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A new quantitative method tor measuring functional abili-
ties of chronic low-back pain patients is introduced. The
method is based upon a psychophysical model reterred to
as acceptable maximum effort (AME). AME is the highest
level of voluntary eftort that a person can achieve without
inducing unacceptable pain. In the current study, the AME
method was applied to strength measurement. By use of a
static strength measurement procedure, amm, leg,
shoulder, back, and composite strengths were assessed
upon admission to and discharge from a 4-week, nonsurgi-
cal comprehensive pain treatment program. The reliability
of the AME method for each strength measure was as-
sessed. In addition, the method was used to evaluate pre-
to post-treatment changes in strength. Results indicate the
AME method to be highly reliable and usetul in determining
treatment outcome. Reliability coefficients for all strength
measures were above ..90. The results are discussed in
terms ot their implications tor standardized functional abil-
ity measurement in the area of chronic pain. [Key words:
low-back pain, treatment outcome, {unctional ability, mea-
surement, psychophysical method]

lent medical problems in the United States. The devastat-
ing consequences of chronic buck pain on its sufferers as
well as on industry and the health care system have been well docu-
mented. 134 In response 10 the highly debilitating nature and prev-
alence of back pain, a myriad of medical treatment approaches
have been advocated by different care providers. Unfortunately,
the evaluation of the efficacy of these approaches has been typicaily
performed on qualitative, subjective bases. For the most part, out-
come evaluations have relied on the clinical judgment of a single
physician delivering the particular treatment or upon patient self-
report. Self-report evaluations, whether on the part of a physician
or patient, lack the scientific rigor and reliability of appropriately
developed quantitative measures. The operational definition of
success used {or self-report measures is, typically, ambiguous and,
as such, renders meaningful interpretation of results difficult.
Two common forms of physician or patient self-report-based
measures have been used in evaluative studies and include rating
scales completed by physicians and patients concerning their per-
ception of overall treatment outcome and patient report of analge-
sic pain medication intake, pain level, or activity level."&!141323 |n 3
concise review of the literature, Trief** pointed out many of the
more common shortcomings of self-report measures used to evalu-
ate pain treatment. In particular, self-report measures allow a num-
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ber of extraneous variables to enter into the evaluation process and
potentially confound the relationship between treatment and re-
ported outcome. The more salient of these confounding variables
associated with the use of self-report measures are sociai desirability
needs on the part of some patients, demand charactenstics of the
measure, patient affect toward treating physician or setting, and
perceived secondary gains on the part of both patients (cg, continu-
ance of disability benefits) and physicians (eg, publish results).
These potential confounding variables are entered into the mea-
surement process wittingly or unwittingly and bring into the ques-
tion the reliability and validity of self-report measures regardless of
the outcome index (eg, pain relief, medication usage, amount of
physical activity). The dubious reliability of these measures does
not permit completely valid evaluations of a single treatment ap-
proach nor assessments of the relative effectiveness of dilTerent care
approaches. The recognized problems with self-repont measures
have led many investigators*}%41:12 1o call for the establishment and
use of more standardized and reliable quantitative measures of
functional abilities among chronic pain victims.

One method that has been used to obtain more objective data on
functional activity is clinical measurement of strength and flexibil-
ity, performed by physical or occupational therapists. Unfortu.
nately, these clinical measures, while yielding numerical data, often
involve some degree of subjective input on the part of the therapist
and, especially, with strength assessment (g, 0 10 5-gradient scale
for strength), lack the necded specificity adequately to compare the
outcome of one patient with another.

In view of the deficiencies in measuring outcome of treatment for
chronic pain, the Comprehensive Pain and Rehabilitation Center
(CPRC) of the University of Miami School of Medicine has for the
last 4 years established and tested an ergonomic approach to evalu-
ating patient response to treatment. A description of the CPRC

may be found elsewhere.®!7-% The focus of the evaluation ap- =

proach used in the CPRC is upon measurement of functional ca-
pacities. Assessing functional capacity establishes a human per-
formance profile that can be used to determine the effectivencss of
treatment and physical readiness to retumn to work and other activi-
ties of daily living.

