3..1% of males and 4.8% of females) and
14 subjects (2.1%) who met the criteria on both PE and Interview (2.0%
of males and 2.4% of females) (Figure 5.9).

There were 7 specific jobs on Interview and 5 specific jobs on PE
and Interview with cases of carpal tunnel syndrome in which females and
males can be compared for risk associated with carpal tunnel syndrome.
Job adjusted odds ratios for females were 1.6 on Interview and 0.9 on

PE and Interview (not statistically significant).”
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Crude and plant adjusted odds ratios for HIF.HIR were
statistically significant on Interview and PE and Interview {Table
5.27). The risk of having carpal tunnel syndrome (CTS) in the
HIF.HIR group was more than 12 times that in the LOF.LOR group on

Interview and more than 14 times on PE and Interview.

TABLE 5.27

CARPAL TUNNEL SYNDROME BY FINAL EXPOSURE CLASSIFICATION
SEX COMBINED 0ODDS RATIOS (OR)

EXPOSURE
INTERVIEW LOF,LOR HIF,LOR LOF,HIR HIF.HIR
Yes (n) 2 4 4 15
No (n) 155 191 138 142
Crude OR 1.0 1.6 2.2 8. 2%*
Plant Adjusted OR 1.0 1.0 1.3 12.4**

PE & INTERVIEW LOF.LOR  HIF,LOR LOF,HIR HIF.HIR

Yes {(n) 1 2 3 8
No {n) 156 193 140 149
Crude OR 1.0 1.6 3.3 8.4*
Plant Adjusted OR 1.0 1.8 1.9 14,3*

*p <0.05 **p <0.01 ***p <0.001 ****p <0.0001

No statistically significant trend by age group was observed (Table
5.28).

Predictors in the logistic regression analysis (Tables 5.29 and
5.30) suggested no significant association between sex or plant or
any interaction terms and carpal tunnel syndrome on PE and Interview.
Additionally, carpal tunnel syndrome was positively associated with
age but negatively associated with years on the job. Neither of these

predictors were statistically significant.
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TABLE 5.29

PREDICTORS COF CARPAL TUNNEL SYNDROME: PE & INTERVIEW
MULTIPLE LOGISTIC REGRESSION ANALYSIS, N=6352

(Plants included in all models)

MODEL I 11 111
FINAL EXPOSURE INITIAL EXPOSURE

PREDICTOR COEFFICIENT ODDS :COEFFICIENT 0ODDS :COEFFICIENT QODS
(ST ERROR) RATIO :{ST ERROR) RATIQ :(ST ERROR} RATIO

SEX 29781 1.3 : 16996 1.2 : 24110 1.3
(.71019) : (.70739) : (.71678)
AGE 02583 1.0 : 04678 1.0 : 02913 1.0
(.02315) : (.03104) : .02819
YEARS JOB - 07768 0.9 : - .10%% 0.9 : - .07913 0.9
(.08970) : {.06173) : . 06082
HIF.LOR . .%8937 1.8 : -7.6769 0.0
: (1.2427) : (-18.848)
LOF .HIR : 99450 2.7 : 1.4660 4.3
: (1.1993) : (1.1360)
HIF .HIR : 2.7424 15.5 : 2.1716 8.8
: (1.1278) : (1.07286)
-2 L0G 130.23 : 118.24 : 116.39
LIKEL IHOOD

D D S D A e A R AT WD W W T D R D AR AR WD W D R WP D W W WS S e e W W W W - . W T -

Statistically significant predictors: exposure

TABLE 5.30
PREDICTCORS OF CARPAL TUNNEL SYNDROME: PE & INTERVIEW
FORCE VERSUS REPETITIVENESS
MULTIPLE LOGISTIC REGRESSION ANALYSIS. N=§52
(Plants included in all models)

MODEL I 11 11t
FINAL:REPETITVENESS FINAL:FORCE

PREDICTOR COEFFICIENT OODCS :COEFFICIENT Q0DS :COEFFICIENT 00OS
(ST ERROR) RATIO :(ST ERROR) RATIO :{ST ERROR) RATIO

SEX 2.97513 1.3 : 00385 1.0 : 26795 1.3
(.71019) : (.00536) : {.casat)

Ace 02%83 1.0 : 02577 1.0 : 037518 1.0
(.02a15) ; (.02814) : (.02948)

YEARS JOB - 07769 0.9 : - .08447 0.9 : - .08945 0.9
(0.0%970) : {.05804) 1 (.06132)

EXPOSURE : 1.6957 5.5 : 1.0784 2.9
(.7079%) : (.63843)
-2 L06G ' 130. 22 : 123.21 : 127.09

LIKEL IHOQD

Statistically significant predictors: Repetitivenass p <Q.0S5
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The risk of having CTS on PE and Interview in the HIF.HIR group
was 5,7 times that in the LOF.HIR group. The combination of high
repetitiveness and high force (HIF.HIR) increases the magnitude of
association (odds ratio for HIF.HIR=15.5). However Repetitiveness
appeared to be a more important risk factor than Force (Table 5.30).
The odds ratio for Repetitiveness (0,1 variable) was 5.5 (p <0.05).
The odds ratio for Force, irrespective of repetitiveness, was 2.9 and
not statistically significant.

The 14 cases of CTS identified on PE and Interview were
distributed over 11 of the 39 jobs (Table 5.32). Five (35.7%) had CTS

and tendinitis on the same side(s) identified on PE and Interview.

TABLE 5.314

SPECIFIC JOBS WITH CASES OF CARPAL TUNNEL SYNDROME
ON PE AND INTERVIEW

JoB EXPO- % CTS SIDE % CTS TENDINITIS
SURE PE & 1 INTERVIEW

Buffing HIF HIR a8.3% Both 8.3% Yes
Punch Prass HIF .HIR 4.5% 8oth 13.6% Yes
Wax Assembly LOF .LOR 5.0% Left 10.0% No
Mounted Point LOF . HIR 10.0% Right 10.0% No
Burr Bench LOF .HIR 4.5% Both 4. 5% No
Cutoff HIF . HIR 7.7% Bath 7.7% No
Hem Legs HIF .HIR 4.8% Right 4.8% No
Stat grind HIF .HIR 5.3% Both 15.8% fos
Hand gringd HIF HIR 15 4% Left Right 15.4% Yes
{Peaweaa)

Pump Assembly HIF._HIR 5.6% Both 5.6% Yes
Auto Machine  HIF LOR 8.0% Both, Right 8.0% No

oo

Summary estimates of force and repetitiveness for these jobs were
presented in Chapter 4. Additional descriptive information was
obtained from reviewing videotapes (Table 5.32) to generate hypotheses
about other job factors that may contribute to the observed
associations between CTS and exposure. No measures of vibration were

obtained during job evaluation.
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TABLE 5.32

ADDITIONAL JOB CHARACTERISTICS FOR JOBS WITH CASES OF CARPAL TUNNEL SYNDROME
ON PE AND INTERVIEW

Jos HAND MECHANICAL VIBRA- PRIMARY PUOSTURES
TOOLS STRESS TION
Buffing None None Stationary 51% ulmar, {4%Fflexion,
Buff Wheel 17% pinch
Punch Suction Palm button None 27% ulnar, 29%flexion
Press cup Guards IC%pinecn
Wax Brush Nane Ngne 58% uinar, 40% flexion
Assembly Heat rod 98% pinch, 34% flexion
Eye dropper with ulnar deviation
Mounted None None Small 99% ulnar, 1% flexion
Point Point 98% pinch
8urr Small hand Parts Gr inder 25% ulnar, 12% flexion
Bench gr inder 80% pinch
Cutoft None Parts Stationary 42% ulnar, 19% flaxion
cutting wheel 12% pinch, 14% flexion
with ulnar ceviation
Hem Legs None None None 33% ulnar, 27% flexion
77% pinch, 14% flexion
with utnar daviation
Stat None Parts Stationary 30% ulnar, 20% flexion
Grind grinding wheel 13% flexion with ulpar
Peewee gr inder Parts Hand grinder S6% ulnar, 1% flexion
Hand Grind
Pump Tapper None None 44% ulnar, 20% flexion
Assambly 76% pinch
Autoflange None Ncone None 8% utnar, 1% flaxion
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5.4.ZB.Hand Wrist Postures

Commonly cited postural risk factors for hand wrist CTDs include ulnar
deviation, wrist flexion or hyperextension, and pinching (Chapter 2,
Table 2.1). Comparisons of cycle time spent in any of these postures
or combinations of postures were made by exposure group and gender
(Figure 5.10)., "Pinch" included pulp, lateral and palm pinches.
"Awkward" included wrist flexion or hyperextension or ulnar or radial
deviation. The hand with the greatest percentage of cycle time spent
in the posture was used. Postural risk factors varied considerably
both within job (between workers performing the same job) and within
exposure category {between jobs in the same exposure category).
Percent of cycle time spent in pinching was greater for females than
males in all exposure groups. Overall, females spent 53.7% of the
time in a pihch compared to 21.8% for males {p <0.0001). The
correlation between sex and pinch was .54 and the correlation between
LOF.HIR was .55 suggesting a substantial degree of multicolinearity

hetween these factors.

Postural comparisons were also made between jobs in which there
were cases of tendinitis (figure 5.11) and carpal tunnel syndrome
(figure 5,12} on PE and Interview and those jobs in which there were
no such cases. No postural differences werre noted in the tendinitis
comparisons. The "carpal tunnel syndrome jobs" had slightly more
ulnar deviation and pinching than the "non-carpal tunnel syndrome

jobs."
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FIGURE 5.11
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When postural variables were entered into the logistic regression
analyses of tendinitis, none of the variables influenced the
coefficients. However, for CTS and Any Hand Wrist CTD (excluding
LOA), pinch was the only postural variable that affected the
coefficients (no difference with tendinitis). There was a statis-
tically significant interaction between sex and pinch. In general,
the effect of pinch and sex*pinch in the models was to reduce the odds
ratios for sex (F:M) and increase the odds rations for the exposure

variables (Table 5.33).

