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ABSTRACT

There is no more persistent, widespread and costly
problem in the working world and throughout all Luman so-
ciety tham that of a disabling backache. Based on a review
of worker's compensation cases and epidemiological studies,
the costs of lov back injuries are staggering. A major fac-
tor contributing to the high cost is the number of employees
who make false claims of back injury or who prolong back
pain symptoms to retain conpensation payments. Reliable
procedures for making definitive judgements about such
claims do not exist.

The purpose of this research was to design a diagnos-
tic technigue to ascertain and monitor low back injuries in-
volving symptomatic luabar region disease. This was accomn-
plished by employing strength testing of healthy and injured
subjects performing maximal and submaximal strength exer-
tions.

The approach used was to investigate differences iun
the rates of strength build-up and in the variability of the
maintained exertions for three specific groups of subjects.
The <£first group of healthy subjects performed maximal exer-
tions. The second group of healthy subjects performed sub-
maximal exertions. The third group consisted of symptomatic
subjects with low back pain who performed safe maximal exer-
tions.

Fach trial consisted of a strength exertion of five

seconds duration. Two standardized strength testing posi-
tions were used. These were the "Leg Lifting" and "Torso
Lifting" positions commonly used in manual materials han-
dling.

The results indicated that the rate of strength
build-up provides a reliable distinction between maximal and
submaximal exertions. The coefficient of variation of the
strength scores as a measure of variability in the repeated
exertions did not indicate significant differences between
the maximal and submaximal exertions. A measure derived by
dividing the within-trial range by the strenyth score pro-
vided a distinction Dbetween the injured and the healthy
yroups. Discriminant analysis was employed with partial
success in distinqguishing between the three groups using the
various derived measures of the force exertions.

-iii-
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THE USE OF STRENGTH MEASUREMENT AS A

DIAGNOSTIC TEST FOR LOW BACK INJURY

CHAPTER I

INTRODUCTION

There is no more persistent, widespread and costly
problem in the working world and throughout all human so-
ciety than that of 2 disabling backache (Khalil et al.,
1983) . Rowe (1271) reported that it is found to be second
orn.ly to the common cold as a cause for lost time due to di-
sability. In fact, low back pain is one of the most common
maladies plaguing our modern, mechanized society.

The National Safety Council 71980) has stated that
back 1imjuries are by far the most common type of injury at
Trans World Airlines (TWA) in all departments (Air Tran-
sport, 1979). Wausau Insurance Companies of the United
States (1980) claim that for a work force of typical nation-
al norms, somewhere between five and twenty percent of em-
ployees are suffering from low back disabilities on any
given day. This means that the workers are either missing
from the jobk, are physically impaired and cannot perfora up

to normal standards, or have a neyative work attitude be-
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cause of attendant pain or discomfort.

When the lost production days, impaired work capacity
and pain related distractions, errors and accidents are
translated into dollars, the costs due to low back pain syn-
drome are staygering. In the language of worker's compensa-
tion insurance, the terms "back injury" and ‘“costly claim"
are often used together. HWausau Insurance Companies report-
ed that in 1980 industrial back injuries accounted for a
full ¢third of all worker's compensation claim dollars and
cost American industry billions of dollars.

Exact estimates of the severity of the problem are
difficult to acquire. However, statistics show that many of
the work-related low back injuries have resulted in huge
monetary payments. Chaffin and Ayoub (1975) reported that
in 1974 these injuries wvere estimated to have <cost three
billion dollars in medical expenses and compensation pay-
ments in the United States. For the state of Washington
alone, <Chaffin [1974) reported the estimate of lost working
days Aue to low back pain to be ome-half million days each
year. Goldberg et al. (1980) reported a loss during 1978 of
approximately 14 billion dollars and 25 million work days
resulting from low back pain in the United States. Nordby
1931) estimated actual medical expenses to be $18,000 per
patient and the associated losses of interrupted income and
related henefits to be $22,000 per back injury.

The experience of many insurance companies shouws that

low back pair 1is prevalent amoag white-collar as well as
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tlue-collar enmployees, thus disprovingy the belief that
white-collar workers are immune to low back injury.
Althouyh long-term disability is most pronounced in the old-
er age groups, it is clear that back pain usually affects
men and women during their most productive period from age
30 to 55. However, back injuries can strike anyone at any
time. TFour out of five people will suffer a disabling back
injury at some time 3uring their life (Wausau Insurance Con-
panies, 1980). Hence, tke low back pain syndrome occupies a
prominent position in the statistics on sick-leave and lost
work daysa.

An exanination of several occupational groups reveals
that industrial workers are often required to handle heavy
loads and to maintain awkward postures on a repetitive basis
as a routine part of their jobs. The activities commonly
performed by these workers involve pushing, pulling, lifting
and holdinga It 1is not surprising that low back pain has
been cited by Chaffin ([1974) as one of the most coammon ha-
zards of manual materials handling.

In both American ard European industries a signifi-
cant portion of industrial injuries have been attributed to
manual materials handiing. The National Safety Council re-
ported that twenty-three percent of all non-permanent but
compensabhle industrial injuries involve manual materials
harndling ?‘Accident Facts, NSC, 1973).

Ciearly, human suffering and high economic burdens

are greatest 1in industries which require manual materials
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handling. Worker's coapensation claims resulting from manu-
al materials handling account for a major portion of
enployer's insurance costs in today's world of liberal bene-
fits and rising medical costs. However, the number of these
medical problems that are falsely reported in worker*'s con-
pensation statistics is an open question.

Although back pain ranks among the most widely ex-
perienced ailments 1in western society, it is one of the
least understood. The etiology of the condition 1is varied
and does not appear to have any specific cause. Brown
11573) reported that it is generally supposed that the nore
severe injuries are associated with lifting heavy objects.

Ir most cases, low back pain syndrome is recurrent
but self-limiting. Although its course is usually berign,
the number of severely disabled people is still comnsiderable
owing to the widespread occurrence of the ailment. Since
little is known of the causative patholoyy of low back pain,
inmediate treatment is usually palliative rather than cura-
tive and the disease must be left to run its normal course.

In a significant number of cases, a back incident can
lead to a permanent reduction in working capacity and in a
few cases, to permanent unemployment. It has been reported
that of +those off-work because of low back pain for longer
than six months, only fifty percent will wultimately return
to work. Many older workers are forced to change their jobs
through fear of a further attack of ©back trouble {Davis,

1979) .
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L>w back pain symptoms and impairment are denerally
slow 1in onset and are relentlessly progressive (Brown,
1673). It is therefore very difficult to attribute a low
back injury to a specific work incident. Gunn et al. (1976)
have stated, "While in some patients the diagnosis can be
nade with no difficulty on thke basis of clinical history and
physical examination, in others additional diagnostic tests
including myelography and electromyography may be reguired.
As a genaral rule however, such tests are reserved for pa-
tients who are expected to require surgery."

Physicians have used mwmethods such as myelography,
electromyography, lordosimetry and thermography to diagmose
back injuries. BRowever, these teckniques are expensive and
although positive results 1indicate the wvalidity of a
patient*s complaint, negative results cannot invalidate the
low back pain <claim. In many cases, determination of low
back injury and the accompanying compensation payments is
based solely on the enmployee's complaint and response to
treatment.

In view of the above difficulties, it has been rela-
tively easy for a dishonest employee to "fake" low back pain
and claim compensation. If the worker is in fact faking an
injury, then the resulting 1loss has a dual effect on his
work environment. The employer is losing valuable time, ef-
fort anl monrey through lost work days, and truly injured
co-workers suffer in the process because of the suspicion

surrounding the coupensation back (Daniel, 1973).
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It has also been tempting for employees to malinger
or prolony low back pain symptoms to retain compeusation
payments. Braverman (1978) states that "One-third of the
injured employees may precent signs of malingering." Thus,
there exists a demonstrated need for development of a pro-
cedure to assess whether a worker is fakinrg an injury and to
determine when recovery is complete.

Freeman and Pratt /[1977) and Daniel [1978) have ex-
plored the possibility of using strength measurement and
statistical apnalysis to diagnose low back injuries. Their
approack assumed that a subject faking injury would deliver
a submaximal exertion when requested to produce maximal ef-
fort during strength measurement. It was hypothesised that
repeated submaximal exertions would exhibit higher variabil-
ity compared to repeated maximal exertions. Submaximal
exertions «could thus be 1identified througk statistical
analysis. Results of the study by Freeman and Pratt ({1977)
were encouraging but the researchers did not validate their
findings using low back injury patients.

In a continuation of the study, Daniel {1978) includ-
ed injured subjects in addition to healthy individuals. His
results inrdicated that the variability in the submnaximal ef-
forts differed significantly from that in the maximal ef-
forts when the coefficient of variatior of the liog-normal
transiormed data ‘CVLR) was used as the criterion measure.

Kroemer and Marras ?1980) conducted a study to evalu-

ate whether the rate of strength build-up could serve as aa
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objective criterion for assessing a sulject's level of ef-
fort. The hypothesis was that submaximal nmuscular exertions
using the Caldwell reygimen require a relatively lenythy
strength build-up phase compared to maximal exertions where
the level is achieved rather quicklye.

The results of the study showed that the force ounset
slopes were steeper for the maximal exertions thanm for the
submaximal exertions. The hypothesis that submaximal exer-
tions presented by a subject as maximal efforts cam be
detected by their large variability in repeated tests was
not supported by the results of the study. This latter
finding was in disagreement with Daniel's 71978) results.

Cartain points about the two studies mentioned above
may coxplain the differing results. Daniel used the coeffi-
cient of variation of the log-normal transformed data (CVLN)
as the criterion measure. However, Kroemer and Marras used
tke coefficient of variation of the original, non-
transformed data as the criterion measure. Secoadly, Kroe-
mer and Marras measured elbow flexion strengths while Daniel
measured lifting strengths in the arm lifting, torso lifting
and leg lifting positions recommended by the National Insti-
tute for Occupational Safety and Health (NIOSH).

Thus, a controversy exists regarding the use of vari-
ability during repeated strength exertions as a possible di-
agnostic tool for low back injuries. A need for a sinmple
and inexpensive diagnostic technijue to objectively ascer-

tain low back injuries has already been demonstrated by the
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discussion presented earlier. The technique could also
prove useful in detecting cases of malingering. It could
help tuhe physician decide whether a patient is able to re-
turn to work and when compensation payments should be dis-
continued.

The current study focuses on the possibility of using
the rate of strength build-up and the variability among re-
peated strength exertions to evaluate an employee's low back
injury. A methodology based on statistical discriminant
analysis is presented. It is suggested that the resulting
diagnostic technigue may be used to ascertain the incidence

of low back injury ard to detect malingering.
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Prohlem Statement

The purpose of this research was to develop a diag-
rostic technique to ascertain and monitor low back injuries
involving symptomatic lumbar spine disease. The approach
usedi wvas to measure the lifting strengths of healthy and irn-
jured subjects and, with the aid of statistical analysis,
identify possible discrimirating features of the lifting
force patterns. Two lifting positions, which were wvaria-
tions of the "Leg Lifting" and "Torso Lifting" positions
commonly employed imn mamnual materials handling, were exam-
ined in the study.

Subjects were «classified 1into three groups. The
“irst group consisted of healthy individuals perforamiug max-
imal strength exertions in the two positions. The second
group consisted of healthy individuals performing submaximal
strength exertions at an estimated level of 50% of each
subject’s maximal voluntary contraction. The third group
consisted of injured subjects performiny "safe" maximal
exertions.

In each position, strength exertions at the requested
level were recorded over ten trials for each subject. The
recording interval included the stremngth build-up phase and
maintenance of the attained force level. The possible
discriminating factors that were examined included (1) the
rate of strength build-up, (2) the within~trial variability

in force as measured by the ranje of the forces exerted dur-
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irng the maintained pkase, (3) the ratio of this range to the
strength score, and !4) the bhetween-trial variability in
strength scores.

The primary objective of the study was to explore the
feasibility of using these factors to diagnose an employee's
low back injury. To accoaplish this, differences in the
values »o2f the above criteria amony the three groups were
identified through analysis of variance. Discriminant
analysis wvas then wused to predict the specific group to
which an individual subject belongyed based orn the criteria.

A secondary objective of the study was to resolve the
differing results of Kroemer and Marras (1980) ard Daniel
{1978) with respect to the variability amony repeated trials
for maximal and subraximal efforts.

In summary, the specific questions addressed by this
research were:

(1) Is it possible to discriminate between healthy
individuals and individuals with 1low back injury using
strength measurement?

{2) Is it possible to distinguish between maximal and
submaxiwal efforts wusing rate of strength build-up and

between~trial variability in repeated exertions?



CHAPTER II

LITERATURE REVIEW

Studies related to low back injury can be classified

into the following topic areas:

1) Epidemiology
!2) Etiology
(3) Biomechanics
(4) Treatment
{(5) Preveution and control
'6) Compensation and legal aspects
{7) Diagnosis
In addition to these topics, a background in the area
of strenyth measurement is essential as it forms the basis

of the current study.

Epidemiology

Knowledge of the incidence and prevalence f{epidemiol-
ogy) of low back pain is useful for personnel plannring in
industrv. It also aids the planning of hospital services
and social welfare 1in certain Furopean countries such as
Sweden. It can provide important information about the work

-11-
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factors and individual factors that are associated with low
back injury.

andersson 11979) studied the epidemiological aspects
of low back pain in Sweden and reported that between 65 and
80 percent of the Swedish population had suffered from 1low
back pain on some occasion. Data was obtained on sickness
absence due to back pain during the 1955 to 1971 period.
About 31 percent of Swedish citizens and 46 percent of immi-
grants had suffered a period of back sickness with compensa-
tion. The length of sickness averaged 39 days for citizens
and 31 days for immigrants. Women had <fewer and shorter
sickness periods than men, mainly because of the fewer sick-
ness periods and shorter average periods amon3jy housewifes.
In 1971, the total number of sick days due to back pain was
calculated to be 11 million and, as a result, the national
product was estimated to be 1.8 billion crowuns lower.

Andersson quoted Swedish Natioral Health Iunsurance
Office statistics which indicated that back pain is one fac-
tor in the large increase in the number of early retirement
pensions and disability pensions granted through 1971.
Andersson also pointed out that the ircidence of back pain
in various Swedish industries has been estimated to be as
hkigh as 40% to 70%

Studies from the Swedish building industry show that
in 1974, 22 percent of the population had suffered from
work-preventing low back pain and 33.5 percent received

sickness allowance. In lumber workers the incidence was
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37.5 percent. Andersson stated that the frejuency of occu-
pational injuries to the back in Sweden is low compared to
many othker countries.,

Andersson claimed that, independent of work condi-
tions, there is an increase in the incidence and prevalence
of back pain with increasing age. Education, related to
jobs available, secemed to be of importance also. This was
reflected in the fact that *"sick 1listing" was the lovest
among those who had the highest degree of education. The
incidence of low back pain appeared unrelated to gender even
though disc herniations were more common among mer than
among women [Spangfort, 1872).

To obtain a diversified picture of the wmagnitude of
the problem, Bergyquist et al. (1977) conducted a study at
VOLVO International. They examined several factors includ-
irg the freguency of acute and subacute patients in the po-
pulation, various treatments ard prognoses, tke age distri-
butior, the number of patients with serious disability and
inability to work, and the economic consejquences. They
stated that evaluation of the epidemiology of low back pain
is hampered by incomplete statistics and a lack of unifornm
definitions.

Fromn the study they found back pain to be most common
between the ages of 30 and 55 and found recurrences to be
frequent. They reported no significant difference in the
cccurrence of low back pain amony office employees compared

to manual workers. However, a higher incidence was demon-
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strated among heavy industry workers than among people in
less strenuous occupations.

Of fice employees often work in seated postures which
may predispose them to low back pain. However, they perform
physically light work which can be managed even with sone
paine A  high incidence of back ailments has been found in
occupations with prolonged sitting (more than four hours
daily) or with prolonged standing and no sitting {Magora,
1972) .

Chaffin (1974) reported a high incidence of back
disorders in tasks involving frequent strenuous lifting. 1In
his study, he followed the weekly medical status of over 500
people working on Jjobs with various amounts of reguired
manual lifting and found a greater incidence rate (by over
8:1) in workers on jobs requiring high lifting strength.

The distribution of psychological traits in popula-
tions of low back pain patients has also been studied, usu-
ally without etiological implications. Bergqguist et al.
f1977) reported a relationship between certain indices of
emotional and psychological problems and the occurrence of
back pain. In another socio-medical investigation om back
pain, Westrin (1970) observed a high incidence of various
social problens. For example, there was an association
between sick-leave for back pain and abuse of alcohol. A
high percentage of broken marriages, family problems and
financial difficulties was alsv noted among back patients.

In kis epidemiological evaluation of 1low back pais
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Nordby 71981) reported it to ke the single most common cause
of worker's compensation payments in the U.S. and the most
common cause of low productivity due to inability to work.
The U.S. Social Seccurity Administration has found that among
people under the age of 40 years, the prolapsed disc is
sccond only to schizophrenia as the most frequent condition
for which worker disability payments are allowed f{Kelsey and
White, 1980).

