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activities and Biodex balance training, with a greater degree of improvement 
seen after Biodex balance training.

Keywords: Biodex, Core stability exercises, Stretching, and Mechanical low 
back pain.

Introduction

Mechanical low back pain (MLBP) is a significant musculoskeletal problem 
which results in clinical, social, along with economic complications. 1 MLBP 
commonly affecting up to 85%, 90% of population.2, 3 Approximately two-thirds 
of adults are believed to have or have experienced MLBP at some stage in their 
lifetime, with up to 50% reporting recurring complaints of MLBP.4

Core stabilization exercises (CSE) Over the years, the usage of MLBP treatments 
has grown increasingly popular and extensively adopted. These treatments 
aim to lessen pain severity along with enhance muscular function among 
individuals suffering from MLBP.5 The core stability muscles can be defined 
as a muscular structure consisting of the abdominal anteriorly, paraspinals & 
gluteal muscles posteriorly, with the diaphragm as the superior boundary, and 
the pelvic floor as the inferior boundary. Inside this enclosure, there exist 29 
sets of muscles that aid in the stabilisation of the spine.2 

Core stability muscles give corset-like support, resulting in a stable spine. 
This concept comes from the functional anatomy of the core musculature, 
which shows that increasing intra-abdominal pressure causes rigidity of the 
stabilising muscles. The transverse abdominus as well as multifidus muscles 
are the main causes of intraabdominal pressure. 6 The core is a muscular 
cylinder, with the abdominals anteriorly, the paraspinal as well as gluteal 
muscles posteriorly, the diaphragm creating the roof, and the pelvic floor 
muscles making the floor.7

An effective CSE should take into account both the motor and sensory aspects 
of the exercise in order to enhance spinal stability to the highest degree.8 
CSE have emerged as a favoured fitness trend that has been incorporated 
into sports medicine and rehabilitation programmes. 2,4. It is controlled by 
sensory information (vestibular, visual, cutaneous as well as proprioceptive), 
neuromuscular responses and central processing. 9 CSE can also improve 
balance performance and pain intensity specially for deep abdominal muscle. 
Postural control is a crucial element of motor skill and a necessary condition 
for coordination. 10 

CSE is crucial for effectively carrying out daily tasks, improving overall 

performance, and mitigating the risk of injury. Both the maintenance and 
recovery of balance are controlled by two mechanisms that make up postural 
stability.11 Both outcomes are achievable as a result of the synchronized 
actions of postural muscles, which include the muscles that make up the core. 

Stretching exercises showed greater decreases in pain as well as functional 
disability. A regimen of 12 strengthening exercises has been found to be highly 
helpful in alleviating pain, enhancing proprioception, balance, as well as how 
much the Transversus abdominus as well as multifidus muscles have changed 
in thickness. Additionally, it has been shown to reduce disability and fear of 
movement among individuals suffering from LBP.13 

Biodex Balance System (BBS) indices are considered reliable indicators of 
postural control among patients suffering from LBP, particularly in more 
difficult situations, like when standing with eyes closed.14 By using the BBS, 
the patients can test and train their balance and enhance their neuromuscular 
control, as it has a platform with adjustable stability settings. Proprioceptive 
training as well as balancing exercises employing the Biodex stability device 
have been shown to increase elderly people's standing balance and mobility 
while decreasing their risk of falling, according to the available literature.15

The study seeks to evaluate the efficacy of training using the Biodex balancing 
system and core stability exercises postural sway, dynamic postural stability in 
mechanical low back pain patients to obtain the best treatment results.

