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Dynamic tests of trunk strength and lifting capacity
have become more popular in recent years, offering cer-
tain advantages over static isometric tests in measur-
ing patient progress in functional restoration programs
for spinal disorders. However, equipment for perform-
ing such tests is expensive to buy, complex to run,
and requires technical expertise and clinical volume un-
available in most physician offices. In this study, a new
dynamic test known as Progressive Isoinertial Lifting
Evaluation (PILE) is described, which draws upon prior
psychophysical and isoinertial methods. An industrial
sample of 61 male and 31 female incumbent workers
were tested using the PILE, and a variety of anthropo-
metric normalizing factors were evaluated. The isolation
of an “Adjusted Weight” (AW) normalizing factor is doc-
umented, after which normative data are presented for
male and female workers utilizing lumbar (0-30 inches)
and cervical (30-54 inches) dynamic protocols. [Key
words: physical capacity assessment, quantitative func-
tional evaluation, isoinertial, isokinetic, psychophysical
lifting tests, functional restoration, low-back pain (LBP),
spinal disorders, chronic low-back pain (CLBP), neck
paln, cervical dysfunction]

UANTIFICATION OF PHYSICAL FUNCTION to document the
“Deconditioning Syndrome” is receiving increasing atten-
tion among scientists and clinicians who deal with chron-
ipally disabled back-injured workers complaining of low-back
pain (LBP). Quantification is being used in rehabilitation to
support the rapidly proliferating reconditioning, work-hardening,
‘and functional restoration programs.24-27 Its usefulness also has
been suggested, though still unproven, for worker selection and
disability evaluation.348.1721273544 Worldwide, the literature of
functional evaluation is rapidly increasing as new technology
becomes available, but as yet there is no standardization of
methodology.911:14:20232729.42,43
The quantification of lifting capacity is an especially important
area of such functional evaluation. Indeed, lifting incidents have
been associated with a significant percentage, varying from 15
to 65%, of work-related low-back pain episodes.!2:12:13.15.38 Injury
Tates up to eight times higher have been described for workers
Subjected to regular heavy lifting. This is felt by some investigators
to be related to elevated disc pressures compared with those lifting
light 10ads.202945 Much ergonomic literature has arisen around
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job redesign to lower risk of inadvertent injury through lifting
strains.6.7:17

While workplace modification through job analysis has been
the primary focus of this work,” much interest has been
devoted to “strength testing,” involving isometric lifting in
industry.5-8,16,17,22.30-32.36.37 [sometric strength testing has been rec-
ognized.in the NIOSH (National Institute for Occupational Safety
and Health) Work Practices Guide for Manual Lifting as a rea-
sonable way to identify workers who would be at highest risk of
overexertion injury, and this has led to early clinical use of lifting
tests for worker selection, and even disability evaluation purposes.
The history of worker selection, however, is fraught with con-
troversy and prior discrimination.26.3334 The validity and safety
of static test'ag has been questioned, and the doubtful predic-
tive value of pre-employment screening continues to raise doubts
about clinical and industrial utility. Recent work by Troup and
colleagues suggests a low predictive value of the battery of psy-
chophysical/isometric tests for future LBP.*

Currently, several lifting tests, both static and dynamic, are avail-
able to the investigator. Static tests,-7303! as well as isokinetic
dynamic tests!® and psychophysical and isoinertial protocols, are
currently being used.!94144 The latter tests have never achieved
clinical popularity despite low cost and easy transportability, pos-
sibly because of the subjective nature of the psychophysical lifting
endpoint (namely, the point of “discomfort™ or subjective percep-
tion of “overexertion™). In addition, the complete freedom inherent
in unconstrained lifting (no anatomic stabilization or control of
speed/acceleration variables, as are inherent in semiconstrained
isokinetic or constrained isometric methods) raises questions as to
the validity ar.d reproducibility of the test. These objections often
are counterbal.nced by the fact that psychophysical tests represent
truly self-selected “real world” lifting techniques, whose advantage
may lie precisely in the fact that they do not compromise coordi-
nation and agility variables used by the trained lifter. As yét, the
ideal lifting test providing valid dynamic measurements that are
relevant to the physiology, and which is safe, simple, and inex-
pensive to perform with an appropriate effort factor has failed to
emerge.

