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Abstract
The aim of this study was to determine impact of non-
invasive spinal decompression therapy on pain, disability 
and mental health in patients with lumbar disc herniation. A 
retrospective pilot trial was conducted by an independent 
clinic in Spain. Questionnaires of 19 patients diagnosed with 
lumbar disc herniation treated with spinal decompression 
(BTL Industries Ltd.) treatment protocol were reviewed 
Patient Health Questionnaire-9 (PHQ-9), Visual Analog Scale 
(VAS) and Oswestry low back pain questionnaire (ODI) as a 
measure of depression severity, pain perception and 
disability, respectively. Significant improvement (P<0.05) of 
all parameters was reported after 6 treatment sessions. 
PHQ-9 score improved by 66.44%, VAS by 61.15% and ODI 
by 66.42%. Significant large positive linear relationships 
(P<0.05) between depression severity and pain and 
between depression severity and disability were noted. 
Non-invasive spinal decompression device proved to be an 
effective tool in treatment of patients with lumbar disc 
herniation experiencing psychiatric symptoms of various 
extent in terms of disability, pain and depressive symptoms.

Keywords: Lumbar disc herniation; Mental health; Oswestry 
disability index; Visual analog scale; Non-invasive spinal 
decompression

Introduction
Chronic low back pain has become a common problem in

industrialized countries. About 61%-83% of adults within
younger age groups and 53%-75% in older groups experience
low back pain during their lifetime. Recurring symptoms occur in
60%-80% of patients within 1 year and even though most of the
patients eventually find relief, some of them may stay with
chronic unremitting conditions [1]. Excessive pressure on sciatic
nerve, often related to herniated disc, represents about one
quarter of all patients suffering from low back pain.
Symptomatic lumbar disc herniation is becoming an important
socioeconomic burden with lifetime prevalence of about 2%.
Adults within the age range 25-55 years are the most prone to
herniated disc [2]. Ninety-five percent of all discs herniations

happen at level L4-L5 or L5-S1. Lumbar disc herniation is 
characterized by protrusion of disc material into the spinal canal 
causing pressure or irritation of the nerve root. Accompanied 
symptoms include pain of a varying extent and location, sensory 
abnormalities such as tingling and numbness, decreased muscle 
strength and movement limitations [3]. Despite these 
physiological limitations including disability, pain and associated 
symptoms, there is a significant impact of disc herniation on 
mental health. Multiple studies have found a relationship 
between chronic low back pain and depression. Apart from 
chronic low back pain, symptoms of one or more psychiatric 
diagnoses were present in 59% of patients. It has also been 
proven that the degree of depression can have an effect on the 
success of the treatment [4]. Multiple studies have investigated 
impact of invasive surgical interventions on PHQ-9 score in 
patients with lumbar disc herniation, but there is no clinical 
evidence describing same effect of non-invasive methods. Non-
invasive method evaluating impact on PHQ-9 was pelvic floor 
muscle training in patients with pelvic floor dysfunction. 
Opinions on associations between baseline mental health and 
treatment outcomes such as pain and disability differ [5]. Some 
researchers concluded that there is no significant correlation 
while others proved an existing significant relationship. The 
correlation may further be related to different patients' therapy 
response depending on their severity of depressive symptoms. 
Such conclusion was reported by Khan, et al. and suggests that 
some forms of treatment are more appropriate for patients with 
severe depression symptoms than others [6].