Data from the National Center for Health Statistics
indicate that among chronic conditions, impairment of the
back and spine is the most frequent cause of activity limi-
tation in persons under age 45 in the United States. A
study of an industrial population over a ten year period ian-
dicated that 35% of sedentary workers and 457 of heavy
handlers at the plaut visited the medical department with
complaints of back pain. In this particular plant, an aver-
age of four hours per person per year wvere lost because of

low back pain {Relsey and White, 1980).

Etiology

Low back pain is a clinical manifestation that can be
caused by a variety of known diseases and morphological
changes. It is occasionally caused by infections, tumors,
fractures and rheumatoid arthritis. Certain radiological
abnormalities also have a definite association with low back

pain. However, the majority of low back pain patients do
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not fall into any of the above-mentioned categories. As a
gJeneral rule, low back pain is a complaint where the under-
lying pathophysioloyy is unknown.

Since the etiology of low back pain is not knovn in
nost cases, classification of the disease must be based upon
symptoms and clinical findings. Unfortunately, there 1is a
lack of general agreement as to the definitions and basic
terminology of low back pain (Bergquist et al., 1877). Fac-
tors observed to contribute to the high incidence or to the

triggering of low back pain are summarized in Table 1.

Table 1.

Factors Contributing to the Incidence
or Triggering of Low Back Pain.

Incidence Triggering
{1) Heavy Industry Work (1) Weight Lifting
(2) Freyuent Lifting (2) Bending

Occasional Lifting
(3) Rotation
*3) Excessive Bending
Accidental Bending
74y Sudden Maximal Efforts
'5) Prolonged Postures

(6) Forceful Movements

*from Berggquist et al., 1977)

In his study, Andersson (1979) found an increased

sickness absence because of low back pain in jobs with
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(1) high physical demand
'2) prolonged static work postures
{3) primarily bent-over work postures
{4) sudden f{unexpected) high physical work loads
(S) vibration.
He sugygested that poor strength in the abdominal muscles and
back muscles may increase the susceptibility to back injurye.
The theoretical reason for this is a lessened ability to in-
crease the intra-abdominal pressure.

Bergquist et al. {1977) reported a combimnation of
flexion, rotation and lifting to be the most common cause of
back injuries. However, a moderate amount of daily 1lifting
was not found to influence the rate of back injury.

Kelsey and White {1980) mentioned heredity as a pos-
sible causative agent in certain cases of low back injury.
However, definitive evidence of the role of heredity would
require further extensive studies. They also reported three
studies to expose a possible relationship between 1low back
pain and vibration, assoéiated with occupational driving of
truck, buses. It has been speculated that repeated small
trauma due to the vibrations may give rise to permanent dam-
age to the structures of the spinme. The high frequency of
radiographic changes in the spine and the high incidence of
low back pain among truck drivers comfirms this suspicion.

Brown (1973) reported "It would appear thkat low back
pain occurs much more frequently as a result of natural or

pathological processes than as a result of 1liftinge This
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point must be kept in mind by the examininj vhysician when
first interviewing the patient who claims that he developed
low back pain following the lifting of any object no matter
what shape, weight or size. There is a real need for better
understanding of 1low back pain, by both the physician and
the patient. Undue emphasis tends to create a psychological
state of mind in which low back pain becomes persistent and
often intractable. It is often useful to obtain a previous
history of the ©patient's health profile. It is estimated
that low back pain of psychoesomatic origin frejuently occurs
and may be unrecognized. This is important if any headway
is to be made in the reduction of compensation cases."

Brown also claimed that postural fatigue is an impor-
tant element in the production of lowv back pain. Bad pos-
tures can lead to accidents and to severe back injury due to
muscular imbalance and torque on the intervertebral space.
This may result in a rupture of the annulus fibrosus which
could press on the dorsal nerve roots giving rise to low
back pain.

Nachemson ¢1979), a pioneer in the field of back pain
conmented "It seems clear that some anatomical structure
must be diseased or at fault in order for the patient to el-
icit pain". Having been engaged in research in the field of
low back pain for 25 years he says he can only state that
for a wmajority of patients the true cause of the low bkack
pain is unknown.

From a theoretical point of view, the intervertebral
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facet Joints seem to be a likely site of origin for pvack
pain. However, patho-anatomical changes have always been
found in these joints secondary t> degenerative changes in
the intervertebral disc. The medical literature does not
show facet sublaxation or dislocation as being more common
in individuals with back pain than in normal individuals.

Decreased motion of the facet joints is always secon-
dary to disc degeneration according to some researchers. 1In
a few older patients it is possible that this is responsible
for back pain. A majority of scientists suspect that the
origin of the pain is most likely in the lumbar disc or its
close surroundings, the longitudinal ligaments. However,
there is still lack of direct «conclusive evidence of the
part played by the disc in tke etiology of low back pain.

Nachemson (1979) observed that :

(1) The disc hernia is usually preceded by one or
more attacks of low back pain.

[2) Eventually all individuals will have degenerative
changes in the discs, characterized by increased fibrosis in
the nuclz2us and ruptures in the annulus. It is likely that
certain stages in the aging process are significant in the
production of the pain syndrome.

*3) A recent study indicates that a single disc de-
generation is as common in those that never experience back
pain as in those who havea

Nachemson concluded that the trouble seems to start

during the stages of deyeneration and that these occur be-
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fore the chanyes are clearly visible on the roentgenograas

of the back.

Biomechanics

The vertebral column or spine has the shape of an
elongated S. At chest level the spine has a slight back-
wards curve called a kyphosis. 1In contrast, the lumbar re-
gion 1is curved slightly forward.e This is identified as the
lupbar lordosis. The loading on the vertebral column in-
creases from top to bottom and is at its greatest in the
lowest five lumbar vertebrae (Grandjean, 1982).

An intervertebral disc acts as a cushion which
separates adjacent vertebrae. The disc consists of a
viscous fluid enclosed in a tough fibrous ring. This con-
struction collectively gives the spine elasticity and flexi-
bility to absorb shocks caused by various human activities.

Lifting stresses induced iec the low back region are
not solely the result of the weight of the object handled.
These stresses are due to a combination of factors including
the weight 1lifted, the size, shape and location of the ob-
ject, the method of lifting and the 1individual's anthro-
pometric measurements and physical condition.

The mass of the human body itself causes a bending
moment to be exerted on the axial skeleton even when no ob-
ject is handled (Tichauer, 1978). The muscles erecting tke
trunk counteract this moment ané help maintain an upright

posture. It is important to note that the heaviest object
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rormally handled by a human at work is the body itself in-
cluding its segments. Variations in body posture and
trunk-limb configuration may change the forces exerted on
the lumbar spine according to the contribution of the indi-
vidual body segments to the total moment sunm.

Thus, the external load and the person's body sej-
ments create moments or rotational torques at the various
articulations of the body. The skeletal muscles are posi-
tioned to exert forces at these articulations to counteract
these torgques. Due to the length of the moment arm, a light
but bulky object will often iampose a greater lifting stress
on the spinal column than a heavy load of high density.

Biomechkanical analysis of a l1ifting task involves the
calculation of mowments, most comumonly the sagittal lifting
moment on the lumbar spine. This can be derived by graphi-
cal methods. Pirst, the vweights of the body segments in-
volved in a specific task are obtained from reliable tables
(Young, J.W., et al., 1983, ©¥Williams and Lisner, 1962).
Then, a stick figure of proper anthropometric dimensions 1is
drawn, arnd the locations of the centers of mass for all body
segments and the extermnal load are marked. Finally, the sum
of all moments acting on the lumbosacral joint is computed.
This becomes the sagittal biomechanical 1liftiny equivalent
of the specific task under consideration.

Tichauer (1978) suggested that the only way to reduce
the 1lifting stress exerted by an object is to devise a han-

dling method that will bring the center of mass of the arti-
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cle as close to the lumbar spine as possible. This reduces
tke magnitude of the biomechanical lifting equivalent. He
stated that the relative severity of material handliag
operations and differences in 1lifting methods can be
evaluated only by using biomechanical analysis. In fact, he
claimed that many incidents of low back injury are avoidable
and are the consequence of inadequate or simplistic
biomechanical task analysis.

Clinical and biomechanical data indicate that the
greatest risk of injury is located at the lumbosacral joint
(L5/51 disc) due to the large stresses observed in this re-
gion 'Chaffin et al., 1973). To counteract the torques at
the lumbosacral joint due to body segments and the external
load, the muscles £ the lower back region [primarily the
erector spinae group) must exert high forces because of
their short nmnoment arms. The high forces generated by the
lower back muscles are the primary source of compression aad
shear forces on the lumbosacral disc. Excessive compression
and shear forces can cause rupture of the disc. This may
squeeze the viscous internal fluid outward, exertinyg pres-
sure on the spinal cord or the nerves ruanning out from it
and resulting in low back injury and pain (Grandjean, 1982).

Tke compression and shkear forces on the disc during
static ecuilibrium can be calculated using free body di-

agrams. These computations are illustrated using Figqure 1.
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The three main forces acting on the lumbar spine at

tl.e lumbosacral level are defined as follows:

W = weight of the upper body

P = weight of the object lifted

M = contractile force exerted by the erector spinae muscles.

Forces W and P produce forwvard bending moments with

the counterbalancing moment being produced by M. The magni-

tude of the force M can be computed froam the following

equilibrium equation.

tive

shear

I
o

Z moments about the lumbosacral joint

'"" x L) + (PxL)-(MxXL)=0
W P m

M= (Wwxl +PxL) /L
W P m
The forces W and P may be resolved into their respec-
compression components (N <cosa and P coso ) and

conponents (¥ sina and P sino ). Then, the total

compressive force exerted on the disc can be calculated by

equating the sum of all the forces along the spine to zero.

# cos o +#+ Pcosao +M-C=20

Thus, C = H cos & + P cos o + M

Similarly the shear force on the disc can be calculated by

equating the sum of all the forces perpendicular to the

spine to 2zero.
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W sina + P sina ~ S =0
Thus, S = ¥ sina + P sina

Since the forces C and S act at a righkt angle, the total

reaction force R on the disc can be computed fronm

-

- -+
R = C + S

The magnitude of the force is calculated as

The direction of the force is determined using

sin 8 = C/R

6 = sin”! 'C/R)

The magnitude and direction of the resultant force R
and ©8) may alternatively Le computed by constructing vector
diagrams using W, P and M as shown in Figure 1.

Tvo otrer moments in addition to the one in the sag-
ittal plane must be included in the biomechanical analysis
wher they are present in the task. These are the lateral
bending wmoment such as in a side-stepping task and the tor-
sional moment such as the one caused by rotation of the body
in the transverse plane along the vertical axis. Tichauer
(1978) warns that a liftiny task imposing a torsional moment
ou tke lumbar spine, in a seated position can be a serious

hazard to the person. This condition is conductive to great
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mechanical stress on the vertebral column and may aggravate

pre-existing back pain.

Treatment

Since the exact cause of low back pain is unknown in
most cases, only symptomatic treatment is available for many
patients. In the early stages it is difficult to distin-
guish between musculo-tendinous strain and early lumbar disc
protrusion (Edger, 1977). Acute low back pain produced as
an apparent result of lifting strainm usually responds well
to rest followed by graded isometric exercises for the spine
and abdomen. If the strain is severe, then bed rest should
he strictly followed for two to three weeks.

With regard to manipulative treatment, Naclemson
71979) stated that the few existiny studies do not demon-
strate that it is superior to nature's own course or to
non-manipulative treatment. He reported several epidemio-
logical studies which have demonstrated that nearly 50 per-
cent o0f all patients improve in a few weeks irrespective of
the treatment rendered and some 80 percent are well within
two months. It was suyggested that a careful clinical exami-
nation is of benefit.

Some of the other treatments besides bed rest and ex-
ercise are radiation therapy, ultrasound, shortwave diather-
my, traction, and injection of various drujs including hy-

drocortisone. However, these have not been proven to pe
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more cffective than rest and exercise, and are primarily
used for patients with chronic back pain.

For a true disc hernia pressing on a nerve root, re-
moval of the disc gives 90 to 95 percent successful results.
Conservatively, a true herniated disc may be successfully
treated with bed rest, controlled nanipulations under
anesthesia, or traction. It remains to be demonstrated that
the results of these treatments are as good as those ob-
tained by surgical removal.

Chymodiactin (chymopapain) intradiscal injection has
been recommended recently for the treatment of patients with
documented herniated lumbar intervertebral discs whose symp-
toms and signs have not responded to conservative therapye.
Chymopapain is derived from the crude latex of carica
papayi. Chymopapain is injected into the hermiated nucleus
pulposus of the lumbar intervertebral disc. This results in
rapid hydrolysis of the noncollagenous polypeptides. This
lessons the intradiscal osmotic activity and reduces in-
tradiscal pressure, thus relieving the pain.

In a study reported by Smith Laboratories 71983), ap-
proximat2ly 75% of the patients responded successfully to
this treatment.

It must however be noted that only a few patients
develop symptoms, sijyns and pathology of a true herniated
disc. For the vast majority, the oriyin of the pain and the
nroper treatment are unknovne.

¥halil et al. /1983) have initiated a nultidisci-



-28-
plinary approach to the evaluation, treatment and rehabili-
tation of people with low back pain. A team of more than 70
professionals including psychiatrists, neurosurgeons, physi-
cal therapists and eryonomists participated in a comprehen-
sive program to eliminate back pain and restore function to
tke pre-injury level. The program used several treatment
methods 1including patient education, detoxification, physi-
cal conditioning, psychological conditioninyg, and vocational
rehabilitation. The researchers have concluded that pain in
itself is not a good reason to 1limit activities and that
their approach was very effective for regaining functional

capability within a short period following an injury.

Prevention and Control

The prevention and control of low bhack 1injuries inm
industry has been attempted by :

1) Selection and Assignment of workers to the tasks

2) Joh Design

(3) Training and Conditioning

Selection and Assignment

This approach has been based on predicting the sus-
ceptibility of prospective enmployees to low back injury.
The information can then be used for assigning employees to
material handling tasks. Predictive techrniques have includ-
ed:
(1) X-Rays

(2) Medical history and physical examination
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?3) Lordosimetry

(4) Intra-abdominal pressure measurement

(5) Strength testing

X-Rays. In the early part of the twentieth century reports
began appearing that congenital abrnormalities of the lumkar
spine structurally weakened the back, predisposing it to low
back injury and prolonging the recovery. Based on the fact
that some of these abnormalities may be detected by X-rays,
researchers explored the possibility of using lumbar X-rays
to develop a means of predicting the incidence of 1low back
pain. The theory of this approach was that the load bearing
capacity of the spinal column in many different configura-
tions is hLhighly decpendent upon the jeometry of the colunmn as
assessed by detailed radiological evaluations of the erect,
relaxed column.

Lysis and olisthesis of lumbar vertebrae are rela-
tively common roentgenological findings. It was believed
that these cause instability of the lumbar spine and earlier
degeneration of the inter-vertebral disc which may result in
low back pain,vor cause proneness to it. Based on this pre-
valent opiniomn, some applicants were eliminated from occupa-
tions with stressful physical requirements if either of
these <conditions were detected in preplacement screenings.
This was shown to be an unjustified and arbitrary decision
by Redfield (1977) who did not fird any proneness to lower

back injury in the subjects with "high risk" f{lysis and ol-
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isthesis) .

Magora and Schwvartz 71980) studied 1024 low back pain
and healthy subjects to determine the incidence of lvsis and
olisthesis in the two groups. Based on their findinys, it
was concluded that 1lysis should not be considered ygrounds
for the exclusion of applicants, regardless of the occupa-
tion. However, olisthesis should be accepted as a factor
which causes proneness to low back pain and should be given
wveight in the selection of an occupation for an individual.
They also concluded that both of the above abmormalities
should be accepted as roentgenological findings in which tae
severity of low back pain may be higher.

Gunn and Milbrandt (1976) conducted studies oun four
groups of 50 people each. The yroups were classified as

follows:

Group A: 50 patients with low back pain

Group B: 50 patients with disc involvement

Group C: 50 patients with no history of back pain

Group D: 50 patients with no previous medical treatments for
back pain but with occasional back pain after

unusual stress or activities.

T"he primary purpose of their study was to determine
the sensitiveness to pain upon pressure of the points where

certain motor nerves enter the muscles or in other words,
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the tenlerness of notor points. However, it is interesting
to note the results pertaining to the X-rays for the four

groups:

Group A: X-rays were within normal limits, showed no more
abnormalities than those associated with agje, or showed

minor abnormalities.

Group B: 39 patients had roentgenographic chanyes which in-
cluded 31isc space narrowing with or without associated de-

generative changes.

Group C: 31 patients had normal X-rays and the remaining 19

showed minor degenerative changes consistent with their age.

Group D2 22 patients had pormal X-rays, 15 had minor degyen-
erative changes and the remaining 10 had minor deygenerative

changes and disc-space narrowing.

From the X-ray findings of the four groups in relation to
the results of the study, it can be concluded that the use
0of X-rays as a possible diagnostic or predictive tool for
back injuries is of limited value.

