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Abstract 

Although core stability (CS) has been assessed through many different tests, the relationships 

among them are currently unknown. The main objective was to analyse the relationship 

between five representative tests used to assess CS in: i) laboratory settings: Sudden Loading 

Test (SLT) and Stable and Unstable Sitting Test (SUST); ii) field settings: Biering-Sorensen 

Test (BST), Three-Plane Core Strength Test (TPCT) and Double-leg Lowering Test (DLLT). 

The reliability of these tests was also examined. Thirty-three recreationally active males 

performed the tests twice. The relationship between all variables was examined using Pearson-

correlation coefficient in those variables with a good reliability. Only stiffness and angular 

displacement in the SLT, dynamic unstable tasks in the SUST and the holding-time in the BST 

showed good reliability (ICC: 0.63-0.91; typical error: 9.8%-21.0%). Few and low correlations 

were observed between the SLT, SUST and BST. Despite finding several significant 

correlations among the dynamic unstable tasks of the SUST (r≥0.807; p<0.01), no correlations 

were found between the loading directions of the SLT. The absence of correlations between 

these tests suggests that CS measurements are not generalisable, as they probably assess 

different dimensions of CS, or in the case of the BST, a different capacity (i.e. trunk extensor 

endurance).  

Key words: biomechanical test, field test, trunk stability, consistency 
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Introduction 

Core stability is a popular concept attracting the interest of coaches, athletes, clinicians 

and researchers in the last 20 years because of its potential benefits for injury prevention and 

athletic performance 1-4. Consequently, many different tests have been used to assess core 

stability in laboratory and field settings. As there is no single accepted definition of this term 

1-5, the characteristics of these tests and the parameters measured are very different, e.g. 

trunk/spine stiffness 6-8,  participant’s center of pressure (CoP) fluctuations 9-12, lumbopelvic 

displacement 13,14, visual/qualitative scores 2 or endurance time 15-17. In addition, although some 

of these parameters could be related, the relationships between all these tests are unknown, 

hindering the possible generalisation of their results.   

Following an operational biomechanical concept of core stability (i.e. “the capacity of 

the body to maintain or resume a relative position (static) or trajectory (dynamic) of the trunk 

following internal or external forces”) 4, two laboratory methodologies have generally been 

used to assess core stability: i) Sudden loading/unloading tests, which measure the trunk’s 

ability to respond to quick and controlled external unidirectional perturbations 6,7,9,10;  and ii) 

Stable and unstable sitting tests, which quantify the trunk’s ability to keep a desired position 

or trajectory while coping with internal fluctuations 9-12,18. Although both kinds of 

methodologies are based on the same biomechanical concept of core stability, they seem to 

measure different stability features or dimensions. In this sense, Barbado et al., 9 compared the 

performance of competitive judokas and kayakers and recreational athletes in representative 

tests of both methodologies founding that specific-sport training induces specific core stability 

adaptations, which were only revealed through specific tests. These findings suggest core 

stability outcomes are not generalizable, but are highly dependent on the conditions in which 

they are measured (i.e. dynamic/static, one-/two-dimensional, etc.) and on the characteristics 

of the target population (i.e. physical fitness level, sport discipline, age, health status, etc.).  
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Regarding field settings, many different tests have been used to assess core stability. 

Considering their main characteristics, they can be grouped into three different methodologies 

19: i) Lumbopelvic postural control tests, based on clinical concepts of spine stability/instability 

(e.g. “the ability to control motion of the lumbar spine and pelvis relative to an arbitrarily 

defined neutral position”) 20 and measuring the ability to maintain a given lumbopelvic position 

in lying supine, such as the Double-leg Lowering Test 13,15,21,22 and the Sahrmann Core Stability 

Test 14,20; ii) Whole-body stability tests, which follow the definition provided by Kibler et al., 2 

(i.e. the ability to control the trunk motion and position to allow optimum energy transfer 

through the core to the limbs) and are normally performed in single leg stance, as for example, 

the Three Plane Core Strength Test and the Star Excursion Balance Test 2,17,21,23; and iii) Trunk 

muscle fitness tests, which generally measure isometric trunk endurance, such as the Biering-

Sorensen Test 17, and follow a core stability conception very close to the concept of core 

strength/strengthening 15,16,21. Therefore, the main field methodologies used to assess core 

stability seem to measure different dimensions/components of this concept (like the 

biomechanical laboratory tests presented above) or even other related capabilities (e.g. 

endurance, strength, etc.) that would not fall within the mechanical stability definitions, thus 

hindering the comparison between core stability studies that use different testing 

methodologies. Furthermore, despite their low cost and easy application, some of these field 

tests have shown several methodological limitations (i.e. low reliability, poor sensitivity, etc.) 

