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Abstract
Information about comparing the effectiveness of exercise methods on management of disk herniation is limited. The aim 
of this study was to compare the effect of two programs of suspension and core stability exercises on some electromyogra-
phy (EMG) coordinates, pain and range of motion of patients with disk herniation. Thirty-two men with disk herniation 
participated in this clinical trial study which was randomly divided into three groups of suspension exercises (n: 12, age: 
34.25 ± 8.81, BMI: 24.01 ± 2.7), core stability exercises (n: 10, age: 35 ± 10.3, BMI: 25 ± 2.27) and control (n: 10, age: 
34.4 ± 6.67, BMI: 23.76 ± 1.45). Electrical activity of rectus abdominis, internal and external oblique and erector spinae 
muscles was masured by superficial EMG, back pain by McGill Pain Questionnaire and range of motion by Modified Schober 
test, one day before and immediately after of intervention period. The experimental groups performed an 8-week training 
period while the control group was only followed up. Data were analyzed using paired sample t test and analysis of covari-
ance test and statistical significance was set at 0.05. Suspension group showed significant improvement in EMG of rectus 
abdominis, internal and external oblique muscles (respectively, p = 0.030, p = 0.017, p = 0.022) and pain (p = 0.001) compared 
to core stability group; but there was no significant difference between two groups in EMG of erector spinae muscle and 
range of motion. Changes in both training groups were significant in all variables compared to control groups (p ˂ 0.05). Our 
findings showed that although both exercises were effective in patients with lumbar disk herniation, but the effectiveness of 
suspension exercises in increasing muscle activation and reducing pain was more pronounced than core stability exercises.
Iranian Registry of Clinical Trials (IRCT): IRCT20191016045136N1.
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Introduction

Disk herniation can be defined as displacement of disk mate-
rial beyond the margins of the intervertebral disk space [1] It 
is considered the most frequent cause of lumbosacral radicu-
lopathy [2]. Lumbar disk herniation affects about 39% of 
chronic low back pain (LBP) patients [3]. Pain is caused by 
herniated disk pressure on nerve roots and the spinal cord in 
patient with disk herniation and causes failure or weakness 
of muscles around spine [4]. The most effective muscles 

involved in trunk stability include multifidus, erector espinae 
(ES), rectus abdominis (RA), internal oblique (IO), external 
oblique (EO) and transverse abdominis (TA) [5–7]. Research 
shows that the electrical activity of these muscles is reduced 
by LBP [8, 9]. Also, pain and decrease in normal spine func-
tion lead to reduced lumbar range of motion (ROM) [10].

Core stability exercise is one of the most commonly used 
rehabilitation strategies for improving dynamic stability of 
the lumbar spine in people with chronic LBP [11]. Core 
stability refers to an effective recruitment of core muscles 
(including the abdominal, back, pelvic and hip muscles) 
leading to an optimal production of force and precise con-
trol of lumbopelvic–hip movement, as well as appropriate 
load transfer from the spine to the pelvis and distal segment. 
As such, it is thought to be a determinant factor for effective 
motor performance [12]. Past research has been shown that 
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core stability exercise is effective on pain [13], ROM [14] 
and core muscle activation [15].

