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Purpose: The Biering-Sprensen Test of Static Muscular Endurance (BSME) has been used to
evaluate back extensor endurance holding times in overseas populations in both patients and
healthy subjects. Data from Africa on back extensor endurance are scant; the aim of this study
was to collect mean data on back extensor endurance holding times and also investigate the
back endurance pattern among apparently healthy adult Nigerians. Materials and methods:
376 apparently healthy consecutive adults aged 38.9+13.5 years participated in this study. The
participants performed the BSME and their height and weight were measured using standard
procedures. Percentage body fat was estimated using bioelectrical impedance analysis. Body
Mass Index (BMI) and Lean Body Mass (LBM) and Body Fat Mass (BFM) were calculated.
Results: The mean endurance time of all the participants was 113+49 seconds. Majority of the
participants had good endurance performance (49.5%) with the back endurance pattern in the
ratio 5:4:1. The correlation matrix shows a significant inverse correlation between endurance
time and each of age, and the measures of adiposity. Conclusion: From the outcome of this
study we conclude that the endurance capacity of the back extensor muscles among apparently
healthy Adult Nigerians is lower than normal Biering-Sgrensen holding times.

Key words: Physical endurance, Sgrensen Test, Back extensor muscles, Endurance time,
Nigerian adults.

Sadlikli Nijeryali erigkinlerde statik sirt enduransi

Amag: Statik kassal enduransin Biering-Serensen Testi (BSME) denizasiri toplumlarda hem
hastalanin hem de saglikh olgulann sirt ekstansér enduransi tutma zamanini dederlendirmede
kullanilir, Sirt ekstansor enduransi {zerine Afrika'dan veri yetersizdir. Bu calismanin amaci sirt
ekstansor enduransi tutma zamaninin ortalama verilerini toplamak ve ayrica gbriiniise gore
sadlikh erigkin Nijeryallarda sirt endurans paternini belirlemekti. Gereg-yéntem: 38.9+13.5
yaglarinda gorinlgse gore saglkh ardi ardina 376 eriskin bu calismaya katildi. Katilimcilar
BSME'i uyguladi ve boy ve Kilolan standart ydntemlerle 6lglildli. Viicut yad vyiizdesi
bioelektriksel impedans analizi kullanilarak belirlendi. Viicut kiitle indeksi (VKI) ve yadsiz viicut
kiitlesi (YVK) ve viicut yag kutlesi (VYK) hesaplandi. Sonuglar: Tim katlimalarin ortalama
endurans zamani 113£49 sn idi. Katiimailarin gogu 5:4:1 orani igindeki sirt endurans paterni ile
iyi performansa sahipti (%49.5). Korelasyon matriksi endurans zamani ve her yas ve yad
dlcimleri ile dogru yonde anlaml korelasyon gosterdi. Tartisma: Bu calismanin ciktilanindan
goriiniise gore saglkh eriskin Nijeryallar arasindaki st ekstansér kaslanmin endurans
kapasitesinin normal Bierin-Sorensen tutma zamanindan daha dusik oldudu sonucuna vardik.

Anahtar kelimeler: Fiziksel endurans, Sgrensen Test, Sirt ekstansor kaslan, Endurans zamani,
Nijeryali erigkinler.
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Muscular endurance is the ability of an
isolated muscle group to perform repeated
contraction over a period of time.! Endurance
testing of back extensor muscles examines the
localized capability of the extensor muscles of the
back to sustain activity. This endurance of the
back extensor muscles can be assessed electrically
by analyzing the clectromyographic (EMG) signal
of the neural activity during given posturcs or
movements and also mechanically by timing the
ability of a person to hold specific postutes or to
perform  specific movements with or without
external load.2

The endurance of the back cxtensor muscles
have been reported to be related to low back
health.34 There is some evidence that decreased
muscular endurance could be a cause, as well as a
conscquence, of  certain  musculoskeletal
disorders.5 Decreased muscular cndurance is
considered a characteristic dysfunction® and an
impairment  leading  to  disability”  and
musculoskeletal disorders.> Specifically, low levels
of static endurance in the back extensor muscles
are associated with higher rates of low back pain
(LBP),S decreased proprioceptive awareness,” poor
balance,! and decreased productivity in the
workplace.?