Montgomery '1976) claimed that the use o0f pre-
enployment X-rays has been based upon the assumption that
inherent back abnormalities cause an increased incideance of
low back injury. For ail practical purposes, the evidence
collected over the years leads one to believe that this 1is

not thke case. In his study, an initial evaluation of a ran-
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doa group of X¥-rays revealed more roentyenojraphic abnormal-
ities amony asymptomatic individuals than were noted in
ttose suffering from back pain. A closer look at 1low Dback
compeunsation cases revealed that most of their X-ray reports
were essentially normal. In addition, a majority of the ab-
normal films from these cases showed disc disease and degen-
erative arthritis but no congenital abnormalities, the main
reason for rejecting job applicants.

Onishi and Nomura (1973) report that a large number
of the low back pain claims by industrial workers are known
to be of non-organic origin and produce no definite X-ray
findings. Brown [1973) warns of a possibility that contin-
ued spinal radiographs may give rise to leukemia or amnenmia.
The use of X-rays for screering apgzlicants is therefore not
only of limited value but also poses some serious inherent
dangers.

The alternative to X-ray based screeninyg for predict-
ing the incidence of low back injury appears to rely orn ac-
quiring a2 better history of low back health apd on better

functional evaluation which may include strength testing.

Medical History and Physical Examination. Rowe [1971) sug-

gested that the single most important factor when consider-
ing a person for employmeat for manual material handling
jobs is a good medical history with concentration on low
back dvsfunctions. The value of this suygestion is certain-

ly evident from the data disciosiny the recurrent nature of
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the low back episodes. However, it must be realized that a
person could easily distort hLis own medical history, inteu-
tiomnally or urnintentionally, to acquire a job.

Krain et al. 71970) presented a method to quantify
pre-employment history characteristics of those persons who
night exaygerate their future work-caused disability. They
designed a history form and concluded that the number of
"yes" items checked on such a gquastionnaire has a high
correlation with the percentage disability rating for work-
ers in certain occupations. ©No prediction could be made
from the number of items checked as to whether disability
corpensation would be issued in a given case.

Nordgern et al. [1980) reported a study involving the
evaluation and prediction of low back pain amonrqg individuals
who were to undergo two to four weeks of military field ser-
vice in Sweden. A standardized physical examination of the
back concentrating ou mechanical function and tenderness 1in
the different parts of the spine was performed to assess its
validity for prediction of work tolerance during field ser-
vice. The predictive value of self-reported back pain his-
tory vas also studied. |

The physical examination of the 1lumbar spine best
predicted the occurrence of low back pain during field ser-
vice (83% of the cases). Thus, it was more efficient in
separating subjects who experienced back pain in field ser-
vice than information on earlier sick-listiny due to back

troubles. Subjects who experienced back pain duringj the
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also field service were found to hkave 1in average lower
isometric strength in abdominal and back muscles during the

physical examinations.

Lordosimetry. The effects of liftinyg stresses on the back

are highly dependent upon postural confijuration and vice-
versa. This relationship led Tichauer et al. 71973) to in-
vestigate lordosimetry as a technique for direct simple
evaluation of stresses acting on the back. In lordosimetry,
changes in the configuration of the spinal coluann, specifi-
cally the position and curvature in response to the static
holding of loads, are recorded and 2valuated. .

Using a lordosimeter, a tracing of the shape of the
vertebral column is produced as a stylus is run alonyg the
column. A potentiometer and am analog computing module pro-
vides a permanent record on a recorder. The procedure is
fast, does not require any special training for its use, and
also gives reproducible results. However, further work and
testing has been needed to determine its potential useful-

ness for diagnosing low back injuries.

Intra-abdorinal Pressure Measurement. Davis (1979) at the

Manual Handling Research Unit at the University of Surrey,
England has examined the use of pressure measurement within
the abdowminal cavity for preventing and controlling the in-
cidence of low back injuries. He claimed that there is a

lirear relationship between the forces acting on the lower
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spine in the 14/L5 region and the magnitude of the pressures
within the abdominal cavity.

Development of "radio pill" technijues has enabled
intra-abdominal pressures to be measured with minimum in-
terference with the subject's comfort and freedom of nmove-
ment. In tests using the radio pill at Surrey University,
rods are attached to the subject®'s back and an aerial 1is
placed around the waist. A tiny, pressure sensitive radio
transmitter is swallowed 15 minutes before the tests by the
subject. This ensures that the transmitter is in the right
position internallye. The fregquency output of the pill
responds to abdominal pressure changes when the subject
lifts, pushes and pulls. The sigrnals are picked up Ly the
waist aerial and relayed to a chart recorder. The short
rods attacked to the person's back are markérs which are
used in conjunction with an overhead mirror and a calibrated
floor and wall to assess the angle 2€ the spine and the de-
gree of flexion or extension during the lifting exercises.

The data collected using this equipment and technigue
can be analyzed to determine the weights that can be safely
lifted by the subject in various positions. The experi-
menter can obtain continuous records of abdominal pressures
over a working period and deduce the degree of spinal stress
involved in the work at any particular time.

Using this method, the Manual Handliny Research Unit
has been able to identify those occupations in which pres-

sere peaks of over 100am of Hg occur regularly and frequent-
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ly. These are also the occupations with a significantly
higker risk of back injury. Davis concluded that, in gen-
eral, the greater the peaks and the more frequently they oc-
cur, the higher the low back injury rate.

The above finding lends strong support to the hy-
pothesis that a large majority of back pathologies must be
regarded as cumulative injuries. Davis suggests that if one
can alter the work in high risk occupations in such a way
that the high peaks are avoided or at least reduced in fre-
quency, one should be able to reduce the risk of back injury
considerably. Further research is needed in this area be-
fore the technigque can be effectively used in preventing and

controlling the incidence of low back injury im industry.

Strenyth Testinge. Some industrial physicians have adopted

inforzmal methods of strength testing to evaluate what a per-
son can safely 1lift without risking an injury. One test 1is
simply to ask the person to 1lift a tote box filled with lead
shot. 1If the person appears capable of easily 1lifting the
load, then he or she could perform a task with similar lift-
ing requirements {Chaffin, 1974). Some limitations of such
procedures are that they rely on a subjective estimate of
how well the person handled the load. Also, there are 1in-
herent 3Jangers of subjecting a persom to potentially high
stresses which he or she cannot easily sense and control due
to the dynamics of the 1lifting act.

Chaffin and Park (1973) studied five personal risk
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factors involved in manual materials handiling. Two of the
factors which provided an increased risk of injury in ma-
terial handling tasks were (1) a previous history of low
back pain syndrome and {2) an inability to demonstrate an
isometriz lifting strength equal to that required on the
job. The other potential risk factors of age, weight and
stature did not «correlate with increased incidence of low
back pain.

Chaffin and Park (1973) suggested the use of
isometricz strength tests to predict a person's ability to
perform marual material handling tasks. Their objective was
to determine 1if a person's ability to lift weights would
correlate with tkhe incidence rate of low back pain. They
studied 103 Jjobs &ith various amounts of required lifting
and evaluated 417 wvorkers populating these Jjobs. All in-
cidents of 1low back pain for a period of one year were
recorded.

The primary result of this field study was that the
incident rate of low back pain was found to correlate with
higher lifting strength reguirements as determined by the
location and the magnitude of the load lifted. Cchaffin and
Park concluded that inability to demonstrate an isometric
lifting strength in the medical test equal to that required
on the job, increased the risk of low back injury in manual
materials handling tasks.

ChafZfin, Herrin and Keyserling (1978) conducted an

investigation to evaluate the practicality and potential ef-
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fectiveress of pre-employment strenygth testing in reducing
the incidence and severity of low back pain in manual ma-
terials handling jobs. Prior to assignmert to new jobs, 551
employees were given a series of strength tests and then
monitored for approximately 18 months. All medical in-
cidents were recorded. Analysis of these incidents revealed
that a worker's likelihood of sustaining a back injury in-
creased with the 1lifting rejuirements of the job. Because
strength was found to be weakly correlated with other indi-
vidual characteristics (age, gender, weight and stature),
the autkhors recommended enmnployee selection using the

strength performance criterion.

Job Desigu

Designing the job to fit the worker was the approach
selected by Liberty Mutual Insurance Company. Snook [1978)
claimed that this approach represents a more permanent solu-
tion to -the low back injury prcohklem. He concluded that
proper design of manual handling tasks can reduce industrial
back injuries by one-third.

Snook, Campanelli and Hart (1978) analyzed 191 1low
back 1injuries to determine the effectiveness of several ap-
proaches to controlling the incidence of low back injury.
No significant reduction in low back injuries was found for
enployers who used medical histories, medical examinations
or low back X-rays in selecting the worker for the job. 1In

addition, eyual employment opportunity laws often prevent
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the use 2f selection techni jues in hiring or placing employ-
ees. The researchers claimed that even if selection tech-
niques were used in hiring or placing employees, only 10% of
those employees who will suffer low back disability can be
iderntified at the time of hiring by present diagnostic

methods.

Physical Conditioning and Traininj

Medical researchers in the area of low back pain gen-
erally agree that the overfed, overstressed and underexer-
cised condition of many individuvals contributes significant-
ly to the epidemic of low back pain syndrome. Low back pain
is but one of several "sedentary diseases" resulting from
our soclety's labor-saving devices, too-well-nourished Lo-
dies, and a life-style with too little exercise and too much
stress (Wausau Insurance Companies, 1980).

Kraus (1980) analyzed the histories of his low back
pain patients and found that 95 percent of his patients en-
gaged in no regular exercise of any kind. He cited surveys
indicating that at least 80 percent of all disabling low
back pain is primarily caused by overtensed and under-used
muscles and ligaments. The pain seldom involves a "slipped
disc" or otker conditions that might reguire surgery.

Kraus claimed that effective prevention and control
of 1low back pain involves the individual's private off-job
life as well as his working life. He reconmmended regular

exercise programs and control of weight as a possible ap-
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proach for reducing the incidence of low back injuries.

Snook, Campanelli amd Hart (1978) reported no signi-
ficant reduction in low back injuries for employers who
trained their wvworkers with proper and safe 1lifting pro-
cedures. Just as many injuries were experienced by ea-
ployers wvho provided training as by employers who did not
provide training. These results were consistent with those
of Brown !1972). They suspected that perhaps the training
procedures were not effectively utilized. Snook et al.
reconmended "Strength Testing" as a possible future selec-

tion technique.

Compensation and Legal Aspects

The statutory conditions for a claim to gqualify for
compensation under the Worker's Compensation Act are (1) the
injury must arise out of and in the course of employment and
it must render a certain degree of disability. These sta-
tutes are easily applied for obvious overt trauma with docu-
mented external force and demonstrable damage (Hadler,
1978) .

Low back injuries, however, are "invisible", d4iffi-
cult to diagnose ard treat, and often cumulative. They can
be causel by repeated stress and many times cannot be traced
to a single verifiable incident. Thus, pain that beginms
away from the job can still be related to job stress and in-
jurye

¥o procedure has been developed to identify people
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prone t5 <claiming worker's compensation or to identify si-
tuations where an employee is fakinjg an injury. A signifi-
cant perzentage of low back injury patients consciously pro-
long their symptoms for self-serving purposes giving rise to
the term "compensation back"™ (Finneson, 1973).

There is a significant prognostic difference between
patients who are 1likely to receive monetary compensation
{secondary gain) and those who are not in a position to be
conpensated for their injury. The former group is disabled
for siynificantly longer periods 'Finceson, 1977).

For a number of reasons, physicians are hesitant to
label a patient with the diagnosis of malingering. Many
doctors are justifiably concerned about erroneously consid-
ering the patient's complaint as a case of malingeriug in
the presence of organic disease. The tendency then iz to
enploy a conservative approach by prescribing work stoppage
with medication, exercise and therapy and also recommending

compensation claim benefits (Hadler, 1978).

Diagnosis
The following techniques have been used by physicians
for diagnosis of low back pain:
1) Myelography
'2) Electromyography
(2) Abdominal pressure
{4) Tender motor points

(5) Thermogyraphy
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Myelography
A common method of diagnosis is *Pantopaque Myelogra-
phy in which Pantopagjue 'an X-ray opaque fluid) is injected
into the spine through a lumbar puncture needle (Jeguier and
Adams, 1974). The patient is then tipped on a tilt table
and the entire spinal subarchanoid space may be visualized
using an X-ray. Care must be taken to see that the Panto~
pague is completely removed after the examination to prevent

any harm to the patient.

Electromyography

Nordby {1981) recommends the use of vascular studies
and electromyography along with myelography to be definitive
in the diagnosis. He points out that electroamyography pro-
vides measures of muscular lifting stress but is time con-
suminygy, awkward to use in an industrial setting and requires
sophisticated skills 1in electrode placement and data in-
terpretation. It is also used to confirm or rule out the
possibility of neural involvement which is usually not the

cause in most patients.

Abdominal Pressure
The abdominal cavity has an important function in
providiny support for the lumbar spine. Fairbanks et al.
(1980) cited Davis (1979) as the first person to observe a
rise in intra—-ahbdominal pressure with manual activity.

Biomechanically, this rise is assumed to relieve the load on
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the lumbar spine. It has been postulated that a patient
with low back dysfunction who experiences pain while lifting
might be expected to have an increased intra-abdominal pres-
sure response. This response may be related to the intensi-
ty of the pain the patient is suffering.

A study by Fairbanks et al. (1980) demonstrated a
method of evaluating patients with chronic low back pain us-
ing abdominal pressure measurement, both in differential di-
agnosis and in monitoring progress after treatment. Howev-
er, measurement of intra-abdominal pressure 1is not simple
and further studies are needed for validation of the pro-

cedure.

Tender Motor Points

Gunn et al. (1976) postulated that tender nmotor
points may be useful in assessing low back irjuries, partic-
ularly when no positive physical sijyns are detectahble. The
search for tender nmotor points may be easily incorporated
into a regular examination of the low back but a knowledyge
of the locations of the motor points is essential. Suffi-
cient pressure is applied with the thumb or omne finger
ajainst the underlying bone to compress the motor end-plate
zZone. The degree of tendermness 1is determined by the
patient's response.

According *o Gunn et al., the degree of tenderness
and the numbter of tender points tend to parallel the

atient's condition and may serve 13s rogress 1indicators.
I G
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The presecce or absence of tender motor points might also be
of value in pre-employment medical examinations.

An important finding of their study was that patients
with low back pain but no tender motor points were disabled
for an average of 6.9 weeks while those with the same diag-
nosis but with tender motor points were disabled for an
average o2f 19.7 veeks.

They concluded that patients diagnosed as having sim-
ple 1low back sprain but demonstrating acutely tender points
will have a longer period of disability approaching that of
patients with signs of radicular !nerve root) involvement
{25.7 we2ks). Patients with no tender motor points can be
expected to do much better.

The absence of tender motor points in patients with
severe conmnplaints and egquivocal physical findings should
raise doubts as to the presence of significant lesions in
the lumbar spine (Gunn et al. 1976). Thus, this method
seems to be promising in confirming a low back injury and
assessing the period of disability in certain cases of low

back pain.

Thermography
Tichauer {(1977) investigated the use of thermography
as anh aid to the diagnosis of low back pain in occupational
settings. The approach was based on the phenomenon that any
object, including the human body, which is not at absolute

zero temperature enits dinvisible infrared radiatioan. A
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thermograph uses infrared sensors as scanning photon detec-
tors to produce images of the warm arcas of the body. These
images provide pictorial representations of the temperature
patterns in the body muscles.

Tickauer found that patients in pain exhibited a
paravertebral area asymmetric in shape and lacking in con-
tinuity. They also exhibited "cold patches'" over the glu-
teal region. These conditions are generally absent in
pain-free individuals.

Thus, thermograms of individuals can be studied to
diagnose low back pain of unknown origin. The technique is
of potential value in occupational medicine but no further
studies have been reported which demonstrate its usefulness

and reliability.

Strength Measurement

The following discussion of strength measurement has
been adapted from Schlegel [1980).

Accurate and objective measurement of strength is
difficult. One definition of static strengyth currently in
use is tkhat proposed by Kroemer (1970): "Strength 1is the
maximal force muscles can exert isometrically in a single
voluntary effort". This is often referred to as tke Maximunm
Voluntary Contraction ({MVC). Voluntary strength must be
used since there is no safe method of determining absolute
ruscle strength.

The amount of extermal force which can be applied 1is
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a function of the lenjth of the muscle and the prevailing
mechanical advantage. These in turn depend on the joint an-
gles for the muscle group considered. For any strength
measuren2nt to be meaningful, it is essential that the Jjoint
angles and the point of application of the force be accu-
rately specified and controlled.

Previous studies have shown that human strength meas-
urements are dependent on the level of motivation and the
particular instructions given to the subjects ([Caldwell et
ale, 1974). Chaffin 11975) recommends that emotional ap-
peals not be used in the instructions to the subjects.

Even though the muscular exertion during strength
measurement 1is maintained for a relatively short period of
time, muscle fatigue can occur whick reduces the maximum
tensione. Hence, adeguate rest periods between repeated
exertions are necessary to minimize fatigque and its effect.
Various studies have shown that two-minute rest periods ap-
pear adeguate if no more than fifteen measurements are taken
in a test session.

Various procedures have been used in an attempt to
improve the reliability of strength measurements. Chaffin
11975) recommended that the voluntary force be maintained
over a period of four to six seconds. This provides ade-
quate time to assume a steady state exertion and still
minimize the effects of fatigue.