Nevertheless, the promise of a simple, portable, and easily evalu-
able test continues to hold appeal for scientists interested in worker
rehabilitation, selection/placement, and disability evaluation. At
the University of Texas Southwestern Medical Center at Dallas and
the Productive Rehabilitation Institute of Dallas for Ergonomics
(PRIDE), a standardized protocol for Progressive Isoinertial Lift-
ing Evaluation (PILE) employing psychophysical and isoinertial
lifting characteristics has been developed and modified over sev-
eral years. It is the purpose of this study to present this technique
with a normative database, and to discuss its use as part of a com-
plete battery of physical capacity evaluation tests.
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MATERIALS AND METHODS

Overview of Technique. A scquence of incremental weight lift-
ing, identical for individuals of like gender, was implemented in the
present protocol. Because lifting capacity incorporates aerobic ac-
tivity, it was important to establish a cardiovascular end-point that
simultaneously functions as an “effort factor.” This test end-point
also establishes whether aerobic capacity or neuromuscular fatigue
in either the trunk or extremities is the limiting factor of task per-
formance.

The PILE protocol involves the lifting of weights in a plastic
box in 1) a lumbar test from floor to waist (0-30 inches), and 2)
a cervical test evaluating shoulder girdle and upper extremity lift
capacity from waist to shoulder height (30-54 inches). Women
begin with an 8-pound load (5-pound iron bar plus weight of con-
tainer), while men begin with a 13-pound load (10-pound iron bar
plus container weight). Weight is incremented upwards at a rate
equal to the initial free weight (ie, 5 pounds for women, 10 pounds
for men) every 20 seconds, with a rate of four lifting movements
in each 20-second interval (Figure 1). A “lifting movement” in-
volves a single transfer from one level to the next, ie, from floor
to waist (0-30 inches), or waist to shoulder (30-54 inches). Lift-
ing progresses in sequence, floor to waist to floor, unless the pa-
tient reaches an end-point. Lumbar and cervical PILE tests are
done separately, since norms and biomechanics differ for varying
lift heights. The test is terminated when the first of the following
end-points is achieved:

1) Psychophysical End-point. Voluntary test termination by the
subject for complaints of fatigue, excessive discomfort, or inability
to complete four lifting movements in a 20 second interval;

2) Aerobic End-point. Achievement of a specific aerobic capacity
goal, usually 85% of age-determined “maximum heart rate” (unless
cardiac precautions are in force or rate-limiting medications are
being taken); or

3) Safety End-point. A predetermined anthropometric “safe
limit” of 55 to 60% of body weight.

Results are expressed as: 1) maximum weight lifted (for both
lumbar and cervical PILE tests); 2) the endurance time to discon-
tinuation of test; 3) the final and target heart rates; 4) total work;
and 5) power consumption. Since distance and endurance time are
also known, calculations of work and power consumption can be
performed easily and normalized to anthropometric factors. Be-
cause Work equals Force X Distance, and the distance traveled
for each 20-second portion of each protocol is known (10 ft =
3.05 m; 8 ft = 2.44 m), the total work performed is simply the
sum of the forces lifted multiplied by this distance. For example,
if a female subject reaches an end-point after completing 100 sec-
onds of lumbar testing, she will have a Final Force of 28 pounds
(the weight lifted in the final 20 seconds). She will have performed
Total Work (TW) on lumbar PILE, which is calculated as follows:

TW =[8 + 13 + 18 + 23 + 28] X 10 = 900 Ib-ft (1)

Total Power consumption (TP) is the work performed divided
by the unit of time and is represented:

TP = TW/t = 900 Ib-ft/100 sec = 9 Ib-ft/sec, or 12.4 W (2)