Materials And Methods

Study Design 

This study, a randomized controlled trial, contrasted the impacts of core stability 
exercises and Biodex balance training on posture stability, postural sway, and 
dynamic postural stability in mechanical low back pain patients. It was carried 
out at the outpatient clinic Faculty of Physical Therapy, Modern University for 
Technology and Information from March to June 2023. Consolidated Standards 
of Reporting Trials (CONSORT) reporting standards were used in this study. 
The G Power statistical programme (version 3.1.9.2) was utilised to determine 
the required sample size for the study. The calculations were based on F tests, 
specifically for repeated measurements with both within-between variables. 
The significance level (α) was set at 0.05, the power (β) at 0.2, and the medium 
effect size at 0.24. The software determined that a sample size of 48 was 
adequate for the study. The primary outcome measure was the test results 
obtained from the mCTSIB. The study has included 48 patients in all (Figure 1).

Manuscrito recibido: 03/06/2024
Manuscrito aceptado: 18/06/2024

*Corresponding Author: Maha G. Ibrahim, Lecturer, 
Department of Physical Therapy for Basic Sciences, Faculty 
of Physical Therapy, Modern University for Technology and 
Information, Cairo, Egypt.

Correo-e: maha_maha_1234567@yahoo.com 

CORE STABILITY EXERCISES VERSUS BIODEX BALANCE TRAINING ON PATIENTS WITH MECHANICAL LOW 
BACK PAIN

Maha G. Ibrahim1*, Dina Othman Shokri Morsi Galal2, Karim Sami ELSaharty3, Ghada R Dabash4, Ahmed 
Magdy Alshimy5, Amira E. M. Abd El Hay6

1Lecturer, Department of Physical Therapy for Basic Sciences, Faculty of Physical Therapy, Modern 
Universityfor Technology and Information, Cairo, Egypt; 2Assistant Professor, Department of Physical 
Therapy for Orthopedic and Orthopedic Surgery, Badr University in Cairo, Egypt; 3Lecturer of Physical 

Therapy for Pediatrics and Surgery, Modern University for Technology and Information University, 
Cairo, Egypt; 4Lecturer of Physical Therapy, Women’s Health Department, Modern University for 

Technology and Information, Cairo, Egypt; 5Lecturer of Physical Therapy at Department of Neurology 
and its Surgery, Faculty of Physical Therapy, Al Ryada University for Science and Technology, Sadat 

city, Menoufia, Egypt; 6Lecturer at Basic science Department, Faculty of Physical Therapy, Heliopolis 
University for Sustainable Development, Cairo, Egypt

Abstract

Objectives: To compare the impact of core stability exercises versus Biodex balance training on postural 
stability and sway among patients suffering from mechanical low back pain. 

Methods: The study was conducted in the outpatient clinic of the Faculty of Physical Therapy, Modern University 
for Technology and Information, between March and June 2023. This randomized, double‐blind, pre‐post 
measurement study included forty-eight patients have been participated in this study and divided into three 
groups, Group A (control group) (n = 18) were given stretching as well as strengthening exercises. Group B (n = 
18) were given core stability exercises plus stretching as well as strengthening exercises. Group C (n = 18) were 
given Biodex balance training (limit of stability, maze, and random control modes training) plus stretching as 
well as strengthening exercises. The Biodex Balance System were utilized to quantify dynamic balance indices at 
baseline and six weeks following therapy. Statistical analysis among groups for eye open firm, eye closed firm, 
eye open foam, and eye closed foam revealed from the Modified clinical test of sensory interaction and balance 
which were the main outcome indicator. 

Results: The Within-Group analysis revealed substantial differences regarding postural stability as well as 
control of postural sway for groups B and C, both prior to and following the treatment program (p value < 
0.05). The between-group analysis revealed statistically substantial variations across all variables following the 
therapy, with Group C exhibiting further pronounced differences compared to Groups A and B (p < 0.05).

Conclusion: Enhancement in all measures of dynamic balance was shown following core stability training 
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Patient characteristics 

Following the signing of a consent form, 45 patients (18 female and 30 male) 
were randomly partitioned into three equal groups. The therapist recruited 
58 patients who were eligible to participate in the trial and instructed them 
to select an envelope at random before the experiment began. Out of the 48 
sealed envelopes, 16 had letter (A) inside, 16 had letter (B) inside, and 16 had 
letter (C) inside; the overall number for each group was then calculated. 

