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Abstract:
Core muscle endurance involves the trunk muscles’ capability to maintain a particular position for as much 

time as possible. It is essential to know how specific training aimed at this area affects endurance of different 
trunk movements performance and to what extent. The objective was to assess the effects of trunk training 
on different core muscle endurance measurements in flexion, extension, and right and left lateral flexion. A 
literature search was performed using different databases. The studies included: (a) cohorts of healthy people 
or subjects with chronic low back pain; (b) a core training intervention; (c) pre-post intervention parameters of 
interest; (d) a minimum of four out of 10 on the PEDro scale, and (e) randomised controlled trials. A random-
effects model for meta-analyses was used. Fifteen studies were selected for the systematic review and 11 for 
the meta-analysis, comprising 1,213 participants. Compared to the control condition, core training induced 
a moderate effect on trunk flexion endurance (ES = 0.67), right-lateral trunk flexion endurance (ES = 0.77), 
left-lateral trunk flexion endurance (ES = 0.94), and a small effect on trunk extension endurance (ES = 0.49). 
To back up the results presented in this study, more research into the effects of trunk training on core muscle 
endurance is needed to confirm these results significantly. Core training improves core muscle endurance 
in four trunk movements. Core training is more effective in participants with pre-intervention poor results.

Keywords: muscle strength, resistance training, athletic performance, exercise therapy, motor activity, 
physical fitness 

Introduction
The trunk zone is particularly interesting for 

researchers and coaches in physical activity, perfor-
mance, and health (Hibbs, Thompson, French, 
Wrigley, & Spears 2008; Hodges, 2003). The main 
muscles that comprise this zone are transversus 
abdominis, internal oblique, external oblique, 
rectus abdominis and multifidus (Majewski-
Schrage, Evans, & Ragan, 2014). The term core 
has been adopted by fitness centres; however, it is 
usually not well employed or its meaning remains 
unclear. The term refers to the function and capa-
bility of the central body. The main functions of the 
core provide force generation, generate proximal 
stability for distal mobility, and generate interactive 
movements (Kibler, Press, & Sciascia, 2006). This 

system is essentially designed to develop, absorb 
and/or transmit forces needed for human move-
ment (Cook, 2010). Experts define core stability 
as “the ability to achieve and sustain control of 
the trunk region at rest and during precise move-
ment” (Majewski-Schrage, et al., 2014). In this 
sense, core muscle endurance is understood as the 
trunk muscles’ capability to keep a position for as 
much time as possible, maintaining force over time 
(McGill, Childs, & Liebenson, 1999). Additionally, 
high levels of core muscle endurance may signif-
icantly benefit musculoskeletal health (Sibson, et 
al., 2021).

Over the years, core exercises have been 
commonly prescribed for the treatment of unspe-
cific lower back pain (LBP), or to improve athlete’s 
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performance, despite the lack of scientific evidence 
of solid quality about these benefits in athletes 
(Stuber, Bruno, Sajko, & Hayden, 2014). In adults 
with chronic LBP, core-based exercises seem to be 
one of the most effective methods to reduce pain 
and disability (Fernández-Rodríguez, et al., 2022). 
Besides, this type of training turns out to be more 
effective than general exercise in reducing LBP 
(Wang, et al., 2012). In athletes, poor core muscle 
endurance is likely associated with nonspecific LBP 
(Abdelraouf & Abdel-Aziem, 2016), but, in contrast, 
it is not clear that core training reduces LBP in this 
population (Nadler, et al., 2002). However, the core 
muscle endurance in trunk extension and flexion 
movements seems to be inversely correlated with 
non-specific LBP (Abdelraouf & Abdel-Aziem, 
2016). Thus, it seems sensible to train these move-
ments in this type of patients.

To put relevance of the core in context, deep 
core musculature is activated earlier than the ante-
rior deltoid during arm movements (Allison & 
Morris, 2008) and, probably, this earlier activa-
tion is untrainable (Vasseljen, Unsgaard-Tøndel, 
Westad, & Mork, 2012). These results show that a 
strong and stable point could be necessary for the 
correct transfer of forces and, consequently, sports 
performance. In the sports performance context, a 
specific core training programme improves perfor-
mance, increasing throwing velocity in female 
handball players, supporting the theory of a stable 
point (Saeterbakken, van den Tillar, & Seiler, 2011). 
Good core muscle endurance influences the ability 
of the subject to run intermittently, exert maximum 
force and power, push-up, sit and lift. In addition, 
individuals with higher core endurance have better 
quality of movement (Santos, Behm, Barbado, 
DeSantana, & Silva-Grigoletto, 2019). A strong and 
stable core provides a necessary foundation for the 
performance of various athletic activities, and core 
training seems more relevant in sports in which the 
core plays an important role (Reed, Ford, Myer, & 
Hewett, 2012).

Fitness programmes focused on the core use 
body weight exercises or exercises on unstable 
surfaces without clear justification about (Granacher, 
et al., 2014). Trunk training protocols usually use 
exercises and training variables similar to those 
used in core muscle endurance assessments (Hung, 
Chung, Yu, Lai, & Sun, 2019). For example, the 
front-prone plank is a common exercise used until 
exhaustion among athletes to assess core muscle 
endurance. In contrast, some sports tasks usually 
require trunk flexion of maximal voluntary contrac-
tion (MVC) to transfer energy from legs to arms, 
such as long-distance passes in rugby or a throw-
in in soccer. This type of situation could be hard to 
replicate during usual gym core training. Thus, core 
endurance training could be effective in enhancing 

core muscle endurance but not meet the needs of 
the most demanding motor tasks. However, trunk 
training seems to be effective in improving stability 
(Barrio, Ramirez-Campillo, Alcaraz-Serrano, & 
Hernandez-García, 2022; Hsu, Oda, Shirahata, 
Watanabe, & Sasaki, 2018), and it could cover 
the demands of the specific sport. Moreover, core 
training promotes lumbar movement adjustments 
and alters the movement patterns during running 
(Ogaya, et al., 2021).

