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Abstract

Background: The effects of core stability training (CST) on muscle physiology in adults with chronic low back pain(CLBP) are still debatable. Objectives:
To explore the effects of CST on muscle physiology in adults with CLBP. Methods: Eligible studies published in English from inception to October 2023
were extracted from PubMed, Web of Science, and Scopus in this review. Pedro was used for scoring and followed the PRISMA guidelines. Findings:
Core muscle strength (1 study), thickness (4 studies), and activation (6 studies) favored CST. Conclusion: CST was more effective in improving core
muscle strength, and activation for patients with CLBP.
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1.0 Introduction

Low back pain (LBP) is the primary cause of disability years lived globally, and it poses a significant challenge to the global health
system(Ghafouri et al., 2023). LBP refers to any uncomfortable stimulation between the twelfth pair of ribs and hip creases that can
induce mild to severe disorders with or without leg discomfort(Ferreira et al., 2023). It is generally characterized as non-specific (90%)
or specific (10%) and as acute (6 weeks), subacute (6-12 weeks), or chronic (greater than 12 weeks)(Frizziero et al., 2021). Two-thirds
of adults are believed to have experienced or will have non-specific low back pain (NSLBP) at some point in their lives(Areeudomwong
et al., 2019). NSLBP has no clear pathophysiology as to what causes the pain. However, it is thought to be caused by variables such
as profound core muscle weakness(Areeudomwong et al., 2019). The core, which is made up of muscles that stabilize the spine, pelvis,
and hips, is essential for maintaining posture and facilitating daily motions. As a result, resolving the multifarious issues offered by LBP
may require strengthening and optimizing core muscle physiology. The muscle physiology of this study includes core muscle activation
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and fatigue, core muscle strength and endurance, and core muscle thickness. These indicators respond to different aspects of core
muscle function and may be strongly associated with LBP.

However, the best effective treatment for LBP still needs to be discovered. The most recent clinical practice guidelines encourage
patients to remain physically active, as prolonged inactivity is detrimental to healing and overall well-being(Stochkendahl et al., 2017).
Core stability training (CST) has emerged as a promising approach for improving core muscle physiology. The primary objective of CST
is to replicate normal muscle function by re-educating the deep trunk muscles and coordinating both deep and superficial trunk muscles
(Akhtar et al., 2017).

This study aims to investigate the cumulative body of evidence on the efficacy of CST as a therapeutic intervention for improving
muscle physiology in individuals with CLBP. To determine whether CST is more effective relative to other therapies in improving various
specific measures of muscle physiology in patients with CLBP

2.0 Literature Review
2.1 Muscle physiology

2.1.1 Core muscle activation

During diverse functional tasks, LBP is related to trunk kinematics and muscle activation (Hemming et al., 2019). A study has shown
that patients with CLBP had delayed activation of deep abdomen and back muscles and increased activation of superficial trunk muscles
(Kamel et al., 2021).

2.1.2 Core muscle fatigue
LBP, lumbar back muscle fatigue, and reduced contractility are caused by each other. Muscle fatigue has been found in studies to hurt
the coordination and stability of improved movement patterns (Ghamkhar et al., 2019).

2.1.3 Core muscle thickness

One study showed that the cross-sectional area of the multifidus muscle at multiple segments on the painful side of LBP patients was
significantly smaller than that on the non-painful side (Wan et al., 2015). Core muscle thickness may have a positive correlation with
core muscle strength. Decreased core muscle thickness may lead to decreased core strength and, thus, core instability.

2.1.4 Core muscle strength

The core muscles of the abdomen and the back work together to maintain the body's posture control and lumbar spine stability and play
arole in the body's daily behavior patterns. A study has shown that the weakness of the lumbar extensor muscles and the imbalance of
the lumbar and abdominal muscles will lead to a decrease in the stability of the lumbar spine, changes in the body posture pattern, and
compensatory movements in other parts, resulting in LBP(Czaprowski et al., 2018).

2.2 Core stability training

Core muscle weakness has been linked to persistent LBP in studies. CST is a standard method for recovering trunk muscle functioning
and achieving optimal lumbar stability throughout regular activities (Mohammadi et al., 2023). CST can improve the transversus
abdominis and multifidus thickness and the anti-fatigue ability of the patient's core muscles, thereby improving the patient's balance
ability. However, a comprehensive study found that specialized stabilizer exercises may have a role in some people with CLBP, but they
are no more helpful than other active therapies (Khodadad et al., 2019). At present, it is unclear which sub-indicators of CST's efficacy
in improving muscle physiology in patients with CLBP are still controversial compared to other therapies, and which sub-indicators have
a consensus on its efficacy.

In summary, previous studies have shown that patients with CLBP have varying degrees of muscle physiology abnormalities, which
are mainly manifested as delayed activation of deep trunk core muscles, core muscle fatigue, decreased core muscle thickness, and
decreased core muscle strength, which in turn lead to decreased trunk stability and uncoordinated activities. Although some studies
have demonstrated that CST can improve muscle physiology in CLBP patients, it is still controversial whether CST is the most effective
method in improving muscle physiology in CLBP patients. In this study, we attempted to summarise the advantages and disadvantages
of CST relative to other therapies in improving the muscle physiology of CLBP patients by systematically collating, evaluating, and
analyzing the results of previous studies. In this way, it will make a positive contribution to the exploration of the most effective CLBP
therapies.