TABLE 3.33

PINCH AND HAND WRIST CTOS: PE & INTERVIEW MULTIPLE
LOGISTIC REGRESSION ANALYSIS: N=6g32 FINAL EXPOSURE CLASSIFICATION

CARPAL
ANY HAND WRIST EXCLUDE LGA TUNNEL SYNDROME

PREDICTOR COEFFICIENT OCDS :COEFFICIENT O0DOS :COEFFICIENT QOOS
(ST ERROR} RATIO :(ST ERROR) RATIC :{ST ERROR) RATIO

SEX (F.M.) 33886 1.4 : 98948 2.6 : -1.21%9 0.3
(.69539) : (.55538) Co(1.217)

PINCH .007%8 1.0 : 02641 1.0 : -.02579 1.0
(.01640) : (.02220) : (.02643)

SEX*PINCH - 01833 1.0 : .03108 0.9 : 04923 1.1
(.01668) : (.02217) : .03018

HIF.LOR 2.036% 7.7 : 1.8922 6.6 : 87431 2.4
(. 77%32) : (.89576) : (1.s384)

LOF .HIR 1.0981 3.0 : 1.2748 3.8 : 95821 2.6
(.62139) : (.80172) : (1.2113)

MIF.HIR 2.0005 22.2 : 3.3805 29.4 : 3.2621 26.1
(.75138) : (.88422) : (1.3687)

-2 L0G LIKELIHOOD

without exposure J6§3.92 32%.02 127 .48

with exposure  341.06 296.64 115.08

p value <Q.0001 <0Q.00001 <0Q.01

+ Al models include plants, age, years on jcb
+ Alac includes ssx*years and age®years
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5.5 Summary

In summary, 31% of the study population had upper extremity CTDs
on Interview and 18% had upper extremity CTDs on PE and Interview.

The prevalence of hand wrist CTDs in the study population was
20% on Interview and and 10% on PE and Interview. Compared to the
LOF.LOR group, the risk of having hand wrist CTDs was greater in the
other three groups (Table 5.34).

The HIF.HIR group consistently had a significantly increased risk
for all hand wrist CTDs, tendinitis and carpal tunnel syndrome, The
high odds ratios for the HIF.HIR group suggested an interaction between
repetitiveness and force. Force appeared to be a more-important risk
factor than repetitiveness in the multiple logistic regression
analyses for any hand wrist CTDs, hand wrist excluding LOA, and
tendinitis. However, repetitiveness appeared toc be more important
than force as a risk factor for carpal tunnel syndrome.

Overall, females in the study population had approximately 2 times
the prevalence of CTDs as males. However, the associations between sex
and CTDs were neither consistent for the various types of CTDs nor
uniform between exposure groups. In general, the job specific odds
ratios for females compared to males were Tower on PE and Interview
than on Interview alone. No significant association was detected
between sex and carpal tunnel syndrome. Postures varied within jobs
and within exposure categories. Females used "pinch” significantly
more than males. Statistically significant sex*pinch interactions

were observed in the logistic regression models.

5.46
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TABLE 5.34

SUMMARY 0DDS RATIOS FOR VARIOUS HAND WRIST CTDS ON PE & INTERVIEW
FINAL EXPOSURE CLASSIFICATION

PLANT ADJUSTED ODDS RATIOS

ANY HAND/ HAND/WRIST ~ TENDINITIS  CARPAL

WRIST CTD NO LOA TUNNEL SYNDROME
HIF ,LOR 2.4 3.0 6.1 1.8
LOF HIR 2.7 3.6 3.3 1.9
HIF JHIR 16.6%*** 30, Jres 29, 4r* 14.3*
SEX + 2.2* 2.2 4.3* 0.9
LOGISTIC REGRESSION ODDS RATIOS ++++

ANY HAND/ HAND/WRIST ~ TENDINITIS  CARPAL

WRIST CTD NO LOA TUNNEL SYNDROME
HIF .LOR 5.2 6.2 8.7 1.8
LOF .HIR 2.8 q 3.6 3.2 2.7
HIF JHIR ++ 16, Jwees 26, 9x** 37, 6w 15.5%*
SEX +++ 2.2% 4.5%* 1.7 1.2

Chi square * p<0.05 ** p<0.01 *** p<0,.001 **** p<0,0001

+ Based on job adjusted odds ratios '

_++ p values are for exposure as a group (three 0,1 variables)

+++ specific jobs not taken into account

++++ 5 plant (0,1), sex (0 male, 1 female), age, years on job, 3
exposure (0,1) variables in the model.

Age was negatively associated with hand wrist {(Exclude LOA) CTDs
but positively associated with hand wrist tendinitis and carpal tunnel
syndrome, although the associations were modest and not statistically
significant. The number of years on the study jobs was positively
associated with all hand wrist CTDs but negatively associated with
carpal tunnel syndrome (not statistically significant). Other
individual factors that were thought to be potential confounders were
etither not significantly associated with exposure or with disease and
were not considered further. These included recreational activities,
relevant diseases, reproductive history of females, hours worked at the

time of evaluation, interviewer and examiner.



CHAPTER 6
DISCUSSION ‘

The null hypothesis of no difference in the prevalence of upper
extremity CTDs between exposure categories, reflecting different force
and repetitiveness job attributes, has been rejected in this
investigation. The magnitude and pattern of associations between CTDs
and exposure varies by anatomical location of the disorders. Posture
was not a major confounding variable.

In the following sections, these findings will be qualified,
taking into account methodological limitations including study design,
misclassification of exposure and health effects, selection bias,
information bias and observer bias. Assessment of confounders,
associations , comparisons with other similar studies, conclusions and

recommendations for further research will also be discussed.

6.1 Study Design

6.1.1 Prevalence

A cross sectional study design was used to estimate exposure and
prevalence of CTDs simuiltaneocusly. One advantage of this approach was
that job and health status information was available from primary and
contemporary rather than secondary and historic data sources
(production records, job histories, plant medical records).

Cross sectional studies are most useful in identifying the risk
factors of a relatively frequent disease with a long duration which is

often undiagnosed or unreported, and for assessing the need for
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intervention services (Kleinbaum et al, 1982). One limitation of the
design in this study was that some CTDs appeared to be episodic or of
short duration. Secondly, a selective survival bias may have occurred
with more severe or long standing cases of CTDs being unavailable for
study because they ﬁere no longer working on the job or‘in the plant.
fhird, some cases may have transferred from high risk to low risk jobs
following onset of CTDs leading to misclassification.

Prevalence data alone cannot be used to ascertain the direction
of the relationship between exposure and diéease (cause and effect).
Consequently, subject recall of date of onset was relied'upon to
determine if the CTD had originated while working on the study job.
This retrospective component increased the probability that exposure
measures reflected subject status at the time the disorder was induced
(MacMahon and Pugh, 1970).

6.1.2 "Plant Effect"

The study was conducted at 7 different industrial sites. The
disadvantage of this approach was that it increased the complexity of
analysis insofar as many potential plant specific factors may have
affected the physical stresses associated with jobs but could not be
directly identified or measured., Statistical control for these
speculative “plant effects" was necessary. In addition to differences
in exposure attributes of interest (Chapter 4), various sociclogical
factors may have played a part in the plant effect, including
differences in labor-management relations, cultural characteristics
and selection into and out of the workforce. There was a decision to
avoid conducting the study at plants where there were active labor-

management disputes in progress. Other factors were beyond the scope
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of the study to evaluate or control. It is reasonable to assume that
plants who were willing to participate in this study participated
because they perceived that they had a CTD problem. However, the
areas where the CTD problem was believed to be worse by plant manage-

ment were fregently not included in this study.

6.1.3 Plant and Job Selection.

By requiring a large number of workers to be performing the same
jobs in four different exposure categories, small plants were excluded
from consideration. Also, specific jobs (particularly assembly line
Jobs) which may have had a high prevalence of CTDs but .an insufficient
number of workers were excluded from consideration. Observer bias in
the selection of jobs was minimized (although probably not eliminated)
by blinding the "selectors" to health problems identified by either
management or workers on those jobs. Prior knowledge of CTDs on
specific jobs may have resulted in choosing one of several jobs that
met the same exposure category criteria because of preconceptions about
cause and health effect. Preconceptions can be right or wrong thereby
resulting in systematic bias in estimates of associations although not

in their direction.

6.1.4 Subject Selection.

Workers who had not been on the study job for at least a year and
those not working at the time of subject selection (within several
weeks of health evaluation) were excluded.

It was believed that workers with less seniority may have brought
CTDs previously obtained on another job to the one under study. Also,
workers new to the job, or just returning after prolonged absence, may

have experienced transient physical difficulty in adjustment. While
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this exclusion may have reduced the likelihood of overestimating CTD
prevalence, it could also have increased the likelihood of
underestimating CTD prevalence if only "survivors" (particularly in
high physical stress jobs) were available for study. The finding that
carpal tunnel syndrome was negatively associated with years on the job
supports this hypothesis. Wherle (1976) noted that the mean time on
the job was 2 months before onset of carpal tunnel syndrome symptoms
among automotive upholstery sewers. In many US plants, it has been
common practice to place workers with these symptoms on restricted jobs
or off work. The effect would be an underestimation of prevalence.
Subject selection was restricted to active workers because of the
impracticality of identifying and examining those who had left the job
or workplace. The extent to which workers had left the job or pilant
because of CTDs was not known because employee rosters usually included
only active workers. However, in Plant 6, workers on medical leave
were included in the employee roster. In this plant, 7 of the 20 pump
assemblers initially chosen for health evaluations were off work
because of carpal tunnel syndrome and/or tendinitis. The effect of
this exciusion was to underestimate the prevalence of CTDs among pump
assemblers. There was no reason to believe that P1ant 6 was totally
unique in having a number of workers unavailable for stud} for similar

reasons.