In recent years, the addition of instability to traditional 
exercises has become a popular method for increasing bene-
fit of sport such as suspension exercises. Suspension exercise 
is defined as having one or more straps connected to one or 
more anchor point(s) as the user is suspended from the han-
dles of the straps by either their hands or feet, while the non-
suspended pair of extremities is in contact with the ground 
[16]. An unstable resistance training environment stresses 
the neuromuscular system and may promote greater strength 
gains [17]. Unstable training may also increase motor unit 
recruitment and improve neuromuscular coordination with-
out an increase in the mechanical load when performing 
the movement under unstable condition [18]. According to 
high consistency between nervous system efficiency and 
muscle strength with LBP [4], suspension exesrcise may 
be particularly useful for rehabilitation and pain of patients 
with chronic LBP [19–21]. Recent research supports the use 
of suspensions in muscle activation [22–24], but there are 
conflicting opinions in comparison between suspension and 
core stability exercises [23, 25]. The effect of these exer-
cises on ROM is also mentioned differently [14, 26, 27]. 
Among the wide variety of suspension exercises, the most 
appropriate posture for people with chronic LBP has not 
been determined yet. Also, there is limited information about 
efficacy of this method in patients with disk herniation and 
comparison of these two exercises method in improving pain 
and ROM. Therefore, the aim of the present study was to 
compare the effect of core stability and suspension exercises 
on some EMG coordinates, pain and ROM in patients with 
lumbar disk herniation. It was hypothesized that suspension 
exercise is more effective than core stability exercises.

Methods

The present study was a clinical trial and the subjects 
included male volunteers who referred to the physiotherapy 
clinic in Rasht City of Iran after invitation for six months 
and data conducted from September to November 2020.

Participants

Posterior lateral disk herniation in the lumbar vertebrae with 
grade 1 (bulge) and 2 (protrusion) in subjects was confirmed 
by a neurosurgeon with magnetic resonance imaging (MRI). 
Other inclusion criteria included a history of LBP for more 
than three months, not having specific diseases, not partici-
pating in regular exercises and not using other treatments for 
LBP during the intervention. Written consent was obtained 
from the individuals. Other ethical considerations included 
confidentiality and confidentiality for individual participants, 

complete freedom to withdraw from research and informa-
tion about research. First, 82 people were selected by con-
venience sampling and G*Power software version 3.1 with 
an analytical power of 0.8 and effect size of 0.5 with a 95% 
confidence interval, was used to determine the sample size 
[28, 29]. Based on this, a sample of 42 people was suggested 
that due to possibility of falling research samples, 45 peo-
ple were selected by purposive sampling after reviewing the 
inclusion criteria. Until the beginning of the study, 9 people 
withdrew due to corona pandemic.

Study design

Subjects were randomly divided into 3 groups of 12 people 
including suspension exercises, core stability exercises and 
control group by simple randomization (envelop shuffling). 2 
people from core stability exercises and 2 people from con-
trol group could not complete the course and were excluded 
from the study. Anthropometric measurements (including 
height with bar meter, weight with german BEURER digi-
tal balance and body mass index calculated from weight 
by kilograms divided per square height by meter) and tests 
related to EMG data, pain and ROM were performed one 
day before and immediately after the intervention period. 
Pain and ROM test were taken from 6 to 7 pm and EMG 
from 8 to 10 pm in both pre- and post-test. The intervention 
period was 8 weeks and 3 sessions per week in pranic sport 
club in Rasht City. Each exercise session consisted of three 
parts: warm-up (10 min), exercise (30–40 min) and cool 
down (5 min). Researchers asked participants to report any 
increase in pain during the intervention period. It should be 
noted all three groups (experimental and control groups) 
performed several self-care methods at home during the 
study and no intervention was performed on control group.

Experimental groups intervention

Core stability group exercises included bridging, push-up, 
plank, oblique sit-up, thigh abduction, thigh flexion, warp 
leg in abdomen and lifting pelvic in side lying (Table 1). In 
the first session, plank exercise was performed 1 repetition 
with 5 s hold and other exercises performed 4 repetitions 
(1 min rest was considered between repetitions) and there 
was a 2-min break between each exercise and the next 
exercise. Exercises repetitions increased to 6 repetitions 
in the third and fourth weeks (1 repetition with 8 s hold 
for Plank), 8 repetitions in the fifth and sixth weeks (1 
repetition with 11 s hold for Plank) and 10 repetitions in 
the seventh and eighth weeks (1 repetition with 15 s hold 
for Plank). Suspension group exercises were selected with 
a similar movement pattern included suspension bridg-
ing, push-up, plank, oblique leg fold, thigh abduction, 
thigh flexion, warp leg in abdomen, bring leg left and 