Group A were given stretching as well as strengthening exercises. Group B were 
given CSE plus stretching as well as strengthening exercises. Group C were 
given Biodex balance training (limit of stability, maze, as well as random control 
modes training) in addition stretching as well as strengthening exercises. The 
requirements for inclusion were as follows: (1) Patients between the ages of 
20 and 40,1 There are no observable consequences of the arthritic alterations 
that have occurred in the joints of the lumbar spine;16 (2) Participants who 
had many episodes of MLBP within the six months preceding the research;17 
(3) Patients with a BMI >30 kg/m2 have poorer balance and mobility because 
higher BMI levels.18

The following were the exclusion criteria:(1) Patients suffering from vestibular 
as well as Neurological disorders; (2) Patients who have recently received 
steroid injection therapy for a systemic inflammatory disease within the past 6 
months;19 (3) Patients with a prior surgical history involving the musculoskeletal 
parts of the spine;19 (4) Individuals who have experienced recent acute injury 
to the musculoskeletal structures in the spinal joints within the past three 
months.20 (5) lumber disc problems or cervical spondylosis.20

Procedure Evaluations The same therapist completed all assessments both 
before and after the treatment programme was complete. The Biodex Balance 
SystemTM SD (BBS) (Biodex Medical Systems Inc., New York, USA) is a valid 
as well as reliable tool for quantifying postural sway along with the dynamic 
postural stability.21 The Biodex System is a multiaxial apparatus which 
measures then documents the subject's ability to maintain their posture 
while experiencing both dynamic and static stress. The structure consists 
of a circular platform capable of movement in all four directions: ant., post., 
medial, as well as lateral. The platform's stability can be modified on a scale 
from level 1, which represents the lowest stability, to level 12, which represents 
the highest stability.22 In this study, we used the (m‐CTSIB).

Modified Clinical Test of Sensory interaction and Balance (m‐CTSIB): 

The test was designed to evaluate the incorporation of visual, somatosensory, 
as well as vestibular stimuli in order to sustain balance as well as stability of 
posture.22 Furthermore, this test is highly efficient in detecting patients who 
have mild to severe balance impairments, as it specifically identifies the 
damaged system. 23 The test is widely regarded as a valid as well as reliable 
method for the measurement of postural sway. 24 This test consisted of 4 
conditions: (1) Opened eyes, Firm Surface, (2) Closed eyes, Firm Surface, (3) 
Opened eyes, Foam Surface, as well as (4) Closed eyes, Foam Surface. Beginning 
from the starting point of the preceding test, each condition was performed 
twice for a period of thirty seconds, with a 10-second pause in between.23 In 
conditions 3 & 4, a foam mat with the same markings as the firm surface was 
placed on top of the force plate. This let the person put his feet back where 
they were supposed to be. 25 The total Sway index was calculated for each trial 
and each condition average. The Sway Index is a measure of the degree of 
instability in addition the possibility of a fall.25

Interventions Biodex balance training

The Biodex balance system TM SD is a distinctive system that features a 
moveable balancing platform that can be adjusted to varying degrees of 
instability. Three distinct training modules were utilised to implement the 
LOS, maze, as well as random control training modes in this study. They were 
applied to enhance postural stability, postural sway control, and sensory-
motor skills.22,26   All exercise modes were executed for about 30 min during 
each session. This session was conducted twice per week for a period of six 
weeks. 26 First, the patients performed in a five-minute warm-up exercise that 
involved brisk walking.27 Plate stability was set to 8 during the first 2 sessions 
by adjusting the platform's stability level.

Subsequently, the stability of the plates was diminished by one level after 
every two sessions. Every session involved performing each of these exercise 
modalities twice.26 During the LOS Training, the individual attempted to 
execute a movement pattern that aligned with the sway envelope, which refers 
to the region within which the patient has the ability to adjust their COG while 
maintaining their BOS.

