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REVIEW OF THE LITERATURE

(7]

Moreau, DCH

ABSTRACT

Objective: To review the literature that
describes and evaluates the use of isometric
back extension endurance tests.

Data Collection: Relevant articles in
English were retrieved through a search of
MEDLINE and the Index to Chiropractic
Literature. Key search terms were back mus-
cle endurance, isometric back endurance,
trunk extensors, back muscle performance, and
Sorensen test.

Data Synthesis: The principal criterion for inclusion
was as follows: any study that discussed or tested an isometric
type of back endurance extension test. Studies that were exclud-
ed did not use an isometric testing protocol. Thirty-seven of the
initial studies are included in this review.

Results: Six different types of isometric back extension
endurance testing methods were found. Three of these proce-
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dures require special testing devices. Much of
the research on this topic has centered on a
procedure known as the Sorensen test.
Normative databases have been established
for the Sorensen test and 2 other test types.
Validity and reliability have been assessed
for some of the procedures.
Conclusions: The influence of motivation and
effort exerted by the subject are limiting fac-
tors in all of the tests reviewed. These psycho-
logic factors warrant further research. On the
basis of the literature reviewed, we determined that
the Sorensen is probably the most clinically useful of
these tests; it is easy to perform, requires no special equipment,
and enjoys the most support from the literature. (J Manipulative
Physiol Ther 2001;24:110-22)
Key Indexing Terms: Low Back Pain; Muscle; Physical
Endurance; [sometric Back Endurance; Diagnosis; Sorensen
Test; Back Extension

INTRODUCTION

During the past 4 decades, many methods of back muscle
testing have been studied in an attempt to predict, prevent,
and rehabilitate low back pain (LBP).! Methods have
included spinal muscle strength assessment, flexibility,
coordination, correlation of demographic factors with LBP,
range of motion, and spinal muscle endurance. A recent
focus has been placed on back muscle endurance and its
relationship to LBP. Knowledge of the relationship between
LBP and isometric back endurance is sparse and somewhat
conflicting.>3
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Several types of methods of testing spinal muscle
endurance have been studied. Most commonly, these are (1)
measures of isometric, or static, endurance, (2) active mea-
sures of endurance within a nonfixed range of motion (iso-
tonic), and (3) isokinetic testing that places subjects in a
fixed range of motion as well as a fixed rate of joint motion
acceleration.

Of the assessment strategies available, isometric en-
durance testing seems to be cost-effective and requires little
equipment for testing. Because of these features, we chose
to focus on isometric endurance assessment; we felt that if
there was evidence to support it as a clinically useful and
valid procedure, it would be the type of testing that clini-
cians would choose to use to measure spinal muscle
endurance. We also explored the literature for evidence
regarding the endurance of the lumbar spine extensors
specifically, because many methods are purported to test the
lumbar spine extensors.*’

The purpose of this study was to review the literature that
investigates the use of isometric back extension endurance
testing. Different testing methods and evidence regarding
their utilization are presented in this review.

DISCUSSION

Articles were retrieved through a search of MEDLINE
(January 1966 through February 1999) and the Index to
Chiropractic Literature (ICL; 1985-1997). Key search terms



used were as follows: back muscle endurance, isometric
back endurance, trunk extensors, back muscle performance,
and Sorensen test. References in retrieved articles were
searched for additional sources. The criteria for inclusion
were as follows: any study that discussed or tested an iso-
metric back endurance extension test was included; studies
that did not use isometric testing protocols were excluded;
all articles eligible for inclusion had been published in
English. Thirty-seven studies met the criteria for inclusion, '
33.35-38 and their testing protocols were sorted so that similar
procedures were reviewed together. This resulted in 6 dis-
tinct categories of isometric back extension endurance tests.

After data regarding isometric endurance tests were syn-
thesized, we conducted a literature search of the PsycINFO
database (1887 through October 1999) to find research relat-
ing to psychologic factors associated with endurance that
might significantly impact test results. Relevant papers were
reviewed and included in the Discussion section of the pres-
ent review.

In the sections that follow, data from the literature
reviewed are presented for 6 types of isometric low back
extension endurance procedures. For each type of test, the
following 5 areas are focused on:

* Summary description (background, testing method, aver-
age performance measures)

* Evidence regarding the validity of the test (does it do
what it is purported to do?)

* Evidence regarding the reliability of the test

» Evidence regarding correlation of the test with other tests

* Evidence regarding the clinical utility of the test.

| Sorensen Test (represented in 29 studies)

Summary. The Sorensen test is the method most frequently
investigated and reported in the literature. Among other
back functional measures, Biering-Sorensen* describes this
method of testing isometric back endurance; it measures
how long (to a maximum of 240 seconds) the subject can
keep the unsupported trunk (from the upper border of the
iliac crest) horizontal while prone on an examination table.
During the test, the buttocks and legs are fixed to the table
by 3 wide canvas straps and the arms are folded across the
chest (Fig 1). The subject is asked to maintain the horizontal
position until he or she can no longer control the posture or
has no more tolerance for the procedure or until symptoms
of fatigue are reached. Several authors report using Biering-
Sorensen’s exact method for clinical studies.>*%%15 A num-
ber of other studies involve minor variations of the Sorensen
test. Some of these variations include placing the hands on
the head, using fewer than 3 straps to support the subject,
and using devices such as an inclinometer on the subject’s
back to determine when the horizontal position has been
breached. These variations have been referred to collectively
as modified Sorensen tests.!-216-26.28-33,37.38

According to the literature, the mean extensor endurance
time for mixed-sex groups ranges from 77.76 to 129 sec-
onds in healthy subjects.?*2428:2% On average, women have
longer extension endurance times than men (Table 1).20:2425
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Fig 1. Testing position for Sorensen test. Subject holds horizontal
position either to fatigue or to a set stopping time. Thisfigureillus-
trates modified Sorensen position, because hands are at side of
head rather than crossed in front of chest.

For men, the mean endurance time is 84 to 195 seconds; for
women, it is 142 to 220.4 seconds. For subjects with LBP,
the mean endurance time range is 39.55 to 54.5 seconds in
mixed-sex groups,?®2° 80 to 194 seconds for men, and 146
to 227 seconds for women (Table 2).

Evidence of validity. Alaranta et al'® provide a data chart for
the Sorensen test that combines the results of testing pain-
free subjects and the results of testing LBP subjects; this
might represent some measure of social validity for the test
(Table 3).

According to the literature, the Sorensen procedure
appears to provide a global measure of back extension
endurance capacity. During the Sorensen test, the multifidus
demonstrates more electromyographic activity3? and faster
fatigue rates than the iliocostalis lumborum.3>33 This obser-
vation is attributed to the higher level of activity of the multif-
idus during trunk extension as well as to the fact that the
multifidus is responsible for counteracting forces in the
sagittal plane, whereas force contributions from the ilio-
costalis lumborum are more likely in the frontal plane.?? In
addition, when electromyography (EMG) and acoustic myo-
graphy are used in healthy subjects, the paraspinal muscles
demonstrate symmetric activity at the L4 level.3!

