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Abstract
Objetive: We conducted a randomized double blind clinical trial, to compare the effectiveness of McKenzie exercises and
electroanalgesia via an e-Health program versus a home rehabilitation program on functionality, pain, fear of movement
and quality of life in patients with non-speciﬁc chronic low back pain.
Methods: Seventy-four participants with non-speciﬁc chronic low back pain were randomized to either the e- Health program
group (n = 39) or the home rehabilitation program group (n = 35). The interventions consisted of the e-Health program group
performing McKenzie exercises and received transcutaneous electrical nerve stimulation, while the home rehabilitation group
attended an information session to explain the exercises, which they then performed at home with printed instructions. Both
groups performed 3 weekly sessions for 8 weeks. The following were analyzed main measures: pain, disability, fear of movement, quality of life, trunk muscle endurance and trunk anteﬂexion motion were assessed at baseline and at 2 months.
Results: Independent samples Student’s t-tests showed that although the patients who followed the e-Health program
showed signiﬁcantly greater improvement than those who followed the home disability rehabilitation program in terms
of intensity of pain, lumbar ﬂexion mobility (P < 0.001), and the following dimensions of quality of life (P < 0.005), both groups
improved signiﬁcantly in the immediate post-treatment follow up compared with baseline scores.
Conclusions: Patients with chronic low back pain who followed an unsupervised home intervention supported by an individualized video exercise program showed greater post-treatment improvement than those who followed the same program
with printed instructions.
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Introduction
Low back pain (LBP) is the main cause of activity limitation
and absence from work in most countries. It is associated
with a considerable economic burden,1,2 and has been considered the main contributor to years lived with disability.3
Although nonspeciﬁc LBP has no known pathoanatomical cause, treatment focuses on reducing pain and its consequences. Spinal instability has been an important clinical
factor in back pain. Different studies have shown that
people with back pain appear to have different recognition
patterns for the control of deep lumbar stabilizing
muscles.4,5 Given the relationship between alterated neuromuscular function and LBP, there is clearly a need for reeducation exercises to correct lumbo-pelvic stabilization, as
well as other treatments that improve pain.6,7
Studies and clinical practice guidelines recommend
several possible interventions for the treatment and management of LBP, ranging from active participation
through exercise to passive methods such as electroanalgesia.8,9 Evidence has shown that transcutaneous electrical
nerve stimulation (TENS) is a cost-effective intervention
that activates both central and peripheral mechanisms to
reduce hyperalgesia.10,11 Facci et al.12 found that applying
30 min of TENS current at a comfortable intensity, adjusted
according to each patient’s sensitivity, reduced pain intensity, improved disability, and reduced drug use in patients
with nonspeciﬁc chronic low back pain. Furthermore,
others studies has obtained beneﬁcial results of TENS
current in the control of non-radicular pain with respect to
a control group or to other more conventional treatments
in patients with chronic low back pain.13 Regarding functional disability, the TENS current has also shown positive
results in a short period of time, on the other hand, in
follow-ups longer than 6 weeks the evidence is limited.14
Clinical practice guidelines recommend self-care exercises as a key strategy in the treatment of patients with
chronic LBP, and prioritize primary care triage for the management of patients with LBP. Triage consists of classifying
patients according to their signs and symptoms in order to
prescribe certain exercises, give advice to patients who
remain active, and provide information on effective selfcare options.15,16 The McKenzie Method is a widely-used,
comprehensive approach to chronic LBP that includes both
an evaluation and intervention component. The evaluation
component of the McKenzie Method classiﬁes patients
with LBP into subgroups, each with a speciﬁc management
approach.17 There is also evidence that home rehabilitation
programs with good compliance are moderately effective in
reducing pain and improving function in chronic LBP, and
also reduce healthcare costs.18 Recent evidence has shown
that a McKenzie therapy program based on telerehabilitation obtained clinical results comparable to traditional
McKenzie therapy performed under supervision, and
could reduce the healthcare burden of LBP.19

DIGITAL HEALTH
Currently, digital health systems are considered a promising innovation to solve the demand for health resources
as a consequence of the aging of the population and the
scarce material and human resources available to health
institutions.20,21 In chronic disease such as low back pain,
the telemedicine can be an effective alternative of intervention for patients can manage different components of their
health such as functional independence, self-care, and selfmaintenance of their disease.22–24 In addition to being a
scalable, universally accessible and low-cost approach
within the multidisciplinary treatment of low back pain.25
The objective of this study was to compare the effectiveness of an e-health program versus home rehabilitation
based on McKenzie exercises and TENS treatment to
reduce disability, pain, fear of movement, and improve
quality of life and spinal mobility in patients with chronic
LBP.

Methods
Study design and study setting
We conducted a double blind randomized controlled comparative trial with a 6-month follow-up period between
January 2018 and December 2020. The study protocol
was approved by the Human Research Ethics Committee
of the “Hospital Complex Torrecárdenas of Almeria,
University Hospital Complex of Granada and Hospital
Virgen Macarena of Sevilla – Andalusian Health Service”
(CFS/apg), and registered on clinicaltrials.gov (protocol
number NCT03469024)
Two hundred and seventy patients with nonspeciﬁc
chronic LBP treated in the outpatient physiotherapy departments of 3 Andalusian Health Service hospitals were
selected to participate in this trial. After referral by a
general practitioner, patients were interviewed by phone
to determine whether they met the inclusion or exclusion
criteria. After telephone and face-to-face screening, only
80 of the patients that had agreed to participate were eligible
for the study. All patients provided written informed
consent to participate in the study. (Figure 1) shows a
brief outline of the design of the trial.