Caldwell et al. (1974) recommnend the following regi-
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(1) Static strength should be assessed during a
stecady exertion sustained for four seconds.

12) The transient periods of about onc second each
before and after the exertion should be
disregarded.

'3) The strength score is the mean value recorded in

the first three seconds of the steady exertion.

Once the strength exertion is recorded, the strength
score may be obtained graphically from the chart recording.
If the strength exertion can be recorded electronically, a
more precise analysis can be achieved by sampling the data
using an analog-to-digital converter. After this conver-
sion, the raw data consists of a seguence of values stored
as a function of time. Various time series analyses can
then he applied to the converted data.

Several time averaging techniques have been investi-
gated by Owings et al. (1975). Their approach was to find
the "maximum moving point average" during the exertion
period. The procedure was as follows:

{1) Perform analog-to-digital conversion of the five
seconds of data at the rate of 20 points per
seconde

*2) Divide the entire time period into intervals of n
points in length.

(3) Calculate the average for the 1st through tke nth

point.
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{4) Calculate the average for the 2nd through the
n+1 th point.

(5) Continue until the average is found for the final
n points.

{6) Select the maximum of these averaqges as the

strength score.

This procedure yields the maximum of all possible
sets of «contiguous intervals of length n. Owings et al.
recomnend 20 points as the interval 1len3jth. Thus, the
strength score they selected is the maximum one-second mov-
ing point average found after analyzing five seconds of

data.

Maximal vs. Submaximal Exertious

Hunnebelle and Damoiseau (1972) studied the reprodu-
cibility of maximal and submaximal muscular effort in the
small muscle groups of the hands. Their subjects were 23
male basketball players with a mean age of 23.5 years
's=3.96), mean weight of 66.9 kilograms {s=9.5) and a mean
height of 175.3 centimeters (s=6.37). A Bettendorf dynamom-
eter was used for the strenjth measurements.

The task consisted of compressing the handles with
the four fingers of the kand, while tLhe thumb rested on a
fixed point. The subjects exerted the reguested effort fol-
lowing a verbal command. Each exertion lasted for a period

of three seconds and was followed by a rest period of teu
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seconds. Exertions were made with both the right and left
hands.

For the maximal efforts their study revealed that (1)
maximal effort was greater in the right hand and {2) the
strength tended to decrease with each subsequent test, for
both the right and left hands. For the submaximal efforts,
they found that (1) subjects who had the tendency to
overshoot their submaximal effort also had the ability to
develop a higher maximal effort and (2) no correlation ex-
isted between the hand used and the order of the tests.

In comparing maximal and submaximal efforts, the au-
thors concluded that ?1) the reproducibility of submaximal
efforts was lower than that of maximal efforts and (2)
althougk a subject cannot estimate an isometric contraction
with quantitative precision, he can remember and reproduce
the same contraction immediately after because of his
proprioception. The authors added +that it would be in-
teresting to study submaximal efforts involving larger mus-
cle groups.

Researchers have investigated strength measurement as
a possible diagnostic tool for low back injury. The charac-
teristic of strenygth measurement commonly employed was the
variability among repeated exertions.

As mentioned in Chapter I, Daniel !11978) conducted a
study involving three groups of subjects and three 1ifting
positions. The first group of ten healthy subjects were

asked to exert their maximum strenjth. The second ygroup of
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ten healthy subjects were asked to exert a force of 50 per-
cent of their maximal effort after being initially trained
to exert this level of force. The four injured subjects 1imn
tte third group were asked to exert their safe maximal ef-
fort or until they started experiencing pain. The positions
used were the standardized arm, leg and torso lifting
strength measurement positions recommended by NIOSH (1981).
Five trials were conducted in each l1ifting position for each
subject in a randomized sequence.

The objective of the study was to £ind out through
statistical analyvsis whether the yroup of healthy subjects
exerting 50 percent of maximum strength was distinguishable
from the other two groups. The variability in repeated
exertions f(between-trial variability) was exawmined €for the
three groups. Statistical analysis using the coefficient of
variation (CV) as the criterion measure did not yield signi-
ficant results. However, an analysis using the coefficient
of variation of the log—normal transformed data (CVLN) as
tke criterion measure did show significant differences
between the groups.

Kroemer and Marras {1980) claimed that the rate of
strength build-up may be the only objective criteria to dis-
tinguish between maximal and submaximal strength exertions.
They studied routine strength measurements of elbow flexion
to determine if the subjects exerted full muscular strength
or a submaximal level of effort.

In their study, Kroemer and Marras discussed a aodel
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of human force exertion that assumes a stereotypical mental
"executive program" which regulates the muscular contraction
according ¢to the intended strength output. Based on this
model, they suggested that submaximal muscle strength exer-
tions regquire a relatively lengthy build-up phase until the
intended level of force is achieved. 1In contrast, a maximal
exertion is achieved rather quickly. They also compared the
variability of strerngth scores in repeated submaximal ef-
forts with the variability of HVI's during the maintained
phase of strength exertion.

Their experimental procedure followed the standard
Caldwell regimen described earlier. Thus, subjects were re-
gquired 5 increase muscle tension smoothly to the desired
level within about two seconds and to maintain this level
for an additional three seconds. The average value for the
three seconds was calculated and recorded as the strength
score.

Thirty subjects exerted elbow flexion strengths at
1009, 75%, 50%, and 25% of their individual maximal capabil-
ity. The subjects did not receive any external feedback
about their actual strength scores. Each subject exerted
ten cortractions under each condition. In addition to the
strength-scores, the onset slopes of the force build-up were
recorded.

The slopes of force build-up showed a coasistent pat-
tern being flatter for the submaximal exertions and steeper

for the maximal exertions. The hypothesis that postulated
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larger variability in repeated sulkmaximal exertious was not

supportedl by the results.



CHAPTER III

EXPERIMENTAL METHODOLOGY

Independent Variables

The primary independent variable was the group clas-
sification consisting of the three groups of subjects: the
healthy maximal group, the healthy submaximal gyroup and the
injured maximal group. Other independent variables were the

lifting position and the trial nunber.

Group and Subject

The variable Group was studied at three levels. Dif-
ferent subjects were assigned to each group. Healthy sub-
jects were assigned to the first two groups, and individuals
with 1low back 1injury were assigned to the third group.
Selection of the healthy subjects was random from the popu-
lation of healthy students at the University of'0k1ahoma and
the residents of Norman, Oklahoma.

The selection of symptomatic subjects for the third
group wWas from the population of patients seen in low back
clinics in the Oklahkoma City area with +the exclusion of

actte low bhack pain patients. For this study, a patient was

-53-
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considerad "acute" if the initial onset of the back pain had
commcnced within ten days of the trial. The risk of aggra-
vating the acute back pain patients with the testing was
sufficient to warrant their exclusion from the study. Thus,
only the subjects examined by an orthopedic surgeon, and
subseqquently diagnosed to be suffering from low back pain
were considered for assignment to the third group of sub-
jects.

Thus, sixteen healthy subjects not suffering from any
symptoms of low back pain or injury were assigned to the
first group. These subjects were requested to exert their
maximal strength during the experimental trials {Healthky
Maximal Category). This group is identified as "HLTHMAX"
for discussion and presentation of results. Table 2 ilius-
trates the characteristics of this group. The average
heignt, weight and age for the HLTH4MAX group were 176.9 cen-
timeters (69.65 inckes), 71.28 kiloyrams (156.81 pourds) and
28.5 yvears respectively.

Sixteen healthy subjects were assigned to the second
groupa. They were requested to exert fifty percent of their
maximal voluntary contraction {MVC) strength during the
testing, (Healthy Submaximal Category). This group is iden-
tified as "HLTHSUB". 1Individual subject characteristics for
tkis group are shown in Table 3. The average height,
weight and age for the HLTHSUER group were 172.3¢ centimeters
'67.87 1inches), €8.97 kilograms ’'149.75 pounds) and 33.37

ycars respectively.
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Sixteen injured subjects currently sufferiny from low
back pain and diagnosed by an orthopedic surgeon to be
suffering from low back injury wvere assigned to the third
group. These subjects were requested to exert their safe
maximal effort without incurring additional pain or disconm-
fort, (Injured Maximal Category). This group is identified
as "INJMAX" and the characteristics of 1individual subjects
are presented 1in Table 4. The average height, weight and
age for the INJMAX group were 176.12 centimeters 769.34
inches), 76.99 kilograms (169.37 pounds) and 39.37 years

respectively.

Table 2. Subject Data for HLTEMAX Group.

Subjerct Height Weight Age Sex Exercise
code (Cm) {(Kg) (Years)
A 177.8 69.1 33 M None
B 162.6 56.4 32 F None
o 175.3 72.3 29 M None
D 1702 61.8 25 F Light
E 163.9 70.0 40 F None
F 180. 4 86.8 26 M Moderate
G 177.8 63.6 24 M Light
H 179.1 60.9 23 M None
I 184.2 74.5 26 M Light
J 177.8 61.4 23 Il None
K 180. 4 59.1 23 M None
L 180.4 83.2 28 M Heavy
M 182.9 67.3 19 M Moderate
N 177.8 8%.6 24 M Heavy
0 180.3 82.7 20 M Moderate
p 180.3 81.8 61 M Light




-56~-

Table 3. Subject Data for HLTHSUF Group.
Sub ject Height Weight Age Sex Exercise

code {Cm) {Kq) Years)

A 177.8 67.3 32 | Light

B 157.5 59.1 51 F Light

o 175. 3 66.4 36 M None

D 142.3 62.7 33 P None

E 162.6 67.3 40 M None

F 179.1 81.4 20 M Moderate
G 185. 4 61.8 20 M Light

H 170.2 61.4 44 F Light

I 174.0 67.7 29 M None

J 167.4 95.5 21 F None

K 182.9 65.9 24 M Light

L 175.3 64.1 31 M None

M 179. 1 72.7 33 M None

N 177.8 62«7 38 F None

0 174.0 64.5 45 M Light

P 177.8 71.8 37 M None

Table 4. Subject Data for INJMAX Group.
Subject Height Weight Age Sex Exercise

code Cm) {Kg) [Years)

A 179.1 95.5 61 M Moderate
B 176.5 6842 50 ] Light

C 180.3 75.0 63 M Light

D 182.9 72«7 23 M Moderate
E 185.4 75.0 37 M Moderate
F 167. 4 84,1 39 M Moderate
G 182.9 103.6 54 M Moderate
H 179. 1 75.5 33 M Light

I 165. 1 61.4 28 M Moderate
J 174.0 64.6 27 M Moderate
K 163.9 59.1 36 F Light

L 177.8 77.3 34 F Light

yf 195.6 117.7 24 M Heavy

N 161. 3 60.0 52 F None

0] 158. 8 705 45 v None

P 182« 9 72.8 24 M Light
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Lifting Position

The third factor selected for the study was Lifting
Position. The two lifting positions used were variations of
the Leg Lifting Position (SQUAT} and the Torso Lifting Posi-
tion {STooP) illustrated im Figure 2. These positions have
been usel by Chaffin et al. {(1976) and Daniel ¢1978) and
have bean recommended by NIOSH for strength testing. The
use of these testing positions provides a common basis to
compare the results of this study with those of similar
strength studies conducted by other investigators.

In a simple sagittal plane model for 1lifting, the
body 1is considered as a system of eight rigid links which
are articulated at the ankles, knees, hips, lumbosacral disc
(L5/S1), shoulders, elbtows and hands ’Chaffin and Baker,
1970) .

Por consistency, the knee angle in the 1leg 1lifting
position and the trunk angle in the torso lifting position
were controlled for all subjects in all the trials. The
knee angle in the leg 1lifting position was defined as tke
included angle between the lower leg and the upper ley meas-
ured at the knee joint center. The knee joint center was
taken as the midpoint of a line between the centers of the
posterior convexities of the femoral condyles {Chaffin and
Raker, 1970).

The trun)k angle in the torso lifting position was de-
fined as the 1included anjyle between the hypothetical link

from the center of the hip joint to the center of the
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shoulder joint, and the upper leyg reasured at the hip joint.
In this position, the legs are extended andi for the first 27
degrees of trunk flexion, the pelvis usually does not ro-
tate. For each additiomal degree of trunk rotation, the
pelvis contributes about two-thirds of a degree !Garg and
Herrin, 1979). The position wused in this study involves
partial pelvis rotation.

The knee angle (900) and the trunk angle (1100 ) are
illustrated in Figure 3. These angles were measured and
checked using a special protractor with two long arms.

The two positions used in this study are described
below. In both positions, the subject stood on a wooden
platforr and exerted force on a handle attached to the plat-
form with an adjustable chain. There was no actual vertical

movement of the chain.

Leg Lifting Position ’SQUAT). For the SQUAT position, the

handle was located above the platform at such a height as to
obtain

{1} a 90 degree angle at the knee

r2) the back as uprighkt as possible

(3) the arms extended at the elbow.

The subject sguatted and straddled the handle as dep-
icted in Figure 2 on page 58. The subject positioned
his/her feet against the lateral edjes of the platforz 1in
such a manner as to be able to maintain the arms verticala.

The subject pulled upward on the handle by attempting to ex-
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90°

Leg Lifting (SQUAT) Position

Torso Lifting (STOOP) Position

Figure 3. Link Diagrams for Lifting Positions.
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tend the leys from the flexed position, while maintaining

the 90 dejree angle at the knees.

Torso Lifting Position (STOOP). For the STOOP position, the

kandle was located 11 inchkes in front of the ankles at such
a height as to obtain a 110 deygree trunk angle. The subject
bent the back to reach the handle keeping the legs straight
at the knee joint. The subject pulled upward orn the handle
by attempting to straighten the back while maintaining the
110 degrze trunk angle. Again it must be noted that there
was no actual vertical movement of the handle.

In the torso lifting position used by Chaffin et al.
197€), the handle was located 15 inches above the floor and
15 inclies in front of the ankle of the 1leading foot. For
the position wused in this study, the handle was located 11
inches in front of the ankles because of the difficulty in

maximal exertion for injured subjects using Chaffin's posi-

tion.
Trial
Ten trials were conducted for each subject in each
position. Trhe trials were not randomized. Each subject

performel ten trials in a randomly selected position fol-
lowed by ten trials in the other position. This minimized
adjustment of the handle heights, thus reducing error due to

variation in the subject postural configuration.
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Deperndent Variables

The primary dependent variable in this study was the
strength output over time. Figure 4 shows a sample record
of the force output obtained in a sinjle trial. The record
documents the period of strength build-up and maintenance of
the rejquested effort level according to the Caldwell regi-
men. Fach measurement ftrial) lasted for a duration of five
seconds.

The following dependent variables were derived fron
the primary dependent variable:

1) strength-score !SCORE)
*2) rate of strength huild-up (SLOPE)
{3) range [RANGF)

(4) standardized range (RATIO).

Strength Score

The strength score for each trial was computed fron
the midlle three seconds of the strength exertion record.
The first and fifth seconds were ignored for this computa-
tion.

As seen in Figure 4, the smallest division markings
on the recording paper were one millimeter {1 mm). The
speed of the recording paper was 25 mm/second. Thus, it was
possible to read 25 strength values in a one second period.
Tke recording for each trial was examined manually to read

the strength values at a resolution of 25 points per second.
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Figure 4. Strength Exertion Record.
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A FORTRAN program was developed to compute the strength
score from this raw data using a modification of the pro-
cedure of Owimngs et al. f1975) as described below.
(') The strength output was sampled at a rate of 25 points
per second instead of 20 points per second. This was done
to take advantage of the resolution of the chart paper.
(2) A value of n=5 instead of n=20 was chosen as the number
of points in the interval for averaginga

The value of n=5 enabled adaptation of the modified
procedure to computation of slopes as explained later. The
strenyth score determined with the procedure was the maximum
moving point average over one-fifth of a second based on the

middle tkree seconds of the strength exertion record.

Slope

The rate of strength build-up or slope was defined as

change in force

change in time

The modified Owings et al. procedure used to compute
strength score was extended +to compute rate of strength
build-up. The slope value for each trial was computed from
the strength build-up phase of the record {0-2 seconds max-
imum). From examination of the data it was observed that the
shortest time interval in which significant changes in the
slope occurred was approximately one-fifth of a second.

Thus n = 5 (five intervals of one-fifth of a second) was
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chosen as the number of points for the for the <calculation
of slopes.

The method of linear rejression was used to obtain a
least sguare estimate of the parameters {slope and the in~
tercept) of the line passing through the set of these five
points. This was continued for successive sets of five
points as required by the modified JOwings et al. procedure.
The scoring procedure required selection of the maximum of

these slope values computed for the strengtk build-up phase.

Range
Eange was computed as the difference between the max~-
inpum and minimum strength values recorded during the middle

three seconds of the strength exertion record.

Standardized Range
An additional dependent variable was constructed by
dividing "Range" by "Strengtk score" for each trial. This
derived measure was referred to as "Standardized Range" (RA-

TIO) .

Several other measures were derived from the depen-
dent variables of strength score, slope, range and standard-
ized range. The values of these measures consisted of the
meanr, standard deviation and coefficient of variation across
trials for each of the four dependent variables £or each
subject in each position. These are summarized in Table 5.

