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ABSTRACT

Study design: A cross-sectional non-experimental study.

Objectives: To collectively detect the reliability and feasibility of the five types of
clinical tests that have been used to measure endurance of the trunk muscles in subjects
with and without low back pain (LBP) and identify the sensitivity of each test to predict
the probability of the occurrence of LBP.

Background: Testing spinal muscle endurance seems to be very important in
prediction, prevention and rehabilitation of LBP. Several types of methods of static
endurance testing such as: Sorensen test, prone isometric chest raise test, prone double
straight-leg raise test, supine isometric chest raise test and supine double straight-leg
raise test regarding their utilization have been reported in the literature. However, iden-
tification of the tests that have more dominant sensitivity on assessment of LBP has not
yet been determined. Information regarding the sensitivity of each test is needed for
effective prevention and appropriate treatment strategies.

Methods: A total of 200 subjects participated in this study. Subjects were cat-
egorized into four groups: asymptomatic males (N= 50, mean age=38+12 years),
asymptomatic females (N= 50, mean age=43+11 years), males with LBP (N= 50,
mean age=39+12 years), and females with LBP (N= 50, mean age=43+12 years).
Five clinical tests were measured in each group and the relative association of each test
on LBP was assessed.

Results: Among all the performed tests, the prone double straight-leg raise test
had the highest association with LBP. Other tests such as the prone isometric chest
raise test, Supine isometric chest raise test and Supine double straight-leg raise test had
low association with LBP in comparison with the prone double straight-leg raise test.

Conclusion: It seems that the prone double straight-leg raise test has more asso-
ciation with LBP than other tests and could be used as a useful method for testing spinal
muscle endurance, prediction of the probability of the occurrence of LBP, and preven-
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tion and rehabilitation of LBP.
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INTRODUCTION

Low back pain (LBP) is one of the most common com-
plaints in today’s societies.' Some studies have indicated
that about 70-80% of the population have had at least
one episode of LBP in their life-time." Several factors.
based on assumptions, clinical findings and scientific
experiments, have been associated with the develop-
ment of LBP. However. during the past decades the
main focus has been placed on back muscle endur-
ance and its association with LBP. Back extensor
muscles are postural muscles that aid in maintain-
ing the upright standing posture and controlling
lumbar forward bending.” Several studies have re-
ported a significant decrease in back extensor
muscle endurance in patients with LBP.>**3 It is
thought that decreased back muscle endurance
causes muscular fatigue and overloads soft tissue
and passive structures of the lumbar spine. result-
ing in LBP.%7 Biering-Sorensen® has identified poor
back extensor muscle endurance as an important risk
factor for LBP. Others have suggested that a test of
back extensor endurance be used as a screening tool
in the selection of workers for strenuous jobs. Since
trunk extensors are classified as postural muscles.” they
are rich in larger diameter type I muscle fibers and are
suited to support low levels of activity for long periods
of time.'” Moreover, electromyographic (EMG) studies
indicate that the paraspinal muscles in patients with LBP
have a faster fatigue rate compared with those in asymp-
tomatic subjects'"'*"* that indicate the significance of
these muscles in occurrence of LBP. Hides et al'* showed
a 31% decreased cross-sectional area in lumbar multifi-
dus muscles in patients with LBP. which did not resolve
automatically after remission of the painful symptoms.
According to Roy et al,” these muscles consistently dem-
onstrate a higher fatigue rate in patients with LBP. Fur-
thermore, besides the endurance of back extensor
muscles some investigators have focused on the endur-
ance of the trunk flexors in LBP because of their signifi-
cant role in normal function of the lumbo-pelvic area. [to
etal.' have shown a signilicant decrease in trunk flexor
endurance in patients with LBP. As noted above, most
previous studies have shown the significance of muscle
endurance in LBP. So testing spinal muscle endurance
seems very important in prediction, prevention and re-
habilitation of LBP. Several types of methods of testing
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such as static endurance test, active measures of endur-
ance, isokinetic and EMG testing have been studied
in the literature.'” From these assessment strategies,
isometric endurance testing seems to be cost-effec-
tive and require little equipment for doing in the
clinics. Because of these features, investigators
have focused mainly on isometric endurance assess-
ment. They believed that it would be the type of testing
that clinicians would choose to use to measure spinal
muscle endurance. Different static endurance testing
methods and evidence regarding their utilization have
been reported in the literature. Most commonly.
these are: prone isometric chest raise test as de-
scribed by Ito et al'® and MclIntosh et al,'® prone
double straight-leg raise test as described by MclIn-
tosh et al.'® supine isometric chest raise test as de-
scribed by Ito et al,'® supine double straight-leg
raise as described by Kendal' and Sorensens®>¢2!
test. Although several studies have shown a signifi-
cant difference between normal subjects and those with
LBP in these tests, more in-depth review of these ar-
ticles reveals that most previous studies have consid-
ered only one of these tests in a relatively small popula-
tion. Furthermore. although these tests have been used
to measure endurance of the muscles, identification of
tests with more dominant sensitivity on assessment of
LBP has not yet been accomplished. The aim of this study
was to detect the reliability and feasibility of the five
types of clinical examinations in subjects with and with-
out LBP in a relatively large population and to identify
the sensitivity of each test to predict the probability of
the occurrence of LBP.

