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THE COMPONENTS, PARAMETERS AND OUTCOMES OF CORE STABILITY
TRAINING FOR LOWER EXTREMITY DYSFUNCTIONS: A SYSTEMATIC
REVIEW OF EXPERIMENTAL TRIALS

ABSTRACT

Purpose: Core stability exercises, widely used for treating low back pain has recently been reported to rehabilitate
lower extremity dysfunctions. However, information on the components and parameters of the exercise remains
scarce. Hence, the aim of this systematic review was to synthesize evidence on core stability training for lower limb
dysfunctions and determine the key components, parameters, and impact of the exercises.

Methods: A systematic search of electronic databases (PubMed, Scopus, ScienceDirect, Ovid, Cochrane, and Google
Scholar) was carried out covering the period from January 2000 to March 2024. Articles were screened based
on predefined criteria and their quality was assessed by using PEDro scale. Relevant data on the components,
parameters, and outcomes of core stability exercise, were extracted and descriptively synthesized.

Results: Out of 2393 articles identified, seven articles met the criteria. Five trials administered exercise programme
containing both isometric and isotonic exercises, with curl ups, bridges, quadruped stance and transverse
abdominis contraction being the most frequent exercise routines. Most of the studies used isometric exercise with
5-second hold and 6-8 repetitions for each movement while for isotonic exercises most studies used 10 repetitions
of 2-3 sets per movement. Significant reduction in pain and improvement in muscle strength, mobility, balance,
foot posture and joint stability were reported.

Conclusion: Core stability training shows encouraging outcomes in improving lower limb dysfunctions in
nonathletic individuals by enhancing lumbopelvic control. However, due to heterogeneity in studies further
research is needed to establish the most effective components and their impact on various lower limb outcomes.

Keywords: Core stability, Exercise therapy, Lower extremity, Postural balance, Proprioception

_ALT EKSTREMITE DISFONKSIYONLARI iGIN GEKIRDEK STABILITE
EGITIMININ BILESENLERI, PARAMETRELERI VE SONUGLARI: DENEYSEL
DENEMELERIN SISTEMATIK BIR INCELEMESI

0z

Amag: Bel agrisinin tedavisinde yaygin olarak kullanilan ¢ekirdek stabilite egzersizlerinin, son zamanlarda alt
ekstremite disfonksiyonlarinin rehabilitasyonunda etkili oldugu bildirilmistir. Ancak, egzersizin bilesenleri ve
parametreleri hakkinda bilgi eksiktir. Bu nedenle, bu sistematik derlemenin amaci, alt ekstremite fonksiyon
bozukluklari i¢cin cekirdek stabilite egitimi tzerine kanitlari sentezlemek ve egzersizlerin ana bilesenlerini,
parametrelerini ve etkilerini belirlemektir.

Yontem: Ocak 2000 ile Mart 2024 tarihleri arasinda PubMed, Scopus, ScienceDirect, Ovid, Cochrane ve Google
Scholar veri tabanlarinda sistematik bir arama gerceklestirilmistir. Makaleler onceden tanimlanmis kriterlere gore
taranmis ve kaliteleri PEDro olcegi kullanilarak degerlendirilmistir. Cekirdek stabilizasyon egzersizinin bilesenleri,
parametreleri ve sonuglarina iliskin veriler ¢ikarilmis ve betimsel olarak sentezlenmistir.

Bulgular: Tespit edilen 2393 makaleden vyedisi kriterleri karsiladi. Bes calisma hem izometrik hem de izotonik
egzersizler iceren egzersiz programi uyguladi; mekikler, kopriler, dort ayak durusu ve transversus abdominis
kasilmasi en sik kullanilan egzersiz rutinleriydi. Calismalarin cogu, her hareket igin 5 saniyelik tutus ve 6-8 tekrar
ile izometrik egzersiz kulland; izotonik egzersizler icin ise cogu calisma her hareket icin 2-3 setten 10 tekrar
kullandi. Agrida anlamli azalma ve kas giici, hareketlilik, denge, ayak postiirii ve eklem stabilitesinde iyilesme
bildirildi.

Sonug: Cekirdek stabilite egitimi, lumbopelvik kontrolii gelistirerek atletik olmayan bireylerde alt ekstremite
fonksiyon bozukluklarini iyilestirmede umut verici sonuglar gostermektedir. Ancak, calismalardaki heterojenite
nedeniyle, en etkili bilesenlerin ve bunlarin gesitli alt ekstremite sonuglarindaki etkilerinin belirlenmesi icin daha
fazla arastirmaya ihtiyag vardir.

Anahtar Kelimeler: Cekirdek stabilizasyonu, Egzersiz terapisi, Alt ekstremite, Postural denge, Propriosepsiyon
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Core Stability Training for Lower Extremities

INTRODUCTION

Core stability training has been considered as one of the
fundamental components in musculoskeletal rehabilitation. It
has been widely utilized as a therapeutic exercise modality in
the management of low back pain (LBP) (1). However, recent
studies revealed a significant connection between core stability
and lower limb outcomes, suggesting that core stability may
contribute to lower limb function and performance (2-4). To
elucidate the mechanism underlying the relationship between
core stability and lower limb function, a comprehensive
understanding of the anatomical framework of the core
muscles is essential. In addition, appreciating the impact of
core stability on lower limb functions requires a thorough grasp
of muscles, joints, and neural control interactions that regulate
trunk stability and movement. This complex interaction is
critical to human movement and function, and it has spawned
various propositions that warrant careful consideration (5).

The primitive concept of core stability emphasized that core
stability requires the functional integration of three subsystems
which are the passive spinal column, the active spinal
muscles and the neural control unit. These subsystems allow
an individual to maintain the intervertebral neutral zones
within physiologic limits while performing activities of daily
living (ADL) (6). Based on this concept, the core muscles are
described as a muscular box-shaped or core, which comprises
of abdominal muscles at the front, paraspinal muscles and
gluteal muscles at the back, diaphragm muscle at the roof and
pelvic floor muscles as the bottom of core (7,8).

Several studies investigated the mechanism of these integrating
subsystems in relation to upper and lower limb performances
and revealed that the torso, upper limbs, and lower limbs are
interconnected as kinetic chains (5,9,10). In any athletic activity
or spatial movement, there is synchronized activation of core
muscles and limbs to ensure that the limbs are optimally
positioned and movingat the appropriate velocity to accomplish
the task (5,9). In this perspective, the core muscles were
described as all anatomical structures between the sternum to
the knee with the abdominal region as the centre of the core.
Several studies concluded that shoulder and pelvic muscles
should also be included in the core musculature because these
muscles assist in transferring the energy from the centre of core
to the extremities during everyday tasks (5,10).

Additional evidence explained that the trunk muscles,
particularly the deep abdominal muscles, transverse abdominis
and multifidus, activate significantly earlier than the lower
limb muscles (11). This suggests that the core muscles play
a crucial role in establishing a stable foundation before the
onset of lower limb movements and forming an excellent
solid base for efficient and effective motion (11). Such findings
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changed the dimensions of the understanding of core stability
function whereby the core muscles are reported to have a
unique capability to manage the position and movement of
the trunk relative to the pelvis and legs which enables the
distal limbs to achieve optimal and controlled motion within
the connected kinetic chains. This mechanism leverages the
stability provided by the core muscles to generate efficient and
effective movement patterns (5).

The relationship between core musculature and lower limb
mechanics is critical, as core stability deficits can lead to
mechanics alteration to the lower limbs and an increased risk
of lower limb injuries. For instance, previous studies have
shown that the knee pathologies can negatively influence core
stability, leading to decreased abduction and external rotation
forces, which in turn result in increased knee adduction and
internal rotation (12-14). Such alteration subsequently raises
the patellofemoral joint reaction forces, contributing to pain
and dysfunction (12). Additionally, core stability deficits have
been found among individuals with ankle injuries, such as
flat feet and ankle sprains (13-15). This makes it evident that
core muscles have an effect on lower limbs from the hips to
the ankles and strengthening the core, therefore is essential in
the prevention and rehabilitation of these injuries, as it may
improve overall faulty mechanics, reduce pain, and enhance
function.