However, controversy exists as to the amount of
endurance that is provided by the lumbar extensors in con-
trast with the hip extensor muscles. Most authors state that
the hip extensors contribute to the performance of the test;
according to published EMG recordings, the contributions to
endurance time range from not significant®® to strong.?®
Moffroid et al?®?’ find a significant positive correlation
between EMG median frequency slopes of the biceps
femoris and Sorensen test results. They conclude that the
Sorensen test fatigues the biceps femoris more than the erec-
tor spinae and that it indicates more about the endurance of
the hip extensors than about that of the trunk extensors.

Probably the most controversial aspect of the Sorensen
test is the claim of its ability to identify people who will
have LBP in the future.* Three studies investigate this issue
directly.*2>!7 In the original study of 928 subjects (449 men
and 479 women), Biering-Sorensen* investigates whether
indicators of prognostic value for LBP are identifiable by
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Table 1. Mean endurance times for Sorensen test in normal subjects

Time (s)
Male subjects Female subjects
Reference n X SD Range* n X SD Range*
Jorgensen and Nicolaisen’ 53 180 45-240 NA 23 207 75-240 NA
Sparto et al 10 109 27 60-145 — — — —
Jorgensen and Nicolaisen® 53 180 NA 45-240 — — — —
Holmstrom et al'® 40 171.5 34.2 119-266 — — — —
Gibbons et al'’ 30 84 45 NA — — — —
Latikka et al?? 100 92 46.0 10-240 — — — —
Biering-Sorensen* 144 195 NA NA 152 199 NA NA
Kankaanpaa et al?! 100 153.6 479 NA 133 182.6 47.3 NA
Mannion and Dolan?* 21 116 40 NA 208 142 55 NA
Nicolaisen and Jorgensen? 24 184 59 NA 8 219 33.0 NA
Hultman et al® 36 150 49 NA — — — —
Mannion et al® — — — — 17 220.4 88.5 NA
Nordin et al'? — — — — 101 190 80 32-300
Moffroid et al'! — — — — 14 200.1 66.8 84-318
X, Mean; NA, not available.
*Recorded as reported in study reviewed.
Table 2. Mean endurance times for Sorensen test in subjects with low back pain
Time (s)
Male subjects Female subjects
Reference n X SD Range n X SD Range
Jorgensen and Nicolaisen® 11 148 NA 45-240 — — — —
Holmstrom et al'8* 71 166.7 55.6 28-291 — — — —
Holmstrom et al'® 57 137.5 57.1 21-253 — — — —
Gibbons et al'” 13 80 46 NA — — — —
Biering-Sorenseni 21 164 NA NA 34 151 NA NA
Nicolaisen and Jorgensen®§ 11 148 61.2 NA 6 146 61.6 NA
Nicolaisen and Jorgensen?| 16 194 59.9 NA 10 227 37.1 NA
Hultman et al'] 86 134 47 NA — — — —
Hultman et al'%** 18 85 41 NA — — — —

X, Mean.

*Subjects had once had LBP but exhibited no certain clinical signs on examination.

tSubjects had LBP at time of evaluation and exhibited clinical signs.
#Subjects had had LBP within previous week.

§Subjects had once had LBP, leading them to miss work.

|Subjects had once had LBP but could still work.

{[Subjects had had LBP at least once, but last time was more than 2 months before study.
**Subjects had LBP for 3 years and had taken more than 3 months of sick leave within previous year.

means of various anthropometric and physical performance
measurements; she reports that isometric back endurance
time is of significance for predicting the first-time occur-
rence of LBP during a 1-year follow-up period in men but
not in women. The Sorensen test discriminates between men
who have never had LBP and those with a first-time occur-
rence in the follow-up. However, it has a negative associa-
tion for women that is not statistically significant.*

Two reports confirm Biering-Sorensen’s original study and
one report does not. Hultman et al'® note that the risk of
belonging to a population of patients who have recurrent or
chronic LBP increases significantly when isometric extensor
endurance is decreased in comparison with that in healthy
subjects.!® Another study shows that the isometric endurance
test is the only physical capacity measurement that shows a
significant correlation with new LBP for both sexes. These
authors report that the adjusted relative risk (odds ratio) of

new LBP is more than 3 times greater among poor perform-
ers than among medium and good performers. This provides
confirmation of Biering-Sorensen’s study by showing that
the relationship to incurrence of new LBP is not linear;
instead, it is concentrated in the poorest performers.?* In a
final study, no factor (cross-sectional area of the paraspinal
muscles as measured by magnetic resonance imaging [MRI],
proton density, isokinetic lifting, psychophysical lifting, or
static back muscle endurance) is a significant predictor of
LBP in a 12-month follow-up period.'”

Evidence of reliability. For healthy subjects, the test-retest reli-
ability of the Sorensen test and modified Sorensen tests
ranges from 0.54 to 0.99 for those studies reporting intra-
class correlation coefficients (ICCs) and from 0.20 to 0.91
for those reporting Pearson correlation coefficients (r val-
ues; Table 4). For physically active LBP subjects, ICCs
range from 0.82 to 0.962%2%; inactive LBP subjects demon-



Table 3. Normative data for static back endurance test
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Time (s)
Male subjects (n = 242) Female subjects (n =233)
Blue collar White collar All Blue collar White collar All
Age (y) X SD X SD X SD X SD X SD X SD
35-39 87 38 113 47 97 43 91 61 95 48 93 55
40-44 83 51 129 57 101 57 89 57 67 51 80 55
45-49 81 45 131 64 99 58 90 55 122 73 102 64
50-54 73 47 121 56 89 55 62 55 99 78 69 60
35-54 82 45 123 55 97 53 82 58 94 62 87 59

Reprinted with permission from: Alaranta H, Hurri H, Heliovaara M, Soukka A, Harju R. Non-dynamometric trunk performance tests: reliability and

normative data. Scand J Rehabil Med 1994;26:211-5.
X, Mean.

Table 4. Test-retest reliability values for Sorensen test in normal subjects

Time (s)

Reference Reliability value X SD Range
Mannion and Dolan?* ICC=0.99 201 65 NA

205 63 NA
Mannion et al* 10 ICC=0.98 NA NA NA
Simmonds et al*® 48 ICC=0.73 74.1 27.6 NA
Van Dieen and Heijblom3 10 ICC =0.54 NA NA NA
Alaranta et al'® 93 r=0.63 96 51 NA

99 58 NA
Moffroid et al'! 14 r=0.87 200.1 66.8 84-318

177 56.2 60-270
Hyytiainen et al®* 29 r=0.74 134.31 51.12 32-240

135.24 51.27 26-240
Mayer et al? 12 r=0.20 NA NA NA
Holmstrom et al'8 15 ry=0.91 NA NA NA
Jorgensen and Nicolaisen’ 10 r=0.89 267 51.7 210-388

287 66.9 227-423

When 2 data sets were reported, both are presented.

X, Mean; |CC, intraclass correlation coefficient; r, Pearson product-moment coefficient of correlation; ry, Spearman rank-order correlation coefficient;

NA, not available.

*Although this study did not include data from performances restricted by pain, there was no categorization of no-pain group vs pain group.

strate an ICC of 0.39.26 Jorgensen and Nicolaisen® report a
test-retest reliability value of 0.89 but do not specify what
statistical function they used to calculate the value other
than “the reliability coefficient.”

