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Abstract. Background and objective: Identifying methods of accurately predicting endurance capacity of the back extensor
muscles is of immense value to both patients and clinicians. This study aimed to develop a multiple regression equation using
demographic and anthropometric measurements to predict back endurance and to investigate the association between performed
back endurance results and back endurance predictions.
Materials and methods: 376 healthy women and men aged 21–62 y were recruited consecutively. All participants underwent the
Biering-Sørenson test of Static Muscular Endurance. Height and weight were measured using standard procedures. Percentage
body fat was estimated using bioelectrical impedance analysis. Body mass index, lean body mass and body fat mass were
calculated. Based on these a regression model was used to generate predictive equation for endurance time.
Results: The final regression model which included demographic and anthropometric variables could account for 43% of the
variability in back muscle endurance. Pearson’s product correlation coefficient for the association between performed static
endurance and the predicted endurance were (r = −0.129; p = 0.074) and (r = 0.671; p = 0.000) for male and female
participants respectively. Paired t-test showed significant difference (p = 0.000) between the performed static endurance and
predicted endurance among the male participants but not among the female counterparts (p = 0.959). Endurance time of males
(119 ± 49.8 secs.) was significantly greater (p = 0.014) than that of the females (106 ± 47.6 secs.).
Conclusion: Regression equation seems to be moderately valid in predicting endurance time of the back extensors among
females only. We conclude that simple anthropometric measures cannot accurately predict back endurance without significant
errors. The larger error of prediction obtained for the male participants could be indicative of an increasing influence of
motivational/psychosocial factors that are known to be independent of motor ability in physical performance testing.
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1. Introduction

Different back function tests of force, strength, en-
durance, mobility and fatigue have been studied for
their efficiency in detecting associations of back func-
tion and low-back pain (LBP) [10,19], for monitoring
the effects of intervention or rehabilitation [18], pre-
employment [7] return to work [15], work capacity,
back disorders, preventive medicine and maintenance
or enhancement of back muscle function [26]. Back
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strength and endurance testing are the most commonly
employed methods for testing back function in health
and disease in clinical and epidemiological research [4,
12,25].

Back extensor muscles’ endurance has been report-
ed to be related to low back health [2,4,5,11,14,20].
Two broad methods of testing spinal muscle endurance
have been reported. These include EMG studies during
specific postures or movements and mechanical assess-
ment using the period of time a person can maintain
specific postures or perform specific movements with or
without external load [22]. The mechanical endurance
tests include: static or isometric endurance testing;
dynamic or isotonic endurance testing; and isokinetic
testing [22,24]. Of the assessment strategies available,



static endurance testing seems to be cost-effective and
requires little equipment for testing [24].

The Biering-Sørensen test of Static Muscular En-
durance (BSME) as a clinical tool for diagnosis of low
back muscular endurance has been widely used to as-
sess the endurance capability of the back extensor mus-
cles in health and disease [1,4,24]. The BSME has
been reported to be valid, reliable, safe, practical, re-
sponsive, easily administered, inexpensive; it is also
distinguished by a substantial quantity of compiled da-
ta [1,6,24]. Biering-Sørensen [4] investigated whether
indicators of prognostic value for LBP are identifiable
by means of various anthropometric and physical per-
formance measurements. Previous investigations have
used the BSME as a predictor of low-back health, based
on endurance time [4,5]. Furthermore, several anthro-
pometric measures such as BMI, body weight, height,
and body fat have been reported to predictive of low
back muscle performance [3,8,9,17,26]. The assess-
ment of back muscles endurance is believed to be prob-
lematic among patients with LBP. Therefore, identify-
ing methods of accurately predicting endurance capac-
ity of the back extensor muscles is of immense value
to both patients and clinicians. This study aimed to de-
velop a multiple regression equation using demograph-
ic and anthropometric measurements to predict back
endurance and to investigate the association between
performed back endurance results and back endurance
predictions.

