
This is a peer-reviewed, post-print (final draft post-refereeing) version of the following published
document, This is an Accepted Manuscript of an article published by Taylor & Francis in Journal 
of Sports Sciences on 28th March 2021, available online: 
https://doi.org/10.1080/02640414.2021.1903706. and is licensed under Creative Commons: 
Attribution-Noncommercial-No Derivative Works 4.0 license:

Martinez-Romero, Maria T, Ayala, Francisco, Aparicio-
Sarmiento, Alba, De Ste Croix, Mark B ORCID: 0000-0001-
9911-4355 and Sainz de Baranda, Pilar (2021) Reliability of 
five trunk flexion and extension endurance field-based tests 
in high school-aged adolescents: ISQUIOS Programme. Journal
of Sports Sciences, 39 (16). pp. 1860-1872. 
doi:10.1080/02640414.2021.1903706 

Official URL: https://doi.org/10.1080/02640414.2021.1903706
DOI: http://dx.doi.org/10.1080/02640414.2021.1903706
EPrint URI: https://eprints.glos.ac.uk/id/eprint/9476

Disclaimer 

The University of Gloucestershire has obtained warranties from all depositors as to their title in 
the material deposited and as to their right to deposit such material.  

The University of Gloucestershire makes no representation or warranties of commercial utility, 
title, or fitness for a particular purpose or any other warranty, express or implied in respect of 
any material deposited.  

The University of Gloucestershire makes no representation that the use of the materials will not
infringe any patent, copyright, trademark or other property or proprietary rights.  

The University of Gloucestershire accepts no liability for any infringement of intellectual 
property rights in any material deposited but will remove such material from public view 
pending investigation in the event of an allegation of any such infringement. 

PLEASE SCROLL DOWN FOR TEXT.



1 

  

Reliability of five trunk flexion and extension endurance field-based tests in high school-

aged adolescents: ISQUIOS Programme 

 

Running title: Reliability of trunk endurance field-based tests 

María Teresa Martínez-Romero a,b, Francisco Ayala b,c, Alba Aparicio-Sarmiento a,b,*, Mark 

De Ste Croix b,c, Pilar Sainz de Baranda a,b 

a Department of Physical Activity and Sport, Faculty of Sport Sciences, Regional Campus of 

International Excellence “Campus Mare Nostrum”, University of Murcia, San Javier 30720, 

Murcia, Spain 

b Sports and Musculoskeletal System Research Group (RAQUIS), University of Murcia, 

Murcia 30100, Spain 

c School of Sport and Exercise, Exercise and Sport Research Centre, University of 

Gloucestershire, Gloucester GL2 9HW, United Kingdom 

* Corresponding author: 

Email address: alba.aparicio@um.es (A., Aparicio-Sarmiento) 

 

Abstract 

This study aimed to explore the inter-session reliability of the measures obtained from 2 trunk 

extension (Biering-Sorensen and Dynamic Extensor Endurance (DEE) tests) and 3 trunk 

flexion (Ito, Side Bridge and Bench Trunk Curl-Up (BTC) tests) endurance field-based tests in 

adolescents by sex and age. A total of 208 (males, n = 100; females, n = 108) adolescents 

(ranging from 12 to 18 years) performed all the field-based tests on 2 separate testing sessions, 

7-days apart. The inter-session reliability scores were explored for the total sample and by sex 

and age groups through relative reliability (intraclass correlation coefficient (ICC)), inter-

session differences (systematic bias) and precision of measurements (i.e. absolute reliability) 
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(standard error of measurement expressed as a percentage of the mean score (CVTE) and 

minimal detectable change (MDC95)). The sensitivity of each test was also assessed through the 

smallest worthwhile percentage change (SWC). No relevant sex and age groups differences 

were found for either test-retest reliability or sensitivity in each test, so the grouped scores were 

considered as generalizable for this cohort of high school-aged adolescents. Most of the trunk 

endurance measures demonstrated acceptable relative reliability (ICCs ranged from 0.75 to 

0.94). However, significant inter-session differences were identified for measures from the 

DEE and BTC tests. Likewise, the precision of the measurement of each field-based test was 

poor (CVTE ranged from 11.3 to 24.4%) with the MDC95 revealing that changes higher than 

42% for trunk extension endurance tests and 31.4% for trunk flexion endurance tests after an 

intervention are required to indicate a significant change above measurement error. All tests 

were sensitive enough to detect moderate to large changes in trunk muscle endurance. 

Therefore, the findings from this study indicate that only the BTC test demonstrates acceptable 

inter-session reliability (ICC > 0.9, CVTE ~ 10%, MDC95 ~ 30%) to monitor the changes in 

trunk endurance scores that may be expected in adolescents after performing an intervention 

program. The use of supervised familiarization sessions before performing the tests and strong 

encouragement to perform a maximal effort in each test may be helpful strategies to improve 

the reliability scores. 

 

Keywords: assessment; core endurance; precision of measurement; youth 

 

Introduction 

It has been suggested that deficits in trunk extensor and flexor endurance and imbalances 

between trunk muscle groups may have short and long-term negative consequences in low back 

health1,2 and athlete movement competency.3,4 This circumstance has led to the field-based 
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assessment of trunk muscle endurance becoming common practice during childhood and 

adolescence, mainly in educational (physical education (PE) classes) and sport settings. 

Some field-based tests have been described to assess trunk extensor and flexor muscle 

endurance, which may be grouped into two main categories:  

a) Isometric trunk extension (e.g.: Biering-Sorensen (BS) test,5 Prone Isometric Chest 

Raise (PICR) test6 and Prone Double Straight-leg Raise (PDSR) test7) and flexion 

(e.g.: Ito test,6 Flexor Endurance (FE) test,8 Isometric Trunk Flexion endurance (ITF) 

test,9 Plank Isometric Hold (PIH) test10 and Side Bridge right (SB-R) and left (SB-L) 

test8) endurance tests, which involve maintaining a position against gravity for as long 

as possible.  

b) Dynamic trunk extension (e.g.: Dynamic Extensor Endurance (DEE) test11) and 

flexion (e.g.: Bench Trunk Curl-Up (BTC) test,12 Partial Curl-Up (PCU) test,13 Curl-

Up (CU) test14) endurance tests, which consist of performing as many repetitions as 

possible in a given time or with a certain cadence until exhaustion. 

