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The Effect of Suspension and Conventional Core 
Stability Exercises on Characteristics of Intervertebral 

Disc and Chronic Pain in Office Staff Due to Lumbar 
Herniated Disc

Abstract

Background: The purpose of this study was to identify the effects of eight weeks of conventional and suspension core 
stability exercises by use of the designed device on characteristic of intervertebral discs in low back pain.

Methods: A total of 27 men with chronic low back (CLB) pain due to lumbar disc herniation in L4-L5 and L5-S1 regions 
were enrolled in this quasi-experimental study. After assessing the pain intensity using a visual analog scale (VAS) and 
determining the disc herniation index using MRI, each group of patients were asked to perform either conventional 
or suspension exercises for eight weeks, each week consisting of three training sessions. The pain intensity was 
assessed at the end of the first, second, third, fourth and eighth weeks and the disc hernia index was determined again 
at the end of the eight weeks of exercises. 

Results: The results indicated significant changes in the intensity of pain in both groups through the period of eight 
weeks of exercise with a remarkable pain relief. In relation to the structural characteristics of the intervertebral disc, data 
analysis did not reveal any significant change between the pre- and post-test. 

Conclusion: Considering the beneficial effects of the stability exercises and specially suspension stability exercises 
with respect to pain alleviation and reduced use of sedatives and anti-inflammatory drugs, this method can be helpful 
at early stages of treatment for chronic pains.

Level of evidence: I

Keywords: Core stability exercises, Disc herniation, Pain, Suspension core stability exercises

Introduction

Work is an inseparable aspect of human life. A 
review of literature indicate that three-fourths 
of the world’s jobs will be sedentary in the future 

(1). As a result, occupational diseases have also been 
on the rise due to the musculoskeletal disorders. These 

disorders constitute the most prevalent occupation-
related disabilities (2, 3). Musculoskeletal disorders are 
usually due to prolonged or repeated pressures imposed 
on soft tissues such as nerves, muscles, tendons, and 
joints. Among these disorders, low back pain is extremely 
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Materials and Methods
The present quasi-experimental study was performed 

with a pre- and post-test design on two groups of 
individuals. The participants consisted of 30 men 
with unilateral or bilateral lumbar and radicular leg 
pains due to lumbar disc herniation. The participants 
were randomly divided into two experimental groups 
(n=15 in each): conventional group (age: 43.4±8.6, 
height: 176.5±2.3 and weight: 87.7±6.5) and the 
suspension group (age: 37.2±5.3, height: 179.5±5.6 and 
weight: 87.0±7.4). During the eight weeks of training, 
three participants of the suspension group and two 
participants of the conventional group were dropped 
from the present study due to pain deterioration and 
personal reasons. 

The participants were selected using convenient and 
target sampling. The sample population were recruited 
from a local-state hospital during a one-month period. 
Two orthopedic specialists at the hospital made the initial 
diagnosis based on Straight Leg Raising (SLR) and Gait 
Monitoring (GM) tests. After recording the demographic 
characteristics, their pain was also measured by a Visual 
Analog Scale (VAS). MRI was also performed to assess 
the structural characteristics (height and disc herniation 
index) of lumbar intervertebral disc (21). The vertebral 
height and disc herniation index were determined by 
using MRI (Magnetom Prisma Tim+Dot System 3 Tesla); 
the disc height was analyzed by using T2-weighted axial-
section MRI; and the images were analyzed by using the 
PACS (picture archiving and communication system). 
The subject was laid supine with a cushion under their 
bent knees at a 25° angle. In this position, the lumbar 
vertebral L4 and L5 segments were photographed. The 
disc height was analyzed by using the image obtained 
[Figure 1]. The disc and intervertebral foramen were 
measured at the intercept of the axial direction. The 
sagittal distance of the herniated disc was recorded as 
the maximum anteroposterior disk height (AB), and that 
of the vertebral foramen was recorded as the maximum 
anteroposterior canal length (EF). The width of the 
herniated material was measured by drawing a line at the 
mid-level of the maximum anteroposterior disk length 
(CD). The width of the spinal canal was calculated at the 
same level (GH). The formula used for calculating the 
disc herniation index was ([AB ×CD]/ [EF ×GH]) ×1,000 
[Figure 2] (21, 22).

