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Abstract
Objectives: Determine if (a) a better trunk stability and endurance are associated 
with an improved whole-body dynamic balance, and if (b) the assessment tests 
can be interchanged within each capability.
Methods: Sixty-three physically active young males performed three trunk sta-
bility (i.e., the lumbopelvic stability, the unstable sitting and the sudden loading 
sitting tests), three trunk muscle endurance (i.e., the Biering–Sørensen, the side 
bridge and the front bridge tests) and four whole-body dynamic balance (i.e., the 
tandem and the single-leg stance, the Y-Balance, and the single-leg triple hop 
tests) tests two times. After assessing the reliability of the variables, a Pearson 
correlation analysis was performed.
Results: The correlations between trunk stability and endurance tests with 
dynamic balance tests were non-significant except for the unstable sitting test 
with both the tandem (r = 0.502) and the single-leg stance (r = 0.522) tests. 
Moreover, no relationships were observed between the trunk stability and 
the trunk muscle endurance tests. Interestingly, no relationships were found 
between most tests within each capability (i.e., trunk stability, trunk endur-
ance, and dynamic balance) except: (i) the front bridge stability test and the 
back (r = 0.461) and the side (r = 0.499) bridge stability tests; (ii) the two side 
bridge endurance tests (r = 0.786); (iii) the tandem and the single-leg stance 
tests (0.439 ≤ r ≤ 0.463); (iv) the Y-Balance and the single-leg triple hop tests 
(0.446 ≤ r ≤ 0.477).
Conclusion: Better trunk function does not seem to be a relevant factor for dy-
namic balance in young active males. In this population, specific measures are 
needed as the test interchangeability is questioned.
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1   |   INTRODUCTION

Trunk exercises, such as those that challenge trunk sta-
bility (i.e., the capability to maintain or resume a relative 
position or trajectory of the trunk following internal or 
external forces1) or trunk muscle endurance (i.e., the ca-
pability to exert trunk muscle force continuously over the 
long periods of time2), have become common elements of 
training programs to improve whole-body balance (i.e., the 
capability to maintain the center of mass within the body's 
base when performing a standing movement in order to 
perform multiple actions safely and accurately3) in a wide 
range of populations, such as athletes,4 sedentary people,4 
stroke patients,5 and older adults.6 In this sense, as the 
upper body is usually far from the ground and accounts 
for approximately two-thirds of the total body weight,7 
trunk muscle function seems to play a relevant role in ac-
tions that require large dynamic balance demands so even 
small uncoordinated trunk movements may hamper body 
control.8 Moreover, deficits in trunk performance could 
affect athletic performance9 negatively and increase the 
risk of lower limb injury.10

The importance of trunk performance for whole-body 
balance has obtained some support from correlational 
studies in healthy3,11,12 and in clinical13–15 populations. 
However, there is little evidence supporting this relation-
ship, as the significance and magnitude of this association 
varies greatly depending on the trunk test chosen3,11–14 
and the study population.3,11,14 Therefore, there is a need 
to analyze whether different tests assessing trunk sta-
bility and endurance parameters are related to different 
dynamic balance tests. Elucidating the real relationship 
between tests would help to clarify the impact of trunk 
function on whole-body balance. Moreover, there are a 
high number of tests that have been specifically developed 
to assess trunk stability,1,16,17 trunk muscle endurance18,19 
or whole-body dynamic balance15,20,21 which, although 
they are generally grouped within the same capability, 
according to preliminary evidence they seem to be uncor-
related.1,19,21 Analyzing the relationship between those 
tests designed to assess the same specific capability would 
help coaches, physical trainers, clinicians, and researchers 
to know the extent to which those tests can or cannot be 
used interchangeably.

