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Abstract

Background: Non-specifi c chronic low back pain is defi ned as a complex disorder involving structural, biomechanical, cognitive, psychological, social, and lifestyle 
factors. This randomized clinical trial study compared the effects of 8-week Virtual Reality Training (VRT) and pain neuroscience plus motor control training (PNE/MCT) 
on pain, disability, health, and quality of life of women with non-specifi c chronic back pain.

Methodology: This research is a single-center parallel RCT. Thirty-six participants participated in this study. They were divided into two groups: VRT (G1) and PNE/
MCT (G2), both with 18 women. The training was performed for eight weeks for 45 minutes – 60 minutes. The VRT was applied by Oculus Quest 2. Visual Analogue Scale 
(VAS), disability (Oswestry Disability Index), general health (GHQ-28), and quality of life (QOL- WHO) were assessed before and after eight training weeks using a within-
between group analysis (ANOVA 2×2).

Results: Before training, no difference was observed between the groups (p > 0.05). After the intervention, both groups improved VAS, disability, GHQ, and QOL (all 
p < 0.001). In the comparison between the groups, the G1 had a better performance according to the p-value and effect size in anxiety (p = 0.001, ES= 0.71), depression 
symptoms (p = 0.03, ES: 0.25), physical health (p = 0.03, ES: -0.24), mental health (p = 0.001, ES: 0.66), and total QOL (p = 0.048, ES: 0.21) than G2.

Conclusion: Despite the effectiveness of both interventions, VRT improved the general health and quality of life in women with NSCLBP more than PNE/MCT.
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A method that included Pain Neuroscience Education (PNE) 
followed by Motor Control Training (MCT) has recently been 
used [16]. This method aims to teach the mechanisms of chronic 
LBP (central pain, central sensitization, and cognitive-sensory 
mechanisms of pain) followed by individual MCT to help 
patients develop activities they do with fear and hesitation [17]. 
In this regard, a study showed that a PNE program combined 
with motor control training with cognitive goals reduced 
pain and disability and increased spine function compared to 
physical therapy intervention in patients with chronic LBP. 
Furthermore, a recent systematic review and meta-analysis 
showed that exercise training programs achieved similar 
clinical effects compared to physical therapy interventions 
[18]. In this regard, Gorji, et al. showed that PNE/MCT was 
effective on pain, disability, and performance of women with 
chronic LBP, and PNE/MCT also performed better compared to 
core stability training [19]. 

In addition to this type of training, one emerging technology 
with the potential to infl uence chronic LBP that cannot be 
achieved by other means is Virtual Reality (VR) [20]. VR is a 
goal-based reality and simulation of computer games that 
allow changing people’s experience of their perceived world 
[21,22]. Rapid advances in technologies such as VR have shown 
promise for the treatment of a variety of diseases and disorders 
such as chronic pain.

Some recent reviews with meta-analyses have shown the 
usefulness and benefi ts of VR treatments in acute and chronic 
pain [23,24]. Research supports VR as a therapeutic strategy 
for both acute and chronic pain [24-26]. It has been suggested 
that the mechanism of action of VR is to infl uence activation 
in the anterior cingulate cortex and periaqueductal gray [27]. 
VR Training (VRT) has been gradually incorporated into 
rehabilitation training programs in patients with CNLBP and has 
been shown to reduce pain and improve functional impairment 
[28]. Yelfani, et al. showed that VRT can be considered a valid 
therapeutic intervention by teaching insight related to pain 
as well as increasing the quality of life and reducing the risk 
of falling through different methods to reduce the symptoms 
of patients and increase the effectiveness of exercises in the 
NSCLBP [29]. Also, they used the eight-week training to play 
Xbox games.

Based on the mentioned cases, the present study was 
conducted to compare VRT and PNE/MCT on pain, disability, 
health, and quality of life of women with NSCLBP. In this study, 
it was hypothesized that both training programs improved all 
research variables.

Material and methods

Experimental design    

This study was conducted following the Consolidated 
Standards of Reporting Trials (CONSORT) guidelines [30] 
and our study is a single-center, double-blind randomized 
controlled trial. It was adopted as a design of a two-group 
study presented in two experimental groups with equal 
randomization (1:1): VRT and PNE/MCT. Both interventions 
lasted eight weeks.