6.2 Misclassification of Exposure
Results were presented for both final and initial exposure
classifications. In general, the findings were similar. The
differences were that the strength of associations between CTDs and the

HIF.HIR group were increased with the final classification while the
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strength of associations between sex and CTDs within exposure

categories was decreased.

6.2.1 Repetitiveness

Repetitiveness was categorized as "high" and "low" on the basis of
estimated cycle time and percent of cycle time performing the same
fundamental cycle. Other measures of repetitiveness that were not used
include number of movements or movements with awkward postures per day
(Drury and Wick, 1984). This is similar to the total number of
fundamental cycles per day (irrespective of differsnces in the types of
fundamental cycles). If total movements or total fundahental cycles
per day had beeﬁ used, it is conceivable that some of the "low
repetitive" jobs would have been considered "high repetitive.”
Examples include solder touchup at Plant 1, wax assembly and gauging at
Plant 3. Each of these jobs had at least 3 different tasks within the
cycle and each task usually had several fundamental cycles. However
the hand movements and postures used.in the different tasks were
different, requiring tHe use of different musc¢les and tendons.
Theoretically, the overall burden on specific soft tissues would be

less than if the same tissues were continually loaded.

6.2.2 Force

Forcefulness was difficult to classify into "high" and "low"
categories. Force requirements varied tremendously. Jobs with long
cycle times but intermittent high forces may have had a relatively low
mean force and large standard deviation. The "adjusted force"
((Variance/Mean Force)+ Mean Force) was used as a weighted measure in

an attempt to reconcile this problem. No EMG estimates of force were
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obtained for some LOF.LOR jobs. It is conceivable that they exerted
more force than the default values assigned to them. If
misclassification occurred, it would probably reduce the observed
associations.

Surface electromyography has been used extensively in
biomechanical studies but there have been debates regarding the
reliability of EMGs %n estimating dynamic force (Basmajian, 1979).

With the angle of the joint unchanged, there is a 1inear_re1ationship
between strength of the muscle and amplitude of EMG. When the angle of
the joint reaches certain 1imits, results within the same muscle may
not accurately reflect the force exerted (Basmajian, 1979).

Occasiohally, motion.artifact as well as electrical interference
from some machines {particularly problematic at Plant 3) was
encountered in this stpdy. Awareness of these potential problems while
abstracting data from videotapes minimized ( but probably did not
eliminate) motion or machine interference artifact error.

Calibration of éMGs to known forces was performed for each worker
in postures similar to the primary working postures of the hand.
Occasionally, calibrations were not performed for all working postures.
When this occurred, the calibrations for the most similar postures
were used to estimate force. Another difficulty was estimating force
levels which exceeded the level of forces obtained during calibration
or when the bar graphs went beyond the top of the video screen,

Either of these factors would result in under the estimation of force.

Force estimates were based on forearm flexor muscle activity. It
was believed that the antagonistic or synergistic relationship between
forearm flexors and extensors would allow approximation of force

requirements of the extensor muscles. The extrinsic muscles provide
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the major force in a power grip. Forces of the intrinsic muscles
involved in precision handling, and the thenar muscles activity during
opposition and flexion of the thumb, would not have been captured in
the force estimates.

Despite the real and potential problems and limitations involved
in EMG estimates of force requirements.in the workb]ace, it is the best
tool currently available for this purpose. The alternative would be to
rely on weighing parts. This alternative would be incapable of
estimating how much force was required to squeeze the trigger of an

airqun, push a palm button, or pull cloth through a sewing machine,

6.2.3 Variation within Jobs.

At least 3 "representative" workers were analyzed performing each
study job. The c]aséification of jobs into exposure categories was
based on combined summary estimates for these three workers over three
cycles. Within some jobs, there was considerable variability between
the three workers and their job requirements. This was more often‘the
case with low repetitive jobs than high repetitive jobs. dJob analysis
was not performed on all subjects who received health evaluations.
Individual variation within jobs for all subjects was not taken into
account in the analysis. Irrespective of job misclassification,
individuals performing the "same job" may have actually belonged in
different exposure categories.

The variability between individuals with similar or identical
Jjobs is probably greatest for posture. This is not suprising when one
recognizes that stature often has a major impact on the specific

postures assumed by individual workers during specific job activities.
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Force within a job, while not as variable as posture, was more
variable than repetitiveness.

In general, the effect of exposure misciassification would be to
decrease differences between exposure groups and decrease the magnitude
of associations with CTDs. Of those jobs which changed exposure
categories between initial and final classification there was no

transfer of jobs from LOF.LOR to HIF.HIR or vice versa (Table 4.5).

6.3 Misclassification of Health Status

There are several ways in which misclassification of health status
may have occurred: information bias or measurement error, subject
recall error and observer bias.

6.3.1 Measurement Error,

A “test-retest" approach to assess reliability of the physical
examination was rejected because it would be affected by changes in
condition, Some of the resisted tests on the physical examination
produce considerable discomfort in the subject who has a tendon related
disorder with the potential of increasing the initial pain. If the
subject was examined twice within a short time, the intensity of
discomfort would increase., [f the same subject was examined a week or
two later, the condition may have improved or worsened during that
time,

Plant 3 medical records were available for the 159 subjects
evaluated with the field instruments and were examined in an effort to
assess test validity. The plant medical department had undergone
changes in personnel and policy during the two years prior to the study
, evaluations including hiring a hand specialist on a part time basis and

encouraging the nursing staff to actively identify and document health
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problems. The plant medical records were designated as the true
indicator while the field instruments were designated as the test
indicator. Sensitivity of the test indicator as to region of body
and symptoms with a CTD was estimated to be 93.7% and specificity was
estimated to be 73% (Fine et al, 1984).

Subjects may have been misclassified as negative on physical exam
becéuse the physical exam was not sensitive enough to detect early
manifestations of CTDs. As Wickstrom (1982) pointed out, one of the
difficulties in conducting this type of investigation is that severe
cases are not to be expected in active workers. Rather, one must look
for early signs, often much more subtle, of declining health in those
not too incapacitated to work.

On the other hand, there were a number of.individuals with
physical findings who reported no recurring symptoms on Interview. For
example 5 subjects (3 male and 2 female) had positive physical findings
suggestive of carpal tunnel syndrome but were considered negative in
theiﬁna]ysis because they were asymptomatic. Five subjects (2 male and
3 female) had physical findings suggestive of DeQuervain's Disease but
reported no recurring symptoms on [nterview. They were treated as
negativé in the analysis. If these subjects had been treated as
positive, the strength of the observed associations would have
increased because they worked on jobs where these CTDs were identified
on PE and Interview.

Also, there were 2 subjects with carpal tunnel syndrome on PE and
Interview (1 male burr bench, 1 female pump assembler) who did not meet
the general CTD criteria of more than 20 times or lasting more than one
week in the previous year. Similarly, there were 3 females with

tendinitis on PE and Interview (core press, buffing, hand grind) who
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did not meet the duration criteria. Had these subjects been included,
the observed associations, particularly for HIF.HIR would have been of
a larger magnitude.

In addition to concern about how reliable the measurement of
health status is, the validity of the measurement of health status
must be addressed. With the exception of DJD included in the defi-
nition of CTD's, most of the disorders are caused by chronic inflam-
mation or its sequelae. Thg ¢lini¢al detection of chronic inflam-
mation rests on the detection of increased pain with the active
resistance of the muscle-tendon unit. Hadler (1984) describes "the
diagnosis of tenosynovitis by physical exam" as straightforward.

While there was often ten&erness at some point along the tendon-muscle
unit, in this study the other signs of chronic inflammation such as
swelling, crepitus, and erythema were rare. While the standard
¢linical physical examination criteria was to define the specific
disorders, the relationship between these criteria and more objective
measures of chronic inflammation has not been firmly established.

This is technically very difficult to investigate because noninvasive
objective measures of chronic inflammation do not currently exist. An
alternative approach would be to detemine if the criteria for CTDs
re]iabiy identify a group of workers with significantly higher rates
of impairment and disability and whether decreases in job force and
repetitiveness result in a lower prevalence of CTDs.

Fatigue clearly can cause localized pain in the tendon-muscle
unit. It is possible that some of the milder cases reflect fatique

rather than chronic inflammation. The separation of pain from chronic
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inflammation and fatigue represents a difficult challenge for epid-

emiological studies of active workers.

6.3.2 Subject Error.

The interviews relied on subject recall of medical history and
symptoms. Consents for release of medical records were obtained from
approximately 75% of the study population. Medical records were
obtained and reviewed for those reporting a history of rheumatoid
arihritis, diabetes mellitus or other conditions that may have
presented with symptoms consistent with CTDs. Six subjects with
verified rheumatoid arthritis were removed. from the final study
population, It was possible that individuals did not know if they had
medical conditions of interest. It is unlikely that knowledge of
diseases would vary by exposure category.

It is also possible that some workers may have minimized or’
exaggerated their symptoms based on preconceptions of how their jobs
Qere affecting their health. Exaggeration in the “exposed” group would
have resulted in overestimation of associations.

The physical examination instrument was administered with a number
of consistency checks, such that negative findings on some range of
motion testing were as important as positive findings on others in

arriving at conclusions about an individual's health status.

6.3.3 Observer Bias,

A number of blinding measures were used to minimize observer bias.
The interviewers did not ask questions about occupational factors until
the end of the interview. Examiners were blinded to knowledge of
subjects' jobs. Nor did they have access to interview information

regarding prior health history, occupational history or symptoms until
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after the examination., Even with these precautions, some observer bias
may have been present. It was occasionally difficult to keep subjects
from talking about their jobs until the end of the interview or
examination, (bserver bias would brobab]y have led to overestimation

of the associations reported in this investigation.

6.4. Possible Confounders; Demographic, Lifestyle Factors, and Posture

There was no convincing evidence that prior health history or
recreational activities were related to exposure and were not treated
as confounders.