3.0 Methodology
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3.1 Study design
This study is a systematic review.

3.2 Inclusion and exclusion criteria

To be considered, an article must contain the following characteristics: (1) an RCT design; (2) patients with LBP aged 18-60 years old;
(3) used CSE as an intervention, and there was a control group that got conventional intervention or another intervention; (4)the primary
outcomes of interest was muscle physiology(muscle activation, muscle fatigue, muscle thickness, muscle strength, muscular endurance,
or muscle control) or(and) pain intensity; (5) low back pain that has lasted at least three months. If a study met any of the following
criteria, it was considered disqualified: (1) participants with LBP caused by specific conditions or pathologies; (2) the study sample mean
age was either 260 years or <18 years; (3) review, case report, meeting abstract, commentaries, systematic reviews, qualitative papers,
poster abstracts, or monograph; (4) conference papers; (5) unclear outcome indicators or incomplete data; (6) full text not available; (7)
studies conducted in languages other than English; (8) repeatedly published research.

3.3 Search strategy
To locate studies fulfilling the inclusion criteria, we searched the following databases from inception to October 2023: PubMed, Web of
Science, and Scopus. Grey literature was excluded due to the diversity of scientific rigor and the lack of criteria for conducting systematic
grey literature searches(Paez, 2017). The primary phrases "core stabilization exercise," core stability training," core stability,"
stabilization exercise," low back pain," back pain," lumbar pain," and"LBP" were employed. In adherence to the PICO framework, the
specified keywords were systematically explored through Medical Subject Heading (MeSH) phrases, amalgamated using Boolean
operators ("AND," "OR," and "NOT"), aligning with the clinical research question. See APPENDIX A for the entire search strategy.

Two reviewers (LP and YY) were utilized to screen for appropriate titles, abstracts, and complete papers using the pre-specified
criteria. When inclusion criteria were not met, articles were eliminated. In cases where there was disagreement, a third reviewer (ZZ)
was consulted. To ensure that the results were reported systematically, the PRISMA standards were followed(Page et al., 2021).

3.4 Data extraction
Following the selection of studies, data were extracted using a data extraction form for the characteristics of subjects’ average age,
sample size, interventions, follow-up, outcomes, and findings(see Table 1).

The PEDro scale, an article evaluation system, was utilized to assess the quality and validity of each study. The tool had 11 items,
each of which needed a yes/no response: yes received 1 point, no received 0 points. Item 1 is connected to external validity. ltems 2-9
correspond to a paper's internal validity. The PEDro scale had a total score of 10. PEDro ratings ranged from excellent (9 to 10),
acceptable (6 to 8), reasonable (4-5), and bad (less than 4)(Kakavas et al., 2023).

Table 1 Major characteristics of included studies
Articls Bubjects Intervention Fallow Ouiomss Findinss PEDmg
Up SO0
LAgsey | =43 «5E: practicedrzcruitmant of deep tnmk musclas | 3 Pain{NPRS), + CSE and PNF training provided | 210
domyon | +Awerags age: *PIF: 3 repatitions of sach FNF training for thees | months | activations of RA, | short4enn andlong-temm effects on
g P gt | CSE=24.08=1.00 | sets witha 30 s rest between repetitions anda 60 5 TrA, ICLT and LM | pain, and incressed desp tnmk
al. 2019 | PNF=24.00=8 47 | restafter sachsat. musclas(F-EMG) muscle activityin CLEP patisnts.
CG=24 36997 | LG ultrasomd for 3-10min + 20-min gsnaral + Thers was no significant
trumk: strangthaning sxarciss differance betersen CSE and FNF
sDumtion: 4 waaks in terms of improvemant of back
o3 timas i whk, 3 0min'session pain and musclz phyvsiology.
10si C (=84 *All participants warm-up{ganaral stretching and | 3 Pain(MNPRS), Lower | » All thres groups improved pain{p | 410
S sAvarags ags: stationary bicyeling for 15 mimtas) months | limb <{0.001); andtha LL group had the
al 2017 (LL=28%=53 'LL: resistance exarcises targating the knse andhip (and 6 | streneth{ispkinstic most significant improvemant.
LE=261=41 musclas months | dypamometer)  Trd |« Enee extension strength incraased
SE=2650:64 *LE: prograssiva bmkmt&iﬂng and LM | {p= 0001} intha LL group, which
*SE: a series of Trd and LM muscle activation and activations(ultrasoun | was higher than the other eroups (p
motor control training d image), hmbar | <0.001).
*Custion: § waeks axtensor muscle | = All 3 groups improved similady
o] timaswhk, 3 0min'session faticabilite(S-EM(T) | in back musclas fimetion
3 Mende [ =14 #5E: three phases progressing with the lavel of | Post-int | Pain{NPRS), + The C3E improved pain| 710
5 PRF 2t | »Average ags: difficulty +.usual sxercise routins. arventi | maximmmm  isometric | batter(p=0.04).
al 2022 [ CSE=17=1 #(3: usual exercize rowtine such as nmning, | on strength and tnmk | » Trmk muscle stransth remains
CG=27=1 cveline, swimming and bodvbuilding +an musclz unchangzd in the CSE, whils the
axplanatory class at and rasistance{marmal CG presented a decrsase in flaural
Duration: 12 waaks dvnamometar) strangth to the right sids {p=004).
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o] timas wk 4 Jmin'sassion + Thare was no diffarence in the
rates  of resistance to fatipue
batwaan eroups.