Less research has been performed to assess the interrater
reliability of the Sorensen test in healthy subjects. Two stud-
ies report ICC values of 0.99%° and 0.5923; 2 other studies
report r values of 0.66'® and 0.80.8 Only one study reports
interrater reliability data on subjects with LBP, yet it pre-
sents an ICC of 0.99 (n = 44).2° A study of 30 adolescents
results in an r value of 0.88.!4 It has been suggested that
Sorensen test error is probably due to interactions among
subjects, inconsistent performance by subjects and/or raters,
or random error.?

Correlation with other findings. Age, activity level, and expres-
sions of weight and body mass provide most of the evidence
in the research for correlation with the Sorensen test. Age has
a significant negative correlation with Sorensen test times in
3 reports, a decline in endurance with age being demonstrat-
ed."*?2 Younger men have faster paraspinal fatigue rates than
older men in one study, but age does not have a significant
effect on the endurance times of women.?! A final study
reports no correlation between endurance and age.'8

Inactive subjects demonstrate statistically significant
lower Sorensen times than active subjects (exercising 30
min/wk),?¢ and more frequent and intense exercise in the
past year has significant associations with longer en-
durance times.! Strangely, number of years of work time
with physical loading demonstrates a significant positive
relationship, whereas leisure time activity produces con-
flicting results.!-!8

Percent body fat and weight have significantly negative
associations with the Sorensen test in 3 studies,!-?!-2? and
there is no statistically significant difference in Sorensen test
times between obese and nonobese subjects.?®

Some factors that have statistically significant correlations
with extensor endurance time but are reported in 2 or fewer
of the studies that we reviewed are height,?> abdominal mus-
cle endurance,!® better health than others of the same age,’
total work from isokinetic 1ift,2> percentage of maximal vol-
untary contraction (MVC) of the extensor muscles (a nega-
tive correlation),'® maximum force from isokinetic lift,!-2?
strength of trunk flexion, and extension.*

No significant correlation with Sorensen endurance times
was observed with any of the following: maximum isometric
strength,'® a psychophysical lift test,?? perception of strain
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Fig 2. Posture that is assumed for prone isometric chest raise as
described by Ito et al.®

during the test,?? extensor muscle torque,'® measurements of

lower limb length or inequality,* smoking,'®2° prior physical
training, cross-sectional area of back extensor muscles,
cross-sectional area of the psoas muscle, or trunk flexion
endurance.'3

Evidence of clinical utility. Because the Sorensen test requires
the subject to sustain the position to fatigue,>? there may be
health risks if it is applied to some patients with back pain.
However, authors seem to accept that the Sorensen test is a
relatively safe procedure for testing subjects with or without
LBP.#+11-14.16.23.26.27 The test generally requires the subject to
exert muscle contractions well below the MVC.%!! Subjects
with no LBP sustain contraction for endurance at the follow-
ing levels: slim, strong subjects, 20% to 25% of MVC?; sub-
jects with no LBP or LBP that does not prevent work,
60%"; untrained and overweight subjects, 70% to 75%°;
subjects with chronic LBP, 85%.'°

Regardless of how much contraction takes place, some
subjects have difficulty during the test—an issue to consider
in clinical use of the procedure. In Biering-Sorensen’s*
study, 24% of the sample cannot complete the test, primarily
because of back pain followed by pain in the legs or
abdomen.* Latikka et al?? report a 50% failure rate because
of back pain or fatigue. Cramps of the calves, neck pain, dis-
comfort in the head, abdominal pain, and breathlessness?>28
are also complaints in a minority of subjects.

With respect to theory, one author takes issue with the
Sorensen test, claiming that lumbar lordosis probably
increases during the procedure because of extended hip and
knee joints.?> Some authors suggest avoiding hyperexten-
sion of the lumbar spine during trunk muscle exercise.>3%40

2, Prone Isometric Chest Raise (represented in 2 studies)

Summary. A study from Japan by Ito et al> measures exten-
sor endurance with the subject in a prone position while
holding the sternum off the floor (Fig 2). A small pillow is
placed under the lower abdomen to decrease the lumbar lor-
dosis. The subject is asked to maintain maximal flexion of
the cervical spine, pelvic stability being maintained through
gluteal muscle contraction. Subjects are asked to maintain
this position for as long as possible, to a maximum of 300
seconds.’ Ito et al’ report a mean performance time of 208.2
seconds in healthy male subjects (n = 37) and 85.1 seconds in

Fig 3. |sometric chest raise procedure asdescribed by Mclntosh et al.”

male subjects with chronic LBP (n = 40). For healthy female
subjects (n = 53), the mean time is 128.4 seconds; for female
subjects with chronic LBP (n = 60), it is 70.1 seconds.

MclIntosh and members of the Canadian Back Institute’
report a similar procedure that they call the isometric chest
raise. The subject is placed prone with the legs extended and
the hands positioned at the temples perpendicular to the
body. The subject is then instructed to raise the head, arms,
and chest from the floor and to hold the position as long as
possible while breathing normally (Fig 3). Endurance time
(in seconds) is recorded by an examiner.” A significant dif-
ference between age groups for this isometric chest raise
procedure has been determined.’

Evidence of validity. On the basis of the 548 healthy subjects
in their study, McIntosh et al” provide a normative data chart
illustrating percentiles for the performance for men and
women of various ages (Table 5). This may represent some
degree of social validity. Ito et al® do not report any informa-
tion pertaining to validity; McIntosh et al’ state that their
test assesses the endurance of the upper back extensor mus-
cles, but no data are available to confirm this claim.

Evidence of reliability. Ito et al> report test-retest r values of
0.97 and 0.94 for healthy men and women, respectively, and
an ICC of 0.97 for both sexes.’ Chronic LBP produces test-
retest I values of 0.93 and 0.95 for men and women, respec-
tively, and an ICC of 0.93 for both sexes.> McIntosh et al’
report test-retest reliability as r = 0.633 for the isometric
chest raise.

Correlation with other findings. No information regarding cor-
relation with other findings is reported.

Evidence of clinical utility. In the test by Ito et al,”> an abdomi-
nal pillow is used in an effort to decrease the lumbar lordosis
and avoid overloading the lumbar spine in a hyperextended
position. One hundred ninety subjects (both control subjects
and subjects with LBP) report that they did not experience
difficulty in performing the test. Ito et al’ state that their pro-
cedure should be safe to perform; McIntosh et al” do not
report any safety concerns.

3. Prone Double Straight-leg Raise (represented in | study)

Summary. For the prone double straight-leg raise, the sub-
ject begins in the prone-lying position, hips extended, with
the hands underneath the forehead and the arms perpendicu-



Table 5. Normative percentile data for static chest raise
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Table available in print only

Table 6. Normative percentile data for prone double straight-leg raise

Table available in print only

lar to the body. The subject is then instructed to raise both
legs until knee clearance is achieved (Fig 4). The examiner
monitors knee clearance by sliding one hand under the
thighs. The time is recorded in seconds, and the test is termi-
nated when the subject is no longer able to maintain knee
clearance. MclIntosh et al” notice a significant difference in
performance of the procedure among subjects of different
ages.