569Sport Sciences for Health (2022) 18:567–577 

1 3

right together (Table 1). Two devices were used for sus-
pension. First  TRX® suspension training system (Fitness 
Anywhere LLC, San Francisco, CA, USA), in which the 
first 3 exercises were performed by it and second horizon-
tal bar which was attached to metal frame installed in roof 
and the next 5 exercises were performed by it. Number 
and time of rest were considered as the first group. The 
criterion for increasing intensity of exercises was the Borg 
scale, which according to the problem of participants was 
remaining up to level 6 for suspension exercises and 5 
for core stability exercises. A pilot session was conducted 
to familiarize the participants with the exercises and test 
their ability to perform that due to maintaining the safety 
of participants and to prevent the creation of double pres-
sure. Accordingly, with the feedback we received, we kept 
the Borg index at a constant number to maintain safety and 
training intensity. People who were absent for more than 

thee consecutive sessions or became ill or injured during 
the study were excluded from the study.

Measurements

Surface electromyography (sEMG)

sEMG device of NEGAR company (model 5000Q) was used 
to record of muscle electrical activity. Electrodes made of 
silver chloride, signals were recorded with bandwidth of 
10 to 500 Hz, sensitivity of 3 mV amplifier and sampling 
frequency of 1000 Hz. RA, IO, EO and ES muscles were 
selected to evaluate the activity of core muscles. Then, local 
body hair was shaved from bottom of the electrode to reduce 
the noise. Then the place was cleaned with alcohol and the 
surface electrodes were attached to the skin by electrode 
adhesives and bandages. The EMG device was connected 

Table 1  How to perform core stability and suspension exercise

Exs How to performed

Core stability exercise Bridging Lie supine and place the ankles on a pillow. Then, lift the hips off the 
ground by contracting the back and thigh muscles

Push-up Lie prone with place the hands next to the body and set the elbows and 
shoulders on the bent mode. Then lift the trunk from ground by exten-
sion the elbow so that only the palms and soles of the feet are on ground

Plank Lie prone with place the hands next to the body and set the elbows and 
shoulders on the bent mode. Then lift the trunk off ground so that only 
the forearms and toes are on ground

Oblique sit-up Lie supine with the knee bent, then try to bend the trunk with the right 
rotation. Repeat this rotation with left side

Thigh abduction Lie on right side, then abduct your left leg. Repeat this with the opposite 
side

Thigh flexion Lie supine, then flex both hips with a straight knee
Wrap legs in abdomen Lie supine, then flex both legs at the hip and knees
Lifting pelvic in side lying Lying on the right side while weight bearing on the forearm. Then lift the 

pelvis off ground. Repeat the same with the opposite side
Suspension exercise Suspension bridging Lie supine and place the ankles on handle of TRX system. Then, lift the 

hips off ground by contracting the back and thigh muscles
Suspension push-up Lie prone with place the hands next to the body and set the elbows and 

shoulders on the bent mode. place the ankles on handle of TRX system. 
Then lift the trunk from ground by extension the elbow so that only the 
palms are on ground

Suspension plank Lie prone with place the hands next to the body and set the elbows and 
shoulders on the bent mode. place the ankles on handle of TRX system. 
Then lift the trunk off ground so that only the forearms are on ground

Suspension oblique lef fold Hanging from the horizontal bar, then flex both legs from the pelvis and 
knees and turned to the right at the same time. Repeat this rotation with 
the left side

Suspension thigh abduction Hanging from the horizontal bar, then abduct the left leg. Repeat with the 
right foot

Suspension thigh flexion Hang from the horizontal bar, then flex both thighs with a straight knee
Suspension warp legs in abdomen Hang from the horizontal bar, then flex both legs at the hip and knees
bring Suspension leg right and left together Hang from the horizontal bar, then bring both legs together to the left. 