QOverall, there were no significant differences in age or mean
years worked on the study jobs by exposure category. dJobs in the
various exposure categories probably were viewed by workers as
approximately equally desirable because workers could bid on jobs by
seniority in most plants. Thus jobs which were considered more
"stressful" by workers probably also had other redeeming features.

In the logistic regression analyses, age was negatively associated
with hand wrist (echuding LOA) CTDs but positively associated with
hand wrist tendinitis and carpal tunnel syndrome, Age, by itself, or
when included with other predictors, was never a statistically
significant predictor of CTDs. These findings support those of Falck
and Aarnio (1983) with respect to carpal tunnel syndrome and Kourinka
and Koskinen (1979) with respect to wrist muscle-tendon disorders.

In the logistic regression analyses, the number of years worked on
the study job was positively associated with “any hand wrist CTDs"
and hand wrist tendinitis but negatively associated with “hand wrist
(excluding LOA) CTDs" and carpal tunnel syndrome. These associations

were not statistically significant. The negative association with
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carpal tunnel syndrome supports the argument that the study population
had a substantial number of survivors (workers with CTS changed jobs or
left the plant). An alternative explanation would be that carpal
tunnel syndrome was a transient problem that disappears with more time
on the job. However, the cases of carpal tunnel syndrome identified on

PE and Interview were not new to the jdb.

6.4.1 Gender

Males and females were not equally distributed across exposure
categories or within jobs.‘ Males tended to predominate in HIF.LOR
jobs and females tended to predominate in LOF.HIR jobs. Therefore
gender was treated as a potential confounder.

In order to estimate the association between gender and CTDs in
the analysis, restriction to those jobs in which both females and
males were available was employed in saveral analyses. The odds
ratios for females compared to males in the LOF.HIR category were
consistently high although not always statistically significant. The
burr bench job at Plant 3 was a major contributor to these high odds
ratios in this category. This job was a composite of two jobs using
the same kinds of hand tools: burr bench (all males) and blending
{largely females). A review of videotapes of two burr benchers and
one blender suggest that there may be differences between these two
jobs- (more handling of parts by blenders). However, it is not known
whether the differences observed on the three videotaped jobs are
fully representative of differences between all blenders and all burr
benchers evaluated for health status.

The lack of statistically significant association between female

gender and carpal tunnel syndrome in this study population is contrary
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to most clinical case study reports in the medical 1itefature.

A related finding was a negative (not statistically significant)
association between symptoms of carpal tunnel syndrome and bilateral
oophorectomy, hysterectomy and birth control pill use among females
(Table 5.7). In a case control study, Cannon et al (1981) reported a
significant positive association between bilateral oophorectomy and
carpal tunnel syndrome. Medical record confirmation of reproductive
status was not obtained in either study. However it is unlikely that
women would be misinformed about current use of birth control pills or
hysterectomy. They are less likely to know whether both ovaries were
removed. One of the weaknesses in the Cannon study was that controls
were not evaluated for the presence of unreported CTS. It is also
curious that Cannon found no association between estrogen replacement
therapy and (TS because Qomen with bilateral cophorgctomies tend to
receive such replacement therapy. The potential association between
estrogen replacement therapy and CTS among women was not considered in
the present study.

The prevalence of CTDs among females was approximately two to
three times that of males. However the observed associations between
sex and different CTDs varied and were inconsistent across exposure
categories. It was impossible to determine whether the observed.
associations were in fact a function of gender or whether they
represented actual differences in the work performed by males and
females even on the same job.

For example, wrist postures required on a job are often determined
by the height of the work surface with respect to the location of the

worker. A tall male may use less wrist flexion or ulnar deviation than
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a female ( or shorter male) in performing the same job. In this
example, what might be assumed to be a sex difference would in reality
be a difference in working posture. These types of potential
differences and 1ndividuai variations were not considered in this
study.

Given these limitations, statistically significant positive
associations between sex and all CTDs except carpal tunnel syndrome

were observed,

6.4.2 Posture

Postural risk factors such as pinch in CTS were not strong
confounders in the multivariate analyses between odds of CTDs and
exposure categories. The major interaction appears to be with gender.
Where posture was a factor, when it was introduced into the models it
increased the strength of the association between exposure cétegory
and CTDs.

6.5 Comparisons with Similar Studies

The work of Kourinka and Koskinen (1979), Luopajarvi (1979) and
Viikari-Juntura (1983) involved the use of techniques similar to this
investigation in estimating the prevalence of upper extremity disorders
in industrial populations. The overall prevalence of hand wrist CTDs
(excluding LOA) on PE and Interview among females was 13.6%. This is
somewhat lower than the 18% prevalence reported by Kourinka and
Koskinen (1979) in a scissor makiﬁg factory., These findings were also
lower than those reported by Luopajarvi et al (1979) of 56% prevalence
of hand wrist disorders among female packers versus 14% among shop
assistants. However, the range for females in this study was from 3.3%

among LOF.LOR females to 25.7% among HIF.HIR females. Within certain
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jobs, the prevalence among females was 44.4% (punch press) and 30%
(hand grind).

Viikari-Juntura (1983) reported a 4.4% overall prevalence of of
tendinitis among slaughterhouse workers (not stratified by exposure)
which was similar to the 5.1% identified in this study. In this study
the‘plant*sex combined prevalence was 0.7% among the LOF.LOR group,
3,9% in the HIF,LOR group, 3.5% in the LOF.HIR group and 12% in the
HIF.HIR group. Viikari-Juntura suggested that the relatively low
prevalence of disorders found in the slaughterhouse workers may be
explained by a high selection/ survivor factor. This factor may have
played a part in the lower prevalence observed for hand wrist

tendinitis and carpal tunnel syndrome in this investigation as well.

6.6 Conclusions

The overall aim of this investigation was to determine whether
there were associations between cumulative trauma disorders (parti-
cularly of the hand and wrist) and the industrial job attributes of
force and repetitiveness using primary rather than secondary data.
The hypothesis of no association was rejected. The overall prevalence
of upper extremity CTDs estimated in this study was high (31% on
Interview and 18% on PE and Interview). The prevalence of hand wrist
disorders was 20% on Interview and 10% on PE and Interview. The
prevalence of hand wrist CTDs was not uniform across all exposure
categories.

Hand wrist CTDs were strongly associated with high force-high
repetitive work and to a lesser extent associated with high
repetitiveness or high force alone, irrespective of other factors.

Given (1) the interaction of gender and posture, and (2) the variation
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within job and exposure category, it is important to be cautious about
the role of posture in causing CTDs. Non epidemiological studies
would suggest that for some CTD's, such as carpal tunnel syndrome,
posture is an important causal factor,

The prevalence of CTDs varied between plants with the direction
of the associations, if not the magnitude, similar between exposure
groups. This suggests that irrespective of the type of industry or
product, jobs with similar force and repetitiveness attributes
identified in this study would have similar risks for CTDs.

These findings were not explained by confounding. There was no
significant association between expasure and health history or regular
recreational activities. No significant association was observed -
between female reproductive status and carpal tunnel syndrome. Age and
years on the job were associated with most CTDs, although they were not
statistically significant risk factors.

Associations between exposure and CTDs were noted for both sexes.
Sex appeared to be a significant confounder with some CTDs. This
observed association may be related to unmeasured work attributes
(postural requirements, differences in actual work performed on the
same job). Further investigation is required to assess the importance
of sex and posture in the development of CTDs.

These findings can be helpful in directing workplace interventions
in the worker-exposure-disease cycle because they suggest a strateqy
for primary prevention. Primary prevention requires intervention in
the worker-exposure-disease cycle at the level of the job. Through job
modification, a reduction in force, repetitive and/or postural stresses
may result in a reduction in the prevalence of CTDs. The work of

Corlett (1976), Karlqvist (1984), Drury and Wick (1984) and Webb (1984)
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suggest that this is a viable way of reducing worker discomfort
although not necessarily disease.

These findings suggest a two fold strategy for intervention.
First, identification of jobs with attributes similar to those found
in this investigation can direct attention to probable high risk jobs
for priority attention. Secondly, it should be possible to develop a
prospective ergonomics program in which health status can be followed
with a structured interview rather than extensive clinical
examinations.

A comparison of odds ratios for those reporting recurring hand
wrist pain or discomfort on Interview and the odds ratios for those
identified as having hand wrist CTDs (excluding LOA) on PE and
Interview supports the argument for the second part of the primary
prevention strategy (Table 6.1). The magnitude and statistical
significance of the associations differ but the directions do not.

This is despite the fact that the odds ratios for recurring hand wrist

pain or discomfort make no adjustments for age, years on the job,

plant, onset, duration, traumatic origin, prior health hiétory or any
other factor than current exposure category. The differences in
magnitude may be related to a higher prevalence of complaints among the
LOF.LOR group that were not related to their current exposure status.
The implication of this finding is that complaints of hand wrist
discomfort alone ( asking workers if their hands and wrists hurt) may

be reliable indicators of potential disease.
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TABLE 6.1
RECURRING DISCOMFORT COMPARED TO HAND WRIST CTDS (EXCLUDING LOA)

FINAL EXPOSURE CLASSIFICATION
LOF.LOR  HIF.LOR LOF.HIR HIF.HIR

MALES
Recurring Discomfort 1.0 2,.8* 4,9%%* B (F*k*
PE and Interview 1.0 2.7 3.3 4,9*
FEMALES
Recurring Discomfort 1.0 1.7 1.6 3.4%*
PE and Interview 1.0 4.1 2.9 5.2
COMBINED )
Recurring Discomfort 1.0 1.8* 2,9%F* 3, g¥%kx*x
PE and Interview 1.0 3.0 3.6 30, 3F***
Logistic Regression 1.0 6.2 3.6 26 ,9F**xx

{Model II)
*p <0,058 **p <0,01 ***p<0,001 ****p <(0,0001

Primary prevention is generally preferable to secondary or
tertiary intervention as a public health strategy. This is certainly
the case with respect to occupational cumulative trauma disorders where
secondary (early detection of disease) and tertiary (treatment)
approaches have been largely unsuccessful {Ferguson, 1984). This
investigation demonstrates that primary prevention is possible because
risk factors have been identified which can be sought and found before
il1ness occurs. Insofar as these risk factors are physical attribu£es
of jobs, the investigation suggests that these interventions can be
directed at job design. This study does not support an intervention
strategy based on physical examination to identify "high risk" or

"susceptible" individuals.
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6.7 Indications for Further Research

This investigation has not adequately addressed the association
between sex and CTDs. One way to assess the relative importance of sex
and job attributes in the development of CTDs is to conduct an
investigation with detailed job analysis of the way different
individuals perform the same job., This detailed job analysis needs to
focus particularly on posture. Posture was not fully addressed in
this investigation particularly because within job variation in pos-
ture was great. While force was addressed, it was also found to vary
considerably within exposure category. Future epidemiological
investigations will need to address the problem of measuring posture
and force on a larger subsample of subjects.

