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Abstract
Background: Endurance testing of the paraspinaland hip muscles is 

important for the prediction and prevention of back pain. Timed endurance 
determination of posterior chain muscles with the Sorensen test and 
correlations withanthropometry and leisure time sport activity in a mixed-
gender population of healthy participants were the primary objectives of this 
study. 

Methods: 34 healthy young adults (16 women), with a mean age of 23.85 
years participated in this study. Timed measurement of fatigue of the posterior 
chain muscles, in an unsupported isometric trunk-holding contraction in 
the horizontal position, secured with three canvas straps onto a therapy bed 
(Sorensen test) was performed to complete exhaustion. Subjects also completed 
the Baecke Habitual Physical Activity-Sport Index subscale. Between-gender 
differences were determined and correlations between anthropometry, leisure-
time sport  activity and Sorensen  test values were assessed. 

Results: There were between gender differences identified for Sorensen test 
values, however these were not statistically significant (mean difference=31.4 s). 
Sorensen test values correlated significantly with the Baecke Sport Index (r=0.78, 
p<0.01). There were also significant negative correlations between Sorensen test 
values (r=-0.40, p=0.02) and the Baecke Sport Index (r=-0.35, p=0.04) with BMI. 

Conclusions: Leisure-time sport activity is associated with the posterior 
chain muscles isometric endurance performance in the Sorensen test in a group 
of participants without low back pain, of various sporting involvement. This 
finding highlights the significant role of leisure time sport activity on hip and 
paraspinal muscle endurance levels, possibly acting preventively in future first-
time back pain development.
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Introduction
Non-specific low back pain remains the most common and 

costly health conditionrequiring rehabilitation, with 28.4% of 
adults older than 18 years reporting back pain in the previous 
3 months and an annual cost of $100-200 billion per year for 
its management [1]. Classification schemes are continuously 
developed to describe the course and etiology of LBP and 

especially its onset at an early age, from adolescence to young 
adulthood [2], with the aim to establish preventive strategies for 
this musculoskeletal condition. 

Intuitively, physical activity is an important preventive 
measure against deconditioning and associated musculoskeletal 
pain states [3]. Youth physical fitness recommendations in the 
US suggest the optimal daily exercise levels for children and 
adolescents amount to 60 minutes or more of daily exercise [4]. 
Back pain prevention strategies may need to be employed even in 
schoolchildren and adolescents in order to contain some of the 
reasons contributing to back pain [5, 6]. 

However, not all sports-specific interventions seem to be 
acting preventively as a recent cross-sectional study in Finnish 
adolescents has shown [7]. Similarly, sports or physical activity 
in leisure time was not a significant predictor in another recent 
study of several factors associated with the 1-month spinal pain 
prevalence in Belgian adolescents [8]. Along the same principles, 
a recent systematic review of 21 randomized-controlled trials 
(RCTs), identified low-to-moderate quality evidence of short and 
long-term benefits of several trunk exercise prevention strategies 
combined with education on biomechanics/lifting techniques in 
participants without previous back pain [9].

Associations between leisure time physical activity or 
inactivity and back muscle endurance have been previously 
identified in healthy populations of adolescents [6], which may 
act as a precursor to posture-related LBP development [10, 
11]. However, the same research group suggested that physical 
factors as endurance and flexibility may not be either the sole 
or the most significant determinants of LBP development in 
adolescents [12]. Apart from the physical, other factors can 
predict the development and maintenance of LBP, however the 
preventive component of exercise seems important [13,14].
It may either be that physical fitness is not equally important 
to every subject or that different exercises can target different 
mechanical deficits and some individualized assessment and 
exercise prescription, either for primary or secondary prevention 
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may need to be employed [15], or it may relate to adherence to 
exercise [16], or even  that the level of physical fitness required to 
have a preventive effect is related to the physical demands of the 
actual task it serves.

