In non-specific low back pain, is an exercise program carried out through telerehabilitation as effective as one carried out in a physiotherapy center? A controlled randomized trial


ABSTRACT

Backgrounds: The effectiveness of telerehabilitation (TLRH) in patients with non-specific low back pain (NLBP) remains unknown. No study till date has investigated the efficacy of a mobile-based TLRH in patients with NLBP.
Objectives: To investigate if a TLRH program is as effective as a clinical exercise programme in improving disability, pain intensity, pain catastrophizing, and hip pain and strength in patients with NLBP.
Design: Single-blind, two-armed, randomized controlled study.
Method: A total of 71 individuals with NLBP were randomly allocated to either the TLRH home group (TLRH) or clinic group (CG). The TLRH followed exercise videos and read information on pain neurophysiology. The CG performed the same exercises and received on-site pain education. Both groups performed the exercises twice weekly for 8 weeks. Disability, pain intensity, pain catastrophizing, and hip pain and strength were assessed at baseline, at post-treatment, and at three months.
Results: Statistically significant differences for time-by-group interaction were detected in the strength of left hip flexors (supine [F= 8.356; p= .005]; sitting [F= 9.828; p= .003]), right hip extensors with extended knee [F= 7.461; p= .008], left hip extensors (extended knee [F= 13.175; p=.001]; flexed knee [F= 13.505; p<.001]), pain during flexion of the right [F= 5.133; p=.027] and left [F= 4.731; p=.033] hips in the supine position, disability [F= 4.557; p=.014], and pain catastrophizing [F= 14.132; p<.001].
Conclusion:  A TLRH mobile-based is as effective as clinical treatment in improving disability, pain catastrophizing, and pain and strength of the hip structures in patients with NLBP.
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INTRODUCTION
	Lumbopelvic pain is characterized by the presence of symptoms in the space between the lower costal margin and gluteal fold (1). During the course of life, approximately 84% of the world population will experience lumbopelvic pain, which presents as high levels of pain, disability, and decreased quality of life (2). Waddell et al. (3) describes it as a disabling disease that causes one of the greatest socioeconomic and health problems in the Western world. According to the Spanish Society of Pain, low back pain incurs costs of 10 million euros per year, distributed as medical care expenses and sick leave (4).
	Despite advances in radiologic evaluation, 90% of patients with low back pain are classified as having non-specific low back pain (NLBP) due to the lack of pathoanatomical abnormalities (5). The typical course of NLBP is initially favorable, with significant improvement in the first six weeks (6). However, recurrence is common, and up to 10–40% of patients develop chronic low back pain (7,8). Several clinical guidelines have been developed including for treatments with the most evidence of efficacy (soft tissue and spinal manipulation, spinal traction or physical exercise, etc.) (9–11). Scientific evidence suggests that physical exercise-based treatments, regardless of the type, reduce the Pain Scale (0-100) score by at least 10 points compared to other treatments; thus, physical exercise-based treatments are significantly effective (9). To increase the efficacy of treatments, homogeneous groups have been created following the different proposed classifications, which have managed to achieve favorable results and reduce recurrence rates (12–17).
	Traditionally, lower back pain is managed in primary care setups or by physiotherapists, using a face-to-face modality between the patient and the healthcare provider. However, Truter et al. (18) indicated that this type of treatment is not common in rural populations owing to the lack of health professionals and facilities. With technological developments, various authors have proposed the use of telerehabilitation (TLRH) to improve health services (18–25). TLRH is an online or offline tool, which allows individualized treatment of patients. Furthermore, it allows patients to access treatment- and condition-related information at any time. This reduces the need for face-to-face medical care, thereby reducing costs and geographical barriers (26).
TLRH has grown in popularity. Research on TRLH has increased exponentially recently, and is effective in the management of a wide variety of pathologies, such as obesity (23), diabetes mellitus type II (24), asthma, and chronic obstructive pulmonary disease (25). However, research on TLRH for management of low back pain is scarce and controversial, with some authors showing enormous heterogeneity in TLRH interventions (27). The majority of the studies conducted have focused on TLRH approaches based on pain education (24), general well-being advice (28,29), or discussion forums where patients share their pathological processes with the rest of the study participants (30,31). 
