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Reliability assessment and correlation analysis of 3 protocols to measure trunk
muscle strength and endurance
Casto Juan-Recio, Diego López-Plaza, David Barbado Murillo, M. Pilar García-Vaquero and Francisco J. Vera-García

Sport Research Centre, Miguel Hernández University of Elche, Elche (Alicante), Spain

ABSTRACT
Different methods have been developed to quantify trunk muscle strength and endurance. However,
some important protocol characteristics are still unclear, hindering the selection of the most suitable
tests in each specific situation. The aim of this study was to examine the reliability and the relationship
between 3 representative tests of the most common type of protocols used to assess trunk muscle
strength and endurance. Twenty-seven healthy men performed each test twice spaced 1 month apart.
Trunk strength and endurance were evaluated with an isokinetic dynamometer and 2 field tests
including Biering-Sørensen test and Flexion–rotation trunk test.

All tests showed a good relative consistency (intraclass correlation coefficient [ICC]> 0.75), except for
the isokinetic endurance variables which had low–moderate reliability (0.37 < ICC > 0.65). Absolute
reliability seemed slightly better in the isokinetic protocol than in the field tests, which showed about
12% of test–retest score increase. No significant correlations were found between test scores.
After a familiarisation period for the field tests, the 3 protocols can be used to obtain reliable measures
of trunk muscle strength and endurance. Based on the correlation analysis, these measures are not
related, which highlights the importance of selecting the most suitable trunk test for each situation.
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Introduction

Trunk muscle function has attracted the interest of coaches, ath-
letes and clinicians, as it has been related to sport performance
(Barbado et al., 2016; McGill, 2006), injury prevention and rehabi-
litation (Biering-Sørensen, 1984; Lindsay & Horton, 2006; Luoto,
Heliövaara, Hurri, & Alaranta, 1995; McGill, Childs, & Liebenson,
1999) and efficiency in everyday tasks (Borghuis, Hof, & Lemmink,
2008). Consequently, different methods have been developed to
quantify trunk muscle strength (i.e., the ability to exert maximum
trunk muscle force) and endurance (i.e., the ability to exert trunk
muscle force repeatedly or continuously over long periods of time)
in order to evaluate athletes’ and patients’ progress, and to exam-
ine the relationship between, for example, injury and trunkmuscle
endurance (Mayer, Gatchel, Betancur, & Bovasso, 1995;McGill et al.,
1999). Based on protocol characteristics, such as reliability, accu-
racy, cost and availability, several isokinetic dynamometry proto-
cols and field tests are used in clinical, sport, research and
educational settings (Evans, Refshauge, & Adams, 2007; Juan-
Recio, Lopez-Vivancos, Moya, Sarabia, & Vera-Garcia, 2015; Mayer
et al., 1995; McGill et al., 1999).

Isokinetic dynamometry is considered the “gold standard” for
measuring trunk muscle strength (Clayton et al., 2011; Hall,
Hetzler, Perrin, & Weltman, 1992; Knudson, 2001; Knudson &
Johnston, 1995; Mayer et al., 1995), mainly because it allows a
controlled and accurate assessment of a large number of muscle
force parameters. These parameters include the type of contrac-
tion, speed, position and duration. The use of moment of force