2. Method

2.1. Subjects

A sample of 376 consecutive subjects, 183 women
and 193 men, aged 21–62 y were recruited for this
study. Eligible participants were not engaged in any
systematic exercise program of the lumbar or hip ex-
tensor muscles at the time of the study. Participants
were excluded if they had a history of symptomatic
LBP within one year to the time of the study, if they had
any obvious spinal deformity or neurological disease, if
they were involved in competitive sport or athletics, if
they reported a history of cardiovascular diseases con-
traindications to exercise, if they were pregnant, and if
they had any disability limiting the ability to exercise.
They were screened via interview to ensure compliance
with the selection criteria. The participants were volun-
teers who included staff, students and patients’ relatives
recruited via research advert and invitations from Uni-

versity of Ibadan, University College Hospital, Ibadan
and the surrounding metropolis, Ibadan, Nigeria. The
ethical approval for this study was obtained from the
University of Ibadan/University College Hospital, In-
stitutional Review Committee. The participants were
fully informed about the purpose of the study and their
consents were obtained before measurements were tak-
en.

2.2. Anthropometric measurements

Anthropometricmeasurements included height, wei-
ght, Body Mass Index (BMI), Lean Body Mass (LBM)
and Body Fat Mass (BFM). A height meter (Seca Mod.
220 CC- , Germany) calibrated from 0–200 cm was used
to measure the height of each participant to the nearest
0.1cm. The participants’ heels, the back and the oc-
ciput were touching the stadiometer scale with the par-
ticipants looking straight ahead during measurement.
Body weight in light clothes was measured to the near-
est 0.1 kg using a weighing scale (Seca Mod. 762
1019009 CC- , Vogel and Halke, Germany) calibrated
from 0–120 kg with the participant in standing and
shoes off. A Bioelectric Impedance Analysis (BIA)
device (Omron BF306; Mod. HBF-306-E. CC- , Japan)
was used to measure the percentage body fat (PBF) of
all participants. BMI, LBM and BFM were calculated.

BMI was calculated by dividing weight in kilograms
by height in metres squared (Wkg/Hm2). Body Fat
Mass (BFM) was calculated from the BIA estimate
of the Percentage Body Fat (PBF) using the formula:
BFM = (PBF X total body weight)/100. Lean body
mass (kg) was calculated from the PBF estimate of the
BIA. LBM (kg) was calculated by subtracting BFM
(kg) from total body weight (kg).

2.3. Procedures

The BSME otherwise known as the Sørensen test
was used in the assessment of back extensor muscles
endurance. It measures how long (to a maximum of
240 seconds) a subject can keep the unsupported trunk
(from the anterior iliac crests level up) horizontal while
lying prone on an examination table [4,24]. The test
procedure was explained and demonstrated to the par-
ticipants at inclusion. Prior the test, the participants
warmed up using a Sportop bicycle ergometer (B600
model, UK) unloaded for 2 min at self determined
speed, 5 min before the test as recommended by Alaran-
ta [1]. During the test, the participant lay on a standard
treatment table in the prone position with the upper



Fig. 1. The Biering-Sørenson test of Static Muscular Endurance.

edge of the iliac crests aligned with the edge of the table
such that the upper body was suspended horizontally
(Fig. 1). The lower body was fixed to the table by two
non-elastic straps, located around the pelvis and ankles
respectively with a pillow used to relieve stress on the
ankle joint. With the arms held along the sides [2]
the participant was asked to isometrically maintain the
upper body in a horizontal position. Horizontality was
ensured by asking the participant to maintain contact
between his/her back and a weighted ball hanging from
a Guthrie Smith frame (Fig. 1). Once a loss of contact
with the weighted ball for more than 10 seconds was
noticed the participant was encouraged once to imme-
diately maintain contact again. If the position was not
immediately corrected, or if the participant claimed he
could no longer hold the position due to fatigue, dis-
comfort or pain the test was ended. The total time from
the onset of the test to trunk flexion and loss of the static
neutral position was recorded as the endurance time or
the isometric holding time (in seconds) with the stop
watch (Quartz USA). The test was conducted only once
and thereafter the participants were discharged [1].