PATIENTS AND METHODS

Subjects

A total of 200 subjects between the ages of 20 and 65
were randomly selected from four hospitals in Tehran.
Iran. Subjects were categorized into four groups: asymp-
tomatic males (N= 50, mean age= 38+12 years), asymp-
tomatic females (N= 50, mean age =43(11 years). males
with LBP (N= 50, mean age= 39412 vears). and females
with LBP (N= 50, mean age = 43+12 years). To account
for the effect of age on the considered tests, the sub-
jects in each category were matched by age. The mean
age, height and weight of the subjects in each group are
shown in Table I.
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Table 1. Mean age, height and weight and tests of asymptomatic subjects and those with low back pain.

Males Females

Variables Asymptomatic Asymptomatic LBP ‘

| Mean SD | Mean SD Mean SD | Mean SD
| ! | =
Age (years) |38 2 | 39 12 43 I 43 2 |
Height (cm) 170 6 | 172 7 166 7 160 6 |
T F— | : ———g——
Weight (k) |70 12 | 69 1|68 13 67 0|
Sorensen test (sec.) 27 7 | 25 9 26 7 15 6 \

Prone isometric chest raise | 32 8 30 7 42 10 | 22 9

Supine isometric chest raise;_ 33 8 |23 4 21 6 18 4 |

(o iy b | 1 . 1 S
Prone double SLR 24 6 12 5 21 4 12 4 |
- = : S— S T —_— 1 — |
Supine double SLR | 18 3 | 14 5 18 4 13 3 |

Table II. Intraclass correlation coefficient values for intratester and intertester reliability for
the measurements performed in the stdy. (N= 30 subjects).

: Measurements - Tester 1 Tester 2 Inter-tester
L ICC(@3.1) ICC(3.1) ICC(2,1) o
| Prone isometric chest raise test 0.90 | 089 0.90
i Supine isometric chest raise test 0.92 0.90 0.89
| Prone double SLR test 0.87 0.85 0.83
| Supine double SLR test 0.84 085 0.79

Sorensen test 0.80 0.79 | 0.78 |

ICC = intraclass correlation coefTicient.