23,24, making the data interpretation even more difficult. Future studies should analyse the 

advantages and limitations of these tests, including their validity as stability measures 19,23. 

Considering the ambiguity of the core stability term in the literature and the wide 

variety of tests used to measure it in laboratory and field settings 9, it’s difficult to think that 

core stability scores obtained in specific conditions (for example, supporting the trunk in 

horizontal position in the Biering-Sorensen test) are generalisable or transferable to other 
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conditions (for example, controlling the trunk posture or trajectory in Stable and unstable 

sitting tests). However, in scientific and practical settings all these variables are normally used 

under the same term (i.e. core stability), which can be confusing for coaches, physical trainers, 

clinicians and researchers and make the selection of core stability tests a complex and 

challenging decision. Therefore, further research is needed to understand the characteristics of 

these tests better and to explore the possible relationships between their scores.  

In order to facilitate the decision-making process when selecting core stability tests, the 

main objective of this study was to analyse the relationship among five representative tests of 

some of the most common methodologies used to assess core stability in biomechanics 

laboratories (Sudden Loading Test and Stable and Unstable Sitting Test) and field settings 

(Biering-Sorensen Test, Three Plane Core Strength Test and Double-leg Lowering Test). In 

addition, in order to avoid the potential bias caused by the low consistency of the variables on 

the correlational analysis 25,26, the relative and absolute reliability of these tests were analysed. 

This reliability analysis also allowed us to discuss the advantages and disadvantages of using 

the biomechanical and field tests in different contexts. Based on testing specificity when 

measuring and training core stability 9,27, it was hypothesized that there would be no 

correlations among the parameters obtained in the different core stability tests, highlighting the 

importance of a proper selection of the most suitable tests for each individual and situation. 

Methods 

Participants 

Thirty-three healthy recreationally active males (1-3 hours of moderate physical 

activity; 1-3 days per week) voluntarily took part in this study (age: 24.06±2.89 years; mass: 

75.02±9.30 kg; height: 176.58±5.51 cm). Participants completed a questionnaire about their 

health status and physical activity habits during the year before testing. Exclusion criteria for 
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this study were: known medical problems, especially neurological or musculoskeletal disorders 

and/or episodes of low back pain in the last 1 year, and participating in a trunk muscle 

conditioning program at the time of the study. All subjects signed an informed consent based 

on the 2013 Helsinki Declaration. All procedures were approved by the University Office for 

Research Ethics. 

Experimental procedure 

Participants participated in four testing sessions each spaced a month apart, in which 

they performed the five tests twice. In the first and second session they carried out the 

laboratory tests in this order: Sudden Loading Test and Stable and Unstable Sitting Test. In the 

third and fourth session they performed the three field tests in the following order: Three Plane 

Core Strength Test, Double-leg Lowering Test and Biering-Sorensen Test. The two repetitions 

of each test (test and retest) were separated by a month with the intention of reducing the 

learning effect 28. None of the participants had previously carried out these tests, so the initial 

test familiarisation was the same for all participants. Before each testing session, participants 

performed a warm-up consisting of 5 min of cycling and 4 sets of standardised trunk exercises: 

2 sets of 15 curl-ups and 2 sets of 15 back extensions in a roman chair (recovery time between 

sets and exercises was 30 s). 

Testing protocol description 

Although the laboratory tests analysed in this study have been comprehensively 

reported elsewhere 9, they are briefly described here. In the Sudden Loading Test participants 

were placed in a semi-sitting position (Figure 1A-B-C) on a stable and rigid wooden chair 

which limits leg motion and promotes a neutral spine position and an elastic equilibrium for 

the core structures. Sudden and unexpected loads were applied to the participants’ upper-body 

centre of mass through a pulling mechanism formed by a pneumatic piston (pressure: 4.2 bar; 
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speed: 0.5 m/s), a steel cable tensioner and an adjustable trunk harness (Figure 1A-B-C). The 

pneumatic piston was placed in front, behind and at the right side of the participants to apply 

five sudden loads in anterior, posterior and right-lateral direction, respectively. Each 

perturbation took place within a 15 s window, in which participants were instructed to maintain 

a neutral spine position and not to react voluntarily to the perturbation. In order to keep 

participant’s forces constant (25-27.5 N) before sudden loading, biofeedback of load-cell forces 

was provided in real time.  