Thus, the measures SCOREMN, SCORESD and SCORECV were
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derived from the strength score values for ten trials, for a
gJiven subject in a given position. Similarly, SLOPEMN, SLO-
PEZSD and SLOPECV were derived from the slope values for ten
trials, for each subject in each position. Measures RANGEMN,
RANGESD and RANGECV were derived from the Range values for
ten trials and PATIOMN, RATIOSD and RATIOCV were derived

from the Standardized Ranje values for ten trials.

Table 5. Derived Measures.

Original Dependent Derived Definition
Variable Measure
SCOREMN Mean for ten trials
STRENGTH SCORE SCORESD S.D. for tem trials
SCORECV 'SCORESD/SCOREMN)
SLOPEMN Mean for ten trials
SLOPE SLOPESD S.D. for temn trials
SLOPECY 'SLOPESD/SLOPEMNN)
RANGEMN Mean for ten trials
RANGE RANGESD S.D. for temn trials
RANGECY {RANGESD/RANGENMN)
RATIOMN Mean for ten trials
STANDAEDIZED RANGE RATIOSD S.D. for ten trials
(Range/Score) RATIOCV {RATIOSD/RATIOMN)
S.D. = Standard Deviation

An additional derived measure was SCORECVLN. This
represents the coefficient of variation for the data follow-
ing a log-normal transformation, the basis of which 1is
described below.

Chaffin et al. (1976) sujggested that the usual ‘'nor-
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mal approximation" may be inadejuate for predicting the
tails 75 percent and 95 percent) of the 1lifting strength
distributions shown in Figure 2 (Page 58). The argument was
that since strength is bounded by zero {a negative strength
score cannot exist) and the variance tends to increase with
the mean, it would be reasonable to speculate that a lognor-
mal distribution would more adequately represent the under-
lying distribution. They found that for most cases, the er-
ror 1in predicting a particular percentile strength was less
than 4% using the lognormal distribution assumption with er-
rors most evident in the central portion of the distribution
rather than in the tails. It was concluded that these
strength distributions were better approximated by the log-
normal distribution.

If the means and variances are computed from the ob-
served data for each subject in each lifting position, then
the means and variances for the corresponding data assuming
a lognormal distributioa can be computed by using the fol-
lowing lognormal transformatiomn eguations :

2 -2 x 1oy )

oztlognormal) = 1n!1 + expln ¢
and

M{lognormal) = 1ln U —cﬁ (lognormal) /2
vhere p and o2 can be estimated from X and s? of the ob-
served 3data from the experiment. CV(lognormal), which is
coefficient of variation of the data followinjy 1lognormal

transformation, can be conmputed from the values of

p’lognorzal) and o Jlognormal), using,
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SCORECVLN = SD'LN) /X 'LH) x 120

vhere LN is used to represent lognormal.

Choice of Criterion Measure.
The rationale for the selection of any criterion
measure should be based upon the hypothesis beinyg tested.
Three hypotheses were tested in this study. Expressed in

null hypothesis terms, they are as follows:

Hypothesis 1: The rate of strength build-up does not differ

between the three groups.

Hypothesis 2: The within-trial variation in 1lifting strength

does not differ between the three dgroups.

dypothesis 3: The between-trial variability 1in repeated
lifting strength exertions does not differ between the three
groupsa.

The rate of strength build-up !SLOPE) wvwas used as the
criterion measure to test the first hypothesis using a nest-
ed factorial analysis of variance design. Correlation coef-
ficients between the rate of strength build-up and the
strength score were also calculated for the three groups of
subjects.

RANGE was used as one criterion measure to test the
second hypothesis.

The standardized range (REATIO) was also used as an
additional criterion measure to test the second hLypothesis.

The coefficient of variation [CV) is a measure of re-
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lative variation and is defined as the ratio of the standard
deviation to the mean, expressed as a percentagc. It is
thus independent of the scale of measurement. To compare
the variability associated with different measures, it is
desirable to use measures of relative variation such as CV
rather than measures of absolute variation. Also, since CV
is a measure of relative variation, it does not increase as
the mean strength increases from one lifting position to the
other.

The measure SCORECV, the coefficient of variation for
the strenjth scores was computed from the ten trials for
each subject in each position, and was used as a criterion
measure to test the third hypothesis.

Daniel {1978) used CVYLN as a criterion measure and
found that the variability in the lifting strengths exerted
by maximal and sub-maximal groups was statistically distin-
guishable. Hence, analysis of variance using SCORECVLN as a
criterion measure was also performed to test the thkird hy-

pothesis.

Equipment
It was initially planned to record all data in analog
form on magnetic tape using an FM recorder. This data was
to be later processed using an amnalog-to-digital converter
ard DECLAB mini-computer system to> obtain dijitized values
for the computation of rate of stremyth build-up, strength

score and range.
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However, due to malfunctioningy of ¢the PH recorder,
the systa2m was replaced with a strip chart recorder.

The strength measurement system actually used in the
study consisted of the following components:
(1) Lifting Handles and Wooden Platfornm
{2) Strain Gage Model SM-250 Load Cell (Interface Inc.)
3) VISHAY/ELLYS-20 Digital Strain Saye Indicator

'4) Brush Chart Recorder Model 220 !Gould Inc.)

Lifting Handles and Wooden Platform

The strength exerted by any muscle is dependent wupon
several factors including muscle length, the position of the
various joints, the involvemert of other muscles and overall
body posture. Special handles (Figure 5) made of aluminum
and suitable for standard arm, torso and leg 1lifting
strength measurements were used in this study. These en-
abled the experimenter to exercise precise control over the
position of the subject's hands. For the torso lifting po-
sition [STOOP), the longer handle weighing 4.875 pounds was
used. For the leg lifting'position fS2UAT), the shorter
handle weighing 3 pounds was used.

The wooden platform used in the stuly was constructed
from solid two-by-four bars. The overall dimensions meas-
ured 30 x 30 x 5 inches. An eyebolt with two washers and a
wingnut was attached to the platform for connecting chain

and handles Juring the experiment.
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<S>

Pictorial View of Short Handle

Pictorial View of Long Hanndle

Figure 5. Lifting Handles
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Strain Gage Model SM-250
The strain gage used in the study was a Model SM-250
Load Cell manufactured by Interface, Inc. The gage wWas
electrically connected to the digital strain gage indicator.
For each 1lifting position, the appropriate handle was con-
nected by a chain to the strain gage transducer wkich was

attached to the wooden platform.

VISHAY/ELLIS Digital Strain Gage Indicator Model 20
This unit provided a highly precise value of the
force exerted on the strain gage by the subject at any in-
stant in time. The force value was presented in the display
window and was recoried on the strip-chart recorder external
to the unit. The output of the strairn gage was used as an

input to the digital strain gage indicator.

Brush Chart Recorder Model 220
The recorder has eight available chart speeds and was
set at 5 mm/second. The output of the digital strain gage
ipdicator was directed to the Model 220 Brush chart record-
er.
Figure 6 shows the view of the recording apparatus,
that is the strain gage, the digital strain indicator and

the chart recorder used in the study.

Experimental Routine

Dower was applied to the apparatus for one-half amour



View of Recording Equipment.

Figure 6.
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prior to the arrival of the first subject to stabilize the
equipment and minimize the possibility of drift. Upon ar-
rival, each subject was first asked to read and sign the
consent forn. Before testiug, the subjects were briefed
about the experimental procedure and vwere supplied with
written instructions (Appendices A1, A2, A3).

It was ensured that the subject wunderstood that
he/she would be allowed to terminate the experiment at any
tire if became uncomfortable or fatigued or in pain as a
result of the experiment. The injured subjects exerting
safe maximal effort duriny the trial were asked to exert ef-
fort only to the point where they began feeling additional
or increased pain. This was <considered a threshold for
exertion and subhjects were instructed not to exceed it under
any circumstances. This is explained in the iustructionms
for the injured subjects /Appendix A3).

Chapanis (1969) points out that the most important
way of controlling subject attitudes and expectancies in an
experiment is throongh good instructions. He states that in
order to have data with good consistency, it is important
that the experimenter provide good instructions.

For this experiment, three sets of instructions were
used, one for the healthy maximal group, one for the healthy
sub-maximal group and one for the injured maximal group.
The subjects were questioned prior to the data collection to
makxe sure that the instructions were clear to then. The

subjects were allowed to practice ir order to become fami-
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liar with the equipment and the experimental procedure.

Next, the anthropometric measurements and a nmedical
history were vrecorded wusingy the form in Appendix B. The
medical histories of the healthy subjects were used to en-
sure that none of the subjects in the healthy category had
vpreviously suffered from back injuries or other abnormali-
ties which could result in any risk during the experimental
sessions. Any subject considered for the healthy groups who
had a previous history of low back injury or other reported
medical abnormality was excluded from participation in the
studye.

The medical kistories of the injured subjects were
recorded in order to ascertain that none of them suffered
from medical abnormalities othker than back 1injury. Those
subjects reporting other medical abnormalities were also ex-
cluded from participation in the study. Again, for the in-
jured group of subjects, orly patients diagnosed by an
orthopedic surgeon as suffering froa low back pain were con-

sidered.

Experimental Trials

The standard Caldwell regimen was followed for
strength exertion in each trial for all subjects. Thus, the
subjects were asked to increase muscle tension to the re-
quested level without a Jjerk and maintain this level of
exertion for a five second period as indicated by audio sig-

n3lSe Fach trial was preceded by a countdown so that the
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subject could get ready for the exertion. The followiny au-
dio signals were recorded on a cassette tape and played for
each trial so that the subject could bejgin and end the
strength exertion according to the cues. *... "Three...
TWOaeee ONCue GOewee <eeeStop". No attempt was made to con-
trol the period of strenqgth build-up. In addition, the sub-
jects were not given any feedback about the rate of strength
build-up or the level of strength exerted in any trial.

Ten trials were conducted in each position for each
subject. The height of the handle in each position was ad-
justed so that all subjects maintained a 110 degree angle at
the waist in the torso lifting position ({STOOP), and a 90
degree angle at ¢the knee 1in the 1leg 1lifting position
!{SQUAT) . A large protractor was used to check these angles
during each trial. After each trial, the subject was given
2 minutes of rest before the next trial. After ten trials,
the subject was given a temn minute break for recovery and
relaxation.

An effort was made to minimize the effects of all ex-
traneous variables on the force exertion. Measurements were
made in an air-conditioned room at 72 degrees F. All trials
were perforned in private to avoid any motivational influ-
ences due to witnesses. Adequate and constant lighting was
used, acd noise and external distractions were kept to a

minimuma.
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Experimental Desiqn

Table 6 summarizes the sources of variation (factors), and

the factor levels used in the desiqgn.

Table 6. Outline of Experimental Design.

- - - — - - — D e f—— M - ———— ——— — ——  ———— —————

FACTOR LABEL LEVELS EFFECT
Group G 3 Fixed
Subject (Group) S (G) 16 Randon
Position P 2 Pixed
Trial T 10 Fixed

T ——— - —— — A —— - ———————— —— —— — Y — > ——  —— - ——— . A B P . - —— ——

Y = u+ G + S + P + T + GP + SP + GT
ijkl i J 1) k 1 ik jk i) il
+ e
{1jk1)
where:
Y = dependent variable observed for the
ijkl

ith group, jth subject in the ith group,

kth position and the 1lth trial

u = mean effect for entire experiment
G = effect due to group; i=1,2,3
i
S = effect due to subjects; J=1,ee.,16

i
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P = effect due to position; k=1,2
k
T = effect Jue to trials; 1l=1,...,10
1
SP = group x position interaction
ik
SP = subject x position interaction
jiirk
5T = group x trial interaction
il
e = random error
{ijk1)

The Expected Mean Squares 'EMS) table was constructed
to deternine the testability of the factors and the reduced
data was analyzed wusing the Statistical 2Analysis Systen
{SA3) package on the University of Dklahoma IBM 3081 comput-
er. There vere no replications in the experiment, with the
result that the verror term was confounded with the higher
order interactions. However, exact F tests were obtainable
to test the effects of different factors as follows. )
The expected mean square of Subject(group) was used as the
denominator to test the factor Group (G). (2) The expected
mean square of the Subject(group) x Position interaction was
used to test the factors of Lifting Position (P) and the
Group x Position interaction.

The model used for evaluating the dependent variables
SCORECY and SCORECVLN was:

Y = u + G + S + D + GP + SP + e
ijk i jti) k ik 3k 7i) ri k)

with the terms as defined previously.
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In conducting the analysis of variunce on SCORECV and
SCORFCVLN, exact P tests for Subjects ({S) and the Subject x
Position interaction could not exact F tests for subjects
(S) and the PxS interaction could not be computed as there
were no terms available which could be used as error terams

to test these two effects.



CHAPTER IV

RESULTS

The experimental results and their interpretatioas
are presented in this chapter. Discussion of each of the
dependent variables includes {1) description of the data ({2)
analysis of variance YANOVA) for the dependent variable, and
{3) results of a Duncan multiple range test for fixed fac-
tors. Firally, discriminant analysis is performed for clas-
sification of individuals into one of the three groups.

The dependent variables are covered in the £following
segquence.

1) Strength score {SCORE)

(2) Rate of strength build-up (SLOPE)

{3) Range (RANGE)

(4) Standardized range {range/strength score; RATIO)

(5) Coefficient of variation for strength scores

{SCORECV)
'6) Coefficient of variation for the lognormal
transformed data ({(SCORECVLN)
A summary of the important results is provided at the end of

the chapter.

-30-
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Overall Description of the Data

The actual recording of the strenjyth exertion during
a trial consisted of the force exerted over time. From the
original chart recording, values were derived for strength
score, slope, range and standardized range as defined previ-
ously. These values averaqged across trials are presented in

Appendix C for each subject and position.

Table 7. Strength Measures by 5Group.

Measure HLTHMAX HLTHSUB INIMAX
Strenjth Score (1lbs) 160 62 159
Slope (lbs/sec) 490 160 410
Range !lbs) 24 10 37
Standardized Range .15 - 16 23
Coef. Var. [score) 2.6 4.8 4.5
Coef. Var. (loyg-norm) 51 117 94

- —— ——— - ——— - S ——————— T — " W = —————— " —— - _— - —

Table 7 shows the mean values of the different
strength measures obtained from the data for the three
groups.

Figure 7 shows a simplified representation of this
strength exertion using the maximum rate of strength build-
up Yslope) and the subject's strength score. The slopes and
the strenyth scores were agyrejated across all trials and

positions for all subjects. Both the healthy maximal and
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Strength Exertion Record - Simplified.
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the injured maximal groups exhitited steeper slopes than

thcse cf the healthy submaximal group.

Strength Score

Figure 8 shows the overall streagth sccres plotted by
grour apd ccllapsed across all trials, suljects and posi-
tions. Figure 9 shows the strength scores plctted by groap
and position for all subjects and trials. As expected, the
strength scores for the SQUAT pcsition were slightly higher
fcr all grours than the strength scores for the STOOP posi-
tion.

Chatfin (1976) reported a ratio of mean strength
scores for the standardized "Squat" and "Stocr" positions of
.73 for the data collected in his study. Hcowever, in the
current <study, the ratio of the mean strength scores was
fcurd to ke 1.22. This can te exrlained as followvs.

Ecth studies used the same "Sguat" position for maxi-
ral strength exertica. However, in the "Stoop" position,
Chaffin maintained a moment arm distance of 15 inches com-
pared to 11 ipches maintained in the present study to al-
leviate difficulty in trunk flexion for the injured sub-
jects. Thus, for a specific limiting torque at the lumbosa-
cral joint, a subject for the pcsition configuration used in
this study could exert 15/11 or 1.36 times as much force
than for the configuration vsed in Chaffin's study.

Assuming that the effect of the weight of the upper

kcdy can ke neglected for this calculation, the expected
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ratio of the mean strength scores for the twc positions in
this study shculd have been F{sq)/F{st)=1.73,1.36=1.27

This compares favoraktly with the ratio of 1.22 okt-
served 1in this study. It sust be pointed out that many of
the details of the configquraticr used by Chaffin, such as
angles Letween varicus body segments, are nct known. Also
as mentioned in Chapter 1II1I, Chaffin fixed the distance of
the bhandle from the floor ccmpared with controlling the
trunk angle by varying the distamce of the handle from the
rlatfcrro. This may also account for some of the variation
in the results of the two studies.

As seen from Figure ¢, tke overall =strength scores
fcr the healthy maxizal grcup anmd the injured maximai group
WerLe very close in both positicons {150 to 170 1lbs). One
would expect a poorer performance (lower strength exertion)
from the injured group due to the pain. This contradiction
may te explained as fcllows.

The subjects in the injured maxigal group were
selected from the T[fpopulaticm of chronic law back pain pa-
tients at a low back clinic in Cklahkoma City. All had been
suffering froam low back pain over a period rangimg from five
mcnths to twelve years, including recurrences. They were
underqoing different treatments for pain.

It is suspected that wost of the subjects had learned
tc 1live with a certain 1level of pain and have continued
their activities excerpt during periods of increased paine.

As seen from the subject data, the average heigbt and weight
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fcr the injured maximal (INJMAX) group were tigher than the
averages for the healthy maximal (HLTHMAX) group. Also, the
INJMAX subjects, when questicned about their exercise ha-
bits, indicated higher levels cf exercise and activity conm~-
par€d to the HLTHMAX group subjects. This can be confirmed
frca the sukject data. Therefore, it is reasonable to be-
lieve that the INJMAX subjects could produce an effort com-
raraktle to the effort produced Ly HLTHMAX suljects.