With the pointer visible on the system's screen, they attempted to hit one of the 
targets that had shown before turning around to keep their balance.28 While 
utilising the maze control mode, the individual tried to manipulate the pointer 
towards maze-like targets by adhering to a consistent and predictable pattern 
of movement on the screen. Furthermore, the patients engaged in the random 
control training mode as they completed neuromuscular control tasks that 

involved randomly generated patterns on the display. The patient was asked 
to push the cursor inside the randomly shifting targets while maintaining it 
inside their comfort zone.29

Core stability exercises

Group A were given 24 sessions of CSE, there are eight sessions in each phase. 
In addition to conventional physiotherapy, three sessions are conducted on 
alternate days each week. Three phases were implemented during the exercise 
program. 30. Phase (1) consisted of abdominal bracing, single knee to chest, 
as well as bridging exercises. Phase (2) consisted of abdominal strengthening, 
basic stabilization as well as wall squats with swiss ball. Phase (3) consisted 
of lumbar extensor strengthening, lumbar extension on ball as well as corner 
stretch.31

Stretching and Strengthening Exercise

The erector spinae, illiopsoas, hamstring, along with hip adductor muscles 
were stretched individually on each participant in this group.32 Throughout 
weeks one and two, each stretch was maintained for a duration of ten seconds, 
with a total of five repeats. In weeks three to five, the stretches were extended 
to ten seconds each, with a total of ten repetitions. Finally, in weeks six to eight 
of the study, the stretches were held for twenty seconds each, with a total of 
twenty repetitions. 33

The control group's strength exercise programme consists of resistance 
exercise, This is performed on either a mat or using a gym ball. During a 
12-week period, every participant in the exercise groups participated in two 
50-minute exercise sessions each week. Throughout the duration of the 
exercise session, the subject was instructed to maintain a moderate to some 
what intense level of effort (rate of perceived exertion, (11–16). 33 (Table 1) 
display the comprehensive work out plans for both strength training and 
combining exercises.

Data collection

The data underwent screening to assess normality as well as homogeneity 
of variance. The Shapiro-Wilk test was employed to assess the normality 
of the data. The test demonstrated that the data followed a normal 
distribution (P>0.05) after removing outliers that were identified using box 
as well as whisker plots. Furthermore, the Levene's test utilized to assess the 
homogeneity of variance indicated that there was no statistically substantial 
distinction (P>0.05). The data exhibits a normal distribution, in addition 
parametric analysis is carried out. 

Statistical analysis

The SPSS Package programme version 25 for Windows (SPSS, Inc., Chicago, 
IL) was employed to carry out the statistical evaluation. Quantitative data for 
clinical general characteristics (age, weight, height, and BMI), eye open firm, 
eye closed firm, eye open foam, and eye closed foam variables are presented 
as mean and standard deviation. The frequency and percentage of the 
categorical variable (gender) are reported and contrasted among groups using 
the Chi-square test. 

A mixed design 3 x 2 MANOVA test was employed, with the 1st independent 
variable being the tested group consisting of three levels (group A, B& C). The 
2nd independent variable (within the subject factor) was the measurement 
of periods with two levels (pre- as well as post-treatment). The Bonferroni 
correction test was employed to compare the pairwise within as well as 
between groups of the examined variables whose P-value was substantial 
according to the MANOVA test. The probability of all statistical evaluation was 
substantial (P ≤ 0.05).

Results And Discussion 

In the present investigation, 48 patients, 30 of whom were male and 18 of 
whom were female, were randomly assigned to three equal groups, each 
consisting of 16 patients. 