Evidence of validity. McIntosh et al” state that the test assesses
the lower back extensor muscles, but there are no supporting
data. Normative percentile data for different age groups of
men and women are provided (Table 6).

Evidence of reliability. Test-retest reliability for the prone dou-
ble straight-leg raise is reported as r = 0.81.7

Correlation with other findings. No information regarding corre-
lation with other findings is reported.

Evidence of clinical utility. No information regarding clinical
utility is reported, other than that no special equipment is
needed.

4, Pulling Test (represented in 3 studies)

Summary. In the pulling test, the subject stands facing an
apparatus called a strain-gauge dynamometer. From this
fixed dynamometer, a wire is connected to a strap around the
shoulders of the subject (Fig 5). In this position, the subject
attempts maximal backward extension with the pelvis sup-
ported. The subject performs a steady pull for 3-5 seconds,
and the MVC is calculated as the maximal value in 3-5
attempts. For the extensor endurance test, the subject then
pulls at 60% of MVC under the control of a supervisor until
no longer able to maintain the 60% value. Pulling time is
registered in seconds.’

Mean pulling times reported for healthy men are 54 sec-
onds (n = 24),3 54 seconds (n = 24),% and 52 seconds (n =
53).° Times for healthy women are 80 seconds (n = 8)3 and
73 seconds (n = 23).° No difference is observed in endurance
times for subjects who are more heavily weighted in the
head, arms, and trunk than for lighter subjects.® Women have
longer endurance times.?

Significant differences exist in pulling test times between
healthy subjects and subjects with LBP. In the first study
reporting this data, male subjects who have once in their
lives had LBP that made it impossible for them to work have
statistically significant lower endurance times than healthy
male subjects and male subjects who have once had LBP but
continue to work. A similar trend is observed for women but
is not statistically significant.? A later study confirms these
findings.6

Evidence of validity. Jorgensen®* reports that the muscles
being tested by the pulling test are the lumbar paravertebral
muscles. In the studies that we examined from Jorgensen
and Nicolaisen,>%° no EMG data were found specifically
pertaining to the pulling test, but Jorgensen®* refers to work
published by Vink et al*! that analyzes the multifidus, lum-
bar longissimus, and lumbar iliocostalis muscles during iso-
metric trunk extensions. Jorgensen3* also points out that the
paravertebral muscles act together with the hamstrings and
calf muscles as important postural muscles.

Evidence of reliability. Jorgensen and Nicolaisen® demonstrate
a test-retest reliability of 0.82 using a nonspecified “reliabil-
ity coefficient” for the pulling test (n = 10).

Correlation with other findings. Although subjects with LBP
have lower endurance times than healthy subjects, there is
no significant difference between these groups with respect
to trunk extensor strength.3% No correlation is found
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Fig 4. Prone double straight-leg raise is isometric extension
endurance test described by McIntosh et al.”

U

Fig 5. Drawing shows pulling test described by Jorgensen and
Nicolaisen.® Qubject stands facing strain-gauge dynamometer, isthen
strapped to dynamometer, and attempts maximal backward extension
while pelvisis supported. Subject pulls at 60% of MVC under control
of supervisor until no longer able to maintain 60% value.

between extensor endurance time and fat-free weight or sit-
ting height.”

Evidence of clinical utility. This test requires the use of a strain
gauge apparatus. Jorgensen and Nicolaisen®® state that the
machine is not too costly and is therefore reasonable to con-
sider for clinical practice. Jorgensen and Nicolaisen®® also
report that the pulling test demonstrates less variation in
measurement than the Sorensen test and recommends that
the pulling test rather than the Sorensen test should be con-
sidered for clinical use.*? The MVC needs to be established
for the subject before the endurance test.?! One author states
that establishing an MVC in subjects with back pain might
compromise the safety of the procedure.!!

5. DBCI10 Test (represented in | study)
Summary. A specially designed measurement and training
unit, the DBC110 (DBC International Ltd, Vantaa, Finland)

AN

Fig 6. Drawing shows DBC110 testing and training device.
Reprinted with permission from: Taimela S, Kankaanpaa M,
Airaksinen O. A submaximal back extension endurance test utilis-
ing subjective perception of low back fatigue. Scand J Rehabil Med
1998;30:107-12.

is used for this test (Fig 6). The subject sits with the knees
and feet fixed, and the pivot point of the movement axis is
set at the L3 spinal level. After a warm-up, 4 MVC isometric
extensions are measured at 1-minute intervals; the best of
the 4 measurements is selected as the true MVC. A 50%-of-
MVC target load level is then set, and the subject performs
isometric back extension until he or she either can no longer
hold the target level (+ 5%) or experiences maximal
fatigue.?? Twenty subjects with chronic LBP and 15 pain-
free control subjects are evaluated on the DBC110; the
results are 1.7 minutes for the chronic LBP group and 2.0
minutes for the pain-free group, leading to a significant dif-
ference in mean endurance time between the two groups.?®

Evidence of validity. The gluteus maximus muscle is usually
active simultaneously with the erector spinae muscles dur-
ing back extension. EMG readings demonstrate that the glu-
teus maximus muscle fatigues faster in a group of women
with chronic LBP than in a group of control subjects in the
same back endurance task using the DBC110.2°

Evidence of reliability. Reliability data for the DBC110 testing
device are not available.

Correlation with other findings. A higher Oswestry score, a
higher visual analog scale pain score, and a lower MVC all
correlate with lower endurance time for this testing proce-
dure. EMG readings of the paraspinal and gluteus maximus
muscles and reports of exhaustion by subjects also correlate
directly with endurance time.?°

Evidence of clinical utility. MV C needs to be established for the
subject before the endurance test,?? which might compro-
mise the safety of the back structures.!!



6. Sitting Dynamometer Tests (represented in 2 studies)

Summary. Sitting dynamometer tests require special equip-
ment. One of the 2 machines that can be used is the Biodex
Medical dynamometer (Biodex Medical Systems, Inc,
Shirley, New York)33; the other is the Darcus strain-gauge
dynamometer.>® For the Biodex device, the subject is seated
on the dynamometer and the MVC torque is assessed. After
5 minutes of rest, the subject performs a sustained contrac-
tion at 50% of the maximum. When the torque can no longer
be maintained above a 90% target level, the test is stopped
and the endurance time recorded. The test is repeated after
30 minutes of rest, during which time the subject is not
allowed to step from the dynamometer (this is to exclude
variation due to repositioning).

For the Darcus strain-gauge dynamometer, the subject
sits on a stool facing the testing apparatus. A vertical bar
0.25 m long is fixed to the axis of the dynamometer, and the
subject is attached to this bar with a strap around the shoul-
ders. A strap around the hips prevents forward movement of
the pelvis (Fig 7). During the test, the applied force is ran-
domly varied between 5% and 60% of the previously estab-
lished maximal isometric strength. Only 3 subjects are
assessed, their mean endurance time being 115.33 seconds
and the minimum endurance time being 89.67 seconds.?¢

Evidence of validity. For the Biodex dynamometer, EMG
analysis demonstrates that the multifidi, iliocostalis lumbo-
rum, and iliocostalis thoracis muscles are active during the
test.> On the Darcus machine, investigators measure local
muscle blood flow during sustained contractions of the back
and arm muscles. They do not specify which back muscles
in addition to the erector spinae muscles are studied.>®

Evidence of reliability. Van Dieen> determines the test-retest
reliability of the Biodex system to be 0.54 (ICC) between
days and 0.94 when the subject is given a retest within 5
minutes of the first test.3® No reliability data are found for
the Darcus machine.