4.% 2l=14 All  subjects 3-min  wamnaup, and  S-min | Post-int | Pain{VAS), back | » All post-tsst wales in the| §10

TW gt | sAverageaes: cool-down srventi | musclz unstable surface erowp improved

gl 2017 [ SE=4341=596 | 3E: albovwtos, back brdgz, sidz brdes, and 290 | on stransthDEMEL]) | significantly mors than those in the
SEUS=42 8369 | curl-up motions on stable suface + GPT stabla surface group.

9 oSEUS: albow-tos, back brides, sids brides, and + After the intervention all
290 cud-up motions onunstabls surface + GFT depandant variablas at the 6-wask
GPT{general physical therapy), consisting of hot post-tast had significanthy
pak trestmant at B0 :C, imferfarentisl currant improved than thess in the pre-tact
therapy (20002 30 Hz), and ulfrasonic tragtmant rasults in beth groups.
Dumtion: § wasks
+3{min'session, 5 times 'wk

3 Parkgt | =70 sAll subjects 10-min wamn-up, {-min SE, and | lmonth | Pain{VAS),  spine |+ Spine extnsor strangth was | 810

gl 2003 [ sAverageage: 1{-min cool-down. and 3 | extemsor improvedin both groups.

AB=M 3108 [ +AB: parfeerned SE with AB. months st:rangth.“\lw'.mi’\;aixw * Pain and fimction were also

3E=43.0=1046 o3E: pedformed SE, bresths normally weithout extensionmaching) | improved in both groups, but the
spacial smphasis on braathing. affect was strongerin the AR roup
Dumtion: 24 wasks than in the SE group.
«S{min'session, 2 times (wk

6 Jpayi | =70 All  subjects 3-min  wampup, and  S-min (4 Pain{VAS), v  Positive effeets for the| 31

gclane ot | wiwerageage: cool-down(static and dvnamic stretching exarcises) |wesks, | cross-ssctiomal ares | cross-sectionsl  arss of  the

gl 2020 | §E=383:31 v SE: strangthen the deep tnmk stabilizing musclas | & of the multifidus | multifidus muscls and pain lastad
CG=385=62 (aspacially l:\.j\. 10 and LM) and control pebvic | weels | musclafultrasomd) | for 4 weeks in CG and for 12

musclas. and 12 waeksin SE erowmp.

v Uy improve tnmk fle=or and sxensor muselss | weeks + Tha LI strensth ineresased and
strenzth lasted for & weeks inboth groups.

* Dumtion: 20 wazks

v 4 imin'session, I times wk

7 Sdam | WN=31 + C3E: exareisas involved coordinatsd training and | Post-int | Pain(NPRS), FER of | +Pain raduced in both groups, with | 3710

g gt| Averageage: independant activity of deep tnmk muscles. erventi | LM and | no sigmificant difference betwazn

al 2017 | CSE=35.83931 | + MCG: normalize the sbnormal movement patterns | on ICLTE-EMG) the eroups.

MCG=36.09=96 | and posturas and to ralax tnml musclas, + FER of LM did not changz in
+ Dummtion: 4 wesks githar eroupafter tragtmant.
+4 imin/session, I times /wk + FER of ICLT was significantly
inerassed after traatment in MCG.

EWmg | l=42 + FPCE: | core mmsclss apainst pravity ona stabls | 6 Pain[VAS), thickness | » The results has no sigmificant | 210

gt Averags ags: platform. 2. tnmk muscle against sravity on an | meonths | and contrmetilit of | differance between? group.

;Ilv.:U:.l' PPCE=26.00(24. | unstabls surface. 3. exarcise parfomad onwmstable m and |+ After 6-month follow-up the
5-28.5) and lzzs supporting surface with rasistnes trainine, L{{ultrasoumd) seorzs of 2 groups decraasad
CSE=23.0023.5- | » CSE: prone-plmk single legbrdes, sids-plank significantly comparadto bafora.

0.0 doublelag-bridee. andbisddoe + The thicknass ofbilataral Ted and
+ Dumation: & wesks laft WMF (p= 0.05) waselevatad .
v 3imin'session, 3 times wk

3.Bas gt | N=39 +SUE: sit-up exercise using a new trainine device, |6 Pain[VAS), + Thiclnessratios of RAandEQ in | §'10

al 2018 | sAverageapa: + CEE: lowe-intensity isometric contmetions first, | months | abdomind — mmsels | SUE group and thosz of TrA in
SUE=117=z61 | then gradudly parfomm co-contraction of musclss thicknzss(Ultrasommd | C3E  growp showsd  sigmificant
CSE=324=107 | through dvnamic fimetional tasks, ), moter activity of | differance after axercisa (p < 0.03).