2.4. Data processing

Descriptive statistics of means and standard devia-
tion were used to summarize the data. Independent
t-test was used to compare the physical characteristics

and the endurance time among both genders. Pear-
son’s correlation was used to analyze the relationship
between endurance time and age, weight, body mass
index (BMI), percent body fat (PBF), lean body mass
(LBM) and body fat mass (BFM) among the male and
female participants respectively. Regression analysis
was also used to generate equation for predicting stat-
ic endurance of the back extensors from demographic
and anthropometric variables. Paired sample correla-
tion analysis was used to determine the degree to which
the performed static endurance was associated with the
predicted endurance. Paired t-test was used to compare
the difference between performed static endurance and
predicted endurance. The α level was set at 0.05. Da-
ta analysis was carried out using SPSS 13.0 version
software (SPSS Inc., Chicago, Illinois, USA).

3. Results

The participants mean (SD) age was 38.9 ± 13.5y.
The male (38.9 ± 13.9 y) and female (38.9 ± 10.6 y)
mean age was similar. The physical characteristics,
measures of adiposity and the mean endurance time for
both males and females are presented in Table 1. The
males were significantly taller and heavier than their
female counterparts. However, the females had a sig-
nificant higher BMI than the males. The males demon-



Table 1
Independent t-test Comparison of the physical characteristics and
the mean endurance time among both male and female partici-
pants

Variables Male Female t-value p-value
(N = 193) (N = 183)

Mean ± S.D Mean ± S.D

Age 38.9 ± 13.9 38.9 ± 3.16 −0.490 0.961
Height 1.68 ± 1.07 1.62 ± 1.07 7.981 0.000∗
Weight 63.8 ± 11.1 63.8 ± 13.0 −0.020 0.984
BMI 22.6 ± 3.78 24.5 ± 4.69 −4.390 0.000∗
PBF 20.5 ± 7.00 32.8 ± 7.37 −16.50 0.000∗
LBM 50.2 ± 6.79 42.1 ± 6.00 12.2 0.000∗
BFM 13.6 ± 6.75 21.6 ± 8.80 −9.93 0.000∗
ET 119 ± 49.8 106 ± 47.6 2.48 0.014∗
∗Indicates significance.
Key: BMI = Body Mass Index; PBF = Percentage Body Fat;
LBM = Lean Body Mass; BFM = Body Fat Mass (Fat weight);
ET = (Endurance Time); S.D = Standard Deviation.

strated a higher endurance time than the female counter-
parts. Pearson’s product moment correlation analysis
revealed an inverse but significant correlation between
endurance time and age, weight, BMI, PBF and BFM
among the male and female participants respectively as
presented in Table 2.

Regression analysis showed a significant linear re-
lationship between endurance time and the dependent
variables (the demographic and the anthropometric
variables). A regression equation was generated for
predicting endurance time from age and anthropomet-
ric variables such as Height, Weight, BMI, PBF, LBM
and BFM. The final regression model accounted for
43% of the variance in back endurance. The regression
equation for predicting endurance time (Y) from age,
Height, BMI, PBF, LBM and BFM for males is:

Y = 257.985 − 1.673 (Age) − 76.70 (Height) −
3.873 (BMI) + 0.710 (PBF) + 0.534 (LBM) − 1.133
(BFM)

The regression equation for females is respectively:

Y = 420.960 − 1.535 (Age) − 108.286 (Height) −
0.906 (Weight) − 0.900 (BMI) − 0.889 (PBF) + 0.492
(LBM) + 0.386 (BFM)

The Pearson’s product moment correlation between
performed static endurance (endurance time in sec.)
and the equation-based endurance time were r =
−0.129; p = 0.074 and r = 0.671; p = 0.000, for
male and female participants respectively. However, a
moderate correlation was obtained between performed
static endurance and the equation predicted endurance
among the female participants. Performed static en-
durance (119 ± 49.8 s) versus equation predicted en-

durance (27.0± 16.2 s) showed a significant difference
(t = 23.46; p = 0.000) among the male participants.
However, the performed static endurance (106± 47.6s)
and the equation predicted endurance (106 ± 31.7 s)
was not significantly different (t = −0.052; p = 0.959)
among the female participants.