Currently, the treatment of herniated disc usually consists of 
pain reducing drugs, a multimodal approach of conventional 
physiotherapeutic methods and eventually, in case of failure of 
the first two mentioned, also a surgical intervention. Medication 
mainly serves to suppress the symptoms and represents the 
number one choice for most of the patients. For those who want 
to avoid drugs or find medication insufficient, there is the 
possibility of conventional physiotherapy [7]. Multimodal 
approach consisting of manual manipulation, exercise program 
and application of external energy in form of laser, 
electrotherapy, magnetic stimulation, diathermy etc. has 
become popular. Such treatment combining multiple 
physiotherapy methods proved to be effective in treatment of
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lumbar disc herniation. Once neither medication nor non-
invasive physiotherapy yields desired improvement, surgical 
intervention is recommended [8]. This proven invasive method 
has its limitations, such as high costs, long recovery with 
possible adverse events and complications and its benefit in pain 
relief compared to conventional physiotherapy is somewhat 
questionable. Based on findings, surgical intervention is 
considered to be more effective in short term results of pain 
management while midterm and long term follow up revealed 
no significant difference when compared to conservative 
physiotherapy [9]. Non-surgical spinal decompression therapy 
represents a non-invasive alternative to decompression surgery. 
The principle of this new technology is inducing physical changes 
to the disc by creating segmental distraction during a defined 
timeframe. Whole process is computer controlled in order to 
deliver exact decompression force and prevent muscle and 
ligament overload [10]. Intervertebral space is increased while 
pressure on the disc is decreased via negative pressure within 
impaired location. Herniated disc is repositioned and its height is 
restored [11]. It is believed that the combination of precisely 
determined force dosage and its delivery to the exact spot is the 
key in successful treatment. Dosing energy in small increments 
and treatment couch enabling advanced positioning via 
multiple movable parts and accessories enables therapists to 
adapt therapy according to patients' diagnosis. When treating 
lumbar disc herniation, it is essential to tilt the lumbar area 
under proper angle in order to target desired location [12]. 
Most therapists perform the spinal decompression as part of a 
standard physiotherapy package, thus there is not sufficient 
clinical evidence evaluating the impact of spinal decompression 
standalone therapy in patients with lumbar disc herniation. 
Apfel, et al. conducted a retrospective cohort study 
investigating impact of spinal decompression on pain measured 
on Verbal Rating Scale (VRS) and disc height obtained by CT 
scan in patients with discogenic low back pain [13]. After 22 
treatment sessions, patients reported significant improvement 
in pain and CT scans revealed an increase in disc height.  El-
Zayat, et al. compared effects of spinal decompression with 
standard traction as an adjunctive therapy to conventional 
physiotherapy. While there was no significant difference 
between groups in terms of pain and both treatment programs 
showed improvement, only spinal decompression 
standalone therapy proved to increase disc height as shown on 
MRI. It was concluded by multiple studies that spinal 
decompression therapy is effective in treatment of patients with 
lumbar disc herniation [14-17].

Materials and Methods
Current study is a retrospective review of 19 patients treated 

at free standing clinic in Spain. The Oswestry Disability Index 
(ODI) questionnaire, Patient Health Questionnaire-9 (PHQ-9) 
and the Visual Analog Scale (VAS) as a measure of pain intensity 
were evaluated as a clinic's standard examination package for 
patients suffering from low back pain [18].

Cooperative male and female adults with lumbar disc 
herniation were treated with spinal decompression device and 
subsequently included in the clinical trial. Non cooperative, 
pregnant and patients with lumbar vertebra fracture, vascular,

pulmonary or coronary disease, lumbar canal stenosis, history of 
lumbar spinal surgery or spinal tumor were not eligible for 
treatment.

All participants were informed about the course of the 
treatment prior to signing written informed consent containing 
agreement with participation and possible results publication 
[19]. The treatment program was compatible with the 1975 
Declaration of Helsinki ethical guidelines adopted by the General 
Assembly of the World Medical Association (1997-2000) and by 
Convention on Human Rights and Biomedicine of the Council of 
Europe (1997).