It nay have been more agprropriate for the groups to
have been matched. However, it was not possible to match
the groups based omn conditicning and physical characteris-
tics of the subjects due tc lirited availability of the in-
jured suktjects and the difficulty in obtaianingy a large
nunter cf volunteers for this study.

Figqure 10 shows the overall strength scores for the
ten trials, averaged across all groups, sukjects aad posi-
tions. It may be concluded from reviewing Figure 10 that
there were no significant effects of fatique or learning
frco trial to trial. Figure 11 chows the overall strength
sccres for the ten trials for each position-group combina-
tior for all subjects.

Takle 8 summarizes the results of an analysis of
variance using strength =score as the criterion measure.
Groug, sulject, and pcsition were all found tc¢ be signifi-
capt at the 1% algha level. 1The subject Ly position in-
teracticn was also significant. The effect of this interac-

tion may ke noticed inm the higher values of streangth scores
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ftor a few sub jects,
SQUAT position.

intersubject

compared
The interac-

variability in

fcr Strength Score.

Sum of
Sqguares
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Taple 8.
Source de fa.
Grcur 2
Sutkject (Group) 45
Fositicr 1
Grcup*Fosition 2

Sukject {G) *Position 45
Trial 9
Errcr €55
Total 959

#xSignificant at 1 percent alpha

A Luncan multirle ramge test revealed that the

strengtt
nificantly bhigher thar

HLTIHSUB grouge.

2003022.40

1658054.60

76004.22

16623.89

215€826. 15

7096.10

17€622.35

4200959.84

mean

strength

1001511.20 27.18%%

36845.66 177.70%%*
76004422 15.84%%
8311.94 1.73
479% .14 23.13%%
788.45 3.80
208.92
level

mean

scores for the HLTHMAX and INJMAX groups were skg-

score for the

The mean strength score for the SQUAT posi-
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tion was significantly higher ttan the mean <strength score
fcr the STOOP position.
Rate of Strengtlk Fuild-up (SLOPE)
Figure 12 illustrates the differences im the slope

values fcr the three groups and the two positions, for all

subjects and trials. The healthy maximal group exhibited

the highest values for slope (450 to 535 1lis/sec) and tke

healthy submaximal grcup the lcwest (140 to 1E5 lbs/sec).

Table 9. ANOVA Takle for SLOPE.

scuzce  d-f.  suz of  Mean  F-Ratio

S | swere
Grcug 2 29885.07 14942.54 18.27%*
Sukject (Grourp) 45 368C1.01 817.80 10.30%*%
Fositicn 1 126€.73 126€.73 7.36%%
GrCcup*Ecsiticn 2 148.69 T4.34 043
Sukject (G) *Pcsition 45 7742.22 172.05 2.17
Irial 9 €17.93 90.88 .14
Frrcr 855 €78€S.54 79.38
Tatal 359 144531.19

**Significant at 1 percent alpha level
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The injured maximal group, even though 1lower, exhibited
slopes (380 to 435 1bs/sec) comparable to those of the
bealthy maximal group. Figure 13 shows a plct of overall
clore values for the ten trials by group, for all subjects
apd pcsitions.

Takle 9 summarizes the results of amn analysis of
variance using rate cf stremngtlt build-up (SLOPE) as the cri-
tericn measure€. The three main effects vere found to be
cigpificant. However, no interactions were significant.

A Duncan multiple range test revealed that the
"healthy submaximal" grour was significantly 1lower [al-
rha=0.0%) than the other grougs with respect to the slopes.
Slore for the stoof position was sigpificantly lower than

the slope for the squat positicn.

Range

Fiqure 14 shows the cverall range values observed for
each group for all subjects, positions and trials. The in-
jured maximal group exhilktited tlte highest value (37 lbs) for
this dependent variable and the healthy submaximal group the
lcwest (10 1bs). There was a considerakle difference
Letweer the range exhibited Ly the three groups. This is
especially evident in Fiqure 15, which illustrates variation
ir this dependent variable with trials for the three groups.

Takle 10 summarizes the results of an analysis of
variance using RANGE as the derendent variable. The effects

cf Grcur and Subject were foumnd to be significant at the 1%



Oomyy MU Lnmr mooarwm

_94_

500+
1
400~
300
]
]
200+
ﬂ o——/\ et

] — ﬁ'/V‘
180
J

0_ 1 i AR} | DR TR AAASARY T 4 I T

1 2 3 Y 5 3] 7 8 ] 10

TRIAL =
LEGEND: GROUP Stempimedt HM o=t HS e | M

HLTHMAX HLTHSUB INJIMAX

Figure 13. Slope vs. Trial by Group



o atols?

...ufwt...\c,unl\ XX AP S LN .»\fﬂvrl

R R SRR Ko <

B R D o S

K30 S E N S POX K>

AN X.._/.//A/ ) X X KK

OO SO SN SMK«

VO N Wh W ‘e W ' "tV " ) 4 PO N S

1—‘- Jlﬁﬁ«;.}—l-l—l,_ LAt S S S N S B | —J TT T ~ LINL At 2 A B It ¥ 4:—:]»411_11414 _l—.jI—l_l]jlﬂi_v4J|j|4|~|ﬂjl—..jJ_lJJlﬂdl_l
(W] in (W] wn (o] LM (s u (en]

I (L8] m [gV] (QV] it —t

(sg1) IONVA

IM
INJMAX

HS
HLTHSUB

HM
HLTHMAX

Group

Range vs.

Figure 14.



RANGE LBS

-906-

yo-
39—
20—
10— —W
o
. T T . T [T [ e e e
0 1 2 3 [} 5 6 7 8 8
TRIAL #
LEGEND: GROUP e—=de=d¢ HM o—o—0 HS At M

Figure 15.

HLTHMAX HLTHSUB INJIMAX

Range vs. Trial by Group.



alpha level, and the e€ffect cf Fosition was found to be sig-

-97-

nificant at the 5% alpha level.

A Duncan multiple range test indicated that the means

fcr all three grougs
resgrect to RANGE.
ferent from the

higher EANGE.

Table 10.

source  d.f.  sun of
___________________ . SgEares
Grcurg 2 115€71.85
Sukject {Groufg) 45 184727.20
Ecsiticn 1 2%£7.53
Group*Positicn 2 1535.00
Sulkject (G) *Position 45 26447.32
Trial 9 1805.19
Errcr 855 100u485.41
Total 959  433529.50

** Sigpnificant at

* Sigpificant at

ANOVA Takle for RANGE.

were different from each other with
The SQUAT position was significantly dif-
STOOP position (alpha=0.05) and exhibited

Trials were rpot significantly different.

Mean F-Ratio
__Sauare i
57785.92 14.08%%*
4105.05 34.93%%
2957.53 5.03%
767.50 1.31
587.72 5.00
200.58 1.71
117.52

1 percent alpha level

S rercent alpha level
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Standardized Range (RATIO)

As wentioned ip Chapter III, the dependent variable
“"Standardized Range" was defined as the ratio of the "range"
to tbhe "strength score" for a given trial. Figure 16 shows
the overall values of this measure for each of the three
grours ccllapsed across all sutkijects, positicas and trials.
It ipdicates that the value of "standardized ramnge" was con-
sideratly larger for the injured maxiwal grour (.234) com-
pared to the two healthy groups [.149 and .164). This is
alsc evident in Figure 17 which illustrates the variation in
“standardized range" with resgect to trials for the three
qrours. ‘Thus, this measure may qualify as a criterion to
distirquish between healthy and injured grourgs.

1he results of the analysis of variance using "Stand-
ardized Range" as the dependent variable are summarized in
Takle 11. The main effects found to be significantly dif-
ferent at an alpha level=0.01 were Group amd Subject. The
position effect was not significant. The sukject by posi-
tior interaction was significant at an alpha level of 0.05.
A Duncan multiple range test revealed that the mean for the
injured wmaxizal group was significantly different from the
means for the two healthy grougs with respect to this vari-
aktle. However, there was no difference indicated between
the means for the healthy maxipal and the healthy submaximal

QLOUES.
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Takle 11. ANOVA Table for Standardized Bange {RATIO).

Source d. fa Sux of Mean F-Ratio
_____________________ ngffes Square o
Grcug 2 1.3311 0.6655 7.27%x
Sukject (Group) 45 4.1189 0.09 1% 19.82%%
Positicn 1 0.C166 0.01€€ 1.01
GLCcur*Ecsition 2 0.C596 0.0298 1.80
Sukject {G) *Pcsition 45 0.7442 0.0165 3.58%
Trial 9 0.C526 0.0058 1.26
Errcr €55 3.¢461 0.0046

1ctal  ss9  io.272¢

** Significant at 1 percent alpha level

* Significant at 5 percent algha level

SCCRECY
Figqure 18 shows the plot cf overall values of the
dependent variable SCORECV. 1The healthy maximal (HLTHMAX)
grcup exhibited the smallest value of this measure (2.55).
The healthy submaximal {4.8) and the injured maximal {4.55)
grougs exhibited values very clcse to each other thaough
quite dJifferent fror the healthy maximal group for this

dependent variable.
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Hovever, the differences were not statistically sig-

nificant as seen frcme the results of the analysis of vari-

ance cshcwn in Table 12.

Takle 12. ANOVA Takle for SCORECV.
Source d. f. Sur of Mean
Squares Square
Grcuf 2 0.009558 0.00u8g
Sukject (Groug) 45 3.7€5225 0.0837
Fositicn 1 0.065104 0.0651
Grcup*Ecsiticn 2 0. 178533 0.0892
Error 45 3.740562 0.0831
Total 95 7.758983
SCOQRECVLN
Figure 19 illustrates the dependent

SCORECVIN for the three groups.

gal ¢117) and the

injured paximal

{94) grcocups

- -

F-Ratio

variable

Again, the bealthy submaxi-

indicated

tigher values of this variatle compared to the healthy maxi-

tal group {51).

The results cf

the analysi

s of wvariance using

SCOBECVIN as a dependent variakle are shown in Table 13.
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Groug was found to be a significant factor at the 1% level
of significance. None of the cther main factors or interac-

tions were significant.

Takle 13. ANOVA Talkle for SCORECVIN.

- — — - s — —  — ————— —— — —_— — — — ——— - - — - ———

Source de fa Sus of Mean FP-Ratio
Squares Square

GIour 2 68.6514 34,3257 12.95%x%

Sukject {Group) 45 119.23082 2.6513

Eositicnh 1 €.9483 0.9483 0.86

Grcup*Ecsiticn 2 1.1309 0.565¢ 0.51

Errcr 45 49.5411 1.1009

Total 95 23¢.5800

** Significant at 1 rercent alpha level

A Cuncan multigle range test indicated that the mean
for the healthy maximal grouf was significantly lower than
the means for the other groups. The healthy submaximal and
the injured maximal groups were not found to ke significant-
ly different from each other with respect to this variable.

There was no significant difference between the twc
pcsitions with respect to SCORECVLN.

The results are in disagreement with the results ob-
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tained Lty Daniel (1978). A LCuncan test using CVLN as the
dependent variable c¢n Dapniel®s data showed significant
difference between means fcr the HLTHSUB and HLTHMAX groups
and tetween means for the HITHSUE and INJMAX groups. It did
not indicate significant difference between HLTHMAX and

INJFERAX grOuUpS.

LCiscrimipant Analysis of the Data

This study will have a practical sigmnificance if the
results can be used tc classify individual suljects into one
cf the three groups based on data from their strength exer-
tions. This would verify if the subjects were delivering a
maximal effort and if they are tealthy or injured. The ap-
Frorriate statistical procedure that could accomplish this
is "Classificatory Discriminant Analysis" described in Ap-
rendix L.

Discriminant analysis wvas performéd on the original
data ty testing different sets cr grougings of the dependent
variaktles in the model. The first set included ail the
thirteen dependent variables (shown in Table 5 in Chapter
I1I along with the variable SCORCVLE) .

The second set of variaktles was determined by apply-
ing stegwise discriminant analysis, using the SAS procedure
STIEPLISC. This reduced the numiter of variables in the vari-
akle set for the discriminart mcdel from thirteea to seven.

The precedure STEPDISC used seven steps to select the
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most relevant of the dependent variables. The summary of
sterwise selection is given in Tatle 14, Thus, the vari-
akles SCCREMN, SCORESD, SIOFENMN, RANGEMN, FATIOMN, RATIOSD
and BRATICCV were used to develop the best discriminant

radel.

Tabkle 14. Opticoum Discrizinant Model Variables.

Steg Variable Nc. of vars. Cannonical

entered removed in model Correlation
1 SCOREMN 1 « 2591
2 SCORESD 2 - 4285
3 SLOPEMN 3 U464y
4 BANGEMN ) -5122
5 RATIOMN 5 -5478
6 RATIOSD 6 - 5480
7 EATIOCYV 7 «5901

Takle 15 shows the results of classification of ob-
servaticns in the original data set using tke discriminant
godel with all thirteen dependent variables. The overall
accuracy of classification achigved Wwas 90.6%.

Two sukjects from the HLTHMAX group were misclassi-
fied, <che into the HLTHSUB category and ome into the INJMAX
categery. The HLTHSUE misclassifications were for a female

subject in both the fpositions.
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dJakle 15. Performance of the Thirteen Variable Model.
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Tarle 1. Examination of Misclassified Sulject Data.
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19.87 11.69 7. 25
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The average values of the dependent variables for the female
sukject in general, vwere clcser to the averages of the
HLTESUE group than to the averages of the HLTHMAX group.
This is illustrated in Takle 1€.

The HLTHMAX grcup subject classified as INJMAX exhi-
kited an average "Standardized Bange" of 0.2427. The aver-
age value of this dependent varialkle in the stoop position
fcr the HLTHMAX grcup was 0.1417 and for the INJIMAX groug
was 0.2430. 1This is likely to ke the reason for misclassif-
icaticn. However, why the subject exhibited such a high
value fcr “"standardized range" is not clear.

Five subjects from the INJMAX category were misclas-
sified, four into the HITHMAX category and one iuto the
BHITHESUB categcry. The way discriminant analysis was set up,
data was analyzed considering each subject separately in the
twec fpcsitions. Thus, a total cf six observations for these
five sukjects were misclassified. It was okserved froa the
data that the INJMAX subjects classified as HITHMAX exhibit-
ed dependert variable values closer to the averages for the
HLTEMAX group. It is suspected that they had made signifi-
cant rrogress towards the healthy status.

Cne INJMAX group female subject was classified as
HLTESUB. This subject exhitited depemndent variable averages
ccmparakle to the HLTHSUB group averages rather thanm to the
INJMAX group averagese.

The results of classification of the ckservations in

the original dataset using the discriminant model with the
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variatles listed in Table 15 (oktained from STEPDISC pro-
cedure) are shown in Table 17. All the observations in the
HLTHMAX group vere classified in the HLTHMAX group. All tkhke
okservations in the HLTHSUB group were classified in the
HLTHSUB group. 75 percent of the INJMAX group observations
were classified into the INJMAX group. 12.5 percent of the
INJMAX group observations were classified intc the HLTHMAX
grour and 1Z.5 percent wvere classified into the HLTHSUB
grcuf. Thus, the overall accuracy of classification was

51.6%.

Table 17. Perforrxance cf the Seven Variakle Model.

Tc Groug
Frco
GrcCurfp HLTHMAX HLTHSUB INJMAX
HLTIHMAX 100% 0% 0%
BHLIHSUE 0% 100% 0%
IBJMAX 12.5% 12.5% 75%

Here, two INJMAX observations were misclassified as
HLIEMAX group observations. Also, two female INJMAX suh-
jects were classified as HITHSUBR sutjects. The probable
reascns for such misclassifications have already been ex-

Flained in the discussion of the thirteen variable discrim-
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inant model.

Thus, the thirteen variable model Ffrovided lower
overall accuracy compared to the seven varialle model. This
cconfirms the statement by Klecka (1974) that "By sequential-
ly selecting the next best discriminator at each step, a re-
duced set of variables can ke found which is almost as good
as ard scmetimes better than the full set."

Several other combinaticns of the dependent variables
were used to develop discriminant models which were used for
data classification ipto groups. None of the other combima-
tions frroduced better <classification of the original data
than that shown in Takle 17.

A data set containing otservaticns on ail male sub-
jects was tested wusing a discriminant model with all the
dependent variables except SCCEHFECVIN. The classification
results are shown in Talkle 18. 1The overall accuracy of
classification achieved for the male data set was 95.8%.
Thus, bhigher accuracies may afpfparently be oktained by using
serarate models for males and ferales.

This discriminant model classified two subjects fror
the INJMAX category into the BLTHMAX categcry. These sub-
jects are the same subjects that were classified by other
mcdels (thirteen- apd seven-variable models) as HLTHMAX

gIOUE sSuLjects.
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Takle 18. Performance of tke Twelve Variable Model

Male Data Seta

Tc Groug
From
Grcug HLTHMAX HLTIHSUB INJNAX
BLTHMAX 100% 0% 0%
HLIBSUE 0% 100% 0%
INJMAX 12.5% 0% 87.5%

Predictibility cf the Model

The results of the study show that it is possible to
achieve a high level of predictability of the discriminant
model by proper selection of the discriminating variables.
An overall accuracy of classificatior of over 90% was ob-
tained using the ortimum =set of dependent variables to
develop the discriminant model.