Selection criteria

Subjects were included if they had no history of spi-
nal surgery. no spinal or pelvic fracture, no history of
hospitalization for severe trauma or injuries from a car
accident, no history of osteoarthritis or fracture of the
lower extremities and had no history of any systemic
disease. such as arthritis or tuberculosis. Asymptomatic
subjects were evaluated and found to have no complaint
of any pain or dysfunction in their low back. thoracic
and neck area and lower extremities. Patients were in-
cluded if they had a history of LBP for more than six
weeks before the study or had on and off back pain and
had experienced at least three episodes of LBP, each
lasting more than one week. during the year before the
study. None of the subjects with or without LBP had
referred leg pain. Before participating in the study. all
subjects signed an informed consent form approved by

the human subjects committee of the University of So-
cial Welfare and Rehabilitation Sciences.

Reliability assessment

The inter-tester reliability of the measurements were
assessed in 30 asymptomatic subjects (15 male and 15
female volunteers). The first examiner completed the
tests in a subject and then after 15 minutes repeated the
tests in a random order on the same subject. The sec-
ond examiner. then. tested the subject. following the
same procedure,

Procedures

Five types of clinical physical examination for esti-
mation of the endurance of spinal muscles were used in
this study. The description of the procedure and the
instruments used to measure each variable are as fol-
lows.
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Sorensen test

The Sorensen test is the method most frequently in-
vestigated and reported in the literature.™”*"*' Biering-
Sorensen® described 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 but-
tocks and legs are fixed to the table by three wide can-
vas straps and the arms are folded across the chests.
The subject is asked to maintain the horizontal position
until he/she can no longer control the posture or has no
more tolerance for the procedure.

Prone isometric chest raise

This test was done with the subject lying prone on a
treatment table with the hands laying beside his/her trunk.
A small pillow was placed under the lower abdomen to
decrease the lumbar lordosis. The subject was instructed
to lift the upper trunk exactly 30° from the table and hold
the sternum off the floor for as long as possible. The
detailed procedure for this test is descrioed by Ito et
al.'® and Moreau et al."”

Prone double straight-leg raise

For the prone double straight-leg raise, the subjects
lay in a prone position. hips are extended, with the hands
underneath the forehead and the arms rested perpen-
dicular to the body. The subject was then instructed to
raise both legs until knee clearance was achieved. The
examiner monitored knee clearance by sliding one hand
under the thighs. The time was recorded in seconds,
and the test was terminated when the subject was no
longer able to maintain knee clearance. The detailed pro-
cedure for this test is described by Mc Intosh et al.'”"®

Supine isometric chest raise

This test was done with the subject lying supine on a
treatment table with the hands crossed on his/her chest.
The knees and hips were in 90° flexion. The subject was
instructed to lift his neck and upper trunk from the table
and hold this position for as long as possible. The de-
tailed procedure for this test is described by Ito et al.'®

Supine double straight-leg raise

For the supine double straight-leg raise. we followed
the method described by Kendall et al' to assess the
endurance of lower abdominal muscles. The subject be-
gan in the supine-lying position, hips extended, with the
hands laying beside his/her trunk. The subject was then
instructed to raise both legs from the floor about 20 de-
grees and hold this position for as long as possible with-
out any tilting in the pelvis. The examiner monitored
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pelvic tilt during the test. The time was recorded in sec-
onds and the test was terminated when the subject was
no longer able to maintain knee clearance.

Data analysis

We used intra-class correlation coefficient (ICC), two
way random effect model* to assess inter-tester and
intra-tester reliability of the measurements. We tested
quantitative data by using 2*2 ANOVA, accounting for
gender, health status (symptomatic vs. asymptomatic),
and interaction of health status and gender effects. We
used pooled data where there was no significant health
by gender interaction effect, but analyzed the data sepa-
rately for males and females for the variables which had
a significant health status by gender interaction. To de-
termine the relative sensitivity of each test on likelihood
of LBP occurrence, the tests which were found signifi-
cantly different between subjects with and without LBP
were selected and backward logistic regression analysis
was used to determine the effect of each test on the
probability (likelihood) of LBP occurrence. Logistic re-
gression analysis is a statistical procedure used to pre-
dict the probability of the occurrence of a dichotomous
dependent variable as a function of the independent
variables.™

RESULTS

Table II presents the ICC for each test taken in the
pilot study. Except for the Sorensen test and supine
double SLR test, all other ICC values were greater than
0.80 (Table 1I).