Conversely, if the same subject performs the cervical test in
identical fashion (but with distance travelled per 20 seconds being
8 rather than 10 ft,) then:

TW =8 + 13 + 18 + 23 + 28] X 8 = 720 Ib/ft 3
TP = 720 1b-ft/100 sec = 7.2 Ib-ft/sec, or 9.9 W 4

When combined with the knowledge of the type of end-point
reached, these levels of work performance and power consump-
tion represent a maximum for that individual based on the three
primary limiting factors of patient capability: cognitive, cardio-
vascular, and anthropometric (represented, respectively, by psy-
chophysical, aerobic, and safety end-points).

Fig 1. Subject performing the PILE test, progressively incrementing
weights in either the lumbar (0-30 inches) or cervical (30-54 inches)
test.

In effect, the reasonable limits for subject frequent lifting in in-
dustry, as well as the limiting factor, are documented by the PILE
test. To understand this point, one must fully comprehend the im-
plications of the measurements. If a subject is stopped by reaching
the aerobic end-point, then cardiovascular factors are limiting the
subject’s performance. This generally occurs only in older or very
large individuals, whose endurance time is prolonged and whose
total work therefore is increasing exponentially. An individual be-
ing stopped by the safety end-point is limited by anthropometric
factors; this generally occurs only in very thin and small individu-
als. The vast majority of subjects are stopped by the psychophysical
end- point, which is an objective measure of the patient’s percep-
tion of fatigue or overexertion. Rather than seif-selecting a single
isometric or isoinertial lift that is “acceptable, 04144 the subject
progressively increases weight lifted and total work until an ob-
jective end-point is reached. If submaximal effort is provided, final
heart rate will be low, and a discrepancy between target heart rate
and final heart rate will be displayed. In most individuals, this pro-
vides a guide to patient effort that can be validated against sepa-
rate bicycle ergometry or treadmill tests of aerobic capacity. Thus
if a subject taking no rate-limiting cardiac medications with high
levels of aerobic capacity .on bicycle ergometry demonstrates de-
ficient lifting capacity associated with a psychophysical end-point
and low heart rate, the subject has demonstrated submaximal ef-
fort. The observer then may assume partial invalidation of test by
limited effort, implying that the patient’s true testing capability is



« than that displayed. This observation may be diagnostic by
‘ -ating inferences regarding the need for psychosocial evalua-
, cducation, or training to be drawn.
_.sen the test is placed into the context of the normative data-
_additional information may be provided. If a series of in-
«nts in a given industry requiring continuous moderate to
+ lifting are subjected to PILE testing, a normal distribution
. can be developed for these workers. It may be assumed that
+final force, TW, and TP (normalized to some anthropometric
-seteristics such as height or weight) is characteristic of work-
. «ho are capable of performing the strenuous job for a full
- ur period. A job applicant exceeding mean normalized val-
- . fforce, TW, and TP, as well as predetermined minimal final
: values, without reaching an aerobic end-point, may then be
.¢d as having achieved lifting, cardiovascular, and endurance
. :bilities as high as those of the average incumbent worker. In
sce, then, the PILE has potential relevance as a measure of
.ent lifting capacity, or the ability to predict a subject’s ca-
iy to tolerate strenuous lifting throughout a day. It cannot be
.med, however, that the test is sufficient to permit disqualifi-
n of the applicants or to predict LBP incidents. The potential
-ance of the PILE for frequent lifting is not shared by any iso-
Ac or isokinetic protocols yet established. Obviously, research
‘sboration through prospective studies is necessary to validate
PILE utility for these purposes.

‘ubjects. Sixty-two men (mean age, 29 +/— 9 years; weight,
- 8+4/— 26 pounds; height, 69 +/~— 3.8 inches) and 31 women
tanage, 27.3 +/— 7 years; weight, 133.2 +/— 18 pounds; height
#1+/— 3.1 inches) represented the normative sample. They
)'&isted of a mixed blue- and white-collar industrial population.