Adequate levels of paraspinal muscle endurance, assessed 
with the maintenance of the horizontal trunk posture with the 
trunk unsupported in the prone position (Sorensen test), are 
considered preventive against the development of mechanical 
LBP [17-20]. The Sorensen test evaluates the static endurance of 
the trunk extensor muscles and is considered the tool of reference 
for evaluating muscle performance in patients with low back pain, 
most notably before and after rehabilitation programs [21]. This 
test has also been shown to activate the gluteal and hamstring 
muscles as well as the deep abdominal muscles, therefore it may 
be representative of a particular muscle synergy being tested 
with this method of assessment [22]. 

Psychological readiness to perform the test as well as pain on 
the other hand may be limiting factors for participants to reach 
their true level of complete exhaustion. Therefore, this test can be 
more reliably implemented in LBP populations after pain levels 
have subsided, to diagnose remaining muscle deficits that may 
need addressing in order to avoid LBP recurrence[21]. Indeed, 
some of the physical risk factors can be more clearly identified in 
first-time LBP development populations, such as posterior chain 
muscle fatigue [5-6, 17, 23],  than in the chronic stage, where the 
outcome of muscle performance is more likely to be confounded 
by pain and psychological factors [24]. Interestingly enough, 
a recent study has demonstrated also a link between isometric 
flexor and extensor trunk muscle performance with better inter-
vertebral disc metabolism and hydration in healthy participants 
[25].

Therefore, the main purpose of this study was to obtain 
a measure of isometric posterior chain muscle fatigue via 
application of the Sorensen test in a group of young healthy 
adults, and evaluatethe level of correlation between participants’ 
levels of sporting activity and their performance on the Sorensen 
test. 

Methods
Subjects

Thirty-four healthy young adults volunteered to participate 
in this study. They comprised a convenience sample of 16 female 
and 18 male college students. The subjects were not randomly 
chosen. Subjects were invited to participate either via e-mail 
or via notice-board notifications.The mean (SD) demographic 
characteristics of all participants were: age 23.85(2.56) years, 
height 1.71(0.08) m, body mass 69.47(13.56) Kg and BMI 
23.46(2.95) kg/m2.The criteria for participation were not to 
have had any previous LBP episode, any serious injury or not 
suffering from any kind of disability. Additionally, pain during 
the Sorensen test was also an exclusion criterion, as well as 
menstruation for female participants, to ascertain there were no 
confounding effects of current pain presence on the experimental 
procedures. All participants were advised to wear athletic outfit 

during testing. All subjects signed a written informed consent, 
presenting the inclusion and exclusion criteria as well as the aims 
and purposes of the study prior to their participation. The study 
protocol was approved by the Ethics Committee of Metropolitan 
College. All rights of participants were protected at all times, 
according to the Declaration of Helsinki.

Experimental Procedures

Subjects were required to fill in a questionnaire with their 
demographic data as well as the Sport Index subscale of the 
Baecke’s Habitual Physical Activity Questionnaire [26]. The 
whole questionnaire consists of 16 questions and questions 
9-12 comprise the Sport Index. Each question receives a score 
between 1-5 and the scores for questions 9-12 are added and 
then divided by 4, according to a formula provided [26]. The 
Baecke questionnaire has been validated further in adult male 
[27] and female [28] populations.

Immediately after a brief warm-up session of trunk full ROM 
activity followed, by repeating 3 movements maintained to end of 
range for 2 s in 6 directions of movement. Then the Sorensen test 
was administered, according to its original description [17]. Each 
subject had to lie prone on an examination table. The lower body 
was securely stabilized on the table with three straps located 
around their pelvis, knees and ankles. A pillow was placed below 
the ankles so that the participants wouldn’t feel any pain from 
the straps. The upper body was hanging off the examination table 
from the upper edge of the iliac crests that touch the edge of the 
table. A chair was placed under the patient’s upper body, which 
was in the air during the procedure, for the participant to hold 
onto before the start of the test, so as to make the participant 
feel secure and confident. When the test begun, subjects had to 
let go of the chair and fold their arms onto their chest, and were 
asked to isometrically maintain the upper body in a horizontal 
position. The time during which the subject maintained the 
upper body in a straight and horizontal position was recorded to 
the nearest second by an electronic chronometer. Subjects were 
continuously monitored by two examiners. In cases of subjects 
that experienced no difficulty in holding the test position, the test 
was stopped after 240 s. Reasons to discontinue the procedure 
before the first 240 s were if the subjects’ trunk was beginning 
to slope downwards by visual estimation or if they experienced 
muscle spasms for longer than 5 seconds. The reliability of the 
test has been extensively reported in previous studies [21, 29]. 
It has to be emphasized that this test assesses the endurance not 