Further, an orthopedic specialist approved their 
admission. The inclusion criteria were: (a) male office 
staff with chronic low back (CLB) and radicular leg 
pain due to lumbar disc herniation with a history of at 
least three months suffering, (b) age 30-50 years, and 
a posterolateral disc herniation in L4-L5 or L5-S1, (c) 
elicited pain in the leg, buttock, or back at 60 degrees 
of leg elevation as the diagnostic inclusion criterion 
for SLR. Sensitivity of this test is relatively 91% and its 
specificity is a typical of 26% (23). The heel strikes were 
ascertained in terms of vertical heel marker, stride time, 
and stride frequency; (d) all participants have to be 
normal from the perspective of these gate parameters 
(24). The exclusion criteria were: (a) Using pain-related 
medications three consecutive days before taking VAS 

prevalent (3). It is especially common (about 41.7%) 
among office staffs who work several hours (about 7 to 8 
hours) in a seated and steady position per day (4, 5). The 
herniation or bulging of the intervertebral discs, besides 
the deterioration of the core stability muscle is one of the 
main causes of these pains. Although the exact causes of 
these disorders have not been fully understood to date; 
factors such as poor posture, inappropriate chair, and 
prolonged seating accelerate the degeneration of discs 
and deterioration of core stability muscles (6).

With the increased pressure on the intervertebral 
discs, their structure and functions may be metabolically 
disturbed. As a result, the fluid discharge from the 
herniated discs diminishes and height loss is caused 
(7). At the same time, as joint surfaces are drawn 
together and joint movement or mobility’s restrained, 
the core stability muscles, rectus abdominis, transverses 
abdominis, internal and external oblique, diaphragm, 
and pelvic floor deteriorate (8). About one to four 
millimeter height loss was observed in lumbar discs 
after 30 minutes of steady sitting (9). In the same vein, 
Corlett and Eklund reported 5-5.5 mm height loosen 
the vertebral column in three different types of chairs 
after half an hour, with the greatest loss being observed 
in the lumbar vertebrae, especially l4-l5 and l5-s1 (10). 
As a consequence, the intervertebral disc herniation, 
particularly, in L4-L5 and L5-S1, lead to height loss and 
muscle atrophy. These alterations due to prolonged 
sitting can be considered as the main causes of low back 
pain, stenosis of intervertebral foramen, and symptoms 
of legs diffusion pains (11, 12).

Therefore, it is reasonable to seek a solution for the 
treatment and prevention of intervertebral discs erosion 
and the weakness of core stability muscles in individuals 
working in sedentary jobs (13-15). In previous studies, 
a number of coping strategies such as manipulative 
therapy, physiotherapy, electrotherapy, water therapy, 
traction therapy, and therapeutic exercises have been 
proposed to deal with the loss of fluid in discs and prevent 
or treat damaged discs in individuals with sedentary jobs 
(16, 17). For instance, Billy et al. (2014) studied tensile 
movements during the daily work revealing that leaving 
chair and stretching every 15 min would preclude the 
loss of intervertebral disc height and consequently the 
possibility of intervertebral disc bulging (18). Kashi 
(2012), in his study on stretching exercises or walking 
and running while staying in the same place, indicated 
significant improvement in low back pain and disability 
of individuals in the experimental group (19).

We have to keep in mind that, under some circumstances, 
it might be not possible to perform such exercises, and 
employees may refuse to do so, whether due to the pressure 
on the vertebral column or exacerbation of the symptoms 
of low back pain by these exercises (20). Thereby, the main 
question and goal of this study are to design and construct 
a safe and practical device for proper suspension of the 
seat to soften the pressure on the intervertebral discs 
and allow core muscle stability exercises. Thus, we can 
examine the effect of this type of core stability exercises on 
the severity of pain, height variation, and herniation index 
in the L4-L5 and L5-S1 regions.
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(from no pain to maximal pain) both in pretest and 
posttest, (b) Smoking, (c) Previous back surgery, (d) 
Severe modification or fracture of the spine on X-ray, 
presence of an unstable medical condition or a known 
uncontrolled systemic disease, (e) “red flags sign” (i.e., 
serious spinal pathology or nerve root pain signs),  (f) 
Any conditions or situations that might place the patient 
at significant risk during the study and individuals 
with less than three-month pain, (g) Pain of the other 
related areas including dorsiflexion, or neck flexion 
that might indicate other sources such as a lesion in the 
sacroiliac, lumbosacral, or hamstring area was a matter 
of exclusion in the present study, (h) female gender 