These field-based tests have been considered operationally valid by medical (ACSM), sport 

(Swiss Olympic Medical Centre) and educational (Cooper Institute) organizations to assess 

trunk muscles endurance based on anatomical knowledge and findings presented in 

electromyographic15–17 and biomechanical18–20 studies. It should be highlighted that it has not 

been described in the literature a single (i.e. all-out) field-based test able to quantify 

simultaneously the endurance of all trunk muscles (e.g., multifidus, transversus abdominis, 

external and internal abdominal obliques, erector spinae, quadratus lumborum, and rectus 

abdominis). Therefore, a comprehensive assessment of trunk endurance capability is required 

for each muscle group (e.g. flexors and extensors), by selecting at least one isometric and 

dynamic test.18,21  
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Reliability is a technical property of a measure or test that provides information regarding the 

consistency and reproducibility of given values in repeated trials.22 The degree of reliability in 

a measure may be affected by the inter- and intra-individual variability in its scores within the 

sample object of study.23 Consequently, reliability is a population dependent property (e.g.: 

children and adolescents, adults, athletes). Large inter-individual differences and fluctuations 

over short-time periods in strength and endurance scores have been documented in youth24 and 

attributed, among other factors, to periods of rapid changes in growth and maturation and 

fluctuations in their mood state (e.g.: inter-day differences in the psychological readiness to 

perform a maximal effort to exhaustion).22,25 Therefore, before promoting the use of these trunk 

endurance field-based tests in youth, the reliability of their measures must be confirmed in this 

population.22 A recently published meta-analysis of reliability of the measures obtained from 

trunk extension endurance field-based tests concluded that, in terms of inter-session reliability, 

there is no compelling evidence that supports their use in children and adolescents.26 In 

particular, only 3 studies were identified that provided inter-session reliability scores for the 

measures obtained from the BS and DEE in children9,27 and adolescents28 with all of them 

reporting intra-class correlation coefficient (ICC) scores higher than 0.80. Concerning the 

reliability of measures obtained from trunk flexion endurance field-based tests, the evidence 

available is also very limited in youth. Only 1 study has explored the inter-tester reliability of 

the dynamic endurance measure obtained from the CU test in children (10-12 years old),29 

whereas 5 studies have determined the inter-session reliability of the measures from PIH,30 

ITF,9 isometric PCU28 and BTC25 tests in children and adolescents, showing ICC scores higher 

than 0.75.  

Another limitation of the literature is that most of the studies that have explored the reliability 

of the trunk endurance field-based tests,9,27–30 although not all,25 have exclusively used the ICC 

as a criterion of reliability. The use of the ICC as the sole statistical outcome of reliability, apart 
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from being affected by sample heterogeneity, only provides information regarding how well 

the observed value retains the true rank order of subjects but does not allow the quantification 

of either the extent of the measurement error, the presence of systematic bias or the minimum 

change needed for a specific outcome to consider that an improvement or decrease after an 

intervention program may be real or true (out of the random error threshold). Therefore, 

contemporary statistical approaches in which the most powerful statistical methods were 

included, such as the typical (random) percentage error and the minimal detectable change at a 

95% confidence interval (MDC95), could be more useful in practical settings and for clinical 

goals.  

Therefore, the purpose of the present study was to explore the inter-session reliability of the 

measures obtained from 2 trunk extension (BS and DEE tests) and 3 trunk flexion (Ito, SB [R 

and L] and BTC tests) endurance field-based tests using a contemporary statistical approach in 

high school-aged adolescents by sex and age. The null hypothesis is that unlike dynamic field-

based tests, isometric trunk extensor and flexor muscle endurance measures would show 

acceptable (for clinical purposes and goal setting) and stronger reliability than dynamic 

measures, independent of the participants’ age-based grade, due primarily to their easy 

assessment procedures.25,31,32 

 

Materials and methods 

Participants 

A total of 241 adolescents were initially invited from 3 different high schools of the Region of 

Murcia (Spain) to participate in this study (convenience sample). The exclusion criteria were: 

a) known medical problems or episodes of low back pain over the last 3 months (reported by 

the PE teachers), b) not having provided the required signed written informed consent (by both 

the parents/guardians and students) before the start of the study, c) missing 1 testing session 
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during the data collection phase or d) involvement in structured strength exercise programs 

during the time of the study. Participants were asked not to perform strenuous exercises in the 

24 h before each assessment session. 

A comprehensive verbal description of the nature and purpose of the study and the experimental 

risks was given to the students and their parents/guardians and PE teachers. The study was 

conducted according to the Declaration of Frontera and the protocol was fully approved by the 

Review Committee for Research Involving Human Subjects at the University of Murcia (Spain) 

(ID: 1920/2018). 

Finally, a sample of 208 (age 14.4 ± 1.2 years (mean ± SD), range 12-18 years, 52.4% girls) 

high school students (age groups (n): 12 to 13 years (70), 14 years (64), 15 to 18 years (74)) 

completed this study (Table 1). Thirty-three students were removed from the initial sample of 

241 adolescents based on the exclusion criteria (10 students (3 boys and 7 girls) reported a 

history of low back pain, 14 students (6 boys and 8 girls) did not provide the required signed 

informed consent before the start of the study and 9 students (3 boys and 6 girls) did not attend 

one or both testing sessions). 

Study design and procedure 

A test-retest design was used to determine the inter-session reliability (both for all participants 

pooled in the same data set, as well as separated by sex and age-group) of the trunk endurance 

measures obtained from 5 field-based tests during PE classes. Two field-based tests were 

selected to assess isometric (BS test)5 and dynamic (DEE test)11 trunk extensor endurance (Fig. 

1 A and B) whereas 3 field-based tests were selected to assess isometric (Ito and SB-R and SB-

L tests)6,8 and dynamic (BTC test)12 trunk flexor endurance (Fig. 1 C, D and E). The tests 

included in this study were selected because they involve minimal equipment at low cost, and 

are feasible for administration in high-school settings33,34 (13,55).
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Table 1. Anthropometric characteristics of the participants (mean ± SD) (n=208). 

 
Total sample 

  Age groups 

Sample 

≤ 13 years 14 years ≥ 15 years 

M F M F M F M F 

100  108 34 36 39 25  27 47 

Age (years) 14.4 ± 1.1 14.7 ± 1.4 13.2 ± 0.5 13 ± 0.5 14.5 ± 0.2 14.5 ± 0.2 15.8 ± 0.5 15.9 ± 0.6 

Body mass (kg) 59.9 ± 14.7 56.2 ± 12 51.9 ± 10.1 55.6 ± 11.9 61.3 ± 14.1 56.5 ± 10.5 68.1 ± 15.8 60.6 ± 10.9 

Stature (cm) 166.3 ± 9.5 159.4 ± 6.2 159.9 ± 8.7 156.7 ± 6.4 166.9 ± 7.1 161.9 ± 6.2 173.7 ± 7.8 160.3 ± 5.4 

BMI (kg/m2) 21.4 ± 4 22.8 ± 4.1 20.2 ± 3 22.6 ± 4.6 21.9 ± 4.3 21.6 ± 3.9 22.4 ± 4.4 23.5 ± 3.7 

M = males, F = females, kg = kilogram, cm = centimetre, BMI = body mass index. 
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 Figure 1. Trunk endurance field-based tests. A and B: trunk extension 

endurance field-based tests (BS test and DEE test). C, D, and E: trunk flexion 

endurance trunk field-based tests (Ito test, SB test, and BTC test). BS = Biering-

Sorensen test, DEE = Dynamic Extensor Endurance test, SB = Side Bridge test, 

BTC = Bench Trunk Curl-Up test. 