reduces the possible variations in trunk performance due to the
individual’s size and other factors, such as the linear sensors’ set-
up. Most isokinetic protocols have evaluated strength variables
(Delitto, Rose, Crandell, & Strube, 1991; Dvir & Keating, 2001;
Mayer, Smith, Keeley, & Mooney, 1985; Newton & Waddell,
1993; Wessel, Ford, & van Driesum, 1992) to analyse the differ-
ences between, for example, patients with low back pain and
asymptomatic individuals, to establish normative values, and to
identify injury risk variables (Lindsay & Horton, 2006; Mayer et al.,
1985). However, very few isokinetic protocols have focused on
assessing trunk endurance variables (Barbado et al., 2016; García-
Vaquero, Barbado, Juan-Recio, Lopez-Valenciano, & Vera-Garcia,
in press; Lindsay & Horton, 2006; Mayer et al., 1995), even though
endurance imbalances between trunk muscle groups and defi-
cits in trunk extensor endurance have been documented as risk
factors for low back disorders (Biering-Sørensen, 1984; Lindsay &
Horton, 2006; Luoto et al., 1995; McGill et al., 1999), and trunk
muscle endurance has been identified as an important factor for
good sport performance (McGill, 2006). In addition, the high
technology requirements of these isokinetic protocols and their
substantial economic cost have limited their use mainly to high
performance sport, clinical and research settings.

Field tests to assess trunk muscle function are used in many
different contexts, for example, clinics, high performance and
recreational sports, fitness and physical education, as they are
characterised by the small amount of material required, low
cost, short execution time and ease of use. Unlike isokinetic
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dynamometry protocols, they have been principally used to
assess trunk muscle endurance (Brotons-Gil, Garcia-Vaquero,
Peco-Gonzalez, & Vera-Garcia, 2013; Juan-Recio, Barbado,
López-Valenciano, & Vera-García, 2014; Knudson & Johnston,
1995; McGill et al., 1999), with the exception of a few field tests
that have been used as trunk muscle strength/power mea-
sures, for example, the front abdominal power test and the side
abdominal power test (Cowley & Swensen, 2008; Leetun,
Ireland, Willson, Ballantyne, & Davis, 2004). There are 2 main
types of trunk endurance field tests: (1) dynamic endurance
tests, among which we can identify “timed” trunk flexor and
flexor–rotator protocols (Brotons-Gil et al., 2013; Faulkner,
Sprigings, McQuarrie, & Bell, 1989; Knudson & Johnston,
1998, 1995), “cadenced” trunk flexor (Faulkner et al., 1989)
and extensor protocols (Burns, Hannon, Saint-Maurice, &
Welk, 2014; Hannibal, Plowman, Looney, & Brandenburg,
2006); and (2) isometric endurance tests, which basically
involve maintaining a prone, supine or lateral posture against
gravity for as long as possible to measure trunk extensor,
flexor and lateral-flexor endurance, respectively (Biering-
Sørensen, 1984; Evans et al., 2007; Hannibal et al., 2006;
McGill et al., 1999).

Reliability or consistency of measures is a fundamental
characteristic of any protocol that accurately assesses trunk
muscle function. Regarding the reliability of isokinetic pro-
tocols for assessing trunk muscle strength and endurance,
most show high or excellent relative reliability with intra-
class correlation coefficient (ICC) values around 0.80 for
strength variables (Delitto et al., 1991; Dvir & Keating,
2001; García-Vaquero et al., in press; Keller, Hellesnes, &
Brox, 2001; Laughlin, Lee, Loehr, & Amonette, 2009; Mayer
et al., 1985; Newton & Waddell, 1993; Wessel et al., 1992),
but there are fewer studies of trunk endurance consistency
with moderate–low levels of relative reliability (ICC ≤0.69)
(García-Vaquero et al., in press; Mayer et al., 1995). Absolute
measures of reliability of isokinetic trunk protocols show less
consistency, with standard error of measurement (SEM)
values ranging between 3% and 29% for strength variables
(Delitto et al., 1991; Dvir & Keating, 2001; García-Vaquero
et al., in press; Laughlin et al., 2009; Wessel et al., 1992) and
between 5.0% and 11.5% for endurance variables (García-
Vaquero et al., in press). Most of the published field tests
have also shown good relative reliability with ICCs higher
than 0.75 (Brotons-Gil et al., 2013; Chan, 2005; Demoulin,
Vanderthommen, Duysens, & Crielaard, 2006; Evans et al.,
2007; Liemohn, Baumgartner, & Gagnon, 2005; McGill et al.,
1999); however, the few studies that have analysed their
absolute reliability using SEMs have demonstrated varying
and controversial results (4% < SEM < 114%) (Brotons-Gil
et al., 2013; Evans et al., 2007; Juan-Recio et al., 2014;
Moreland, Finch, Stratford, Balsor, & Gill, 1997).