(23). Based on our protocol of intervention, we could 
not include female because every first four week over 
the present study the rate of pain was assessed by VAS. 
Therefore, having a group of female individual with 
different menstrual cycle were not possible to arrange 
for this weekly assessment. Participation in the present 
study was voluntarily. An informed consent letter was 
taken from participants and their participation was 
approved by the Ethics Committee of the University of 
Isfahan (IRCT20190115042365N1).

In the first stage of the present study, attempts were 
made to design and manufacture a prototype device for 
suspension exercises [Figure 3]. Then, in a pilot study, 

Figure 1. Suspension device.

Figure 2. Measurement of disc height. Figure 3. Measurement of disc herniation index.
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the effectiveness of the device in preventing injury 
or any complication in participants was investigated. 
Thus, under the observation of an orthopedic 
surgeon, five healthy volunteers (three males and two 
females) without any motor restrictions were asked 
to seat on the device. The individuals sat with their 
back facing the device and knees in a perpendicular 
position. The protective arms covered the upper 
body in the abdomen-chest region. the protective belt 
embraced their back and they placed their forearms 
on the specified area on the device. In this mode, 
they were able to lean and apply full weight on the 
device without trepidation. Afterwards, by pressing 
the control button of the actuator jack, the device was 
slowly and passively put in the suspended mode by 
either the subject or the therapist (when the device 
jack is operated, its seat is shifted downwards and the 
patient remains in suspension). When the patient seat 

was in complete suspension, the subject was able to 
carry out stability exercises or at least perform self-
control traction to alleviate lumbar discs’ pressure 
and continue the designed exercises. Simultaneously, 
changes in blood pressure, heart rate, respiratory 
rate, and pressure of the device belt on the chest were 
recorded and studied.

In the second stage of present study after validation 
of the device by medical experts, the participants in 
both groups performed the designed protocols for 
eight weeks, three sessions per week. The participants 
in the conventional group preformed conventional 
core stability exercises for 30 minutes in each training 
session [Table 1] (21). The suspension group also 
preformed suspension core stability exercises while 
their buttock was suspended with the help of the 
device for 30 minutes in each training session [Table 2]. 
The ratios of exercise and resting times in suspended 

Table 1. Exercises protocol in conventional group

 Exercise scheduleexercisestimestage

General stretching exercises Whole body General 
stretching exercises5 minutesWarm up

Posterior tilt of the pelvis with bent knees (90 °) (Figure 1) 
hollow in maneuver with bent knees (90 °) (Figure 4)

Anterior pelvic tilt with bent knee (90 °) (Figure 1)
phase 1

Core stability exercises20 minutesMain exercises

lifting the hips on two legs with curved knees (90 °) (Figure 3)phase 2

lifting the hips on one leg with bent knees (90 °) (Figure 2)phase 3

Walking in and doing simple exercisesAerobic and breathing 
exercises5 minutesCool down

Table 2. Exercises protocol in suspension group

 Exercise scheduleExercisestimestage

General stretching exercises Whole body General 
stretching exercises5 minutesWarm up

Suspended hip ( figure 1)stretching exercises

20 minutesMain exercises

Posterior tilt of the pelvis with bent knees (90 °) (Figure 2)
hollow in maneuver with bent knees (90 °) (Figure 2) 
Anterior pelvic tilt with bent knees (90 °) (Figure 3)
 lateral Pelvic tilt with bent knees (90 °) (Figure 4)

phase 1

Core stability  
exercises

 Perform the previous stage exercises in addition
for lifting the hips on two legs with curved knees (90 °) (Figure 5)

phase 2

Perform the previous stage exercises in addition
lifting the buttocks on one leg with curved knees (90 °) (Figure 6)

phase 3

Walking in and doing simple exercisesAerobic and breathing 
exercises5 minutesCool down
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group were 2:1 and 60:30 sec, respectively. The change 
of training phases was determined according to the 
individuals’ conditions and over time.  After eight weeks 
of training, all the related tests were performed again. 
Furthermore, the pain intensity was assessed in first, 
second, third, fourth, and eighth week. 