* Dumtion: 4 wasks cors + The ratio of activation of [0
+ }imin/sassion, 3 timas /wk musclas(3-EMG) relative to RA and pam improved
in both groups (p<=0.03).
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* Pain had no sienificant differance
batwaan 2 proups(p= 0.05).
10Marg | =34 + C3E: parformad 16 cors stabilization exarcises. | Post-int | Pain{VAR) thickness |+ CEE  incresssd  comfracted | 6710
nei gt | sAvaragzape: + CG: trmsetareone elactreal nerve stimmlation | erverti | of trml: | thicknass of Trd and Grax.
gl 2020 | C3E=1113631 | anda ‘hotpack’. on musclaUltmsound), | *The pam in both groups dacraased
CG=3213%696 |+Dumtion 4 waeks %ﬂé IVEE and | after tragtment, but the deerasss in
+ | imin/sassion, 3 times wk Gmax getivity [ the CSE  growp was  more
(E-EMG significant{P-0.03).
1LErme | =30 + 8E: exarcises focused om the Ted and LMmuscles  Postint | Pain[VAS  &)MeGill | » As compared with basdling, beth | 7710
& gt | *Avarage age: + O exareisas focusad on stretching the emsctor | srventi | pein questionmaire ), | eroups ralisve pam (F<0.001).
gl 2012 | BE=4207=813 | spinae hamstrings, andtricaps surss. on TrA mmsele | + 8E grovp had significantly highar
CG=413344] | »Dumtion: 6 wasks activation capacity | gsinsfor all variablas,
+ Y{imin/sassion, 2 timas fwk (PEL) * Tha O eroup did not affactivaly
activate the TrA (P=0. M),
11 5epe | =41 + 3Efirst swpa{4lmin), TrdA and pebie floor [ Postint | Pain[VAS), corz | » Whan comparing groups for gain | 810
H\l ot | wiverage age: muscles were contractad. Prograssion (B0min), do | erventi | strensthipartial scoras, thera wer more sismificant
gl 2021 | BE=40.75=8 8 sxarcises in supine, prons, quadmped brdgs, | on curlup test), tnmk | improvements in pan  during
CG=43 32887 | sitting positions, and lastly with Sviss ball endurance{tnmk activity, tnmk epdumnce and
» G improve strangth and  flaibility of flaxor, tnmk | fimetion aftar 3E (p<0.03).
lumbopelvic muscles, axtansor, and
» Dumtion: 6 wasks bilataral sids bridgs)
+ 3 davs/ wask fasts
13.Denn | =39 + SE: activate the multifidus in a specific |Postnt | Multifidue  cross [ + The cross sectiomal ares of the | /10
33}5 &t | Averageage: prograssion of exarcises arventi | sactiomal %mﬂxla\vas significanthy
al 2001 | BE=43=13 + SE+DRT: SE-+altematad propmssive rasistancs | on araa(standard ineraasad at all lavels after training
SE4DRT=H<12 | traming, concantric and sccantric movements, computad in SE4DERT, and no significant
SE+DERT=4%] | » S3E+DSET: SE+Hnternupted prograssive resistance tomography imagzs) | difernces wem found in other 2
2 training, cvcling movement. 35 static contmetion Eroups.
batwaan concentric and sceantric phasa / tima.
» Dumtion: 10 wasks
14 Alp | 27=48 v 3E: wamming {3 minutas), stretehing (3 mimitac), | Post-int | Pain{VAS), + All variablas were improved in 2 | 8710
gt vAveraps age: stabilization exercises for the pmltifidnsTed | erventi | endurance of | eroups axcept endurance of domal
al 2014 | SE=4B(3643) muscles (3 mimtas), and cocling (5 mimtas), 3 | on abdominal gxtensors in CG group.
CG=312564) timas/ waek for atotal of43-60 mimttes a dav. muscles(Hmnse-Web |+ Thers was no  significant
v+ O lumbar  isometic  and  lumbar grtest), endurance of | differance i relieving  pain
flexion-axtension exareizes, 1x2] rapatitions a day dorsal extensors batwaan two groups.
» Dumtion: § wasks (Sormsentest) + 8E eroup can improve endurance
ofdorsal exensors battar,
15.5{&5 =30 + 3E: seementsl stabilization exercises focused on | Post-int | Pain{VAS, M + As compared to basdine beth | 7710
g FR gt | sAvarageage: theTrA and LW mnseles. srverti | pain questionnairs), | tregtmentt  ware  affsctive in
al 2000 | SE=42.07=8.15 |+ CG: superficid strengthening, exarcisss focused | on Tta muscle | relisving pam (p=0 001).
CG=4173%641 | onthe RA, 10, EOQ, and eractor spinas, activation capacity | * Those in the SE had significant
» Dugmtion: § wasks (PELT) gzins for all warables when
+ 2 timas / week 30 min / session comparedto CG (p=0.001).
16 Alpy | =20 + S8E 1 abdominal, sids suppost, and quadnupsd | Post-int | Pain(NFRSE), + Supplemanting SE with NLES | 610
gily gt | vAverageage: exarcises, 2{min / session. erverti | Pamspinal  rmisele | didnot offer any additional clinicl
yv.:lﬂlg SE=3833=113 |+ 3E+MMES : shdominal, sids support, and (on mangthm 3 | banafit for the chronic low back
SE+MMES=334 | quadnuipad exarcises, 20min / session. The NMES Prodvnamometer) pain patisnts.
0=940 was applisd to the lumbar parsspinal muscles for + Aftar tragtmant, the low back pain
20min/ session. and paravertebml muscle strangth
» Dumstion: § wasks of the two groups of patients warz
v 2 timas [ wask significantly improved (P<0.05).
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17 Amir | =38 + SE: ADIM at the supine position, ADIM withhaal | Post-int | PainNPRS),  back | » Naithar of the two intarventions | 710
i 2t | *Avarageags: slidas, ADIM with brideing, ADIM with singla lag | arventi | muselas wasn't supssior in raducing pam.
2022 SE=124=7% bridsing, bird-dog exarcisz, and supine deadbus. | on endurance(Somnsen |+ Flexi-bar showed  sigmificant
Flami-ba=351 = | #Fleni-har: chest and back, lower back and chast, tast) improvement in  hack muselas
56 desp back extemsors, cors museles, mmltifidns endurance over SE{p < {0 001).
torso musculatrs, glutas, bottom + Pain and back muscls sndurance
improved significantly in beth
eroups aftar trainins(p< 0.001).
18Maha [ 29=4] + SE: stabilization exercises + glactrvtherapy Post-int | Pain[VAS), musclz |+ Pain and muscle sizm wewm | 71
vi ot | wiverageage: » G routine exarcises + electrotherapy erventi | dimensions of right | improved obviously in both sroups
al2017 | SE=40.73823 | +Dumtion 4 waaks on and laft Trd and | exeept the  rightside 1M
CG=M 031073 | »3 timas / waek lumbar  multifidue | eross-sectional arsa of CG after
(Ulrasonic-ES 500) | interventions.
+ Theress no  significant
differances betwean both eroups on
pain and musels dimansions.
195uh | =60 » FE=flaxibility exarcise fwask | Pain[VAS), + SE and WE significantly | 710
et vAverags age: + WE=walking exarcize and 12 | andurancs in 3 | improvedpain.
al 2019 | FE=33.34z13.62 | » SE=stabilization axarcisas waek | posturss (supinz, [+ WE and SWE significantly
WE=H.15z138 | » SWE=stabilization with walking sxarciss side-lving, and | improved muscular spdumnce of
9 » Dumtion: 6 wasks prome), strensth  of | backmusclas,
SE=37 401588 | »3 timas | waek 30-6lmin/ session lumhar + Tharz was no sigmificant
SWE=34.73=14. extemsor{ — manual | difference between the 4 groups
98 musclz tastar) with pam at prm-, immedistely
post-, and f waeks-post axarcisa,
20Am | N=32 *All  subjects parformed stetchine (10-min | Post-int | Pain{VAS), + Only in 3E group the TrA mmsela | 8710
adizadah | *Averase ags: wamm-up, and 10-min cool-dowm) . arventi | sbdominal  mmisels | activity  during ahdorninal
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4.0 Findings