In the Stable and Unstable Sitting Test participants performed 10 balance tasks while 

sitting on a stable or an unstable seat placed on a force-plate (Kistler, Switzerland, Model 

9286AA) (Figure 1D-E). The CoP displacement was measured during static and dynamic 

conditions (sampling frequency: 1000 Hz) to quantify trunk postural control. The stable seat 

was a wooden structure with leg and foot supports, while a polyester resin hemisphere 

(diameter: 35 cm, height: 12 cm), stuck on the bottom of the stable seat with Velcro® tape, 

was used for the unstable sitting tasks (Figure 1E). Participants performed two static and three 

dynamic 70-second tasks on each seat (with 1 min rest between tasks) 9,10. 2D visual feedback 

of CoP displacement was provided to participants in real time during the dynamic and one of 

the static tasks (Figure 1F). In addition, during these tasks, a target point was shown to the 

participants to assess their ability to adjust their CoP position to the target location. As a result, 

the following conditions were analysed: stable sitting with and without feedback, stable sitting 

while performing medial-lateral, anterior-posterior and circular displacements with feedback, 

unstable sitting with and without feedback, and unstable sitting while performing medial-

lateral, anterior-posterior and circular displacements with feedback. All conditions were 

counterbalanced to reduce a possible learning or fatigue effect.  

During the Three Plane Core Strength Test 2, participants’ postural control was 

examined in single leg stance (dominant leg) while their trunk slowly moved in the frontal 
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(Figure 2A), sagittal (Figure 2B) and transverse (Figures 2C and 2D) planes to lightly touch a 

wall located 8 cm away from the participants’ shoulder/s and then returned to the starting 

position. After a familiarisation period (i.e. verbal instructions, visual demonstration and six 

practice repetitions for each plane), participants performed two trials of six repetitions for each 

testing direction. They were instructed to keep their head and pelvis in neutral position during 

the movement in the three planes. The same examiner scored the tests for all participants from 

1-poor to 4-excellent following the criteria established by Chmielewski et al. 29. 

As described by Krause et al., 13 to perform the Double-leg Lowering Test the 

participants were placed in a laying supine position on a semi-rigid mat with their arms on their 

chest and an examiner on each of their sides (Figure 2E). Examiner 1 helped participants to 

place their legs as close to the vertical position as possible with their knees extended and placed 

their fingers between their low back and the mat in order to monitor the position of the low 

back during the test. Participants were asked to keep their pelvis posteriorly rotated, and their 

lumbar spine held firm against the mat, while slowly lowering both legs from the vertical 

position to the horizontal position. The time execution for lowering the legs was limited to 10 

s and counted aloud using a metronome. Examiner 1 verbally indicated examiner 2 when the 

participants’ back began to lift from the monitoring fingers, which represented the end of the 

test. Examiner 2 recorded the participant’s performance with a goniometer, which had a 40 

cm–long wooden dowel at the top for placement along the axis of the femur. The goniometer 

remained parallel to the participants’ left femur during leg lowering (Figure 2E). Two trials 

were performed with a 1 min rest between them, using the lower value for subsequent analyses. 

Finally, in the Biering-Sorensen Test 30 participants were positioned in a prone position 

with their lower body fastened to a test bench by Velcro® inextensible tape and with their 

upper body off the bench (extended horizontally and unsupported), matching the anterior-

superior iliac spines with the bench edge (Figure 2F). Participants were instructed to maintain 
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their trunk cantilevered in the horizontal position for as long as possible while their arms were 

crossed over their chest. A digital stopwatch (Casio HS-30W-N1V) was used to record the time 

execution. 

Data analysis and reduction 

For the Sudden Loading Test, the stiffness, maximum angular displacement and 

damping of the trunk were calculated in each direction according to Cholewicki et al. 6 In order 

to obtain the highest reliability for these parameters, the calculations were performed for the 

110 ms after the perturbation 9,10, which means that they mainly represent the combination of 

the passive and reflex response of the trunk following perturbation 6. The mean of the three 

best trials for each direction was used for the reliability and the correlation analysis. 

The CoP signal of the Stable and Unstable Sitting Test was filtered through a low-pass, 

4th-order, zero-phase-lag Butterworth filter with a cut-off frequency of 5 Hz 31 and then 

downsampled at 20 Hz. To avoid the non-stationary CoP behaviour related to the beginning of 

the test, the signal from the first 10 s of each 70 s trial was removed from further analyses 12. 

In order to quantify trunk postural control while sitting, the mean radial error was calculated 

as described by Barbado et al. 9 The best trial of each condition (i.e. lower mean radial error) 

and an unstable dynamic composite index (the averaged mean radial error of the three unstable 

dynamic tasks) were used for the reliability and correlational analysis. 