Results
Changes in all indexes including the L4-L5 and L5-S1 

intervertebral disc height, herniation index in L4-L5 and 
L5-S1, and VAS were analyzed via paired-samples t-test 
to compare the pre- and post-test. Repeated measures 
analysis was used to compare the conventional and 
suspension groups.

No significant change was seen in the height of the 

Table 3. Characteristics of intervertebral discs

indexVariableareaGroup
stageIntragroup changesIntergroup changes

Pre- test
M±SD

Post -test
M±SDtPFP

Structural characteristic 
of intervertebral disc

Height

l4-l5
Combined9.9±0.710±0.8-0.550.593

1.000.327 core stability10.2±0.610.2±0.5-0.560.583

l5-s1
Combined9.2±1.39±1.3-0.480.640

0.630.434 core stability9.4±1.39.8±1.1-1.950.074

herniation 
index

l4-l5combined322.5±276.3320.7±273.40.610.5560.040.835
core stability351.9±224.0332.9±219.70.830.425

l5-s1combined301.7±212.1293.5±205.11.570.1440.580.456
core stability377.1±220.6345.6±211.01.290.220

intervertebral discs in L4-L5 and L5-S1 (P<0.05) neither 
in the conventional nor the suspension group after 8 
weeks of training. Besides, training, in both groups, did 
not make any significant change in herniation index in 
the L4-L5 and the L5-S1 (P<0.05). In other words, eight 
weeks of conventional and suspension training exercises 
did not have a significant effect on the characteristics of 
intervertebral disc in office staff with chronic pain due to 
lumbar disc herniation [Table 3].  

Charts 1 and 2 show a slight increase in the height of 
the intervertebral discs in L4-L5 and L5-S1 and Charts 3 
and 4 show a slight decrease in herniation index in L4-L5 
and L5-S1.

The results of the paired t-test indicated a significant 
decrease in pain intensity in both conventional and 

Chart 1. Height of intervertebral discs l4-l5. Chart 2. Height of intervertebral discs l5-s1.
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Chart 3. Herniation index of intervertebral discs l4-l5. Chart 4. Herniation index of intervertebral discs l5-s1.

Table 4. Description pf pain during the 8 weeks

VariablestagegroupMean ± standard 
deviation

Intragroup changesIntergroup changes

t PF P

pain

Pre test (W0*)
combined7.2±1.612.85 (W0 and W8)0.001

 3.06(W0 and W8)0.094
Core stability7.4±0.9 9.2 (W0 and W8)0.001

First week (W1*)
combined3.3±2.36.82 (W0 and W1)0.001

3.31 (W0 and W1)0.082
Core stability5.3±2.13.95 (W0 and W1)0.002

second week  (W2*)
combined5.2±2.31.68 (W1 and W2)0.121

11.93 (W1 and W2)0.002
Core stability4.1±2.12.42 (W1 and W2)0.032

third week  (W3*)
combined3.2±1.4-2.34 (W2 and W3)0.039

3.61 (W2 and W3)0.07
Core stability3.0±1.62.74 (W2 and W3)0.018

forth week  (W4*)
combined1.8±1.12.93(W3 and W4)0.014

0.71 (W3 and W4)0.408
Core stability2.8±1.20.47(W3 and W4)0.650

Eighth week (W8*)
combined1.6±1.51.39 (W4 and W8)0.191

5.02(W4 and W8)0.035
Core stability3.1±1.7-1.48 (W4 and W8)0.165

* Abbreviation for each step or week.

suspension groups after the first, second, third, and forth 
weeks (P<0.05) [Table 4]. However, only the individuals 
in suspension group experienced a significant decrease 
in pain in the second week compared to the first week 
(P<0.05). In the fourth week, the decrease in pain was 
only significant in the suspension group in comparison 
to the third week (P<0.05). Finally, in the eighth week 
(post-test), pain was not significantly improved in 
neither of the groups compared to the fourth week 
(P<0.05).