4.1 Results of PRISMA and Pedro’s Scoring

Fig. 1 depicts the search results—the original search produced 2090 items, which were then reviewed for inclusion. There were 620
duplicate entries eliminated, leaving 1470 articles. Following the filtering of article titles and abstracts, 251 articles remained. Following
a full-text review, 26 studies were incorporated.

335



Pipeng, L., et.al., 12th AMER International Conference on Quality of Life, AicQoL2024, The Magellan Sutera Resort, Kota Kinabalu, Malaysia, 26-28 Jan 2024. E-BPJ 9(27), Feb 2024 (pp.329-341)

336

Identification

Screemnimg

Included

Fig. 1: PRISMA Flow Diagram

Records identified through
database searching(PubMed n=244,
WOS n=854, Scopus n=992)
n=2090

Records removed before
screening: Duplicate
records (n=620)

Y

Records screened -
title and abstract:
(n=1470)

|

Records excluded (n=1219)

(L) NonRCT(n=130)

(2) Conference paper(n=1)

(3) Irrelevant topics (n=719)

(4) Intervention without CST(n=369)

Records assessed for eligibility -
full text
(n=251)

Studies included in qualitative
synthesis (n=26)

Records excluded (n=225)

(1) Failure to access full text(n=25)

(2) No data or incomplete data (n=9)

(3) Subjects were not classified as having non-
specific low back pain(n=38)

(4) CST intervention approach is not
compliant{n=93)

(5) Mean age of subjects did not meet inclusion
criteria(n=9)

(6) Evaluation of indicators without muscle
physiology(n=46)

(7) Low back pain of unknown duration or less than 3
months(n="5)




Pipeng, L., et.al., 12th AMER International Conference on Quality of Life, AicQoL2024, The Magellan Sutera Resort, Kota Kinabalu, Malaysia, 26-28 Jan 2024. E-BPJ 9(27), Feb 2024 (pp.329-341)

The table below provides the findings of each study's evaluation using the PEDro scale (Table 2).