While several studies have revealed the effects of core stability
exercises on speed, balance, strength and performance in the
athletic population, (16-20), such prescription of exercises may
not be applicable to non-athletes due to the differences in
definition. Athletes are engaged in regular competitive training
with the primary goal of improving performance and outcomes,
while non-athletes participate in physical activity mainly for
health, fitness, or leisure purposes. These distinctions suggest
that the training intensity, frequency, and objectives differ
markedly between these two groups, which could influence
the applicability of findings from athletic studies to nonathletic
populations (21). Therefore, a systematic review of core stability
exercise prescription for nonathletic individuals with lower
limb dysfunctions is necessary.

Despite the growing number of studies reporting intervention
and exercise parameters have proliferated (22-25), yet none
have addressed core stability training. Such a study is highly
needed because health practitioners require evidence-based
recommendations when formulating an effective plan of care.
Hence this comprehensive review was designed to identify
the key components, parameters and effects of core stability
exercises specifically required for lower limb dysfunctions
among nonathletic subjects.
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METHOD
Study Protocol

The protocol of this systematic review was registered in the
PROSPERO database (registration number: CRD42023491502)
and adhered to the PRISMA statement guidelines (26). A specific
framework (Table 1) known as the PICOS framework (Population,
Intervention, Comparison, Outcome, Study design), was utilized
to formulate the following research questions (27).

a. What are the components and parameters of core stability
training used in lower extremity dysfunctions?

b. Does core stability training have positive effects on lower
extremity dysfunctions?

Eligibility Criteria

Studies were included if they met the following conditions:
Published in English, peer-reviewed, and available in full text.
Published between January 2000 and March 2024.

Included nonathletic participants aged 18 years or older
with lower limb dysfunctions as protocols for athletes differ
in volume, intensity and specificity to those of nonathletic
individuals.

Core stability training was the principal intervention, even if
additional lower limb exercises were included as part of control
routines or supplementary interventions.

Reported outcomes related to lower extremity function.

Studies were excluded if they:

Involved subjects without lower limb dysfunction, even if core
stability exercises were used to address other conditions, such
as LBP.

Involved exercises that primarily focused on proprioception
training, neuromuscular training, or other interventions
and did not explicitly aim to strengthen or stabilize the core
musculature as the main component.

Table 1. PICOS framework for systematic review

Components Descriptions

Non athletic participants aged >18 years

Population with lower extremity dysfunctions.

Exercises targeting core muscles (spinal

Intervention S X
stabilization exercise).

Control Any comparative or controlled treatment.
Any outcome assessing improvements in
QOutcome . ; -
discomfort or function of lower extremities.
Study design All types of experimental studies
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Were case control studies.

Were other non-experimental designs such as commentaries
and case reports, reviews and meta-analyses.

Included athletic participants.

Included subjects who underwent surgical treatment of their
disorder (e.g. surgical reconstructions of soft tissue structures,
arthroplasty etc.) to ensure that the effects observed are solely
attributable to core stability exercises rather than confounded
by post-surgical recovery processes.

Involved participants less than 18 years of age to ensure
findings are applicable to adult population.

Lacked sufficient protocol details.

Included participants with neurological disorders like stroke
and spinal pathologies.

Search Strategy

A robust systematic electronic search was conducted by Assessor
1 (S.M.D.) in PubMed, Scopus, Cochrane, Ovid, and Science
Direct. In addition, Google Scholar was used as a secondary
database in the search strategy. During the search process,
the combination of text words and medical subject headings
(MeSH) with Boolean operators used were: (Core stability OR
Postural balance OR segmental stability) AND (Exercises OR
Training) AND (Muscle endurance OR Muscle strength) AND
(Lower extremity OR Knee OR Foot) AND (Dysfunctions OR
Disorders). Our search strategy focused on core stability as the
principal intervention. While lumbopelvic stability is inherently
related to core stability, it was not included as an independent
search term. The closest MeSH terms available were Posture and
Muscle Strength, which were incorporated to ensure relevant
studies were captured.

Study Selection

Articles were identified through an initial web search and
imported into Mendeley and screened for duplicates by
Assessor 1 (S.M.D.) After duplicates removal, S.M.D. performed
the title and abstract screening. Finally full texts of the
remaining studies were retrieved. The folder of full text articles
was shared via Mendeley library with Assessor 2 (S.S.K.), who
along with S.M.D. independently reviewed the full-text articles
for eligibility, ensuring an unbiased assessment.

Studies that did not meet the inclusion criteria were excluded,
with reasons for exclusion systematically documented.

To assess inter-rater agreement between the assessors the
percentage agreement was recorded before the discussion. A
31 Assessor (E.E.K.) was involved in panel discussion to resolve
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discrepancies between first two assessors based on predefined
eligibility criteria, leading to a final selection of studies.

Quality Assessment

The methodological quality of each included article was
critically appraised using the PEDro scale by two independent
assessors (S.M.D. and S.S.K.). Any disagreements were recorded
before discussion, with percentage agreement calculated
for the 7 selected studies. Differences were resolved through
discussion with a E.E.K. until consensus was reached (28).
The PEDro scale evaluates the validity of studies based on 10
criterias including random allocation, concealed allocation,
baseline comparability, blinding of subjects and assessors,
adequate follow-up, intention-to-treat analysis, and point
estimates with variability. Each article was rated on each
criterion, resulting in a maximum total score of 10. The quality
of the articles was then categorised as poor (0-3), fair (4-5),
good (6-8), or excellent (9-10). This assessment ensured that
the studies included in the systematic review were critically
evaluated for their methodological quality, providing a robust
basis for the synthesis of evidence (29).

Data Extraction

The characteristics of each study comprising of lead
author, year of publication, number of participants, mean
age of the participants, participants characteristics, and
outcome measurements used in the study were presented
in a customized data extraction form. Data relating to the
components, parameters and outcomes of core stability
training were manually extracted and collected. Exercise
components and parameters were collected based on specific
categories as outlined in previous studies (22-25), whereby
the term “component” is referred to the type and routine
of the exercise, while “parameter” is the dosage of exercise
(number of sessions per week, number of repetitions and sets,
duration of exercise programme, overall length of the exercise
programme and exercise progression as well as the mode of
exercise application). Furthermore, a subgroup analysis for
most frequent core stability exercise routines, type of exercises
(isometricorisotonic), duration of treatment (more than 6 weeks
or less than 6 weeks) and outcome measures (pain, balance,
and functional performance) was performed to enhance clarity.
The data was initially extracted by two researchers (S.M.D. and
S.S.K.) and subsequently cross-checked and verified by other
researchers [E.E.K., Assessor 4 (N.A.A.R.) and Assessor 5 (M.].)].

RESULTS

A systematic search across various databases yielded a total of
2,392 articles, including 165 from PubMed, 97 from Scopus,
26 from ScienceDirect, 1,003 from Cochrane, 52 from Ovid
and 1,049 from Google Scholar. After removing 178 duplicate
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records using Mendeley, 2,214 unique studies remained for
screening. Following title and abstract screening, 2,068 articles
were excluded, based on the exclusion criteria, to make sure
that included studies involved: subjects without lower limb
dysfunction, non-core stability interventions, non-experimental
study designs (such as reviews and case reports), athletic
participants, juvenile populations, subjects with neurological
disorders, and irrelevant studies, leaving 146 articles for further
evaluation. Of these, only 101 full-text articles were successfully
retrieved and further assessed for eligibility. During this stage,
94 were excluded for various reasons as outlined in Figure
1. Independent analysis of 101 articles by S.M.D. and S.S.K.
revealed a 60.87% agreement before discussion, reflecting
initial differences in study selection, with S.M.D. selecting 14
articles and S.S.K. selecting 9 articles. Following discussion and
analysis with support from E.E.K., ultimately 7 articles met
the predefined criteria and were included in the final review.
This process is summarized in Figure 1, a PRISMA flow diagram
depicting the selection of articles.