 

 

 

 

 

 

 

 

 

Since only 2 sessions of 60 min per age-based grade were provided by PE teachers from each 

high school, a time-efficient testing procedure was designed and 5 researchers were enrolled to 

enable the assessment of participants on 2 different occasions with a 7-days rest interval 

between them. The same protocol was consistently followed in all the testing sessions 

conducted in the 3 high schools that took part in this study. For each age grade, both testing 

sessions were administered at the same time of the day during PE classes and under the direct 

supervision of the same 5 researchers, who were sports science specialists with more than 5 

years of experience in neuromuscular performance assessments. Each researcher was 

responsible during both testing sessions for the same field-based test. Furthermore, the 

participants’ testing sequence and environmental factors were the same during the 2 testing 

sessions (Temperature: 22˚C, relative humidity: 50-60%). 
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At the start of the 2 testing sessions, all the participants received comprehensive instructions 

for the tests, and their questions regarding the protocols were answered. In each testing session, 

all participants completed first their usual warm-up, which was led by their PE teachers and 

consisted of 6-10 min of low-to moderate-intensity (self-perceived) running (including 

forward/backward movements and side-stepping) and general mobilization (i.e., arm circles, 

leg kicks) followed by 4-6 min of static stretching. Afterwards, the students were divided into 

5 groups of 3-5 participants. Then, each researcher explained the procedure of the different tests 

to a group and instructed them to perform a minimum of 2 sets of 3 to 5 repetitions of each 

dynamic trunk endurance test and 3 sets of 5 seconds for the isometric endurance test. Once 

they had received the instructions, the researcher let them freely familiarize with the tests for 

10 minutes. When the researchers verified that the participants had understood and freely 

practised the tests, participants randomly performed the 5 field-based trunk endurance tests with 

a 5-min rest between each test. Due to the above-mentioned time constraints, a circuit approach 

was used to carry out all the tests. Five different stations were set (one for each trunk endurance 

test). Each group of participants was randomly assigned to each station of the circuit in session 

1 (for session 2, participants were assigned following the same order as in session 1). At each 

station, participants alternatively performed the test so that while one of them was carrying out 

the test the others were resting. After 8 min, groups were moved to their next station (clockwise) 

until all of them were completed. 

An extendable goniometer (Lafayette Instrument Co, Lafayette, IN, USA) was used to ensure 

the correct joint position was maintained during the tests. Each tester had a digital stopwatch to 

quantify the time of the tests (CASIO HS-30W-N1V). During the performance of all field-

based tests, participants were strongly encouraged verbally to maintain the position as long as 

possible or to perform the maximum number of repetitions as possible. Participants did not 

receive any feedback on performance until the end of the study. 
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Trunk extensor endurance field-based tests 

Biering-Sorensen test 

The isometric endurance of the trunk extensor musculature was assessed through the BS test.5 

The test started with the participant in a prone position with the lower body resting on a test 

bench and the anterior superior iliac spine aligned at the edge of the test bench. The lower body 

was attached to the test bench by 2 inextensible straps (knees and ankles). In the starting 

position, the upper body rested with both forearms placed on a chair. During the test, the upper 

body was maintained in a horizontal position (0 degrees of hip flexion) with arms crossed on 

the chest while holding the head in a neutral position (Fig. 1A). The test consisted of 

maintaining the trunk in the described position for as long as possible, until exhaustion, or until 

participants lost the correct position more than 3 times. A loss of the correct position during the 

execution of the test was identified when participants flexed their hips more than 10º 

(determined using extendable goniometer). The test duration was recorded in seconds. 

Dynamic Extensor Endurance test 

The dynamic endurance of the trunk extensor muscles was assessed through the DEE test.11 

Participants were located in the same position as the BS test. In the starting position, hip flexion 

of 45º was performed and both forearms rested on a chair. During the test, participants had to 

extend the trunk horizontally and then return to the initial position with arms crossed on the 

chest (Fig. 1B). Participants were asked to carry out the maximum repetitions possible in 60 

seconds. Only those repetitions that were performed correctly were counted, that is, those in 

which the trunk was fully extending (horizontally), and in which the head touched the chair 

when flexing the hip. The hip flexion during the test was controlled through a static reference 

(extendable goniometer).  

Trunk flexor endurance field-based tests 

 Ito test 
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The isometric endurance of the trunk flexor muscles was assessed through the Ito test.6 

Participants were placed in a supine position with hips and knees flexed 90° (extendable 

goniometer) and arms interlaced with hands grasping the opposite elbow. From this position, 

participants performed a trunk flexion (“curl-up”) until they touched their thighs with their 

elbows, the scapulae did not touch the mat and the head was in a neutral position. The test 

consisted of maintaining this position for as long as possible, until exhaustion. The test ended 

when the scapulae came in contact with the mat, recording the test duration in seconds. 

The original test was modified to normalize the range of motion to the participants' 

characteristics and thus avoid hip and lower back flexion ("sit-up").19,20 For this, before starting 

the test, the participants were placed in the aforementioned initial position, and then the subject 

performed a trunk flexion until the scapulae did not touch the mat. From this position, the tester 

approached the participant’s legs towards their elbows, until they came into contact (Fig. 1C). 

Then, the tester held the legs in this new position while the participant rested before starting the 

test. This leg position was maintained throughout the test. 

Side Bridge test 

The isometric endurance of the trunk lateral flexor musculature was assessed through the SB-

R and SB-L test.8 Participants were placed in a lateral position on their side (supported by either 

the dominant and non-dominant arm depending on the side tested) with legs extended. The 

participants were supported on their elbow and feet, the top foot was placed ahead of the lower 

foot (with 90º elbow flexion and the arm perpendicular to the mat) while bridging their hips off 

the mat to maintain an aligned body position. The uninvolved arm was held across the chest 

with the hand placed on the opposite shoulder (Fig. 1D). The test finished when the subject lost 

the aligned postural position, and the duration recorded in seconds. Both sides were tested with 

the dominant side always examined first. 

Bench Trunk Curl-Up test 
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The dynamic endurance of the trunk flexor muscles was assessed through the BTC test.12 

Participants were placed in a supine position with hips and knees flexed at 90° (extendible 

goniometer) and resting on a bench. The arms were crossed with the hands grasping the 

opposite elbow (Fig. 1E). From this position, participants performed a trunk flexion (“curl-up”) 

until they touched their thighs with their elbows, the scapulae did not touch the mat and the 

head was in a neutral position and then returned to the initial position. Just like the Ito test, a 

modification of the original test was performed to avoid hip and lower back flexion ("sit-up"), 

approaching the participant’s legs towards their elbows, until they came into contact. The test 

consisted of performing the maximum number of repetitions possible in 2 minutes. Only those 

repetitions that were performed correctly were counted, that is, those in which the elbows 

touched the thighs in the flexing of the trunk, and in which the head touched the mat when 

lowering the trunk. 

Statistical Analyses 

Data are presented as mean ± SD. The distribution of each endurance measure was examined 

with the Shapiro-Wilk normality test and all measures were shown to be normally distributed. 

In line with the current consensus regarding the determination of reliability in human 

performance-based studies, the following three aspects were assessed for each test using 

grouped and grade-specific measures:33,34 1) relative reliability, 2) presence (or not) of 

systematic bias between testing sessions and 3) precision of measurements (absolute 

reliability). Furthermore, the sensitivity of each test was also assessed.35 The relative reliability 

was examined by the intra-class correlation coefficient (ICC3,1) and an ICC >0.70 was 

considered acceptable.36  

The assessment of systematic bias between testing sessions was carried out via the Bayesian 

paired t-test (with a Cauchy distribution with spread r set to 0.707). The BF10 was interpreted 

using the evidence categories suggested by Lee and Wagenmakers:37 <1/100 = extreme 
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evidence for H0, from 1/100 to 1/30 = very strong evidence for H0, from 1/30 to 1/10 = strong 

evidence for H0, from 1/10 to 1/3 = moderate evidence for H0, from 1/3 to 1 anecdotal evidence 

for H0, from 1 to 3 = anecdotal evidence for H1, from 3 to 10 = moderate evidence for H1, from 

10 to 30 = strong evidence for H1, from 30 to 100 = very strong evidence for H1, >100 extreme 

evidence for H1. The median and the 95% central credible interval (CI) of the posterior 

distribution of the standardized effect size (δ) (i.e. the population version of Cohen’s d) were 

also calculated for each of the paired-comparisons carried out. Magnitudes of the posterior 

distribution of the standardized effect size were classified as: trivial (<0.2), small (0.2 – 0.6), 

moderate (0.6 – 1.2), large (1.2 – 2.0) and very large (2.0 – 4.0).38 Only those pairwise 

comparisons that showed at least strong evidence for supporting the alternative hypothesis 

(BF10 >10), an error percentage <10 (which indicates great stability of the numerical algorithm 

that was used to obtain the result) and δ >0.6 (at least moderate) were considered robust to 

describe significant differences.  