Abbreviations

NSCLBP: Non-Specifi c Chronic Low Back Pain; PNE: Pain 
Neuroscience Education; MCT: Motor Control Training; VR: 
Virtual Reality; VAS: Visual Analog Scale; ODI: Oswestry 
Disability Index; GHQ: General Health Questionnaire; QOL: 
Quality of life; AS: Anxiety Symptoms; DS: Depression 
Symptoms; PH: Physical health; MH: Mental health; EH: 
Environmental Health; CR: Community Relationship

Introduction

Non-Specifi c Chronic Low Back Pain (NSCLBP) is a serious 
health problem in developed countries. Back pain can be 
classifi ed based on the duration of the pain as well as the causes 
of the pain. Based on the duration, pain can be acute, subacute, 
or chronic. In the case of acute Low Back Pain (LBP), pain can 
last up to six weeks. In the case of subacute LBP, lumbosacral 
pain lasts from six to 12 weeks. Chronic LBP lasts for more than 
12 weeks. Regarding the non-specifi c diagnosis of LBP, a clear 
cause can be defi ned in only 15% of cases [1,2]. 

The prevalence of chronic LBP among adults is 60% [1]. 
The prevalence of NSCLBP is strongly related to several social 
and demographic factors. It increases with age, being the most 
common musculoskeletal disorder among middle-aged adults. 
Women are more commonly affected than men because they 
present sedentary jobs or physically demanding jobs such as 
heavy lifting [3,4]. The prevalence of low back pain is 39% 
(35% in males, and 42% in females) [5]. Back pain is the 
leading cause of years of life with disability worldwide [6]. In 
addition, this problem has a signifi cant impact on other social 
and economic aspects because in developed societies NSCLBP 
is the most common reason for leaving work [7]. Moreover, the 
fi nancial burden caused by NSCLBP has a signifi cant impact on 
the fi nancing of the health care system [8-10]. For instance, 
Waxman et al. investigated the association between NSCLBP 
and depressive symptoms. Pain encourages the patient to cope 
with the disease, affecting the quality of life, and reducing life 
satisfaction [7]. It was also stated that mental health symptoms 
are strongly associated with NSCLBP. Evidence suggests that 
mental health symptoms are negative prognostic factors for 
NSCLBP [10,11]. People with mental health symptoms such as 
depression or anxiety symptoms show poorer recovery from 
NSCLBP [12]. Preliminary evidence suggests that symptoms 
of depression or anxiety are more common in patients with 
NSCLBP who use care [13].

In the context of factors affecting the development of 
back pain, the weakness of the multifi dus muscles of the back 
can disrupt the function of the spine both during dynamic 
movements and in static positions. therefore, exercise 
protocols for NSCLBP aim to increase function through lumbar 
stability exercises that target the multifi dus muscles [14]. In 
addition, more knowledge about spinal motor dysfunction in 
patients with NSCLBP has emerged [15]. Patients with NSCLBP 
who have decreased motor control usually have diffi culty 
controlling postures and movements [15]. Therefore, dealing 
with pain diagnosis and better function of spinal muscles to 
improve spinal motor control can be more effective [16].
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with equal randomization (ratio of 1:1). Randomization was 
performed by a blinded person who did not know the aims or 
design of the study. Randomization was performed with each 
person-specifi c naming code (up to 36) previously sealed in an 
envelope: the blind person was asked to place 18 cards in both 
balls.

Interventions

Before the interventions, the participants executed a 
standardized 5-min warm-up protocol consisting of a series of 
double leg squats (2 × 8 repetitions) and double leg maximum 
jumps (2 × 5 repetitions), followed by dynamic calf-stretching 
with a straight and bent knee [35].

VRT: The G1 received 24 sessions within eight weeks 
(three times a week) with a VR headset model; Oculus Quest 
2 (Facebook Technologies Ltd., Menlo Park, CA, USA). The 
games used in this study are from three packages: PowerBeats, 
Swords of Gargantua, and VR-Workout. VR-Workout is a 
fi tness rhythm game with full-body engagement including 
Jumping / Squatting / Pushups / Side Planks / Crunches / 
standing on single leg / Burpees and Sprinting exercises. The 
intensity of the games was from easy to hard according to the 
Rated Perceived Exertion (RPE) scale (10 – 15 points in the 
Category-Ratio (CR) 20) provided [36]. This scale numerically 
ranges from 6 to 20, where 6 means “no exertion at all” and 20 
means maximal exertion [36], and is based on the ability and 
progress of each participant in doing each step of the game.