Study Characteristics

The characteristics of the included studies were extracted and
tabulated in Table 2. The total sample size of the included
studies was 237, which included 120 subjects in interventional
group and 117 subjects in the control group (30-36). The mean
age of the subjects across the seven trials was varying, with
the minimum mean age reported as 21 years (33) and the
maximum as 56 years (30). All studies were published from
2016 onwards and employed a two- group design, where the
experimental groups received core stability exercises as an
interventional treatment, while the control groups received
conventional exercises as a controlled treatment. This design
enabled the studies to compare the effects of core stability
exercises to conventional exercises on the outcomes of interest.
All studies examined core stability training on various lower
extremity conditions, three studies investigated its impact on
patellofemoral joint dysfunctions (32,33,35), while one study
each explored its effects on knee osteoarthritis (30), mild
lower limb discomfort (31), flat feet (34), and anterior cruciate
ligament injury (36).

The seven studies employed various tools to assess the
outcomes. Balance was evaluated using outcome measures
such as the Biodex Balance System (30), Y balance test (31), and
star excursion balance test (35). Pain was measured with Visual
Analog Scale (VAS) (30-33), Numerical Pain Rating Scale (NPRS)
(32) and Kujala Patella-Femoral Scale (AKPS) (35). Functional
independence and ADL were assessed using the Knee Injury
and Osteoarthritis Outcome Score (KOOS) (30,32) and Lysholm
Knee Scale (36). Physical performance was measured with the
Timed Up and Go (TUG) test (32). Strength of lower limb muscles
was assessed using a handheld dynamometer (31,32) and the
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Biodex System (36). Foot posture was evaluated using the Foot
Posture Index (FPI) (35) and weight distribution with fore foot
load response were also measured (34).

Methodological Quality

The percentage of agreement before the discussion between the
two reviewers was 71.43%. with assessors showing agreement
on 5 out of 7 seven studies. Quality score of remaining 2

studies were discussed and analysed by 2 assessors with inputs
from 3 Reviewer. Finally, the disagreements were sorted for
both the studies. Based on the final PEDro scale assessment,
the total scores ranged from 4 to 8 out of 10, indicating
moderate to high quality. All studies clearly defined eligibility
criteria, with most studies employing random allocation
and baseline compatibility. However, a significant weakness
across all studies was that the lack of blinding of subjects and

Records identified from
databases (n= 2392)
e PubMed (n=165) Records removed before screening:
e Scopus (n=97) Duplicate records removed using
e ScienceDirect (n=26) —> Mendeley (n = 178)
e Google scholar (1049)
e Cochrane (n=1003)
il Records excluded (n = 2068)
Main reasons for exclusion:
l 1. Subjects without lower limb
dysfunction
2. Non core stability
Records screened (Title and 3 ﬂgerg%gﬁﬁéma: study
abstract screening) designs (Reviews, case
(n = 2214) ) reput)
4. Athletic participants
i 5. Juvenile population
6. Subjects with neurological
disorders
7. lrrelevant
Reports sought for retrieval. -
(n = 146) — | Fulltext not retrieved.
l (n = 45)
Reports assessed for eligibility.
(n=101) Reasons for exclusion:
1. Studies on athletes or subjects
without lower limb dysfunction (n
= 30)
l > 2. Non-English papers (n =10)
3. Meta analysis (n = 3)
4. Irelevant and insufficient details
Studies included in the review. 5 '('3';22 by t:°°°15 (,',g;)“’)
(n=7) 6. Nonexperimental studies (n=14)
7. Non peer reviewed (n=4)
8. Duplicates removed manually
(n=12)
9. Subjects <18 years (n=3)
10. Subjects with surgeries (n=6)

Figure 1. Prisma flow diagram depicting selection of articles (26).
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therapists, which could introduce bias. While some studies
ensured blinding of assessors (31,35), others did not, further
impacting the reliability of the results. Follow-up adequacy
was generally well-reported, with minimal dropouts noted in
several studies (32-36). Intention-to-treat analysis and between-
group comparisons were consistently addressed in all studies,
enhancing the robustness of findings. Table 3 provides detailed
information on the methodological quality of each study.

Table 2. Characteristics of selected studies

Components and Parameters of Core Stability Training for Lower
Limb Dysfunctions

This review discovered some commonalities across the seven
studies. First, based on the interventional core exercise routines
outlined in Table 4, most of the studies had activated the global
core muscles (erector spinae, quadratus lumborum, obliques,
and rectus abdominis) instead of merely focussing on local/deep

. No. of subjects per
Patient’s ions i
No. Author (year) . group Interventions in each Outcome measure tools
characteristics . group
with mean age
EG: Core stability exercises
with conventional exercises
(lower limb strengthening .
Knee : nd stretchin rcises) VAS - pain,
Lam et al. 2023 " EG: 10 (56.40£8.87 y.0.) and stretching exercises). .
1. osteoarthritis Biodex balance - balance,
(30) atients CG: 10 (55.90+7.74 y.0) -
p ) . . KOOS - functional independence.
CG: Conventional exercises
(lower limb strengthening
and stretching).
VAS - pain and discomfort,
; ; EG: Core stability exercises. FMS test - physical performance
Kimetal 2020 |~ Fatients with EG:10 (32.249.9 y.0) physical p
2. mild lower limb YBT kit - balance
31 discomfort CG: 10 (25.50£5.70 y.0) o , ’
CG: Maintain usual lifestyle. | Handheld dynamometer - strength of
lower limb muscles.
EG: Core stability exercises NPRS - pain,
Patello-femoral and hip strengthening KOOS - ADL,
3 Hoglund etal. t thriti EG: 10 [50 (4656) y.o] exercises. UG hysical f
. 2018 (32) osteoarthritis €6: 10 [52 (49.56) y.0] - physical per ormanFe.
patients Dynamometer - strength of hip and
CG: No treatment. knee musculature.
EG: Core stability exercises
with conventional lower limb
; ; EG: 10 (21.4+1.8 y.0. . . .
Chevidikunnan Patients with ( y.0) strengthening exercises. VAS - pain symptoms,
4 et al. 2016 (33) patellofemoral CG: 10 (22.2+1.3v.0) EBT - bal
: pain syndrome ' . SEBT - balance.
CG: Conventional lower limb
strengthening exercises.
EG: 13 (23.38+1.32 v.0. - . -6-
5 Pachava et al. Flat feet patient 13 EZ4 15+1.28 y ; EG: Core stability exercises. ) FPI‘ 6 .foo.t poosture.
at feet patients : 15£1.28 y.o. o .
2022 (34) P Y CG: Foot intrinsic exercises. Weight distribution %, foot load
response was also used.
EG: Core strengthening
exercises with routine
exercises (lower limbs
Tazesh et al. Patients with EG: 35 (32.1£6.0 y.0.) strengthening qnd stretching VAS - pain.
6 2022 (35) patellofemoral CG: 35(32.5£5.9v.0.) exercises). Kujala patella - femoral scale (AKPS) -
pain pain and functional status.
CG: Routine exercises (lower
limbs strengthening and
stretching exercises).
. . EG:S{Prgitgetshzﬁei;cgls:;evr\/clit?esore Lysholm Knee Scale & Cincinnati Knee
Celik et al. 2017 | Patientswith 1 g6 35 550 +9.1y0) ' Rating
/ (36) lqntenor cruciate (G:29(259+7.5v.0) . . System — lower limb functions
igament injuries CG: Pilates exercises after . .
Biodex system — lower limb strength.
week 12.
AKPS: Anterior Knee Pain Scale, CG: Control Group, EG: Experimental Group, FMS: Functional Movement Screen, FPI: Foot Posture Index, KOOS: Knee Injury and Osteoarthritis
Outcome Score, No.: Number, SEBT: Star Excursion Balance Test, TUG: Timed Up and Go test, VAS: Visual Analog Scale, y.o.: Years old, YBT: Y-Balance Test.
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Table 3. Methodological quality (PEDro Scale)

Study 1 2 3 4 7 8 9 10 1" Score
Lam et al. 2023 (30) v v v v X X x x v Vo 6
Kim et al. 2020 (31) V V X Vv X X Vv X v Vv ) 6
Hoglund et al. 2018 (32) V X X Vv X X X X v Vv Vv 4
Chevidikunnan et al. 2016 (33) N V V V X X X v v v Vv 7
Pachava et al. 2022 (34) V V X Vv X X X Vv v Vv Vv 6
Tazesh et al. 2022 (35) v v V v x x v v VoV 8
Celik et al. 2017 (36) V V V Vv X X Vv v v v v 8
1: Eligibility criteria, 2: Random allocations 3: Concealed allocation, 4: Comparability at baseline, 5: Patient blinding, 6: Therapist blinding, 7: Assessor blinding, 8: At least
85% follow-up, 9: Intention to treat analysis, 10: Between-group statistical comparisons, 11: Point measures and measures of variability. Item 1 not counted in PEDro Score.

core muscles (transverses abdominis and multifidus). Second,
the activation of core muscles was performed through specific
activities that mimic daily and sport-specific movements.