No substantial differences (P>0.05) regarding patients age (P=0.653), weight 
(P=0.369), height (P=0.451), BMI (P=0.207), as well as gender (P=0.766) among 

Group Order Contents Set RPE
SEG Warm-up (10 min) Stretching - -

Strength training (30 min) Bridge 
Plank 
Squat 
Push-ups 
Back extension

3–5 11–16

Cool-down (10 min) Stretching - -

SEG, strength exercise group; RPE, rate of perceived exertion

Table 1. Strength exercise program.
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(P=0.0001), eye open foam (P=0.0001) and eye closed foam (P=0.0001). The 
substantial reduction in the mean measurements for eye open firm, eye closed 
firm, eye open foam, as well as eye closed foam are most favourable in group 
C, followed by group B, and then group A (Table 3).

Post-hoc test (Table 4) revealed there were substantial differences (P<0.05) in 
eye open firm, eye closed firm, eye open foam, as well as eye closed foam at 
post-treatment among pairwise of group A vs group C (P=0.0001, P=0.0001, 
P=0.0001, & P=0.0001) as well as group B vs group C (P=0.0001, P=0.0001, 
P=0.0001, & P=0.0001). Nevertheless, no substantial differences (P>0.05) 
among pairwise of group A vs group B (P=1.000, P=1.000, P=0.798, & P=1.000). 
Group C had the highest responses for eye open foam, eye closed foam, eye 
closed firm, as well as eye open firm, according to the post hoc test and group 
means (Figure 1-4).

Discussion 

This investigation contrasted the effectiveness of training with the BBS and 
CSE on postural sway, dynamic postural stability in mechanical low back pain 
patients. Based on our findings, both BBS training and CSE programs appear 
to be beneficial for enhancing postural sway, and postural stability indices; 
however, BBS training appears to have a more significant impact.

Postural stability is the capacity to sustain one's position, particularly the body 
mass center, within specific spatial ranges referred to as the LOS. Stability 

groups A, B, & C (Table 2).

statistical evaluation within each group for main outcome variables (eye open 
firm, eye closed firm, eye open foam, and eye closed foam) revealed there were 
insignificantly (P>0.05) decreased within group A in eye open firm (P=0.395; 
Table 3 and Figure 1), eye closed firm (P=0.445; Table 3 and Figure 2), eye open 
foam (P=0.157; Table 3 and Figure 3) and eye closed foam (P=0.569; Table 3 
and Figure 3) after-treatment contrasted to before-treatment. Though, there 
were substantially (P<0.05) decreased within group B & group C in eye open 
firm (P=0.022 as well as P=0.0001), eye closed firm (P=0.0001 and P=0.0001), 
eye open foam (P=0.007 and P=0.0001) as well as eye closed foam (P=0.048 
and P=0.0001)  after-treatment contrasted to before-treatment. Moreover, 
the patients in Group C improved higher eye open firm, eye closed firm, eye 
open foam, and eye closed foam (82.94, 67.09, 62.89, and 49.83%) followed by 
patients in group B (10.00, 22.40, 18.71, and 13.01%) and then those in group 
A (3.94, 4.95, 9.80, and 4.23%).

Statistical analysis among groups for eye open firm, eye closed firm, eye open 
foam, and eye closed foam revealed no substantial differences (P>0.05) among 
3 groups before-treatment for eye open firm (P=0.201; Table 3 and Figure 1), 
eye closed firm (P=0.395; Table 3 and Figure 2), eye open foam (P=0.818; Table 
3 and Figure 3) and eye closed foam (P=0.253; Table 3 and Figure 3). On the 
other hand, there were substantial differences (P<0.05) among group A, B, as 
well as group C after-treatment in eye open firm (P=0.0001), eye closed firm 

Variables Groups P-value
  Group A  (n=16) Group B (n=16) Group C (n=16)
Age (year) 29.94 ±6.67 31.19 ±4.86 30.06 ±6.18 0.653
Weight (kg) 77.00 ±7.73 74.44 ±9.28 77.69 ±11.54 0.369
Height (cm) 168.81 ±9.82 171.25 ±9.05 171.50 ±9.20 0.451
BMI (Kg/cm2) 27.10 ±4.45 25.40 ±2.76 26.48 ±4.06 0.207
Gender (males : females) 10 (62.50%) : 6 (37.50%) 9 (56.25%) : 7 (43.75%) 11 (68.75%): 5 (31.25%) 0.766