Each training session lasted about 30 min - 45 min, in 
which the person performed 5 min of warm-up before the 
game, 5 min of cooling after the game, and 20 min - 35 min 
of practice with Oculus Quest 2. The participants could play 
freely and move their whole body in the space with KinectTM 
(Microsoft, Redmond, WA, USA) [37,38].

Participants were trained to familiarize themselves with the 
practice by showing them video clips of the model and allowing 
them to attempt practice in three sessions while playing games 
and training with individuals as physical therapists with more 
than seven years of experience monitoring their performance. 
After mastering the exercises related to the VR-Workout 
game, they were allowed to perform each exercise for 10-15 
repetitions in 3 sets. Rest was 30 seconds between each set and 
60 seconds between each exercise. The intensity of the training 
was adjusted based on the individual’s ability, as well as the 
principle of overload during the eight weeks of training, so that 
the duration of the game, the number of sets in the training, 
and the number of repetitions were added.

PNE/MCT: Three PNE sessions had 30 minutes - 60 minutes 
and were conducted by a physical therapist. The purpose of the 
PNE was to control patients’ negative perceptions of recurring 
pain [39,40]. These beliefs may be imposed on patients by 
potentially useless diagnostic, prognostic, or therapeutic 
conclusions. During the PNE sessions, pain information was 
given to avoid fear beliefs and behaviors, thus providing 
keywords at this stage to promote self-effi cacy using verbal 
instructions, charts, and freehand drawings [39,40].

The present study was registered and approved by the 
ethics committee of the Polytechnic Institute of Santarém 
(29-2022ESDRM) and was prospectively registered in 
the clinical trial registry (UMIN000049808). RTC Link: 
https://center6.umin.ac.jp/cgi-open bin/ctr_e/ctr_view.
cgi?recptno=R000056720.

Participants recruitment and eligibility criteria and ran-
domization

In this study, among 43 eligible women with NSCLBP, 36 
were selected according to the entry criteria and willingness to 
cooperate until the end of the process. We considered women 
who visited the Media Physiotherapy Clinic in Tehran (Iran). 
They were divided into two groups: VRT; n: 18, age: 31.11 ± 7.84 
yr, height: 1.66 ± 0.02 m, weight: 58.83 ± 3.03 kg. PNE/MCT; n: 
18, age: 33.00 ± 8.39 yr, height: 1.68 ± 0.03 m, weight: 59.55 ± 
4.63 kg. Telescopic height measuring model-MZ10023-3 (ADE, 
Hamburg, Germany), was used to evaluate height and weight, 
weight was assessed in the morning when the patient’s bladder 
was empty and wearing light clothes [31].

The following eligibility criteria were applied:

• Inclusion criteria: (1) women age range between 20 
years - 45 years; (2) average pain level ≥ 4 on a 10-cm 
Visual Analog Scale (VAS) during the Straight Leg Raise 
test [32] and (3) reporting pain in the last six months.

• Exclusion criteria: (1) any history of back surgery; 
(2) having orthopedic and neurological injuries; 
(4) reporting of pain in the buttock to back during 
training, and (5) medication as part of treatment [33]. 
Participants were also excluded if they were undergoing 
other types of therapy, specifi c work activities, or 
regular treatments (such as stretching, taping, braces, 
orthotics, and/or acupuncture) or if they failed two 
consecutive sessions or the post-test phase.

Randomization

Participants were informed of the risks and benefi ts of 
the study before collecting data. Then, participants signed an 
informed consent form according to the Helsinki Declaration 
[34]. Finally, and before randomization, descriptive social data 
and initial clinical outcome variables were collected from all 
participants.

A double-blind randomized clinical trial was used. The 
term double-blind (masking) refers to the fact that both the 
researcher and participants did not know which group the 
participants were allocated to. The advantage of this blinding 
is twofold: the researcher cannot affect the outcome of the 
study by treating participants in the intervention groups 
differently and the participants are not infl uenced by knowing 
whether they received the training, a blinded person (not the 
researcher) generated the allocation sequence, and one other 
person as trainer enrolled participants and assigned them to 
interventions. Also, the allocation sequence was concealed 
until participants were enrolled and assigned to interventions. 
Participants were assigned to one of two treatment groups, 
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The MCT was similar to Malfl iet, et al. [39]. Training and 
treatment fi delity methods in the PNE/MCT group are described 
in the published protocol [19]. Table 1 presents MCT.