The great utility and positive impact of TLRH in patients with low back pain (19,32–34)  has been studied, obtaining promising results. However, there is an enormous need to continue conducting studies in this field, which is a conclusion shared by the majority of authors(33–35). Thus, we have implemented exercise-based therapy as a differentiating element, demonstrating its effectiveness in improving low back pain (9). In this study, we aimed to evaluate the effectiveness of TLRH-based exercise program for functional and subjective variables in patients with subacute NLBP.
METHODS
Study design
	This was a single-blind, randomized controlled study. The patients were randomly (using the opaque envelope method) divided into two groups: clinic (CG) and home (TLRH) groups. The assessment was performed at three measurement points: baseline, eight weeks, and 3 months after stopping the exercise program (follow-up). This study was approved by the Human Ethics Committee of the University of Alcalá (CEID/HU/2020/48; |03/12/2023|), and meets the Consolidated Standards of Reporting Trials (CONSORT) statement and guidelines (36).
Participants 
	The sample size was calculated using Epidat (Version 3.1; Consellería de Sanidade, Xunta de Galicia, Santiago de Compostela, Spain). Based on the data provided by Shebib et al. (37), who used a VAS range of 0 to 100, taking into account a between-groups difference of 16 units on VAS and an expected standard deviation of 21,4 and 23,2 for experimental and control group, respectively, a minimum of 31 patients per group were required to obtain statistically significant differences between groups with 80% statistical power and 95% confidence level.
	Patients were recruited from a physical therapy clinic in X (X). After receiving the invitation to participate in a study aimed at treating NLBP-associated pain and disability and improving the strength of the lumbopelvic girdle, 82 patients were assessed for elegibility in this trial. The eligibility criteria were as follows: 18–65 years of age, history of at least 12 weeks of NLBP, absence of radiculopathy or spinal damage due to tumors, stenosis, or fractures, and a minimum level of physical activity to be able to perform the exercises. All patients were interviewed to assess whether they could perform the exercises. During the interview, the patients were informed of the exercises that they had to perform in the first week of the intervention and they were shown the videos with the exercises. Furthermore, they were asked if they felt they could perform them. The exclusion criteria were inflammatory pathologies of the locomotor system, infectious or oncological processes, neurodegenerative diseases, neuropathic pain, fractures, and a lack of fluency in Spanish.
	Patients who met the inclusion criteria were randomly allocated to either the CG or TLRH. The allocation process was based on the use of a computer-generated table of random numbers. Allocations were sealed in opaque, consecutively numbered envelopes kept in a locked location. These opened in sequence by an independent administrator who was not involved in eligibility assessment, treatment, or outcome assessment. Participants received comprehensive information about the treatments to be performed and were informed of their right to ask questions to clarify doubts about the trial. Thereafter, they signed consent forms. Patients who missed the training sessions were excluded from the study. Both groups were instructed to maintain their activity level as before. 
Measurements
	The participants were evaluated at three different timepoints in a physiotherapy clinic in X (X) by an independent assessor blinded to the allocation and intervention. Pain intensity, disability and pain catastrophizing was assessed at baseline (prior to beginning the intervention), at the end of the intervention, and three months after the intervention (follow-up), while strength and pain during flexion and extension of the hips were assessed at baseline and at the end of the intervention. All participants had a flexion pattern in the lumbopelvic spine, which O’Sullivan describes as subjects who associate their pain with keeping the lumbar flexed or with repetitive efforts of the low back towards flexion (12). The outcomes measured were pain intensity, disability, pain catastrophizing, and pain and strength during flexion and extension of both the hips. 
Pain intensity and disability 
	Low back pain intensity was measured using a visual analog scale (VAS). The VAS is a reliable assessment tool (r=0.99), where 0 represents “no pain” and 10 represents “the worst pain imaginable” (38). Disability was measured using the Spanish version of the Oswestry Disability Index (ODI) (39), a valid and reliable (r=0.99) questionnaire transculturally adapted from English to Spanish (Spain) in 1995. The ODI contains ten sections: pain intensity, personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and travelling. Each of the ten sections was scored from 0 to 5 points. The possible total ODI score was 50, with higher scores indicating greater functional disability. 
Pain catastrophizing 