Based on the test characteristics presented earlier, and
given the numerous performance parameters, different trunk
muscle groups and capabilities evaluated, there cannot be one
best protocol to measure trunk muscle function. Every test has
its advantages and limitations, and the choice depends on
many factors, such as the context in which the test will be
applied, the participants’ characteristics and needs, and the
capability of the trunk muscles to be measured (including

their isometric endurance and maximum dynamic strength).
However, in both the scientific literature and the practical
field, there are many examples of protocols that do not logi-
cally follow the principle of specificity in matching the test to
the performance or injury variables of interest. For example,
although the McGill standardised testing battery (McGill et al.,
1999) is not specific to dynamic sports actions (Clayton et al.,
2011), many researchers and coaches often use this isometric
testing battery to measure core stability, strength or endur-
ance in sports with high dynamic demands (Chan, 2005;
Clayton et al., 2011; Evans et al., 2007). In addition, despite
trunk extensor endurance deficits (Biering-Sørensen, 1984;
Lindsay & Horton, 2006; Luoto et al., 1995) and the observa-
tion that endurance imbalances between trunk muscle groups
are related to low back disorders (McGill et al., 1999), most
health-related fitness test batteries only include dynamic trunk
flexor measures, that is, sit-up or curl-up tests (Europe, 1988;
President’s Council on Fitness [PCFSN], 2010). Further research
is needed to understand the relationship between the scores
of these trunk strength and endurance protocols better, which
will allow us to determine to what extent a single trunk
measure (evaluated under specific conditions) may be gener-
alisable or not generalisable to other measures of trunk mus-
cle strength and/or endurance.

In order to improve the application of 3 representative tests
of the most common type of protocols used to assess trunk
muscle function, this study analysed some characteristics of a
flexion–extension isokinetic protocol used to assess trunk
muscle strength and endurance (Barbado et al., 2016; García-
Vaquero et al., in press). The study also analysed 2 field tests:
the Biering-Sørensen test (BST) (Biering-Sørensen, 1984) to
measure trunk extensor isometric endurance, and the flex-
ion–rotation trunk test (FRT) (Brotons-Gil et al., 2013) to evalu-
ate trunk flexor–rotator dynamic endurance. The main
purpose of this study was to analyse the relative and absolute
reliability of these 3 protocols. Additionally, based on the
arbitrary and non-specific use of some trunk tests in both
the scientific literature and the practical field, a correlation
analysis between the 3 test scores was carried out. Overall,
this information will facilitate the decision-making process
when selecting trunk muscle tests.

Methods

Participants

A total of 27 healthy young men (age: 24.1 ± 2.9 years; height:
177 ± 5.6 cm; mass: 76 ± 9.2 kg) voluntarily participated in this
study. They were physically active, performing 1–3 h of mod-
erate physical activity in recreational sports, 1–3 days · week−1.
Exclusion criteria for this study include known medical pro-
blems, episodes of back pain in the previous 6 months and/or
involvement in structured trunk exercise programmes during
the time of the study. Participants were asked to continue
their regular physical activity practice during the study, but
not to perform strenuous exercise in the 24 h prior to each
assessment session. All participants were informed of the risks
of this study and signed an informed consent form based on
the 2013 Declaration of Helsinki and approved by the Ethics
Committee of the University.
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Procedures

Three tests were used to assess trunk muscle function. A trunk
flexion–extension test was performed using a Biodex® isoki-
netic dynamometer (Model 2000, Multi-joint System 4 Pro,
Biodex Corporation, Shirley, NY, USA) to assess trunk muscle
strength and endurance. Two field tests were carried out to
evaluate the endurance of the trunk extensor and flexor–
rotator muscles: the BST (Biering-Sørensen, 1984) and the
FRT (Brotons-Gil et al., 2013), respectively.