Repeat the same with the right side
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to computer and information was recorded on the computer 
during the study. Also, all radio and electronic devices in 
the measuring medium were turned off. All information was 
collected from the right side of the subjects for uniformity. 
Placement of the electrode was perpendicular to horizon at 
2 cm outside the umbilicus for RA, at an angle of 45 degrees 
in the middle of the upper anterior iliac spine to the lowest 
point of the chest EO, at 2 cm lower than most prominent 
part of the upper anterior iliac spine and the upper and inner 
part of the inguinal ligament for IO [30], and for ES, it was 
approximately 2 cm outside third lumbar vertebra and the 
upper abdominal muscles [31]. The reference electrode was 
placed on right lateral wrist (styloid process of radus) in all 
cases.

Maximum voluntary isometric contraction (MVIC) was 
recorded for each muscle as follows: for RA, subject lay in 
supine position and bent his hips and knees to a 90-degree 
position, then tried to flexion his trunk with maximum force 
against examiner resistance at shoulder level. For right EO, 
subject lay in the same position and tried to flexion his trunk 
with left rotation against examiner resistance at shoulder 
level. For right IO, subject lay in the same position and tried 
to flexion his trunk with right rotation against of examiner 
resistance at shoulder level and for ES, the subject lay in 
prone position and performed maximum isometric force to 
extend his lumbar against of examiner resistance at poste-
rior surface of shoulder [30]. For each muscle, 3 isometric 
contractions of 5 s were performed by the subject with the 
most effort and 2 min of rest was considered between each 
attempt. Then, the highest amount of recorded contraction 
was selected as MVIC.

Electromyographic signal processing was performed 
using MATLAB software version R2019a. A 50 Hz filter 
(to eliminate the effects of city electricity) and a band-pass 
filter between 10 and 500 Hz was applied to remove the 
noise from signal, then a 50-ms moving window was used 
to calculate the root mean square (RMS).

McGill pain questionnaire

This questionnaire was used to measure pain and contains 
a list of 77 factors describing pain that organized into four 
main classes (sensory perception, affective perception, pain 
evaluate and miscellaneous) and 20 sub-units. Each con-
tains a minimum of two and a maximum of six words to 
which pain intensity values   are assigned and ranges from 
0 (painless) to 78 (severe pain). McGill Pain questionnaire 
is designed to assess the multidimensional nature of pain 
experience and demonstrates a valid, reliable measurement 
tool [32].

Modified schober test (MST)

MST was used to measure lumbar ROM. Test was performed 
in such a way that the subject was in a standing position, 
intersection of the venus cava in lumbar was marked with a 
marker as a reference line and a line was drawn at a distance 
of 10 cm above and 5 cm below of this point. Then sub-
ject was asked to performed lumbar flexion and extension. 
Measurements were performed using a tape measure. Dif-
ference between these points was recorded before and after 
the performance [33].

Statistical analysis

SPSS software version 24 was used for data analyze. Shap-
iro–Wilk test was conducted to evaluate normality of statisti-
cal data distribution and Levene test to equality of variance 
of subjects. Also, paired t test was used for intra-group and 
analysis of covariance (ANCOVA) and post hoc Bonferroni 
for intergroup comparison. Statistical significance was set 
at 0.05.

Results

The subjects' information was described in Table 2 using 
descriptive statistics. Our results were calculated with a 95% 
confidence level to confirm the hypothesis. Results of Sha-
piro–Wilk test confirmed assumption of normal data distri-
bution and Levene test, presumption of variance equality of 
the subjects’ scores in all variables in pre-test. Therefore, 
according to the pre-conditions, parametric tests were used 
for analysis.