Based on the above-mentioned limitations, it is nec-
essary to establish which specific trunk performance 
measurements are related to different dynamic balance 
assessments22 to be able to improve the understanding of 
the role of the trunk muscle function in athletic perfor-
mance9 and lower limb injury prevention10 in physically 
active young adults. To address this issue, the main objec-
tive of this study was to analyze the relationship between 
trunk stability and endurance with whole-body dynamic 

balance in physically active young male adults, using 
some of the most well-known gold standard protocols and 
recent field tests [(i) trunk stability tests: the lumbopelvic 
stability, the unstable sitting and the sudden loading sit-
ting tests; (ii) trunk muscle endurance tests: the Biering–
Sørensen, the side bridge endurance, and the front bridge 
endurance tests; (iii) whole-body dynamic balance tests: 
the tandem and the single-leg stance, the Y-Balance and 
the single-leg triple hop tests]. In addition, the relation-
ships between the tests associated with each capability 
were analyzed to understand the possible relationship 
between them better and to know if they are interchange-
able. Based on the specificity principle and on previous 
findings from other studies,15,21,23 it was hypothesized 
that there would be no correlations between most of the 
parameters obtained from the different tests, but it was 
expected that moderate correlations15 would be found be-
tween the posturographic tests (unstable sitting, tandem 
stance, and single-leg stance tests), as the capability to ad-
just the center of pressure position to a target point mov-
ing in a circular trajectory was evaluated in all of them.

2   |   MATERIALS AND METHODS

2.1  |  Participants

Taking the hypothesis into account, a correlation coef-
ficient of r = 0.5 was expected for the sample size esti-
mation, considering previous studies which examined 
the relationship between trunk performance test and 
dynamic balance test15 and the interchangeability be-
tween trunk performance tests.1 The software G*Power 
3.1 (v3.1, University of Düsseldorf, Germany) was 
used with the following parameters: r = 0.5; α = 0.002; 
1–β = 0.8. Calculations suggested a sample size of ~55 
participants. Sixty-three healthy young male adults 
(age: 23.5 ± 4.5 years) were recruited for the study. They 
were physically-active, with a work-out frequency of 30–
120 min of light to vigorous physical exertion 2–5 days 
per week for a total of 120–300 min per week, approxi-
mately. Participants who had taken part in a structured 
or specific balance training or in a trunk muscle condi-
tioning program and/or who were elite athletes and their 
sport modality required high demands of trunk perfor-
mance, (i.e., judokas or gymnasts) were excluded from 
this study. Furthermore, those participants with any in-
jury or disorder that impaired balance control were also 
ruled out. All the participants completed an informed 
consent form and completed a questionnaire on their 
health status and exercise habits. The University Office 
for Research Ethics (DPS.FVG.02.14) approved this 
study according to the Declaration of Helsinki.
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3   |   EXPERIMENTAL PROCEDURE

Height (176.3 ± 6.3 cm), mass (74.9 ± 8.4 kg), height 
of center of mass position of the head, arm and trunk 
(estimated at 62.6%24 of the trunk height, measured as 
the distance between the greater trochanter and the 
glenohumeral joint: 34.6 ± 2.2 cm) and leg length (from 
the anterior superior iliac spine to the most prominent 
point on palpation of the medial malleolus25: preferred 
leg [93.5 ± 5.1 cm] and non-preferred leg [93.8 ± 5 cm]) 
were registered before testing. The participant's pre-
ferred leg was established as the leg that the participant 
would use to kick a ball. Participants carried out two 
testing sessions with a day's rest in-between and these 
sessions were repeated 1 week later. The first assess-
ment session consisted of a trunk stability assessment 
through lumbopelvic stability tests (using a randomized 
block design to avoid fatigue influence) during the back 
bridge, the preferred side bridge, the front bridge and 
the bird-dog positions.26 The second assessment session 
consisted of trunk stability, trunk muscle endurance and 
dynamic balance tests performed in the following order 
(applying first those tests in which their performance is 
most likely to be affected by fatigue): (a) the unstable 
sitting posturographic test, (b) the sudden loading sit-
ting test in frontal, lateral and posterior directions (the 
directions were counterbalanced), (c) the tandem and 
(d) the single-leg balance stance posturographic tests, 
(e) the Y-Balance test, (f) the single-leg triple hop test, 
and (g) the Biering–Sørensen, the side bridge endurance 
and the front bridge tests (trunk muscle endurance tests 
were also counterbalanced). A warm-up was performed 
with the same characteristics as the one carried out by 
Heredia-Elvar et al.27