4. Discussion

This study investigated the degree to which per-
formed static endurance was associated with equation-
based predicted endurance. The result revealed a mod-
erate correlation between the performed and predict-
ed back endurance among women only. This study
also found no significant difference in the endurance
time from physical performance testing compared with
endurance time from the prediction equation among
the female participants. The final regression model
which included demographic and anthropometric vari-
ables could account for approximately 43% of the vari-
ability in back muscle endurance. Based on the out-
come of this study, regression equation seems to be
moderately valid in predicting endurance time of the
back extensors among females only.

In the regression equation, total body weight was
not a variable for predicting endurance among males,
however, height, weight, BMI and PBF reflected bet-
ter among females. Previous reports on the influence
of anthropometric measures on physical performance
testing results have been inconsistent and controversial.
Some reports implicate anthropometric factors such as
BMI, body weight, height, and body fat to influence
back function testing results [3,8,9,17,26]while a study
reported no significant influence at all [23]. Howev-
er, we opine that the significant anthropometric differ-
ence between the male and female participants could
contribute to the endurance differences.

The males in this study had significantly greater per-
formed static endurance when compared with their fe-
male counterparts. Numerous reports suggest that fe-
males have a greater muscular endurance capacity when
compared to males [4,11,16,21] but denied in other
studies reporting the opposite [13,20]. The present
study involved homogenously local Africans; however,
it is not known whether ethnic and racial differences
have an influence on the pattern of low back endurance.

Finally endurance time was found to be inverse-
ly correlated with age and the anthropometric vari-
ables respectively among both genders. This finding
is consistent with previous investigations which con-



Table 2
Pearson’s product moment correlation analysis between endurance time and
the dependent variables of all the male and female participants

Dependent variables Male participants Female participants
(N = 193) (N = 183)

Pearson Product Moment Correlation coefficient (r)
(p-value) (p-value)

Age −0.572∗∗ −0.559∗∗
(0.000) (0.000)

Height 0.140 −0.234∗∗
(0.053) (0.001)

Weight −0.326∗∗ −0.461∗∗
(0.000) (0.000)

BMI −0.432∗∗ −0.407∗∗
(0.000) (0.000)

PBF −0.546∗∗ −0.535∗∗
(0.000) (0.000)

LBM −0.017 −0.240∗∗
(0.814) (0.001)

BFM −0.521∗∗ −0.525∗∗
(0.000) (0.000)

∗p < 0.05, ∗∗p < 0.01.
Key: BMI = Body Mass Index; PBF = Percentage Body Fat; LBM = Lean
Body Mass; BFM = Body Fat Mass (Fat weight); ET = (Endurance Time).

firmed the presence of age influence on isometric en-
durance time [3,4,25]. Our finding is also consistent
with studies that reported correlation among anthro-
pometric measures and endurance time among healthy
subjects of both genders [3,8,9,17].

A potential limitation of this study was the sample
bias, as the participants were volunteers who were re-
cruited consecutively, therefore future studies should
address the problem of external validity. We tried to
minimize the effect of motivation on performance of the
test by giving the participants full information about the
nature of the test and they were all given uniform and
standardized encouragement during testing. However,
studies are warranted that will address how different
variables may influence back muscle endurance.

In conclusion, regression equation seems to be mod-
erately valid in predicting endurance time of the back
extensors among females only. The prediction of back
endurance would be useful in endurance exercise pre-
scription or to determine the pre-injury back endurance
and it may be of immense value to both patients and
clinicians. It is important to note that simple anthro-
pometric measures cannot accurately predict back en-
durance without significant errors. The increase of
in the prediction error for the male participants could
be indicative of a possible higher influence of motiva-
tional/psychosocial factors that are known to be inde-
pendent of motor ability in physical performance test-
ing. Healthy Nigerian male adults had significantly
greater timed back extensor muscles’ endurance com-

pared with their female counterparts. Age and the dif-
ferent measures of adiposity were inversely related with
endurance capacity of the back extensor muscles with
no gender bias.
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