Muscular endurance of the back extensors has
been reported to be assessed less frequently than
muscular  strength,'® although the endurance
capabilitics of these muscles may be as important
or even morc important than strength in the
prevention and treatment of LBP.!! Assessment of
the endurance capability of the back extensor
muscles is seen to be important in the clinical
setting as an outcome tool among healthy and
patient population.!!"13 Also, endurance testing of
the back extensors and antecedent rchabilitation
were considered as important aspects of obtaining
resolution for many individuals struggling with
LBP.12

The Biering-Serensen test of static muscular
endurance (BSME) otherwise known as the
Serensen test is a clinical tool for diagnosis of low
back muscular endurance and it has been reported
to be valid, reliable, safe, practical, responsive,
easily administered, inexpensive, and there is a
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substantial quantity of compiled data.!!-13 This test
has been used in many studies, either in its original
version or as variants.!* The test has been studied
for how well it detect associations of back
function and I.BP,!5 e.g. for monitoring the effects
of intervention or rchabilitation,'®  pre-
employment'” or return to work physical
cvaluations.'®  The Sorensen test  gained
considerable popularity as a tool reported to
predict low back pain within the next year in
males.'4 19

The BSME has been used to evaluate back
extensor endurance holding times in overseas
populations in both patients and healthy subjects,
as well as in assessment of work ability and
rehabilitation.!%2! with substantial compiled mean
values.!22223 The Sorensen test has become the
tool of refetrence for evaluating muscle
performance in patients with LBP, most notably
before and after rehabilitation programs.'4 It is
believed that a large individual variation exists in
the relatonship between muscle performance
capacity and  musculoskeletal  disorders.!?
However, it is not known whether certain ethnic
and racial groups appear to be particularly
predisposed to poor low back endurance. To our
knowledge, studies on low back endurance among
Nigerians evaluating back extensor endurance
holding times appear not available. This study
aimed to collect mean data on back extensor
endurance holding times and also investigate the
back endurance performance pattern and the
relationship of anthropometric variables with
endurance time among apparently healthy adult
Nigerians using the BSME.

MATERIALS AND METHODS

Subjects .

A total of three hundred and seventy six
apparently healthy consecutive adults participated
in this study. The participants’ ages ranged
between 21 and 62 years with a mean of 38,9+13.5
years. Eligible participants for this study were not
engaged in any systematic exercise program of the
lumbar or hip extensor muscles as at the time of
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the study. Other inclusion criteria for the study
included the following: that the participants be
asymptomatic of LBP for a minimum of onc ycar
as at the time of the study; that the participants be
without any obvious spinal deformity or
neurological disease; that the participants must not
have been involved in competitive sport or
athletics; and that the participant must be with no
reported  history of cardiovascular discases
contraindications to exercise. Participants for this
study were screened via interview to ensure that
they satisfied the selection criteria for the study.
The participants were volunteers who include
staff, students and patients’ relatives recruited via
research advert and invitations from University of
Ibadan, University College Hospital, Ibadan and
the surrounding metropolis, Ibadan, Nigeria.

Measurements

Anthropometric  measurements  included
height, weight, Body Mass Index (BMI), Lean
Body Mass (LBM) and Body Fat Mass (BFM). A
height meter (Seca Mod. 220 CE€, Germany)
calibrated from 0-200cm was used to measure the
height of cach participant to the ncarcst 0.1cm.
The participants’ heels, the back and the occiput
were touching the stadiometer scale with the
participants  looking  straight ahead during
measurement. Body weight in light clothes was
measured to the nearest 0.1 kg using a weighing
scale (Seca Mod. 762 1019009 C€, Vogel and
Halke, Germany) calibrated from 0 — 120kg with
the participant in standing and shoes off. A
Bioelectric Impedance Analysis (BIA) Machine
(Omron BF306; Mod. HBF-306-E. CE€, 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/Hm?).

BFM was calculated from the BIA estimate of
the Percentage Body Fat (PBF) using the formula:
BI'M = (PBF X total body weight)/100. LBM
(kg) was calculated from the PBF estimate of the
BIA. LBM (kg) was calculated by subtracting BFM
(kg) from total body weight (kg).
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Procedures

The ethical approval for this study was
obtained from the University of Ibadan /
University College Hospital, Institutional Review
Committee. The participants were fully informed
about the purposc of the study and their consents
were obtained before measurements were taken.