Outcomes

An assessor, blinded to the allocation of the group 
participants, to the research aims and design, performed the 
assessments. The following primary and secondary outcomes 
were applied to all participants.

Primary outcomes

- The Visual Analog Scale (VAS) was used to measure 
the participants’ pain severity. The scale is a 10 cm 
horizontal strip starting from 0 (no pain) to 10 (the 
most severe pain possible). This scale is one of the most 
reliable quantitative scales widely used in research [19], 
reliability of the VAS is (ICC = 0.99) [41]. 

- The Oswestry Disability Index (ODI) was used to measure the 
participants’ disability severity. ODI consists of 10 items 
on the degree of severity to which back (or leg) trouble 
has affected the ability to manage in everyday life [42]. 
The 10 sections cover the pain and the daily function 
(including pain intensity, personal hygiene, lifting, 
walking, sitting, standing, sleeping, sexual activity, 
social activity, and traveling). Each item is rated on a 
6-point scale (0 – 5); the higher score means the higher 
level of disability related to LBP. The present study used 
the traditional version of the ODI [43]. ODI Reliability is 
(ICC = 0.89 – 98) [44].

Secondary outcomes

- The General Health Questionnaire (GHQ-28) was used 
to measure the participants’ general health. The 
questionnaire was presented by Goldberg and Hiller 
[45]. In addition to questions on personal and social 
characteristics, this questionnaire has four areas: 
physical symptoms, anxiety symptoms, social 
dysfunction, and depression symptoms. Each area has 
7 items. The scale of the 4-point questionnaire is not 
at all (with a score of zero), in the normal range (score 
1), it is more than usual (score 2) and much more than 
usual (score 3). The range of scores for each area is 0 - 
21 and the range of the total score of the questionnaire 
is 0-84. The higher the person’s score, the less general 

health, and the lower the score, the more general health 
[46]. Its reliability is moderate (ICC = 0.78) [47].

- The Quality of life (QOL- WHO) was used to measure the 
participants’ quality of life. Quality of life was measured 
using the short form of the World Health Organization 
quality of life questionnaire. This questionnaire has 
26 questions and measures the quality of life in four 
physical, psychological, social, and environmental 
dimensions. This standard questionnaire is extracted 
from the version of 100 questions. Hundreds of 
prominent researchers and dozens of offi cial World 
Health Organizations from different countries have 
contributed to its production and standardization in 19 
different languages [45]. The Persian version was used 
in this study [48]. High test-retest reliability was found 
for this Questionnaire (ICC = 0.98) [49].

Statistical analysis

The Shapiro–Wilk test and Levene’s tests were conducted 
to confi rm the normality and homogeneity of the dependent 
variables, respectively. After both were confi rmed, a 2 × 2 
ANOVA (treatment group × time) with Bonferroni correction 
post hoc was conducted with a mixed model analysis design. 
Mean ± standard deviation (SD) was used for each dependent 
variable. The percentage of change was also calculated. A p - 
value < 0.05 was used to determine statistical signifi cance, 
while Partial Eta Squared (p

2) values were calculated as effect 
size (ES), which was considered 0.01 = small effect, 0.06 = 
moderate effect, and 0.14 = large effect, based on the study of 
Cohen [50]. Data analyses were conducted on SPSS software 
version 26 (IBM Corp., Armonk, NY, USA).

Sample size

The sample power of the post hoc F-test family (Repeated 
Measures Anova with within - between interaction) was 
calculated for  level = 0.05; effect size = 0.25; two groups, two 
measurements, and n = 36 by the G-Power [51]. It was shown 
that there was an 83% (actual power) for the analysis.

Results

Participants

Thirty-six women with NSCLBP ages 20 to 45. For each 
group, 18 women were allocated. These were women who 
reported NSCLBP (Figure 1).

Baseline

Table 2 lists the general characteristics of the participants 
in the study. Baseline data of age, height, weight, Body Mass 
Index (BMI), and pain duration did not signifi cantly differ (p 
> 0.05) between VR and PNE/MCE. In addition, there were no 
differences within groups.