Figure 1: Testing position for the Sorensen test.
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only of the paraspinal muscles but also the gluteal and hamstring 
muscles simultaneously [17, 21-22], however without any 
persistent adverse effects such as pain exacerbation reported 
after administering this test [21](Figure 1).

Statistical Analysis 

All data (demographic, endurance times and leisure-time 
sport-activity levels) conformed to a normal distribution, 
examined with the Kolmogorov-Smirnov test. Therefore, 
between-gender comparisons of demographic, sport-activity 
and Sorensen endurance time characteristics were analyzed with 
the unrelated samples T-test (Table 1). Correlations between 
variables were performed for the whole cohort (Table 2) and 
for male and female participants separately, with the Pearson’s 
product correlation coefficient. A sample size of 15 participants 
per correlation, for a level of correlation coefficient r=0.70, power 
of 85% and significance level a=0.05 for the correlation to be 

statistically significant from zero,was estimated via an online 
sample size calculator (http://www.sample-size.net/correlation-
sample-size/).

Results
The  thirty-four subjects recruited completed all measurements, 

including the Sorensen test and the Sport Index of the Baecke 
Habitual Physical Activity Questionnaire without any reported 
problems in test delivery or missing data. 

The characteristics of our participants (mean ± SDs) are 
presented according to their gender in table 1. 

A primary objective of our study was to assess whether there 
was a differential influence on the Sorensen test and the Sport 
Activity Index results based on gender. From analysis of our 
data with the unrelated samples t-test, there were no significant 
between-gender differences identified, apart from the height, 
weight and BMI of participants (Table 1). 

Table 1: Between-gender differences for anthropometric data, Sorensen test values and Baecke Sport Index values, compared with unrelated 
samples t-test. 

Gender N Mean SD Mean Difference t p

Age (yrs)
male 18 24.05 3 0.43 0.48 0.63

female 16 23.62 2.03

Weight (kg)
male 18 81.11 6.95 24.74 13.67 0,000***

female 16 56.37 2.09

Height (m)
male 18 1.77 0.06 0.13 6.46 0,000***

female 16 1.65 0.05

BMI (kg/m2)
male 18 25.78 1.77 4.93 9.04 0,000***

female 16 20.84 1.35

Sorensen (s)
male 18 124.72 44.84 31.4 1.8 0.07 ns

female 16 156.12 55.46

BaeckeQ – Sport 
Index(0-5)

male 18 2.54 1.52 1.41 1.4 0.17 ns

female 16 3.2 1.19

Pearson’s correlation coefficient analysis revealed that 
Sorensen test values correlated significantly with the Baecke 
Sport Index (r=0.78, p<0.01) for the whole cohort (Graph 1). 
Separate between-gender analyses confirmed this significant 
relationship both for male (r=0.85, p<0.01) and for female (r=0.71, 
p<0.01) participants (Graph 2). There were also significant 
negative correlations between both the Sorensen test values (r=-
0.40, p=0.02) and the Baecke Sport Index (r=-0.35, p=0.04) with 
BMI. Also, expected significant correlations were noted between 
height and weight, BMI and height and BMI and weight (Table 2).

Discussion 

The main finding of this study was a highly significant 
correlation observed between leisure time sport activity and 
isometric fatigue levels of the posterior muscle chain in healthy 
participants of both genders. Poor  back  muscle extensor endurance 
is deemed an important risk factor for patients with low back 
pain (LBP), as several research studies have documented in the 
past[17-20]. Therefore, there seems to be a positive relationship 

Graph1: Correlation between the time to fatigue Sorensen test values 
and the Baecke Habitual Physical Activity Questionnaire-Sport Index for 
all participants.

http://www.sample-size.net/correlation-sample-size/
http://www.sample-size.net/correlation-sample-size/
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Graph 2: Correlation between the time to fatigue Sorensen test values 
and the Baecke Habitual Physical Activity Questionnaire-Sport Index 
separately for male and female participants.