Quantitative data (age, weight, height, and BMI) are reported as mean ±standard deviation and compared statistically by MANOVA test
Qualitative data (gender) are reported a frequency (percentage) and compared by Chi-square test 
P-value: probability value   P-value>0.05: non-significant   

Table 2.  Patient clinical general characteristics among groups.

Variables Items
Groups (Mean ±SD)

P-value2
Group A (n=16) Group B (n=16) Group C (n=16)

Eye open firm

Pre-treatment 5.58 ±0.74 5.90 ±0.88 5.45 ±0.70 0.201
Post-treatment 5.36 ±0.71 5.31 ±0.82 0.93 ±0.17 0.0001*
Change (MD) 0.22 0.59 4.52

Improvement % 3.94% 10.00% 82.94%
95% CI -0.28 – 0.71 0.08 – 1.09 4.02 – 5.03

P-value1 0.395 0.022* 0.0001*

Eye closed firm

Pre-treatment 3.23 ±0.67 3.75 ±0.49 3.16 ±0.91 0.395
Post-treatment 3.07 ±0.61 2.91 ±0.43 1.04 ±0.20 0.0001*
Change (MD) 0.16 0.84 2.12

Improvement % 4.95% 22.40% 67.09%
95% CI -0.58 – 0.26 0.41 – 1.25 1.69 – 2.53

P-value1 0.445 0.0001* 0.0001*

Eye open foam

Pre-treatment 1.53 ±0.36 1.55 ±0.23 1.59 ±0.35 0.818
Post-treatment 1.38 ±0.35 1.26 ±0.27 0.59 ±0.16 0.0001*
Change (MD) 0.15 0.29 1

Improvement % 9.80% 18.71% 62.89%
95% CI -0.05 – 0.36 0.08 – 0.50 0.79 – 1.21

P-value1 0.157 0.007* 0.0001*

Eye closed foam

Pre-treatment 2.60 ±0.61 2.69 ±0.53 2.91 ±0.62 0.253
Post-treatment 2.49 ±0.62 2.34 ±0.42 1.46 ±0.32 0.0001*
Change (MD) 0.11 0.35 1.45

Improvement % 4.23% 13.01% 49.83%
95% CI -0.26 – 0.48 -0.02 – 0.72 1.06 – 1.82

P-value1 0.569 0.048* 0.0001*

Data are expressed as mean ± standard deviation (SD) and compared statistically by 3x2 MANOVA test.    
MD: Mean difference           CI: Confidence interval                     P-value: probability value               * Significant (P<0.05) 
P-value1: Probability value within each group;                          P-value2: probability value among groups

Table 3. Within and among groups comparison for main outcome variables.
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limits are the spatial levels within which an individual can remain stationary 
without altering their degree of reliance. Many biomechanical, environmental, 
as well as human work-related factors influence these ranges, which are not 
constant. To achieve stability, one must bring the forces that produce and 
disturb it into balance.34 The information from each sensory tool is combined 
with the information from the other sensory tools to produce the proper 
motor response. Postural dysfunction is caused by problems with the visual, 
somatosensory, and vestibular systems.35

Studies using the BBS as an exercise tool in patients with MLBP are extremely 
rare. Hosseinifar et al.  Suggested some points. First, there was a more 
substantial lessening in disability and pain following the implementation 
of stabilising activities compared to balancing trainings. Second, compared 
to other trainings, one type of training has a less significant effect on other 
research indices. Two stability indices in the balance group in addition one 
stability index in the stabilizing group among of the 36 studied showed 
differences with other groups among patients suffering from MLBP, contrary 

to what our study's findings that used the various Biodex assessment and 
treatment modalities and the literature available suggested.36