	The Pain Catastrophizing Scale (PCS) is composed of 13 items scored on a 5-point scale, with 0 indicating “not at all” and 4 indicating “all the time”. These items describe different thoughts and feelings that individuals may experience when they are in pain. The PCS was developed to assess three catastrophizing components: rumination, magnification, and helplessness. PCS has excellent psychometric properties, is widely used in research, and the internal consistency of the Spanish version used in this study is high (⍺ = 0.94) (40).
Strength and pain during flexion and extension of the hips
	Hip strength was assessed using a handheld dynamometer (HHD). Each patient performed the following validated and reliable tests according to Thorborg et al. (41): supine hip flexion (Intraclass Correlation Coeficient (ICC), 0.94), sitting hip flexion (ICC, 0.91), and hip extension with the knee flexed (ICC, 0.86) and extended (ICC, 0.81). In each test, the ability to generate force on the hip was assessed. In addition, the pain intensity when performing different tests was quantified using the VAS. The VAS is a reliable tool (r = 0.99), where 0 represents “no pain” and 10 represents “the worst pain imaginable.” Participants were asked to indicate their pain levels on the scale, with higher values indicating more intense pain (38).
Intervention 
	Participants in both groups underwent 16 therapy sessions over eight weeks (two sessions per week). Each session consisted of six exercises with a volume of work adapted to the individual patient characteristics. To ensure proper application of the techniques, a physical therapist with 10 years of experience was in charge. Who taught the patients to get into a neutral lumbar spine position before starting the exercises and instructed them that they should not have pain when starting the exercises, although discomfort was allowed.
Clinic group 
	Participants in the clinic group attend a physiotherapy clinic in X (X) twice a week, with a minimum interval of two days between treatment sessions. During the treatment session, the experienced physiotherapist instructed the patients on each of the six exercises to be performed. To individualize the treatment, each exercise was performed until reaching a pain intensity of 3–4 on the VAS. In addition, in every session, the physiotherapist provided insight into the neurophysiology of pain before the exercises were initiated (42).
Home group 
	Participants in the home group received instructions on the exercises to be performed at home from the physiotherapist. Physical therapy was performed to a level not exceeding a pain intensity of 3–4 on the VAS. Each patient received six exercises weekly via instructional videos on a computer platform. These were the same exercises that the clinic group performed. Each patient had to indicate the appearance of pain during the exercises in the following week. The patients were provided with key points that “explain pain” (42) and tips on pain neurophysiology. The participants had to read this information prior to each session.
Statistical analysis
Data were described as means and standard deviations for continuous variables and frequencies and percentages for categorical variables. Homoscedasticity and normal distribution of continuous variables were analyzed using Levene´s test and Kolmogorov-Smirnov test, respectively. 
To ensure homogeneity between groups at baseline, Student’s t-test was used for quantitative variables and the chi-square test for categorical variables. 
To analyze the main objective of the present study, the variables at baseline and after treatment were evaluated with a 2 × 2 mixed model of repeated measures analysis of variance, where the the correlation of interest was time-by-group interaction. To test between-group differences immediately following treatment, Student’s t-test was performed using for pre- and post-change scores; and a paired sample t-test was used to evaluate within-group differences along the two time points. The variables at baseline, after treatment, and at three months after treatment were evaluated using a 2 × 3 mixed model of repeated measures analysis of variance. The correlation of interest was time-by-group interaction. For these variables, between-groups differences at immediate post-treatment and at three month follow up, as well as intra-groups differences at each time point, have been determined through pairwise Bonferroni comparisons. Eta-squared (η2) was calculated to assess the effect size (ES) for time-by-group interaction, and Cohen's d was chosen to assess the ES for the bivariate analysis. Data management and analysis were performed using the IBM SPSS Statistics package, version 23.0 (SPSS Inc., Chicago, IL). The level of statistical significance was set at P < 0.05.
RESULTS
	Of the 82 subjects assessed for elegibility, 78 were randomized into two groups. At the end of the study, all 78 patients performed the exercise program and were completely evaluated. Finally, a total of 71 patients were analyzed (Figure 1) with a mean age of 43.4 (SD= 10.7) years old and 50.7% females. The morphological characteristics of the sample did not show differences at baseline, demonstrating comparability between the groups (table 1).