In this review, it was observed that core exercise protocols
incorporating both isometric and isotonic muscle actions
were the most adopted, with five out of seven included
studies utilizing a combination of both in their intervention
programmes(31,32,34-36). One trial adopted isometric exercises
only (30) while one adopted isotonic exercises (33). Most of the
exercise programmes were professionally supervised through a
combination of face-to-face sessions and telecommunication
interaction, with home exercise programme prescribed to
supplement the supervised sessions (31,32,35,36).

The core stability exercises were employed with a broad range
of interventional exercise manoeuvres. One study included
exercises such as back bridges, unilateral bridges, and curl-ups
(30), while another utilized a range of exercises including curl
ups, crisscross, double leg lowering, scissors, shoulder bridges,
quadruped stance, Sperman exercise and various core stability
movements (31). Another study focused on the activation of
the transversus abdominis (TA) muscle in conjunction with
pelvic musculature strengthening exercises, emphasizing the
coordinated engagement of the TA during training (32). Another
study focused on cross curl-ups, side bridges, and quadrupedal
stance (33), and yet another implemented a comprehensive
set of exercises, including bridges with leg lifts, various plank
variations, static curl ups, bicycles, vertical crunches, and trunk
rotations (34). Additionally, one study incorporated exercises like
lateral walks, abdominal drawing in (TA activation), sidekicks,
Quadruped stance, and exercises targeting pelvic musculature
especially gluteal muscles (35) and another used diverse set of
exercises, such as heel slides, shoulder bridges, heels together
toe apart side circles, and swimming (36). The detailed list of
exercises used in each study is outlined in Table 4.

To determine the most preferred exercises in core stability
programs, a frequency table was formulated. Each exercise
routine, along with any variations, was rated in percentages,
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based on the number of studies that included them, providing a
clearer understanding of the most used and preferred exercises
in core stability training (Table 5). According to this analysis,
exercises, bridges and its variations were the most frequently
used (71.42%), followed by curl-ups and quadruped stance with
its variations (57.15% each). Transverse abdominis isometric
contraction was 3 most common and preferred exercises (43%),
followed by Sperman exercise, transverse abdominis muscle
activation, bicycles, double leg lowering and hip musculature
strengthening (28.57% each). The details of their frequency are
reported in Table 5.

The parameters of core strengthening exercises across the seven
trials illustrated in Table 4, depended on the type of exercises.
Out of seven, only five trials reported the exercise frequency.
As for isometric exercise, 5 seconds hold was commonly
prescribed for each exercise (30-32), with 8 repetitions for 2 sets
of each exercise (31,32). For isotonic exercises, 10 repetitions of
2- 3 sets for each exercise was frequently pronounced (31-33).
In half of the studies exercise programmes were considered as
a progressive training as the complexity of the exercises were
increased throughout the weeks (32,33,35,36). The total number
of treatment sessions varied across the studies, ranging from
10 to 60 sessions. The frequency of interventions weekly also
differed, with most of the studies conducting treatment sessions
3 times weekly (30,31,33,36). One study reported frequency
interventions 2 times weekly (32); another study reported 6
sessions weekly (34) and one trial conducted 5 sessions weekly
(35). Additionally, the duration of the interventions also
showed variations, with interventions in three studies lasting
for 4 weeks (31,33,34); two studies providing intervention for 6
weeks (30,32); and another two studies applying intervention
for 12 weeks (35,36).

The included studies featured a variety of exercise protocol
delivery modes. One study administered their exercise
protocols as home programs (30), while four studies used
face-to- face delivery of intervention (31-34) and one study
employed a mixed mode, with subjects starting each new
stage of the exercise protocol face-to-face and continuing with
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Table 4. Components, parameters and outcomes of core strength training

Components Parameters
No. = Author (year) Routinesinthe | No. of ; Outcomes
gg;siszi interventional | repetitions No. of Length of Exercise Mode of

! ions | intervention rogression liver
core exercises and sets | S€SS1ONS terventio progressio delivery

Pain score (VAS)
and function

significantly
3 exercises: 5 seconds improved within
Back bridge, 0408 3 EG (p=<0.05).
1 Lam et al. 2023 Isometric uadruped arm repetitions sessions 6 weeks Not specified Remote isticall
(30) qor le Fift and with 2 sets 3 week P supervision NO.Sta.tf[iSt'Ca Y
cgrl for each significant
urtup exercise _Intergroup
difference in any
of the outcomes
(p>0.05)
Ankle pain score
significantly
lowered in EG
. (p<0.05) and
8 exercises: Curl |0 metric: significant
up (roll down and | 5 seonds improvements
! du p)Blcrllss—clross, hold of 6 3 ‘ in FMS score
5 Kim et al. 2020 Isometric ouble leglower | o hetitions. Face to face

X . hurdle step and
(31) and (up and down), . sessions 4 weeks Not specified | and remote (trunk stab?lity)
isotonic | scissors, shoulder | 1S0tonic:10 1 5 yea '

bridee. S repetitions SUPEIVISION | halance and in EG
ridge, Sperman, ]
cat p%sitign, mini- | With 2 sets (p~<0.~0.5).
squat each No significant
Improvements
in lower limb

muscle strength
reported (p>0.05)

6 exercises: Prone

TA isometric
(stabilizer for
biofeedback, )
prone gluteus Isometric: Significant
maximus 5 seconds Yes. Change improvements
isometric with hold of 8 the routinge in pain and
knee flexed, repetitions t0 be more function at post
Isometric hooklying TA for each 2 X intervention
Hoglund et al. . Lo : . challenging | Face to face
3 and isometrics with EXercise. | sessions 6 weeks 20 i (p<0.05).
2018 (32) . . . ) by modifying | supervision
isotonic alternate hip/ Isotonic: 10 | a week the Enhanced
knee ﬁexlon/ repetitions movement of physical ‘
extension, with 3 sets . performance in
. . ; the limbs
sidelying hip ER for each

mobility (p<0.05)

with feet together exercise was also reported

(clamshells),
side lying hip
abduction, single-
leg stance
e e
. Yes. Increase ! v
4 | Chevidikunnan | " " . cross tc)lrjlzjl uep, side repetitions 5e553ions 4 weeks number of | Face to face | pain and balance
etal. 2016 (33) g, foreach " repetitions | supervision | reported in EG
quadrupedal exercise after week 2 (p<0.05)
stance
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Table 4. Continued