Muscular strength has been the primary focus of ergonomic mea-
surement of human functional capacities. Methods used to evalu-
ate strength fall into one of two catcgories: 1] dynamic strength
lesting methods and 2] static strength testing methods. Some dy-
namic methods are generally considered to produce values that are
more realistic in predicting functionai capacities.? However, static
strength testing methods have been shown to produce less biome-
chanical stress on the musculoskeletal structures than dynamic reg-
imens and prove to be quite safe.*™% In static testing, an individual
is capable of exercising better body control than in dynamic testing.
Static testing also affords a better capability of focusing on the
output of a defined muscle group or set of muscle groups. These




factors provide the bases for concluding that static strength testing
measures are quite desirabie for use with individuals suffering back
injury or long-standing. low-back pain. '

For the most part, the ergonomic measurement approach with
chronic pain persons has been viewed by investigators as a mere
extension of assessment approaches used with bealthy, unimpaired
individuals.” Instructions in these studies call for the exertion of
maximal effort, a level of function which often may be physically
detrimental to a chronic back pain sufferer. For the chronic pain
population, these mazximal output instructions do not take into
account the functional qualities of muscular performance which
are shaped and limited by the person’s perception of pain. More-
over, the procedure for evaluating maximal output may, in fact,
place individuals with injury or chronic pain at increased risk of
further injury.? Maximal function testing requires back pain indi-
viduals 10 exert themseives beyond their acceptable pain level, a
level of effort which they would not likely go beyond in any other
setting. Furthermore, maximal function testing is not a readily ac-
ceptable procedure to individuals with back pain. In our experi-
ence, many patients complain when they are asked simply to per-
form 10 their maximal effort. These complaints center on risk of
re-injury and exacerbation of the painful condition.

In light of the potential risks 1o the patient, as well as the patient’s
reticence about maximal ability testing, a decision was made to
employ an ergonomic test battery to quantify functional abilities
that relies on a psychophysical static testing model. Such a model
requires that the critical interaction between actual physical capa-
bility and one’s perception of his or her capability be taken into
account. For the chronic pain population. a measure that assesses
the person's physical ability in relation to his or her perception of

what is tolerable should. in the long run, vield results more indica- ‘

tive than a maximal ability measure of what the person’s likely
output would be in more general settings. such as the job site or
home. Moreover. the quantifiable nature of the ergonomic mea-
sures minimizes subjectivity and affords the necessary sensitivity to
detect small, vet clinically, significant differences in function
among patients. 1t should still be recognized that despite their sub-
jective quality, physician and patient reports must be considered as
essential compiementary components in the overall evaluation of
treatment outcome. More quantitative measures ¢an augment
these subjective assessments, particularly with respect to actual
functional ability. The purpose of the current study was 1] 1o assess
the reliability (ie, test—retest reliability) of a newly developed psy-
chophysical model for use in evaluating functional ability among
chronic low-back pain individuals and 2] 'to demonstrate the
model's feasibility in quantifving pre- to post-treatment changes in
functional capabilities of chronic pain patients.

MATERIALS AND METHODS

The Concept of Acceptable Maximal Effort (AME). The psy-
chophysical model used in this study relied on the conecept of ac-
ceptable maximal effort (AME). For evaluating function in persons
with chronic pain, AME refers to highest level of voluntary effont
that the person can achieve without incurring (ie, perceiving) unac-
ceptable pain ™! 1t defines the highest funciional level that can be
stuained within the bounds of acceptabie pain.

Thq conunuous decision making process involved in achieving
AMEis dcpictcd by the flow diagram in Figure |, The patient enters
the sk situation with a given level of pain. Before exertion of
initiai gﬂ'on. the patient decides whether the exertion of any effort
would immediately lead 10 unacceptable pain. If the expectancy is
“ves. exertion of effort would indeed cause unacceptable pain,”
then the natient wanld be rxneried nnt 10 nerfarm the 1ack Hn\;./.
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Fig 1. Dynamics of the AME decision-making process for ctronic pam
patents.

ever, if the expectancy is “no,” the patient would begin 10 exert
effort. After increasing effort. the patient then makes a decision on
whether he or she has achieved maximal phyvsical effort possible (ic,
for static strength in a healthy population this would be maximal
voluntary contraction). If'it is perceived tl.at maximal efTon possi-
ble has been reached. the patient ierminates effort. However, il it is
pcrccived that maximai effort has not been achieved. then the pa-
tient returns 10 the decision of whether the next immediate level of
effort will produce unacceptabie pain, If that decision is “ves™, the
patient will then terminate cffort at the present level; this level
would be the patient's AME. [f the decision is “no™. then the patient
increases the effort and proceeds through the decision-making pro-
cess again until AME is reached.

in aocordgncc with the AME concept. instructions 10 the patients
for completing evaluation tasks requiring muscular exertion re-
quest conunuation of effort {eg. building of sirength) to the point at
which any further increase in effort would immediatelv evoke un-
arrentabie nain In <o doine the natient achicves n.n ouicome
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which is shaped by his or herinherent physical capabilities as wellas
by perceptual factors related to pain status.