3.1  |  Testing protocol description and 
data processing

3.1.1  |  Tunk stability tests

The lumbopelvic acceleration (m·s−2), recorded at 
200 samples per second from a tri-axial smartphone-
accelerometer, was registered using a free mobile appli-
cation (Accelerometer Analyzer, Mobile Tools, Sopot, 
Poland) during the lumbopelvic stability tests from 
seven 15-s variations of the back bridge, the preferred 
side bridge, the front bridge and the bird-dog positions 
(for a total of 28 variations) following the protocol pre-
viously described by Heredia-Elvar et  al.26 The smart-
phone was placed between the iliac crest and the great 
trochanter of the support leg in the single-leg positions 
(the subjects' preferred leg), held by an elastic belt to 

reduce smartphone movement caused by muscle con-
tractions. Those variations with the highest accelera-
tion values (i.e., the most challenging variations) that 
were performed by at least 85% of the participants were 
selected for further analysis (Figure  1C). The signal 
was low-pass filtered at 10 Hz (4th-order, zero-phase-
lag, Butterworth), in which the first (due to the non-
stationarity of the signal) and the last seconds of each 
trial were discarded. The mean acceleration from the 
3-axis (vertical, anterior–posterior and medial-lateral) 
was calculated through an “ad hoc” software developed 
by our research group with LabView 9.0 environment 
(v9.0, National Instruments, Austin, Texas, USA). The 
best of the two recorded lumbopelvic acceleration val-
ues (i.e., the lowest acceleration values) were used for 
further analysis.

The unstable sitting posturographic test1 was used 
to assess the participants' ability to control their trunks 
during a circular tracking task while sitting on an un-
stable seat placed on a force platform (9287CA, Kistler®, 
Switzerland) (Figure  1A). The measure was to display 
real-time feedback about the center of pressure displace-
ment on a screen. Additionally, a target point (which 
moved in a circular trajectory) was presented to assess the 
subject's ability to adjust his center of pressure position 
to this point. The mean radial error was used to quantify 
the trunk performance and it was calculated as the aver-
age of the vector distance magnitude (mm) of the center 
of pressure from the target point. The participant's arms 
were crossed over their chest, and they performed five 70-s 
trials with a 60-s rest between trials.

The sudden loading sitting test23 was used to assess 
the participant's passive and reflex trunk response against 
sudden external perturbations. Participants sat in a semi-
sitting position on a stable and rigid wooden chair, main-
taining a neutral spine position, and lower limb movement 
was restricted through straps (Figure 1B). They received 
five sudden loads from frontal, lateral right side, and pos-
terior directions with a 1-min rest between repetitions and 
a 5-min rest between directions. A pneumatic piston at-
tached by a steel cable tensioner to a harness at the height 
of the center of mass position of the head, arm and trunk 
pulled with 4.2 bars of pressure and 0.5 m/s of speed to 
load the trunk. The maximal trunk angular displacement 
(°) was calculated following the method proposed by 
Cholewicky et al.16 to analyze trunk response to sudden 
external perturbations in the sudden loading sitting test. 
Calculations were carried out for the first 110 ms, consid-
ering that voluntary responses do not usually occur in the 
first 120–150 ms28 after the perturbation. To reduce the 
translation of the fulcrum (L5 marker) and ensure the an-
gular movement of the trunk, only those trials with an L5 
marker displacement of less than 2.5 mm were considered 
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valid, and the recordings with an accentuated transla-
tional behavior (displacement of more than 2.5 mm of the 
L5 marker) were discarded. To control for possible vari-
ability in the positioning of the harness (Figure  1B) be-
tween the first and the second session, comparisons were 
only made to calculate the reliability of the measurement 
between recordings with a difference in mechanical im-
pulse of less than 20 N·m.