Components Parameters
No. | Author (vear) | Types of I?:;‘;:C::t'i';;gf e Ne(;it?l ns | No.of | Length of Exercise Mode of Outcomes
exercises Core exercises aﬁ\ d sets sessions | intervention | progression | delivery
10 exercises:
Bridges with o
leg lifts, static  Significant
abs, Ipwer trunk | |sometric: mprovement
rotation, planks 1020 in foot posture
(prone, left, right), | caconds Yes. Change of both feet in
Isometric bicycles, full 6 the number EG (p<0.05) was
Pachava et al. X hold, 3 sets ; e Face to face
5 and vertical crunches, . sessions 4 weeks of repetitions . reported.
2022 (34) isotonic brid ith Isotonic: K d f supervision .
ges wit 515 a wee and sets for No improvements
marching, long - each exercise in weight
repetitions In weigr
arm crunches, h 1 set distribution
trunk rotation with 1 se and foot load
WI.th weights, response (p>0.05)
bilateral leg
lowering
6 exercises: Wall .
slide (45-degree | Isometric.
knee flexion), | 20 seconds h
straight leg raises | hold of 15 ves. Change
0 60-degree reps with 2 the routine o
Isometric (sitting), sets each. 5 tobe more | ¢, ot face | . Significant
6 Tazesh et al. and abdominal draw- Isotonic: sessions 12 weeks challenging and remote Improvements in
2022 (35) . . . . h ’ by modified . pain and function
isotonic | in exercises, side- 15-20 a week the supervision in EG (p<0.05)
lying clamshells, | repetitions movement of p=0.
quadruped arm/ | with 2 sets the limbs
leg extensions, each
and side-lying
straight-leg raises
Significant
improvement in
o Isometric: Lysholm score
?NEZirg{saseg Not Yes. Increase (knee function)
slides, hundreds reported. number of (p<(d)‘(')01),
in supine crook | _ Isotonic: repetitions t Qu?h I’ICi%SO5
. Isometric | lying, single. Leg | 374 seconds 3 everytwo | Face to face | SUEN8Ih (p<0.05)
Celik et al. 2017 e each X weeks and remote was reported
7 and heel, side circles, o sessions 12 weeks . .
(34) . . e 2T repetition. with some | supervised
isotonic | side kick in lying, a week dificati d
shoulder bridges, | Number of modification mode In EG (88%)
heel together toes | "ePetitions on the reported
apart, parallel, and sets exercise improved
and one leg circle | are not routine knee stability
reported compared to only
23% in the control
group
EG: Experimental Group, ER: External Rotation, FMS: Functional Movement Screen, No.: Number, TA: Transversus Abdominis, VAS: Visual Analog Scale.
home exercises for the remaining sessions (35). Another stud improvements in lower limb strength (31,36), three studies
g Yy p g
conducted face-to-face sessions for the first 6 weeks, followed demonstrated positive impacts on functional independence
by home exercises for the remaining 6 weeks (36). (22,35,36), two studies reported significant outcomes

in physical performance (31,32), two studies discovered
significant differences in balance (31,33), one study showed
The outcomes of the studies revealed notable improvements in positive findings on foot posture (35) and one study reported
various measures depending on the interventions (Table 4). Out significant improvements in knee stability (36) after core
of seven, four studies found statistically significant reduction stability training. Across the seven trials, the pain outcome was
in pain outcomes (31-33,35), two trials reported significant evaluated using subjective measures like VAS, KOOS and NPRS.

Outcomes of Core Stability Training
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The Biodex Balance System, KOOS, TUG test, a dynamometer,
the AKPS, Lysholm Knee Scale, and Cincinnati Knee Rating
System were used to measure functional independence and
physical performance. As for lower limb strength outcomes, the
objective instruments used were a dynamometer and a Biodex
isokinetic machine. The balance outcome was measured by the
Biodex Balance System and Star Excursion Balance Test while
foot posture was measured by the FPI-6.

Subgroup Analysis for Exercise Type, Duration, and Outcome
Measures

To address the heterogeneity among the included studies in
terms of exercise protocols, intervention duration, and outcome

measures, a subgroup analysis was performed. This aimed to
clarify whether variations in muscle contraction type, treatment
duration, or specific outcomes influenced the effectiveness of
core stability training for lower extremity dysfunctions. Detailed
summary of subgroup analysis is reported in Table 6.

Exercise Type: Five trials used combination of isometric and
isotonic exercises and reported improvements in all outcomes
except weight distribution and foot load response (31,32,34-36).

Intervention Duration: Interventions lasting less than 6
weeks in three studies (31,33,34) reported positive outcomes
in all outcomes while one study (34) reported improvements
in foot posture and no changes in weight distribution and

Table 5. Most frequently employed core stability exercises across included studies

Number of studies | Frequency
Exercise category Variations or modifications used incorporating among 7
exercise (n) studies (%)
Bridges with all variations Back bridges n=1(30) 14.28%
Unilateral bridges n=1(30) 14.28%
Shoulder bridges n=2 (31, 34) 28.57% 71.5%
Bridges with marching n=1(34) 14.28%
Curl ups - n=4 (30, 31, 33, 34) 57.15%
Quadruped stance or birddog Quadruped with arm leg raises n=3 (30, 33, 35) 42.85%
Quadruped to trunk raise and lowering n=1(31) 14.28% 57.15%
Sperman exercises - n=2 (31, 36) 28.57%
Bicycles or crisscross - n=2 (31, 34) 28.57%
Double leg lowering - n=2 (31, 34) 28.57%
Side lying clamshells - n=2 (32, 35) 28.57%
Side lying straight leg raise or side kicks - n=2 (35, 36) 28.57%
Sigle leg stance - n=2 (32, 36) 28.57%
Transverse abdominins (TA) contraction |50metrilsgon:1f::ccti§1c(;nTt/r\a:\;[ilt%nhip knee n=2 (32, 35) 28.57% 43%
flexion and extension n=1(32) 14.28%
Side bridges - n=1(33) 14.28%
Planks - n=1(34) 14.28%
Vertical crunches - n=1(35) 14.28%
Scissors - n=1(31) 14.28%
Hundreds - n=1(36) 14.28%
Mini squat - n=1(31) 14.28%
Trunk rotation Lower trunk rotation n=1(34) 14.28% 28.57%
Trunk rotation with weights n=1(34) 14.28%
Side circles - n=1(36) 14.28%
Heels together toe apart - n=1(36) 14.28%
One leg circle - n=1(36) 14.28%
Straight leg raise - n=1(35) 14.28%
Wall slides - n=1(35) 14.28%
Gluteal muscle isometrics - n=1(32) 14.28%
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foot load response. While exercise protocols lasted six or more
than 6 weeks in four studies (30,32,35,36) with significant
improvements in all outcomes except for one trial (30).

Outcome Measures: Five pain focussed studies (30-33,35)
demonstrated significant pain relief except one (30). Three trials
(30,31,33) assessed balance, with two studies demonstrating
significant improvements (31,33). Four studies assessed
subjects for functional independence (30,32,35,36) with all
reporting positive improvements except one study (30). Two
out of seven studies measured physical performance (31,32)
and both reported significant improvements. Similarly, two
studies (31,36) assessed lower limb muscle strength, and one
study reported significant changes in strength (36). One study
used foot posture, weight distribution and foot load response
demonstrated significant outcomes in foot posture only (34).
Only one study assessed knee stability and showed significant
improvements (36).

DISCUSSION

To the best of authors’ knowledge, this is the first systematic
review which collected evidence of the components,
parameters and outcomes of core stability exercise for lower
limb dysfunctions. However, only seven (n=7) studies were
selected finally, which is a small number, compared to the
initial number of studies identified in web search (n=2392).
This decrease in the number was primarily due to very strict
exclusion criteria, where only studies using core stability training
on subjects with musculoskeletal lower limb musculoskeletal
disorders in nonathletic population and have not undergone
any surgical procedures of the dysfunction were included. This
purposeful exclusion was necessary because, protocols of core
stability exercises for athletic population cannot be applicable
to nonathletic participants, due to difference of fitness levels
and to subjects undergone surgeries, because postoperative
rehabilitation involves more cautious and modifies approach
in the early stages of progress, which may be different from the
standard core stability protocols. This led to the exclusion of
maximum number of studies, maximum of which were mostly
falling in either of these categories.

This review has two principal objectives, which are to identify
the components and parameters of core stability rehabilitation
program that can improve the outcomes of lower extremity
functions and to investigate the effects of core muscle training
on various outcomes among individuals suffering from lower
extremity disorders.

Effect of Core Exercises on Lower Extremity Dysfunction

The effects of core stability training on lower extremity
dysfunctions are evident after a thorough survey of literature,
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hence supporting the connection between core muscle strength
and lower extremity functions as suggested by several studies
(14,37). This review covered seven studies that investigated the
effects of core muscle activation on lower extremity outcomes.