Procedures. The human performance profile derived from the
test battery used by the Ergonomics and Bioengineering Division of
the CPRC is divided into four ability areas: muscular strength,
flexibility, kinesiologic factors (¢g, walking pace, posture) and psy-
chomotor skills (eg, reaction time, hand steadiness). Even though
all these measures are pertinent to the evaluation of functional
abilities. discussion of each of them individually, or their inierrela-
tionships, is beyond the scope of this report. The AME concept has
been incorporated into the measures of strength, flexibility, and
certain kinesiologic variables. To address the issues of the reliability
and functional changes across time, data on the use of the AME
concept in the measurement of strength were collected and ana-
lyzed in this study. . ) ) )

Subjects were evaluated three different times during their stay in
the CPRC. Assessments were performed within 24 hours of admis-
sion 10 the program, at the end of the first 2 weeks of the program,
and at the end of week 4 of the program (ie, at the time of discharge).
Each evaluation session included all measures comprising the
human performance profile and lasted approximately 30 minutes.
The ordering of measures in all three evaluation sessions was the
same.

Muscular strength was assessed by using a static sirength para-
digm. For this assessment, five testing positions were used. The
testing positions were adopted from those used by Chaffin.> The
positions were chosen on the basis of their high degree of applicabil-
ity to on-the-job lifting positions required of most workers' com-
pensation patients treated a1t CPRC. The (ive testing positions al-
lowed assessments of arm lifting strength, leg lifling strength, torso
lifting strength, shoulder lifiing strength, and composite lifting
strength. These testing positions are depicted by stick diagrams
together with a photograph of the composite testing position in
Figure 2. It should be noted that these testing positions do not

. necessarily isolate.a given muscle but rather permit assessments of
functional strength in these positions.

Except for instructions to the patient concerning AME, the
methodology used to obtain strength values followed the proce-
dures recommended in the Ergonomics Guide for the Assessment
of Human Static Strength established by the American Industrial
Hygiene Association.? As part of the instructions to the patiznt, the
evaluator demonstrated how to perform lifting tasks in each posi-
tion immediately before testing the patient. In each position, the
patient applied force to a fifting handle linked to a force transducer.
The width of the handle approximated a person’s body width at the
shoulders. To record force data, a digital read-out from the elec-
tronic force measure device was obtained. Before each test, the
patient was requestied to build strength slowly, without any “jerky
motions.” until a point was reached which was perceived 1o be the
upper limit of pain acceprance (ie, AME). The subject was asked to0
hold this acceptable maximal static force level for 4 seconds and
then slowly release the tension. Feedback of force was not provided
1o the patient during the time of exertion,

To establish the reliability of the AME measurement method, the
consistency of two successive assessments of muscular strength for
each of the five testing positions described above was examined.
For this examination, the subject was required to perform each of
the five strength-assessment maneuvers twice during the initial
(pre-treatment) evaluation session. Before each lifting atiempt, the
subject was reminded of the initial instructions describing the AME
concepl. The subject was allowed to rest for 30-60 seconds be-
tween each lifting attempt. Consistency between the successive
measures was determined by correlational analysis,

Changes in functional ability were evaluated for a group of pa-
tients who completed the CPRC treatment program. For the pur-
poses of these evaluations, only pre-treatment (program admission)
and post-treatment (program discharge) data from the strength
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1) Arm 2) Shoulder 3) Composite 4) Back ) L.

Fig 2. Schematic diagram (top) of the five strength testing positions anx
photograph of the composite testing position.

measures for the five testing positions were used in the statistic
analyses.

Subjects. Subjects for the current study were drawn from 1
patient population of the CPRC treated over the last 3 years. T
CPRC delivers care on both an inpatient and outpatient basis, Ty
ically, patients who are accepted into the program receive 4 con
utive weeks of treatment; inpatient care is provided for the first
weeks and daily outpatient care is provided for the following
weeks. Treatment is provided « days a week during the 4 weel
Patients are accepted into the CPRC program for management
pain for which surgical intervention is not indicated at the time
the pretreatment evaluation'®; however, prior to entry into t
CPRC, many padents have undergone surgery for their pain con¢
tion.