Patients underwent 2 spinal decompression treatments (BTL 
Industries Ltd.) per week for a 3 weeks period. Therapy was 
performed in supine, prone or side line position and the patient 
was fixed to the treatment couch by thoracic or lumbar belt. 
Angle of the lumbar region was further tilted within the range 
0°-25° depending on the exact position of impaired segment. As 
a next step, a traction test was performed in order to adjust 
force settings according to patients’ condition and tolerance 
[20]. Force precision as a key parameter for effectiveness and 
safety was ensured by 100 grams step increment. It did not 
exceed 50% of the patient's body weight throughout the 
treatment. In order to further promote the pain relieving and 
decompression process, a heating kit, integrated within the 
treatment couch was applied. After the active part of the 
therapy, the patient was asked to relax and stabilize in a stable 
position. Together with the traction test and the subsequent 
relaxation, the session did not exceed 30 minutes.

Spanish versions of Oswestry low back pain questionnaire and 
patient health questionnaire-9 were self-filled by participants 
prior to the first and after the last treatment [21]. Patients were 
further asked to self-assess their pain intensity via Visual Analog 
Scale (VAS). Oswestry Disability Index (ODI) determines level of 
disability during everyday activities in patients with low back 
pain. It is calculated as a sum of score from 10 categories (pain 
intensity, personal care, lifting, walking, sitting, standing, 
sleeping, sex life, social life, traveling) multiplied by 2. Patient 
health questionnaire-9 represents a 9-item PHQ module 
containing 9 items describing different depressive symptoms and 
frequency of their manifestation. Number of symptoms 
prevalent during the last two weeks is essential for assessing 
diagnosis (major depressive disorder, other depressive disorder, 
no depressive disorder). Final score within the range 0 to 27 
describes the level of depression severity (minimal, mild, 
moderate, moderately severe, sever). Pain intensity as a self-
reported measure of pain was expressed via visual 
analogue scale. Ten centimeter line represents the pain scale 
starting with ‘no pain’ on the left and ending with ‘the worst 
pain’ on the right. Pain level is assessed by measuring the 
distance in cm between the left end and the patient mark [22].

Data processing for the purpose of statistical analysis was 
performed in the custom written program (Matlab software 
processes, Matlab R2010b, mathworks, Inc., Natick, MA, USA). 
As the data were considered as non-normal by the Shapiro-Wilk 
test, non-parametric Wilcoxon Paired Test (WPT) was used for 
evaluation of the significance of the improvement. Pearson 
coefficient was used for further analysis of correlation between 
PHQ-9 and VAS/ODI data obtained before the first treatment
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and association between magnitude of improvements reached
during a 3 weeks trial for the same parameters [23].

Despite the standard average across the data (AVG), the
difference between the initial and after treatment result was
calculated and averaged for ODI, PHQ-9 and VAS (Diff AVG).
From this value, the percentage decrease compared to the
baseline AVG value was calculated (% decrease).

Results
A total of 19 patients indicated with lumbar disc herniation

and treated with non-surgical spinal decompression device were
included in the current retrospective clinical study. Six female

and 13 male participants w ith a  m ean age 5 0.31 ±  1 6.03 well 
tolerated the treatment and reported no adverse events [24].

Visual analog scale
Characteristics of patients’ pain perception assessed via visual 

analog scale is summarized in Table 1. After 6 treatments, 
participants reported significant improvement (p<0.05) by 
61.15%.

Visual analog scale

AVG Diff AVG % Decrease P (0.05) WPT

Before 7.32 ± 2.00 4.47 ± 1.47 61.15% 0.000187278

After 2.84 ± 1.57

VAS data obtained before and after 6 treatment sessions 
are visualized via box plot in Figure 1.

Oswestry Disability Index (ODI)
Main statistics of ODI data is summarized in Table 2. 

Significant improvement (p<0.05) was reached after spinal 
decompression treatments resulting in decreased disability 
index by 66.42%.

Oswestry Disability Index (ODI)

AVG Diff AVG % Decrease P (0.05) WPT

Before 31.62 ± 18.78 21.00 ± 13.41 0.6642 0.000210778

After 10.62 ± 11.37

Improvement is graphically visualized by box plot graph
(Figure 2) comparing data distribution before and after the full
treatment program.
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Table 1: Statistical summary of visual analog scale as a measure of pain perception obtained before and after the spinal 
decompression treatment program.