One study reported that participants in the core stability
exercises group had shown similar outcomes in balance,
pain score, and KOOS as compared to participants who had
received routine rehabilitation exercise (30). Additionally, one
study found no significant effect of core stability exercises on
weight distribution and foot load response (34), while another
did not observe any impact on lower limb strength (31).
Despite these findings, remaining all studies demonstrated
significant effects in various outcomes like pain, balance,
functional independence, lower limb muscle strength, physical
performance, foot posture, and knee stability (31-34).

To gain a clearer understanding, a subgroup analysis based
on the types of outcome measures used, revealed that the
most frequently assessed outcomes were pain, balance,
and functional performance, whereas lower limb strength,
physical performance, foot posture, knee stability, and weight
distribution were less commonly evaluated. Most studies
reported significant improvements in pain, balance, physical
performance and function (31-33,35-36). Findings related to
lower limb strength were mixed, with some studies showing
improvement while others did not (31,36). Notably, foot posture
and knee stability, each assessed in only one study showed
positive outcomes (34,36). In contrast, weight distribution,
also assessed in one study, showed no improvement (34).
With most studies demonstrating positive results in these
domains, suggesting that while core stability training generally
contributes positively to lower limb function, the impact may
vary depending on the specific domain assessed. Additionally,
the heterogeneity in assessment tools used across studies limits
direct comparisons but highlights the variety of functional
improvements associated with core training.

Before drawing firm conclusions, the methodological quality of
the included studies must be considered. None of the studies
employed blinding of patients or therapists (30-36), and four
lacked assessors blinding as well (30,32-34). Two studies did
not implement concealed allocation during sampling (31,32),
and one study lacked randomisation altogether (32). In
three studies, fewer than 85% of participants completed the
intervention (30-32). Additionally, three trials had short-term
follow-up periods (31,33,34), while four had moderate-term
follow- ups (30,32,35,36), leaving the long-term sustainability
of improvements unclear. Five studies had small sample sizes
ranging from 20 to 26 participants (30-34), with two of them
being feasibility or pilot trials, whereas only two studies had
larger samples (35,36). Finally, the considerable heterogeneity
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in exercise protocols, participant characteristics, and outcome
measures makes it difficult to draw generalizable conclusions
regarding the efficacy of core stability training for lower limb
dysfunctions.

Despite these methodological limitations, the overall findings
of the included studies align with previous observational
studies that have highlighted a link between core muscle
function and lower limb pathologies (15,38,39). Additionally,
several clinical trials conducted in athletic populations have
reported significant improvements in lower limb performance
following core stability training (16-20,40). However, caution
is warranted when extrapolating these findings to nonathletic
populations, as differences in baseline fitness levels, physical
activity, and health status may influence outcomes. Thus, while
supportive evidence exists, further high-quality research on
diverse populations is needed to strengthen the generalizability
of these findings.

Efficacy of core stability training on lower limb disorders has
been increasingly explored recently due to its emphasis on
enhancing lumbopelvic control and dynamic stability. Although
studieson otherrehabilitation strategies, such as neuromuscular
training and strength training, have shown promising results in
lower limb rehabilitation (41,42). The findings of this review
highlight the specific and unique role of core stability training
in addressing movement deficits and functional impairments
associated with lower limb dysfunctions. Core stability training
is particularly effective in improving lumbopelvic control,
which is vital for proper lower limb movement patterns and
overall functional performance (15).

While neuromuscular training enhances proprioceptive
feedback and muscle recruitment, and strength training
focuses on isolated muscle groups, core stability exercises
target the deep stabilizing muscles essential for coordinated
movement, by establishing a stable base for every lower limb
movement (5,11).This integrated approach improves not only
the individual muscle function but also the dynamic stability
of the entire kinetic chain, which is crucial for reducing the
risk of injury and improving performance in activities requiring
complex motor skills (43,44).

Building on the earlier discussion, it can be assumed that the
observed improvements in lower limb functions following
core stability training may be attributed to the foundational
role of the core within the kinetic chain. Activation of the
core muscles, particularly those responsible for lumbopelvic
control, provides proximal stability that is essential for efficient
and coordinated distal movements. Although this relationship
may be bidirectional, the evidence from this review suggests
that core stability contributes significantly to enhancing lower
limb performance through its central role in the kinetic chain.
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Further research is warranted to explore and confirm the
directional influence and underlying mechanisms involved.

Components and Parameters of Core Stability Exercises

Based on analysis, the combination of isometric and isotonic
exercises was found to be the most favoured approach in
five out of seven trials reviewed. The scientific rationale
behind this finding may lie in the complementary nature of
these two types of muscle actions. While isometric exercises
promote sustained activation of slow-twitch muscle fibres
essential for postural control and stability, isotonic exercises
involve dynamic movements that enhance strength and
functional performance. Together, they may provide a more
comprehensive stimulus for improving core strength and
stability, leading to better outcomes in lower limb function (45).
As for the parameter of isometric exercise, 5-second hold with
8 repetitions per set was commonly used in the trials. While
there is no consensus on the optimal duration to sustain the
isometric contraction, previous review reported that sustained
contractions of 5 seconds to 30 seconds per repetition were
reported to be effective in improving maximal muscle strength
and muscle mass, respectively (46). For isotonic exercises, 10 to
15 repetitions with 2 to 3 sets were most common prescription.

Across the seven trials reviewed, various core stability exercise
routines were employed, including abdominal curls, bridges,
side bridges, planks, quadrupedal stances, Sperman exercise,
crisscross, vertical crunches, scissors, trunk rotations, transverse
abdominis contractions, pelvic musculature strengthening and
certain pilates exercises with modifications made in some of
these basic exercise postures. These modifications include
bridges (e.g., back bridge, unilateral bridge, shoulder bridge),
quadruped exercises (e.g., arm lift, arm and lower extremity
lift), curl-ups (e.g., curl up, roll down and up, cross curl ups),
trunk rotations (with and without weights). Most frequently
used exercises across seven trials were bridges (71.5%),
followed by curl-ups and quadruped stance (each 57.15%) and
isometric contraction of transverse abdominis contraction
(43%). Sperman exercises, bicycles, double leg lowering, gluteal
muscle exercises, transverse abdominis isometrics and single
leg stance were next (each 28.57%) and remaining exercises were
used less frequently, each comprising 14.28%. While all studies
included multi-exercise interventions, curl ups, quadruped
stance and bridges were among the most used exercises in
studies reporting significant improvements in outcomes.
However, due to the multi-component nature of these
interventions, the effectiveness of any single exercise cannot be
definitively determined. Instead, this review highlights the core
components frequently incorporated in effective intervention
programs, offering insight into exercises that may contribute to
improved outcomes.
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Table 6. Subgroup analysis of core stability interventions: exercise type, duration, and outcome measures

Subgroup analysis based on exercise type

Exercise type

Number of studies

Findings

No significant improvement in pain, balance, or functional performance compared

Isometric only n=1(0) to conventional exercise group (30).
Significant improvements in pain, function, trunk stability, balance, physical
Isometric + isotonic n=4 (31-36) performance, foot posture, lower limb muscle strength and knee stability (31, 32,
34-36).
. No improvements in weight distribution and foot load response (34).
Isotonic only n=1(33) P & P 34

Significant improvements in pain and balance (33).

Subgroup analysis based on intervention duration

Intervention duration

Number of studies

Findings

Improvements noted in balance, trunk stability, foot posture, and pain (31, 33, 34).

<6 weeks n=3 (31, 33, 34 . - AT
W (31,33,34) No improvements for weight distribution and load response (34).
Majority of studies (32, 35, 36) reported improvements in pain, ADLs, quality of life,
>6 weeks n=4 (30, 32,35,36) | functional tests, and lower limb muscle strength.

One study (30) showed no improvements in pain, balance, or function.

Subgroup analysis based on outcome measures

Outcome measure

Number of studies

Findings

Pain

n=5 (30-33, 35)

All studies except one (30) reported significant improvements in pain.

Balance

n=3(30, 31, 33)

All studies except one (30) reported significant improvements in balance.