Participants performed each test twice. In order to avoid
the influence of muscle fatigue on test scores and to reduce
the learning effect of the tests, participants underwent 4 test
sessions spaced a month apart between each one. The iso-
kinetic trunk test was carried out in the first 2 sessions and the
BST and FRT were executed in the last 2 sessions. The field
tests were performed in a counterbalanced order with a 5-min
rest between each test. Participants were strongly encouraged
verbally to maximise their efforts to obtain the maximum
score in each test. They were not given outcome feedback
until the end of the study. Before each assessment session,
participants performed a warm-up exercise that consisted of 2
sets of 15 curl-ups and another 2 sets of 15 back extensions in
a Roman chair, with a 30-s rest between the sets and the
exercises.

Isokinetic trunk flexion–extension test
Participants were placed on the dual position back extension/
flexion attachment of the Biodex® in the position described
by García-Vaquero et al. (in press), shown in Figure 1. The
protocol consisted of 4 sets of 15 concentric, maximum and
consecutive trunk flexion and extension repetitions at a
speed of 120° · s−1 (Watkins & Harris, 1983). The range of
trunk motion was 50° (from 30º of trunk flexion to 20º of
trunk hyperextension), beginning the movement in the flex-
ion direction (Grabiner, Jeziorowski, & Divekar, 1990). There
was 1-min rest between sets

The absolute peak torque (PT) and relative peak torque
(RPT) and the absolute maximum work (MW) and relative
maximum work (RMW) in load range were calculated during
the isokinetic window to measure trunk muscle strength in the

flexion and extension directions. In addition, based on pre-
vious studies (García-Vaquero et al., in press; Knudson &
Johnston, 1995; Mayer et al., 1995), 3 variables were used for
the assessment of trunk muscle endurance in both directions
(expressed in percentages):

(1) The modified endurance ratio (MER) was obtained by
dividing the work (W) performed during the last 3
repetitions of each set by 3 times the MW reached in
a repetition during the set and multiplied by 100. This
variable represents the ability to maintain the force
output during successive efforts (throughout each set).

MER ¼
P

W 13; 14; 15ð Þ
3�MW rep:ð Þ � 100 (1)

(2) Themaximumwork ratio (MWR) was obtained by dividing
the MW reached during a repetition in the last set by the
MW performed during any set and multiplied by 100. This
variable represents the ability to maintain the force out-
put during intermittent efforts (between sets).

MWR ¼ MW rep:ð Þ series 4ð Þ
MW rep:ð Þ seriesð Þ � 100 (2)

(3) The fatigue final ratio (FFR) was obtained by dividing
the W performed during the last 3 repetitions in the last
set by 3 times the MW performed in a repetition of any
set and multiplied by 100 (Mayer et al., 1995). This
variable represents the ability to maintain the force
output during successive and intermittent efforts
(throughout repetitions and sets).

FFR ¼
P

W 13; 14; 15ð Þ series 4ð Þ
3�MW rep:ð Þ seriesð Þ � 100 (3)

Figure 1. Participant performing a maximum effort of trunk flexion–extension in the isokinetic dynamometer with a ROM of 50° (−30° trunk flexion; 0° initial
position; 20° trunk hyperextension).
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The Biering-Sørensen test
To assess trunk extensor isometric endurance, participants
were placed in a prone position (Figure 2), with the lower
part of the body fixed to a test bench by Velcro® inextensible
straps at the ankle, knee and hip level, and with the upper
body extended horizontally and cantilevered over the edge of
the bench; the anterior-superior iliac spines were aligned with
the edge of the bench. The participant’s arms were held
crossed over the chest with each hand in contact with the
opposite shoulder. The test consisted of maintaining the trunk
in a horizontal position for as long as possible. The time in
seconds was recorded by a digital stopwatch (CASIO HS-30W-
N1V) (Biering-Sørensen, 1984).