Results of paired t test showed that there was a signifi-
cant difference in EMG of all 4 muscles, pain and ROM 
in groups of suspension (p = 0.004 for EMG of ES and 
p ˂ 0.001 for other variables) and core stability exercises 
(p = 0.003 for EMG of ES and p = 0.002 for EO, p = 0.003 
for extension ROM and p  ˂ 0.001 for other variables). 
However, changes in control group were not significant 
(p > 0.05) (Table 3). Then ANCOVA was used by setting 

Table 2  Participants’ characteristics

*p < 0.05  cm: centimeter, Kg kilogeram, kg/m2 kilogeram/square 
meters

Variable Suspension group Core stability 
group

Control group

Age (year) 34.25 ± 8.81 35.00 ± 10.30 34.4 ± 6.67
High (cm) 178.75 ± 9.83 181.60 ± 8.64 178.40 ± 7.16
Weight(kg) 76.16 ± 2.65 83.10 ± 15.01 75.50 ± 3.86
BMI (kg/m2) 24.01 ± 2.70 25.00 ± 2.27 23.76 ± 1.45
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pre-test as an intervener factor and results showed that 
there was a significant difference between the post-test 
of all variables (p = 0.001 for EMG of ES, p = 0.002 
for extension ROM and p  ˂  0.001 for other variables) 
(Table 4). Therefore, post hoc Bonferroni test was used to 
evaluate the variables difference between pairwise study 
groups and results showed that mean of all variables 

improved significantly compared to control group in sus-
pension (p = 0.008 for EMG of ES, p = 0.002 for exten-
sion ROM and p  ˂ 0.001 for other variables) and core 
stability groups (p = 0.007 for EMG of ES, p = 0.020 for 
EO, p = 0.024 for IO and p = 0.006 for RA, p ˂ 0.001 for 
pain, p = 0.001 for flexion ROM and p = 0.022 for exten-
sion ROM). There was a significant difference between 

Table 3  Intragroup evaluation 
results with paired t test

*p < 0.05 cm: centimeter, mV millivolt

Variable Groups Pre Post Paired t test Sig

EMG of ES (mV) Suspension 0.45 ± 0.05 0.47 ± 0.04 − 3.630 0.004*
Core 0.44 ± 0.05 0.46 ± 0.04 − 4.129 0.003*
Control 0.44 ± 0.03 0.44 ± 0.04 1.152 0.279

EMG of EO (mV) Suspension 0.47 ± 0.05 0.62 ± 0.07 − 6.246 ˂ 0.001*
Core 0.44 ± 0.05 0.54 ± 0.06 − 4.400 0.002*
Control 0.46 ± 0.03 0.43 ± 0.04 − 0.185 0.858

EMG of IO (mV) Suspension 0.44 ± 0/03 0.65 ± 0.09 − 7.411 ˂ 0.001*
Core 0.43 ± 0.05 0.54 ± 0.09 − 5.754 ˂ 0.001*
Control 0.46 ± 0.04 0.46 ± 0.04 − 2.203 0.055

EMG of RA (mV) Suspension 0.43 ± 0.05 0.59 ± 0.02 − 8.847 ˂ 0.001*
Core 0.43 ± 0.03 0.52 ± 0.06 − 5.533 ˂ 0.001*
Control 0.45 ± 0.03 0.46 ± 0.04 − 1.365 0.206

Pain Suspension 33.66 ± 9.28 17.08 ± 6.14 8.269 ˂ 0.001*
Core 34.10 ± 8.10 24.70 ± 6.78 6.363 ˂ 0.001*
Control 33.10 ± 5.60 33.00 ± 5.88 0.142 0.891

Flexion ROM (cm) Suspension 5.10 ± 1.20 7.46 ± 1.43 − 6.535 ˂ 0.001*
Core 5.63 ± 1.00 7.44 ± 1.23 − 6.250 ˂ 0.001*
Control 5.35 ± 1.11 5.27 ± 1.11 0.443 0.688

Extension ROM (cm) Suspension 1.97 ± 0.43 3.06 ± 0.79 − 12.902 ˂ 0.001*
Core 2.09 ± 0.44 2.92 ± 0.53 − 4.104 0.003*
Control 1.96 ± 0.17 2.17 ± 0.67 − 1.148 0.280