For the current study, three specific criteria were used 10 scle
subjects from the CPRC patient population. These included
low-back pain resulting from myofascial syndrome or- herniat
disc, 2] patient receipt of workers’ compensation, and 3] medic
clearance for isometric strength testing by the CPRC physicis
swafl. Diagnosis of the disorders leading to low-back pain was estas
lished independently by a neurosurgeon and a physical medicir



physician, both of whom were members of full-time, attending
CPRC physician stafl. i

Two overlapping samples of patients were used to evaluate sepa-
rately the reliability of the AME measurement 'n"u:thod and assess
pre- to post-treatment changes in functional ability. For thc; dete{-
mination of reliability, 189 patients met the subject selection cni-
teria and were used in the analyses comparing two successive AME
measurements of strength. The mean age of this sample was4 l.; =+
10.9 years. in the analyses examining changes in functional ability
as a result of the CPRC treatment program, data on 122 subjects
were available for the pre- to post-treatment compansons.

RESULTS
Reliability of the AME Measurement Method

Test-retest reliability of the AME measurement method was
evaluated for strength measures by correlational analyses. As de-
scribed in the Materials and Methods section, data for the correla-
tional analyses were obtained by having subjects perform each
strength test twice within the initial testing session. (It should be
noted that in the early development of the AME strength test bat-
tery, not all test positions were consistently used. In order to usc all
avuilable data for the reliability assessment, unequal numbers of
subjects were, therefore, included in the different correlational
analyses.) Prior to statistical analysis, an examination of the
strength values across subjects for each testing position indicated
that the values were not normally distributed; each distribution was
substantially skewed in the positive direction. As such, a nonpara-
metric.statistical technique, the Spearman rank correlation analy-
sis. was used to determine test - retest reliability.! Results from the
correlational analyses for each test position are presented in Table
1. All correlational coefficients were found significant with each
rho (r) value above .90. The correlational coeflicients indicate an
extremely strong, positive relationship between the first and second
AME measures for each of the five testing positions.

Changes in Functional Ability

The direction and magnitude of differences between initial and
final assessments for each of the AME strength measures were sta-
tistically examined by means of the Wilcoxon matched pairs signed
ranks test for large samples.?’ Separate analyses on strength mea-
sures were performed for males and females. A summary of the
results from cach Wilcoxon test is presented in Table 2, As can be
seen in this table, a significant difference between baseline and final
outcome was found for each measurement for males and for fe-
males.

The means and standard deviations for initial and final assess-
ments on all measurements are presented in Table 3. A review of
the values in Table 3 shows that all differences between baseline
and final outcome for males and for females were in the direction of
improved function.

Table 1. Spearman’s Rank Correlation Coetficlent (Rs) for the Five
AME Strength Testing Positions

Testing Position N RS t value
Ammn 189 .93 35.7*
Shouider 144 .95 36.9°
Eomposﬂe 104 .58 44 .4°
eg 82 97 35.2°
Back 71 .97 32.5*
*P < .0005.
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Tabla 2. Resuits of Wilcoxin Match Pairs Signed Ranks Test
Comparing Pre- to Post-treatment AME Strength Values

2 valuve

Testing position Males (N=77) Femalas (N=45)
Arm 8.33° 6.26°
Shouider 7.91¢ 6.15°
Composite 8.53° 6.58°

Leg 8.85* 6.21°

Back 8.13* 6.23*

P <01,
DISCUSSION

The purpose of the current study was to describe and demon-
strate the utility of a conceptually new quantitative method for
assessing functional ability of individuals with low-back injury or
chronic back pain. Previously reported methods for such assess-
ment were overly subjective in nature, lacked suficient sensitivity
to detect small yet clinically meaningful differences among pa-
tients, or were unsuitable for chronic pain patients because of an
emphasis upon exertion of maximal effort beyond pain tolerance.
The quantitative method described and evaluated in this study was
based on a psychophysical model that attempts to account both for
physical capabilities of the individual and for perceptual factors
related to pain,