The most popular methods to assess core 
muscle endurance are field-based tests, probably 
due to their accessibility, easy usage and portability 
(Friedrich, Brakke, Akuthota, & Sullivan, 2017; 
Juan-Recio, López-Plaza, Barbado Murillo, García-
Vaquero, & Vera-García, 2018). Different tests have 
been used to determine core muscle endurance, like 
isometric trunk flexion, isometric trunk extension 
and right and left side bridges (McGill, et al., 1999). 
In the literature, a unique test with strong reliability 
to assess trunk extension endurance was Biering-
Sorensen isometric trunk extension (Martínez-
Romero, et al., 2020). This test focused on four main 
movements of the trunk: flexion, extension, right 
flexion, and left flexion and how the trunk training 
may affect the capability of the trunk to maintain 
the position to resist over time.

Although trunk training seems effective in 
improving core muscle endurance (Sandrey & 
Mitzel, 2013), according to the pyramid-based 
evidence paradigm, no greater knowledge has 
been generated regarding trunk training and its 
effects on the trained population. Thus, no previous 
systematic review with meta-analysis (SRMA) was 
conducted regarding trunk training effects on core 
muscle endurance. In addition, the most sensible 
movements to train were not reported: flexion, 
extension and lateral flexions. 

Since (i) no specific SRMA has explored the 
effects of trunk endurance training, (ii) the increased 
scientific awareness of the relevance of core training 
has been evidenced in the last decade (with more 
than 70% of all studies published in this period), 
and (iii) the needs to clear the relevance of core 
training on different trunk movements endurance, 
this research study aimed to conduct an SRMA to 
assess the effects of trunk training on different core 
muscle endurance measurements: flexion, exten-
sion, right and left lateral flexions. Thus, this study 
hypothesised that trunk training would improve all 
core muscle endurance measurements, especially 
in the most trained movements of various sports.

Methods
This systematic review was carried out 

according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement protocol (Moher, et al., 2009). A litera-
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ture search was conducted in three of the most rele-
vant electronic databases: PubMed, Web of Science 
and Scopus. The following keywords, combined 
with Boolean operators (AND, OR), were used: 
“core strength”, “core muscle endurance”, “core 
stability”, and “core engagement”. An example of 
a PubMed search is (“randomized controlled trial” 
[Publication Type]) OR “controlled clinical trial” 
[Publication Type]) AND “core” [Title/Abstract]) 
AND “strength” [Title/Abstract]) OR “endurance” 
[Title/Abstract] OR [Title/Abstract] “stability” OR 
[Title/Abstract] “engagement”. No exclusion criteria 
based on the year of publication were applied. One 
investigator received automatically generated 
emails for updates regarding the search terms used. 
These updates were received daily (if available), and 
studies were eligible for inclusion until the initia-
tion of the manuscript preparation. 

Inclusion and exclusion criteria
The following inclusion criteria were applied: 

(a) trunk training used in intervention periods of at 
least two weeks of duration, defined as “exercises 
focusing on stimulation of one or more of the next 
muscles: transversus abdominis, internal oblique, 
external oblique, rectus abdominis and multifidus” 
(Majewski-Schrage, et al., 2014), (b) cohorts of 
healthy subjects or with chronic low back pain, (c) 
a minimum of 4 of 10 in PEDro scale, which ensures 
at least “moderate” quality of the study, (d) measure-
ments of core muscle endurance that were selected 
based on a logically defensible rationale, and (e) 
randomized controlled trials with a control group. 
The exclusion criteria were: (a) cross-sectional, a 
review, or a training-related study not focused on 
the dynamic postural stability, (b) retrospective 
studies, prospective studies, studies in which trunk 
training was mixed with other types of training, 
studies for which only the abstract was available, 
case reports, studies with ambiguous study proto-
cols, non-human investigations, special communi-
cations, repeated-bout effect interventions, letters 
to the editor, invited commentaries, errata, over-
training studies, and detraining studies (included if 
training period was before detraining period) and 
(c) non-English language studies.

Study quality assessment
The Physiotherapy Evidence Database (PEDro) 

(de Morton, 2009) scale was used to assess the 
methodological quality of the included articles. The 
PEDro scale is based on 11 items selected by “expert 
consensus”. The first one requires answere “yes” 
or “no”, and the rest ratings 0 or 1. These items 
show a scale where the highest value is 10 (low risk 
of bias) and the lowest 0 (high risk of bias). The 
study quality assessment was interpreted using the 
following 10-point scale: poor quality (≤3 points), 

moderate quality (4–5 points), and high quality 
(6–10 points) (Table 1).

Study selection
Two investigators (EDB and AGA) reviewed 

the studies and decided whether inclusion was 
appropriate. Any discrepancies were resolved via 
consensus with the third author (RHG). Figure 1 
shows the search strategy and study selection. Out 
of 628 records screened, 545 were discarded due 
to not meeting the inclusion criteria selected by 
reading only the title and abstract. Out of 83 studies 
selected for the full text read, 68 were discarded 
for different reasons like not written in English, 
did not assess core muscle endurance, not using a 
control group, mixed training protocols, or high risk 
of bias. Four studies were removed from the system-
atic review (SR) to meta-analysis (MA) due to the 
absence of specific data or due to confusing data.

Characteristics of the studies included
For the current SRMA, the core muscle endur-

ance measurements were selected based on a logi-
cally defensible rationale. Extracted data included 
the following information: type of control, type of 
randomisation, number of participants per group, 
type of test, unit of measurement for each test and 
the measurement of each test (flexor, extensor, right 
or left lateral flexor). In addition, the participants’ 
age (years), sex, and fitness level were collected. 
Regarding training characteristics, the frequency 
of training (days per week), the duration of training 
(weeks), the types of exercises, with or without 
equipment and the sets and repetitions for each 
exercise were also registered.

Data extraction
The main information (authors, year, control 

and experimental sample, intervention duration, 
training frequency, total sessions, duration of each 
training session, type of exercises, equipment, 
sets, repetitions, tests, measurements and main 
effects) were extracted from the included studies. 
Two investigators verified a suitable process and 
discussed each item. The articles were examined 
and verified along with all the preliminary informa-
tion collected and divided into columns in an Excel 
table. This way, the guideline to improved searching 
in PubMed (Schardt, Adams, Owens, Keitz, & 
Fontelo, 2007) was followed to search methodo-
logical gaps as experts recommended. To perform 
meta-analysis, mean pre-post, standard deviations 
(SD) and the number of subjects (n) were extracted 
and arranged on another Excel page. The Image J 
software (National Institutes of Health, Bethesda, 
MD, USA) program was used to capture the infor-
mation from studies that only included results on 
graphics. 
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Data analysis
For the analysis and interpretation of results, 