Statistical analyses 

After confirming the normality of the variables and eliminating the outliers (±3 standard 

deviation values), the relative reliability was analysed by the intraclass correlation coefficient 

for each direction (ICC2,1) and for the composite indexes (ICC2,k), calculating their confident 

limits at 90% 26. ICC values were interpreted according to the following criteria: <0.1, trivial; 

0.1-0.29, small; 0.3-0.49, moderate; 0.5-0.69, large; 0.7-0.89, very large; 0.9-1, nearly perfect 
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32. In order to detect the agreement of chance for ordinal variables used in the Three Plane Core 

Strength Test, weighted Kappa index (k) was estimated, with confidence limits calculated at 

90%. This index was interpreted according to the following scale: 0.00 (poor); 0.01-0.20 

(slight); 0.21-0.40 (fair); 0.41-0.60 (moderate); 0.61-0.80 (substantial); 0.81-1.00 (almost 

perfect) 33. 

Absolute reliability was assessed through the typical error (TE), minimum detectable 

change and change in the mean. The TE was calculated dividing the difference between 

consecutive pairs of trials by √2 (intra-subject variability); then, the minimum detectable 

change was calculated as 1.5 times the TE 26. A one-way ANOVA was performed for each test 

score to explore the existence of statistically significant differences in the mean between 

sessions.  

After analysing the reliability of the test scores, the data obtained in the second testing 

session was used to perform a Pearson correlation analysis (r) between those variables which 

obtained an acceptable level of relative reliability 25, i.e. ICC values higher than 0.60. All 

analyses were performed with SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). 

Results 

In relation to the reliability analysis (Table 1), the Sudden Loading Test, showed 

moderate to high reliability for the trunk angular displacement and trunk stiffness in most 

directions (0.63ICC0.91; 9.80%TE20.97%); however, the reliability of the trunk damping 

was low (0.25ICC0.71; 34.83%TE46.67%). No statistical differences were found for the 

sudden loading parameters between sessions. Concerning the Stable and Unstable Sitting Test, 

the dynamic unstable sitting tasks and their composite index showed higher reliability 

(0.70ICC0.81; 13.42%TE15.55%) than the static unstable and the static and dynamic 

stable sitting tasks (0.08ICC0.58; 12.71%TE39.15%). On the other hand, all the dynamic 
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conditions (dynamic stable, dynamic unstable and composite index) showed significant 

increases in test performance between sessions. Regarding the field tests, the Three Plane Core 

Strength Test showed fair Kappa indexes (0.26k0.29) and TE values higher than 23.6% and 

the Double-leg Lowering Test showed a moderate ICC value (0.55), while the Biering-

Sorensen Test showed a large ICC value (0.81) and a TE value of 12.3%, with a significant 

increase of the mean endurance time between both testing sessions. It should be noted that 

during the Double-leg Lowering Test, more than 75% of the sample were able to completely 

lower both legs until they touched the mat without pelvic anterior rotation (score=0°). 

Regarding the correlation analysis (Table 2), only four significant correlations were 

found between the sudden loading variables of the Sudden Loading Test, i.e. significant 

negative correlations among stiffness and angular displacement in frontal (r=-0.694; p<0.01) 

and posterior (r=-0.857; p<0.01) loading directions, and significant positive correlations 

between posterior stiffness and lateral angular displacement (r=0.561; p<0.01) and between 

frontal and lateral angular displacement (r=0.626; p<0.01). On the contrary, for the dynamic 

unstable conditions of the Stable and Unstable Sitting Test, all the analysed correlations were 

significant, finding high significant positive correlations among the three dynamic unstable 

sitting tasks (r≥0.807; p<0.01) and between these tasks and their composite index (r≥0.927; 

p<0.01). Regarding the correlations between different tests, only two low significant 

correlations were obtained between the angular displacement after frontal and posterior loading 

and dynamic unstable sitting tasks. In addition, no significant correlations were found between 

the biomechanical parameters and the Biering-Sorensen Test scores. 