Tables 3,4 present the analysis of the variance with a 2×2 
ANOVA (treatment time × group) test that showed signifi cant 
group interactions overtime for Anxiety symptoms (AS), 

Table 1: MCT training for eight weeks.
Phase Weeks Set R/S Exercises

A

1-2 
Weeks

3 10
Pelvic tilt, Double leg stance, Bridge, Cat and Cow 

exercise
3-4 

Weeks
3 10

Single leg stance, Single leg bridge, Cobra with the 
hands-off fl oor, Quadruped trunk rotation

B

5-6 
Weeks

4 15
Single leg stance eyes closed, Flexion and extension of 
the back without weights, Straight leg raise, Walking on 

a stable board

7-8 
Weeks

5 15
Forward bending, fl exion, and extension of the back with 

weights on an unstable board, Walking on an unstable 
board, Cross straight leg raise, Eccentric squat

Legend: S = Second, R = Repetition.
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Depression Symptoms (DS), Physical Health (PH), and Mental 
Health (MH), as well as the Total QOL variables (p ≤ 0.05). 
Baseline comparisons revealed no signifi cant differences 
between groups at baseline testing for all variables.

Overall, both groups improved signifi cantly between 
baseline and after eight weeks except for Environmental 
Health (EH) of QOL. On the other hand, in the between-groups 
comparison, the G1 scored better than the G2 in AS, DS, PH, 
and MH, as well as the Total QOL. For better understanding, 
Figures 2 and 3 show the results of VAS, disability, GHQ, and 
QOL between groups and between pre-test against post-test.

Discussion

The present study compared VRT and PNE/MCT on pain, 
disability, general health quality, and quality of life of women 
with NSCLBP. The results of VRT in the present study were in 
line with some studies. For instance, Mbada, et al. pointed out 
the effects of VRT on reducing the pain of back pain patients 
[52]. Alemanno, et al. showed the effects of VRT on reducing 
pain, improving quality of life, physical function, cognitive 
function, and social function as well as the mood of back 
pain [53]. Moreover, Gorji, et al. [19] and Wood and Hendrick 
demonstrated the effects of PNE on reducing pain and disability 
caused by NSCLBP were consistent [54].

Overall, after eight weeks of treatment, a signifi cant 
reduction in pain scores was observed. This reduction in pain 
has also been associated with a reduction in disability. These 
data provide evidence that VRT can be effective in helping 
chronic LBP patients to recover better motor function along 
with reducing the feeling of pain, thereby improving their 
quality of life and general health. VR-related therapy was 
based on the hypothesis that helping patients regain correct 
body perception would help them to improve their functional 
abilities reduce their quality of life and pain perception and 
increase their general health quality. The fact that patients 
improved signifi cantly in repeatability and range of motion 
with training seems to indicate that VR-based rehabilitation 
can signifi cantly improve proprioception and function [54,55]. 
The results showed that this VRT can work on pain and aspects 
of multiple disabilities and general health. A combination of 
all these multidimensional aspects may be responsible for 
improvements in different sub-sectors of quality of life.

In the context of the effectiveness of PNE/MCT, a growing 
body of evidence shows that changes in brain abnormalities 
in brain structure and function and brain hypersensitivity in 
patients with chronic LBP are of major importance [17]. Central 
sensitization involves altered sensory processing in the brain 
[17]. Furthermore, brain plasticity causes pain and fatigue, 
which can lead to disability even without tissue damage or 
actual pain [17]. In this regard, the PNE/MCT offers signifi cant 
improvements to combat these issues [39]. Central sensitivity 
was not evaluated in the present study. However, it has been 
hypothesized that educating patients on how to control pain 
and understand how they feel can help reduce central nervous 
system hypersensitivity and relieve pain [56-58]. This factor, 
along with performing motor control exercises may be a 
factor in the effectiveness of this exercise program on pain 
and disability. Physical feedback and cognitive biofeedback 
along with the implementation of exercise programs have 
been suggested in some studies to achieve better results in the 
elderly [59]. It seems that adding movement control training 
to neurological exercises by reducing pain and disability by 
activating proprioception, coordination and sensory-motor 
control of the spine helps patients in reducing disability and 
increasing their functional capacity can increase their general 
health. That has been found as a factor in improving the quality 
of life of these people [56-58].