Table 1. Morphologic and clinical characteristics of the sample at baseline.
	
	Variable
	TLRH 
(n = 36)
	CG
 (n = 35)
	

	Categorical
	F
	%
	F
	%
	p

	Sex
	Male
	20
	55.6
	15
	57.1
	.346

	
	Female
	16
	44.4
	20
	42.9
	

	Continuous
	Mean
	SD
	Mean
	SD
	p

	Age
	42.4
	10.4
	44.4
	11.0
	.451

	Height (cm)
	173.7
	6.2
	173.0
	7.0
	.240

	Weight (kg)
	72.3
	7.8
	74.9
	10.6
	.659

	Pain Intensity
	4.1
	1.9
	3.7
	1.8
	.292

	Disability (%)
	14.8
	12.6
	19.3
	21.3
	.282

	Pain catastrophizing
	24.6
	10.3
	22.9
	11.5
	.499

	STRENGHT
	
	
	
	
	

	Flexion (R) Hip SUP
	211.8
	15.6
	213.4
	16.8
	.590

	Flexion (R) Hip SIT
	254.4
	16.4
	255.3
	15.3
	.680

	Flexion (L) Hip SUP
	219.3
	11.8
	215.4
	13.9
	.175

	Flexion (L) Hip SIT
	253.8
	14.6
	251.6
	13.7
	.215

	Extension (R) Hip EXT
	211.9
	9.4
	214.7
	10.7
	.660

	Extension (R) Hip FLEX
	230.4
	9.1
	232.2
	11.7
	.819

	Extension (L) Hip EXT
	210.4
	12.1
	208.9
	8.9
	.883

	Extension (L) Hip FLEX
	231.1
	8.9
	231.1
	9.7
	.524

	PAIN
	
	
	
	
	

	Flexion (R) Hip SUP
	1.4
	2.3
	1.7
	2.3
	.773

	Flexion (R) Hip SIT
	1.3
	2.0
	1.5
	1.9
	.240

	Flexion (L) Hip SUP
	0.8
	2.0
	1.5
	2.1
	.973

	Flexion (L) Hip SIT
	1.2
	1.8
	1.3
	1.8
	.554

	Extension (R) Hip EXT
	1.7
	2.3
	1.5
	2.2
	.512

	Extension (R) Hip FLEX
	1.8
	2.0
	1.5
	2.1
	.476

	Extension (L) Hip EXT
	1.6
	2.3
	1.6
	2.0
	.544

	Extension (L) Hip FLEX
	1.8
	2.1
	1.5
	1.9
	.968



Abbreviations. F: Frequency; %: Percentage; SD: Standard Deviation; p: p-value; (R): Right; (L): Left; TLRH: Telerehabilitation group; CLI: Clinic group; SUP: Supine; SIT: Sitting; EXT: Extension; FLEX: Flexion.
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Figure 1. Flow diagram of subjects.

The analysis of the variance showed a gain in strength of the left hip flexors in the supine [F= 8.4; p= .005] and sitting [F= 9.8; p= .003] positions, of the right hip extensors with the knee extended [F= 7.5; p= .008], and of the left hip extensors with the knee extended [F= 13.2; p= .001] and flexed [F= 13.5; p< .001]. In addition, the pain during flexion of the right [F= 5.1; p=.027] and left [F= 4.7; p=.033] hips in the supine position, disability [F= 4.6; p=.014], and pain catastrophizing [F= 14.1; p<.001] improved. Furthermore, the ES was 0.064–0.294 and the statistical power was 0.572–0.998 (Table 2). 
Table 2. Statistical significance, effect size and statistical power of the time-by-group interaction from the analysis of variance.