This investigation ha; not addressed psychosocial determinants of
CTDs, the natural history of CTDs in industry, treatment of CTDs, or
the effectiveness of job intervention or other control strategies in
reducing the prevalence of CTDs in industry. Future research is
required in these areas.

The findings of this investigation provide the groundwork required
for a prospective job intervention study with baseline and periodic
measures of health status to be used to evaluate the effectiveness of
those interventions in the reduction of upper extremity cumulative

trauma disorders.
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APPENDIX 1

PRIMARY INTERVIEW

Upper Eatgemity Porm Checklisc:

Main Questionnairze

Meck Arm Shoulder Questionnaire
Elbow, Pogearm Questionnaire
Sand, Weist Questionnaize

Two Poiant Discrimination
Physical Exam

Auxilliacy Tests

Angina Questionnaice
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ONIVERSITY OF MICHIGAN
OPPER EXTREMITY STUDY

Questionnairce

D¢
Kane
Addcess

Some Telephone Number
Social Security Nuabker

ALL INPORMATION OBTAINED IN THIS STUDY WILL BE KZPT CONPIDENTIAL
AND USZD POR MEDICAL RESZARCH PURPOSIS ONLY.

1. Please complete this questionnaire as accurately as you <an.
If you have any guestions pleass ask the latsrviawer,

3. Most questions can be an-w:z:d by checking YES or NO like this:

13 )

Cizeling & word like shis. vzEs
or €illing {a a bBlank like this, .EL. (yeacs).

3. Answer each question but feel free %o write any commetns in the
aargins of the pages.

TEANK TOU POR THE TINE AND THOUGHT YOU PUT INTO COMPLETING THIS
QUESTIONNAIRE.
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IOV s e e

(1-4)
ror Qffice Use Only
Pora 1
Cazd 01
IV e e e owm INterviewer . (9=10)
Date: MO o e DAY o o TOAT o (11-186)
TiDG: e o ! e e AM PM (18-22)
1. Sex: 1l Male .. 2 Pemale __ (24)
Race: 2 Black __ 1 white ___ 3 Hispanic ___ (2%
4 Anfan ___ 5 Am. Ind. __ 6§ Qther ___
3. Data of Births
MO . L DAY ___ YEAR O AGE L . (26=31) (32-31)
3. Bave you ever had any injuries to your hands
wrists, arms, shouldecs, neck, or back
{{neluding fractures, industrial accidents,
automobile accidencs, sporcts injuries)?
IS WO (%)
3a. 1f yges, lias gear and circle type of injury.
) nnru
3 Sands/] Weise |4 Arn/d Blbmwl ¢ shewlder 7 Seck § Rask
Latt ighe Laft 11111! Ladt ngn
Srsuan Bene/ ) ‘ i ‘
visiesacion 1 ' 1 t {37=41)
1] 3 1 3
n—aale it : ' X ¥ (42-48)
] 1 1 [}
fpeaify Otaer
: ! ! ! (47-52)
1 1 1 L
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Have you ever been in a cast, 1 YES ___ 2 NO ..

If yes: vhece?

Have you ever noticed that any of your joints were painful
and swallen for at least & month £or a0 appaceant £sasas?
(Appn:n: teason includes injuries, new job, hobbies, of
spocrts).

1) 128 . 2) NO
12 ves,

Sa. Which jeints bothered you.
PINGZRS ...  Left __ Right —
WRISTS ... Left . Right
EZL3ONS .. Laft .. Right .
SHOULDERS ___ Left . Right .
B1PS —— eft o Righe __
meEs . Left . Righe
ANKLES . Left o Righs
023 -— Lefz . Right

5b. How old were you when you scacted having pain and
swelling in your jeincs?

$c. How long does the pain and swelling usually last?

PR L

Sd. When was the last tine you had pain and selling of
your joints?

1) Row .

2) Less than a year ago but not aovw
3) l=2 years ag0 e

4) 3 or mote Years ago __

3e. Have you ever had stiffness {n your joints when ficst
getting auz of bed on most days for at least a moath?

1) YES o 2} NO
1f yes, how long does it laase?

1) Less than 30 ainutes ___ 2) Moce than 30 minutes

{3%)

(56) -
(3N
{38
{$9)

(63)
(61}
(62)
(§3=64)

(§5-66)

(67)

(68}

(69}



6. Bave you ever been told By a doctor that you had any type of

7.

piy

165

artheitis or other type of joine problems (Rheumatoid
Artheitis, Ostecacthritis, or other rheumatoid diseases)?

1) 223 __ 2) %0 ___ If yes. vhat?
Save you ever been t0ld By a doctor that You had any of the

following? Plsase check:

01 Carpal Tunnel Syndrome 4.4
02 Psoriasis YES
93 Chronic Skian Rash YES
04 Gall Bladder Problems YES
05 Small or Large Bowel Disease Yeg
06 Heact Attack or Angina YES
07 Diabetas (sugar) s

98 Lupus (Systamic Lupus Erythematosus) YES
Q% Sclerodeznma TES
10 Gout TES

Ankylosing Spondylitis s 1~
12 Gonorchea (clap) YES
13 Riecez Syndrome ;g

14 Ruptured Disk Back or Neck
13 Oeh

LT
538583855585%858
NNy

oL

8. 8ave You ever Dewn hospitalized QB had an operation?

1) YES . 2 NO . If yes., for whas?

9. What sedicine ace you currently saking? 1) NONE __

lu.

Women Cnly:

l0a. When vas your last pregnancy? YEAR . ..

lgn,

10¢.

104.

Have you ever taken birth control pills reqularzly for
§ zoaths?
1) rEs L ) NO

If yes, are you still taking birth control pills?
1) 28 __ 2) w0

Bow many years in total have You used Birth control
pills cegulacly? . —.

(70

(9=10)
(11-12)
(13=14)

(15)

(18)
1) Horm
3) Inflam
4) Pain

S} Relax
§) OQthar

(18-19}
{20

(21)

(22-21)
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10e. Have you had a hystecectony? 1) YES ___ 2] NO e

10el. If YES, wvege both your ovacies removed?
1) ves ___ 2) ®O ..

TEAR o

11. Bave you ever drunk alcohclic bevetages (deer, wine, liquor)?

1) s ___ 2) NO .
I£ Y29,

1la. Save you drunk alcoholi¢ beverages in the last 12
sonths?
1) YES _ . 2) NC 0!

11, Bow often do you drink alcoholic beverages?

During the veek _ . Weskend __.

Glaszsss of Wine:
During the wveek ___ . Weekand ___

Shaots of Liquor:
Ducing the veek _ . " Weekend . .

11d4. 8ow many vears have you been drinking the above
amoune? ___

lle. Have you ever drunk more heavily than you drink aow?

If ves, for dow many yeats? ___ ___ YEARS

1) Nost days - 4) Moze than onee/menth ___
2) 3-5 times per veek - 3) Lass than once/month _.__.
3) 1-2 times per week - §] Only on veskands ——

ilc. On the average how many of the following d¢ you drink?

IN THE NEXT § QUESTIONS, BY DISCOMPORT, WE MEAN CRAMPING,
SWELLING, STIPPNESS, TINGLING (PINS AND NEZDLZIS) OR NUMBNESS.

12. In the last 2 years. have you had pain or discomfort in your:

1)9ECX  2)SHOULDER(S) 3JJARM(S) 4)ELBOW(3) S)WRISTS(S)
$)BAND 7)PINGERS.... 1) YES ___ 2) NO
eeoslf TES, please circle wvhete you had pain or disccafors.

(24)
(3%)
(26-27)
(29

{30)

(31)

(32~30)
Week

(34-19%)
Weskand

({36=17)
Total

{38-33)

(40)
{41=42)

(45=31)
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13. 1f you have pain orf discomfort in more than 1 placs:

14.

1Ja. Whece did the pain or discomfort firse stare?

13b. Where does it Dether you the most?

During the past 24 months, have you had RECURBING neck,
shoulder or upper acrm problems? 1) YES ___ 2] NO .

If Yes. please cirzcle the best descripeion.
1)BURNING 2)STIPFNESS 3J)PAIN 4)CRAMPING
$)TINGLING (Pins and NHeedles) §)NUMBNESS 7)SWELLING

‘§)oraER

l4a. If you have zore than one of the above complaiacs,
which bothers you the aost?

Duzing the past 24 months, have you had any BECTRRING
difficulty with your POREARMIS) or ELBQW.US1?

1} YES o 2) NO . If yes, please circle best descriptien.

1)BORNING 2)STIFFNESS J)PAIN 4)CRAMPING
S)TINGLING {(Pins and Needles) §)NUMBNESS 7)SWELLING
2)reoNESS

15a. If you have more than one of the above complaints,

vhich bothecs you the mosgt?

1s.

Buring the last 14 months, have you had sny RECTRRING
difficulty wizgh your SANDIS]), WRIST(S] ocr PRINGER(S)?

1) 25 __ ) %0

If yes, please circle Dest description.