In terms of the greater effect of VRT compared to PNE/MCT 
on variables such as the dimension of anxiety and depression 
related to the quality of general health, as well as physical 
and mental health and the overall quality of life score, it can 
be attributed to the characteristics of the VRT. The VRT was 
based on mobility due to the presence of movements such as 
jumping, squatting, and sprinting, which are presented as 
a game and can lead to more effects on some parameters of 
health quality due to attractiveness and physical and mental 
involvement, general health and quality of life compared to 
PNE/MCT. However, no other studies comparing the same 
protocols were found and for that reason, the replication of this 
study is required. Even so, it is relevant to highlight that this is 
the fi rst study to compare VRT and PNE/MCT. 

Figure 1: CONSORT fl ow diagram RTC.

Table 2: Mean ± Standard Deviation for the anthropometric measurements.

Variable VRT (n = 18) PNE/MCE (n = 18) p

Age (yr) 31.11 ± 7.84 33.00 ± 8.9 0.49

Height (m) 1.66 ± 0.02 1.68 ± 0.03 0.10

Weight (kg) 58.83 ± 3.03 59.55 ± 4.63 0.58

BMI (kg.m-2) 21.16 ± 0.98 21.03 ± 1.33 0.73

Pain Duration (month) 20.44 ± 3.94 22.05 ± 7.20 0.41

N: Number; BMI: Body Mass Index; yr: Years; m: Meter
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Table 3: Pre and post-test comparisons of the VAS, Disability, and GHQ outcomes assessed in the study and between groups.

Variables Group

Baseline Post-test ∆ ES Main effect: Main effect: Interaction:

Mean ± SD Mean ± SD Pre-Post 95 % CI Time Group Time × Group

        F p 𝜂p2 F p 𝜂p2 F p 𝜂p2

VAS
VRT 4.88 ± 0.67 2.44 ± 0.78 ↓ 50

3.36

501.32 0.001* 0.96 0.44 0.51 0.03 0.27 0.6 0.02
(AU) (2.36 – 4.36)

 
PNE/MCT 4.94 ± 0.80 2.66 ± 0.59 ↓ 46.15

3.24

  (2.26 – 4.23)

Disability
VRT 48.50 ± 5.13 37.16 ± 4.34 ↓ 23.38

2.39

174.88 0.001* 0.91 0.99 0.33 0.06 0.5 0.48 0.03
(AU) (1.54 – 3.23)

 
PNE/MCT 46. 94 ± 4.72 36.55 ± 2.68 ↓ 22.13

2.71

  (1.81 – 3.60)

SS (AU) GHQ-
28

VRT 16.22 ± 1.95 12.66 ± 2.61 ↓ 21.94
1.51

159.56 0.001* 0.9 0.002 0.96 0.001 2.5 0.13 0.12
(0.8 – 2.29)

PNE/MCT 15.83 ± 1.65 13.00 ± 1.64 ↓ 17.87
1.3

(0.58 – 2.01)

AS (AU) GHQ-
28

VRT 17.44 ± 1.24 11.67 ± 2.08 ↓ 33.08
3.97

313.59 0.001* 0.95 9.08 0.008* 0.34 42.67 0.001* 0.71
(2.86 – 5.08)

PNE/MCT 17.16 ± 1.38 14.45 ± 1.65 ↓ 15.79
1.54

(0.8 – 2.28)

SD (AU) GHQ-
28

VRT 14.05 ± 1.86 12.45 ± 1.85 ↓ 11.38
1.22

76.18 0.001* 0.81 0.81 0.36 0.05 0.83 0.37 0.47
(0.51 – 1.93)

PNE/MCT 13.50 ± 2.81 11.45 ± 3.16 ↓ 15.18
0.86

(0.18 – 1.54)

DS (AU) GHQ-
28

VRT 15.38 ± 2.09 10.78 ± 2.48 ↓ 29.90
2.01

260.31 0.001* 0.93 4.53 0.048* 0.21 5.78 0.03* 0.25
(1.21 – 2.80)

PNE/MCT 16.23 ± 1.69 13.06 ± 1.60 ↓ 19.53
1.93

(1.14 – 2.71)

∆; percent change (↓decrease, ↑increase), 𝜂p2; partial eta squared (effect size). VAS; scores range from 0 (“no pain”) to 10 (“high pain”); AU; Arbitrary Units, ES; Effect Size, CI; 
confi dence interval. SS, Somatic Symptoms; AS, Anxiety Symptoms; SD, Social Dysfunction; DS, Depression Symptoms. * Signifi cant differences (p ≤ 0.05).