Functional independence

n=3 (30, 32, 35, 36)

All studies except one (30) reported significant improvements in functional

independence.
Physical performance and mobility | n=2 (31, 32) Both studies reported significant improvements in physical performance (31, 32).
. One study reported no significant improvements (31) while other
Lower limb muscle strength n=2 (31, 36) yrep o g. P G
study reported significant improvement (36).
Foot posture and weight n=1(34) Significant improvements in foot posture but no significant improvements in weight
distribution distribution and foot load response (34).
Knee stability n=1(36) Significant improvements in knee stability reported (36)

These exercise routines activated both global muscles of the
core (erector spinae, quadratus lumborum, obliques, and
rectus abdominis) and local muscles (transverse abdominis and
multifidus). It has been suggested that rehabilitation strategy
should incorporate all muscles around the trunk as the global
muscles of the core produce torque to counter external force,
while the local muscles of the core (transverses abdominis and
multifidus) stabilize the trunk (47).

The findings from the selected studies (30-36), show that
the overall duration and delivery modes of the core stability
training across the seven trials varied. However, most of the
trials involved 3 sessions weekly (30,31,33,36), with a range
from 2 to 6 times per week. The duration of these programs
spanned from 4 to 12 weeks, with each session lasting 30 to 60
minutes. The heterogeneity in the length of the intervention
was due to the different training dosages employed in the trials.

A finer analysis of the seven trials revealed that three studies
with intervention durations of less than six weeks reported
positive outcomes, while three out of four studies with durations
of six weeks or more also demonstrated favourable results. One
trial, which did not report significant improvements compared
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to conventional treatment, had an intervention period of six
weeks. This suggests that the duration of intervention, whether
less than or equal to six weeks did not markedly influence the
overall effectiveness. This observation aligns with findings from
previous epidemiological studies, which suggest that the effects
of increase in muscle strength is evident after after 4 weeks of
strength training (48).

Limitations

A key limitation of this review is the small number of included
studies (n=7), which may limit generalizability. This resulted
from strict inclusion criteria focusing on nonathletic adults
with lower limb dysfunctions managed conservatively. While
enhancing specificity and clinical relevance, it excluded many
studies on athletic, neurologically impaired populations, and
participants who had undergone surgeries, whose core stability
programs are typically more advanced or condition-specific
respectively.

The methodological quality of the included studies ranged
from fair to good. Common flaws included lack of patient and
therapist blinding in all studies, lack of assessor blinding in
more than half, absence of concealed allocation in some trials,
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and incomplete follow-up data in others. These methodological
weaknesses may have introduced various forms of bias and
affect the internal validity of the findings.

Furthermore, there was considerable heterogeneity across
studies in terms of exercise protocols, outcome measures,
and participant characteristics. The absence of standardized
core stability training protocols and differing assessment tools
reduced the ability to directly compare study outcomes. These
variations, along with small sample sizes in most studies and
the absence of long-term follow-up data, limit the reliability
and sustainability of the reported effects. Due to these
substantial differences in study designs and interventions,
conducting a meta-analysis was not feasible. The variability
in training duration, intensity, frequency, and targeted muscle
groups restricted meaningful statistical pooling.

Lastly, because core stability exercises were delivered as part
of multi-component interventions in all included studies, it
was not possible to isolate and determine the effectiveness
of specific exercises or routines. This prevents drawing firm
conclusions on which components are most beneficial or have
the greatest impact on lower limb dysfunctions.

Despite these limitations, the studies consistently reported
positive outcomes related to core stability training for lower
limb dysfunctions, suggesting that this intervention may be
effective in improving functional performance and reducing
movement deficits. However, caution should be exercised when
interpreting these findings.

Future Research Directions

Future studies should aim to overcome the methodological
limitations identified in this review, such as incorporating
larger sample sizes, long-term follow-ups, ensuring better
blinding, and implementing standardized protocols for core
stability training.

Well-designed randomized controlled trials that isolate specific
exercise components and focus on regions of the lower limbs
(e.g., hip, knee, ankle) are needed to clarify their differential
effects of each component. Long-term follow-up data should
also be included to assess the durability of the intervention
outcomes. Additionally, comparative studies evaluating core
stability training against other rehabilitation strategies such
as neuromuscular or strength training would provide deeper
insights into the relative efficacy of each approach.

To enable meaningful meta-analytical evaluations in the
future, it is essential that studies minimize heterogeneity
in terms of intervention protocols, outcome measures, and
participant characteristics. Standardizing these aspects will not
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only improve the comparability of findings across studies but
also will enhance the quality and applicability of findings.

CONCLUSION

This review provides initial evidence suggesting a meaningful
relationship between core stability and lower limb functions,
paving the way for more comprehensive experimental studies
to explore this connection further. Activation of core muscles
seems to provide a stable base for the execution of lower limb
movements, highlighting the importance of kinetic chains
in rehabilitation. Combination of isometric and isotonic
exercises particularly curl-ups, bridges, quadruped postures
and isometric contraction of transverse abdominis were most
frequently used. However, the effects of individual exercises
could not be isolated due to the multi- component nature of
the interventions. Given this limitation future research should
explore individual effects of each exercise routine in various
lower limb dysfunctions. This will offer a deeper and clearer
insight about the most effective components of core stability
training and their effect on the outcomes of rehabilitation.

Even though the core stability exercises showed the promise
of encouraging results, short term follow ups, smaller sample
sizes, methodological weaknesses, and heterogeneity in
studies restricted a definitive conclusion. Therefore, despite
encouraging outcomes, further high quality, targeted research
is necessary to optimize study design and clinical application.

Ethics: Not applicable.
Informed Consent: Not applicable.

Sources of Support: The authors received no financial support
for this study.

Confiict of Interest: The authors declare that they have no
conflicts of interest.

Author Contributions: Concept- S.M.D., S.S.K.; Design- S.M.D.;
Supervision- S.S.K.; Materials- S.M.D.; Data Collection and/or
Processing- S.M.D., S.S.K., E.E.K.; Analysis and/or Interpretation-
S.M.D., SS.K., EEK.; Literature Search- S.M.D.; Writing
Manuscript- S.M.D.; Critical Review- S.M.D., SS.K., E.EK,
N.AAR., M.].

Explanations: None.

Acknowledgment: The author would like to acknowledge the
contributions of all authors whose work has been referenced
in this study.

REFERENCES

1. Frizziero A, Pellizzon G, Vittadini F, Bigliardi D, Costantino C. Efficacy
of core stability in non-specific chronic low back pain. ] Funct Morphol
Kinesiol. 2021;6(2):37.

Turk ] Physiother Rehabil 2025;36(2):241-256



Dar S.M., Kamsan S.S., Khairul E.E., Rahman N.A.A., Justine M.

11.

12.

14.

15.

16.

17.

18.

20.

21.

De Blaiser C, Roosen P, Willems T, Danneels L, Bossche LV, De Ridder R.
Is core stability a risk factor for lower extremity injuries in an athletic
population? A systematic review. Phys Ther Sport. 2018;30:48-56.

Unal-Suzer N, Buker N, Suzer A. Examining the correlation between
hip adductor muscle strength, core stabilization, and lower extremity
performance in healthy individuals. Turk ) Physiother Rehabil. 2024;35:224-
35.

Kuyulu Haksal P, Polat H, Ergun N. Investigation of the relationship between
core stability and balance and lower extremity power in adolescent female
baskethall players. Turk ] Physiother Rehabil. 2024;35(3):373-81.

Kibler WB, Press ], Sciascia A. The role of core stability in athletic function.
Sports Med. 2006;36(3):189-98.

Liemohn WP, Baumgartner TA, Gagnon LH. Measuring core stability. |
Strength Cond Res. 2005;19(3):583-6.

Daggfeldt K, Thorstensson A. The role of intra-abdominal pressure in
spinal unloading. | Biomech. 1997;30(11-12):1149-55.

Hodges PW. Core stability exercise in chronic low back pain. Orthop Clin
North Am. 2003;34(2):245-54.

Putnam CA. Sequential motions of body segments in striking and throwing
skills: Descriptions and explanations. ] Biomech. 1993;26(1):125-35.

. Stephenson J, Swank AM. Core training: designing a program for anyone.

Strength and Conditioning Journal. 2004;26(6):34-7.