A Bland-Altman plot was built for each trunk endurance measure to graphically show mean 

bias and 95% limits of agreement. Heteroscedasticity was assessed using a Bayesian correlation 

coefficient (Pearson´s rho) between the means of the participant’s test and retest scores and the 

absolute differences between the participant’s test and retest scores.22 To qualitatively interpret 

the size of the Bayesian correlation coefficients, the thresholds defined by Hinkle, Wiersma & 

Jurs39 for Behavioural Sciences were followed: from 0 to 0.3 = negligible correlation, from 0.3 

to 0.5 = low correlation, from 0.5 to 0.7 = moderate, from 0.7 to 0.9 = high, from 0.9 to 1 = 

very high. Only correlations higher than 0.5 (at least moderate) were considered relevant for 

these sub-analyses. 

The precision of measurement was determined using the typical percentage error and the 

minimal detectable change at a 95% confidence interval (MDC95) using the Hopkins’ 

spreadsheet.40 The typical percentage error (coefficient of variation (CVTE)) was calculated 
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using the log-transformed data via the following formula: 100 (𝑒𝑆 − 1), where s is the typical 

error of measurement (TEM) (SD of the difference between testing session 1 and testing session 

2 divided by √2). Logarithmic transformations of the data were performed and used to reduce 

the possible heteroscedasticity of the raw data.41 To interpret the CVTE values, the current study 

used the arbitrary value suggested by Weir and Vincent42 and Hopkins22 with an analytical goal 

of 10% or below to consider a test as demonstrating good inter-session reliability. The MDC95 

was calculated as follow: CVTE × 1.96 × √2. 

The sensitivity of each test was assessed while comparing the smallest worthwhile percentage 

change (SWC) with the CVTE. The SWC was determined by multiplying the pure between-

testing sessions SD by 0.2 (SWC0.2), which corresponds to a small effect, 0.6 (SWC0.6), which 

corresponds to a moderate effect and 1.2 (SWC1.2), which corresponds to a large effect. If the 

CVTE was lower than the SWC, the test was rated as “good”; if the CVTE was similar to the 

SWC, the rating was “OK”; and if the CVTE was higher than the SWC, a rating of “marginal” 

was given.35  

Statistical analysis was performed using the JASP computer software Version 0.11.1 (JASP 

Team, Amsterdam, The Netherlands) and the online Hopkins’ spreadsheet (www.sportsci.org). 

 

Results 

The descriptive statistics and reliability values for the trunk flexion and extension endurance 

measures obtained from the 5 field-based tests selected are shown in tables 2 and 3, 

respectively, for the total sample and by sex and age groups. 

The relative reliability scores (i.e. ICC3,1) found in this study for all the trunk endurance 

measures were higher than 0.7 (except the ICC scores for the DEE test in the group of boys, 

http://www.sportsci.org/
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Table 2. Descriptive statistics (mean ± SD) and reliability scores (mean and 90% confidence interval) of the trunk extension endurance measures obtained from the 2 field-

based tests selected. 

 Total sample 
Age group 

≤ 13 years 14 years ≥ 15 years 

Sex 
Total 

(n = 208) 
M (n = 100) F (n = 108) M (n = 34) F (n = 36) M (n = 39) F (n = 25) M (n = 27) F (n = 47) 

BS test (s) 

- Testing session 1 132.5 ± 54.6 144.1 ± 61.2 121.8 ± 45.4 150.4 ± 71.1 135.1 ± 48.5 137.8 ± 49.4 117.8 ± 45.2 147.7 ± 69.5 115.5 ± 42.9 

- Testing session 2 130.5 ± 52.0 137.4 ± 57.1 124.1 ± 46.4 154.6 ± 67.6 131.9 ± 52.5 129.8 ± 47.1 126.8 ± 48.1 132.2 ± 59.5 117.7 ± 41.6 

- Systematic bias 

(%) 

-1.3  

(-4.0 to 1.6) 

-4.6  

(-8.6 to -0.4) 

1.9  

(-1.9 to 5.8) 

3.1  

(-6.4 to 13.5) 

-4.4 

(-11.6 to 3.5) 

-6.3  

(-11.2 to -1) 

8.7 

(0.9 to 17.2) 

-9.2  

(-16.6 to -1) 

2.5 

(-2.8 to 8.1) 

- ICC3,1 0.86  

(0.82 to 0.89) 

0.86  

(0.80 to 0.9) 

0.86  

(0.8 to 0.9) 

0.86  

(0.71 to 0.93) 

0.86  

(0.73 to 0.93) 

0.87  

(0.77 to 0.93) 

0.90  

(0.8 to 0.96) 

0.89 

(0.78 to 0.95) 

0.86  

(0.76 to 0.91) 

- CVTE (%) 16  

(14.6 to 17.9) 

16.5 

(14.4 to 19.4) 

15.6 

(13.4 to 17.9) 

19.3  

(15 to 27.3) 

16.9  

(13.4 to 23.2) 

13.7  

(11.3 to 17.7) 

14.2 

(11.1 to 20.2) 

17 

(13.3 to 24) 

14.2 

(11.8 to 18.1) 

- MDC95 (%) 44.5  

(40.4 to 49.6) 

45.7 

(39.9 to 53.8) 

43.2 

(37.1 to 49.6) 

53.4  

(41.6 to 75.6) 

46.8  

(37.1 to 64.2) 

38  

(31.2 to 49) 

39.4 

(30.6 to 55.9) 

47.1  

(36.7 to 

66.46) 

39.5  

(32.7 to 50.1) 

DEE test (rep) 

- Testing session 1 39.0 ± 10.6 43.9 ± 10.5 34.6 ± 8.6 41.6 ± 8.7 35.5 ± 8.8 46 ± 11.4 36.7 ± 10.4 43.4 ± 10.6 33.1 ± 8.8 

- Testing session 2 43.3 ± 12.6 49.5 ± 12.6 37.5 ± 9.5 46.2 ± 13.9 37.1 ± 10.1 52.2 ± 12.1 39.5 ± 8.2 49.5 ± 11.7 37.1 ± 9.7 

- Systematic bias 

(%) 

10  

(7.1 to 12.9)* 

11.8  

(7.5 to 16.3)* 

8.3 

(4.6 to 12.3) 

8  

(-1.1 to 18) 

4  

(-1.6 to 9.9) 

13.4  

(7.1 to 20.1)* 

7.8  

(-0.1 to 16.4) 