2?r°cedures. Each subject underwent PILE testing in both Jum-
' and cervical protocols, after calculation of target heart rate
4R, 85% of age-related maximum heart rate). Height, weight,
" “age were recorded in order to ascertain ideal normalizing fac-
i this first part of the study. In order to evaluate the effects of
':t- and underweight, an ideal body weight (IW) was assigned.
ﬂlW was obtained from the “Broad Frame” category of a stan-
+dized ideal height-weight chart.!® Use of this category in the
_‘M essentially assigns a weight to the patient based on height
"‘blc 1). Overweight individuals will thus have a lower IW than
) ¥ l"'si‘%ht (BW), and slim individuals will have a higher IW than
2l
,  third normalizing weight, termed the adjusted weight (AW),
" Was calculated. This reflected our empirical observation that
malization might be skewed by overweight, but not by under-
thy, thus, the adjusted weight (AW) utilizes the actual body
ght in slim individuals, but the ideal weight in overweight in-
duals expressed as a formula:

If IW > BW, then AW = BW (&)
If IW < BW, then AW = IW (6)

'l“‘“iflal analysis consisted of comparing PILE results (maxi-
:)m“)“‘gh_t lifted, endurance time, final heart rate, work/power
;. Bgainst potential normalizing factors (height, weight, IW,
“:li!:{ Davenport .Index). Means and standard deviations for
test and norm.allz_ed values were f:alculated.

neg ~retest replication study mvolvmg'te.r! men also was per-
re sulbn' order to demonstrate reproducibility of results in the

ject at different times. Results of the second PILE test

re !
_ Correlated with the first. Repeated tests were performed on
‘ceding days,

*SuLTs

Iab
cl° 2 presents the linear regression correlation coefficients
e Vscaner plots produced comparing lumbar and cervical final
8. the three competing weight measures (BW, IW, and AW).
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Table 1. ideal Weights (Chart Weights) for Males and Females*

Weights for women -

Height Weight
(in) (Ibs)
58 111
59 114
60 117
61 120
62 124
63 126
64 129
865 134
66 137
67 141
68 145
69 149
70 154
71 159
72 163

Weights for men
62 144
63 147
64 150
65 154
66 157
67 162
68 167
69 171
70 175
7 180
72 185
73 190
74 195
75 200
76 205

*Measurements taken without shoes in normal indoor clothing.’®

Values were obtained for men only because of the larger sample
size and more consistent strength output. Other normalizing factors
(height, age, Davenport Index) showed lower correlations. Statis-
tical analysis included correction of scale variability to optimize
selection of ideal normalization variables. In this sample, while age
was not found to be a useful normalizing factor, the sample did not
include a sufficiently wide distribution to draw conclusions about

declining performance beyond the fourth decade.

Table 2. Regression Coefficients for AW, IW, and BW

Males
8w w AW

Lumbar force

r 31 .38 A5
Significance level 01 002 .0002
Lumbar total work

r .31 .39 46
Significance level .01 .001 .001
Cervical force

r .36 .38 51
Significance level .003 .002 .0001
Cervical total work

r .33 39 49
Significance level .009 .001 .0001

*BW = body weight; IW = ideal weight; AW = adjusted weight.
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Table 3. Normative Data

Males (n = 61)

AW LW/AW CLTW/AW CERF/AW CERTW/AW
Means 161.3 .50 228 40 12.3
Standard 19.6 10 78 10 51
deviations )
Standard 2.51 01 1.0 .01 81
error of
the mean
Females (n = 31)
Means 1216 35 17.04 25 7.32
Standard 10.65 .07 7.0 04 24
deviations
Standard 1.98 .01 1.3 01 56
error of ’
the mean

L = lumbar; CER = cervical; TW = total work in Ib-ft; AW = adjusted weight in Ibs; F = final force in Ibs.