1)30RNING 2)STIPPNESS 3JIPAIN 4)CRAMPING

3)TINGLING (Pins and Needles) §)NUMBNESS 7)SWELLING

8) REDNESS

(32=53)

(8$4-5%)

{57=-61)

(62)

(83-67

(68)

(9=-13)
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16a. If you have moce than one of the above complaints,

which bothers you the most?

17,

18.

1,.

z°n
al.

22.

23.

24.

Do you consider yourself 1} Left Handed ___,
2) Right Handed _, of 1) both _?

Waich hand do you use nost at work?
1} LEFY .. 2) RIGAT __. 3) BOTR ___

Do you have any hobbies of sports activities that you
tequlacly pacticipate in? Please list. # HRS/WEEX?

How many hours have you vorked today? ___HRS

Waich job are yoy currently pecforming? (33) (37-40)

Bow long have you been doing this job? (42-45)
YEARS ___ ___ MONTES __
What tools do you use on your job?

What job have you done the laongest {n this plant?

Have you changed jobs becaues of pain or discomfort in
your neck, arn{s), elbow(s), wrist(s) ot hand(s)?

1) ve3 o 2) WO

23a. If yes. vhich job did you have because of this
pain or discomfore?

{i4)

(15)

(16)

(17-21)
(24=30)

= 33577
= OSPT
= K/3

= NUSIC
= QTHER

(32-33)
{33)2xro
(37-408)

SPC30B
(42-45}

L

(47)

(32-31
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TWO POINT DISCAIMINATION

MOOEL ¢

Date
Examiner

i Little (R-L)

Index (L-R)

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

RIGHT

Little (R-L}

Index (L-R)
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APPENDIX II
NECK, SHQULDER INTERVIEW
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b4~ | N —

{1=-4)
POR OFPICE USE ONLY
form 2 Card 04

HECX., SHEQULDER, JPPEZR ARM

145. Which side bothers you? LEPT . RIGET __ BoTR __ {3=17)
{18=28%)
l4c. Carefully shade in the areas vhece nost of the difficulty {27-1%)
occurs.
. -
RIGHT
LEFT

o

l=pain
2=juab/Tingle
IsPain/Nuab/Tingle
4=Ganglion
SwSvwell
§=0thet
Teseisse

LEFT
RIGHT
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(1-4)
FOR OPPICE USE ONLY
fogs 1 Cazd 04

JECX, SEQULDER. JPPRE3 ARN (continued)

14d. When did you ficat notice zhe pain or discomfort? (38-37N
MONTH __ . YEAR ___
lée. ¥When vas the last time you dad this problem? {18=41)
Do you have this problem oow? 1 YES __ 3 NO ___ (42)
l4el. If you no longer have this problem, why do you think (43) 1=DK
it went away? 2ageill
JaJobehy
4=Qther
14, dow many of tlese episodes have you had in the last year? {4446
l4g. How long does the trouble usually lase? 47N
1. Less than 1l houz ___ 4. Lass than 1 menth ___
3. Lass than 1 day . S. Moce than 1 manth ___
3. Less than 1 veek ___ §. Moce shan § montha __
14h. Does Lt ever awaken you from sleep? 1. YES_._ 2. NO__ (4
144, Ia the last year, have you had persiscenc difficulzcy in: {;:;
1. Combing your hairz? YRS . NO {51
4. Reaching into your back pockats? IS e O
3. Scratehing youg Rack? YES L MO .
4. Tying your shoes? YES e NO
3. Zolding zoelg? TES e MO .
§. Moving your shoulder ot ara? YES e O
T. Twisting your neck? IS W
3. Bending your lawer back? TES e N0
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£

b+ - 1 N —

{1=-4)

POR QPFICE OSE ONLY

Form 2 Cacd 04

SECX, SEQULDER, [IRRTR ARM (continued)

143,

I‘k.

141,

lém.

lén.

l4o.

l4p.

Does the pain or discomfort seenm %0 spread? 1. YES _ _ 2. MO

1431. 1f yes, does it spread down the arm to the hand?

1. m —— 29 m —
Up to the top of the head? 1. Y2S ___ 2. MO .
from the chest? l. yes . 3. MO .

Iz the pain or discomfort made worse By soughing,
sneesing or deep breathing? 1. YE2S _ 2. —

What activities make it vorse:

at home?

at work?

When you are away from workX for mece than 1 week, does the
difficuley: l.Increase __ 2.Decrease __ J.Not change ...

In the past year, how many days have you had 2o stay home from
work because of pain or discemfort inm your neck, shouldezi(s) of
upper 3z (8)7? ol

In she past year, how aany days did you spend daing different
jobs (light or restricted) because of pain or discomfort in
youg neck, shoulder(s) of upper ArB(8)7 e s

Bave you had to stay overnight in a hospital because of the pain
g: diacon!o:g in your upper ara(s), shouldec(s) or neck?

o Y28 - NO

What asdical Srestment have you feceived for this problem
{please check)? 0.NONE ___

1. PILLS .. What kind?
When (last time)
2. 3BOTS . What Xkind?
When {last time)

i REST When {lasc time)}

4. BEAT When (laat tinme)

. RASSAGE __ When (laac time)

6. OoTRER __

{32)
(33)
(34)

($%)
(36)

(3N
(38)
(39)

»

(60-61.

{62-63:

(84)

(63)

(66)
(67)
(68)
(69)
(79
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APPENDIX [1I
ELBOW, FOREARM INTERVIEW
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4. 1 N p—
{1=4)

FOR OFFICE USE ONLY
GARC 03

ELROW, POREARN
15b. Which foreara or elbov bothers you? LEFF ___ RIGAT .. BOTE ___ (9-19)

1%c. Carefully shade in the arsas vheces most of the difficulty
occucs.

oOPrFICE USE:
lsPain
2stuan/Tingle
J=Pain/Numb/Tingle
4sGanglion

SeSwell

§=0ther

TeSeifsf
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I8 s - —

(1=4)

PFOR QOPFICZ USE ONLY
CARD 03

ELRCN, FORZARM (c¢ontinued)

13m,

150.

13p.

In che last year, how many days have you had to stay home from
vark because of pain or discomfort in your albow oc

In the last yeatr, how many days did you spend doing diffecent
Jobs (1ight or restricted) Decause of pain or discomfort in your

albow(s) o€ ZoCRALMIB)2 e

Have yocu had to stay avernight in a hospital because of the pain
or discomfort in your elbow o¢f foreacm? 1. YES __ 2. NO ___

What medical treatment have you received for elbow or forearm
problens? J.None

1. pPILLs Kind Amount
for how long? ___ ___. Months

2. gdors Kind
Nymder When

3. SPLINT When

Pog how long? ___ __ Months
4. BEAT ____ WMen

Por how long? __ ___ Months

5. COLD __ When

Por how long? . ___ Moaths

6. OINTNMENT ___ When

Pae how long? ___ __ Months
7. MASsacz When

Por how long? __ __ Months
8. OTHER

When Por how long? .. . Months

(56=3T

(38-59)

(s0)

(62-68)
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‘ ‘ (1=4]

FOR OFFICE USE ONLY
CARD 03

ILAM, ZOBZARY {continued)

1".

15e.

ise.

1sg-

%)
IsiG

154.

1Sk.

1s51.

When did you first notice the prodlem?

MONTE ___ . YEAR .

¥When vas the last tinme you had the prodlem?

MONTE e oo TEAR o, e

Do you have the problem now? 1. Y25 ___ 2. W0 ___

15e¢l. If you no longer have this problem, why do you think %
went away?

How sany of these apisodes have you had in the laat year?
How long does it usually lase?

l. Less than 1 hour . 2. Lass than 1l day —

3. Rore than I menth T 5. ece than ¢ senchs —

Dows it ever awaken-you from sleep? 1. YES .. 2. NO .
Have you had any difficulety in turning a deorknob?

l. ¥28 . 2. NO

Plexing up small obiects? 1. Y2S ___ 2. NO ___

Does it (elbow, focearm) hurs when you press iz?

l. v28 . 2. NO __

What activities nake it vorse at home?

at wogk?

When you are away from work for mors than 1 week, does the
difficulty: 1. Inczease ... 1. Deacrease .. 3. Not Change __

(36=37}

(38-41;

(42)
(43}

{44=48

4N

(48)

(49}

(307
(51)

(33)

(54)
(55)
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APPENDIX 1V
HAND, WRIST INTERVIEW
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W e o

{1=4)
POR OFPICE USE ONLY
Pocm 04 Card 06

MRIST, ZAND, ZINGIRS

16b. Which weist? LEFT ___ RIGHT __ BOTH __ NONE __ 5321;;
-28)

Which hand? LEFT ___ RIGHT ___ BOTH __ NONE __ :g“l-ﬁ)
~44)

16e. Carefully shade in the areas whaere m0st of the
difficulty oaccurs.

CrPIceE 4se:
lepain

2stiuad :
3eptlan/Humb/Tingle
4=Ganglia

SeSwell

§=Qthaer LEFT

T=Seifsf RIGHT
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(1=4)
FOR OPPICE USE ONLY
foem 04 Card 0§

HRIST, JAND, BINGERS {continued)

164,

l8e.,

1s¢t.

14g.

I‘h.

1584,

164.

-

When did you first notice the problea? (45=48)

MONTE . . YEAR ___

When wvas the lastc time you had this problem? {47=50)

NONTH . TEAR .

Do you have the problem now? 1. Y88 __ 2. NO ___ (S

léel. If you no longes have this peodblen, why do you (52)

think it went away? l=0K

2e8ti11
3IaJobehg
4=0ther

Sov many of these episodes have you had in the last year? ({$3~55)

HBow long does the problem usually last? (56)

le Lass than | hour ___ 4. Less than 1 month __ (3N

d. Lass than 1 day .. 35. More than 1l month __ (58)

3. Less than | week __ §. More than § months (59}

Does it aver awaken you from sleep? * (81)

.28 . 2. 0

Bave you avar had a persistent fweling of ysaknesx in
your hands o¢f fingers such as difficyley wieh:

Turaing a key in loek? 1. w28 ___ 2. %0 (62}
Turning a deor knod? l. ves 2. %0 ___ (63)
Dropping things or tools? l. v2s . 2. RO (64)

Does the paia oc discomfort ever Seem to spread?