Table 2 PEDro scale for each study

Articles 1.E 2.R 3.C 4.B 5. Bli 6. Bli 7. 8. 9. 10. 11. PE
ligibilit ~ andom  onceal  aseline nd nd Blind Measures of Intenton  Betwee  Point Dro
y Allocat  ed Compar ~ Subjects  Therapi ~ Assess  keyoutcomes to freat n-group  Egtimat  score
Criteri  ion Allocati  ability sts ors from  more analysis compari
es
a on than 85% of sons -
subjects {&vanam
lity
1. Areeud v N N x v v N v N N 9/10
omwong et
al.,2019
2.Cai et v v Uncl v v x x v x N N 6/10
al.,2017 ear
3. Mende N v Uncl V x x N \ N N N 7110
s etal.,2020 ear
4. Kang et N v Uncl V Uncl Uncl Uncl \ N N N 6/10
al.,2017 ear ear ear ear
5. Park et R v v v v x N v x N N 8/10
al.,2023
6. Sipavici S v Uncl v Uncl Uncl Uncl R Uncle N N 5/10
ene et ear ear ear ear ar
al.,2020
7. Salama N v Uncl V Uncl x Uncl \ x N N 5/10
tetal., 2017 ear ear ear
8. Wang S v y \ \ N N \ x N N 910
etal.,2023
9.Bae et R v v v Uncl Uncl Uncl v x N N 6/10
al.,.2018 ear ear ear
10. Narou v v Uncl v v x x RN x N N 6/10
ei et al.,2020 ear
11. Frang N N v v Uncl Uncl Uncl \ \ N N 7110
aetal.,2012 ear ear ear
12. Sengu N N v v Uncl Uncl Uncl \ x N N 6/10
letal., 2021 ear ear ear
13. Dann v v Uncl v Uncl Uncl Uncl RN RN N N 6/10
eels et al, ear ear ear ear
2001
14, Alp et \ v v v x x v v v v v 8/10
al,, 2014
15. Franc N N v v Uncl Uncl Uncl \ \ N N 7110
aetal, 2010 ear ear ear
16. Alrwai N N v v x x x \ x N N 6/10
ly etal., 2019
17. Amiri v v v v x x Uncl RN RN N N 7110
et., 2022 ear
18. Nabav J y \ \ Uncl x x v J y v 7110
ietal, 2017 ear
19. Suh et \ N v v x x N v x N N 7110
al.,, 2019
20. Ahma \ v v v x x N R \ v v 8/10
dizadeh et
al.,, 2019
21. Guthri v v v v x x N v x N N 7110
eetal, 2012
22. Kwon J y Uncl \ Uncl Uncl Uncl v J y v 6/10
etal., 2020 ear ear ear ear
23. Hosse N N Uncl v Uncl Uncl Uncl v x N N 5/10
inifar et al., ear ear ear ear
2013
24. Ehsan \ v v v v v N R x v v 9110
i etal, 2020
25. Ulger \ v v v Uncl Uncl Uncl \/ x v v 6/10
etal., 2020 ear ear ear
26. Chan J V \ \ x x v \ \ V v 8/10
etal., 2020
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4.2 Findings of major characteristics of included studies

This study found that the controversy persists regarding whether CST can more effectively enhance pain relief, trunk muscular
endurance, core muscle thickness, and activation compared to alternative treatments, despite its similarity to resistance exercises for
knee and hip muscles and progressive back extensor training. Nevertheless, CST demonstrates superior efficacy in enhancing trunk
muscle strength compared to other interventions.

4.2.1 Articles on CST improving low back pain in adults

In terms of improvement in pain intensity, eight studies showed that CST was more effective than other exercise therapies(Ehsani et al.,
2019; Franga et al., 2012; Hosseinifar et al., 2013; Kwon et al., 2020; Mendes et al., 2022; Salik Sengul et al., 2021; Sipaviciene &
Kliziene, 2020; Suh et al., 2019). One study was an excellent quality study, five studies were good quality studies, and two studies were
fair quality studies. Ten studies, however, concluded that CST had no advantage over other exercise therapies in improving
pain(Ahmadizadeh et al., 2020; Alp et al., 2014; Amiri et al., 2022; Areeudomwong & Buttagat, 2019; Bae et al., 2018; Franca et al.,
2010; Nabavi et al., 2018; Salamat et al., 2017; Ulger et al., 2023; Wang et al., 2022). Three of the studies were excellent quality studies,
six were good quality studies, and one was a fair quality study. In addition, one high-quality study showed that CST was more effective
than passive therapy in improving lower back pain(Narouei et al., 2020).