	Variable
	F
	p
	Effect Size
(η2)
	Power

	Pain intensity
	0.228
	0.796
	0.007
	.084

	Disability (%)
	4.557
	.014
	0.118
	.757

	Pain catastrophizing
	14.132
	<.001
	0.294
	.998

	STRENGTH
	
	
	
	

	Flexion (R) Hip SUP
	0.100
	.921
	0.000
	.051

	Flexion (R) Hip SIT
	0.612
	.437
	0.009
	.120

	Flexion (L) Hip SUP
	8.356
	.005
	0.108
	.813

	Flexion (L) Hip SIT
	9.828
	.003
	0.125
	.871

	Extension (R) Hip EXT
	7.461
	.008
	0.098
	.768

	Extension (R) Hip FLEX
	2.525
	.117
	0.035
	.347

	Extension (L) Hip EXT
	13.175
	.001
	0.160
	.947

	Extension (L) Hip FLEX
	13.505
	<.001
	0.164
	.952

	PAIN
	
	
	
	

	Flexion (R) Hip SUP
	5.133
	.027
	0.119
	.852

	Flexion (R) Hip SIT
	0.797
	.375
	0.011
	.142

	Flexion (L) Hip SUP
	4.713
	.033
	0.064
	.572

	Flexion (L) Hip SIT
	0.250
	.618
	0.004
	.078

	Extension (R) Hip EXT
	0.067
	.797
	0.001
	.057

	Extension (R) Hip FLEX
	0.000
	.997
	0.000
	.050

	Extension (L) Hip EXT
	0.152
	.697
	0.228
	.067

	Extension (L) Hip FLEX
	0.018
	.894
	0.000
	.052


Abbreviations. p: p-value; (R): Right; (L): Left; SUP: Supine; SIT: Sitting; EXT: Extension; FLEX: Flexion.

	The differences immediately post-treatment in both groups was statistically significant (Table 3). Between-group differences showed improved strength of the left hip flexors in the supine and sitting positions, right hip extensors with the knee extended, and left hip extensors with the knee extended and in the clinic group. Furthermore, the pain during flexion of both hips in the supine position improved in the clinic group. Analysis of within-group differences showed that almost all variables in both groups improved. However, pain during right hip flexion in the sitting position [Mean= -0.6; p= .074], pain during left hip flexion in the supine [Mean= -0.2; p= .385] and sitting positions [Mean= -0.5; p= .060], and disability perception [Mean= 1.3; p= .513] did not show statistically significant differences in the TLRH between the pre- and post-intervention measures. The between-group differences showed a medium-to-large ES for the statistically significant variables, ranging from -0.498 to -0.876 (Table 3).
Table 3. Within-groups and between-groups differences in post-treatment.

	Variable
	Post-Treatment
	Within-Group Change Score
	Between-Groups Change Score
	Effect Size

	
	Mean (SD)
	Mean difference (95%IC)
	p
	Mean difference (95%IC)
	p
	d
	ES

	STRENGTH
	
	
	
	
	
	
	
	

	Flexion (R) Hip SUP
	TLRH
	211.8 (15.6)
	16.8 (13.3 to 20.3)
	<.001
	0.3 (-5.5 to 6.1)
	.921
	0.024
	Irrelevant

	
	CG
	213.4 (16.8)
	16.5 (11.7 to 21.3)
	<.001
	
	
	
	

	Flexion (R) Hip SIT
	TLRH
	254.4 (16.4)
	15.5 (10.9 to 20.1)
	<.001
	-2.4 (-8.4 to 3.7)
	.437
	-0.181
	Irrelevant

	
	CG
	255.3 (15.3)
	17.9 (13.9 to 21.8)
	<.001
	
	
	
	

	Flexion (L) Hip SUP
	TLRH
	219.3 (11.8)
	11.8 (8.8 to 14.9)
	<.001
	-7.9 (-13.4 to -2.5)
	.005
	-0.687
	Medium

	
	CG
	215.4 (13.9)
	19.7 (15.1 to 24.4)
	<.001
	
	
	
	

	Flexion (L) Hip SIT
	TLRH
	253.8 (14.5)
	13.5 (11.6 to 15.5)
	<.001
	-7.5 (-12.2 to -2.71)
	.003
	-0.745
	Medium

	
	CG
	251.6 (13.7)
	21.0 (16.6 to 25.5)
	<.001
	
	
	
	

	Extension (R) Hip EXT
	TLRH
	211.9 (9.4)
	7.4 (4.9 to 9.9)
	<.001
	-4.7 (-8.1 to -1.3)
	.008
	-0.652
	Medium

	
	CG
	214.7 (10.7)
	12.1 (9.7 to 14.6)
	<.001
	
	
	
	