Based on thé results shown, AW was selected as the most appro-
priate normalizing factor for intersubject comparisons. Following
this, norms were calculated for final force and total work, using
the AW correction for both men and women in lumbar. and cervi-
cal protocols (Table 3). The group mean values were used subse-
quently in testing the “percent normal” of the patient population.
In the course of the normative testing, all of the subjects discontin-
ued testing at the psychophysical end-point; there were no aerobic
or safety end-points reached for any of the normal subjects.

Test-Retest Reliabllity of the PILE

Correlation coefficients for the reproducibility study were r =
0.87, P < 0.001 for lumbar force, and r = 0.93, P < 0.001 for
cervical force. This suggests adequate test-retest reliability for the
PILE.

DISCUSSION

The present study describes a new dynamic test (PILE) for which
adjusted weight was found to be the optimal normalizing factor.
Previous studies had shown that lean body weight, as determined
by body fat caliper measurements, offered no significant advan-
tage over BW as a normalizing factor for isolated sagittal isoki-
netic trunk strength.3% It was subsequently noted empirically that
mildly overweight subjects appear to be stronger on a variety of
trunk strength tests, but moderately and severely overweight in-
dividuals became proportionately less strong in relation to their
actual BW as obesity increased. By contrast, leaner individuals are
the only somatotype likely to reach the safety end-point on PILE
testing. The statistical verification that AW shouid be the prime
normalizing factor for PILE strength tests supports the previous
clinical observations, but it will require a larger normative data-
base to devise a formula for very lean, obese, or older workers.

A limitation of the PILE test effort factor is the absence of a
dependable heart rate end-point when rate-limiting drugs (eg, beta
blockers) are being taken by the subject. In cases where the rate-
response is physiologically altered, testing limits must rely either on
psychophysical or safety end-points. This is an important drawback
and suggests the necessity of performing isokinetic tests (even
for baseline screening) on these individuals. For other subjects,
however, baseline screening with the PILE may be warranted,
particularly in cases of industrial incumbent workers in the field
or at a distance from established assessment centers.

Another drawback to the PILE (and all lifting tésts) is the ina
ity to discriminate the “weak link” anywhere along the biomech
ical lifting chain. Thus, patients with weak trunk musculature r
select the dynamic lifting style (including spinal posture and b
position) that allows safest maximal lifting forces to be exer
Safety is individually monitored by sensorimotor feedback me
anisms, often causing the patient with LBP to maintain the b
in a vertical position and use a squat to provide the lifting pov
In this way, in many cases, well motivated LBP patients may |
duce high dynamic lifting forces when more sophisticated isolz
tests of spine function (trunk mobility, sagittal strength, rota:
strength) identify significant functional deficits. Interestingly, n
healthy workers and functionally restored patients who have b
encouraged to “self-select” the lifting style they perceive prodi
maximum safety and efficiency will generally use a methodol:
producing both bent knees and a bent back with the spine in s
cient flexion. This will allow some of the forces to be transmi
rassively through the posterolateral ligamentous complex.
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Progressive Isoinertial Lifting Evaluation
Erratum Notice - R

TOM-MAYER, MD,* ROBERT GATCHEL, PhD,* DENNIS BARNES, MA
HOLLY MAYER, MPH, BN,T and VERT MOONEY. MD#

soction of our article entitled, “Progressive lseinertial Lifting

Evaluation 1: A Standardized Protocel and Normative Dalabase,”
(SMNE 13:993-997, 1988)." This crror appears on page 994 of the
article, The sontences appearing in paragraph 2 of this page: “Weight is
incremonted upwards al & tate equal to the initial frec weight . . every
20 scconds, with a rate of four lifting movements in each 20-second
interval , . . The test is terminated when the first of the following
end-points is achieved, . . . should be replaced with the following:

I T HAS COME 'TO QUK attention that there is an error in the Methods

“Weight is incremented upwands at o rate equal.to the initial free
weight (ic, § pounds for women, 10 pounds for men) every 20
scconds, with a rate of eight lifting movements (4 lifting cycles) in
cach 20-sccond inturva) (Figure 1.) A Jifting movement involves o
single transfer from ong Jevel to the nekt, ic, from ficor to waist (0-30
inches) or waist to shoulder (30-54 inches). A lifting cycle involves
two lifting movements to return to the starting point; ie, from floor to
waist to floor, or waist to shoulder to waist, Lifting progresses in
sequence, fToor Lo waist (o floor, until the paticnt reaches the first of
the following end-polnts:

Both normative and patient data were collected using this protocol,
and are accuratcly potiraycd in Parts 1 and II of the PILE papers.
Unfortunately, this crror also carried over into some of the calculations
presented luter in the Methods section. Data for maximum weightlifted
(Final Force), Endurance Time, and final heart rate are unchanged.
However, calcutations for Total Work (TW) and Total Power (TT) are
in error beeause the distance-travelled parameter (distance travelled in
20 scconds based on 4 “lifting cycles” rather then 4 “lifting move-
ments”), wes stated incorrectly in the article. For a Lumbar test, the
distance travelled every 20 seconds is 2.5 feet X 8 = 20 feet, not 10
fect as oripinally presented. Simitarly, the distance travelled in 20
seconds for the Cerviecal tests is 2 foct X 8 = 16 feet, nos 8 feet as
originally presented. Therefore, both Work and Power valucs are
double those shown in the origingl calculation, Inthe example shown in
the toxt, if & fomate subject reaches an end-point after completing 100
seconds of lumbar testing, she will have & Fina) Foree of 28 pounds (the
weight lifted in the final 20 scconds). She will have performed Total
Work on Lumbar PILE, which is calculated as follows:

TW = {8 + 13 + 1B + 23 + 28) x 20 = 1,800 Ib-ft 8))

Tiram the *Univergity of Texas Southwestern Medical Center, Dallas, Texas,
Preductive Rehabilitation Ingtitute of Dallac for Brgonomics, Dalles, Texas,
and the HUnivarslty of Colifornia ut Irving, Irvine, California,

Total Power consumption (TP) is the work performed divided by the
unit of timo and is represented:

TP = TWI = 1,800 1b-f/100 sec == 18 Ih-fVaec or 24,8 Walts (2)

1n addition, if the same subject performs the Cervieal tesis in identical
fashion (but with distance travelled per 20 seconds being 16 rather than
20 feet) thei

TW=[8+4 151 16+ 23 1 28] Xéﬁ = §,440 lb.ft (&)}
C TP = 1,440 1b-fV100 sec = 14.4 Ib/fvsec or 19.8 Watts  (4)

Rised on the calculation error, the Normative Data presented in

Table 3 for Tota! Work to Adjusted Weight (T'W/AW) will be doubled.

in cach instance. The correated nean s0oT¢s are A3 follows:

Corrections 1o Table 3: Normuative Data

Males:  Lumbar TW/AW 45,6 1b-fulb
Cervical TW/AW - 24.6

Females: Lumbar TW/AW 341
Cervieal TW/AW  14.6

In the PILE 11 study (Progressive Isoinertial Lifting Evaluation Ii. A
Comparison with Isokinetic Lifting in a Disabled Chronic Low-Back
Pain Industrial Population),® Table 2 presents paticnt data, which
includes male/female TW/AW ratios for lumbar and cervical tesis on
admission and discharge from a functional restoration program. In cach
instance, the TW/AW mean value must be doubled. However, ratios
and percent normal (as presented in Figures 1-3) are unchanged. These
valucs arc unlikely to be uscd by other research groups interested in
replicating the tests and utilizing the norms. and therefore will not.be
recaleulated.

The authors wish to stress that the test itself was implemented in &
consistent fashion with accurate data collection and analysis. Other data
and conclusions presented in the studies represent actual obsesvations
and are unaffeeted by the caleulation crrors introduced by the orrong:
ously drafted protocol. The authors wish to apologize for any inconve-
nience produced to feaders using this protocol, We hope that the
published Errata wilk resull in appropriate test implementation,
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