The result of 2*2 ANOVA revealed that gender by
health status was significant for prone isometric chest
raise. prone double straight-leg raise, supine isometric
chest raise and supine double straight-leg raise tests at
a= 0.05. Therefore, these factors were analyzed sepa-
rately for males and females. We found that prone double
straight-leg raise, supine isometric chest raise and su-
pine double straight-leg raise tests were significantly
different between normal males and females and those
with LBP. For prone isometric chest raise, a significant
difference was found only in females with and without
LBP but not in males (Table III1). We used pooled data to
compare means of the Sorensen test, which had no sig-
nificant health status by gender interaction effect. across
subjects with and without LBP. The result showed that
Sorensen test was not significantly different between
normal subjects and those with LBP (Table ILI).

We used backward logistic regression analysis to de-
termine the association between LBP and performed
tests. In pooled data. among all the tested variables,
prone double straight-leg raise test had the highest as-
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Table ITL. Mean and standard deviation (SD) of the tested variables from 2x2 ANOVA Table.

| Variables . Asymptomatic LBP _J P-Value
Mean SD Mean SD

| Prone isometric Males | 32 8 30 8 0.85

i chest raise test* _ i

. Females | 42 10 22 9 0.000
Supine isometric Males 33 | 8 23 4 0.000

| chest raise test*® | o .[

| Females 21 6 18 4 i 0.001

| Pronedouble | Mates | 24 6 12 5 0000

i SLR test* = ]. ——1 !

; ‘ Females 21 4 | 12 4 I 0.000 !

' Supine double ‘ Males 18 3 14 5 : 0.000 |
SLR test r I (e |

| ! Females 18 i _4_ . 13 3 0.000 |

| Sorensen test** 25 7 Jl_ 20 18 08 J

#These variables had a significant Gender x Health Status interaction at (.05 level. therefore.
they were analyzed separately for males and females.

#**This variable had no significant Gender x Health Status interaction. therefore. the com-
parison of means from the asymptomatic and the low back pain group was conducted from
the main effect of Health Status in pooled data.

Table IV. Degree of association between the performed tests and LBP from Backward Logistic Regression Analysis.

Pooled Data Males Females |
: Factors -2LogL.R P | -2LogLR P -2LogLR P ]:
| Prone isometric chest raise test | 76.20 0.02 15.77 0.330 42.29 0.02 :
II Supine isometric chest raise test 7245 0.48 16.43 0.13 | 37.80 | 0.407
Prone double SLR test 102.78 ‘ 0.000 | 2972 0.001 | 50.27 0.000
Supine double SLR test | 7391 [ 0.27 | 1755 0.06 37.56 0.85
Sorensen test 71.65 _J| 0540 | 1410 | 084 34.79 0.87
- = =4 L t= = — I

Among all tests. the prone double SLR test had the highest association with occurrence of low back pain in pooled data,
males and females. -2logLR is an index in logistic regression showing the degree of association between each test and low

back pain. The higher the value of -2LogLR. the higher the likelihood of that test for predicting low hack pain.

sociation with occurrence of LBP (Table IV). Other tests
remained in the model but were not highly associated
with LBP (Table IV). In separate analysis of data for males
and females (Table 1V). prone double straight-leg raisc
test also showed the highest association with LBP.