	Extension (R) Hip FLEX
	TLRH
	230.4 (9.1)
	9.3 (5.7 to 12.8)
	<.001
	-6.8 (-15.2 to 1.7)
	.117
	-0.379
	Small

	
	CG
	232.2 (11.7)
	16.1 (8.1 to 23.5)
	<.001
	
	
	
	

	Extension (L) Hip EXT
	TLRH
	210.4 (12.1)
	8.8 (4.9 to 12.6)
	<.001
	-9.8 (-15.1 to -4.4)
	.001
	-0.867
	Large

	
	CG
	208.9 (8.9)
	18.5 (14.7 to 22.4)
	<.001
	
	
	
	

	Extension (L) Hip FLEX
	TLRH
	231.1 (8.8)
	8.5 (5.6 to 11.4)
	<.001
	-7.9 (-12.1 to -3.6)
	<.001
	-0.876
	Large

	
	CG
	231.2 (9.7)
	16.3 (13.1 to 19.7)
	<.001
	
	
	
	

	PAIN
	
	
	
	
	
	
	
	

	Flexion (R) Hip SUP
	TLRH
	1.4 (2.3)
	-0.7 (-0.1 to -2.3)
	.029
	0.4 (-0.4 to 1.3)
	.301
	-0.287
	Small

	
	CG
	1.7 (2.3)
	-1.1 (-0.5 to -3.6)
	.001
	
	
	
	

	Flexion (R) Hip SIT
	TLRH
	1.3 (2.0)
	-0.6 (-1.2 to 0.1)
	.074
	0.4 (-0.4 to 1.2)
	.375
	-0.239
	Small

	
	CG
	1.5 (1.9)
	-0.9 (-1.4 to -0.4)
	.001
	
	
	
	

	Flexion (L) Hip SUP
	TLRH
	0.8 (1.9)
	-0.2 (-0.6 to 0.3)
	.385
	0.7 (0.1 to 1.4)
	.033
	-0.498
	Medium

	
	CG
	1.5 (2.1)
	-0.9 (-0.4 to -3.6)
	.001
	
	
	
	

	Flexion (L) Hip SIT
	TLRH
	1.2 (1.8)
	-0.5 (-1.1 to 0.1)
	.060
	0.2 (-0.6 to 0.93)
	.618
	-0.128
	Irrelevant

	
	CG
	1.3 (1.8)
	-0.7 (-0.2 to -2.8)
	.008
	
	
	
	

	Extension (R) Hip EXT
	TLRH
	1.7 (2.3)
	-0.9 (-1.6 to -0.3)
	.009
	0.1 (-0.8 to 1.0)
	.797
	-0.055
	Irrelevant

	
	CG
	1.5 (2.2)
	-1.1 (-1.6 to -0.5)
	<.001
	
	
	
	

	Extension (R) Hip FLEX
	TLRH
	1.8 (2.0)
	-1.1 (-1.6 to -0.4)
	.003
	0.0 (-0.9 to 0.9)
	.997
	-0.001
	Irrelevant

	
	CG
	1.5 (2.1)
	-1.1 (-1.6 to -0.4)
	.001
	
	
	
	

	Extension (L) Hip EXT
	TLRH
	1.6 (2.2)
	-0.9 (-1.6 to -0.2)
	.012
	0.2 (-0.7 to 1.0)
	.697
	-0.097
	Irrelevant

	
	CG
	1.6 (2.0)
	-1.1 (-1.5 to -0.5)
	<.001
	
	
	
	

	Extension (L) Hip FLEX
	TLRH
	1.8 (2.1)
	-1.1 (-1.7 to -0.3)
	.006
	0.1 (-0.8 to 0.9)
	.894
	-0.032
	Irrelevant

	
	CG
	1.5 (1.9)
	-1.1 (-1.6 to -0.6)
	<.001
	
	
	
	



Abbreviation. SD: Standard Deviation; d: Cohens´s d; ES: Effect Size; p: p-value; (R): Right; (L): Left; TLRH: Telerehabilitation group; CLI: Clinic group; SUP: Supine; SIT: Sitting; EXT: Extension; FLEX: Flexion.