Table 4  Intergroup evaluation 
results with ANCOVA

*p < 0.05 cm: centimeter, mV millivolt

Variable Sum of squares df Mean squares F Sig Partial eta-
squared (η2)

EMG of ES (mV) Contrast 0.004 2 0.002 8.719 0.001* 0.401
Error 0.006 26 0.000

EMG of EO (mV) Contrast 0.142 2 0.071 18.287 ˂ 0.001* 0.584
Error 0.101 26 0.004

EMG of IO (mV) Contrast 0.206 2 0.103 18.234 ˂ 0.001* 0.584
Error 0.147 26 0.006

EMG of RA (mV) Contrast 0.097 2 0.049 19.588 ˂ 0.001* 0.601
Error 0.064 26 0.002

Pain Contrast 1466.799 2 733.400 46.033 ˂ 0.001* 0.780
Error 414.231 26 15.932

Flexion ROM (cm) Contrast 32.720 2 16.360 16.648 ˂0.001* 0.562
Error 25.550 26 0.983

Extension ROM (cm) Contrast 3.504 2 1.752 8.253 0.002* 0.388
Error 5.519 26 0.212
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difference in suspension group compared to core stability group. post 
hoc Bonferroni test (p ˂ 0.05)

*+
*

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

Suspension Core Control

M
V

Internal oblique

pre-test post-test
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two groups of suspension and core stability in EMG of 3 
muscles (p = 0.022 for EO, p = 0.017 for IO and p = 0.030 
for RA) and pain (p = 0.001); but this difference was not 
significant in EMG of ES and flexion and extension ROM 
(p > 0.05) (Figs. 1, 2, 3, 4, 5, 6, 7).

Discussion

The aim of this study was to compare the effect of two pro-
grams of suspension and core stability exercises on some 
EMG coordinates, pain and ROM of patients with disk her-
niation. The study’s results showed significant improvement 
in EMG of RA, IO and EO muscles and pain in suspension 
group compared to core stability group; but there was no 
significant difference between two groups in EMG of ES 
and ROM.

In this study, the electrical activity of some abdominal 
and lumbar muscles during their MVIC was investigated to 
obtain their activation rate. Findings showed a significant 
increase in MVIC of all muscles in both exercise groups; 
but there was no significant difference in the control group. 
Similar to our findings, some studies observed improvement 
of muscle activation level after suspension [22, 24] and core 
stability exercises [34]. Also, Aguilera-Castells et al. (2020) 
in a systematic review study of 18 studies, reported a very 
different core muscle activation ranging from moderate to 
high range [35]. Another finding showed that suspension 
exercises significantly increased MVIC of RA (37.20%), 
IO (47.72%) and EO (31.91%) compared to core stability 
exercises (respectively, 20.93%, 25.58% and 22.72%); but 
no significant difference was observed between two types 
of exercises ES (4.44% versus 4.54%). Similar to our study, 
Youdas et al. stated that activation of RA, IO and EO in 
all three models of suspension push-up exercise was sig-
nificantly higher than standard push-up [23]. Other studies 

reported a significant improvement in abdominal muscle 
activity in suspension plank compared to standard plank 
[36] and suspension push-up compared to standard push-up 
[37]. However, inconsistent results have also been reported. 
Aguilera-Castells et al. stated that there is no significant dif-
ference in muscle activity between standard and suspension 
squats [38] and Atkins et al. showed that suspension plank 
exercise did not result of higher peak amplitude in EO and 
ES compared to standard plank [25].

A factor that must be considered is that variables, such 
as intensity, volume and the principle of overload, must be 
controlled to achieve exercise goals [39]. The principle of 
overload is essential to challenge the individual in order for 
occur training adaptation. Resistance in most suspension and 
unstable exercises is body weight and the intensity of train-
ing depends on degree of instability caused by the devices 
and angles of body [40]. However, in present study, the prin-
ciple of overload was applied by increasing repetition and 
duration of muscle contraction. Existence of more load in 
suspension exercises compared to core stability exercises 
obtained from Borg index (6 vs 5) was one of the reasons for 
further progress of suspension exercises group.