13.7  

(6.3 to 21.7)* 

12.1  

(5.7 to 18.8) 

- ICC3,1 0.77  

(0.72 to 0.82) 

0.69  

(0.58 to 0.78) 

0.75  

(0.67 to 0.82) 

0.61  

(0.34 to 0.78) 

0.77  

(0.62 to 0.87) 

0.74  

(0.57 to 0.85) 

0.67 

(0.36 to 0.85) 

0.74  

(0.53 to 0.87) 

0.77 

(0.64 to 0.86) 

- CVTE (%) 15.3  

(14 to 17) 

15.8  

(13.8 to 18.5) 

14.9  

(13.1 to 17.3) 

19.5  

(15.5 to 26.7) 

13.4  

(11 to 17.5) 

14.2  

(11.6 to 18.4) 

13.1 

(10 to 19.4) 

13.9  

(11 to 19.1) 

16.5 

(13.7 to 20.8) 

- MDC95 (%) 42.4  

(38.7 to 47.2) 

43.8  

(38.2 to 51.3) 

41.3  

(36.3 to 47.9) 

54.1  

(43 to 73.9) 

37.2 

(30.3 to 48.5) 

39.3  

(32.3 to 51) 

36.4  

(27.8 to 53.8) 

38.5  

(30.5 to 53.1) 

45.7 

(38.1 to 57.5) 

*: there was at least a strong evidence (BF10 >10) to support the alternative hypothesis (H1: the presence of relevant inter-session differences) with at least a moderate effect 

size (δ >0.6). ICC = intraclass correlation coefficient, CVTE = typical percentage error, MDC = minimum detectable change, BS = Biering-Sorensen test, DEE = Dynamic 

Extensor Endurance test 
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Table 3. Descriptive statistics (mean ± SD) and reliability scores (mean and 90% confidence interval) of the trunk flexion endurance measures obtained from the 3 field-

based tests selected. 

 Total sample 
Age group 

≤ 13 years 14 years ≥ 15 years 

Sex 
Total 

(n = 208) 
M (n = 100) F (n = 108) M (n = 34) F (n = 36) M (n = 39) F (n = 25) M (n = 27) F (n = 47) 

Ito test       

- Testing session 1 160.1 ± 142.5 164.5 ± 151.1 156.2 ± 135.5 128.5 ± 81.7 141.3 ± 122.1 188.3 ± 172.3 182.5 ± 187.1 166.2 ± 171.4 156 ± 128.1 

- Testing session 2 165.4 ± 147.4 170.7 ± 155.6 160.8 ± 140.8 138.8 ± 94.2 142.3 ± 134.5 194.9 ± 174.4 195.8 ± 186.2 167.8 ± 176.9 160.1 ± 

132.2 

- Systematic bias 

(%) 

1.3 

(-3.1 to 5.9) 

2.8 

(-3.1 to 9.1) 

0 

(-6.3 to 6.8) 

4 

(-7.1 to 16.5) 

-7.1 

(-17.5 to 4.6) 

7.9 

(-0.2 to 16.6) 

14.4 

(-5.4 to 38.5) 

-5.2  

(-17.5 to 8.8) 

-0.2 

(-8.6 to 9) 

- ICC3,1 0.94  

(0.92 to 0.95) 

0.95  

(0.93 to 0.97) 

0.92 

(0.89 to 0.95) 

0.92 

(0.83 to 0.96) 

0.94  

(0.88 to 0.97) 

0.98  

(0.96 to 0.99) 

0.94 

(0.84 to 0.98) 

0.94  

(0.87 to 0.97) 

0.92 

(0.87 to 0.95) 

- CVTE (%) 24.4  

(21.9 to 27.5) 

21.8  

(18.8 to 26.2) 

26.5  

(23 to 31.4) 

21.6 

(16.6 to 31.5) 

23.4 

(18 to 33.8) 

17.9  

(14.3 to 24) 

28 

(20 to 48.1) 

26.9 

(20.5 to 39.5) 

27.2 

(22.7 to 34.3) 

- MDC95 (%) 67.5  

(60.8 to 76.1) 

60.4  

(52.1 to 72.6) 

73.4  

(63.7 to 87.1) 

59.8  

(45.9 to 87.2) 

64.8  

(50 to 93.6) 

49.5  

(39.7 to 66.5) 

77.5  

(55.4 to 

133.4) 

74.5  

(56.9 to 

109.6) 

75.4 

(62.8 to 95) 

SB-R test       

- Testing session 1 57.3 ± 29.4 67.3 ± 28.9 48.7 ± 25.9 62.4 ± 30.1 53.3 ± 29.7 59.1 ± 23.9 41.9 ± 22.2 82.7 ± 29.2 48.6 ± 24.6 

- Testing session 2 56.4 ± 27.4 64.6 ± 28.1 49.6 ± 23.6 58.3 ± 31.6 54.1 ± 26.1 57.5 ± 20.2 43 ± 22.2 79.9 ± 28.9 49.4 ± 22.3 

- Systematic bias 

(%) 

1.7  

(-1.7 to 5.3) 

-3.8  

(-6.9 to -0.6) 

7.5  

(1.7 to 13.7) 

-8.4  

(-15.1 to -

1.2) 

11.6  

(-2.1 to 27.1) 

0  

(-4.9 to 5.2) 

5.2  

(-4.8 to 16.1) 

-4.4  

(-9 to 0.4) 

5.8  

(-1.4 to 13.5) 

- ICC3,1 0.90  

(0.87 to 0.92) 

0.94  

(0.91 to 0.96) 

0.89  

(0.81 to 0.9) 

0.94  

(0.88 to 0.97) 

0.83  

(0.7 to 0.91) 

0.93  

(0.88 to 0.96) 

0.93 

(0.84 to 0.97) 

0.94  

(0.88 to 0.97) 

0.88 

(0.8 to 0.93) 

- CVTE (%) 19.7 

 (17.9 to 22) 

12.8  

(11.2 to 15) 

24.5  

(21.5 to 28.6) 

15.3  

(12 to 21.3) 

33.2  

(26.5 to 44.8) 

12.4  

(10.2 to 16.1) 

18.7 

(14.4 to 27.1) 

10.3  

(8.2 to 14) 

20.5 

(17 to 25.8) 

- MDC95 (%) 54.6  

(49.5 to 60.9) 

35.5  

(31 to 41.6) 

68  

(59.7 to 79.2) 

42.3 

(33.2 to 58.9) 

91.9 

(73.4 to 

124.2) 

34.4  

(28.2 to 44.6) 

51.7  

(39.8 to 75.1) 

28.5  

(22.7 to 38.7) 

56.7 

(47.2 to 71.4) 

SB-L test       

- Testing session 1 57.3 ± 29.7 67.1 ± 27.8 50.1 ± 29.5 60.8 ± 29.4 58.9 ± 35.5 62.6 ± 28.3 40.8 ± 21.3 78.8 ± 22.6 48.1 ± 26.9 

- Testing session 2 55.5 ± 27.4 65.4 ± 24.8 48.4 ± 27.2 60.2 ± 25.6 56.9 ± 34.5 61.8 ± 24.2 39.1 ± 18.9 75.1 ± 23.2 46.7 ± 23.2 

- Systematic bias 

(%) 

-1.2  

(-4.3 to 2.1) 

-0.7  

(-4.4 to 3.1) 