1. Y28 . 2. ¥O ___

12 yes, to vhere? Up the Pogearn _, (6%)
Down %o the thumd ___, (88)
Qther - (87}
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{l=4)

POR OFPICE USZ ONLY

Pornm 04 Qas

WRIST, BAND, PINGERS (sontinued)

16k,

181,

1éa.

18n.

1"'

16p.

1&q.

16c.

What sctivities make it worse

at home?

at work?

Does the weather make the discomfort in your hands warse?

1. Worse in the heat
2. Worse in the ¢old ___
3. Mo diffecence e,

Have you ever had persistent difficulty in straightening
out a Bent finger? YES __ NO

12 yes, please ciccle which fingeris)
1) L2r?: 1. Thuab 2. Index J. Middle 4. Ring 3. Little
2) RIGHT: 1. Thumb 2. Index 3., Middle 4. Ring 5. Little

When you are away from workX for mocre than 1 week, dces the
difficuley:

l. Incseane _.__
2. Decrease ..
1. Net change ...

Ia the laat year how many days did you have o stay home
from work because of this prodlem? .o e

In the last vear, how many days 4id yau spend doing
diffecent jobs (light or restricted work) because of
pain or discomfort in your welset(s), hand(s}, or fingec{s}?

Save you ever dad 2o stay in & hospital ovesnight bDecause
of this problem? 1. Y25 ___ 2. NO ___

Bave you ever received any medical treatnent for problezs
with youz weist({s), hand(s), or fingec(s)?

loyzs . 2. 0

d 06

(68)
(63)
{79)

(9-10)
{11-12)
{13=14)

(18

(17-18)

(19-20)

(22)

{23)
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{1-4)
POR OFPICE USE ONLY
Focm 04 Qard 06

16s. What celieves the pain or discomfoct in yeur wrist (s}, (24=39)
hand(s), or finger(s) {please check)?

99 MOTIING ___
01 pILLS Kind

Amount TFor how leng? __ . Moaths
02 smoTs Kind NusBes

For how long? —_ ___ Months
01 RESTING When

Far hov 1lonNg? e e Months
04 STRAIGATENING Q0T THE BAND ..
05 SEARING THE BAND
06 RUSBING ___

07 BEAT ... When
for hov long? m - Months

08 COLD ... When
Por how long? Monchs

39 SALVE OR OINTMENT When
Pot how long? __ Months

10 SPLINT ... When
For hovw 1ong? p o MOnths

1l SORGERY . %hen
12 ovaer
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APPENDIX V
PHYSICAL EXAMINATION
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Bave you ever been bothered by pain or discomfort in your chest?
728 ... O __ (If no, please stop).
If Yes:

a. 3ave you had it during the past year? YES _ _ NO __

b. Which of the following bring on the pain or
discomfort in your chest? (Check all that apply)

Exertion such as valking, 1ifting, stair climbing, houseweork. __
Emational upsets such as anger, excitsment or feag? __
Coughing or deep breathing? ___

€. Wheze do you feel the.pain or discomforct?

Ondec the breast bone? ..
Left side of the chest? __
Right side of the chest? __,
Different places? ...

d. How long does the pain or discomfors usually last?

Lass than 10 minutas? ..,
10-30 ainutes?
Loanger than 10 minutes? ...

e. Do any of the follawing rellsve the pain or discomfort?

Stopping what you are doing?
Slowing down your acsivity? ..
Lying down? ___
Walking about? __
Hitroglycsrine?
Oether heart dedicine?
(Pleass nace it }
Qehet pain nedicine? ..
(Plesse name it )

£. Is the pain bad enough to fequire Ctreatment? __

g. Baw old wvere you when you fizst had chest pain?




193

APPENDIX V1
PROTOCOL



1.

194

PROTOCOL

Once subjects have been selected for heatlh evaluation, they
receive a letter from the University of Michigan Educational
Resource Center (Appendix 7) describing the study and requesting
their participation. Additionally, depending on the plant, a
member of the research team will be available to answer questions
from management and workers. A schedule for health evaluations is
arranged with the plant liaison person. Private rooms are secured
for interviews and physical examination. Scheduling is usually
based on plant production needs to minimize disruptions.

Interview

When the subject arrives at the interview room, the interviewer
checks the subject on a master 1ist. The interviewer is blinded to
the job category of the subject. The interviewer then asks if the
subject received a letter describing the study. [f not, the

interviewer briefly describes the purpose of the study before
continuing.

Next, the consent form and request for medical records (Appendix
8) is explained, stressing:

1. Participation is voluntary

2. Confidentiality

3. Personal physicians will be notified of signfiicant health,
problems as soon as possible pending subject approval.

4. In the event of physical injury resulting from the evaluation,
_emergency treatment, but no other medical care, will be
provided.

Additionally, the subject is requested to authorize release of
medical records. The subject is informed that this is not
required to proceed with the health evaluation.

Once the subject has agreed to participate, the interviewer
briefly explains the procdure for the evaluation: "First, [ will
ask for some general jinformation about you and your medical
history. Then [ will focus more specifically on any problems you
may have with your neck, shoulders, arms and hands. I will then
ask about your current job and any previous jobs. When [ am
finished, [ will introduce you to our examiner who will perform &
brief physical exmaination.”

The interviewer proceeds to ask the questions as they appear on
the primary interview and record the subjects responses.

Information regarding occupational history is obtained after all
other quesitons have been asked to minimize interviewer bias.
Questions 14-16 are used to determinwe which secondary interview
will be completed.
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PROTOCOL FOR INTERVIEW

a. Sign consent form - page 1 (Did you get your Tetter
@xpraining this study, if no - explain letter)

b. Main features to stress:

1. lI-6 = Voluntary

2. I1-7 - Confidential

3. 1II-10 - If any injury during examiantion first aid will
be provided. This is unlikely because the examination
will not hurt. No xrays or injections will be taken.

4, 1l-11 - If we find anything wrong we will furnish

information to personal physician.

¢. Page 2 - We may need release of information from physician

to check our findings. If you don't want us to do this,
write NO on Section IIl. Otherwise we need MD name,
address, subject signature.

d. V - Fill out with subject.

Primary Interview

A. Ask only questions on primary interview first.
B. Record exact response, do not make assumed judgements about
what you "think" was meant.

Specific Questions

A. Boxed questions are to be asked and answered only if
response to main question was yes.
B. Put emphasis on underlining.

Primary Interview

3. If yes, fi1l out 3a. Specify year injury occurred as well as
type and side. You can write in margins if necessary. Just
get the information.

5. Stress for no apparent reason. Also stress painful AND
swollen it fingers are painful and swollen: which fingers?

L =Thumb 2=index 3=middle 4=ring S5=little

also on fingers:

mp=knuckle pip=midle joints dip= joints nearest fingernail

6. If yes - what did the doctor tell you it was and what year was
it diagnosed?

7. 15 "have you had any other serjous illnesses? for any "yes"
try to find out the year when it was diagnosed.
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14, 15, 16: recurring means more than once or for more than a
week if only once.
14a, 15a, 1l6a: the answer is pain or numbness or cramping, etc.

19 - hobbies. also record the average number of hours per week.

26, Ignore the right hand side of this page {1ifting, etc.
question 26 should read: "what jobs have you had in this
plant?" start with current job in A and work backwards. Also
ask "what kind of work did you do before coming to this
plant®. Please distinguish between this plant and prior
work. The reason this question has been changed is that we
only require the person to have been on the current job for
at least one year.

Secondary Intarviews

General

1. l4c Have subjects shade in.

2. 15¢c  Check that where they have shaded in corresponds to what
they say

3. 16¢c Example: (Right arm hurts - did they shade in the right
arm on the diagram).

b. Instruct: Use only those pictures that you need to indicate
" where the problem is.

C. Write T or P et¢., next to each area to distinguish between
pain and tingling/numbness.

Neck Interview

14j: "Is the pain or discomfort made worse by coughing, sneezing
or deep breathing?" should be asked of everyone with neck or
shoulder pain, not just those whose pain spreads.

2 Point Discrimination to be done by interviewer after filling
out interview forms,

a. Do index and little finger of both hands.

b. Familiarize subject with the teast by practicing on 4 middle
sections.

C. Point out that you want their first impressions, two seconds
per letter

1. No wiggling of finger in slot

2. Have finger touch back of slot with finger horizontal
(if finger at slant, will miss a point).

3. Speak loudiy and clearly.

4, Eyes closed.
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d. Turn on tape recorder, provide identification (ex: this is
2647, little finger, left hand, going from right to left).

e. Watch subject perform test, record results from tape during
break.

f. If you can fill out the form at the same time, still use the
tape for verification.

g. Obtain computer scores when you have time and staple them to
two point sheet.

h. If the person missed a one point, retest that finger only.
once. We will give them the benefit of the doubt only once.

4.Ph¥sica1 Examination

After the interview is completed, the subject is taken to the
private examining room and introduced to the research team
examiner. The subject is requested to remove his/her shirt
(females are provided with gowns) sq that inspection and
palpation can be performed.

Prior to beginning the examination, the subject is reguested
to recall the worst pain ever experienced or imagined and is
told to consider that as an 8 on a scale of 1 to 8. The
subject will be asked to indicate any pain or discomfort and
its location as the examination proceeds.

Active range of motions required are demonstrated by the
physician and the subject is asked to perform the same
motions. A goniometer is used to measure angles which appear
abnormal. The examiner proceeds through the examination as
indicated in Appendix 5. A11 abnommalities are recorded at

the time of discovery. Additional tests are performed as
necessary.