The flexion–rotation trunk test
For the assessment of abdominal dynamic endurance, partici-
pants were placed in a supine position on a semi-rigid mat,
with their feet placed on the floor, knees together and bent
90°, and upper body resting on the mat (Figure 3(a)). The arms
were extended over the trunk and thighs, hands overlapped
and both thumbs interlaced. A researcher knelt at the partici-
pant’s feet, holding his lower limbs and introducing his
thumbs behind the participant’s knees. In this position, the
participant was asked to carry out the maximum number of
upper-trunk flexion–rotation movements possible in 90 s. Each
repetition consisted of performing a trunk flexion with rota-
tion until the participant touched the knuckle of the little
finger of the researcher with his fingertips (Figure 3(b)), then

returning to the starting position. The participant performed
twists to one side and the other successively starting the
protocol twisting to the right. The researcher recorded only
the repetitions performed correctly. Participants received feed-
back of the time left at 30, 60 and 75 s into the protocol
(Brotons-Gil et al., 2013).

Statistical analyses

Descriptive statistics (means and standard deviations [SDs])
were calculated for all variables. The normality of the data
was examined using the Kolmogorov–Smirnov statistical
test. An ANOVA of 3 (isokinetic variables, BST score, FRT
score) × 2 (session 1, session 2) was carried out to examine
the differences of tests scores between sessions, with a
Bonferroni post hoc analysis. The level of significance was
set at P < .05.

To analyse the intersession absolute reliability of each test,
the typical error percentage (percentage within-participants
variation) and the minimum detectable change (MDC; 1.5
times the typical error) (Hopkins, 2000) were calculated. The
percentage of typical error was established using log-trans-
formed data using the following formula: 100 (s – 1), where s is
the typical error (SD of the difference between session 1 and
session 2, divided by √2). The relative reliability of the different
measures was analysed using the ICC2,1, calculating 90% con-
fidence limits. The ICC values were categorised as follows:
excellent (0.90–1.00), high (0.70–0.89), moderate (0.50–0.69)
and low (<0.50) (Fleiss, 1986).

The Pearson correlation coefficient (r) was used to analyse
the relationship between variables once all outliers (scores
higher or lower than the mean ± 3 SD) were eliminated.
Statistical analyses were performed with the SPSS statistics
software (version 18.0 for Windows 7; SPSS Inc., Chicago,
IL, USA).

Results

Table 1 shows the descriptive statistics and absolute and
relative reliability values for both field tests and the strength
and endurance isokinetic variables, respectively. The ANOVA
showed significant differences in the within-participant factor
for BST (F = 7.303; P = .013) and FRT (F = 18.867; P < .001) and
for MW (F = 6.807, P = .015) and RMW (F = 6.998; P = .014) in
isokinetic flexion.Figure 2. Participant performing the Biering-Sørensen test.

Figure 3. Lateral view of the initial position (a) and of the flexion–rotation position (b) of an FRT repetition.
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The FRT showed a typical error percentage of 11.1% and an
ICC of 0.86, whereas the BST obtained a typical error percen-
tage of 15.4% and an ICC of 0.78. Regarding isokinetic
strength variables, typical error percentages ranged between
9.3% for RPT and PT in extension and 7.5% for RPT and PT in
flexion, while for the RMW and MW they were 15.2% in
extension and 6.2% in flexion. Typical error percentages of
isokinetic endurance variables ranged between 8.2% for
MWR and 13.8% for FFR in extension, and between 8.9% for
MER and 17.7% for FFR in flexion. In relation to the relative
reliability, the ICC values obtained for strength variables were
0.57 ≤ ICC ≤ 0.77 in extension and 0.62 ≤ ICC ≤ 0.84 in flexion,
while for endurance variables they were 0.37 ≤ ICC ≤ 0.55 in
extension and 0.45 ≤ ICC ≤ 0.65 in flexion.