Discussion 

Despite the potential benefits of core stability for injury prevention and sport 

performance 1-4, there is no consensus in research and field settings about which tests should 
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be used to measure it, maybe because it is a multidimensional and complex concept which has 

received many different definitions 5,9. Therefore, in order to assist with the selection and 

application of core stability measures, this study analysed the reliability and the relationships 

among five representative tests of the most popular methodologies used to assess core stability 

in biomechanics laboratories and field settings. The major finding was the lack of relationships 

between those tests which obtained an acceptable level of reliability (i.e. ICC>0.60): Sudden 

Loading Test (trunk angular displacement and stiffness), Stable and Unstable Sitting Test 

(dynamic unstable conditions) and Biering-Sorensen Test. Consequently, it seems that the 

results obtained in one test are not generalisable to other measures of core stability, highlighting 

the importance of choosing the most appropriate tests for each situation based on their 

reliability, specificity, cost and availability. For example, the Stable and Unstable Sitting Test 

could be used in high performance settings in sports with great trunk stability demands while 

sitting, like kayaking or canoeing 9, and the Biering-Sorensen Test could be used in health and 

clinical settings and/or sports with great isometric back endurance demands, as hockey, 

gymnastics or ski descent 28. 

Reliability of core stability measures 

Regarding the laboratory tests, our data showed moderate to high reliability for trunk 

angular displacement and trunk stiffness after sudden loading (ICC0.63; TE20.97%) and for 

the dynamic unstable conditions of the Stable and Unstable Sitting Test (ICC0.70; 

TE15.55%). However, these 1-month reliability results were lower than those previously 

obtained by Barbado et al., 9 (ICC0.90; SEM14.8%) in the same tests, perhaps because they 

examined intra-session reliability. On the other hand, low reliability was found for the damping 

scores after sudden loading (ICC0.25; TE46.7%) and for the static unstable conditions and 

the static and dynamic stable conditions of the Stable and Unstable Sitting Test (ICC0.08; 
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TE39.1%). Interestingly, the relative reliability in the Stable and Unstable Sitting Test was 

higher for the most difficult conditions (dynamic unstable tasks and composite index), maybe 

because the other conditions did not represent a challenge to our participants (being 

recreationally active males) and therefore they were not able to discriminate between them 18. 

In relation to the comparison between testing sessions, no learning effect was found for the 

trunk response to sudden loading in the 110 ms after perturbation, as this response depends 

mainly on spinal reflexes and passive trunk structures 6,34. However, all the dynamic conditions 

of the Stable and Unstable Sitting Test showed significant increases in test performance 

between sessions, indicating the need of a long familiarisation period to avoid learning effect 

in this protocol 9,35. 

Concerning the field tests, the Three Plane Core Strength Test showed a fair intra-rater 

agreement (0.26k0.29). These results are consistent with those obtained by Weir et al., 23 

which found a poor inter and intra-tester reliability (0.31ICC0.55). Possibly, the narrow 4-

point scale used to score the participants in this test caused most participants to score in the 

central values (homogenising the sample), which could affect the correlation index used to 

assess the relative reliability as it is sensitive to sample homogeneity 25,26. In addition, it should 

be noted that these test scores may reflect whole-body stability rather than core stability as they 

are clearly influenced by the stance leg performance. In this sense, although core stability 

seems to play an important role in whole-body stability 36, this test measures postural control 

in single-leg stance and therefore it may be strongly affected by lower limb characteristics and 

capabilities (e.g. muscle strength, joint stability, leg length, etc.).  

Regarding the Double-leg Lowering Test, the low sensitivity showed for this protocol 

(>75% of participants obtained a 0º score) affected its reliability and correlation analysis in this 

study. Although there are conflicting results in the literature 13,15,22,24, it seems that the Double-
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leg Lowering Test sensitivity is affected by the age and physical condition of the participants. 

In this sense, most of our young and recreationally active male participants were able to lower 

both legs completely without loss of pelvic control, supporting a previous study which showed 

lack of sensitivity of this protocol to discriminate between individuals with high physical 

condition 15. Nevertheless, the Double-leg Lowering Test scores obtained in the current study 

could also be influenced by the relatively little experience of the examiner to monitor the 

position of the low back with his fingers. Possibly, if we had used a sphygmomanometer to 

monitor the pelvic anterior rotation 37, the test would have been challenging for our participants 

and therefore more sensitive to discriminate between them.  

In comparison to the Three Plane Core Strength Test and the Double-leg Lowering 

Test, the Biering-Sorensen Test showed a high reliability (ICC=0.80; TE=12.3%), which in 

general is in agreement with earlier studies 28,38,39. It is important to notice that the mean 

endurance time of our participants increased with test repetition, showing the need of a 

familiarisation period to avoid learning effect 28,38. 