DISCUSSION

Our data indicate that a significant difference in all
performed tests exists between subjects with and with-
out LBP. This finding is in accordance with other stud-
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ies showing a significant decrease in trunk muscle en-
durance in patients with chronic LBP.**** The impor-
tance of this factor has been emphasized in the litera-
ture. Investigators have identified poor back extensor
muscle endurance as an important risk factor for LBP.
Because these muscles are rich in larger diameter type |
muscle fibers.”* they are suited to support low levels of
activity for long periods of time." Electromyographic
(EMG) studies. however. indicate that the paraspinal
muscles in patients with LBP have a faster fatigue rate
compared with those in asymptomatic subjects.'"'>!* In-
vestigators have attributed the decreased muscle en-
durance found in patients with LBP to higher muscle
metabolite level resulting from prolonged muscle ten-
sion and spasm.™ muscle deconditioning'® and inhibi-
tion of the paraspinal muscles' in response to pain and
decreased activity. The significant difference in per-
formed tests between subjects with and without LBP
found in our study complements the results of previous
studies which indicated that improvement of muscle en-
durance is an important factor in preventing® and treat-
ing** LBP. However. the significance of this study is due
to assessing several tests have been used to measure
endurance of the muscles together to compare the rela-
tive significance of each test to identify which test has
greater sensitivity for assessment of LBP. Our data indi-
cate that among all clinical tests to assess the endur-
ance of trunk muscles, prone double straight-leg raise
has the highest association with LBP comparing with
others. McIntosh et al.'® state that this test assesses the
lower back extensor muscles while others such as prone
isometric chest raise. Sorensen and supine isometric
chest raise assess upper back extensor and flexor endur-
ance. Perhaps the high association with prone double
straight-leg raise test with LBP found in our study is
due the fact that inhibition and atrophy of the lower
paraspinal muscles' especially the lumbar multifidus
muscles,”™? is very important in causing LBP because
of muscle deconditioning.'® impaired muscle coordina-
tion and unequal distribution of muscle force . Hides et
al."* showed a 31% decreased cross-sectional area in lum-
bar multifidus muscles in patients with LBP. which did
not resolve automatically after remission of painful symp-
toms. According to Roy et al.’ these muscles consis-
tently demonstrate a higher fatigue rate in patients with
LBP. Our data showed no strong association between
LBP and the Sorensen test. Although the Sorensen test
is the method frequently investigated and reported in
the literature, controversy exists as to the amount of
endurance that is provided by the lower lumbar exten-
sors in contrast with the hip extensor which contributes
to the performance of the test. Moffroid et al*® found a
significant positive correlation between EMG median fre-
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quency slopes of the biceps femoris and Sorensen test
results. They conclude that the Sorensen test fatigues
the biceps femoris more than the lower erector spinae
and that it indicates more about the endurance of the hip
extensors than that of trunk extensors. Another issue
that should be considered in clinical use of the Sorensen
test procedure is its difficulty. Previous studies reported
subjects have difficulty during the Sorensen test. In
Biering-Sorensen’s study, 24% of the sample could not
complete the test, primarily due to back pain followed by
pain in the legs or abdomen. Latika et al** also reported a
50% failure rate in doing the Sorensen test.

REFERENCES

. Svensson H, Anderson GBI. Johansson S. Wilhemsson C.
Vedin A: A retrospective study of low back pain in 38-1o-
64 year old women: frequency of occurrence and impact on
medical services. Spine 13: 548-52, 1988.

2. Calliet R: Low Back Pain Syndromes. 3" ed, Philadelphia;

F.A. Davis. 1981.

3. Hultman G. Nordin M. Saraste H. Ohlsen H. Body compo-

sition. endurance, strength, cross-sectional area and den-

sity of erector spine in men with and without low back
pain. J Spinal Disord 6: 114-123. 1993,

4. Jorgensen K, Nicholaisen T: Trunk extensor endurance: de-
termination and relation to low back trouble. Ergonomics
30:259-267, 1987.

5. Roy SH. Deluca CJ, Casavant DA: Lumbar muscle fatigue

and chronic low back pain. Spine 14: 992-1001, 1989,

Marras WS. Rangarajulu SL, Lavender SA: Trunk loading

and expectation. Ergonomics 30: 551-562. [987.