meta-analyses were conducted if at least three 
studies provided baseline and follow-up data for 
the same parameter (García-Hermoso, Ramírez-
Campillo, & Izquierdo, 2019). Further analysis 
was carried out (flexion, extension, left and right-
lateral trunk endurance). Means and standard devi-
ations (SD) for each measure of trunk endurance 
pre-post-intervention were converted to Hedges’s 
g effect size (ES). The continuous random-effects 
model for meta-analysis was used because it allo-
cates a proportional weight to trials based on the 
size of their individual standard errors (Deeks, et 
al., 2019) and facilitates analysis while accounting 
for heterogeneity across studies (Kontopantelis, 
Springate, & Reeves, 2013). In this sense, the like-
lihood approach with random effects was used to 
better account for the inaccuracy in the estimate 
of between-study variance (Hardy & Thompson, 
1996). The ESs were presented alongside 95% confi-
dence intervals (CIs). The calculated ES were inter-
preted using the conventions outlined for standard-
ized mean difference: <0.2, trivial; 0.2–0.6, small; 
>0.6–1.2, moderate; >1.2–2.0, large; >2.0–4.0, very 
large; >4.0, extremely large (Hopkins, Marshall, 
Batterham, & Hanin, 2009). All analyses were 
conducted using the Comprehensive Meta-Analysis 
program (version 2; Biostat, Englewood, NJ, USA).

To gauge the degree of heterogeneity amongst 
the studies included, the percentage of total vari-
ation across the studies due to heterogeneity 
(Cochran’s Q-statistic) (Higgins, Thompson, 
Deeks, & Altman, 2003) was used to calculate the 
I2 statistic. This value represents the proportion 
of effects due to heterogeneity compared to the 
chance (Moher, et al., 2009). Low, moderate and 
high levels of heterogeneity correspond to I2 values 
of <25%, 25-75%, and >75%, respectively (Higgins, 
et al., 2003; Higgins & Thompson, 2002). However, 
these thresholds are considered tentative (Higgins, 
et al., 2003). The Chi-square test assesses whether 
any observed differences in results are compatible 
with chance alone. A low p-value or a large Chi-
square statistic relative to its degree of freedom 
provides evidence of heterogeneity of intervention 
effects beyond those attributed to chance (Deeks, 
et al., 2019). The risk of bias across the studies was 
assessed using the extended Egger’s test (Egger, 
Smith, Schneider, & Minder, 1997).

Results
Figure 1 provides a graphical schematisation of 

the study selection process carried out by PRISMA. 
Through database searching, 790 records were 
initially identified. Finally, 15 studies were consid-
ered in SR (Aggarwal, Kumar, & Kumar, 2010; 
Chuter, de Jonge, Thompson, & Callister, 2015; 

Jamison, et al., 2012; Junker & Stöggl, 2019; Kuhn, 
Weberruß, & Horstmann, 2019; Lust, Sandrey, 
Bulger, & Wilder, 2009; Mayer, et al., 2014, 2016; 
Ozmen & Aydogmus, 2016; Sannicandro, 2017; 
Shamsi, Sarrafzadeh, Jamshidi, Zarabi, & Pourah-
madi, 2016; Stanton, Reaburn, & Humphries, 
2004a; Toprak Çelenay, & Özer Kaya, 2017; Tse, 
McManus, & Masters, 2005; Weston, Coleman, & 
Spears, 2013) and 11 for the MA (Aggarwal, et al., 
2010; Jamison, et al., 2012; Junker & Stöggl, 2019; 
Lust, et al., 2009; Mayer, et al., 2014, 2016; Ozmen 
& Aydogmus, 2016; Sannicandro, 2017; Shamsi, et 
al., 2016; Stanton, et al., 2004a; Tse, et al., 2005), 
involving 16 experimental groups and 15 control 
groups, with 649 (412 males, 120 females, and 117 
non-defined sex) and 564 (355 males, 121 females, 
and 88 non-defined sex) subjects, respectively. 

Quality of the studies
Supplementary file 1 shows the quality of the 

studies included in the SRMA. Eleven out of 15 
studies were considered high-quality (Aggarwal, et 
al., 2010; Chuter, et al., 2015; Jamison, et al., 2012; 
Junker & Stöggl, 2019; Kuhn, et al., 2019; Mayer, 
et al., 2014, 2016; Sannicandro, 2017; Shamsi, et al., 
2016; Toprak Çelenay & Özer Kaya, 2017; Weston, 
et al., 2013) and four as moderate quality (Lust, et 
al., 2009; Ozmen & Aydogmus, 2016; Stanton, et 
al., 2004a; Tse, et al., 2005). The mode was 6 points, 
and the mean was 6.2 points for SRMA and 6.1 for 
11 articles included in MA.

Characteristics of the studies included
Table 1 synthesises studies in the SRMA 

(Aggarwal, et al., 2010; Chuter, et al., 2015; Jamison, 
et al., 2012; Junker & Stöggl, 2019; Kuhn, et al., 2019; 
Lust, et al., 2009; Mayer et, al., 2014, 2016; Ozmen 
& Aydogmus, 2016; Sannicandro, 2017; Shamsi, 
et al., 2016; Stanton, et al., 2004a; Toprak Çelenay 
& Özer Kaya, 2017; Tse, et al., 2005; Weston, et 
al., 2013). Nine articles included male and female 
athletes (Aggarwal, et al., 2010; Chuter, et al., 2015; 
Junker & Stöggl, 2019; Mayer, et al., 2014, 2016; 
Ozmen & Aydogmus, 2016; Sannicandro, 2017; 
Shamsi, et al., 2016; Toprak Çelenay & Özer Kaya, 
2017), and five of these studies specified the partici-
pants’ sex and managed data separately (Aggarwal, 
et al., 2010; Mayer, et al., 2014, 2016; Shamsi et al., 
2016; Toprak Çelenay & Özer Kaya, 2017). Four 
studies included only male athletes (Jamison, et 
al., 2012; Stanton, et al., 2004a; Tse, et al., 2005; 
Weston, et al., 2013), only one comprised a female 
sample (Kuhn, et al., 2019), and another one did 
not specify the sex of the participants (Lust, et al., 
2009). The participants chronological age varied 
from 10.8 to 66.4 years. Seven studies included 
athletes from different sports (American football, 
handball, baseball, badminton, basketball, touch 
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football, rowing, and golf) (Jamison, et al., 2012; 
Kuhn, et al., 2019; Lust, et al., 2009; Ozmen & 
Aydogmus, 2016; Stanton, et al., 2004a; Tse, et al., 
2005; Weston, et al., 2013). Four articles selected 
active healthy people as participants (Aggarwal, 
et al., 2010; Junker & Stöggl, 2019; Sannicandro, 
2017; Toprak Çelenay & Özer Kaya, 2017). Only 
one study used fi refi ghters (Mayer, et al., 2014), 
and another one soldiers (Mayer, et al., 2016). Two 
studies comprised participants with diff erent health 
problems, poor core stability (Chuter, et al., 2015) 
and chronic LBP (Shamsi, et al., 2016).