	The between-group analysis also showed a statistically significant improvement in favor of the TLRH group at post-treatment catastrophizing [Mean= -3.0; p= .045]; however, no statistically significant differences were observed for the rest of the variables immediately post-treatment and at 3-months follow-up (Table 4). Nevertheless, the intragroup analysis showed statistically significant improvements in pain intensity, disability, and catastrophizing in both groups, immediately post-treatment and at 3-months follow-up (Table 5).
Table 4. Between-group pairwise comparison of Bonferroni at immediate post-treatment and at 3 months follow-up.
	
	Post-Treatment
	3 Months Follow-up

	Variable
	Mean Difference
	95% CI
	p
	Mean Difference
	95% CI
	p

	
	
	Lower
	Upper
	
	
	Lower
	Upper
	

	Pain Intensity
	0.7
	-0.2
	0.7
	.222
	0.4
	-0.1
	0.9
	.107

	Disability
	-1.0
	-2.4
	0.4
	.148
	0.9
	-0.5
	2.3
	.205

	Catastrophizing
	-3.0*
	-5.9
	-0.1
	.045
	0.7
	-1.8
	3.3
	.565


Abbreviations. p: p-value; η2: Eta-squared; 95% C.I.: 95% Confidence Interval.
*: p-value < 0.05.
 Table 5. Intra-group pairwise comparison of Bonferroni at immediate post-treatment and at 3 months follow-up.
	
	
	
	TLRH
	CG

	Variable
	Time(1)
	Time (2)
	Mean Difference
	95% CI
	p
	Mean Difference
	95% CI
	p

	
	
	
	
	Lower
	Upper
	
	
	Lower
	Upper
	

	Pain intensity
	Baseline
	Post-Trat
	-2.6**
	-3.2
	-1.9
	<.001
	-2.4**
	-3.0
	-1.7
	<.001

	
	
	3 Months
	-2.6**
	-3.3
	-1.8
	<.001
	-2.5**
	-3.3
	-1.8
	<.001

	Disability
	Baseline
	Post-Trat
	-5.8**
	-9.1
	-2.6
	<.001
	-7.1**
	-10.4
	-3.8
	<.001

	
	
	3 Months
	-4.2*
	-7.8
	-0.6
	.016
	-7.4**
	-11.0
	-3.7
	<.001

	Catastrophizing
	Baseline
	Post-Trat
	-15.7**
	-18.8
	-12.7
	<.001
	-11.0**
	-14.1
	-7.9
	<.001

	
	
	3 Months
	-15.3**
	-18.9
	-11.6
	<.001
	-14.2**
	-17.9
	-10.5
	<.001


Abbreviations. p: p-value; η2: Eta-squared; 95% C.I.: 95% Confidence Interval; TLRH: Telerehabilitation group; CG: Clinic group; Post-trat: post-treatment
 *: p-value < 0.05. **: p-value < 0.001.