Correlation with other findings. Assessment of 3 subjects on the
Darcus machine demonstrates a high correlation between
endurance time and relative force exerted.>

Evidence of clinical utility. The clinical utility of these devices
is questionable, a fact noted even by one of the authors of
one of the studies.? Biodex testing lacks reliability for this
performance measure and has not been studied with a large
enough sample size.?

Comments Regarding the Sorensen Literature

Wide variation was observed among studies in how the
Sorensen test was conducted. Dissimilarities in endpoints
and subject positioning could have contributed substantially
to the wide range of results observed in endurance times,
particularly in healthy subjects. Three different endpoints
for the test were reported: visual determination of the sub-
ject’s failing to maintain the starting horizontal position
because of fatigue!-+8-14.16-1921-31. 5 et time cut-off of 240
seconds*; and a set time cut-off of 300 seconds.!? In addi-

*References 3, 4, 6, 8, 10, 13, 14, 16, 21, 22, and 23.

Journal of Manipulative and Physiological Therapeutics 117

Volume 24 « Number 2 ¢ February 2001
Isometric Back Endurance * Moreau et al

N
Fig 7. Drawing shows Darcus strain-gauge dynamometer. Subject
sits on stool facing testing apparatus, vertical bar isfixed to axis of

dynamometer, and subject is attached to bar with strap around
shoulders. Strap around hips prevents forward movement of pelvis.

tion, 13 variations of the testing position were reported, some
similar and some not so similar to Sorensen’s original proce-
dure.

Sampling strategies also may explain some of the varia-
tion observed. Hyytiainen et al,? for example, reported data
for subjects whom, because of a lack of reporting regarding
the pain status of the sample, we had to assume were
healthy. Although they did not include data from perfor-
mances restricted by pain, Hyytiainen et al® did not separate
subjects who might have had LBP at the time of the study
from those who did not. This could certainly have lowered
the mean endurance times, as demonstrated by looking at the
data reported by other authors on subjects with LBP.

The normative data chart presented by Alaranta et al'®
also deserves some scrutiny. Although they described the
data as normative and rationalized their decision to
include both subjects with and subjects without LBP,
theirs is not a true normative data chart, because all of the
subjects were not normal. Nevertheless, the chart can pro-
vide a general reference for clinicians in practice and is
quite useful.'6

There is controversy regarding whether the literature is
strong with respect to a correlation between having a low
Sorensen test time and having LBP in the future. Two of 3
studies possessing this type of design demonstrated such a
relationship. Combining this knowledge with a review of
studies correlating retrospective patient data and Sorensen
test times might help to provide a better answer to this ques-
tion. Nicolaisen and Jorgensen® studied 77 Danish postal
workers (24 women, 53 men) and divided the subjects into 3
groups on the basis of LBP history. They found that women
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who had once had LBP severe enough to prevent them from
working had significantly shorter extensor endurance times
than women who either had no history of LBP or had had
LBP that did not preclude work. The Sorensen time was
lower in men with LBP that precluded work than in the other
men, but there was not a statistically significant difference.’
These findings were confirmed by all but one'” of several
studies over the next decade: summarily, subjects with pre-
vious serious LBP had significantly lower endurance capaci-
ty than normal subjects.®!418:1929 Accordingly, we feel that
the combined literature supports the idea that the Sorensen
test can detect low isometric extension endurance and might
be useful for identifying subjects who are at risk for devel-
oping LBP in the future.

One interpretation of the reliability measures performed
through use of ICCs suggests that a value greater than 0.75
represents good reliability whereas a value less than 0.75 rep-
resents moderate to poor reliability. It has been suggested that
the ICC should be greater than 0.90 to ensure reasonable
validity.*? According to these general guidelines, the literature
lends some support to the Sorensen test, including variations
of it, as a stable testing procedure. With respect to test-retest
reliability, the Sorensen procedure demonstrated ICCs of 0.54
to 0.99 in healthy subjects and 0.82 to 0.96 in subjects with
active LBP; clinicians could therefore depend on the test to
produce reasonably reliable results from day to day. The only
comment we make regarding the reliability data reported as
Pearson coefficients of correlation (r) is that this is not a rec-
ommended statistical method for testing reliability*? because
the value of r can exaggerate the impression of reliability.*?
Therefore, we feel that it would be inappropriate to make a
clinical recommendation from this information.

On the basis of the studies reporting interrater reliability
results, we determined that the Sorensen test demonstrated
moderate (ICC = 0.59) to good (ICC = 0.99) interrater relia-
bility for healthy subjects and can be expected to provide
similar results when used by other clinicians in similar test-
ing environments.

Additional problems exist with regard to sample sizes.
Some of the best reliability results were obtained on sample
sizes of 10 or fewer subjects, which some would argue is an
insufficient number from which to draw conclusions. When
we included only those studies with 10 subjects or more, we
found that test-retest ICCs for normal subjects range from
0.73 to 0.98, demonstrating good to excellent reliability.
Looking at studies involving 10 or more subjects, we found
the test-retest ICCs for subjects with LBP to be 0.39, 0.82,
and 0.91; the test therefore seemed to demonstrate greater
variability during its use with subjects with LBP.

Variations in testing positions reported in the literature
might also explain some of the variance observed in the reli-
ability data. For example, the study demonstrating the worst
test-retest reliability was the only one that used a Roman
Chair device for performing the test. Although the study
team called this procedure a Sorensen test, it least resembled
both Sorensen’s original procedure and any of the other
reported variations of the Sorensen test.?

In general, we feel that the literature provides reasonable
support for recommending the Sorensen test for assessing
isometric low back extension endurance. The test appears cost-
effective, it is easy to perform and can be done in little time, and
no special equipment is needed. The test demonstrates good
reliability from day to day and between examiners. Different
measures of validity have also demonstrated that the test pro-
duces results relating to assessing isometric back extension
endurance, and the test has been declared safe for patients.

Interpretations of the Prone Chest Raise and Prone Double Straight-Leg
Raise Literature

The prone chest raise and the prone double straight-leg
raise are similar in that no special equipment is required, but
they have not been subjected to many research efforts. Both
test types have been performed on large numbers of subjects
and are associated with normative data charts that can easily
be referred to when patients are being assessed in the office.
Because no validity tests have been performed on either of
these two methods, it is not possible to conclude that they
actually assess the endurance of the extensor muscles,
though they seem to provide a global measure of extension
endurance. Reliability measures of these procedures are
sparse, yet Ito et al’> demonstrated good reliability with their
version of this procedure. Nevertheless, both testing proce-
dures are cost-effective and safe to use on patients.