Six studies used only bodyweight exercises to 
carry out specifi c trunk training (Junker & Stöggl, 
2019; Mayer, et al., 2014; Sannicandro, 2017; 
Shamsi, et al., 2016; Tse, et al., 2005; Weston, et al., 
2013). The most utilised equipment was the Swiss 
ball, used in seven out of 15 articles included in 

this SRMA (Aggarwal, et al., 2010; Chuter, et al., 
2015; Kuhn, et al., 2019; Lust, et al., 2009; Ozmen 
& Aydogmus, 2016; Stanton, et al., 2004a; Toprak 
Çelenay & Özer Kaya, 2017). One of these seven 
studies used only a Swiss ball to perform all exer-
cises (Stanton, et al., 2004a). Medball, resistance 
bands and other unstable surfaces were the equip-
ment selected in the rest of the training methodol-
ogies (Aggarwal, et al., 2010; Chuter, et al., 2015; 
Jamison, et al., 2012; Kuhn, et al., 2019; Mayer, et al., 
2016; Ozmen & Aydogmus, 2016; Toprak Çelenay 
& Özer Kaya, 2017). Duration of training varied 
between fi ve to 24 weeks, one to three sessions per 
week, 11 to 48 total sessions, 1 to 4 sets and 5 to 20 
repetitions, or 6 to 105 seconds. Regarding the exer-
cises, a great variation was found between training 
methodologies. Diff erent sides planks were the most 
selected exercises in training programmes. The two 
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Table 1. Studies included in the systematic review and meta-analysis

Author/s 
(year) EXPERIMENTAL group CONTROL group CORE training Training material Duration Tests / 

Outcome Effect

Aggarwal, 
Kumar and 
Kumar (2010)

Active male (n=10) and 
female (n=10) 24.62 y.o.

Active male 
(n=10) and female 
(n=10) 23.85 y.o. 

Abdominal muscle 
contractions (different 
positions), bird -dog, 
superman, multi direction 
lunges, twists, front 
planks, oblique pulleys, 
different crunches and 
back bridges

Medball, Swiss 
ball and BW

6 weeks, 3 days/
week, 18 total 

sessions, 40-50 min, 
1-3 sets, 10-20 reps

TF (sec) ↑

TE (sec) ↑

RP (sec) ↑

LP (sec) ↑

PP (sec) ↑

Celenay and 
Kaya (2017) *

Active male (n=13) and 
female (n=15) 21 y.o.

Active male 
(n=13) and female 
(n=12) 20.36 y.o.

Thoracic bracing (supine, 
prone, side lying, 
quadrupedal, and bipedal) 
with upper and lower 
movements

BW, resistance 
band and Swiss 

ball

8 weeks, 45 min, 
3 sets, 10-15 reps

TF (sec) ↑

TE (sec) ↑

RP (sec) ↑

LP (sec) ↑

Chuter et al., 
(2015) *

Male and 
female with 
poor core 
stability 
(n=26) 
26.31 y.o.

Male and 
female with 
poor core 
stability 
(n=26) 
25.22 y.o. 
(home 
CORE)

Male and female 
with poor core 
stability (n=26) 
27.01 y.o. 

Cat/camel, abdominal 
contraction, side bridge, 
dead bug, bird dog, hip 
abduction, swiss ball 
abdominal isometric, 
lunges and different 
trunk twists with band 
resistance and swiss ball

BW, resistance 
band and Swiss 

ball

8 weeks, 2 days/
week, 16 total 

sessions, 2-3 sets, 
10-15 reps or 
15-105 secs

TF (sec) ↑

TE (sec) ↑

Lateral bridge 
(sec) ↑

Jamison et al. 
(2012)

Male American football 
players (n=10) 20.5 y.o.

Male American 
football players 
(n=11) (RT) 20.3 
y.o.

Prone planks, side 
planks, front, back and 
side lunges, sagittal and 
diagonal abdominal curls, 
hip abduction, quadruped 
exercises and supine 
exercises

BW and 
dumbbells

6 weeks, 60 min, 
3 days/week, 

18 total sessions

TF (sec) ↑

TE (sec) ↑

Side bridge 
(sec) ↑

Junker and 
Stoggl (2019)

Male and female 
recreationally active 
(n=11) 28.2 y.o. 

Male and female 
recreationally 
active (n=12) 29.1 
y.o. 

Plank, side plank, back 
bridge, quadruped, back 
extension.

BW

8 weeks, 2 days/
week, 16 total 

sessions, 3 sets of 
15-50 sec

Dynamic PP 
(sec) ↔

TE movement 
(sec) ↑

Dynamic side 
bridge (sec) ↑

Kuhn, 
Weberrub and 
Horstmann 
(2019) *

Female handball 
recreational players 
(n=10) 24.1 y.o.

Female handball 
recreational 
players (n=10) 
23.7 y.o.

Plank push-up, sit-up, 
side plank prone plank 
and quadruped stance 
variations, prone plank, 
shoulder bridge, back 
extension

Swiss ball and 
unstable surface

6 weeks, 2 days/
week, 12 total 

sessions, 2 sets of 
45 sec, 1 min rest

TF movement 
(sec) ↔

TE movement 
(sec) ↔

RP movement 
(sec) ↑

LP movement 
(sec) ↑

Lust et al. 
(2009) 

Baseball players 
average (n=11) 20 y.o. 

Baseball players 
average (n=8) 
20 y.o.

Dead bug, partial sit-ups, 
bridging, prone exercises, 
quadruped exercises, wall 
slides, and ball exercises

BW and Swiss 
ball

6 weeks, 18 total 
sessions, 3 days/

week, 2 sets, 30-105 
secs

TF (sec) ↔

TE (sec) ↔

RP (sec) ↔

LP (sec) ↔

Mayer et al. 
(2014) 

Male (n=52) and female 
(n=2) firefighters 37.6 
y.o.