Table 2: Correlations between Sorensen test values and anthropometric 
and habitual leisure-time physical activity data for the whole group of 
participants (n=34).

Age Weight Height BMI Sørensen

Age r 1

Weight
r 0.2

1
p 0.26

Height
r 0.11 0.83**

1
p 0.52 <.01

BMI
r 0.19 0.88** 0.47**

1
p 0.28 <.01 <.01

Sorensen
r -0.17 -0.27 -0.05 -0.40*

1
p 0.33 0.12 0.76 0.02

Baecke Q 
SportIndex

r -0.23 -0.22 -0.01 -0.35* 0.78**

p 0.19 0.2 0.93 0.04 <.01

** Correlation significant at the 0.01 level (2-tailed) 
* Correlation significant at the 0.05 level (2-tailed)

between the frequency and intensity of exercise performed at 
leisure-time, as documented with the Baecke Sport Index and 
levels of muscle endurance as measured with the Sorensen test. 
This finding may lend support to the preventive role of exercise in 
contracting first-time back pain in young adolescents, as exercise 
seems to maintain the fatigue characteristics of the posterior 
chain muscles at a level that those muscles are able to support 
the lumbopelvic complex during movement as well as sustained 
postures within the appropriate margin of safety. Similar [6,14] 
as well as opposite [8-9] findings to ours have also been reported. 
Possible differences in the outcome assessments between studies 
and also between the populations characteristics, sample sizes 
as well as the number of variables tested may account for such 
discrepancies [30].

In addition, there was a significant influence of BMI on the 
Sorensen test results from the negative significant correlation 
reported, as there was also a similar level negative correlation of 
BMI with the Baecke leisure time Sport Activity Index, therefore it 
seems that subjects of higher BMI tend to have decreased levels of 
leisure time sport activity and perform less well on the isometric 
Sorensen fatigue test. However, the possible confounding effect 
of BMI on the relationship between Sorensen test fatigue data 
and leisure time sport activity levels needs to be examined in 
a future, larger scale study. A similar effect of gender or age of 
participants on either of these variables was not established in 
our study, however a previous study  with a larger sample-size 
has been able to demonstrate a significant effect of all 3 variables 
in the Sorensen endurance timed test [31].

A methodological issuethat occurredas testing of endurance 
progressed was that there seemed to be a difficulty in completely 
fixingsome of the volunteers onto the examination table with the 
3 straps employed, as in some cases there seemed to be some 
loosening of the straps as time progressed. Additionally, the 

evaluation could have taken place in two days rather than one, to 
have an extra session for familiarization purposes; however this 
was not possible due to the timescale of this study.

Also, in a future investigation the preventive role of particular 
types of exercises or sport activities could be examined. Finally, 
this study would have to be replicated in a larger sample 
of healthy participants of younger and older age groups, 
occupational settings and different loading exposures, to validate 
our findings further. Other variables possibly acting as first-time 
LBP development risk factors, such as postural [32] or flexibility 
[13] measurements or lifestyle and psychosocial factors [8]
could be collected in parallel. Taking into account all the above 
suggestions, our results of increased posterior muscle chain 
endurance with increased levels of leisure time physical activity 
levels require further validation for the external validity of our 
findings to be ascertained in relation to other risk factors acting 
in parallel for first time back pain development, across a wider 
age scope and spine loading exposure situations.

Conclusion
This research study has demonstrated a highly significant 

association between leisure-time physical activity levels and the 
isometric endurance as examined with the Sorensen test. This 
finding, although it requires further validation, can provide some 
preliminary support in the maintenance of optimal posterior 
chain muscle endurance characteristics via frequent habitual 
sporting leisure-time activity. 
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