Comment Regarding the Pulling Test Literature

The pulling test is an easy procedure to perform, once the
initial capital outlay has been made for the purchase of a
standing strain-gauge dynamometer. In this procedure, the
subject exerts endurance at a set target force rather than
exerting force of an amount unknown to the subject, such as
in the Sorensen procedure, prone chest raise, and prone dou-
ble straight-leg raise tests. This target may be of value in con-
trolling the fatigue perception of the subject, because the
subject knows what the target actually is and can focus on
that until fatigue.

Jorgensen and Nicolaisen® compared their unspecified
reliability value of 0.82 with a reliability value from the
Sorensen test (0.89) and stated that the pulling test has less
variation between measurements, according to an analysis
of the range of values obtained during testing. They there-
fore recommended the pulling test over the Sorensen test
for clinical use.®° This seems to be a premature recom-
mendation based on a single study with 10 subjects; in
contrast, the Sorensen test is associated with numerous
studies with larger sample sizes and ICCs suggesting good
reliability.

As seen in the Sorensen test data, subjects with previous
serious LBP had less endurance capacity than normal
subjects—a fact worth considering in clinical practice.
Furthermore, the dynamometer does allow the user to record
the actual force exerted by the subject, which is not done in
any of the tests previously discussed. The procedure appears
to be safe, but it might be limited with respect to clinical
utility because of its lack of cost-effectiveness.



Comment Regarding the DBCI 10 and Sitting Dynamometer Literature

The two testing types that are the most costly and the least
studied are those involving the use of the DBC110 and the
sitting dynamometer, the more promising of these devices
being the former. Both are high-tech testing devices that
have been little studied for validity or reliability in testing
endurance of low back extension. We do not feel that a rea-
sonable recommendation for clinical use for isometric back
extension endurance testing can be made at this time, judg-
ing from the evidence reviewed.

Comment Regarding Subject Motivation and Psychologic Factors

To what degree isometric extension endurance tests actu-
ally measure physiologic performance remains to be deter-
mined. A more objective assessment of fatigue might be
obtained by measuring the rate of fatigue-induced changes
that occur in the muscle through use of EMG.2*3> For the cli-
nician, two major disadvantages of using EMG frequency
analysis are cost and time.> EMG power spectral analysis pro-
vides the opportunity to compare the subject’s perceived level
of fatigue with the actual fatigue rate of individual muscles.?3
In one study, subjects with chronic LBP and control subjects
had increased EMG readings when performing the Sorensen
test, but the readings for the subjects with LBP were signifi-
cantly higher; the authors proposed that this was caused by a
decrease in the contractile apparatus or by impaired motor
unit recruitment due to poor motivation or pain.3’

Psychologic issues of motivation and fatigue must be bet-
ter studied in relation to isometric extension endurance test-
ing before a statement can be made regarding anatomical
and physiologic contributions to this diagnostic test. Some
authors have proposed that a disadvantage of endurance test-
ing is its dependence on subject motivation, inasmuch as
subjects maintain a given submaximal target force to their
own perceived limit of fatigue.*?%33-35 Many factors influ-
ence a person’s perception of exertion. In our brief review of
the PsycINFO database, we found 3 major psychologic
issues that influence endurance performance: personality
types, cultural context, and task feedback.

Subjects who possess personalities motivated by achieve-
ment and competition tend to be better at endurance tasks.
Traits of these individuals include competitiveness,* self-moti-
vation,® leadership qualities,*® ambition, organization, defer-
ence, dominance, endurance, self-control, tough-mindedness,*’
lower rates of perceived exertion,*® less negative feelings dur-
ing endurance tasks,*? the ability to activate emotion appropri-
ate for the task,* and control of fatigue and pain.*° These traits
might be critical in differentiating poor endurance performers
from good performers, even when physiologic parameters are
similar. For example, 11 runners were tested through use of a
30-minute endurance run at 90% of the maximum volume of
oxygen intake; the results demonstrated that those who could
not complete the run had significantly higher rates of perceived
exertion and significantly more negative feelings than did the
finishers. All cardiovascular measurements except heart rate
were not significantly different between those who could com-
plete the run and those who could not.*8
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The effect of personality traits on endurance may extend
beyond athletes to nonathletes, inasmuch as certain person-
ality types are susceptible to working beyond their en-
durance and recuperative capacities. These people include
business executives, doctors, lawyers, accountants, clergy-
men, and housewives.”® It is possible that personality traits
influenced the extension endurance data reported by
Alaranta et al.'® Because blue-collar workers are constantly
exercising their backs during work and because number of
years of work time with physical loading has a significant
positive correlation with longer endurance times"'® one
might think that blue-collar workers would have more phys-
ical capacity for endurance than white-collar workers.
However, this was not the case in the study by Alaranta et
al.'6 In their study of 475 workers who performed a modified
Sorensen test in which the ankles were fixed and the arms
were held along the sides, white-collar workers outper-
formed blue-collar workers in every age group except one
(Table 3). In interpreting this observation, Alaranta et al'®
suggested that physical incapacity among blue-collar work-
ers should be more vigorously addressed.

Personality characteristics common in those who perform
well on endurance tasks may suggest that the white-collar
workers performed better because they were more psychologi-
cally suited to the tasks and responded accordingly. It is possi-
ble that subjects perform better on these tests because of moti-
vational factors alone. If this is true, the validity of the test in
the context of physical performance alone must be questioned.

It is certain that cultural behaviors can affect endurance
capacity. Performing to fatigue might be more acceptable or
be encouraged more in certain cultures than in others; this
could limit the results of studies reviewed to certain geograph-
ic locations. For example, a study examining the Chinese cul-
tural model of motivation for learning upholds that every child
is expected to strive with an enduring desire to learn. This
includes strong cultural values for self-determination, dili-
gence, endurance of hardship, and concentration.®! In this
light, Ito et al® reported endurance times in a sample of
Japanese (professional) subjects that were substantially higher
than the endurance times reported in North America by other
authors. Although differences in methods certainly might
have contributed to the difference, it is possible that cultural
context is at least partially responsible for the higher values.
The impact of cultural context on measurements of isometric
extension endurance needs to be assessed in order for pub-
lished research to be more externally valid.

The term task-centered feedback refers to how a partici-
pant in an endurance task monitors progress; this is a moti-
vational factor underlying behavior during endurance activi-
ties. Sustained physical and sensory involvement generates
clear, concrete, and inherently reinforcing feedback to the
participant; this contrasts with the type of feedback that is
obtained in settings in which feedback is not novel or not
clear.**->2 Subjects performing isometric endurance tests
receive little to no feedback from the environment; subjects
perform to fatigue, yet there is no inherent reward, inasmuch
as they do not move anything or go anywhere. Furthermore,
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the endpoint (fatigue) is a negative one and there are no
intermediate or short-term goals for the subject to work
toward. Future research should consider how to overcome
the issue of this unclear feedback system. One way to
approach it might be to provide standardized verbal coach-
ing to the subject during the test as a form of short-term
feedback until he or she reaches exhaustion.