Hodges PW, Richardson CA. Contraction of the abdominal muscles
associated with movement of the lower limb. Phys Ther. 1997;77(2):132-
42.

Ireland ML, Willson |D, Ballantyne BT, Davis IM. Hip strength in females
with and without patellofemoral pain. J Orthop Sports Phys Ther.
2003;33(11):671-6.

. Elataar FF, Abdelmajeed SF, Abdellatif NMN, Mohammed MM. Core muscles’

endurance in flexible flatfeet: A cross - sectional study. ] Musculoskelet
Neuronal Interact. 2020;20(3):404-10.

Beckman SM, Buchanan TS. Ankle inversion injury and hypermobility:
effect on hip and ankle muscle electromyography onset latency. Arch Phys
Med Rehabil. 1995;76(12):1138-43.

Willson JD, Dougherty CP, Ireland ML, Davis IM. Core stability and its
relationship to lower extremity function and injury. | Am Acad Orthop Surg.
2005;13(5):316-25.

Modi M, Bhatt G. The effect of core stability training on dynamic balance
and lower extremity performance in young, asymptomatic individuals. Int
] Physiother Res. 2017;5(6):2451-6.

Gong J, Gao H, Sui J, Qi F. The effect of core stability training on the balance
ability of young male basketball players. Front Physiol. 2024;14:1305651.

Yasul Y, Akdemir E, Oner S, Anil B, Korkmaz E, Pekesen Kurtca M, et al. The
Effect of Core Training Practices on Some Strength, Lower Limb Functions
and Balance Performance in Judo Athletes. Int ] Disabil Sports Health Sci.
2023;6(3):507-20.

. Khale NL, Gribble PA. Core Stability Training in Dynamic Balance Testing

Among Young, Healthy Adults. Athletic Training & Sports Health Care.
2009;1(2):65-73.

Lyons KD, Parks AG, Dadematthews OD, Zandieh NL, McHenry PA, Games
KE, et al. Core and Whole-Body Vibration Exercise Improve Military Foot
March Performance in Novice Trainees: A Randomized Controlled Trial. Mil
Med. 2023;188(1-2):€254-€9.

Degens H, Stasiulis A, Skurvydas A, Statkeviciene B, Venckunas T.
Physiological comparison between non-athletes, endurance, power and
team athletes. Eur ] Appl Physiol. 2019;119(3):1377-86.

Turk J Physiother Rehabil 2025;36(2):241-256

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Perraton LG, Kumar S, Machotka Z. Exercise parameters in the treatment
of clinical depression: a systematic review of randomized controlled trials.
J Eval Clin Pract. 2010;16(3):597-604.

Harvie D, O’Leary T, Kumar S. A systematic review of randomized controlled
trials on exercise parameters in the treatment of patellofemoral pain: what
works? ] Multidiscip Healthc. 2011; 4:383-92.

Pastakia K, Kumar S. Exercise parameters in the management of breast
cancer: a systematic review of randomized controlled trials. Physiother Res
Int. 2011;16(4):237-44.

Young JL, Rhon DI, Cleland JA, Snodgrass SJ. The influence of exercise
dosing on outcomes in patients with knee disorders: a systematic review. |
Orthop Sports Phys Ther. 2018;48(3):146-61.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Tawfik GM, Dila KAS, Mohamed MYF, Tam DNH, Kien ND, Ahmed AM, et al.
A step-by-step guide for conducting a systematic review and meta-analysis
with simulation data. Trop Med Health. 2019;47:46.

Paci M, Bianchini C, Baccini M. Reliability of the PEDro scale: comparison
between trials published in predatory and non-predatory journals. Arch
Physiother. 2022;12(1):10.

Cashin AG, McAuley JH. Clinimetrics: physiotherapy evidence database
(PEDro) scale. J Physiother. 2020;66(1):59.

Lam JE, Mokhtar AH, Mohafez H. Effect of core strengthening for knee
osteoarthritis on balance, pain and function: a pilot study. JUMMEC.
2023;26(1):122-34.

Kim J, Ko J, Lim J, Choi H, Seo K, Lee S. Effects of a four-week core stability
exercise on functional movement and balance in people with mild lower-
limb discomfort. Monten J Sports Sci Med. 2020;9(2):13-20.

Hoglund LT, Pontiggia L, Kelly |D 4th. A 6-week hip muscle strengthening
and lumbopelvic-hip core stabilization program to improve pain, function,
and quality of life in persons with patellofemoral osteoarthritis: a feasibility
pilot study. Pilot Feasibility Stud. 2018;4(1):70.

Chevidikunnan MF, Al Saif A, Gaowgzeh RA, Mamdouh KA. Effectiveness
of core muscle strengthening for improving pain and dynamic balance
among female patients with patellofemoral pain syndrome. ] Phys Ther
Sci. 2016;28(5):1518-23.

Pachava SR, Shobhan P, Mulpuri S. Comparison of the effect of 4 weeks
core stability training and foot intrinsic muscle training on foot posture.
Int | Health Sci. 2022;6(3):3788-99.

Tazesh B, Mansournia MA, Halabchi F. Additional effects of core stability
exercises on pain and function of patients with patellofemoral pain:
A randomized controlled trial. Journal of Orthopaedics, Trauma and
Rehabilitation. 2022;29:1-7.

Celik D, Turkel N. The effectiveness of pilates for partial anterior cruciate
ligament injury. Knee Surg Sports Traumatol Arthrosc. 2017;25(8):2357-64.

Bullock-Saxton JE, Janda V, Bullock MI. The influence of ankle sprain injury on
muscle activation during hip extension. Int | Sports Med. 1994;15(6):330-4.

Fredericson M, Cookingham CL, Chaudhari AM, Dowdell BC, Oestreicher N,
Sahrmann SA. Hip abductor weakness in distance runners with iliotibial
band syndrome. Clin | Sport Med. 2000;10(3):169-75.

Leetun DT, Ireland ML, Willson JD, Ballantyne BT, Davis IM. Core stability
measures as risk factors for lower extremity injury in athletes. Med Sci
Sports Exerc. 2004;36(6):926-34.

Hewett TE, Lindenfeld TN, Riccobene JV, Noyes FR. The effect of
neuromuscular training on the incidence of knee injury in female athletes.
A prospective study. Am ] Sports Med. 1999;27(6):699-706.

255 I



Core Stability Training for Lower Extremities

41. Aman JE, Elangovan N, Yeh IL, Konczak ). The effectiveness of proprioceptive
training for improving motor function: a systematic review. Front Hum
Neurosci. 2015;8:1075.

42. Ding X, Yang Y, Xing Y, Jia Q, Liu Q, Zhang . Efficacy of lower limb
strengthening  exercises based on different muscle contraction
characteristics for knee osteoarthritis: a systematic review and network
meta-analysis. Front Med (Lausanne). 2024;11:1442683.

43. Almansoof HS, Nuhmani S, Muaidi Q. Role of kinetic chain in
sports performance and injury risk: a narrative review. | Med Life.
2023;16(11):1591-6.

44. Huxel Bliven KC, Anderson BE. Core stability training for injury prevention.
Sports Health. 2013;5(6):514-22.

I 256

45.

46.

47.

48.

Khaledi A, Gheitasi M. isometric vs isotonic core stabilization exercises to
improve pain and disability inpatients with non-specific chronic low back
pain: ARandomized Controlled Trial. Anesth Pain Med. 2024;14(1):e144046.

Lum D, Barbosa TM. Brief Review: Effects of isometric strength training on
strength and dynamic performance. Int J Sports Med. 2019;40(6):363-75.

Brumitt J, Matheson JW, Meira EP. Core stabilization exercise prescription,
part I: current concepts in assessment and intervention. Sports Health.
2013;5(6):504-9.

Del Vecchio A, Casolo A, Negro F, Scorcelletti M, Bazzucchi |, Enoka R, et al.
The increase in muscle force after 4 weeks of strength training is mediated
by adaptations in motor unit recruitment and rate coding. J Physiol.
2019;597(7):1873-87.

Turk ] Physiother Rehabil 2025;36(2):241-256