Results from the current study provide a preliminary indication
that the AME measure of muscular strength is stable in terms of
test-retest reliability. During the period of time that treatment is
provided, day-to-day fluctuations in both physical and pain per-
ception related factors would be expected. These fluctuations
would in turn lead to commensurate changes in values on the AME
measure, As such, test ~retest reliability needs to be performed with
a relatively short time lapse between assessments, as was the case in
this study. Despite the high correlational coefTicients found foreach
strength test position, further work on the reliability of the AME
measurement method is warranted. In our analyses, different sam-
ple sizes were used. Whether a more complete data set would have
affected our results remains unknown. In addition, it should be
noted that reliability was assessed only on AME values obtained
before treatment. In view of possibie changes in intersubject varia-
bility and changes in performance levels, it could be argued that the
high correlational coefficients found for the pretreatment measure-
ments may not hold for post-treatment measurements. To shed
some light on post-treatment AME reliability, a supplemental
series of Spearman rank correlational analyses was performed on

Tabie 3. Means (X) and Standard Daviation (SD) for Pre- and
Post-treatment AME Strength Values by Testing Position

Males (N=77) Females (N=45)

Testing position Pre Post Pre Post
Amm {x) :5{12 3 83.8 26.6 447
(SD) 2 38.3 171 21.3

Shouider (X) 52.6 89.0 23.1 411
. (so) 39.3 376 17.8 19.7
Composite (x) 97.6 2116 42.9 100.4
(so) 89.7 113.7 45.2 652

Leg (X)122.4 249.7 54.9 129.7
(so) 92.4 116.3 52.2 781

Back (X) 614 148.3 35.1 82.3
(SD) 64.2 79.2 37.7 51.2

—
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repeated post-treatment AME measurements obtained from an-
other group of low-back pain, workers’ compensation patients
treated at the CPRC. For these analyses, sample sizes ranged from
26 subjects for leg lifting strength to 60 subjects for arm lifting
strength. All measurement procedures followed with these subjects
were the same as those presented in the Materials and Methods
section. The correlational coeflicients for all five testing positions
were above .95 and, as such, indicate very strong test-retest reli-
ability for the post-treatment AME measures.

Quantitative measurement, using scales like force, as was used in
our method, affords the necessary sensitivity to detect meaningful
difTerences in functional ability among patients or across time
within a single patient or group of patients. Although the results of
the present study indicate significant improvement in function asa
result of the treatment provided at the Comprehensive Pain and
Rehabilitation Center of the University of Miami, they are even
more illustrative of the utility of the AME method for determining
changes in functional aspects of chronic low-back pain patients,
whether the changes are in the positive or negative direction. The
main objective of the current study was to establish the reliability of
the AME strength measures and the feasibility of using them for
assessing changes in function as a result of treatment. The results of
the study, panticularly those pertaining to reliability, provide the
foundation for further research to determine the degree to which
the AME measures can predict successful return to work. Such
studies are currently under way in our center.

11 shouid be considered here whether the use of a psychophysical
model for determining functional ability would in some cases lend
credence to an individual's demonstrated level of function which
may be below his or her *“1rue” functional capability. Although they
pravide a method for improved quantification of functional abili-
ties. the AME measurcs need 10 be used in conjunction with other
clinical measures of function performed by physicians and other
health professionais. In our experience, multidisciplinary assess-
mentcan help determine a patient’s “true” level of functional capa-
bility.

Quantitative methods such as the one described in this study can
provide clinicians and rescarchers, alike, a vehicle by which evalua-
tion of functional abilities of pain patients becomes standardized.
Currently, it is nearly impossible to compare results from different
studies on treatment outcome in patients with chronic pain in view
of the widely divergent methods used to measure progress. Quanti-
tative methods for assessing functional ability based on ergonomic
principles have been used successfully in industry to standardize
evaluations of workers’ physical abilities relative to the demands of
the work environment. While greater attention must be given to
pain-related perceptual factors than is used in industry evaluations,
such a quantitative approach needs 10 be adopied for the assess-
ment of functional ability of chronic pain patients,

REFERENCES

1. Anderson GBJ, Onengren R, Nachemson A: Intradiscal pressure, intra-
abdominal pressure, and muscular activity related 1o posture and load-
ing. Clin Orthop 129:156 164, 1977

2. Bonica JJ: Pain research and therapy: Past and current status and future
needs. In: Developments in Neurology. Vol 4. Edited by Bonica JJ, Ng
LK. North Holland: Elsevier, 1980, pp 1 ~46

3. Chaffin DB: Ergonomics guide for the assessment of human static
sirength. American Indusirial Hygiene Association Journal 36:505-
510, 1975