-1.2  

(-6.3 to 4) 

-0.1  

(-8.4 to 8.8) 

-2.9  

(-11.4 to 6.3) 

3.1  

(-3 to 9.7) 

-2.4  

(-13.9 to 

10.6) 

-5.6  

(-10.2 to -0.7) 

0.5  

(-7.1 to 8.7) 

- ICC3,1 0.92  0.93  0.90  0.90  0.93  0.94  0.87 0.92  0.88 
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(0.90 to 0.94) (0.89 to 0.95) (0.85 to 0.93) (0.81 to 0.95) (0.86 to 0.96) (0.89 to 0.97) (0.72 to 0.94) (0.85 to 0.96) (0.81 to 0.93) 

- CVTE (%) 18.5  

(16.8 to 20.7) 

14.9  

(13 to 17.4) 

22.8  

(20 to 26.5) 

17.6  

(13.8 to 24.5) 

22.1  

(17.8 to 29.5) 

15.3  

(12.5 to 19.9) 

24.1 

(18.5 to 35.3) 

10.5  

(8.3 to 14.2) 

23.2 

(19.3 to 29.3) 

- MDC95 (%) 51.4  

(46.6 to 57.4) 

41.3  

(36 to 48.2) 

63.1  

(55.4 to 73.4) 

48.6  

(38.1 to 68) 

61.3 

(49.3 to 81.7) 

42.5  

(34.7 to 55.2) 

66.7  

(51.2 to 97.8) 

29  

(23.1 to 39.4) 

64.2 

(53.4 to 81.1) 

BTC test       

- Testing session 1 57.5 ± 18.8 58 ± 18.6 57 ± 19.1 57.9 ± 22.7 56.2 ± 20.3 52.6 ± 16.1 60.4 ± 21.4 65.1 ± 14.8 56.5 ± 17.7 

- Testing session 2 64.9 ± 19.8 65.1 ± 20 64.6 ± 19.6 62.2 ± 23.6 61.7 ± 21.4 62.5 ± 19.5 73.5 ± 21 71.7 ± 15.2 63.9 ± 17.2 

- Systematic bias 

(%) 

13.6  

(11.3 to 

15.9)* 

12.8 

(9.8 to 15.8)* 

14.4  

(10.9 to 

18.1)* 

7.8  

(2.3 to 13.6) 

10.4  

(4.8 to 16.3)* 

19.3  

(14.5 to 

24.3)* 

23.9  

(16.4 to 

31.8)* 

10.3  

(5.7 to 15.1)* 

14.5  

(9.1 to 20.3)* 

- ICC3,1 0.90  

(0.87 to 0.92) 

0.92  

(0.89 to 0.95) 

0.88  

(0.83 to 0.92) 

0.94  

(0.88 to 0.97) 

0.9  

(0.82 to 0.95) 

0.94  

(0.88 to 0.97) 

0.94 

(0.84 to 0.98) 

0.89  

(0.78 to 0.94) 

0.86 

(0.77 to 0.92) 

- CVTE (%) 11.3  

(10.3 to 12.6) 

10.2  

(9 to 12) 

12.4  

(10.8 to 14.4) 

11.2  

(9 to 15.1) 

12.1  

(9.8 to 15.9) 

9.5  

(7.7 to 12.4) 

8.8  

(6.5 to 14) 

8.6  

(6.8 to 11.7) 

13.1  

(10.9 to 16.6) 

- MDC95 (%) 31.4  

(28.5 to 34.9) 

28.3  

(24.9 to 33.3) 

34.2  

(30 to 39.9) 

31  

(24.8 to 41.8) 

33.4 

(27.1 to 43.9) 

26.2  

(21.3 to 34.3) 

24.4  

(18.1 to 38.8) 

23.7  

(18.9 to 32.4) 

36.9 

(30.2 to 46.1) 

*: there was at least a strong evidence (BF10 >10) to support the alternative hypothesis (H1: the presence of relevant inter-session differences) with at least a moderate effect 

size (δ >0.6). ICC = intraclass correlation coefficient, CVTE = typical percentage error, MDC = minimum detectable change, SB-L = Side Bridge Left test, SB-R = Side 

Bridge Right test, BTC = Bench Trunk Curl-Up test. 
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in 13-year-old boys, and in 14-year-old girls) and hence, they may be considered as acceptable 

according to the thresholds previously reported in the literature.36 

The separate Bayesian paired t-test analyses carried out to explore potential inter-session 

differences (systematic bias) only revealed the existence of at least a strong evidence in favour 

of the alternative hypothesis (H1) with at least a moderate effect size (δ >0.6) in the trunk 

extension and flexion endurance measures obtained from their respective dynamic field-based 

tests (DEE and BTC tests). Bland-Altman plots illustrate the differences between the two 

testing sessions (y-axis) and the mean value of each of the paired measurements (x-axis) for 

each trunk endurance field-based test (Fig. 2 (grouped data) and supplementary files 1-4 (by 

sex and age groups)). Dashed lines illustrate the systematic bias and random error forming the 

95% limits of agreement.  

The heteroscedasticity coefficients for the measures obtained through the 5 trunk endurance 

field-based tests were not relevant for the grouped and by sex and age groups (r < 0.5) (except 

the heterogeneity correlation scores found for the DEE test (r = -0.6) in 13-year-old boys) (Fig. 

2). 

The CVTE scores obtained from the field-based tests for the total sample ranged from 15.3% 

(DEE test) to 18% (BS test) and from 11.3% (BTC test) to 24.4% (Ito test) for the trunk extensor 

and flexor muscles, respectively. The males’ group had lower CVTE scores in comparison with 

the females’ group in 4 of the 6 field-based tests administered, concretely in the trunk flexor 

endurance field-based tests. When analysing the CVTE scores by age groups and sex, the 

youngest boys (≤ 13 years) generally presented higher CVTE percentages, unlike the girls, who 

presented higher percentages in the group over 15 years (Tables 2 and 3).  

For the MDC95, the total sample’s scores ranged from 42.4% (DEE test) to 44.5% (BS test) and 

from 31.4% (BTC test) to 67.5% (Ito test) for the trunk flexion and extension endurance 

measures, respectively. 
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Figure 2. Bland-Altman plots for the trunk endurance field-based tests (grouped data (n = 208). Trunk extension 

endurance field-based tests (BS test and DEE test). Trunk flexion endurance trunk field-based tests (Ito test, SB 
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test, and BTC test). BS = Biering-Sorensen test, DEE = Dynamic Extensor Endurance test, SB = Side Bridge test, 

BTC = Bench Trunk Curl-Up test. 

 

 

As displayed in Table 4, all field-based tests were sensitive to detect moderate and large 

changes (independent of the participants’ sex and age group), but none of the tests was 

considered sensitive enough to detect small changes. 