7. Wilder DG. Aleksiev AR: Muscle response to sudden load:
a tool to evaluate latigue and rehabilitation. Spine 21: 2628-
2639. 1996.

8. Biering-Sorensen F: Physical measurements as risk indica-
tors for low back trouble over a one year period. Spine 9:
106-119. 1984,

9. Jull G. Janda V: Muscle and motor control in low back pain:
assessment and management. In: Twomey LT. Taylor JR
(eds). Physical Therapy for the Low Back. Clinics in Physi-
cal Therapy. New York: Churchill Livingstone. 1987.

10, Moffroid MT: Endurance of trunk muscles in persons
with chronic low back pain: Assessment. performance,
training. Journal of Rehabilitation Research and Develop-
ment 34: 440-447. 1997,

1. Nicolaisen T. Jorgensen K: Trunk strength. back muscle
endurance and low back trouble. Scand J Rehabil Med 17:
121-127, 1985.

12. Plowman SA: Physical activity. physical fitness and low
back pain. Exerc Sports Sci Rev 20: 221-242, 1992,

13. Roy SH. Oddsson LIE: Classification of paraspinal muscle
impairments by surface electromyography. Phys Ther 78:

6.

=



1. Ebrahimi, et al.

838-851, 1998.

14. Hides JA, Stokes MIJ. Saide M, Jull GA, Cooper DH:
Evidence of lumnar multifidus wasting ipsilateral to symp-
tom in patients with acute/subacute low back pain. Spine
19: 165-172, 1994.

15. McGill SM. Childs A. Liemenson C: Endurance times for
low back stabilization exercises: Clinical targets for testing
and training from a normal database. Arch Phys Med Rehabil
80: 941-943, 1999.

16. Ito T. Shirado O. Suzuki H. Takahashi M: Lumbar trunk
muscle endurance testing: an inexpensive alternative to a
machine for evaluation. Arch Phys Med Rehabil 77: 75-79.
1996.

17. Moreau CE. Green BN. Johnson CD. Moreau SR: Isomet-
ric back extension endurance tests: a review of the litera-
ture. J Manipulative Physiol Ther 24: 110-122. 2001.

18. McIntosh G. Wilson L. Affieck M. Hall H: Trunk and
lower extremity muscle endurance: normative data for
adults. J Rehabil Outcome Meas 2: 20-39, 1998.

19. Kendall FP. McCreary EK. Muscle testing and function.
4" ed. Philadelphia: W.B. Saunders Company. 1983.

20, Nicolaisen T. Jorgensen K: Trunk strength. back muscle
endurance and low back trouble. Scand J Rehabil Med 17:
121-127. 1985.

21. Kankaanpaa M. Taimela S. Laaksonen D. Hanninen Q.
Airaksinen O: Back and hip extensor fatigability in chronic
low back pain patients and control. Arch Phys Med Rehabil
79: 412-417, 1998.

22. Spss Base 10.0: Application Guide. Chicago: SPSS Inc. 1999

23. Thorstensen A. Carlson H: Fiber types in human lumbar
back muscles. Acta Phys Scand 131: 185-202. 1987.

24, Armstrong RB: Mechanism of exercise-induced delayed
onset muscular soreness: A brief review. Med Science Sports
and Exercise 6: 529-538. 1984.

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

26. Cooper RG. StClair Forbes W. Jayson MIV: Radiographic
demonstration of paraspinal muscle wasting in patients
with chronic low back pain. Br] Rheumatol 31: 389-394.
1992,

27. Mayer TG. Smith SS. Keeley I. Mooney V: Quantifica-
tion of lumbar function. Part 2: sagittal plane strength in
low back pain patients. Spine 10: 765-772. 1985,

28. Latikka P. Battie MC. Videman T. Gibbsons LE: Correla-
tion of isokinetic and psychological back lift and static
back extensor endurance tests in men. Clin Biomech 10:
325-330, 1995.

MIIRI, Vol. 19, No. 2, 95-101, 2005 /101