3.1.2  |  Trunk muscle endurance tests

The Biering–Sørensen test,29 the preferred and non-
preferred side bridge tests29 and the front bridge test30 
were used to assess the endurance of trunk extensors, 

trunk lateral flexors, and trunk flexors, respectively 
(Figure 1D). Participants were asked to maintain the po-
sition for as long as possible while they received verbal 
encouragement.

3.1.3  |  Whole-body dynamic balance tests

The tandem and the single-leg stance posturographic 
tests (Figure 1E) were used to measure the whole-body 
dynamic balance through circular tracking tasks (with 
the same characteristics as the ones used in the unsta-
ble sitting posturographic test) while standing on a force 
platform (9286AA, Kistler®, Switzerland).15 The partici-
pants performed the tandem test with their preferred 

F I G U R E  1   Trunk function and whole-body dynamic balance tests. (A) The set-up for the unstable sitting test; (B) The sudden loading 
sitting test in the frontal (1), lateral (2) and posterior (3) load directions; (C) The lumbopelvic stability tests from variations of the back bridge 
(1), preferred side bridge (2), front bridge (3), and bird-dog (4) positions; (D) trunk muscle endurance tests, the Biering-Sørensen test (1), the 
preferred and non-preferred side bridge tests (2) and the front bridge test (3); (E) the tandem (1) and the single-leg stance (2) posturographic 
tests; (F) the anterior (1), posteromedial (2), and posterolateral (3) directions of the Y-Balance test; (G) the initial position and the landing 
phases of the three hops during the single-leg triple hop test.
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lower limb placed ahead of the other limb, while the sin-
gle leg test was performed with both limbs (preferred and 
non-preferred limb). During the single leg test, the tip of 
the toe of the non-tested leg was placed at the height 
of the medial malleolus of the supporting leg. The par-
ticipants' arms were crossed over their chest during both 
tests, and they performed each task three times with a 1-
min rest between tasks, with a trial duration of 70 s and 
35 s for the tandem and single-leg tasks, respectively. 
The mean radial error was calculated for the unstable 
sitting test and the tandem and the single-leg stance pos-
turographic tests. The signal was previously filtered by 
a low-pass-Butterworth filter with a cut-off frequency 
of 5 Hz. The initial 10-s were discarded because of the 
non-stationarity of the signal.1 These outcomes were 
calculated using an “ad hoc” software developed by our 
research group through LabView 9.0 environment (v9.0, 
National Instruments, Austin, Texas, USA). The aver-
age of the two best attempts (i.e., the lowest mean radial 
error values) was used for the statistical analyses.

The Y-Balance test was performed to explore stability 
limits in single-leg stance in three directions (Figure 1F: 
anterior, posteromedial, and posterolateral direc-
tions) with both limbs (preferred and non-preferred).31 
Participants had to push a measuring plug along the 
pipe as far as possible while maintaining a single-leg 
stance. The measuring plug remained above the pipe 
after the test was performed, making the determination 
of the measure of the distance more precise. Three trials 
were registered and they had to meet the ensuing cri-
teria to be valid: (a) participants had to maintain their 
hands placed on the hips; (b) they had to reach as far as 
possible in a controlled way (i.e., not kicking the mea-
suring plug, just pushing it from the marked zone); (c) 
they could not lift the foot of the tested limb during the 
test. They were instructed to compensate for the weight 
transference with trunk leaning and flexing lower limb 
joints (e.g., ankle, knee, and hip). The mean of the two 
highest scores for each direction was normalized to the 
participant's leg length (value expressed in percentage 
relative to the leg length) for the subsequent analy-
ses. A composite index of the three directions was also 
calculated.

The single-leg triple hop test was performed using a 
6-m mat. Participants had to perform three consecutive 
maximal hops forward (Figure  1G) using the same leg. 
After the last hop, participants had to land without losing 
their balance.20 Three trials were registered and they had 
to meet the ensuing criteria to be valid: (a) the take-off had 
to be performed with their hands placed on their hips; (b) 
the landing had to be stable and controlled (i.e., not trip-
ping during the landing, hands still placed on their hips); 

(c) they had to maintain balance (i.e., the non-tested limb 
could not touch the other limb and it could not touch the 
floor). The two closest values were averaged and normal-
ized to the participant's leg length (value expressed as the 
number of the “leg length” reached).