DISCUSSION.
	The objective of this randomized clinical trial was to assess whether there are differences between performing an 8-week exercise program at a clinical center and at home. The main study finding suggests that an 8-week exercise program at home is as effective as that at a clinical center in improving disability, pain catastrophizing, pain, and strength of the flexors (in the supine and sitting positions) and extensors of the left hip (with the knee extended and flexed) and of the right hip extensors with the knee extended in patients with chronic NLBP. Therefore, a home exercise program should be considered, as it is effective and could reduce intervention costs.
	One major concern for patients with chronic NLBP is disability, which directly impacts their quality of life. Our results showed that both groups showed significant intragroup improvements in relation to disability. Nevertheless, no significant between-group differences were found. Our results are consistent with those of Chhabra et al. (43) and Shebib et al. (37), which showed that TLRH is as effective as conventional modalities in addressing short-term disability. A clinical trial conducted by Özden et al. (44) showed that TLRH was superior to a control group in improving NLBP, regardless of the symptom duration. Our results could be explained by the fact that physical exercise alone, regardless of its type, reduces disability levels by 30% on the ODI scale in the short-to-medium term (45). However, Fatoye et al. (46) showed that TLRH was not more effective than clinical treatment in terms of improving disability. This discordance could be explained by the fact that the treatment protocol in the study by Fatoye et al. was based on the McKenzie protocol, while we performed a combination of strengthening and mobilization exercises. At the 3-month follow-up, we found significant within-group improvements, but no between-group differences. This could be explained by the exercise-induced musculoskeletal adaptations, which allows the improvement to be maintained in the medium term, regardless of the exercise type.
	Patients who are in pain for long periods have negative thoughts about their situation, which negatively affects their ability to recover (47,48). Our results showed that both groups had significantly improved pain catastrophizing. However, the improvement was more in the TLRH than in the CG. Our results are consistent with those of Geraghty et al. (49), who showed that TLRH combined with a pain education program reduces pain catastrophizing. In addition, at the 3-month follow-up, we found significant within-group improvements but no between-group differences. This could be explained by the normalization of patient function, which is induced by musculoskeletal balance and by the empowerment of knowledge about pain. This statement is supported by the systematic review by Quentin et al. (50), which indicated that most patients in whom symptoms improve via exercise are motivated towards regular physical activity because pain education assuages their mood and modifies their fear-avoidance behaviors.
	Currently, the decrease in strength and mobility of the hip is related to a greater probability of suffering (51,52). Our results showed that the CG showed significant improvements in low back pain and hip flexion movements, while the improvement in the TLRH was not significant. Furthermore, the between-group analyses revealed significant differences only in the variable pain on left hip flexion in the supine position. These results are consistent with those of O'Sullivan's (12) who determined that patients with impaired flexion present with exacerbation of symptoms in all flexion movements. Furthermore, Prather’s study (52) indicated that patients with improved hip mobility had reduced low back pain. Kim et al. (53) suggested that a limitation in hip flexion produces an increase in lumbar curvature towards extension. Finally, patients with limited hip mobility also have decreased muscle tone, which could impair their lumbopelvic stability.
	We found significant differences in the pre- and post-treatment correlation between low back pain and lumbar extension movements in both groups; the CG obtained better results than the TLRH. Our results are similar to those of O'Sullivan’s study (12), in that patients with a flexor pattern prefer extension movements. This could explain why hip extension exercises effectively reduce low back pain; physical exercise reportedly inhibits the descending mechanisms of pain. The studies by Nadler et al. (54) and Cooper et al. (55) also indicate that the inhibition of pain mechanisms is responsible for the normalization of musculoskeletal function.
	Recently, a relationship between weakness of the flexor-extensor hip muscles and an increase in lumbar pain due to the imbalance of the lumbopelvic girdle forces has been reported (56,57). Our results showed that the hip flexion and extension strength significantly improved in both groups. Moreover, the improvement in hip flexion and extension was more significant in the CG than in the TLRH. The increase in the hip flexor strength reportedly improves the function of the lumbopelvic area (58,59). Furthermore, current literature indicates that normalizing the strength asymmetry of the flexors of both hips could reduce low back pain (60). This is consistent with our results, which showed that a lumbar and hip stabilization program, adapted to the patient’s characteristics, reduced the clinical symptoms. Hodges et al. (61) and Dieën et al. (62) showed that a deficit in the lumbopelvic muscles increases susceptibility to low back pain. It has also been observed that increasing the strength of hip extensors reduces low back pain (57). Our results showed that the strength significantly improve in both groups, leading to a significant improvement in pain. Finally, the between-group analysis revealed a significant improvement in all hip strength parameters in the CG than in the TLRH. This could be explained by the involvement of healthcare professionals. Although both groups showed significant improvements, we believe that the presence of healthcare personnel, such as physiotherapists, can effectively help increase muscle tone. Our conclusions are in line with the review by De Jesús et al. (63)  that indicated that a hip strengthening program with lumbopelvic exercises helps improve symptoms of NLBP.
	Our study had several limitations. First, patients pain intensity, disability and pain catastrophizing were followed-up for only 3 months, while strength and pain during flexion and extension of the hips were assessed only at baseline and at the end of the intervention; therefore, we could not verify whether the obtained results had a longer lasting effect. Second, the strength of the trunk flexors and lumbar erector muscles were not assessed. Finally, the PCS questionnaire was general and not specific to low back pain.
CONCLUSION.

	In conclusion, a mobile-based TLRH program is as effective as a clinically supervised program in improving clinical parameters such as disability, pain catastrophizing, hip pain, and strength of the hip flexors and extensors in patients with NLBP.
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