The BSME otherwise known as the Serensen
test was used in the assessment of back extensor
muscles endurance.'” It measures how long (to a
maximum of 240 seconds) the participant can
keep the unsupported trunk (from the anterior
iliac crests level up) horizontal while lying prone
on a plinth (standard treatment table) with their
hands held by their sides. Prior the test, A Sportop
bicycle crgometer (B600 model) was used for
muscles warm up. The participants warmed up
with the bicycle ergometer unloaded for two
minutes at self determined speed five minutes
prior the test as recommended by Alaranta.
During the test, two non-clastic straps were lightly
fastened around the participants’ gluteus maximus
and ankles (just superior to the medial and lateral
malleoli) for stability on the plinth, a towel was
positioned beneath the ankle straps to reduce the
strain on the distal aspect of the tendo calcancus
(Achilles tendon) and thereby ensure comfort of
the participants. The participants were asked to
maintain the horizontal position until they can no
longer control the posture or tolerate the
procedure. The total time from the onset of the
test to trunk flexion and loss of the static neutral
position is recorded as the endurance time or the
isometric holding time (in seconds) with the stop
watch (Quartz U.S.A). The test was conducted
only once and thercafter the participants were
discharged.!?

The participants were categorized into three
groups based on their endurance pattern according
to Alaranta et al** as (1) Good petrformance (2)
Medium performance and (3) Poor performance
categories. Participants with endurance time of less
than 58 seconds were classified as having poor
performance, an endurance time of between 58 —
104 seconds was considered medium performance
while an endurance time ranging between 104 —
240 seconds was classified as good performance.
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Data analysis

Data were summarized using the descriptive
statistics of mean, ranges, percentages and
standard deviation. Inferential statistics involving
Pearson’s Product Moment correlation analysis
was also used. The o level was set at 0.05. The data
analysis was carricd out using SPSS 13.0 version

software (SPSS Inc., Chicago, Illinois, U.S.A).

RESULTS

The physical characteristics of the participants
are presented in Table 1. The mean age of the
participants was 38.9113.5 years. The mean
height, weight and BMI were 1.65%£0.81m,
63.8+12.0Kg, 23.5+4.35Kg/m? respectively. The
mean endurance time of all the participants was
113+49 seconds as shown in Table 1.

DISCUSSION

There is a growing support for the
quantification of endurance and normative data on
endurance tests of the back extensor muscles are
being compiled from previous studics and from
various populations. Though healthy young men
and women possesses different endurance profiles
for the spine stabilizing musculature, data of
endurance times in normal subjects are useful for
patient evaluation and for providing clinical
rchabilitation targets.22 This study employed the
use of the BSME in the mechanical quantification
of back extensor muscles’ endurance in apparently
healthy adult Nigerians. A mean endurance time of
113449 seconds was found in this study. The
mean endurance time found in this study was
comparable with the endurance holding times
reported by Stewart et al® (113 seconds.) in a
study among Australian coal miners. However, the
mean endurance value in this study was lower than
normal Biering-Sorensen holding tmes (138
scconds.).

Normative holding time has been reported for
apparently healthy participants in various studies,
180 scconds in a study involving 101 women,2
and 196 seconds in a study from the U.S.A.Z
Normative holding time for healthy participants
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therefore has been reported to be approximately 3
minutes.?627 However, mecan endurance time
among patients with LBP has been reported to be
significantly lower than that of the healthy subjects
from previous studies*2® but denied in other
studics that reported no significant difference.!”.?

Table 1. Physical characteristics and the
Age (years) 38.9+£13.5
Height (m) 1.65+0.81
Body weight (kg) 63.8+12.0
Body mass index (kg/m?) 23.544.35
Percentage body fat 26.5+9.43
Lean body mass (kg) 46.2+7.58
Body fat mass (kg) 17.44£8.77
Endurance time (sec) 113+49.0

Table 2. Pearson's Product Moment Correlation
between IHT and the dependent variables of the
participants.

. Dependent variable ®).