In addition, the results of repeated measures analysis 

showed a significant difference in pain intensity between 
the conventional and suspension groups just in the 
first, second, fourth, and eighth weeks (P<0.05), but, no 
significant difference was seen between the two groups 
in rest of the weeks (P>0.05) [Table 4]. Therefore, it can 
be concluded that the effect of 8 weeks of conventional 
and suspension trainings on pain in office staff with 
chronic pain due to lumbar disc herniation has been 
quite significant (P<0.05).

The descending pain rate in conventional and 
suspension trainings group is presented in Chart (5). 
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Chart 5. Changes in the degree of pain through weeks and stages by research groups.

Discussion
Based on the results, eight weeks of conventional 

core stabilizing exercises and their combination with 
suspended exercises had a positive effect on pain 
alleviation and insignificant structural characteristics 
of the intervertebral discs L4-L5 and L5-S1. The 
insignificant changes in the structural characteristics of 
the discs were due to the limited exercise time of training 
(8 weeks) and uncontrolled sitting time of individuals at 
work (although they should have been sitting at least 6 
to 8 hours a day). These findings undermined the effect 
of both suspended and conventional stabilizer exercises. 
Besides, the impossibility of accurate measurement 
by specialists due to blurring around MRI images, 
considering the millimeters scale of these changes, 
complicated the measurement and judgment.

A review of previous studies suggested that judgments 
were concerned with the total length of the spine. 
Simmerman and Boocock reported a general length of 
vertebrae in their study, but few studies have examined 
the thickness of one or two discs (1). Since the focus was 
on two discs in the present study, the lack of significant 
changes is completely normal. Moreover, since the device 
and exercises were specifically designed for lumbar area, 
evaluation of the entire spine length was not possible. 
With regard to the nutrition of the discs, it has been shown 
that remaining in a sedentary position for a long time 
diminishes the disc height and consequently decreases the 
disc fluid, which makes up almost 70% of disc herniations 
(7, 25). As a result of continuous pressure, it is not possible 
for the fluid to flow back in the discs through the distal 
plates of the vertebral body. It motivated the researchers 
like Deursen et al. (2000), to design a chair with a mobile 
seat that can automatically swivel at specific intervals. The 
results of their study revealed that using this movable chair 
precluded the negative effect of seating on the spine length 

(26). This is a reasonable way to protect against height loss 
in discs and improper disc nourishment. However, another 
important point to note is the kind of exercises that support 
the spine muscles during the process of degeneration and 
erosion of discs and long-term sitting in offices along with 
loss of disc height, suffering from weakness, shortage, and 
protective spasms (27). This is not possible by performing 
passive movements alone. In addition, using this movable 
chair on extending the spinal cord length is less effective 
than the effect of spinal traction tools which are either 
mechanical or self-controlled. For example, the results of 
studies on mechanical traction have revealed a 3.2-mm 
increase in lumbar intervertebral disc height in supine 
position and a 5-mm increase in vertical traction in the 
water (28). Traction in the reverse supine positional 
exhibited a 2.5-mm increase in lumbar intervertebral 
discs height after successive jumps (29). A gravity traction 
device installed in the water also presented up to 31 mm 
increase in the total height of the vertebral column (30). 
This height escalation, and consequently the unloading of 
pressure from the nerve roots as well as proper feeding 
of the intervertebral discs is highly important, but not 
everyone can afford to use pool due to its exorbitant costs 
or personal conditions. 

In the case of inversion traction devices, there was 
a problem with increased intraocular pressure so 
that ophthalmologists advised not to use in many 
circumstances. Therefore, Podeinet al. designed a device 
that allowed gravity traction for the lumbar spine and 
individuals were able to perform core stability exercises 
in the suspension mode with hip and knee at an 90° angle 
as in most of mechanical and automatic traction controls, 
the patient is not able to control the intensity of the traction 
and the patient’s fear of pain leads to severe involuntary 
muscular contraction (30). This condition complicates the 
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Figures of Table 1.

Figures of Table 2.
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full recovery of the intervertebral discs and strengthening 
of the core stability muscles (31). The subject seats 
constantly on these devices and is strapped to the device. 
Using a Podein device, the subject is enabled to strengthen 
the stabilizing muscles and pelvic floor while the seat is 
suspended and lumbar traction is applied. 