In their study, Anthony B and Piegaro Jr. found that a four-week program that 
combines core stabilisation and balance training can enhance semidynamic 
balance. On the other hand, either a core stabilization-training program or a 
balance training program can be utilised to enhance dynamic balance. 37

Furthermore, our study was conceptually in agreement with the findings 
demonstrated Beomryong K and Jongeun Y who demonstrated that both core 
stability as well as lumbo-pelvic-hip complex strengthening exercises enhance 
balance and have nearly identical effects among patients suffering from MLBP. 
They also observed that larger sample size studies are necessary to evaluate 
the impacts on both physical function as well as quality of life.38

Previous investigations have suggested that core stabilisation exercises are 
more effective than strengthening exercises, despite the fact that both types 
of exercises reduce pain. It is effective in decreasing functional disability as 

Variables  Items 
Post-hoc test (at post-treatment) 
Group A vs. Group B  Group A vs. Group C Group B vs. Group C

Eye open firm
MD (Change) 0.05 4.43 4.37
95% CI -0.56 – 0.66 3.81 – 5.04 3.76 – 4.99
P-value 1 0.0001* 0.0001*

Eye closed firm
MD (Change) 0.15 2.03 1.87
95% CI -0.35 – 0.67 1.51 – 2.54 1.35 – 2.38
P-value 1 0.0001* 0.0001*

Eye open foam
MD (Change) 0.11 0.78 0.67
95% CI -0.13 – 0.37 0.53 – 1.05 0.41 – 0.92
P-value 0.798 0.0001* 0.0001*

Eye closed foam
MD (Change) 0.15 1.02 0.87
95% CI -0.31 – 0.61 0.56 – 1.49 0.41 – 1.33
P-value 1 0.0001* 0.0001*

Data are expressed as mean ± standard deviation (SD) and compared statistically by 3x2 MANOVA test       MD: Mean difference   
CI: confidence interval * Significant (P<0.05 P-value: probability value between pairwise groups (post-hoc test)

Table 4. Pairwise comparison (post-hoc test) between groups for main outcome variables.
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Figure 1. CONSORT Flow chart for patients in the study.
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well as fear of movement among subjects having subacute nonspecific LBP 
by enhancing proprioception, balance, as well as the percentage change in 
transversus abdominis and lumbar multifidus muscle thickness.39

Furthermore, the meta-analysis, comprising 414 participants, revealed 5 RCTs 
that contrasted CSE with general exercise for chronic MLBP. The findings of 
this meta-analysis suggest that CSE is more effective than general exercise 
in providing pain relief as well as enhancing back-specific functional status 
throughout the Short-term duration of monitoring and evaluation. 

Nevertheless, there were no substantial differences in pain alleviation during 
the intermediate- as well as long-term monitoring periods.40

In addition, Hicks et al. Demonstrated that stability exercise is useful in 
managing patients with nonspecific chronic LBP. Furthermore, lumbar 
stabilization programs improve the stability of the spine.41 The deep abdominal 
muscles, such as the superficial muscles, transversus abdominis muscle, as 
well as multifidus, play a crucial role in alleviating pain in the back. 42

In our study, we found that strengthening and stretching for the low back 
muscles, as well as BBS exercises, led to improvements in movement dynamic 
postural stability. In patients with MLBP, BBS training, a game-like training 
method, has been shown to improve dynamic balance by increasing dopamine 
levels and promoting more positive feelings, cognition, and motivation. 43,44 
These characteristics may help to explain why the BBS training group was 
more effective than the core stability training group across all dynamic indices 
as well as postural sway.

Conclusion

From this study’s results, we conclude that both BBS training and CSE programs 
appear to be beneficial for enhancing postural sway, as well as postural 
stability indices among patients suffering with MLBP; however, BBS training is 
recommended for better improvement than CSE in such cases.
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