On the other hand, in contrast to our result, most previous 
studies observed higher activation of ES during suspension 
exercises compared to core stability exercises [16, 21, 36]. 
Probably our exercises were not focused enough on extensor 
muscles and may not provide the required level of activation. 
However, most research has been done on people without 
LBP, and its important to note that lower levels of activa-
tion occur in ES due to high compressive and shear forces 
at lumbar vertebrae in people with LBP [41].

It has been suggested that muscle dysfunction in patients 
with chronic LBP may be due to change in one of the neu-
romuscular control mechanisms affecting trunk stability 
and movement efficiency, and that lumbar extensor muscles 
in these cases are weak and highly tired [20]. Also, these 
patients have a lower percentage of MVIC in trunk muscles 
when performing movements compared to healthy individu-
als [21]. The body’s stabilization system functions optimally 
in optimal use of strength, power, neuromuscular control and 
muscular endurance [42]. Primary role of dynamic stability 
and segmental control of spine arises from abdominal mus-
cles.Thus, a strong core improves neuromuscular efficiency 
throughout the motor chain and improves dynamic posture 
control [43]. Given the above, use of core stability exercises 
may be effective for LBP patients with movement control 
disorders.

Suspension exercises may cause more actively involved 
muscles that were inactivated by LBP and central nervous 
system to receive more appropriate and effective stimuli 
from the afferent nerves of deep receptors refering to these 
muscles [44]. One of possible mechanisms of suspension 
exercises effect on motor control is that suspension exercises 
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have increased control of body position through simultane-
ous contractions of agonist and antagonist muscles. There-
fore, the used exercises probably increase proprioceptive and 
improve function of muscles around the spine by increas-
ing tonic activity and ability to maintain contraction in the 
agonist muscle and increase the peripheral inputs [45]. One 
of the characteristics of instability training is that exercises 
begin the process of learning new movement patterns and 
using these exercises may increase muscle recall due to 
unstable surface [16]. Because the involved muscles must 
be more activated to prevent unnecessary horizontal and 
oblique movements [18]. Also, some suspension exercises 
were performed in hanging position, which was a new com-
bination training method. This hang imposed more weight 
on the muscles compared to core stability exercises and 
led to an increase in MVIC of these muscles due to more 
overload.

Another finding of this study was pain relief in both core 
stability and suspension exercise groups; but no significant 
change was observed in control group. According to our 
results, some studies reported a reduction in pain due to core 
stability and suspension exercises in people with interverte-
bral disk herniation [19, 27]. In contrast, Ahmadizadeh et al. 
reported that core stability exercises combined with self-care 
education had no effect on pain and functional disability of 
mothers with LBP who have children with cerebral palsy 
[46]. Of course, the sex of subjects and this fact that moth-
ers who have children with cerebral palsy have much higher 
activity and increased pressure on low back can be effective 
in achieving these different results. Also, our study showed 
that suspension exercises significantly reduced the pain in 
people with disk herniation (49.26%) compared to core sta-
bility exercises (27.57%) and both training groups showed 
a significant improvement compared to control group. Our 
study was similar to the research of khanzade et al. who 
reported pain reduction in suspension compared to core sta-
bility exercises in end of intervention priod [19].

Lumbar and abdominal muscles become dysfunctional 
when back pain occurs and because these muscles guide the 
joint in different patterns of movement and motor function 
resulting from these different patterns, their damage causes 
damage to joint function and ultimately occurrence pain and 
functional disabilities in movements. Therefore, these mus-
cles need retraining. Core stability exercises make the mus-
cles that were inactivated due to LBP more actively involved 
[42]. These exercises increase strength and coordination of 
muscles, thereby reduce pain in people with chronic LBP 
[47].