The Pearson correlation analysis showed no significant cor-
relations between field test scores and isokinetic strength and
endurance variables (Tables 2 and 3).

Discussion

In the practical field, the choice of tests to measure trunk
muscle strength and endurance is an important and complex
decision which does not always follow the principle of speci-
ficity (Clayton et al., 2011), but tends to be influenced instead
by economic factors and/or accessibility to specific instru-
ments and facilities. In order to obtain information to facilitate
decision-making when trunk strength and endurance tests are
selected, this study examined the reliability and the possible
relationships between the outcomes of 2 trunk endurance
field tests (BST and FRT) and an isokinetic trunk flexion–exten-
sion test.

Relative reliability was high in the 3 analysed protocols,
with most ICC values above 0.75, except for the endurance
variables in the isokinetic test, in which reliability was low–
moderate with values ranging between 0.37 and 0.65. These
results agree with those of previous studies that found ICC
values greater than 0.75 for different trunk endurance field
tests (Brotons-Gil et al., 2013; Chan, 2005; Demoulin et al.,
2006; Evans et al., 2007; Juan-Recio et al., 2014; McGill et al.,
1999) and greater than 0.80 for isokinetic strength protocols
(Delitto et al., 1991; Dvir & Keating, 2001; García-Vaquero et al.,
in press; Keller et al., 2001; Laughlin et al., 2009; Newton &
Waddell, 1993; Wessel et al., 1992). Concerning the isokinetic
endurance variables, our resulting values were very similar to
those obtained by García-Vaquero et al. (in press) (0.43 < ICC <
0.69) using the same protocol, and slightly higher than those
obtained by Mayer et al. (1985) (0.35 < ICC < 0.42) using a
similar protocol. In general, the relative consistency results
obtained in the current study point out the robustness of
isokinetic and field measures to assess trunk muscle strength
and endurance. However, the levels of reliability showed for
the isokinetic endurance variables could affect the correlations
between tests negatively; results therefore should be inter-
preted with caution. Future studies should attempt to develop
more reliable isokinetic endurance variables.

With reference to the absolute reliability, the values of the
typical error percentages and the MDC for the field tests were
relatively high (Table 1). According to Hopkins (2000), these
MDC values indicate that changes higher than 16.6% and Ta
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23.1% in the FRT and BST scores, respectively, would be
necessary to guarantee that real changes had occurred after
a treatment or intervention and that the changes observed
were not due to measurement errors. These results question
the reliability of these tests when detecting small changes in
trunk muscle endurance, especially in highly trained athletes
in whom small changes are significant (Kraemer & Ratamess,
2004). However, they could be acceptable in other contexts,
such as in the health, fitness or physical education fields,
where the participants may have large increases in trunk
endurance after training due to their high potential reserve
of adaptation (Brotons-Gil et al., 2013; Juan-Recio et al., 2015).

The isokinetic test showed slightly better results for typical
error percentage and MDC, both in strength variables (9.3% <
MDC < 22.7%) and in endurance variables (12.4% < MDC <
26.6%). Most previous studies have only analysed the SEM in
isokinetic strength variables, obtaining similar results (slightly
higher (Delitto et al., 1991; Dvir & Keating, 2001; Wessel et al.,
1992) or slightly lower (Laughlin et al., 2009)) compared with
those obtained in the present study. To the best of our knowl-
edge, only the study by García-Vaquero et al. (in press) ana-
lysed the absolute reliability of isokinetic endurance variables,
obtaining values of typical error slightly lower than ours
(between 5.0% and 11.5%).