Limitations of This Study

Only 2 databases were used to search for isometric back
extension endurance information, and it is possible that
other relevant information might have been found in other
databases. We chose to search MEDLINE because of the
breadth and quality of journals indexed therein, and we
chose to search the ICL to find out whether there was any
work done in this area reported in chiropractic periodicals
not recognized by Index Medicus. We did not look at any
ICL entries dated 1998 or 1999 because we did not have
access to a computerized version of the database at the time
of the literature search phase of this review, and the 1985-
1997 ICL search yielded no results for inclusion in the
study. It is possible that the ICL indexes one or more articles
germane to isometric endurance testing that were published
in 1998 or 1999. However, the Journal of Manipulative and
Physiological Therapeutics is indexed in MEDLINE as
well, so we would not have missed any publications from
this periodical; articles in other journals might have been
missed in the years we did not search.

Perhaps a search in the Cumulative Index to Nursing
and Allied Health Literature would have provided a few
more studies from the physical therapy field for analysis.
Several studies on isometric endurance testing came from
Scandinavian researchers. We are unaware of any predom-
inately Scandinavian databases to search through, but it
is conceivable that such a database would reveal more
studies.

Our search of PsycINFO was not exhaustive. We conduct-
ed the PsycINFO search simply to survey the psychologic
research available on the topics of endurance, motivation,
and fatigue, because this factor did not receive much atten-
tion in the 37 studies analyzed in our review. A vast amount
of literature is available on these topics; the breadth and
depth of psychologic research available prohibited us from
discussing all of it in the present article. To attempt to
append a thorough assessment of that literature here would
be sophomoric and would add far too many pages to this
already lengthy review. We hope that this paper will stimu-
late someone to investigate the relationship between psycho-
logic factors and back endurance testing.

Although it was not part of the design of this review to
rate the quality of research presented in the studies, varia-
tion in research quality was observed. This factor could
account for variation in study results, and we did not
attempt to provide for this possibility by rating the stud-
ies. Perhaps a more thorough assessment of the litera-
ture—one that would include more databases and rank
reviews of the included research—could provide a more

definitive statement of the clinical utility of this group of
diagnostic tests.

One problem in synthesizing the data reported in the liter-
ature is that various authors used different criteria for deter-
mining which subjects were healthy and which subjects
were normal. We attempted to provide for this with appro-
priate annotations in the data tables and in the text. In addi-
tion, the variability in how authors reported their data, par-
ticularly reliability data, posed a significant challenge to
assimilating this information in our review. When data were
not available, we recorded this fact rather than try to judge
whether it was necessary to report it.

CONCLUSION

Six different types of back extension endurance tests
were found in the literature. A major finding of this review
is that when the Sorensen test, the pulling test, or the prone
isometric chest raise was used to test isometric extension
endurance of the low back, subjects with LBP demonstrat-
ed lower endurance times. Some data support the assertion
that this might provide a mechanism for identifying sub-
jects who are at risk of having LBP in the future. On the
basis of the literature reviewed, we feel that the Sorensen
test might be of value when used as a screening tool for pre-
ventive measures if it is used in subjects with a history of
severe LBP.

Regardless of the procedure used, a disadvantage of back
muscle endurance testing is that it depends on the motiva-
tion of the subject to complete the test to his or her own per-
ceived limit of fatigue. No cost-effective clinical means of
addressing this issue has been identified, and little research
incorporating psychologic outcome measures for motivation
and perceived effort during isometric low back endurance
testing has been identified.

Summarily, the pulling test requires the use of a strain-
gauge dynamometer and garners some support from 3
studies. The prone static chest raise and the prone double
straight-leg raise are easy to use in the clinic, but neither
has a very substantial research base to support it at this
time. The Sorensen method enjoys abundant positive sup-
port in the literature; this test seems to be a valid, reliable,
and useful outcome measure for tracking changes in iso-
metric extension endurance capacity in the clinical setting.

ACKNOWLEDGMENTS

We thank Cheryl Hawk, DC, PhD, and Robert Jansen,
PhD, for their assistance with this project. Todd Andrew,
DC, Cindy Chapman, DC, Patricia Henkhaus, Phil
Schember, and Stacy Schulenberger also deserve thanks for
critiquing early versions of the manuscript.

REFERENCES

1. Gibbons LE, Videman T, Battie MC. Determinants of isokinet-
ic and psychophysical lifting strength and static back muscle
endurance: a study of male monozygotic teins. Spine 1997;
22:2983-90.

2. Mayer T, Gatchel R, Betancur J, Bovasso E. Trunk muscle



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

endurance measurement: isometric contrasted to isotonic test-
ing in normal subjects. Spine 1995;20:920-6.

. Nicolaisen T, Jorgensen K. Trunk strength, back muscle

endurance and low-back trouble. Scand J Rehabil Med 1985;
17:121-7.

. Biering-Sorensen F. Physical measurements as risk indicators

for low-back trouble over a one-year period. Spine 1984:9:
106-19.

. Ito T, Shirado O, Suzuki H, Takahashi M, Kaneda K, Strax TE.

Lumbar trunk muscle endurance testing: an inexpensive alter-
native to a machine for evaluation. Arch Phys Med Rehabil
1996;77:75-9.

. Jorgensen K, Nicolaisen T. Trunk extensor endurance: determi-

nation and relation to low-back trouble. Ergonomics 1987;
30:259-67.

. McIntosh G, Wilson L, Affieck M, Hall H. Trunk and lower

extremity muscle endurance: normative data for adults. J
Rehabil Outcome Meas 1998;2:20-39.

. Hyytiainen K Salminen JJ, Suvitie T, Wickstrom G, Pentii J.

Reproducibility of nine tests to measure spinal mobility and
trunk muscle strength. Scand J Rehabil Med 1991;23:3-10.

. Jorgensen K, Nicolaisen T. Two methods for determining trunk

extensor endurance: a comparative study. Eur J Appl Physiol
1986;55:639-44.

Hansen JW. Postoperative management in lumbar disc protru-
sions. Acta Orthop Scand 1964;S71:9-22.

Moffroid MT, Haugh LD, Haig AJ, Henry SM, Pope MH.
Endurance training of trunk extensor muscles. Phys Ther
1993;73:3-10.

Nordin M, Kahanovitz N, Verderame R, Parnianpour M, Yabut
S, Viola K, et al. Normal trunk muscle strength and endurance
in women and the effect of exercises and electrical stimulation,
part 1. Spine 1987;12:105-11.

Peltonen JE, Taimela S, Erkintalo M, Salminen JJ, Oksanen A,
Kujala UM. Back extensor and psoas muscle cross-sectional
area, prior physical training, and trunk muscle strength: a lon-
gitudinal study in adolescent girls. Eur J Appl Physiol 1998;
77:66-71.

Salminen JJ, Maki P, Oksanen A, Pentti J. Spinal mobility and
trunk muscle strength in 15-year-old schoolchildren with and
without low-back pain. Spine 1992;17:405-11.

Troup JDG, Chapman AE. Changes in the waveform of the
electromyogram during fatiguing activity in the muscles of the
spine and hips: the analysis of postural stress. Electromyog
Clin Neurophysiol 1972;12:347-65.

Alaranta H, Hurri H, Heliovaara M, Soukka A, Harju R. Non-
dynamometric trunk performance tests: reliability and norma-
tive data. Scand J Rehabil Med 1994;26:211-5.