 

Discussion 

The main purpose of this study was to examine the inter-session reliability of the trunk flexor 

and extensor endurance measures obtained from 5 common field-based tests during PE classes 

in a large sample of high school-aged adolescents by sex and age. The analyses of the inter-

session reliability and sensitivity carried out with the grouped and sex and age group-specific 

trunk flexor and extensor endurance measures consistently reported similar results across both 

sexes and the 3 age groups. Therefore, both the relative and absolute reliability and also the 

sensitivity scores obtained from each field-based test using the measures from the whole sample 

of participants (i.e. grouped data set) may be considered as robust (based on the large sample 

size (n = 208)) and generalizable criteria to be used when assessing and monitoring trunk 

endurance in high school-aged adolescents (i.e. independent of the age group). Thus, the 

findings of the present study indicate that all trunk flexor and extensor endurance measures 

demonstrate acceptable (ICC > 0.7) relative reliability. However, significant inter-session 

differences (i.e. systematic bias) were found in the measures obtained from the DEE and BTC 

tests. Likewise, the precision of the measurement of each field-based test was poor (CVTE 

<10%) with the MDC95 revealing that changes higher than 42% for trunk extension endurance 

tests and 31.4% for trunk flexion endurance tests after an intervention are required to indicate 

a significant change above measurement error. Finally, the sensitivity 
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Table 4. The sensitivity of the field-based trunk endurance tests to detect small, moderate and large changes. Rating of sensitivity is also provided 

 
Total sample 

Age group 

≤ 13 years 14 years ≥ 15 years 

Sex Total 

(n = 208) 

M  

(n = 100) 

F  

(n = 108) 

M  

(n = 34) 

F  

(n = 36) 

M  

(n = 39) 

F  

(n = 25) 

M 

(n = 27) 

F  

(n = 47) 

Trunk extension endurance field-based tests 

BS test 

- SWC0.

2 

7.5 (marginal) 7.7 (marginal) 7.2 (marginal) 8.5 (marginal) 7.6 (marginal) 6.6 (marginal) 7.9 (marginal) 9 (marginal) 6.5 (marginal) 

- SWC0.

6 

15 (OK) 23.1 (good) 21.6 (good) 25.5 (good) 22.8 (good) 19.8 (good) 23.7 (good) 27 (good) 19.5 (good) 

- SWC1.

2 

45 (good) 46.2 (good) 43.2 (good) 51 (good) 45.6 (good) 39.6 (good) 47.4 (good) 54 (good) 39 (good) 

DEE test 

- SWC0.

2 

5.4 (marginal) 4.4 (marginal) 4.9 (marginal) 4.4 (marginal) 4.6 (marginal) 4.4 (marginal) 3.4 (marginal) 4.3 (marginal) 5.6 (marginal) 

- SWC0.

6 

10.8 (good) 13.2 (good) 14.7 (OK) 13.2 

(marginal) 

13.8 (OK) 13.2 

(marginal) 

10.2 

(marginal) 

12.9 

(marginal) 

16.8 (OK) 

- SWC1.

2 

32.5 (good) 26.4 (good) 29.4 (good) 26.4 (good) 27.6 (good) 26.4 (good) 20.4 (good) 25.8 (good) 33.6 (good) 

Trunk flexion endurance field-based tests 

Ito test 

- SWC0.

2 

18.1 

(marginal) 

19.1 

(marginal) 

17.3 

(marginal) 

13.2 

(marginal) 

17.5 

(marginal) 

22.6 

(marginal) 

19.4 

(marginal) 

19.7 

(marginal) 

17 (marginal) 

- SWC0.

6 

36.2 (good) 57.3 (good) 51.9 (good) 39.6 (good) 52.5 (good) 67.8 (good) 58.2 (good) 59.1 (good) 51 (good) 

- SWC1.

2 

108.6 (good) 114.6 (good) 103.8 (good) 79.2 (good) 105 (good) 135.6 (good) 116.4 (good) 118.2 (good) 102 (good) 

SB-R test 

- SWC0.

2 

11.5 

(marginal) 

9.8 (marginal) 11.5 

(marginal) 

11.2 

(marginal) 

12.9 

(marginal) 

8.9 (marginal) 12 (marginal) 7.6 (marginal) 10.4 

(marginal) 

- SWC0.

6 

23 (good) 29.4 (good) 34.5 (good) 33.6 (good)  38.7 (good) 26.7 (good) 36 (good) 22.8 (good) 31.2 (good) 

- SWC1.

2 

69 (good) 58.8 (good) 69 (good) 67.2 (good) 77.4 (good) 53.4 (good) 72 (good) 45.6 (good) 62.4 (good) 

SB-L test 

- SWC0.

2 

12.3 

(marginal) 

10.1 

(marginal) 

12.6 

(marginal) 

9.9 (marginal) 14 (marginal) 11.7 

(marginal) 

10.9 

(marginal) 

6.7 (marginal) 11.8 

(marginal) 
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- SWC0.

6 

24.6 (good) 30.3 (good) 37.8 (good) 29.7 (good) 42 (good) 35.1 (good) 32.7 (good) 20.1 (good) 35.4 (good) 

- SWC1.

2 

73.8 (good) 60.6 (good) 75.6 (good) 59.4 (good) 84 (good) 70.2 (good) 65.4 (good) 40.2 (good) 70.8 (good) 

BTC test 

- SWC0.

2 

6.7 (marginal) 7 (marginal) 6.4 (marginal) 8.4 (marginal) 6.8 (marginal) 6.9 (marginal) 6.2 (marginal) 4.5 (marginal) 6.2 (marginal) 

- SWC0.

6 

13.4 (good) 21 (good) 19.2 (good) 25.2 (good) 20.4 (good) 20.7 (good) 18.6 (good) 13.5 (good) 18.6 (good) 

- SWC1.

2 

40.2 (good) 42 (good) 38.4 (good) 50.4 (good) 40.8 (good) 41.4 (good) 37.2 (good) 27 (good) 37.2 (good) 

SWC = smallest worthwhile percentage change, BS = Biering-Sorensen test, DEE = Dynamic Extensor Endurance test, SB-L = Side Bridge Left test, SB-R = Side Bridge 

Right test, BTC = Bench Trunk Curl-Up test. 
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analyses conducted revealed that all tests were sensitive enough to detect moderate to large 

changes in trunk muscle endurance. 

Concerning the relative reliability, similar results (ICC > 0.75) were found in previous studies 

for the measures of BS,28 DEE27,28 and BTC.25 The relative reliability scores of the measures 

obtained from the Ito and SB tests cannot be compared with the finding reported in previous 

studies because to the best of the authors’ knowledge, this is the first study that has explored 

inter-session reliability in adolescents. The acceptable relative reliability results found in the 

present study for the measures of the 5 field-based tests selected might have been positively 

impacted by the large inter-individual variability observed in the trunk endurance scores (i.e. 

the 5 tests reported SDs larger than 20%). The heterogeneity documented for the participants’ 

trunk endurance scores may be partially attributed to the large inter-individual difference 

(regarding level [magnitude of change], tempo [rate of change] and timing [onset of change]) 

in maturity status that is often found in adolescents within a given age group (up to 15 cm and 

21 kg in the stature and body mass, respectively).43,44 

The analysis of the presence of systematic bias between testing sessions revealed that this 

phenomenon only appeared in the trunk endurance measures obtained from the DEE and BTC 

tests, independent of the age group of the participants. Although for the DEE test, the presence 

of systematic bias was only found in boys when analysing bias by sex. These results were 

similar to the findings of Moya-Ramón et al.25 who also found statistically significant inter-

session differences in the endurance measure obtained through the BTC test in adolescents. The 

significant inter-session differences in BTC and DEE measures have been also confirmed by 

the 95% limits of agreement. For example, when an adolescent performed 60 repetitions on the 