Figure 1: Representation of VAS data via a box 
plot graph. Significant decrease after the last 
therapy session was observed.

Table 2: Characteristics of ODI data obtained at the baseline and after 6 spinal decompression treatment sessions.



Patient health questionnaire-9
Comparison of PHQ-9 data assessed before and after spinal 

decompression treatment program revealed significant (p<0.05) 
improvement by 66.44%.

Patient health questionnaire-9

AVG Diff AVG % Decrease P (0.05) WPT

Before 7.68 ± 4.41 5.11 ± 3.94 0.6644 0.000407575

After 2.69 ± 2.20

Patients’ diagnosis and severity distributions based on the
filled PHQ-9 questionnaires are visualized on Figure 3 and Figure
4, respectively. All patients but 3, reported improvement in
depression symptoms. After 6 treatments, there was only a
single patient diagnosed with depressive disorder, remaining
participants were evaluated as having no depressive disorder.
Patients without reported improvement were all diagnosed with
no depressive disorder of minimal to mild severity [25-29].

Figure 3: Patients’ distribution based on PHQ-9 diagnosis.

Box plot visualization (Figure 5) of PHQ-9 scores obtained 
prior the first and after the last treatment confirms significant 
improvement.

Figure 5: Comparison of before and after PHQ-9 score data
characteristics.

Correlation between mental health and pain/
disability score

Significant large positive relationship was observed between 
PHQ-9 and VAS and between PHQ-9 and ODI as data 
obtained before the first treatment and magnitude 
improvements were compared (Table 4).
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Figure 2: Comparison of before and after ODI data 
distribution.

Table 3: Summary of PHQ-9 data statistics obtained at the baseline and after 6 spinal decompression treatment sessions.

Figure 4: Patients’ distribution based on PHQ-9 severity.

https://spine.imedpub.com/


Before Improvement

PHQ-9 and VAS PHQ-9 and ODI PHQ-9 and VAS PHQ-9 and ODI

Pearson coefficient 0.6665 0.8943 0.5576 0.8888

P value 0.001833 0.0000002424 0.01311 0.0000003681

Calculated values of pearson coefficient and corresponding P
values are displayed in Table 4. Correlations are visualized via
scatter plot in Figure 6.

Figure 6: Correlation scatter plots between PHQ-9 and
VAS/ODI data obtained before the first treatment (Red) and
between magnitude of PHQ-9 and VAS/ODI improvements
(blue).

Discussion
Existing clinical studies have proved the relationship between 

chronic low back pain and patients’ mental health. Although 
there is clinical evidence describing impact of surgical 
interventions on PHQ-9 in patients with lumbar disc herniation, 
this is the first clinical trial considering the same effect of 
noninvasive method. Present study confirmed the significant 
impact of noninvasive spinal decompression treatment on 
mental health, disability and pain with improvement of 66.44%, 
66.42% and 61.15%, respectively in patients with lumbar disc 
herniation. Post spinal decompression treatment reduction of 
disability and pain measures is in accordance with existing 
clinical evidence. Significant improvement in PHQ-9 score was in 
patients following lumbar surgical decompression and lumbar 
disectomy, respectively mean postoperative change ranged 
from 3.0 ± 5.8 at 12 weeks to 3.6 ± 6.8 at 1 year which is 
considerably less than the present improvement of 5.11 ± 3.94 
of the current trial.