3.2  |  Statistical analyses

Data (presented as mean and standard deviation) from 
those participants who carried out all the testing sessions 
were used for the statistical analyses. The normality of the 
data distribution was explored through the Kolmogorov–
Smirnov and the Shapiro–Wilk tests. A one-way analysis 
of variance was performed for each test score to explore 
the existence of statistically significant mean differences 
between sessions.

The typical error (TE) and the intra-class correlation 
coefficient (ICC3,1) were calculated (confidence limits set 
at 95%) to evaluate the absolute and relative test–retest 
reliability, respectively, and to determine which variables 
could be used in subsequent correlational analyses, to 
avoid possible bias due to the low consistency of certain 
variables. The TE was calculated as the standard deviation 
of the difference between the two testing sessions divided 
by √2. Furthermore, TE values were also expressed as per-
centages to facilitate data extrapolation, interpretation 
and comparison with the pertinent literature. Percentage 
TE was calculated as the TE × 100 and divided by the aver-
age of test–retest means. Intra-class correlation coefficient 
values were interpreted according to the following crite-
ria: values lower than 0.5, between 0.5 and 0.75, between 
0.75 and 0.9, and greater than 0.90 are indicative of poor, 
moderate, good, and excellent reliability, respectively.32 
Both absolute and relative reliability indexes were calcu-
lated through the spreadsheet proposed by Hopkins.33

The data obtained in the second assessment session 
for the variables that obtained a moderate-to-excellent 
level of relative reliability32 (i.e., ICC >0.50) were used 
to perform a Pearson correlation analysis (r) between 
them. Correlational analyses were performed with JASP 
0.16.2 software (Eric-Jan Wagenmakers, Department of 
the Psychological Methods, University of Amsterdam, 
Nieuwe Achtergracht 129B, Amsterdam, Netherlands). 
The correlation coefficient was interpreted as: low 
(0.30–0.49), moderate (0.50–0.69), high (0.70–0.89), and 
very high (≥0.90).34 In order to minimize the probabil-
ity of obtaining significant correlations by chance, the 
pre-specified significance level (p < 0.05) was divided by 
the number of comparisons analyzed, 25 (Bonferroni's 
correction). Thus, the level of adjusted significance was 
p < 0.002.
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4   |   RESULTS

The Tables  S1 and S2 show the descriptive statistics and 
the absolute and relative between-session reliability for the 
trunk stability and endurance tests and whole-body dynamic 
balance tests, respectively. The reliability analyses showed a 
moderate-to-excellent level of reliability in the trunk stabil-
ity and the trunk muscle endurance tests (0.51 ≤ ICC≤0.86, 
9.45% ≤ TE≤17.99%; see Table  S1) and in the dynamic 
balance tests (0.59 ≤ ICC≤0.90, 2.18% ≤ TE≤12.26%; see 
Table S2), and thus all the variables were used to perform 
the correlation analysis. Significant between-session differ-
ences were found in most of the participants' lumbopelvic 
accelerations during the lumbopelvic stability tests, in the 
mean radial error during the unstable sitting test and the 
tandem stance test, in the distance reached during poste-
rolateral reach direction of the Y-Balance test and in the 
single-leg triple hop test of the non-preferred limb, showing 
that there was a learning/repetition effect in these tests and 
therefore a significantly higher performance in these tests 
in session two.

As seen in Table  1, for the trunk stability tests, only 
the front bridge stability test correlated significantly with 
the back bridge (r = 0.461, p < 0.002) and the side bridge 
(r = 0.499, p < 0.002) stability tests. Similarly, regarding the 
trunk muscle endurance tests, a significant correlation 
was only observed between the preferred and the non-
preferred side bridge endurance tests (r = 0.786, p < 0.002). 
Moreover, no significant relationships were observed be-
tween the trunk stability tests and the trunk muscle en-
durance tests.