Male (n=35) and 
female (n=7) 
firefighters 31.3 
y.o.

Cat-camel, birddog, 
curl-up, side bridge 
and Roman chair back 
extension

BW

24 weeks, 2 days/
week, 48 total 

sessions, 1 set/
exercise, 5 reps

TE (sec) ↑

PP (sec) ↑

Mayer et al. 
(2016) 

Male (n=266) and 
female (n=68) Texas 
soldiers 21.5 y.o.

Male (n=231) and 
female (n=67) 
Texas soldiers 
(n= 298) 21.8 y.o. 
(lumbar extension 
high intensity 
training)

Abdominal drawing-in 
crunch maneuver, 
horizontal side support, 
supine shoulder bridge, 
quadruped alternating arm 
and leg, and woodchopper

BW and 
resistance band

11 weeks, 1 day/
week, 11 total 

sessions, 1 set /
exercise, 6 reps

Lumbar 
extension 

(reps)
↓

PP (sec) ↔
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Author/s 
(year) EXPERIMENTAL group CONTROL group CORE training Training material Duration Tests / 

Outcome Effect

Ozmen and 
Aydogmus 
(2016) 

Male and female 
badminton players 
(n=10) 10.9 y.o.

Male and female 
badminton 
players (n=10) 
10.8 y.o.

Abdominal bracing, 
hollowing, prone, 
supine and side bridge, 
quadruped alternate-arm 
leg raises, seated 
marching, crossover 
crunch, dead-bug, 
superman and twist

BW, Swiss ball 
and Medball

6 weeks, 2 days/
week, 12 total 

sessions, 10-20 
reps, 4 exercises 

each session

TF (sec) ↑

TE (sec) ↑

Lateral bridge 
(sec) ↑

Sannicandro 
(2017)

Active male and female 
(n=33) 66.4 y.o. 

Active male and 
female (n=32) 
66.2 y.o. (aerobic)

Plank, side plank, climber, 
prone plank, supine bridge 
and quadruped leg raises

BW

8 weeks, 3 days/
week, 24 total 

session, 3-4 sets, 
6-8 reps or 6 secs

TF (sec) ↑

TE (sec) ↑

RP (sec) ↔

LP (sec) ↑

Shamsi et al. 
(2016)

Male (n=7) and female 
(n=15) with chronic LBP 
39.2 y.o.

Male (n=6) and 
female (n=15) 
with chronic LBP 
47.9 y.o (general 
body exercises)

4 sessions → cognition of 
local muscle contraction 
sessions; 6 sessions → 
low contractions, isometric 
and minimal loaded 
position sessions and last 
6 sessions → functional 
tasks with heavier loads 
sessions

BW
5-6 weeks, 20 min, 
16 sessions 3 days 

per week

TF (sec) ↔

TE (sec) ↔

RP (sec) ↔

LP (sec) ↔

Stanton, 
Reaburn and 
Humphries 
(2004)

Basketball and touch 
football male (n=11)15.6 
y.o. 

Basketball and 
touch football 
male (n=11)15.5 
y.o. 

Lunge, supine lateral roll, 
alternating superman, 
forward roll on knees, 
supine 2 leg bridge and 
supine Russian twist

Swiss ball

6 weeks, 2 days/
week, 12 total 

sessions, 2-3 sets, 
10 reps, ↑volume 

each 2 week

Swiss ball 
prone stability 

test (sec)
↑

Tse et al. 
(2005)

Male rowers (n=25) 
21 y.o. 

Male rowers 
(n=20) 20.01 y.o.

Stability exercise → 
Static/dynamic → 
Controlled mobility

BW
8 weeks, 2 days/

week, 16 total 
sessions, 10-40 min

TF (sec) ↔

TE (sec) ↔

RP (sec) ↑

LP (sec) ↑

Weston, 
Coleman 
and Spears 
(2013) *

Club male golfers (n=18) 
47 y.o. 

Club male golfers 
(n=18) 47 y.o. 

Double-leg squat, bent-leg 
curl up, superman, supine 
bridge, prone bridge, 
quadruped, lunge, and 
side bridge

BW
8 weeks, 3 days/

week, 24 total 
sessions

TF (sec) ↑

Notes. y.o.= years old; sec= seconds; LBP= low back pain; REP = repetitions; ↑ : significantly improved EXPERIMENTAL; ↔ : not significantly improved; ↓ 
significantly improved CONTROL; BW: body weight; *: articles not included in the meta-analysis; TF: trunk flexion; TE: trunk extension; PP: prone plank; RP: 
right plank; LP: left plank.

Table 1. Studies included in the systematic review and meta-analysis

studies that included the medball in the training 
programme improved all core muscle endurance 
measured in their investigation, trunk flexion, 
extension and both lateral (Aggarwal, et al., 2010; 
Ozmen & Aydogmus, 2016). In addition, method-
ologies that included resistance bands or dumbbells 
improved all measures of core muscle endurance 
(Chuter, et al., 2015; Jamison, et al., 2012; Toprak 
Çelenay & Özer Kaya, 2017). Only one study 
performed with soldiers, which included resistance 
bands in their training, did not show improvements 
in the prone plank test (Mayer, et al., 2016). Five 
weeks of training seemed ineffective in improving 
core muscle endurance in LBP patients (Shamsi, et 
al., 2016). However, six weeks of treatment showed 
improvements in most studies that used different 
types of healthy samples (Aggarwal, et al., 2010; 

Jamison, et al., 2012; Ozmen & Aydogmus, 2016; 
Stanton, et al., 2004b). Regarding total sessions in 
programmes, the three studies that used 24 total 
sessions or more showed improvements in all of 
their core muscle endurance measures except in 
trunk extension in Sannicandro study (Mayer, et 
al., 2014; Sannicandro, 2017; Weston, et al., 2013).