A learning effect existed in the field tests, with a significant
score increase of 12.1% in the FRT and 12.7% in the BST
between the first and second sessions. These results are con-
sistent with the data of previous studies (Brotons-Gil et al.,
2013; Juan-Recio et al., 2014; Liemohn et al., 2005). Although
only a test–retest, or even a single measurement, is performed
when evaluating trunk endurance in clinics and sport facilities,
the results show that 2 test trials are not sufficient to make the
learning effect negligible. Therefore, it seems necessary to
perform previous familiarisation sessions so participants
learn, for instance, to tolerate the fatigue feelings better dur-
ing the BST or learn to maintain a proper cadence during the
FRT. In this sense, Brotons-Gil et al. (2013) showed that at least
3 test trials of the FRT were needed before participants’ scores
plateaued. On the contrary, in the isokinetic protocol, only 2
variables analysed (MW and RMW in flexion) showed signifi-
cant differences between both sessions (Table 1), indicating, in

general, a lower absolute error in the measurements in com-
parison to field tests. Most previous isokinetic studies did not
find a learning effect in PT during trunk flexion/extension
movements (Cowley, Fitzgerald, Sottung, & Swensen, 2009;
Dervisevica, Hadzic, & Burger, 2007; Dvir & Keating, 2001;
García-Vaquero et al., in press; Laughlin et al., 2009; Müller
et al., 2014; Wessel et al., 1992), whereas only a few found a
learning effect (Delitto et al., 1991; Keller et al., 2001; Newton
& Waddell, 1993). Therefore, it seems that participants do not
need to carry out a long familiarisation period before perform-
ing the isokinetic trunk protocol.

The correlational analysis showed no significant correla-
tions between field test scores and isokinetic variables. Most
previous studies (Knudson, 2001; Knudson & Johnston, 1995;
Mayer et al., 1995) found no significant relationship between
field tests that assessed trunk endurance and isokinetic
strength variables, except Hall et al. (1992), who found a
weak significant negative correlation (r = −0.41; P < .01).
Moreover, Mayer et al. (1995) showed a moderate negative
correlation (−0.54 < r < −0.60; P < .05) when comparing the
BST with different isokinetic endurance measurements. These
results obtained by Mayer et al. (1995) should be interpreted
with caution because of the low reliability shown by both the
BST (ICC = 0.20) and the isokinetic endurance variables (0.35 <
ICC < 0.42). Concerning the FRT, although no previous correla-
tional studies have been found in the literature, weak correla-
tions (r = 0.50, P < .05; r = 0.38, P = .07) were found when the
relationship was analysed between another “timed curl-up
test” with similar characteristics to the FRT (the bench trunk
curl-up test) and an isokinetic test (Knudson, 2001; Knudson &
Johnston, 1995).

Although the results of this study should be analysed with
caution, given the moderate–low relative reliability of the
isokinetic endurance variables (which could affect the correla-
tions between the tests), the absence of significant correla-
tions between the field tests and the isokinetic endurance
variables in the present study could be explained by the
differences between protocols. The BST is an isometric timed
protocol performed until exhaustion, in which the trunk is
positioned horizontally and the resistance to overcome
(upper body weight) is lower than 50% of maximal voluntary

Table 2. Correlations between the Biering-Sørensen test (BST) and flexion–rotation trunk test (FRT) scores and the endurance variables of the isokinetic test.

Variables

ENDURANCE

BST (s) FRT (reps)

MER (%) MWR (%) FFR (%)

Flexion Extension Flexion Extension Flexion Extension

BST (s) – .342 .087 −.042 −.059 −.146 .325 −.251
FRT (reps) .342 – .151 −.161 −.025 −.069 .021 −.267

Reps: repetitions; MER: modified endurance ratio; MWR: maximum work ratio; FFR: final fatigue ratio.

Table 3. Correlations between the Biering-Sørensen test (BST) and flexion–rotation trunk test (FRT) scores and the strength variables of the isokinetic test.