Gibbons LE, Videman T, Battie MC. Isokinetic and psy-
chophysical lifting strength, static back muscle endurance, and
magnetic resonance imaging of the paraspinal muscles as pre-
dictors of low back pain in men. Scand J Rehabil Med 1997;
29:187-91.

Holmstrom E, Moritz U, Andersson M. Trunk muscle
strength and back muscle endurance in construction workers
with and without low back disorders. Scand J Rehabil Med
1992;24:3-10.

Hultman G, Nordin M, Saraste H, Ohlsen H. Body composi-
tion, endurance, strength, cross-sectional area, and density of
mm erector spinae in men with and without low back pain. J
Spinal Disord 1993;6:114-23.

Kankaanpaa M, Taimela S, Laaksonen D, Hanninen O,
Airaksinen O. Back and hip extensor fatigability in chronic
low back pain patients and controls. Arch Phys Med Rehabil
1998;79:412-7.

Kankaanpaa M, Laaksonen D, Taimela S, Kokko SM,
Airasinen O, Hanninen O. Age, sex, and body mass index as
determinants of back and hip extensor fatigue in the isometric

22.

23.

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Journal of Manipulative and Physiological Therapeutics
Volume 24 « Number 2 ¢ February 2001

Isometric Back Endurance * Moreau et al

Sorensen back endurance test. Arch Phys Med Rehabil 1998;
79:1069-75.

Latikka P, Battie MC, Videman T, Gibbons LE. Correlations of
isokinetic and psychophysical back lift and static back extensor
endurance tests in men. Clin Biomech 1995;10:325-30.

Luoto S, Heliovaara M, Hurri H, Alaranta H. Static back en-
durance and the risk of low-back pain. Clin Biomech 1995;
10:323-4.

. Mannion AF, Dolan P. Electromyographic median frequency

changes during isometric contraction of the back extensors to
fatigue. Spine 1994;19:1223-9.

Mannion AF, Connolly B, Wood K, Dolan P. The use of surface
EMG power spectral analysis in the evaluation of back muscle
function. J Rehabil Res Dev 1997;34:427-39.

Moffroid M, Reid S, Henry SM, Haugh LD, Ricamato A. Some
endurance measures in persons with chronic low back pain. J
Orthop Sports Phys Ther 1994;20:81-7.

Moffroid MT. Endurance of trunk muscles in persons with
chronic low back pain: assessment, performance, training. J
Rehabil Res Dev 1997;34:440-7.

Moreland J, Finch E, Stratford P, Balsor B, Gill C. Interrater
reliability of six tests of trunk muscle function and endurance.
J Orthop Sports Phys Ther 1997;26:200-8.

Simmonds MJ, Olson SL, Jones S, Hussein T, Lee CE, Novy
D, et al. Psychometric characteristics and clinical usefulness of
physical performance tests in patients with low back pain.
Spine 1998;23:2412-21.

Sparto PJ, Parnianpour M, Reinsel TE, Simon S. Spectral and
temporal responses of trunk extensor electromyography to an
isometric endurance test. Spine 1997;22:418-26.

Wright F, Stokes MJ. Symmetry of electro- and acoustic myo-
graphic activity of the lumbar paraspinal muscles in normal
adults. Scand J Rehabil Med 1992;24:127-31.

Ng JKF, Richardson C, Jull GA. Electromyographic amplitude
and frequency changes in the iliocostalis lumborum and mul-
tifidus muscles during a trunk holding test. Phys Ther 1997;
77:954-61.

Ng JKF, Richardson C. Reliability of electromyographic power
spectral analysis of back muscle endurance in healthy subjects.
Arch Phys Med Rehabil 1996;77:259-64.

Jorgensen K. Human trunk extensor muscles physiology and
ergonomics. Acta Physiol Scand 1997;160(S637):1-58.

Van Dieen JH, Heijblom P. Reproducibility of isometric trunk
extension torque, trunk extensor endurance, and related elec-
tromyographic parameters in the context of their clinical
applicability. J Orthop Res 1996;14:139-43.

Bonde-Petersen F, Mork AL, Nielsen E. Local muscle blood
flow and sustained contractions of human arm and back mus-
cles. Eur J Appl Physiol 1975;34:43-50.

Cooper RG, Stokes MJ, Sweet C, Taylor RJ, Jayson MI.
Increased central drive during fatiguing contractions of the
paraspinal muscles in patients with chronic low back pain.
Spine 1993;18:610-6.

Stokes MJ, Colter C, Klestov A, Cooper RG. Normal
paraspinal muscle electromyographic fatigue characteristics in
patients with primary fibromyalgia. Br ] Rheumatol 1993;32:
711-6.

Williams PC. Lesions of the lumbosacral spine, II: chronic
traumatic (postural) destruction of the lumbosacral interverte-
bral disc. J Bone Joint Surg Am 1937;19:690-703.

White AA, Panjabi MM. Clinical Biomechanics of the spine.
2nd ed. Philadelphia: JB Lippincott; 1990. p. 379-474.

Vink P, Draanen HAM, Verbout AJ. Specificity of surface
EMG on intrinsic lumbar back muscle. Hum Movement Sci
1989;8:67-78.

Portney LG, Watkins MP. Foundations of clinical research:
applications to practice. Norwalk (CT): Appleton & Lange;
1993. p. 439-45, 514-5.

121



122

43.

44.

45.

46.

47.

Journal of Manipulative and Physiological Therapeutics
Volume 24 ¢« Number 2 ¢ February 2001

Isometric Back Endurance * Moreau et al

McDowell I, Newell C. Measuring health: a guide to rating scales
and questionnaires. 2nd ed. New York: Oxford University Press;
1996. p. 37-46.

Hellandsig ET. Motivational predictors of high performance
and discontinuation in different types of sport among talented
teenage athletes. Int J Sports Psychol 1998;29:27-44.

Raglin JS, Morgan WP, Luchsinger AE. Mood and self-motiva-
tion in successful and unsuccessful female rowers. Med Sci
Sports Exerc 1990;22:849-53.

Clingham JM, Hilliard DV. Some personality characteristics of
the super-adherer: following those who go beyond fitness. J
Sports Behav 1987;10:123-36.

Ogilvie BC. Psychological consistencies within the personality
of high-level competitors. JAMA 1968;205:780-6.

48.

49.

50.
51.

52.

Beaudoin CM, Crews DJ, Morgan DW. Influence of psycho-
genic factors during a prolonged maximal run. J Sports Behav
1998;21:377-86.

Forbes JL. Training lessons learned from peak performance
episodes. US Army Research Institute for the Behavioral and
Social Sciences Report 1986;Jun Tech Rpt 711:29.

Rhoads JM. Overwork. JAMA 1977;237:2615-8.

Li J. The Chinese heart and mind for wanting to learn (hao-xe-
xin): a culturally based learning model. Dissertation Abstracts
International Section A: Humanities and Social Sciences 1997;
58:1583.

Reser JP, Scherl LM. Clear and unambiguous feedback: a trans-
actional and motivational analysis of environmental challenge
and self-encounter. J Environmen Psychol 1988;8:269-86.