In applying the model, ap industrial engineer or an
industrial physician sust cchnsider the misclassifications in
light of the type of error he is willing to accept. The
overlapring fportions of the distritutions of the discrim-
ipant scores cf the three 4grougps represent the areas 1in
which errors of misclassificaticn are most likely to occur.

From the insurance company perspective, one would

want tc minimize <classificaticns of true HITHSUB observa-
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tions into the INJMAX categcry. A classification of an in-
dividval claiming INJMAX status, into the HLTHSUB category
should rrovide additional evidence in cases o¢f malingering
cr a fperson faking an injury. As seen earlier, the model
did classify all the BLTHSUE observations correctly.

It is important to realize that the techunique itself
cannct ccnfirep a low tack iprjury. However, it will classify
sutjects into the healthy or injured categories, and evalu-
ate if the maximal effort was delivered. The results of the
technigue ther can be a clue as to whether further tests are
warranted to evaluate a perscn's claim of lcw back injury.
Thus, ipn spite of its shortcomings, the technique does pro-
vide an additional diagnostic test.

Takles 19 and 20 sumrcarize the importamt results of
this study. <Table 19 provides the Pearson ccrrelation coef-

ficients for the experimental variables.

Taktle 19. Table of Correlation Coefficients.

. ——— - ———— —— " — —— — - ——— - - ——— e ———— -

Trial SS Eange Slore SR
Trial 1.000 -0.037 -0.033 0.025 -0.006
ss -0.037 1.000 0-.635 0.655 0.041
Fange -0.033 0.635 1.000 0.330 0.706
Slcge 0.025 0.655 0.330 1.000 -0.043
SEK -0.006 0.041 0.706 -0.043 1.000

SS - Strength score SR - Standardized Range

———— —— " — . — T — ——————— — . —————— . — L  ——— W . A —— T ———— ——— —— —— ——
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The correlaticns between the trials and the other
dependent variables were essentially zerc. However, the
dependent variable strength sccre correlated fairly well
with the dependent variables range and slope. The correla-
tions were of the order of 0.65 which were significant at an
alpha level of 0.01. This reinforced the findings of Kroe-
per and Marras (1980) who alsc reported a high positive
cerrelation (0.775) between strength scores and slopes.

The dependent variables range and standardized range
alsc indicated a high correlaticn of the order of 0.706.

Takle 20 summarizes the factors that had a signifi-

cant effect on each of the dependent variables.

Table 20. Summary of Significant Effectsa

FACTOR
Critericn Group Subjects Trial Position
Measure {Group)
Strexgth score 3%k % *%
Slope % *% %%
Fange *x *% *
Standardized % *% *

Range

*# -pmarginally Significant
*% ~Highly Significant
The factors Group and Sultjects(Group) were found to

ke higkly significant for the dependent variables strength
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score, slope, range, and standardized range. The factor Po-
siticn was highly significant for the dependent variables
strengtt score and slcpe but was marginally significant for
range and standardized range.

None of the factors were found to be significant for
the derendent variakle SCORECV. Only the factor Group was
found to be significant for the dependent variable
SCOFECVLN.

The seven variable discriminant analysis model
correctly classified subkjects with an overall accuracy of
81.6%. The classification accuracy of the twelve variable
mcdel on the all male subjects data set was 95.8%.

T1he following chapter rresents the <ccnclusions and

reccoprecdations for further research.



CHAPTER V

CONCLUSICRNS

The purpose of this research vas to develop and test
a fprocedure for discriminating between healthy individuals
and individuals with low back injury using specific strength
mEasuregents. This was accomfplished Ly measuring the 1lift-
ing strengths of healthy and injured subjects and by identi-
fying frossible discriminating factors of the lifting force
Fatterns using statistical abalysis.

The secondary objective cf the study was to develorp
and test a procedure for distinguishing between maximal and
sukzaxizal efforts, using rate c¢f strength build-up (slope)
and Letween-trial variability in repeated exertious as cri-
terion measures. This was undertaken to resolve the differ-
ing results reported kty Kroemer and Marras (1980) and Daniel
{1978).

The results of the study indicated that the rate of
strengtk tuild-up (onset slcpe) during the strength measure-
ments may provide a reliable distinction between the maximal
and sutsaximal strength exertions. The factor Group was
highly siguificant in the analysis using Slore as a depen-
dent wvariaole. The rate of strength build-up exhibited a

-116-
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high positive correlation with the dependent variable
Strength Score for all groups. This was in agreement with
the results reported by Kroemer and Marras (1980).

Al though strength exertion is highly individual, it
was revealed by the study that in general, submaximal exer-
tions were associated with "flatter" slopes 1in comparison
with the maximal exertions which were characterized by
"steeper" slopes. This also confirms the finding of Kroemer
and Narras (1980).

An observation was that subjects tend to build-up
force over a fixed period of time regardless of the final
sustained level. This explains the higher slopes associated
with the higher strength scores. It also indicates that
slope provides little additional information beyond that
provided by the strength score itself.

The analysis indicated that the healthy submaximal
group [HLTHSUB) was significantly different from the other
groups vwith respect to slope. This resulted in rejection of
the first null hypothesis of the study that there are no
differences among the three groups with respect to this
dependent variable. Howvever, no significant difference was
indicated between the healthy maximal (HLTHMAX) and injured
maximal [INJNAX) groups.

The results indicated that, in general, the subjects
could exert more strength in the position with bent knees
and straight back (SQUAT or Leg Lifting) compared to the po-

sition with straight knees and bent back (STOOP or Torso
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lifting). This is tyfpical cf strength testing and is con-
sistent with the results ctserved by Chaifip et. al {1976)
and alsc Lty Daniel (1578). It wacs also observed that the
strengtlk exerted in any position is highly dependent upon
the ccnfiquration parameters defining the position. This is
in agreement with several researchers in the area of
strength measurement ({Chaffin and Baker, 1970; Garg and Her-
rin, 1978).

The second null hypothesis postulated no significant
difference Letween the three groups with respect to
"retweer-trial variakility" in repeated exertioans. The
analysis conducted using SCORECV as a criterion measure did
not ipdicate auy significant difference betweern the three
grougs and thus Letvween rmaxizal and submaximal exertions.
This confirmed the results cktained by Kroemer and Marras
(19€0).

Ihe analysis based on SCCRECVLN as a criterion meas-
ure indicated a significant difference betveen the healthy
maximal group and the healthy svimaximal groug. It also in-
dicated a significant difference Letween the healthy maximal
and the injured maximal grcups. However, no significant
difference was indicated between the healthy submaximal and
the injured maximal groups. Daniel (1978) fcund a signifi-
cant difference between the healthy submaximal and healthy
maxizal, and also between healthy submaximal and injured
maxical grougs. He did nct regport any significant differ-

ence ketween healthy maximal apd injured @®saximal groups.
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Thus, this study did not confirr Daniel'’s (1978) findings.

The third null hypothesis postulated no significant
difference tetween the three groups with respect to
"within-trial variability". The analysis conducted using
Fange as the criterion wmeasure indicated that the mean
ranges cf the three groups significantly differed from each
cther. Thus, this nuwll hypcthesis was rejected by the
analysis when using Range as the criterion measure.

It was observed that the injured individuals exerted
strength 1levels comparable to the healthy individuals, with
a higher value for rangee. This disagreed with Daniel's
{1978) results. However, Daniel used a small sample of only
fcur injured subjects.

The criterion measure "Standardized Range" showed
great promise for discriminating healthy and injured indivi-
duals. Fy dividing the RANGE Lty the Strength score for each
trial, allowance was made fcr differences in the level of
effcrt ketween the groups. The value of this ratio was con-
sideraktly larger for the INJMAX group {0.23) compared with
the two bealtby groups (0.15 and 0. 16).

The analysis using Standardized Range as the cri-
tericn measure indicated that the mean for the injured maxi-
Eal group was significantly different from the means of the
bealthy maximal and healthy sutmpaximal groups. This was the
only measure which strictly distinguished the inmjured sub-
jects from the healthy subjects regardless of their groug

assignment. It also rminimized differences between the two
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lifting positions. Again, the third null hypothesis vas re-
jected by the amnalysis using Standardized BRange as the
dependent variable.

The submaximal exertions seemed to exhibit the smal-
lest range value, indicating the smallest "within-trial"®
variability to be associated with submaximal effort. Howev-
er, after adjusting for the mean effort level, the "within-
trial variabilty" as measured by the Standardized Range, was
the largest for the injured maximal group compared to the
healthy maximal and healthy submaximal groups.

N> other systematically different patterns in the
data were distinguished.

An additional observation from the results of the
study was that 1f the Caldvell regimen is used for static
strength measurement, a rest period of two minutes between
trials and ten minutes between sessions of ten trials is
adequate to eliminate the effects of fatigue.

It was concluded from the results of the discriminant
analysis that the developed procedure showed promise as an
objective diagnostic technique for assessing low back injury
using strength measurement. Dependent variables such as
strength score, slope, range, standardized range and other
derived variables were used to develop a discriminant func-
tion {model) to ascertain whether a person had sustained a
low back injury.

The model developed was used to classify the present

status of subjects into one of the three groups considered
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in the stedy. Such a classification predicted if the sub-
ject was <considerel healthy or considered to be suffering
from low back injury. It also indicated the category (maxi-
mal or submaximal) that the subject's effort fell in when
maximal effort was requested.

If it is determined that an injured subject wvas
delivering his or her safe maximal effort, the reduction in
MVC compared to the pre-employment level may possibly be
used as an assessment of the extent of disability due to in-
jurye. It is expected that a malingerer who presents submax-
imal effort when requested to produce maximal effort will be
classified by the model into a healthy submaximal category.
The study appeared to be a source of optimism in an attempt
to establish a logical basis for the fair amnd judicious
awvard of <compensation payments to an employee with a low

back injury.
BRecommendations for Further Research

An important recommendation for further research re-
lated +to this study is to confirm the results of this study
using a larger data base and to develop a more reliable
discriminant model.

In any such study, it is recommended that the groups
be matched based on age and the ability to exert strength.
One possibility would be to conduct separate studies on
weak, medium and strong individuals to limit the size of the

experimental design.
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Both male and female subjects should be assigned to
all the groups if possible. 1In this study, fewer female
subjects were used in the injured maximal group due to the
restricted availability of the female subjects at the clin-
ic. A separate analysis for each gender is 1likely to im-
prove the predictive capabilities of the model.

The "within-trial variability" seemed to play an in-
portant role in the analysis. This led to the derivation of
"Standardized Range" which provided a basis for distinguish-
ing healthy and injured subjects. This variability wvas
measured using Range as a criterion due to difficulty in the
data reduction as explained in Chapter III. Standard devia-
tion is a more reliable measure of variabilty. It would
perhaps be better to use standard deviation as a measure of
"within-trial variability" and investigate the results.

Additional research is desirable using range of mo-
tion as a dependent variable and comparing the between-trial
variability in repeated trials with these measurements.
Then, an additional variable could be incorporated in the
Discriminant Model for better discrimination.

Maximum voluntary contraction is affected by the lev-
el of mwmotivation and the instructions to the subjects. It
may be important to study the effects of different instruc-
tions and m@otivational levels on measurements in such a
study. It is suspected that motivational or psychological
factors such as those induced by possible monetary gain play

an important part.
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The results of the present study are not applicable
to acute low back pain patients. Another recommendation for
additional research in this area is to develop a discrim-
inant model and verify present findings using acute low back
pain patients.

Pinally, additional research is recommended to study
the slope and strength exertion patterns of imjured subjects
exerting submaximally and to compare the results with sub-

maximal exertions of healthy individuals.
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APPENDIX A1

INSTRUCTIONS for HEALTHY SUBJECTS (MAXIMAL GROUP)

Ke intend to measure your maximal 1lifting strength in
this experiment 1in two different lifting positioms. These
positions are commonly used in manual material handling.
Particularly, you will be 1lifting a handle provided for the
given position.

In the first 1lifting position, namely the LEG LIFTING
POSITION, you will stand as shown in the diagram on the
walle You will maintain a 90 deqree angle at the knee as
showr in the diagram. In this lifting position you will ex-
ert your paximum force on the handle by trying to raise
yourself into an erect position. The force will be applied
throuygk your leg muscles. Your arms are used for the sole
purpose of holiling the handle. Please do not jerk the han-
dle. To begin each exertion you will Lold the handle and
Jet reaily in the assigned position. You will hear a word
count "Threceee TWOeee ONECaoe GOe... Stop" played f£from a
cassette tape for each trial. When you hear the word "Go",
you should bring your force (exertion) to the maximal level
as soon as possible. You will maintain this attained max-
imun force level as steady as you can until you hear the
word "Stop". The time interval between the words "Go" and
"Stop" is five seconds and this period 1is for your streangth
build up arnd maintaining the attained maximum exertioan. You
may relax after the word *"Stop'. Fach maximum strength
exertion will be followed by a two-minute rest period.
After completing ten such trials, you will be given a rest
period of ten minutes.

In the second lifting position, mnamely the BACK LIFT-
ING "TORSQ LIFTING) POSITION, vou will stand as shown in the
diagram on the wall. You will maintain a 110 degree angle
at the waist as shown in the diagram. In this position you
will exert your maximum force on the handle provided for
this position by trying to raise yourself in an erect posi-
tion. The force will be applied through your back muscles.
Your arms are used for the sole purpose of holding the haa-
dle. Once again, please do not jerk the handle. The force
will be exerted following the word count as in the LEG LIFI-
ING POSITION explained above.

You will exert maximum force, as hard as you caan,
WITAOUT INJURING YDURSELF. You are free to interrupt or
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terminate the experiment at any time. While there 1is no
danger foresecen for the subjects, acute discomfort, pain or
fatigue shall bhe considered as signs indicatiny that the ex-
periment should be interrupted or terminated. While we en-
courasjje you to exert your maximum strength, do not strain
yourself by exerting force beyond your safe judgement so
that there is any danger of injuring yourself.

IMPORTANT:

1. EXERT YOUR MAXINUM FORCE WITHOUT INJURING YOURSELF.

2. INCRFASE YOUR FORCE TO THE MAXIMUM AFTER THE WORD “GO“
AS SOON AS POSSIBLE BUT DO NOT JEEKK THE HANDLE.

3. MAINTAIN THIS MAXIMUM FORCE UNTIL YOU HEAR THE WORD
"sTOoP Y.
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APPENDIX A2

INSTEUCTIONS for HEALTHY SUBJECTS {SUB-MAXIMAL GROUP)

We intend to measure your performance in exerting
half of your maximum lifting strength in two different lift-
ing positions. These positions are commorly used in manual
material handling. Particularly, you will be 1lifting a han-
dle provided for the given lifting positiona

In order to know what half of your maximum streagth
is, ve will find out your maximum strength by the following
procedure. You will hear a word count "Threee.. TWOae.
ON€uee S50e-e Stop" played from a cassette tape. You will
hold the handle in the assigned position and pull the handle
as hard as you can without injuring yourself when you hear
tLke word "Go". You should maintain your wmaximum force as
steady as you can till you hear the word "Stop'" five seconds
later. Exert only that level of maximum force which you can
maintain for this five second period. Do not jerk the han-
dle. Having found your maximum lifting strength, you will
be asked to exert half of that next, during the experiment.
Initially before the testing begins you will be told whether
you are exerting half of the maximum strength or not. Five
such training trials will be given to you so that you knpow
what you are to do in the actual experiment. You will be
provided no feedback during the actual experimental trials.

Tn the first 1lifting position, namely the LEG LIFTING
POSITION you will stand as shown in the diagram on the wall.
You will maintain a 90 degree angle at the knee as shown in

the diagram. In this lifting positiom you will exert half
of your maximum force on the handle by trying to raise your-
self into an erect position. The force will be applied

through your leg muscles. Your arms are used for the sole
purpose of holding the handle. Please do not jerk the hau-
dle. To begin each exertion, you will hold the handle and
get ready in the assigned position. When you hear the word
"Go" in the word count you should bring your force exertion
to half of the @maximal 1level as soor as possible. You
should maintain the attained force level (half of maximum
force) as steady as you can until you hear the word "Stop".
The time interval between the the words "Go" and "Stop" is
five seconds and this period is for your strength build up
and maintenance of the exerted level. You may relax after
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thke word "Stop". Each exertion will be followed by a two-
minute rest period. After completing ten such trials, you
will bhe given a rest period of ten minutes.

Tn the second lifting position namely the BACK LIFT~-
ING (TORSO LIFTING) POSITION, you will stand as shown in the
diagram on the wall. You will maintain a 110 degree angle
at the waist as shown in the diagram. In this position you
will exert half of your maximum force on the handle provided
for this position by trying to raise yourself in an erect
position. The force will be applied through your hack mus-
cles. Your arms are used for the sole purpose of holding
the handle. Do not jerk the handie. The force will be ex-
erted following the word count as in the leg lifting posi-
tion explained earlier.