BTC, on the retest he could perform as high as 60 + 9 = 69 repetitions or as low as 60 - 23.7 = 

36.3 repetitions. An explanation for these significant inter-session differences may be based on 

the dynamic nature of both the DEE and BTC tests. For example, the execution of these two 
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tests requires participants to perform as many repetitions as possible with a certain cadence 

until exhaustion, which would entail the need of completing a pre-assessment familiarization 

session to learn their testing procedures when individuals who will be tested have little or no 

experience with them.25,31,45 Given the time constraints in this study all participants were only 

allowed to freely practice the tests for ten minutes in each testing session. The main reason 

behind the implementation of this short and free familiarization protocol in each testing session 

was that all the field-based tests selected seem to present simple testing procedures. However, 

this short familiarization protocol may have not been sufficient for participants to learn how to 

maintain the specific cadence of movements required during the execution of the DEE and BTC 

tests.25,31,42,46 Brotons-Gil et al. and Moya-Ramón et al. also carried out a similar familiarization 

protocol for their reliability study on dynamic trunk flexor endurance tests.25,31 In this 

familiarization session, the subjects were informed of the test execution rules, but they did not 

perform the test, they only did 10 repetitions to familiarize themselves with the basic technique 

of the test. Although they performed the familiarization in a different session (1 week before), 

they also obtained significant inter-session differences.  

The fact that all participants had limited or no experience with the trunk endurance field-based 

tests selected may explain the significant inter-session differences found for the measures from 

DEE and BTC and these differences might be attributed to a possible learning effect, which 

was consistent throughout the 3 age groups. Therefore, these findings suggest that in 

adolescents (12-18 years) with limited or no experience (independent of their age) with the 

DEE and BTC tests, the use of a longer familiarization protocol or the inclusion of an additional 

testing session to minimize the learning effects that were observed in the analyses of the inter-

session differences. 

Another factor that may have contributed to the systematic bias found in the endurance 

measures from the dynamic field-based tests is higher motivation in the second session by some 
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participants (information based on testers’ comments). Although the trunk endurance scores 

(time and repetitions) achieved by participants in the five tests selected were not revealed by 

the testers until the end of the data collection phase, it might have been possible that some 

participants had mentally counted the number of repetitions completed during the two dynamic 

tests in the first session. Thus, in the second session, some participants exhibited significant 

motivation to achieve better scores in the dynamic tests than those obtained during the first 

session.9,22,25,31,47 This circumstance was not as evident during the execution of the isometric 

tests because their final scores were determined in seconds rather than the number of repetitions.  

The results of the present study also demonstrate that the precision of measurement of each 

field-based test could be categorized as poor. In particular, the CVTE of each field-based test 

(CVTE ranged from 11.3 to 24.4) exceeds the widely accepted 10% cut-off value to consider the 

magnitude of the measurement error as satisfactory, for both clinical and practice goals in 

healthy populations.22,42 Only the CVTE of the endurance measure from the BTC (CVTE = 11.3) 

test approached this 10% cut-off score. Moya-Ramón et al.25 also found poor CVTE scores for 

the BTC test in students (17.2%) aged 14-18. The precision of measurement of the rest of the 

field-based tests cannot be directly compared with previous studies as this is the first time that 

CVs have been calculated in an adolescent population. A plausible reason that may explain the 

poor CVTE scores of the trunk endurance measures found in this study may be also attributed 

to the fact that these physically demanding field-based tests are substantively influenced by 

motivation as no external/internal indicator of maximal effort is available. Consequently, these 

findings recommend that PE teachers convey to adolescents before carrying out the tests the 

vital importance that a maximal effort is required to achieve a true or real estimation of the 

trunk endurance capability. During the execution of each test, strong verbal encouragement is 

required for the adolescents to maintain the position required in the isometric tests for as long 

as possible, and to perform as many repetitions as possible in the dynamic tests. In turn, this 
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could also contribute to an improvement in the reliability scores of the trunk endurance 

measures recorded. 

The MDC95 value might be regarded as the minimum amount of change that needs to be 

observed, at either the group or individual level, for it to be considered a real or true change 

with a 95% level of certainty48,49 (i.e. greater than the random measurement error). Thus, and 

according to the results of this study, changes higher than 31.4, 42.4, 44.5, 51.4, 54.6 and 67.5% 

for the BTC, DEE, BS, SB-L, SB-R and Ito tests (respectively) after an intervention may be 

considered as real or true with a 95% level of certainty.50 The MDC95 scores obtained for the 

BTC (31.4%) test could be acceptable for high-school-aged adolescents as previous studies 

have reported improvements of approximately 40% in trunk endurance after having completed 

a 6-week training program.51–53 However, for the DEE, BS, SB-L, SB-R, and Ito tests these 

reported “improvements” of 40% in trunk endurance may not be true but simply measurement 

error. These findings are in line with the results of the sensitivity analyses that showed that 

these filed-based tests exhibited a good ability to detect moderate (SWC0.6) to large (SWC1.2) 

changes in their measures. 

While the results of this study have provided information regarding the inter-session reliability 

of trunk muscle endurance measures obtained from five common field-based tests in an applied 

environment, limitations to the study must be acknowledged. Only high school-aged students 

were selected in this study and hence, the generalizability of the results to other populations 

(e.g.: adults) cannot be ascertained. However, the large sample size and the wide variety of 

trunk endurance field-based tests examined, in addition to the authenticity of the environment 

in which testing took place (high-school setting), are notable strengths of this study. Finally, 

for the dynamic field-based tests, the use of a longer familiarization protocol or the inclusion 

of an additional familiarization session or testing session might have minimized the learning 

effects that were observed in the analysis of the inter-session differences. Future applied studies 
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should explore the inter-session reliability of the trunk endurance measures obtained through 

filed-based tests using previous familiarization sessions in young populations. Similarly, 

whether the trunk endurance measures would be as reliable in a population of injured 

adolescents (e.g.: low back pain) must be considered, although these field-based tests are 

generally performed in healthy, uninjured populations. Besides, the lack of evidence regarding 

the inter-tester reliability of the measures obtained from the trunk extension endurance field-

based tests in this cohort warrants further investigation. 

To conclude, the findings from this study indicate that the trunk endurance measures obtained 

from five popular field-based tests (BTC, DEE, BS, SB-L, SB-R, and Ito) present poor inter-

session reliability scores in high school-aged students (12-16 years). Even though all trunk 

endurance measures exhibited good relative reliability scores (ICC > 0.75), the precision of 

measurement of each field-based test was poor (CVTE > 10%). Therefore, we emphasize the 

importance of using both relative and absolute indices of reliability. Furthermore, inter-session 

systematic bias was observed in the dynamic trunk endurance field-based tests (BTC and DEE). 

The MDC95 results indicate that changes higher than 31.4, 42.4, 44.5, 51.4, 54.6, and 67.5% for 

the BTC, DEE, BS, SB-L, SB-R, and Ito tests after an intervention may be considered as real 

or true with a 95% level of certainty. Only the BTC test obtained a MDC95 low enough (31.4%) 

to be considered as acceptable for high school-aged students as previous studies have reported 

improvements of approximately 40% in trunk endurance after having completed a 6-week 

training program. The use of previous familiarization sessions before performing the tests 

(focus the attention on dynamic tests) and strongly encourage adolescents to do always their 

maximum effort in each test may help improve the reliability scores shown in this study. 
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