With respect to the correlational analyses between the 
dynamic balance tests (Table 2), the tandem and the single 
leg stance posturographic tests showed a significant rela-
tionship (0.439 ≤ r ≤ 0.463, p < 0.002). The posteromedial 
reach direction of the Y-Balance test performed with the 
preferred and non-preferred leg, as well as the compos-
ite score with the preferred leg were significantly associ-
ated with the single-leg triple hop test (0.446 ≤ r ≤ 0.477, 
p < 0.002).

Concerning the correlation analysis of the trunk sta-
bility and endurance tests with the dynamic balance tests 
(Table  3), most correlations were not significant, except 
for those between the unstable sitting test and both the 
tandem (r = 0.502, p < 0.002) and the single-leg stance 
with the non-preferred leg (r = 0.522, p < 0.002) posturo-
graphic tests.

5   |   DISCUSSION

The main findings of this study were the predominant 
absence of significant correlations between the different 

tests used for measuring trunk stability and endurance 
with dynamic balance, questioning the relevance of 
trunk function for enhancing balance in physically ac-
tive young male adults. Additionally, there were no sig-
nificant correlations between most of the trunk stability 
and trunk muscle endurance tests and few and low cor-
relations were observed between the different tests used 
for measuring dynamic balance. This would reinforce the 
idea that these tests represent different manifestations for 
the same physical capabilities, probably due to different 
measurement conditions. Thus, these tests cannot be used 
interchangeably.

5.1  |  Different manifestations of trunk 
stability, trunk muscle endurance, and 
whole-body dynamic balance

Regarding the trunk stability tests, the absence of rela-
tions between loading directions in the sudden loading 
sitting test supports the idea that the trunk response is 
very specific to the loading direction, which is consist-
ent with previous results.1 In addition, no correlation 
was found between trunk response against perturbation 
and the trunk balancing control during the unstable 
sitting test, which is also in agreement with previous 
results.1 The specific test performance seems to be as-
sociated with the neuromuscular control mechanism 
involved in each test. While the performance during the 
sudden loading test depends mainly on passive trunk 
structures and spinal reflex responses,16,28 unstable sit-
ting performance is associated with voluntary control 
and the cerebellar-cortical feedback mechanisms.17,35 
In addition, low relationships were found between the 
front bridge position in the lumbopelvic stability tests 
with the back bridge and the side bridge position and 
few relationships were found between the trunk mus-
cle endurance tests (Table 1), which is consistent with 
previous studies.19 Furthermore, previous research ob-
served that young active individuals showed a different 
performance even when the same muscle group was as-
sessed in different positions (i.e., the front bridge test 
vs. the v-sit test)18 or different types of muscle action 
(i.e., isometric vs. dynamic).36 This suggests that physi-
cal performance in young individuals highly depends on 
many different biomechanical demands (muscle group 
type, position, muscle action, duration, speed, recov-
ery time, and resistance).2 Considering the results of all 
the trunk performance tests together (i.e., trunk stabil-
ity and trunk muscle endurance tests), coaches, physi-
cal trainers, clinicians, and researchers must be careful 
when selecting these tests for young individuals based 
on individual criteria or aims.
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Regarding the dynamic balance tests, the low correla-
tions observed in this study (Table 2) are consistent with 
previous evidence.37 Therefore, single balance measures 
of young individuals could only provide partial informa-
tion on an individuals' postural control. Thus, a proper test 
selection or, in the worst-case scenario, an extensive bat-
tery of tests are needed to avoid missing the balance con-
ditions of interest (related to athletic performance9 and/or 
injury10 prevention) for each individual.38 Specifically, the 
results of this study show that the tandem and the single 
leg stance tests could belong to a different subgroup than 
the Y-Balance and the single-leg triple hop tests. Clearly 
all tests require coordination, proprioception, and bal-
ance, but the tandem and the single-leg stance tests are 
apparently more specifically designed to evaluate the abil-
ity to carry out small whole-body adjustments when per-
forming a circular tracking task with visual feedback.39 In 
contrast, although there is a low correlation between the 
Y-Balance and the single-leg triple hop tests, performance 
in these tests may be compromised by common variables 
such as foot type, ankle dorsiflexion range of motion and 
quadriceps and gluteus medius condition.3,40