Age (years) - 0.562* (0.000)
Height (m) 0.013 (0.799)
Body weight (kg) - 0.391* (0.000)
Body mass index (kg/m?) - 0. 430* (0.000)
Percentage body fat - 0.489* (0.000)
Lean body mass (kq) -0.029 (0.570)
Body fat mass (kg) - 0.514* (0.000)"
r: Pearson’s Product Moment Correlation coefficient. * p<0.01.

Pearson’s product moment correlation matrix
shows an inverse correlation between endurance
time and each of age, weight, BMI, PBF, and BFM
among the participants as presented in Table 2.
The pattern of the endurance performance of all
the participants is presented in Table 3. About half
of the participants (49.5%) were within the good
endurance performance category. The pattern of
performance of isometric back endurance as good,
medium or poor respectively, as seen in this study
was in the ratio 5:4:1.
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The correlation matrix revealed a significant
inverse relationship between endurance time and
age of the participants. This finding is consistent
with previous investigations which confirmed the
presence of age influence in isometric endurance
time.?? Most studies have shown that muscle
endurance declines with advancing age. 32050
However, our finding is at variance with other
findings that reported that age had cither little or
no influence at all on isometric endurance of back
extensor muscles3! From this current study,
weight and each of the studied measures of
adiposity (BMI, PBF and BFM) showed an inverse
relationship with endurance time respectively. This
is consistent with studies that reported correlation
among anthropometric measures and endurance
time among healthy subjects.3132 These findings
corroborate  the  reports  that  several
anthropometric measures such as BMI, body
weight, height, and body fat have been considered
to be related to back function and these have led
to a wide range of reported correlation coefficients
for the associaton from -0.04 to 0.683132
Ropponen et al?® reported that anthropometric
factors are important in low back muscle
performance. The association between the
different factors and back function can also be
influenced by the fact that certain factors may
exhibit mutual associations c.g. anthropometrics
and physical acdvity.3% On the other hand
Gibbons et al?' reported that anthropometric
factors had a comparatively minor role, to increase
and sustain back muscle function in healthy adults
as regards static back extensors endurance test.

The participants in this study werc categorized
into three groups based on their endurance pattern
according to Alaranta et al?! as good, medium or
poor performance categories respectively. The

pattern of back cndurance seen in this current
study was in the ratio 5:4:1. However, the pattern
of endurance performance reported by Alaranta et
al?* in a study among 126 persons without LBP
was in ratio 3:3:3. Alaranta et al 2 found good
performance in 43 subjects, medium performance
in 40 subjects and poor performance in 43
subjects. It therefore showed that majority of the
population of this study on apparently healthy
adult Nigerians had good back extensor muscles’
endurance. From this study, one out of every ten
participants had poor back extensors endurance
while one out of every three in the study by Luoto
et al?* had poor endurance.

The BSME gained considerable popularity as
a tool reported to predict LBP within the next year
in males, however, debate continues to surround
its ability to predict LBP." Nevertheless, previous
investigations have used the BSME as a predictor
of low-back health, based on endurance time3!?
Poor static back endurance has been found to be
linked to an increased risk of LBP during a follow
up of 1-year.2* Subjects with less than 58 seconds’
cndurance have been reported to have a 3.4 times
greater likchood of developing LBP when
comparing thosc with poor static back endurance
performance to those with good performance.!?

From the outcome of this study we conclude
that the endurance capacity of the back extensor
muscles among apparently healthy adult Nigerians
is lower than normal Biering-Sorensen holding
times. This is also lower than the normative data
reported in previous studies cmanating from
western populations. However, the pattern of
endurance performance revealed that majority of
the studied populaton had good endurance.
Though the mean endurance times in this study
were lower than the normal Biering-Sorensen
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holding times, nonetheless, fewer participants had
poor back extensor endurance when compared
with the pattern reported in a previous study.

This present study is limited in its external
validity because of the lack of randomizaton of
the participants recruited for the study. The result
of this study can serve as a preliminary mean data
for back extensor muscles endurance among
apparently healthy adult Nigerians. Though most
previous studies that reported normative data did
not take care of this problem. It is our view that a
simple randomized cross-sectional studies in
which each member of the population has an
cqual chance of being selected for sample be
carried out by future researchers as it will enhance
generalisability of findings and be more
representative of the general population.
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