Correlations between reliable core stability measures 

The very few correlations found between the Sudden Loading Test and the Stable and 

Unstable Sitting Test, and especially between the different loading directions in the Sudden 

Loading Test, show the complexity of measuring core stability, as different biomechanical 

parameters seem to assess different features of this multidimensional capability 9,35. As 

previously stated by Reeves et al., 5 core stability is context dependent, so the result of its 

assessment depends on the measurement characteristics (e.g. applied forces magnitude, 

direction and duration), which may involve different motor control mechanisms. In this sense, 

trunk performance during the dynamic tasks on the unstable seat are influenced by the feedback 

mechanisms of the cerebellar-cortical system 11,40; however, trunk responses (i.e. angular 
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displacement and stiffness) in the 110 ms after unexpected sudden perturbations mainly depend 

on passive trunk structures and spinal reflex responses 6,34. 

Moreover, the lack of relationship between the posterior, right-lateral and anterior 

loading directions in the Sudden Loading Test suggests that trunk kinetic and kinematic 

responses to quick perturbations are specific to the plane being evaluated. These results are in 

line with a biomechanical-epidemiologic study 41 which showed that the trunk displacement 

after sudden force release was a significant predictor of ligament injury in female athletes when 

the perturbations were applied in lateral direction, but not when applied in anterior or posterior 

direction. In addition, Barbado et al., 9 showed that competitive judokas displayed higher 

stiffness after lateral loading than competitive kayakers and recreational athletes but they did 

not show statistical differences in anterior or posterior directions. Thus, specific sport demands 

may induce specific core stability adaptations in a plane of motion which are not easily 

transferable to others.  

Regarding the Stable and Unstable Sitting Test, high significant correlations were found 

among all the dynamic unstable conditions (r>0.807; p<0.01), as they have very similar 

characteristics and may measure the same core stability dimension. Additionally, as a 

methodological consideration, these high correlations suggest this protocol could be reduced 

to a single task (for example the most demanding, i.e. the unstable sitting while performing 

circular displacements) to increase its efficiency. 

 The Biering-Sorensen Test was the only field test that obtained an acceptable level of 

relative reliability (ICC=0.81), and consequently the relationship between this test and the 

laboratory tests were analysed, finding no significant correlations between them (r-0.267; 

p>0.05). During the Biering-Sorensen Test, participants must maintain the trunk cantilevered 

in the horizontal position against gravity, which probably requires a certain level of stability. 

However, participants’ performance in this test is quantified as the longest time they are able 

D
ow

nl
oa

de
d 

by
 J

 P
A

U
L

 L
E

O
N

A
R

D
 L

IB
 o

n 
03

/1
6/

19



“Tests to Measure Core Stability in Laboratory and Field Settings: Reliability and Correlation Analyses”  

by Vera-Garcia FJ, López-Plaza D, Juan-Recio C, Barbado D 

Journal of Applied Biomechanics 

© 2019 Human Kinetics, Inc. 

 

 

to maintain the horizontal position 42, which seems an endurance index rather than a stability 

parameter 19,28. Overall, taking into account the limitations of the three field tests analysed in 

this study, it seems necessary to develop new tests to assess core stability in field settings. 

As in any research, it is important to note some limitations which could bias the data 

presented above and their analysis. Although a sample of 25 participants has been considered 

a sufficient sample size in reliability studies 43, a much larger sample would be desirable for 

minimizing the random change for the measurements 26. Secondly, the sample characteristics 

could have affected the reliability of the analysed tests because some of them were designed to 

evaluate patients with low back pain or instability. Therefore, our results should only be applied 

to a healthy, young and recreationally active male population. Future studies would need to 

explore the reliability and the relationships of these and other tests in other populations. Finally, 

although we analysed three representative tests of some of the most popular types of field 

methodologies used to measure core stability, there are many different field tests in the 

literature, so we could have chosen other tests, and therefore, have obtained different results.  

Overall, the results of this study show the complexity of core stability assessment and 

provide information about some popular tests used to assess core stability, which may help 

coaches, clinicians and researchers to choose the most appropriate tests for each situation and 

to interpret their results. 
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Figure 1. Pictures showing: the set-up for applying sudden loads in the posterior (1A), lateral 

(1B) and anterior (1C) direction; lateral view of a participant performing the Stable and 

Unstable Sitting Test on a stable seat (1D) and on an unstable seat (1E); and the software (1F) 

used to provide feedback to the participants in real time (unstable sitting circular task). 
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Figure 2. Pictures showing: a participant performing the Three Plane Core Strength Test in 

the frontal (2A), sagittal (2B) and transversal (2C-D) plane; a participant performing the 

Double-leg Lowering Test (2E); and a participant performing the Biering-Sorensen Test (2F).   
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Table 1. Descriptive statistics and relative and absolute reliability for the variables obtained in the different tests. 