An important point during this exercise is to maintain 
a 90° hip angle and disengage the psoas muscle since 
Iliacus is the only muscle group that is attached directly 
to the spine, hip, and thigh. Therefore, it can indirectly 
transfer the mutual forces between the spine, pelvis, and 
thighs. The Iliacus is a postural muscle and, according 
to Janda, it is susceptible to shortness (32, 33). It has 
been suggested that 20 to 35 percent of normal people 
experience limited extension of hip joint due to shortened 
Iliacus muscles with a gradient of about 5° or more (34). 
In many studies, suspension exercises are executed in the 
case of hip joint extension, with this extension generating 
shear forces on the intervertebral discs and reducing disc 
space in the posterior region (33, 35). This important point 
was taken into consideration in the device designed by 
Podein et al., but their study did not discuss how exercises 
were performed and how effective they were (30). 

Further, the literature on intervertebral discs has 
shown that the pressure and traction processes should 
be applied in parallel (36). In addition, the discs can 
exchange nutrients through this diffusion phenomenon 
(1, 37). Therefore, conditions must be provided so that 
pressure forces equal to the upper body weight of the 
individuals can be sought in traction intervals (38). For 
this to happen, the person should be able to bear his 
weight in the seated position for a short period that 
was included in our protocol. However, the problem is 
related to the patient’s control over sitting and standing 
in the face of pain and discomfort because the patient 
has trouble sitting and standing due to the pain and even 
fear of pain. The execution of these actions provokes 
protective spasms that hamper the treatment procedure 
and exacerbate the patient’s pain and distress (39).

In the present study, we decided to design and construct 
a device that is more complex and advanced than the one 
proposed by Podein for the prevention and treatment of 
intervertebral lumbar disc; especially intervertebral disc 
bulging and strengthening of stability muscles [Figure 3] 
(30). This device provided the patient with self-controlled 
traction so that they could perform conventional core 
stability exercises in the absence of compressive forces on 
the intervertebral discs and nerve roots while the body was 
in the suspended state. These exercises, which included 
pelvic tilts (anterior-posterior-lateral) and abdominal 
pull-in, mitigated the patient’s pain by relieving pressure 
from the nerve roots (40), and enabled the person to 
perform stability exercises. Moreover, during the training 
periods, the participants were able to sit on the device 
momentarily in a relatively passive and weight bearing 
state disregarding any fear of protective spasms with the 
aim of generating compressive force on the intervertebral 
discs, so that the pumping operation was expedited 
and the proper nutrition of the discs was achieved (35). 
However, another important point to note is that these 
kinds of exercises support the spine muscles, which in the 

process of degeneration and erosion of discs and long-
term sitting in offices along with loss of disc height, suffer 
from weakness, shortage, and protective spasms (27). This 
is not possible by performing passive movements alone. 

The present study suffers from two limitations 
including the lack of a control group and exclusion of 
female gender. Since it was morally inappropriate to 
maintain the control group without any treatment for 
eight weeks, we could not have a control group without 
any exercise or other methods of treatments in this study. 
To avoid the effects of women’s menstruation period and 
their different physical conditions, this study focused 
on the effect of suspension stability exercises on men 
solely. Being a female usually has the consequence of 
undergoing monthly menstruation; during which, she 
cannot participate in a procedure such as our physical 
intervention. Therefore, the researchers could not include 
female gender in the present study. Future studies are 
encouraged to conduct similar procedure considering 
this issue. Another reservation that might enhance the 
results of the present study was the use of Oswestry 
questionnaire. However, so as to the time limitation and 
the main focus which was pain measurement by VAS 
and the disc alteration measurements by MRI, the use of 
Oswestry questionnaire was overlooked.

Considering the beneficial effects of the designed device 
in relation to the pain relief and empowerment of par-
ticipants, increased thickness of intervertebral discs and 
pressure reduction in nerve roots, it can be proposed as 
a useful therapeutic modality. Therefore, the individuals 
who suffer from disc-related pain can benefit from sus-
pension and traction exercises. The use of this device re-
lieves pain, reduces the use of sedatives and anti-inflam-
matory drugs, and can improve the quality of life from 
the perspective of pain reduction.

Patient consent:  All participants have studied the condi-
tions of the research and have completed the consent form.
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