4.2.2 Articles on CST improving trunk muscular endurance in adults

In terms of improving trunk muscular endurance, two good-quality studies showed that CST was more effective than other exercise
therapies(Alp et al., 2014; Salik Sengul et al., 2021). However, two good-quality studies showed that CST was less effective than Flexi-
bar exercise, walking exercise, and stabilization with walking(Amiri et al., 2022; Suh et al., 2019).

4.2.3 Articles on CST improving core muscle thickness in adults

Regarding improving core muscle thickness or cross-sectional area, four studies showed that CST was more effective than other
exercise therapies(Ehsani et al., 2020; Hosseinifar et al., 2013; Narouei et al., 2020; Sipaviciene & Kliziene, 2020). One study was an
excellent-quality study, one was a good-quality study, and two were fair-quality studies. However, three studies concluded that CST was
not superior to other exercise therapies(Kwon et al., 2019; Nabavi et al., 2018; H. Wang et al., 2023). One study was an excellent-quality
study, and two studies were good-quality studies. In addition, one good-quality study showed that muscle dimensions of TrA and
multifidus increased after CST intervention(Nabavi et al., 2018).

4.2.4 Articles on CST improving core muscle fatigue in adults
In terms of improving core muscle fatigue, two good-quality studies have shown that CST has no advantage over other exercise therapies
in improving core muscle fatigue(Cai et al., 2017; Mendes et al., 2022).

4.2.5 Articles on CST improving core muscle activation in adults

In terms of improving core muscle activation, six studies have shown that CST is more effective than other exercise
therapies(Ahmadizadeh et al., 2020; Areeudomwong & Buttagat, 2019; Franca et al., 2010; Franga et al., 2012; Kwon et al., 2020; Ulger
etal., 2023), one of which was an excellent quality study, and the others were good quality studies. However, two studies have concluded
that there is no advantage of CST over other exercise therapies(Areeudomwong & Buttagat, 2019; Cai et al., 2017), one of which was
an excellent quality study, and the other was a good quality study.

4.2.6 Articles on CST improving trunk muscle strength in adults
In terms of improving muscle strength, one good quality study showed that CST was more effective in increasing trunk muscle strength
in individuals with LBP relative to a usual exercise routine(Mendes et al., 2022).

5.0 Discussion

For this systematic review, 26 RCTs were identified that compared CST with at least one control group; 7 of them had extended follow-
up. The overall quality of the trials was moderate, with 23 publications receiving a PEDro score of 6 at least. Only studies with clearly
specified CST as the major treatment were included after a considerable number of prospective studies were removed.

5.1 Effects of CST on pain intensity, trunk muscular endurance, core muscle thickness and fatigue among adults with low back pain

Regarding Effects of CST on pain intensity, trunk muscular endurance, core muscle thickness and fatigue among adults with low back
pain, the results of the present study suggest that the results of different previous studies are not consistent. Although 22 studies have
shown that CST can be more effective in improving pain intensity, trunk muscular endurance, core muscle thickness or fatigue in patients
with CLBP to varying degrees relative to other therapies, 20 studies have disagreed. These indicated that it is still controversial whether
CST can better improve pain, trunk muscular endurance, core muscle thickness and fatigue than other exercise therapies. The reason
may be related to the different CST intervention methods used in different studies, or it may be related to the different applicability of
CST to different age groups. Exercise therapy, particularly active exercise therapy, is recognised as an effective treatment for CLBP,
providing over 20% pain relief and improving function by up to 23%(Hayden et al., 2020). CST, Pilates exercises, motor control,
resistance exercise and aerobic exercise are the right choices for pain relief and improved function(Nascimento et al., 2018; Eliks et
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al.,2019; Owen et al.,2019). However, it is often difficult to determine the optimal form of exercise because of the wide variety of exercise
methods and individual differences. It has been suggested that the choice of exercise should be based on individual preferences and
abilities(Malfliet et al., 2019).

5.2 Effects of CST on core muscle strength and Activation among Adults with low back pain

According to the findings, CST is more advantageous than other exercise therapies in improving core muscle strength, and activation
in patients with LBP. The reason for this could be that CST is typically performed on unsteady planes. Compared with other exercise
therapies, it can stimulate and activate the small, deep muscle groups of the patient's trunk more effectively, thereby enhancing core
muscle strength. Studies have confirmed that trunk muscular weakness, profound trunk muscle weakness has been linked to persistent
LBP in studies (Wang et al., 2022). This may increase the risk of lumbar spine instability, additional spine damage, and, eventually,
diminished physical activity. CST is a standard method for recovering trunk muscle functioning and achieving optimal lumbar stability
throughout regular activities (Mohammadi et al., 2023).

5.3 Strengths of the study
This study is the first systematic review to explore the effect of CST on improving muscle physiology in patients with CLBP. The PEDro
scale was utilized for quality assessments.

5.4 Clinical Implications

The results of this study can be used in clinical exercise therapy especially core stabilisation training for the treatment of chronic low
back pain. It serves as a valuable reference for both low back pain patients and clinical workers in optimizing treatment plans, as well
as aiding health system institutions in developing clinical guidelines for low back pain.