 

Tests and variables Session 1 Session 2 
 CM 

(mean - 90% CL) 

Typical error (%) 

(mean - 90% LC) 
MDC75 (%) 

ICC(2,1) 

(mean - 90% LC) 

S
u

d
d

en
 L

o
a

d
in

g
 T

es
t 

Θ 

 (rad) 

 

Anterior 0.087 ± 0.022 0.088 ± 0.025 0.001 (-0.005 - 0.006) 11.46 (9.23 - 15.30) 17.18 (13.84 - 22.95) 0.87 (0.76 - 0.94)† 

Lateral 0.075 ± 0.019 0.072 ± 0.018 -0.003 (-0.010 - 0.003) 18.52 (14.92 - 24.73) 27.78 (22.37 - 37.10) 0.63 (0.28 - 0.81)† 

Posterior 0.207 ± 0.028 0.196 ± 0.025 -0.006 (-0.015 - 0.003) 9.80 (8.01 - 12.74) 14.70 (12.02 - 19.12) 0.72 (0.47 - 0.86)† 

K 

(N*m/rad) 
 

Anterior 1499.30 ± 589.74 1538.72 ± 772.74 39.42 (-102.73 - 181.57) 19.52 (15.65 - 26.28) 29.28 (23.48 - 39.41) 0.91 (0.82 - 0.95)† 

Lateral 855.00 ± 291.34 938.97 ± 268.70 83.98 (-3.36 - 171.31) 20.97 (16.96 - 27.79) 31.45 (25.43 - 41.69) 0.71 (0.43 - 0.85)† 

Posterior 530.30 ± 135.60 571.45 ± 158.80 41.16 (4.23 - 78.09) 14.66 (11.99 - 19.07) 21.99 (17.98 - 28.60) 0.81 (0.64 - 0.90)† 

β  

(N*m*s/rad) 

Anterior 362.98 ± 177.40 360.6 ± 188.11 -2.36 (-85.31 - 80.58) 46.67 (37.58 - 62.32) 70.01 (56.38 - 93.48) 0.25 (-0.48 - 0.62)† 

Lateral 712.98 ± 222.14 703.01 ± 349.80 -9.96 (-124.62 -104.70) 34.83 (28.17 - 46.17) 52.25 (42.25 - 69.26) 0.50 (0.03 - 0.74)† 

Posterior 73.69 ± 37.37 77.85 ± 32.51 8.34 (-4.46 - 21.13) 35.93 (29.38 - 46.72) 53.90 (44.07 - 70.08) 0.71 (0.44 - 0.85)† 

S
ta

b
le

 a
n

d
 U

n
st

a
b

le
 S

it
ti

n
g

 T
es

t 

MRE 

(mm) 

SNF 1.01 ± 0.45 1.12 ± 0.51 0.11 (-0.08 - 0.31) 39.15 (31.53 - 52.28) 58.72 (47.29 - 78.41) 0.08 (-0.27 - 0.41) 

SWF 0.76 ± 0.44 0.62 ± 0.28 -0.13 (-0.29 - 0.02) 33.47 (27.07 - 44.37) 50.21 (40.60 - 66.56) 0.42 (0.09 - 0.66) 

SML 2.18 ± 0.47 1.89 ± 0.51 -0.29 (-0.49 - -0.09)* 21.01 (17.06 - 27.66) 31.51 (25.58 - 41.49) 0.24 (-0.09 - 0.53) 

SAP 2.07 ± 0.44 1.77 ± 0.32 -0.40 (-0.62 - -0.19)* 12.71 (10.28 - 16.85) 19.07 (15.42 - 25.28) 0.57 (0.30 - 0.76) 

SCD 3.09 ± 0.72 2.51 ± 0.60 -0.58 (-0.79 - -0.36)* 16.27 (13.21 - 21.42) 24.40 (19.81 - 32.13) 0.52 (0.23 - 0.72) 

UNF 5.57 ± 1.71 4.85 ± 1.12 -0.72 (-1.28 - -0.16) 22.93 (18.61 - 30.18) 34.39 (27.92 - 45.28) 0.35 (0.02 - 0.61) 

UWF 4.98 ± 1.12 4.36 ± 1.60 -0.63 (-1.11 - -0.15) 21.87 (17.75 - 28.79) 32.80 (26.63 - 43.18) 0.58 (0.31 - 0.76) 

UML 6.57 ± 1.87 5.88 ± 1.55 -0.54 (-1.04 - -0.03)* 15.55 (12.47 - 20.93) 23.33 (18.70 - 31.40) 0.70 (0.46 - 0.84) 