To measure the anterior muscles of core muscle 
endurance, predominantly rectus and transversus 
abdominis, the most selected test was the flexion 
endurance test in ten studies (Aggarwal, et al., 2010; 
Chuter, et al., 2015; Jamison, et al., 2012; Lust, et 
al., 2009; Ozmen & Aydogmus, 2016; Sannicandro, 
2017; Shamsi, et al., 2016; Toprak Çelenay & Özer 
Kaya, 2017; Tse, et al., 2005; Weston, et al., 2013), 
and the prone plank test in three studies (Aggarwal, 
et al., 2010; Mayer, et al., 2014, 2016). In addition, 
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one study used dynamic prone plank (with move-
ment) (Junker & Stöggl, 2019), another analysed 
the dynamic trunk flexion (with movement) (Kuhn, 
et al., 2019), and the last one used prone plank on 
an instability platform (Swiss ball) (Stanton, et 
al., 2004a). To assess the posterior values of core 
muscle endurance, predominantly multifidus and 
transversus abdominis, the most selected test was 
the trunk extension endurance test in ten studies 
(Aggarwal, et al., 2010; Chuter, et al., 2015; Jamison, 
et al., 2012; Lust, et al., 2009; Mayer, et al., 2014; 
Ozmen & Aydogmus, 2016; Sannicandro, 2017; 
Shamsi, et al., 2016; Toprak Çelenay & Özer Kaya, 
2017; Tse, et al., 2005). Two studies used dynamic 
trunk extension (with movement) (Junker & Stöggl, 
2019; Kuhn, et al., 2019), and another one used a 
lumbar dynamometer machine to quantify repe-
titions of trunk extensions (Mayer, et al., 2016). 
To quantify lateral sides of core muscle endur-
ance, mainly internal and external obliques and 
transversus abdominis, the most selected test was 
right and left plank endurance tests in six studies 
(Aggarwal, et al., 2010; Lust, et al., 2009; Sanni-

candro, 2017; Shamsi, et al., 2016; Toprak Çelenay 
& Özer Kaya, 2017; Tse, et al., 2005). Three studies 
did not separate the right and left sides and only 
measured one side (Chuter, et al., 2015; Jamison, et 
al., 2012; Ozmen & Aydogmus, 2016), and two arti-
cles used dynamic side endurance tests (with move-
ment) (Junker & Stöggl, 2019; Kuhn, et al., 2019).

Main analysis
Eleven studies provided data for core flexion 

endurance (pooled n = 822). Compared to the 
control condition, there was a moderate effect of 
intervention on core flexion endurance (ES = 0.67; 
95% CI = 0.19 to 1.16; p=.006; I2 = 87.2%; Egger’s 
test p=.056; Figure 2). The relative weight of each 
study in the analysis ranged from 6.9% to 11.3%.

Nine studies provided data for core exten-
sion endurance (pooled n = 746). Compared to the 
control condition, there was a small effect of inter-
vention on core extension endurance (ES = 0.49; 
95% CI = -0.08 to 1.06; p=.094; I2 = 90.0%; Egger’s 
test p=.110; Figure 3). The relative weight of each 
study in the analysis ranged from 9.6% to 13.1%.
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Figure 2. Forest plot of changes in core flexion endurance after the core training compared to the control condition. Values shown are effect sizes with 95% 

confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. The relative weight of each study in the analysis is indicated 

by the size of the plotted box in the figure.

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Aggarwal. Kumar and Kumar (2010) 3.496 0.499 0.249 2.518 4.474 7.008 0.000
Jamison et al. (2012) 0.058 0.420 0.176 -0.764 0.881 0.139 0.890
Lust et al. (2009) -0.107 0.444 0.197 -0.978 0.763 -0.241 0.809
Mayer et al. (2014) 0.500 0.219 0.048 0.071 0.928 2.286 0.022
Mayer et al. (2016) -0.032 0.094 0.009 -0.216 0.152 -0.341 0.733
Ozmen and Aydogmus (2016) 2.552 0.588 0.346 1.398 3.705 4.337 0.000
Sannicandro (2017) 1.005 0.260 0.068 0.494 1.515 3.857 0.000
Shamsi et al.. (2016) 0.274 0.301 0.091 -0.316 0.864 0.910 0.363
Tse et al. (2005) -0.053 0.347 0.121 -0.734 0.628 -0.152 0.879
Stanton. Reaburn and Humphries (2004) 0.338 0.413 0.171 -0.472 1.148 0.818 0.413
Junker and Stoggl (2019) 0.286 0.405 0.164 -0.507 1.079 0.707 0.479

0.672 0.247 0.061 0.189 1.155 2.725 0.006
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours core training

Figure 2. Forest plot of changes in core flexion endurance after the core training compared to the control condition. Values 
shown are effect sizes with 95% confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. 
The relative weight of each study in the analysis is indicated by the size of the plotted box in the figure.
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Figure 3. Forest plot of changes in core extension endurance after the core training compared to the control condition. Values shown are effect sizes with 95% 

confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. The relative weight of each study in the analysis is indicated 

by the size of the plotted box in the figure.

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Aggarwal. Kumar and Kumar (2010) 3.256 0.478 0.229 2.319 4.193 6.810 0.000
Junker and Stoggl (2019) 0.547 0.410 0.168 -0.257 1.351 1.333 0.182
Lust et al. (2009) -0.816 0.463 0.215 -1.724 0.092 -1.762 0.078
Mayer et al. (2014) 0.526 0.219 0.048 0.097 0.955 2.404 0.016
Mayer et al. (2016) -0.252 0.098 0.010 -0.444 -0.060 -2.569 0.010
Ozmen and Aydogmus (2016) 1.505 0.490 0.240 0.545 2.466 3.072 0.002
Sannicandro (2017) 0.481 0.249 0.062 -0.006 0.969 1.934 0.053
Shamsi et al.. (2016) 0.249 0.301 0.090 -0.340 0.838 0.829 0.407
Tse et al. (2005) -0.646 0.357 0.127 -1.345 0.053 -1.810 0.070

0.487 0.291 0.085 -0.083 1.057 1.675 0.094
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours core training

Figure 3. Forest plot of changes in core extension endurance after the core training compared to the control condition. Values 
shown are effect sizes with 95% confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. 
The relative weight of each study in the analysis is indicated by the size of the plotted box in the figure.
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Five studies provided data for core right-lateral 
endurance (pooled n = 199). Compared to the 
control condition, there was a small effect of inter-
vention on core right-lateral endurance (ES = 0.77; 
95% CI = -0.01 to 1.55; p=.054; I2 = 85.2%; Egger’s 
test p=.651; Figure 4). The relative weight of each 
study in the analysis ranged from 18.3% to 21.2%.