One of the possible mechanisms of the effect of suspen-
sion exercises on pain relief is that these exercises, due to 
the fact that they are a special form of unstable exercises, can 
also increase muscle contraction compared to exercises at a 
more stable level [37]. This unstable nature also causes local 

and deep muscles to be involved at the same time [48] and it 
increases neuromuscular control in a closed-chain environ-
ment, which improves joint stability and reduces pain by 
improving the pattern of muscle response and supporting 
intervertebral joints [49]. Also, some of the suspension exer-
cises we used were performed as a hanging position, which 
can reduce pain due to traction created on back with help of 
weight of the lower limbs. It has been reported that cases 
using gravity-induced passive traction techniques have expe-
rienced reduced symptoms and LBP [50]. Traction increases 
height of the intervertebral disk, increases the intervertebral 
space and releases nerve root in the intervertebral foramen, 
which this results reduces of LBP [51].

Another finding of this study was a significant increase in 
ROM in suspension and core stability exercise groups; but 
no significant change was observed in control group. Some 
studies reported similar result in people with chronic LBP 
[14, 27]. On the other hand, in the study of Kuligowski et al. 
(2021), core stability exercises reduced lumbar ROM in peo-
ple with disk herniationm [26]. Difference in severity of disk 
herniation of the subjects and period of core stability exer-
cises used in this study (four weeks) could be the reasons 
why this research is different from our research. Our study 
also showed that there is no significant difference between 
effect of two suspension and core stability exercises program 
on lumbar ROM of people with disk herniation; but both 
exercise groups significantly increased the range of flexion 
and extension compared to control group.

Pain and dysfunction of vertebrae and intervertebral disks 
reduce ROM of lumbar spine [10]. It is also believed that 
motion in patients with LBP causes pain due to process of 
chronic pain followed by muscle spasm and decreased flex-
ibility in musculoskeletal system. As a result, these patients 
refrain from moving to prevent recurrence of pain, which 
leads to a reduction in ROM of the lumbar spine [52]. It 
has been stated that muscle imbalance leads to pelvic tilt 
changes and reduced ROM in spinal flexion [53]. Core sta-
bility exercises program improves function of musculoskele-
tal system, which leads to optimal movement of lumbar–pel-
vic joints along functional chain, acceleration or reduction 
of proper acceleration, proper muscle balance and functional 
strength [42] and reducing pain caused by these exercises is 
also effective in improving ROM [14]. On the other hand, 
suspension exercises increase neuromuscular coordination 
and relieve unnecessary pressures due to creation of an 
unstable environment and by increasing muscle activation, 
improve ROM of the joints [27]. It has been stated that loads 
applied in unstable conditions may be a sufficient stimulus 
to produce adaptation and increase ROM [54]. Furthermore, 
there was no significant difference between suspension and 
core stability exercises in increasing lumbar ROM, which 
could be due to the same movement pattern used in our 
exercises and increasing muscle activation alone was not a 
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sufficient stimulus to improve ROM compared to core stabil-
ity exercises.

Limitations

The gender of subjects was the main limitation of this study, 
along with reduction in number of people in the subgroups, 
which was caused by the pandemic of COVID-19 and the 
withdrawal of a number of volunteers. Other limitations of 
this study were mental state of the subjects and their motiva-
tion to perform exercises. Due to the mentioned factors, it is 
recommended to perform this study in women and on more 
subjects. It is also useful to examine other factors involved 
in LBP, including when to start activation and fatigue of the 
lumbar muscles, before and after exercises.

Conclusion

Our funding showed that both suspension and core stability 
exercises improved core muscle activation, reduced pain and 
increased lumbar ROM in patients with lumbar disk hernia-
tion. One of the interesting results in present study was more 
prominent role of suspension exercises in muscle activation 
and reducing pain compared to core stability exercises.
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