Table 4: Pre and post-test comparisons of the QOL outcome assessed in the study and between groups.

Variables Group

Baseline Post-test ∆ ES Main effect: Main effect: Interaction:

Mean ± SD Mean ± SD Pre-Post 95 % CI Time Group Time × Group

        F p 𝜂p2 F p 𝜂p2 F p 𝜂p2

PH
VRT 39.96 ± 4.67 48.47 ± 7.30 ↑ 17.55

-1.39

82.69 0.001* 0.82 1.85 0.19 0.09 5.51 0.03* 0.24
(AU) (- 2.11 - - 0.66)

 
PNE/MCT 38.61 ± 7.75 44.40 ± 6.29 ↑ 13.04

-0.82

  (- 1.5 - - 0.14)

MH
VRT 35.87 ± 10.11 51.87 ± 9.76 ↑ 30.84

-1.61

145.02 0.001* 0.89 0.14 0.7 0.009 33.49 0.001* 0.66
(AU) (- 2.36 - - 0.86)

 
PNE/MCT 42.03 ± 10.61 48.36 ± 9.92 ↑ 13.08

-0.62

  (- 1.28 -0.05)

CR
VRT 44.27 ± 12.95 47.19 ± 12.45 ↑ 6.18

-0.23

108.02 0.001* 0.86 2.61 0.12 0.13 0.063 0.8 0.004
(AU) (- 0.89 – 0.43)

 
PNE/MCT 51.11 ± 12.28 53.82 ± 12.08 ↑ 5.03

-0.22

  (- 0.88 – 0.43)

EH
VRT 47.60 ± 7.40 47.77 ± 7.61 ↑ 0.35

-0.02

3.45 0.08 0.16 1.81 0.19 0.09 1.01 0.32 0.05
(AU) (- 0.68 – 0.63)

 
PNE/MCT 50.72 ± 7.29 51.52 ± 7.72 ↑ 1.55

-0.11

  (- 0.76 – 0.55)

Total (AU)

VRT 29.58 ± 16.25 86.78 ± 10.87 ↑ 65.91
-4.5

146.13 0.001* 0.89 2.05 0.16 0.1 4.53 0.048* 0.21
(- 5.7 - - 3.29)

PNE/MCT 34.16 ± 14.22 73.75 ± 19.33 ↑ 53.68
-2.33

(- 3.17- - 1.49)

∆; percent change (↓decrease, ↑increase), 𝜂p2; partial eta squared (effect size). AU; Arbitrary Units, ES; Effect Size, CI; confi dence interval. PH, Physical Health; MH, Mental 
Health; CR, Community Relationship; EH, Environmental Health. * Signifi cant differences (p ≤ 0.05).
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Considering that chronic pain has become a major health 
concern worldwide, pharmaceutical companies are currently 
treating chronic back pain through the development of drug 
formulations [60]. Furthermore, the development of alternative 
and non-pharmacological therapies is necessary to provide the 
best-personalized care to patients and reduce the risk of drug 
abuse. Non-pharmacological treatments can also show the 
benefi t of good compliance among patients. In particular, VRT 
as well as PNE/MCT were reported as effective treatments in 
this research.

Conclusion

The main hypothesis of this study was confi rmed because 
both interventions improved pain, disability, general health 
quality, and quality of life Specifi cally and according to the 
main effect (time), after eight weeks, both groups had an effect 
on all variables except environmental health. On the other 
hand, according to the main effect (group * time), the VRT 
showed signifi cantly higher improvements in the variables of 
depression, anxiety, physical and mental health, and the total 
quality of life score compared to PNE/MCE. Nonetheless, both 
training programs seem to be recommended for women with 
NSCLBP.

Limitations and future directions

Despite the positive effects denoted by both interventions, 
some limitations should be listed such as only eight weeks were 
evaluated; the lack of a control group; and the lack of central 
sensitization assessment once there is no translated Persian 
version for this assessment. Therefore, future studies should 
consider longer longitudinal training protocols and the use of 
a control group, it can also occur between men and women at 
the same time. The next topic is the kinematic analysis of the 
lumbar region, which can be used in the future.
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