Remember, you are free to interrupt or terminate the
experiment at any time. While there is no d+~4er foreseen
for the subject, acute discomfort, pain or fatigue shall be
considered as signs indicating that the experiment should be
interrupted or terminated. You will exert half of your nax-
imum strength in each lifting position. You will repeat the
exertions ten times for each liftiny position.

IMPORTANT:

1. EXERT YOUR FORCE WITHOUT INJURING YOURSELF.

2. INCREASE YOUR FORCE TO THE DESIRED LEVEL (HALF OF MAXI-
4Ui4) AS SO0ON AS POSSIBLE BUT DO NOT JERK THE HANDLE,

3. MAINTAIN THIS PORCE UNTIL YOU HEAR THE WORD "STOP".
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APPENDIX A3

INSTRICTIONS for the INJURED SUBJECTS (MAXIMAL GROUP)

W2 intend to measure your safe maximum lifting
strength in this experiment in two different lifting posi-
tions. These positions are commonly used in manual material
handling. Particularly, 3you will be lifting a handle pro-
vided for the given position.

In the first lifting position, namely the LEG LIFTING
POSITION you will stand as shown in the diagram on the wall.
You will maintain a 90 degree angle at the knce as shown in
the diagram. In this lifting position you will exert your
safe maximal force on the handle !such as not to cause any
increased pain) by trying to raise yourself into an erect
position. The force will be applied through your 1leg mus-
cles. Your arms are used for the sole purpose of holding the
handile. Please do not jerk the handle. To begin each exer-
tion you will hold the handle and get ready in the assigned
position. You will hear a word count "Thre€eee TWOama
On€eee Gdea. Stop" played from a cassette tape for each tri-
al. When you Lear the word "Go", you should bring your
force exertion to the safe maximal level as soon as possi-
ble. You will maintain this attained maximum force level as
steady as you can until you hear the word "Stop". You may
relax after the word "Stop". The time interval betweer the
words "Go" and "Stop" is five seconds and this period is for
your strength build up and for maintaining the attained
exertion. Fach maximum strength exertion will be followed
bty a two minute rest period. After completion of ten +tri-
als, you will be provided a rest period of ten minutes.

In the second lifting position namely the BACK LIFT-
ING (TORSO LIFTING) POSITION, you will stand as shown in the
diagram on the wall. You will maintain a 110 degree angle
at the waist as shown in the diagram. In this position you
will exert your safe maximal force on the handle provided
for this position by trying to raise yourself in an erect
position. The force will be applied througk your back aus-
cles. Your arms are used for the sole purpose of holding the
handle. Once again, please do not jerk the hLandle. The
force will be exerted following the word couant as in the LEG
LIFTING POSITION explained earlier.

You will exert effort ONLY TO A POINT WHERE YOU BEGIN
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FESTLING ADDITIONAL OR INCREASED PAIN. This will be con-
sidered as 'A THRISHOLD FOR EXERTION' and you will not
exceed this threshold wunder any circumstances. Thus, you
will exert safe maximum force, as hard as you can WITHOUT
PE-INJURING YOURSELF. You are free to interrupt or ter-
minate the experiment at any time. While there is no danger
foreseen for the subjects, acute discomfort, pain or fatigue
shall be considered as signs indicating that the experiment
skould be interrupted and/or terminated. While we encourage
you to excrt your safe maximum strength, do not strain your-
self by exerting force beyond your safe judgement so that
there is no danger of re-injuring yourself.

IMPORTANT:

1. EXERT YOUR SAFE MAXIMUM FORCE WITHOUT RE-INJURING YOUR-
SELF. ‘

2. INCREASE YOUR FORCE TO THE MAXIMUM AS SOON AS POSSIBLE
BUT DO NOT JERK THE HANDLE.

3. MAINTAIN THIS MAXIMUM FORCE UNTIL YOU HEAR THE WORD
"STOP.
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APPENDIX B

SUBJECT DATA

Name = Tel.No. =
Height : Weight :
Age : Stature :
Lower Legs : Upper Legs :
Lower Arms : Upper Arms :

NeJical History :

1. Have you suffered from any back problems? Yes/No.
If yes, give details below.

2. Have you ever undergone a hernia operation? Yes/No.
If yes, give details below.

3. Have you ever been treated for any heart problems and or
Hypertension [High blood pressure)? Yes/No.
If yes, give details below.

4.Have you ever had any medical problems whichk you think
might hinder your participation in the experiments to be
conducted? Yes/No

If yes, give details below.
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APPENDIX C

Table C.1 Strength Measures for HLTHMAX Group.

Subject Strengtk Slope Pange Standard. Coef. Coef. of

Code Score Range of Var. Var!CVLN)
A 109.71 24.92 23.50 0.215 0.095 2.03
B 71.20 10.95 13.00 0.182 0.105 2.38
C 126.52 21.38 16.35 0.129 0.0985 1.94
D 119.98 13.05 15.10 0.126 0.110 2.32
= 128,80 14.69 27.10 0.164 0.050 1. 89
F 160.32 13.44 21.00 0.125 0.085 1.68
G 131.86 18.60 13.05 0.101 0.060 1.28
H 147.66 18.42 23. 40 0.157 0.115 2230
I 183.68 23.99 . 21.00 0.116 0.035 0.70
J 174.67 24.41 26.95 0.154 0.055 1.06
K 164.36 22.72 16.20 0.1084 0.060 1.20
L 255. 15 39.76 23.15 0.092 0.060 1. 174
M 175.08 1404 26.65 0.154 0.070 1. 30
N 194.95 20.74 27.15 0.135 0.085 1.56
0 228.15 10.25 65.90 0.288 0.075 1.44
P 185.27 11.26 24.75 0.131 0.060 1.56

. — - ——— — — - — —— —— —————— — — —— " —————— —— ————
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Table C.2 Strength Measures for HLTHSUB Group.

Subject Strength Slope Range Standard. Coef. Coef. of

Code Score Range of Var. Var ICVLN)
A 53. 15 9.84 8.70 0.158 0.275 6.87
B 60.78 4.20 8.80 0.142 0.130 3.1
C 38.23 5.94 7.80 0.201 0.150 4.14
D 48.38 5. 96 9.15 0.181 0.140 3.85
E 67.18 8.04 12.35 0.187 0.060 1.41
F 86.68 6. 04 12.60 0.148 0.125 2.81
G 70.59 5.79 13.75 0.195 0.105 2.48
H 57. 26 4.99 13.90 0.240 0.115 2.84
I 61. 80 3.94 11.10 0.182 0.205 4.94
J 70. 75 S. 04 11.55 0.156 0.160 3.75
K 77.55 6,42 8. 15 0.106 0.105 2. 44
L 66 14 4.59 8.90 0.140 0.185 L.39
M 61.75 11.09 8. 00 0.139 0.220 532

- —— T G —— -  ——— — - - —— ——— A —— < ——— - - T —— . - - —— T ——
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Table C.3 Strength Measures for INJMAX Group.

Subject Strength Slope Range Standard. Coef. Coef. of
Code Score Range of Var. Var !CVLN)

A 198.55 23.56 88.15 0446 0.070 1.35
B 205.5¢6 30.25 27.65 0.135 0.090 1.72
c 163.21 23.13 31.20 0.189 0.115 2.36
D 241.52 26.02 73.90 0-.299 0.130 2.33
E 161.96 16.86 24.35 0.144 0.200 3.85
F 216.13 16.84 37.55 0.170 0.135 2.56
G 230.27 14.03 23.10 0.100 0.080 1. 51
H 171.11 23.77 48.60 0.287 0.105 2.09
I 68.373 8.21 28.35 0.430 0.200 4.65
J 195.30 15.87 32.10 0.166 0.035 0.71
K 80.37 a.24 19.00 0.234 0.150 3.42
L 75.89 8.81 15.85 0.201 0.170 4.00
M 194 .13 11.54 66.90 0.330 0.215 4.02
N 121.35 9.01 20.05 0.161 0.110 2.31
0 101.45 12.71 20.95 0.209 0.285 6. 10
P 121.62 9. B65 32.20 0.250 0.180 3.81
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APPENDIX D

DISCRIMINANT ANALYSIS

Discripinant analysis has teen utilized in <clinical
proklems invclving gquesticns cf differences between groups
of individuals and for apprcpriate assignment of individuals
tc the grcups. A classical examrle is the classification of
Fatierts as meurotic ar psychotic on the basis of the HMin-
nescta Multiphasic Personality Inventory (MMEI) test scores.

Tte discussion of this statistical technique has been
adarted from Overall and Klett (1972). In general, in a
rroktlem where this technique is appropriate, several dif-
ferent mcasurements are available for each individual. It
is assupmed that the &measurements are gquantitative scores
having pulitivariate normal distributions within the popula-
tions. The measurements may be correlated o¢r wuancorrelated
and may involve completely different scale units.

Fiscriginant apnalysis, wusing appropriate weighting
ccefficients, transforms values of several variables into a
single score which has maxisum fpotential for distinguishinrg
ketveen members of the groups. Thus, the assignment of in-

dividuals between the groups derends upon the value of a
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single variable. A critical value is determined that minim-
izes €rrcrs of misclassification.

1Le composite csingle score has a noriwal distribution
with estimable mean and variance for each grcup. Thus, one
can determine probabilities of misclassification and the
likelihcod with which an individual case kelongs to each
gLOUFe.

Ancther altermative to discriminant apnalysis is to
rerfcrm a series of univariate one-way ANOVAs. The advan-
tage of the multivariate aprroach is that two or more groups
that overlap considerably wvhen each variable is viewed
separately may be quite distinct when examined from a nul-

tivariate point of viewv.

Statistical EFasis cf [iscrimipant Analysis

Consider the case of twc groups with r original meas-
urenents available for each individual. It is assumed that
scre unknoen set of ccefficients exists, which will define a
conposite score providing maxipum discrimination between the
tWvo groups. Thus, the problexs involves determining the
weighted compcsite sccre frcm the p measurements, which will
fcrce thke groups to be as statistically distinct as possi-

tle. The desired discriminant function is of the form

Y= ax + a x + emesceasee *+ A X
11 2 2 FE P

where al, az,...,a are the weighting coefficients to be
P

applied to the p original sccres for each individual.
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Therefore, the problem is to determine optimal values
fcr the weighting <coefficients such that the difference
ketween the mean scores fcr the two groups is maximized re-
lative to the variation within the groups. This 1is
equivalent to maximizing the F-ratio of between-groups vari-
ance to withir-groups varianmce.

Thus, the function tc ke marximized is

between~groups variance

F[a e A eveseg a ) Bttt it it den it Stttk et et

1 2 E pooled within-grougrs variamce

Paximizing the criterion function F with respect to
the weighting coefficients requires the siszultaneous solu-
tion cf a set of p egquations in [ upknowns tc obtain al ,a

2
sese, 8 « These equations are

ac + ac  eeemes + @a C = d
11 z 12 p 1p 1
ac + ac + ecaeees *+ A C = d
121 Z 22 p 2p 2
ac + ac + sesceese + A C = d
1p1 2 p2 P PP P

where ¢ are the elements cf the within-grours variance-

covaria;ge matrix among the g «criginal measuremeats. The
patrix can be computed using acry available statistical pack-
age cn the conputer. The vector of mean differences [dl, dzr

s e=e<ey, @ ] is computed by calculating the means of the two
p
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grougs cn the p original measurements and then taking the
differences between themn.
The above system of equations can be written in ma-

trix form as

— _— — - — —
c C eceammaaae C a d
11 12 1 1 1
(o] C ceeacmseess C a d
21 22 2 2 2
c C esaccsmwan C a d
p1 p2 EE P L. P

¢r in matrix notation

Ca-=4d
which yields
-1
a=c« da
where C = within-grougs variance-covariance matrix
a = vector of weighting ccefficients
d = vectcr of mean differences.

Thus, after cozputing the weighting ccefficients al ’

a, ..‘,%), the discriminant sccre y for the ith individual
2
caL Lte ccoputed from the equaticn



=143~

y=ax + a x ".-.*ax-
1 11 2 2 PP

It must be noted that the weighting ccefficients com-
Futed Lere maximize the difference between the discriminant
score means of the ¢two grcecups. The mean value of the
discriminant function for grougs I and II can be obtaiuned by
arrlying the weighting coefficients to the pean scores of

the original variables for groups I and II respectively.

Thus,
_{3) (1) —(I) —(I)
Y = a X + a X + cecececes + A X
11 2 2 EP
and
_(II) _{11) _{11) _(I1)
Y =alX + a X + eeeveeees + 3 X
11 2 2 P B

The within-groups variance asscciated with the dis-
triktuticn of each group's disciiminant scores 1is
V{y) = a*Ca = a'C C— a= 4 C-1d = d'a

fince the original p measurements are assumed to have

a @multivariate normal distrikution within the groups, the

discriminant function variate can be considered to have a

ncrsal distritution within the groups with mean values Y

and 17(11)

and standard deviatior s = /d'a « Thus, the de-
viaticn of an individual discriminant functioan score from
each cf thie group mears can ke regarded as a unit-normal de-

viate or a Z-score

y - T(I)
Z{Y) = —=mmm==-
JV(Y)

(1)
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Thus, for any fparticular discriminant functiou score
Y « thke Z-score deviaticn frcs each group mean can be com-
pited. This quantity is used tc¢ compute the deneralized
squared distarce of a given observation from the group means
in crder to classify individuals into groups.

Ey using the normal tables, it is alsc possible to
ccorute probabilities of ccrrect classification and of mis-

classification of individuals, cnce a criterion for classif-

icaticn (y ) is chosen.
c

The relative probakilities of an observation beloung-
ing to groups I or II are a function of the ordinate values
(relative heights of the prchakility density functions) of
the twc normal curves at the point corresponding to the
discriminant function score for the 1individual observation

in gquesticn. This is shown in Figure D.1 below.

Group I Group I1I

§ (1) ' ; (I1)

Figure D.1 Distributions of the Discriminant Function
Scores for Two Classification Groups

The process of determining the "relative hneights" in
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Fiqure £[.1 first irvclves trapsforming each Y, to the Z-

score deviaticn about each group mean:

let f[yi(I)] represent ttke prokability density or the
crdinate of the normal curve fcr group I ccrresponding tc
Zi(I) fcr a particular discrimipnapt function score value Ii-
Similarly, let f[yi:II)] rerresent the probatility for grourgp
I1.

Tken, if Hl ang H2 are tke proportion cf individuals
in thbhe populations from whichk grougs I and II were drawvwn,
the relative probabilities cf an individual kelonging to a

particular grcup is estimated by

Hl-f[)’_i_(l) ] . _

I £y, (1 + 0, £fly; (I7)]

p, (1)

and

n, £{y; (11 ]

P ID) = e e

M £Ly; (1) ]+ T, £Ly; (1) ]

where Hl + H2 = 1.

Kultiple discriminant analysis is a generalization of
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the discriminant analysis appropriate for only two groups.
It proviles a basis for classification of individuals among
several groups.

The procedure "DISCRIM" from the Statistical Analysis
System !SAS) package develops a multiple discriminant model
using the measure of generalized squared distance. This is
based on the pooled covariance matrix. It also takes into
account the prior probabilities of the individunals beloaging
to the different groups. Finally, DISCRIM computes the pos-
terior probability of an observation belonging to each
groupa

Using the notation below,

t = subscript to distinguishk the groups

S = covariance pmatrix within group t
t
|S | = determinant of S
t t
S = pooled covariance matrix
X = vector containing variables of an observation
m = vector containing the means of variables in group t
t
g = prior probability for the observation to be imn group t
t

The generalized squared distance from X to group t is given
by:
D {X) = g x,t) + g [t)

1 2

wkere,
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~1
g {X,t) = (x-m )* S (x-mw ) + loq |S |
1 t t t t

if the within-group covariance matrices are used, or

g (X,t) = (x-a )*' S {(x-m )
1 t t

if the pooled covariance matrix is used. Also,

g {t) = -21log {g )
2 e t

Note that g (t) = 0 if the ©prior probabilities are all
ejual. 2

The posterior probability of an observation X belong-
ing to ygroup t is:
exp {(-.05 Dt(x))

P_(X)

Z (exp (-0.5 Du (x)))
u

An observation is classified in group u if setting
t=u produces the smallest value of Dt(x) or the larjest

value of P [x).
t

Often, a full set of variables may contain excess,

irrelevant or coafusing information about the group differ-

ences. Stepwise discriminant anmnalysis results in the ia-
dependent variables being selected for entry into the
analysis on the basis of their discriminatinjg power (usually
measured by Wilk's lambda). SAS employs the STEPDISC pro-
cedure to accomplish this.

STEPDISC uses forward selectiorn, bhackward elimina-

tion, or stepwise selection methods. The stcpwise selection
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method was used in this study. Stepwise selection beyins
with no variables in the model. At each step, if a variable
already in the model fails to meet the criterion to stay,
the worst such variable is removed. Otherwise, the variable
tkat contributes most to the discriminatory power of the
model 1is entered. When all the variables in the model meet
the criterion to stay, and none of the unselected variables
meet the criterion to enter, the stepwise selection process
stops.

Thus, the original set of variables 1is reduced to
those most relevant to group differentiation and this
enhances the practical applicability of the model. After
selectiny the most relevant subset of variables using STEP~-
DISC, DISCEIM 'discriminaut procedure) may be used to obtain

a more detailed analysis.