Five studies provided data for core left-lateral 
endurance (pooled n = 199). Compared to the 
control condition, there was a moderate effect of 
intervention on core left-lateral endurance (ES = 
0.94; 95% CI = -0.26 to 2.14; p=.124; I2 = 92.3%; 
Egger’s test p=.966; Figure 5). The relative weight 
of each study in the analysis ranged from 19.2% 
to 20.6%.

Discussion and conclusions
The purpose of this SRMA was to assess the 

effects of trunk training on different core muscle 
endurance measurements (flexion, extension, right 
and left lateral flexion). Quantitative results showed 
a significant effect of trunk training on flexion core 
muscle endurance with a moderate effect (ES = 
0.67), including eleven studies with 822 partici-
pants. However, extension core muscle endurance 
showed a small effect after trunk training inter-
vention (ES = 0.49) with 746 participants in nine 
studies. In addition, right-lateral endurance and 
left-lateral endurance displayed moderate effects 
(ES = 0.77 and ES = 0.94, respectively) after core 

Figure 5. Forest plot of changes in core left-lateral endurance after the core training compared to the control condition. Values 
shown are effect sizes with 95% confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. 
The relative weight of each study in the analysis is indicated by the size of the plotted box in the figure.
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Figure 4. Forest plot of changes in core right-lateral endurance after the core training compared to the control condition. Values shown are effect sizes with 

95% confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. The relative weight of each study in the analysis is 

indicated by the size of the plotted box in the figure.

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Aggarwal. Kumar and Kumar (2010) 1.575 0.356 0.127 0.876 2.274 4.418 0.000
Lust et al. (2009) -0.094 0.444 0.197 -0.964 0.777 -0.211 0.833
Sannicandro (2017) 1.590 0.282 0.080 1.037 2.143 5.638 0.000
Shamsi et al.. (2016) -0.171 0.300 0.090 -0.760 0.417 -0.571 0.568
Tse et al. (2005) 0.857 0.364 0.132 0.145 1.570 2.358 0.018

0.767 0.398 0.158 -0.013 1.547 1.926 0.054
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours core training

Figure 4. Forest plot of changes in core right-lateral endurance after the core training compared to the control condition. Values 
shown are effect sizes with 95% confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. 
The relative weight of each study in the analysis is indicated by the size of the plotted box in the figure.
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Figure 5. Forest plot of changes in core left-lateral endurance after the core training compared to the control condition. Values shown are effect sizes with 95% 

confidence intervals (CI). Black boxes: individual study groups. White diamond: overall result. The relative weight of each study in the analysis is indicated 

by the size of the plotted box in the figure.

Study name Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper 

g error Variance limit limit Z-Value p-Value
Aggarwal. Kumar and Kumar (2010) 2.814 0.442 0.195 1.948 3.679 6.371 0.000
Lust et al. (2009) -0.888 0.467 0.218 -1.803 0.026 -1.904 0.057
Sannicandro (2017) 1.907 0.297 0.088 1.325 2.489 6.426 0.000
Shamsi et al.. (2016) -0.129 0.300 0.090 -0.717 0.458 -0.432 0.666
Tse et al. (2005) 0.972 0.368 0.135 0.251 1.694 2.642 0.008

0.939 0.611 0.373 -0.258 2.135 1.537 0.124
-4.00 -2.00 0.00 2.00 4.00

Favours control Favours core training

programmes analysed in five studies with 199 
subjects.

Core flexion endurance
The data showed that the trunk training group 

moderately improved flexion endurance compared 
to the control group/condition. The most favourable 
results in favour of the experimental group could 
be seen in the studies conducted by Aggarwal et 
al. (2010) and Ozmen and Aydogmus (2016). These 
studies used similar training methodologies, with 
six weeks of intervention with 2-3 days per week 
and 12 or 18 total sessions. In addition, exercise 
selection in each programme had some similari-
ties; the experimental group started their training 
programme with isolated exercises like abdominal 
contractions in different positions (Aggarwal, et al., 
2010; Ozmen & Aydogmus, 2016). Additionally, 
equipment registered in these two studies were the 
same—med ball, Swiss ball and body weight exer-
cises. In each week the progression towards more 
difficult exercises was applied until finalised with 
instability tasks. However, other training method-
ologies with not-so-good results, like the Stanton 
et al. (2004) study programme, used instability 
exercises performed with a Swiss ball from the 
first session for all tasks performed. Besides good 
training programmes, there may be the other reason 
to explain the better results of these two studies—
it could be the participants fitness level. Ozmen 
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and Aydogmus (2016) study used teenagers, and 
Aggarwal et al. (2010) used active people not being 
highly trained subjects. This could be the main 
reason to explain the better results of these studies; 
young people are more sensitive to a new stim-
ulus. Also, the untrained subjects’ improvements 
are usually seen after the application of almost any 
type of training. The third best result of MA in 
flexion endurance also supports this reason—the 
Sannicandro sample also used an active male and 
female sample (Sannicandro, 2017). In contrast, 
Jamison et al. ( 2012), Lust et al. (2009), Mayer et al. 
(2016), and Tse et al. (2005) have not shown much 
improvement in their control groups in flexion core 
muscle endurance. Neither of these four studies has 
an untrained sample; the participants were Amer-
ican football players, baseball players, soldiers, and 
rowers. Core muscle endurance flexion is prob-
ably an essential movement during their activities 
despite not being specifically trained. This sentence 
could be supported by the Weston, Coleman, and 
Spears (2013) study where male golfers performed 
mainly isometric trunk training for eight weeks, 
three days per week and showed improvements in 
trunk flexion endurance in the experimental group. 
The authors of this study discuss the transfer of this 
type of training to golf performance because trunk 
flexion is not mainly a movement in their sport. This 
makes them having a previous better core flexion 
endurance, and the effect of the training may not 
be as clear as in other subjects.