UAP 7.07 ± 2.01 5.92 ± 1.66 -1.16 (-1.62 - -0.04)* 13.42 (10.85 - 17.78) 20.12 (16.27 - 26.67) 0.72 (0.51 - 0.85) 

UCD 8.55 ± 2.87 7.06 ± 2.05 -1.50 (-2.09 - -0.91)* 14.08 (11.38 - 18.66) 21.11 (17.07 - 27.99) 0.81 (0.64 - 0.90) 

Composite index 7.62 ± 2.49 6.36 ± 1.74 -1.26 (-1.74 - -0.78)* 14.08 (11.76 - 19.06) 21.72 (17.63 - 28.59) 0.79 (0.62 - 0.89) 

TPCST 

Frontal 2.04 ± 0.76 2.33 ± 0.88 0.30 (-0.07 - 0.66) 35.69 (29.18 - 46.41) 53.54 (43.78 - 6961.) 0.26 (0.02 - 0.50)¥ 

Sagittal 2.56 ± 0.89 2.78 ± 0.70 0.22 (-0.07 - 0.51) 23.64 (19.33 - 30.74) 35.46 (29.00 - 46.11) 0.29 (0.04 - 0.54)¥ 

Transverse 2.00 ± 0.83 2.00 ± 0.73 0.00 (-0.30 - 0.30) 32.52 (26.59 - 42.29) 48.78 (39.89 - 63.43) 0.29 (0.04 - 0.55)¥ 

DLLT (º)  2.19 ±7.14 3.37 ± 8.35 1.19 (-1.27 - 3.64) ** ** 0.55 (0.28 - 0.74) 

BST (s)  138.56 ± 41.90 155.30 ± 49.50 16.74 (5.10 - 28.38)* 12.28 (10.00 - 16.06) 18.41 (15.00 - 24.09) 0.81 (0.66 - 0.90) 

θ (rad): trunk angular displacement; K (N*m/rad): trunk stiffness coefficient; β (N*m*s/rad): trunk damping coefficient; MRE (mm): mean radial error; SNF: stable sitting without feedback; 

SWF: stable sitting with feedback; SML: stable sitting while performing medial-lateral displacements with feedback; SAP: stable sitting while performing anterior-posterior displacements 

with feedback; SCD: stable sitting while performing circular displacements with feedback; UNF: unstable sitting without feedback; UWF: unstable sitting with feedback; UML: unstable 

sitting while performing medial-lateral displacements with feedback; UAP: unstable sitting while performing anterior-posterior displacements with feedback; UCD: unstable sitting while 

performing circular displacements with feedback; TPCST: Three Plane Core Strength Test; DLLT (º): Double-leg Lowering Test; BST (s): Biering-Sorensen Test; CM: Change in mean; 

ICC: intraclass correlation coefficient; MDC: minimum detectable change; * signification p<.05; †: ICC(2,k); ¥: weighted kappa index; **: Values were not included due to their arbitrary 

reference system. 
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Table 2. Relationship between Sudden Loading Test, Stable and Unstable Sitting Test and Biering-Sorensen Test. 

 

Tests and variables  

Sudden Loading Test  Stable and Unstable Sitting Test 

Frontal Lateral Posterior  MRE 

K θ K θ K θ 
 

UML UAP UCD 
Composite 

index 

Biering-Sorensen test -.161 .122 -.093 .123 -.192 -.267  -.071 -.213 -.143 -143 

S
u

d
d

en
 

L
o

a
d

in
g

 T
es

t Frontal 
K - -.694** .163 -.282 -.093 .291  .236 .191 .176 .116 

θ  - -.419 .626** .223 -.181  -.227 -.371 -.439* -.357 

Lateral 
K   - -.189 -.012 -.188  .178 .125 .180 .183 

θ    - .561** -.282  .404 -.053 -.136 -.041 

Posterior 
K     - -.857**  .373 .306 .200 .268 

θ      -  -.447* -.322 -.225 -.308 

S
ta

b
le

 a
n

d
 

U
n

st
a

b
le

 S
it

ti
n

g
 

T
es

t 

MRE 

UML        - .807** .850** .927** 

UAP         - .941** .965** 

UCD          - .980** 

Composite 

index 
          - 

θ: trunk angular displacement; K: trunk stiffness coefficient; MRE: mean radial error; UML: unstable sitting while performing medial-lateral displacements with feedback; 

UAP: unstable sitting while performing anterior-posterior displacements with feedback; UCD: unstable sitting while performing circular displacements with feedback; 

Composite index: averaged MRE of the three unstable dynamic tasks; *Signification p<.05; **Signification p<.001. 
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