Simple data comparison is not entirely appropriate as multiple 
factors including the different number of participants, the length 
of follow up, the difference between invasive and noninvasive 
approaches and others should be taken into account. Significant 
large positive linear correlation between PHQ-9 as a measure of 
depression and Oswestry disability index and between PHQ-9 
and  visual  analog scale as  a measure of pain has been found for

data obtained at the baseline. Significant strong positive linear 
relationships were also reported between magnitudes of PHQ-9 and 
ODI improvements and between magnitudes of PHQ-9 and VAS 
improvements. Possible explanation for such results might be that 
disabled patients suffering from pain are more prone to depression 
and improved physical condition yields reduction of psychiatric 
symptoms. These findings are aligned with Merrill, et al. who has 
found a relationship between depression and physical function 
measured by PROMIS-PF in patients with lumbar spine stenosis 
undergoing lumbar decompression surgery. Patients with 
depressive symptoms were of significantly (P=0.005) worse 
preoperative disability and pain conditions than patients 
without depression. Impact of depression on magnitude of 
disability and pain improvement wasn’t confirmed.

Similarly, Khan, et al. evaluated association between symptoms of 
anxiety and depression and outcomes of pelvic floor muscle training 
for pelvic floor dysfunction. A strong relationship between the 
severity of anxiety and depression and the severity of pelvic 
floor dysfunction was observed. It was also noted that patients 
who reported the largest improvement were of minimal to mild 
psychiatric symptoms. This finding contradicts the conclusions of the 
present study. Possible clarification is based on an 
assumption by Daley and Jolly supported that as mental health 
worsens, patients are losing motivation for physical activity. 
Thus pelvic floor muscle training involving regular exercise might 
not be the right tool for treatment of depressed patients.

Patel, et al. investigated the relationship between 
preoperative depression and postoperative outcomes after 
minimally invasive transforaminal lumbar inter-body fusion. In 
accordance with the current study, it was noted that higher 
PHQ-9 scores are associated with higher preoperative disability 
and pain score. On the other hand, patients with more severe 
depressive symptoms exhibited less postoperative improvement in 
both ODI and VAS. Possibly, this finding might be associated with 
aforementioned loss of motivation in depressed patients. Even 
though the patient is not actively involved in the surgery 
itself, his involvement is essential during the recovery period. 
Lack of motivation and interest can result in insufficient 
rehabilitation leading to reduced outcomes of surgical 
intervention. Another explanation might be that the majority of 
participants in the current trial express only minimal to mild 
depressive symptoms and therefore any assumption considering 
severely depressed patients can be somehow biased.

The limitations of this study include absence of a control 
group for comparing results to untreated or patients treated 
with other commonly used treatment modality (manual 
manipulation techniques, stability exercises, medication, etc.), 
small  number  of  participants and  missing follow  up period.  The
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Table 4: Correlation statistics between PHQ-9 and VAS/ODI. Left columns (before) are comparing data assessed prior to the first 
appointment while right columns (improvement) are comparing magnitude of improvements reached during the treatment course.



number of patients with moderately severe to severe depression 
symptoms is insufficient as the majority of participants were of 
minimal to mild depression. Although assessment tools such as 
visual analog scale, Oswestry low back pain questionnaire and 
patient health questionnaire-9 are considered being rather 
subjective, these are commonly used among studies with similar 
focus. Despite aforementioned limitations, this study reported 
some interesting findings and outlined the direction for further 
clinical research. A comparison of treatment methods requiring 
different levels of active involvement of patients with depressive 
symptoms of various severity might be beneficial.

Conclusion
This retrospective pilot study proved significant impact of 

noninvasive spinal decompression therapy on disability, pain and 
as the first also on mental health in patients with lumbar disc 
herniation. Furthermore, a significant relationship between 
depressive symptoms and disability/pain measures has been 
reported. When deciding about the appropriate treatment 
program for a patient suffering from lumbar disc herniation, it is 
necessary to take into account not only his physical but also his 
mental health condition. Methods requiring full patients’ 
concentration and involvement may not be suitable mainly for 
patients with more severe symptoms. Noninvasive spinal 
decompression treatment proved to be an effective tool in 
treatment of patients with herniated lumbar disc expressing 
various extent of depressive symptoms.
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