Core extension endurance
The results of this paper exposed that the 

trunk training group improved with a small effect 
concerning the control group/condition in exten-
sion endurance. Despite the improvement shown, 
three studies did not obtain improvements in this 
parameter with respect to the control group, which 
got a bit worse (Lust, et al., 2009; Mayer, et al., 2016; 
Tse, et al., 2005). The Lust et al. (2009) training 
methodology used open and closed kinetic chain 
exercises in the experimental and control group 
but added specific core exercises to the experi-
mental group. Baseball players’ fitness level in 
the Lust et al. (2009) study was higher than the 
level of the sample in Aggarwal et al. (2010) that 
showed the best improvement in core extension 
endurance parameter. The same argument could 
be applied to the Mayer et al. (2016) and Tse et al. 
(2005) participants, soldiers and rowers, respec-
tively, that did not show improvement in this task. 
In addition, in the Tse et al. (2005) study meth-
odology, participants in the control group/condi-
tion included some basic training rower exercises 
that involved traditional trunk extensions on appa-
ratus. In the same way, Mayer et al. (2016) control 
group/condition performed lumbar extensor high-
intensity progressive resistance exercise. These two 

specific methodologies could be the main reason 
for the improvement in this parameter in favour of 
the control group for these two studies. Probably 
would, after excluding these two studies, the effect 
of trunk training on extension endurance increase 
from small to moderate. Equally, participants in a 
trunk training programme started at a level of diffi-
culty that was consistent with their current fitness 
level to get the most out of the trunk extension 
endurance exercises.

Core lateral endurance
The data showed that the trunk training group 

improved moderately with respect to the control 
group/condition in core-right lateral endurance. 
The two studies in which this parameter was most 
improved concerning the control group/condi-
tion were Aggarwal et al. (2010) and Sannicandro 
(2017) and were the unique two studies that did 
not include a highly trained population but active 
male and female participants that did not practice 
any specific sport. These two samples probably had 
a lower initial fitness level than baseball players 
(Lust, et al., 2009). Furthermore, male rowers 
(Tse, et al., 2005) showed high improvements in 
this parameter compared to flexion or extension 
core muscle endurance. The authors argue that the 
main reason for these results was that flexion and 
extension movements are used quite often in the 
rowing movement, primarily in the sagittal plane. In 
contrast, lateral flexion movements are not specifi-
cally carried out in the normal rowing stroke. The 
same argument could explain the similar results 
shown in female handball players whose core trunk 
flexion, extension, and right and left flexion endur-
ance were measured with distal movements until 
exhaustion tests and only showed improvements 
in right and left flexions with respect to the control 
group/condition (Kuhn, et al., 2019).

The data showed that the trunk training group 
improved moderately compared to the control 
group/condition in left-lateral movement muscular 
endurance. In the same way, as in the right-lateral 
movement muscular endurance, Aggarwal et al. 
(2010) and Sannicandro (2017) studies showed 
the best improvement in this parameter and Lust 
et al. (2009) and Shamsi et al. (2016) methodolo-
gies did not enhance with respect to the control 
group/condition. Baseball players often use rota-
tional trunk movements that involve flexion of core 
muscles, mainly on their dominant side (Lust, et 
al., 2009). That could be why this sample did not 
improve in these parameters; in addition, right core 
muscle endurance flexion showed less improvement 
than the left side, and it could be that most of the 
players were probably right-handed. Regarding 
Shamsi et al. (2016), which involved LBP patients, 
the control group/condition performed general exer-
cises. It showed some left and right flexion core 
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muscle endurance improvement concerning the 
experimental condition. That could be because, in 
the LBP patients, trunk training targets were too 
aggressive, and they did not have the fitness level 
to perform it correctly.

This SRMA analysed four types of trunk move-
ments regarding core muscle endurance—flexion, 
extension, and right and left flexion. The exciting 
finding was that the trunk training improved the 
four core muscle endurance measures—flexion, 
right flexion and left flexion moderately and in 
extension there was a small improvement. The 
slightest improvement in extension movement could 
result from some training methodologies or samples 
analysed. Due to the core muscles function being 
hubs in the biological motor chain, which create a 
fulcrum for the four limbs’ strength and establish 
a channel for the cohesion, transmission, and inte-
gration of the upper and lower limbs, core training 
should be included in training sessions to improve 
athletic performance. However, according to Dong, 
Yu, and Chun (2023), it is necessary to adequately 
design core training programmes to improve sport-
specific athletic performance. For example, rota-
tional trunk movements are essential to improve 
performance in sports like boxing, thus, this type 
of movement analysis could be a limitation in this 
SRMA.

To the authors’ knowledge, this is the first 
SRMA to assess the effects of trunk training on core 
muscle endurance in a healthy population. In the 
current SRMA, 649 experimental and 564 control 
participants were involved. This could reduce the 
problem of underpowered sample studies. There are 
currently a limited number of randomised controlled 
trials investigating the effects of core training on 
core muscle endurance not assessed with the trunk 
extension, flexion, right or left flexion isometric tests 
proposed by McGill et al. (1999). Despite the advan-
tages of these tests, the present study results could 
be skewed by their advantages and disadvantages. 
Therefore, the results of this study should not be 
generalised to all populations; only one study with 
LBP patients was included in this SRMA (Shamsi, 
et al., 2016). Due to the physiological differences 
between the sexes, future studies should analyse the 
differences between men and women in core muscle 

endurance. Despite these limitations, the current 
SRMA makes an original contribution to the litera-
ture and presents for consideration the influence of 
core training on core muscle endurance.

Practical applications
Strength and conditioning coaches should be 

aware that core training improves core muscle 
endurance performance. However, the athletes’ 
previous fitness level and their previous training 
of the specific movements is determinant in 
the core muscle endurance improvement. Both, 
athletes and healthy people should integrate this 
type of training into their programmes. Athletes 
may try to improve performance and reduce the 
risk of injury, while healthy people try to reduce 
the risk of falls and pursue to move better in their 
daily life tasks. Concerning the core training, it 
should be supervised to ensure the correct execu-
tion of exercises; a programme should be based on 
proper progression and suitable exercise selection 
that involve four basic core movements (flexion, 
extension, right flexion and left flexion). To show 
better performance after core training, athletes 
need to train their specific trunk weak movements 
to reduce compensations caused by their specific 
sports. Progression programmes with exercises and 
equipment variations seem to be more effective.

The results of this SRMA support the notion 
that trunk training improves core muscle endur-
ance in four principal movements (trunk flexion 
and extension and right and left flexion). However, 
to back up the results presented in this study, more 
research into the effects of trunk training on core 
muscle endurance is needed. The higher benefits 
are found in trunk flexion and right and left flexion 
measurements. The trunk extension endurance 
improves with a small effect. This SRMA hypoth-
esised that most trained movements during training 
methodologies would improve more. In addition, 
in movements with poor results in pre-interven-
tion, core training could be more effective. Adding 
training equipment like medballs, resistance bands 
or dumbbells to increase difficulty could be a good 
choice. Thus, athletes with poor previous fitness 
level benefited more from this type of training than 
high-trained athletes.
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