A@ the end of the examination, the examiner gives the subject
his/her initial impression, based ¢n the presence or absence

of findings, in general terms. The subject is advised to see
a personal or plant physician if necessary.
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DIAGNOSTIC CRITERIA
1. HAND/WRIST

A. Ulnar nerve compression

Interview: burning, tingling or numbness in 4th and 5th digits.
Clumsiness in fine movements. Lasting more than 1 week or more than 20
times in previous year.

PE: Rule out cervical root disorder, rule ocut thoracic outlet
syndrome. Decreased pinch strength. Weakness on resistad abduction
and adduction of digits. Positive Tinel's. Abnormal two-point
discrimination in ulnar distribution is possible.

8. DeQuervain's Disease (Finkelstein, Muckart, Lamphier)
Interview: pain in anatomical snuffboc, may radiate up forearm.
No history of fracture or radial wrist fracture. Lasting more than one
week or more than 20 times in last year.
PE: rule out radial nerve entrapment, pos1t1ve Finkelstein test
with pdin score of 4 or greater.
C. Carpal tunnel syndrome (Phalen, Cailliet, Cyriax, Sandzem)
Interview: Pain, tingling or numbness in medial sensory
distribution of the hand. Nocturnal exacerbation. Problems with

drepping. things. Lasting more than cne week or more than 20 times in
last year.

PE: Positive Phalen's test. Positive Tinel's test. Thenar atrophy
in severe cases. Rule out pronator teres syndrome.
0. Degenerative Joint Disease (Localized osteoarthrosis) (Cyriax)

Interview: Stiffness, pain, maybe bony swelling of DIPs. No wrist
invoTvement.” Morning stiffness lasting less than 30 minutas.

PE: No tenderness, decreased flexion of DIPs, bony swelling of
DIPs.
E. Trigger finger (Lister)

Interview: finger locks in extension or flexion, requires
assistance in locking. Nodule on tandon.

PE: nodule at base of digit palpable. Locking in flexion or
extension of digits.
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" F. Tendinitis, Tenosynovitis (E11is, Thompson, Caiiliet, Cyriax)

Interview: localized pain and or swelling over muscle-tendon
structure 1asting more than one week.

PE. Pain exacerbated by resisted motions, possibly fine crepitus

“on passive ROM, no pain on passive ROM. Pronounced asymmetrical grip
strength. .

2. ELBOW/FOREARM
A. Lateral Epicondylitis (Tennis Elbow) (Cyriax, Steiner)

Interview: pain at lateral epicondyle during rest or active motion
of wrists and fingers. Lasting mors than one week or 20 or more times
in last year.

PE: Pain on resisted extension of wrist with fingers flexed. No
pain or limitation on full passive ROM. Pain at epicondylie on
palpation. Pain on resisted radial deviation of wrist but no pain on
resisted ulnar deviation. Rule out radial nerve entrapment.

B. Medial Epicondylitis (Golfer's Elbow) (Cailliett, Cyriax, Kourinka),

Interview: Pain at medial epicondyle during rest or active motion
of wrist and ringers. Lasting more than one week or 20 or more times
in last year.

PE: No pain on passive ROM. Pain on resisted wrist flexion,
resisted forearm pronation. Pain at media) epicondyle on palpation.

C. Olecranon Bursitis (Cyriax)

Interview: Pain and swelling at olecranon. Lasting more than one
week or 20 or more times in Tast year.

PE: No pain on passive or resisted ROM. Swelling around olecranon
on palpation. Rule out RH. arthritis ( palpate for nodules).

D. Radial Nerve Entrapment (Cailliet, Steiner)

Interview: Pain or tingling/numbness in Tateral aspect of forearm
which may project to anatomical snuffbox or first CMC joint. Pain may
also be referred to lateral epicondyle. Lasting more than one week or
20 or more times in last year.

PE: Elbow pain with resisted extension of middle finger with elbow
extended. Characteristic radiating pain when palpate over site of

entrapment. MNo cutaneous sensory impairment. Rule out lateral
epicondylitis.
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E. Pronator teres syndrome (Hartz)

Interview: Burning and pain in first three digits of hand and
forearm. Lasting more than one week or 20 or more times in last year.

PE: Increased pain in forearm by resisted pronation with clenched
fist and flexed wrist (Mi11's test). Sensory impairment of thenar
eminence. Rule out carpal tunnel syndrome.

3. SHOULDER DISORDERS (Cyriax, Cailliet, Waris)
A, Degenerative joint disease-Acromioclavicular joint

Interview: Generalized aching shoulder pain exacerbated by motion.
Least difficulty in the morning but worse as the day progresses.

PE: Limitation is similar on active and passive ROM. ‘'Most
discomfort is with mild abduction. Crepitus is commen. Tenderness on
palpation directly over AC articulation. Pain is reproduced as arm is
abducted more than 90 degrees. Pain on shoulder shrug.

8. Degenerative joint disease-glenohumeral Joint
Interview: Pain is very diffuse and nocturnal.

PE: Tenderness to palpation along joint 1ine. No deltoid or
supraspinatus pain. Passive ROM is full but painful. Active ROM is
retarded on flexion and extension (Normal is 240 degrees in youth, 190

degree% at age 70) (Abduction in youth is 166 degrees, 116 degrees at
age 70).

C. Bicipital tenosynovitis (Simon, Booth and Marvel, Bland, Weiss,
Waris, Cruess)

Interview: Pain is localized to the bicipital groove area. It may
radiate to anterior aspect of the arm. There is no distal parasthesia.
There is nocturnal exacerbation. The subject is able to use the
forearm when the upper arm is held against the chest. The subject

notes pain on abduction and rotation. Lasting more than one week or 20
or more times in last year.

PE: Normal passive and active ROM. Positive Yergason's test,
positive Speed's test.

- D. Rotator Cuff Tendinitis (mainly supraspinatus)

Interview: Dull ache generally localized to the deltoid area
without neck or arm radiation. There are no symptoms of distal
aresthesia. There is nocturnal exacerbation. The subject may note a
catch" on movement. Lasting more than one week or 20 or more times
in last year.
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PE: Diffuse tenderness over the shoulder, especially over the
humeral head and lateral to the acromion. If tenderness is localized,

it is most often over the supraspinatus insertion. Weakness is
yncommon.

-supraspinatus: shrugs shoulder on abduction, painful arc at
70-90 degrees, passive ROM normal, pain on resisted abduction.
-infraspinatus: pain on resisted lateral rotation. painful arc.

-subscapularis:pain on resisted medial rotation, painful arc.

Rule out Rh. arthritis ( other joints affected bilaterally, diffusely
full and swollen, decreased ROM in all directions, especially ratation
and abduction).

E. "Frozen" Shoulder

Interview: chronic (more than one month) aching and occasional
nocturnal exacerbation related to activity. In the acute phase up to
two weaks and then grandual decrease in pain and decrease in ROM of
gl enchumeral joint.

PE: No point tenderness. Limited active and passive ROM,
especially internal rotation. Rule out shoulder hand test with Allen
test.

F. Thoracic Qutlet Syndrome (Tyson, Lascelles, Cailliet, Waris)

Interview: Parasthesia usually ulnar distribution of hand and arm.
Pain and sensation of "weakness" Deep dull ache in arm and hand.
Problem holding small objects. Nocturnal exacerbation common.
Lasting more than one week or 20 or more times in last year.

PE: Positive Adson, Hyperabduction or costoclavicular test.
Decreased grip strength.

4, NECK/ SCAPULA (Waris, Maeda, Valtonen)
A. Tension Neck Syndrome (Costalscapular syndrome)

Interview: Heck pain or stiffness. No history of herniated
cervical disk, injury or ankylosing spondylitis. Lasting more than
one week or 20 or more times in last year.

PE: muscle tightness, palpable hardening and tender spots. Pain on
resisted neck lateral flexion and rotation.

B. Cervical Root Syndrome (Waris)

Interview: Pain radiating from the neck to one or both arms with
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numbness in the hand(s). Exacerbated by cough.

PE: Limited passive and active ROM. Radiating pain on passive
motions. Positive foraminal test, Decreased pinprick in dermatome.

Absence of joint findings.

C. Cervical Degenerative Joint Disease

Interview: pain and stiffness in neck with movement. No history
of systemic disease.

PE: No decreased pinprick sensation in dermatomes. Active and
passive ROM painful in the same direction. Pain is not exacerbated by
resisted motions. No limitation on flexion. Equal limitation of
lateral flexion and rotation- bilateral or unilateral.
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CONSENT FORM
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SAMPLE EMPLOYEE LETTER
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Qecupational Medicine Program
The University of Michigan

Department of Environmental and Industrial Health
Schooi of Public Health
Ann Arbor, Michigan 48109

July 13, 19483

Dear - Imployee:

We are writing %o inform you about a major health study which
is getting undezrwvay in your plant. The University of Michigan in
eoopeacation with the company and the union, i3 interested i(n
idancifying health pcoblems of wvockers in the plant which involve
the arm, wrist and hand; and figuring out ways to pcavent thea,

We will be conducting shocrt intsrviews and physical exami-
nations which will take abeut 1 hour =o perform. No injections
or xrays will be used in the examination. The exams will be
conducted at the plant on woek tize, with no loss of pay.

Eaployees %o De interviewed have been selected at random fronm
different job classificacions. Individual results will be
¢onfidential; no company, or union personnel may see them unless
the emploves gives wristen permission. Interviews will take
place on July 235-27 in a private office in the plant. When :the
resuless of the study are available they will be available to the
cempany, unicn and vorkars wio participated.

If you are asked for an interview, your participation ia3
zaluntazy and you may withdraw from the study at any time.
dowaver, the atudy will only ba effsctive Lf a high percentage of
wocrkezs take part. This study has the support of bath
and °7 and we hope that you will agree w0 participate.

Sincerely yours,

] %
weenca J. Hine, 4,0,
Assaciace Professor of
Qecupational Medicine

Thomas J. Azéztronq. Ph.;.

Associate Profasgor of
Industrial Bygiene