Variables

STRENGTH

PT (N · m) RPT (N · m · kg−1) MW (J) RMW (J · kg−1)

Flexion Extension Flexion Extension Flexion Extension Flexion Extension

BST (s) −.118 −.239 .102 −.076 .124 −.025 .303 −.153
FRT (reps) .279 .099 .369 .240 .224 −.033 .351 .044

Reps: repetitions; PT: peak torque; RPT: relative peak torque; MW: maximum work; RMW: relative maximum work.
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contraction in men (Mayer et al., 1995). In contrast, the iso-
kinetic protocol consists of dynamic maximal efforts with the
trunk in a vertical position, involving 4 sets of repeated fast
movements in the sagittal plane. In this protocol, the indivi-
dual’s endurance is evaluated as his ability to maintain the
force output across repetitions and sets. In addition, although
the FRT and the isokinetic protocol consist of both dynamic
trunk muscle contractions, there are also important differences
between the 2 protocols: test duration, speed, recovery time,
trunk position, and resistance to overcome. It should be noted
that a greater endurance in the isokinetic measures means
that there is a lower drop in the work output across repetitions
and sets, which differs from the FRT where a greater endur-
ance is associated with a higher number of repetitions.

The results of this study should be carefully analysed, given
the relatively small sample size. However, according to
Springate (2012), a sample of 25–30 participants could be
enough for studies of measurement reliability. Another limita-
tion could be the long time between sessions (a month).
Although this time was established to reduce the learning
effect and to facilitate and optimise the use of the laboratory
and the isokinetic dynamometer in a recording schedule, it
could affect an individual’s trunk muscle function due to
training or detraining over time. In order to avoid this, parti-
cipants were instructed to continue their regular physical
activity throughout the study.

Practical applications

Field tests have the advantage of not requiring expensive
equipment and sophisticated analysis, and most of them can
be applied to a large number of participants at the same time;
therefore, their use could be recommended in the health,
fitness or physical education fields. The isokinetic protocols
allow a large number of variables to be assessed at the same
time in a controlled way (e.g., type of contraction, speed,
position and duration), so their use could be more appropriate
in clinical, high performance sport and research fields. The
results of this study show that all the protocols analysed
have a good relative reliability (except for the isokinetic endur-
ance variables), and therefore they are able to accurately
discriminate differences in trunk muscle strength and endur-
ance between adult males with similar characteristics
(Hopkins, 2000). Concerning the absolute reliability, the iso-
kinetic protocol seems slightly better than the field tests in
detecting real changes that occur after an intervention. Finally,
based on these and previous results (García-Vaquero et al., in
press), a single 10-min trial may be sufficient when the iso-
kinetic protocol is used; but this does not apply to the field
tests, in which at least 2 previous familiarisation sessions
would be needed to obtain results close to the participants’
real levels.

Although the 3 analysed protocols certainly have face
validity as trunk strength or endurance measures (Brotons-
Gil et al., 2013; Mayer et al., 1995), the absence of signifi-
cant correlations between them suggests that they measure
trunk muscle function through protocols with different bio-
mechanical demands, such as different muscle action, dura-
tion, speed, recovery time, position and resistance. Coaches,

physical trainers and clinicians should choose the test that
best suits the biomechanical characteristics required for
success in a given sport (specificity criteria), while taking
other important criteria into account, such as reliability,
cost and availability. In this sense, the FRT could be applied
in sports that require repeated flexion–rotation movements,
for example, throwing and striking sports. The BST could be
used in sports with great isometric back endurance
demands, for example, hockey, gymnastics and ski descent,
as well as in health and clinical settings, since previous
studies have shown a relationship between low BST scores
and low back disorders (Biering-Sørensen, 1984; Luoto
et al., 1995). Finally, isokinetic protocols could be more
appropriate in dynamic sports requiring a high level of
trunk muscle strength during explosive movements, for
example, judo (Barbado et al., 2016), fight sports,
American football, etc.
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