4. Chaffin DF, Andersson G: Occupational Biomechanics. New York:
John Wiley and Sons, 1984

5. Hannson TH, Stanely JB, Wortley MK, Spengler DM: The load on the
lumbar spine dunng isometnc sticngth testing. Spine 9:877 =844, 1984

6. lgnelzi RJ, Sternback RA, Timmermans G: The pain ward follow-up
_analysis. Pain 3:277-285, 1977
7. Keyserling WM: Strength testing as 2 method of evaluating ability to
perform strenuous work. In: Chronic Low-back Pain. Edited by Stan-
ton-Hicks M, Boas R. New York: Raven Press, 1982
8. Khalil T™M, Asfour SS, Moty EA, Steele R, Rosomo(T HL: The manage-
ment of low back pain: A comprehensive approach. In: Proceedings ol
the 1983 Annual Industrial Engineering Conference, Norcross, Georgia.
199-204, 1983
9. Khalil TM, Asfour SS, Moty EA: Case studies in low back pain. In:
Proceedings of the Human Factors Socicty 28th Annual Meeting
1:465-470. San Antonio, TX: Human Factors Society, 1984

10. Khalil T™M, Asfour SS, Waly SM, Genaidy AM: In: proceedings of the
Human Factors Society, 28th Annual Meeting 2:595~599, San An-
tonio, TX: Human Factors Society, 1984

11. Khalil TM, Asfour SS, Moty EA: New horizons for ergonomics research
in low back pain. In: Trends in Ergonomics/Human Factors. Edited by
Eberts RE, Eberts CG. North Holland: Elsevier Science Publishers B.V.
1985, pp §91-598

12. Khalil TM, Asfour SS, Moty EA, Steele R, RosomofTHL: The contribu-
tions of ergonomics to pain programs. Presented at the American Pair
Society Sth General Meeting, Dallas, Texas, 1985

13. Loeser JD: Low back pain: An introduction to plenary session. In: Ad-
vances in Pain Research in Therapy, Vol 3. Edited by Bonica JJ, et al
New York: Raven Press, 1979, pp 631633

14. Malec J, Cayner JJ, Harvey RF, Timming G: Pain management: Long:
term follow-up of inpatient program. Arch Phys Med Rehabil 62:369-
372, 1981

15. Newman RI, Seres JL, Yospe LP, Garlington B: Multidisciplinary treat
ment of chronic pain: Long-term follow-up of low back patients. Pair
4:283~292, 1978

16. Nordby EJ: Epidemiology and diagnosis in low back injury. Occur
Health Saf (January): 38-41, 198!

17. RosomofT HL, Green C, Gilbert M, Stecle R: Pain and low back rehabili
tation program at the University of Miami School of Medicinc. In: Nev
Approaches 1o Treatment of Chronic Pain: A Review of Multidisciplin
ary Pain Clinics and Pain Centers. Edited by Lorenzo KY. NIDA Re
search Monograph 36, Department of Health and Rehabilitative Ser
vices, 1981

18. Rosomoff HL. Do herniated discs produce pain? Clinical Journal ¢
Pain 1:91-93, 1985

19. Rosomofl HL: The non-operative treatment of the failed back syn
drome presenting with chronic pain. In: Current Therapy in Neurolog)
cal Surgery. Edited by Donlin M. Philadelphia: BC Decker, 1985, pi
200-202

20. Rosomofl HL, Steele R: Programas de mancjo del dolor lumbar (Pai
management programs for low-back disorders). Neurologica en Colum
bia 9:9-12

21. Siegel S: Nonparametric Statistics for the Behavioral Sciences. Nev
York: McGraw-Hill Book Co, 1956, p 202

22. Snook SH. lrvine CH: Maximum acceptable weight of lift. America’
Industrial Hygiene Association, July-August 322-329, 1967

23. Swanson DW, Floreen AC, Swenson WM: Program for managin
chronic pain. Mayo Clin Proc 51:409-411, 1976

24. Trief PM: Chronic back pain: A tripartite modei of outcome. Arch Phy
Med Rehabil 64:53-56, 1983

Address reprint requests (o
Tarek M. Khalil, Ph.
Professor and Chairmc
University of Miun
Department of Industrial Enginecrir
College of Engineerir
P.O. Box 24824
Coral Gables, FL 331:

Accepted for publication November 19. 1986.