5.5 Future research

Future research should look into other factors such as functional performance, quality of life, disability, fear avoidance, global
improvement, costs, and return to employment, and should concentrate on standardizing CST intervention procedures and determining
the appropriate age group for CST treatment in patients with LBP.

6.0 Conclusion & Recommendations

This study has several limitations. First, only research written in English and published as full papers were considered, and no
unpublished articles were searched. Second, only RCT studies on CST for the treatment of CLBP were included. Third, in terms of trial
quality, several publications needed more information to assess the data's quality and clinical significance. Furthermore, relatively few
research have looked at the long-term implications of CST in the treatment of CLBP.

This review revealed that relative to other exercise treatments, for LBP patients, CST was more efficacious in
improving core muscle strength and activation, but CST did not have an advantage in improving core muscle
fatigue, whereas the efficacy of CST in improving pain, trunk muscle endurance, and core muscle thickness is still
controversial.

Based on the results of this study, the clinical use of CST is recommended to improve muscle physiology in
patients with CLBP, especially in terms of improving core muscle strength and the degree of core muscle
activation. The efficacy of CST in combination with other active exercise therapies in improving muscle physiology
and function in CLBP patients should be further explored in the future through multicentre, large-sample clinical
randomised trials.
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APPENDIX A: Search strategy

Database

String Used

Pubmed

Web
science

Scopus

of

(((((((((((core stabilization exercise[Title/Abstract]) OR (core stabilization training[Title/Abstract])) OR (core stability
exercise[Title/Abstract])) OR (core stability training[Title/Abstract])) OR (stability training[Title/Abstract])) OR (stability
exercise[Title/Abstract])) OR (stabilization training[Title/Abstract])) OR (stabilization exercise[Title/Abstract])) OR
(stability[Title/Abstract])) OR (stabilization[Title/Abstract])) OR (motor control[Title/Abstract])) AND (((((((((((((low back
pain[MeSH Terms]) OR (lumbar pain[MeSH Terms])) OR (sciaticalMeSH Terms])) OR (lower back pain[Title/Abstract])) OR
(back pain[Title/Abstract])) OR (backache[Title/Abstract])) OR (dorsalgia[Title/Abstract])) OR (lumbagol[Title/Abstract])) OR
(lumbar disc hermiation[Title/Abstract])) OR (intervertebral disc disease[Title/Abstract])) OR (pelvic girdle
pain[Title/Abstract]) OR  (LBP[Title/Abstract]) AND ((("randomized controlled trial"[Publication Type]) OR
RCTs[Title/Abstract])) OR (random allocation[Title/Abstract])) NOT ("review"[Publication Type]) AND ("english"[Language])
AND ("humans"[Filter]))

(((CC(CC(((TS=(core stabilization exercise)) OR TS=(core stabilization training)) OR TS=(core stability exercise)) OR
TS=(core stability training)) OR TS=(stability training)) OR TS=(stability exercise)) OR TS=(stabilization training)) OR
TS=(stabilization exercise)) OR TS=(stability)) OR TS=(stabilization)) OR TS=(motor control)) AND ((((((((((((TS=(low back

pain)) OR TS=(lumbar pain)) OR TS=(sciatica)) OR TS=(lower back pain)) OR TS=(back pain)) OR TS=(backache)) OR
TS=(dorsalis)) OR TS=(lumbago)) OR TS=(lumbar disc herniation)) OR TS=(intervertebral disc disease)) OR TS=(pelvic
girdle pain)) OR TS=(LBP)) AND (((TS=(randomized controlled trial)) OR TS=(RCTs)) OR TS=(random allocation)) NOT
(DT=(Review)) AND (LA=(English))

(TITLE-ABS-KEY((core stabilization exercise) OR TITLE-ABS-KEY(core stabilization training) OR TITLE-ABS-KEY/(core
stability exercise) OR TITLE-ABS-KEY(core stability training) OR TITLE-ABS-KEY (stability training) OR TITLE-ABS-
KEY((stability exercise) OR TITLE-ABS-KEY (stabilization training) OR TITLE-ABS-KEY (stabilization exercise) OR TITLE-
ABS-KEY(stability) OR TITLE-ABS-KEY (stabilization) OR TITLE-ABS-KEY(motor control)) AND (TITLE-ABS-KEY (low
back pain) OR TITLE-ABS-KEY (lumbar pain) OR TITLE-ABS-KEY (sciatica) OR TITLE-ABS-KEY (lower back pain) OR
TITLE-ABS-KEY(back pain) OR TITLE-ABS-KEY(backache) OR TITLE-ABS-KEY(dorsalis) OR TITLE-ABS-
KEY(lumbago) OR TITLE-ABS-KEY (lumbar disc herniation) OR TITLE-ABS-KEY (intervertebral disc disease) OR TITLE-
ABS-KEY (pelvic girdle pain) OR TITLE-ABS-KEY(LBP)) AND (TITLE-ABS-KEY(randomized controlled trial) OR TITLE-
ABS-KEY (random allocation) ) AND NOT (DOCTYPE(re) ) AND (LANGUAGE english))
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