5.2  |  Potential influence of trunk 
stability and endurance on whole-body 
dynamic balance

The few correlations observed in this study question the 
relevance of trunk stability and endurance for enhanc-
ing dynamic balance in physically active young males. 
Again, it must not be forgotten that the reference values 
and relationships observed in this study cannot be gen-
eralized due to the specificity of the population. Thus, 
it must be considered that population-specific require-
ments (e.g., age, sex, and sport/activity)31 may change 
the magnitude and nature of the potential relationship 
between variables. For example, the trunk stability per-
formance in the unstable sitting test seems to be related 
to dynamic balance performance in the Y-Balance test 
of female soccer players.3 In contrast, the unstable sit-
ting test in physically active young male adults does not 
seem to be relevant in the Y-Balance test but it may be 
somewhat relevant in the posturographic standing tests 
due to the moderate correlations observed in this study. 
Interestingly, trunk muscle endurance seems to play a 
relevant role for dynamic balance in women with post-
menopausal osteoporosis,13 while trunk muscle strength 
seems to be relevant for dynamic balance in people 
with chronic low back pain as well as in asymptomatic 
adults.14 Considering previous results3,13–15,31 and those 
obtained in the present study, trunk-related capabilities 
seem to be conditional capabilities for physically active 

young male adults. That is, once a minimum level of 
trunk performance is reached, it might no longer con-
tribute to improving dynamic balance, which would 
explain why these capabilities seem to be irrelevant in 
physically active young male adults but they may be im-
portant in populations with neuromuscular deficits or 
disorders (e.g., older adults, multiple sclerosis, stroke, 
and low back pain…). Another consideration that could 
explain the lack of relationships could be related to the 
different measurement conditions of trunk stability and 
endurance tests with respect to dynamic balance tests, 
as the body position assumed in the trunk stability and 
the trunk muscle endurance tests (sitting, bridging or 
quadruped positions) differs greatly from the stand-
ing position in the dynamic balance tests. Based on the 
correlational nature of the analyses performed in this 
study, it is not possible to discard the potential role of 
trunk performance for dynamic balance; nevertheless, 
from the authors' point of view, to clarify this issue, fu-
ture studies should evaluate trunk participation in the 
specific tests designed for quantifying dynamic balance 
in physically active young male adults.

As with any research, it is important to highlight some 
limitations. A much larger sample would be desirable in 
each direction of the sudden loading sitting test and in 
the front bridge endurance test (Table S1) to minimize 
the probability of a type II error due to under-sampling. 
Second, our results should only be applied to physically 
active young male adults, so future studies would need 
to examine the relationships of these tests in other pop-
ulations such as physically active young female adults, 
sedentary population and/or high-performance sports 
population. Finally, although we analyzed the most 
well-known gold standard protocols and recent field 
tests to quantify trunk stability, trunk muscle endurance 
and dynamic balance, there are many different labora-
tory and field tests in the literature that also measure 
these capabilities, so we could have chosen other tests, 
and therefore, could have obtained different results.

5.3  |  Perspective

This study is one of the first to analyze the assumption of 
trunk stability and endurance as determining factors for 
dynamic balance in physically active young male adults 
using some of the most well-known gold standard proto-
cols and recent field tests to quantify these capabilities. 
Coaches, physical trainers, clinicians, and researchers 
should be aware that: (i) obtaining an adequate perfor-
mance in a trunk stability or trunk muscle endurance test 
does not necessarily mean achieving an adequate perfor-
mance in a dynamic balance test in physically active young 
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male adults; and (ii) the tests grouped under the same ca-
pability (i.e., trunk stability, trunk muscle endurance, or 
dynamic balance) are not interchangeable. Overall, these 
results highlight the importance of a proper selection of 
the most suitable test for each individual and situation. 
Future studies should continue to investigate to identify 
the manifestations of trunk-related capabilities that are 
determinants of whole-body dynamic balance, consider-
ing population-specific requirements (e.g., age, sex, and 
sport/activity).
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