Participants
Patients with non-speciﬁc LBP for at least 3 months, who
were aged between 30 and 67 years, had a disability score
of 4 or more on the Roland Morris Disability
Questionnaire (RMQ) for LBP, and were not receiving
any other physiotherapy treatment were eligible for inclusion. Exclusion criteria were: contraindication for
McKenzie exercises or TENS such as fracture, infection,
cancer, or cauda equina syndrome; presence of clinical
signs or symptoms of radiculopathy; known medical diagnosis of spondylolisthesis, spinal stenosis, inﬂammatory
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Figure 1. Brief outline of the design of the trial.

or metabolic disease, ﬁbromyalgia, presence of central or
peripheral system pathology (i.e, stroke, peripheral nerve,
etc.) or history of spinal surgery; and no corticosteroids or
other drug therapy in the preceding 2 weeks.

Sample size
The sample size was based on the estimates established by
Willian.26 The calculations have been based on the detection of differences of 2.5 points in the RMQ score
(minimum clinically important difference),27 assuming a
standard deviation of 2.5 points, a 2-tailed test, an alpha
(α) of 0.05, and a target power (beta) of 85%. The estimated
sample size was 80 subjects (40 per group).

Randomization
After a baseline examination, patients were randomly
assigned to follow a telemedicine program that included
TENS and McKenzie Method exercises, or the same
program with no online support. Allocation was concealed
using a computer-generated randomized table of numbers
(software Epidat 4.2) created prior to the start of data collection by a researcher not involved in either recruitment or
treatment. Index cards sequentially numbered according to
the random assignment were printed, folded, and placed in
sealed opaque envelopes. A third therapist, blinded to baseline examination ﬁndings, opened the envelope, assigned the
patient to the corresponding study group, and booked their
ﬁrst treatment session. Patients were assessed by 2 blinded
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physical therapists associated with Almeria University who
had more than 10 years’ experience in the clinical management of patients with chronic LBP.

Outcomes measures
All data were gathered before the ﬁrst treatment session
(baseline) and immediately after the ﬁnal treatment
session by a physical therapist blinded to the patient’s treatment allocation. Patients provided demographic and clinical
information and completed a number of self-administered
questionnaires:
the
Roland
Morris
Disability
Questionnaire,28 the SF-36 Health Questionnaire,29,30 the
Oswestry Disability Index,31 the Visual Analog Scale,32
the Tampa Scale for Kinesiophobia,33 the McQuade
test,34 Spinal movement was assessed using the
Fingertip-to-Floor Distance test.35
Adherence to treatment was evaluated on the basis of diary
entries made by patients in the Home rehabilitation group, and
according to the number of logins and time spent on the online
program by patients in the E-health group.
The main independent variable was the Roland Morris
Disability Questionnaire – a 24-item patient-reported disability measure with a score ranging from 0 = no disability
to 24 = severe disability.28 SF-36 Health Questionnaire
scores range from 0% to 100% and indicate the selfperceived health-related quality of life.29,30 The Oswestry
disability index evaluates limitations in activities of daily
living in 10 dimensions, each scored on a 6-point scale
(0–5 points). The total score is expressed as a percentage
that classiﬁes individuals as minimally disabled (0%–
10%), moderately disabled (20%–40%), severely disabled
(40%–60%), crippled (60–80%), or bedbound (80%–
100%).31 The visual analogue scale for pain intensity
ranges from 0 = no pain to 10 = worst imaginable pain.32
The Tampa Scale of Kinesiophobia is a 17-item questionnaire that rates the respondent’s fear of movement or recurrent lesion. Each item is scored on a 4-point Likert scale,
ranging from “completely disagree” to “completely
agree”.33 The McQuade test measures the isometric resistance of abdominal muscles in seconds.34 Lumbar mobility
in ﬂexion was determined by measuring the distance from
the tip of the third ﬁnger to the ﬂoor with a tape measure.35
Both the outcome assessor and statistician were blinded
to the entire study. The outcome assessor was not involved
in treatment and did not attempt to guess the participant’s
group. The computerized outcome measures received by
the statistician did not contain any information identifying
patients as belonging to either group.

Intervention
The McKenzie treatment was planned individually after the
pretreatment physical assessment and before randomization; therefore, patients in each group were divided into 3
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subgroups (postural, dysfunction and derangement) according to the McKenzie therapeutic classiﬁcation, which
divides them according to symptoms and their frequency
of appearance; limitation of mobility; results of dynamic
tests and persistence of symptoms when mechanical
loading (static or dynamic) is withdrawn. All patients
were treated by 2 physical therapists with more than 10
years of clinical experience with patients, and with at
least 5 years certiﬁed application of the McKenzie
Method after completing their physical therapy degree.
Both groups performed 3 sessions weekly for 8 weeks.
The protocol was as follows (Figure 2).
Home rehabilitation program group. This consisted of an
unsupervised home rehabilitation program with no online
support. During ﬁrst and second 60 min session, a therapist
taught the patients how to use a portable low-frequency,
high intensity TENS (80 Hz/200 µs) device applied directly
to the lumbar region by means of 4 electrodes (5 × 9 cm)
placed bilaterally at the paravertebral level, and how to
perform their exercises, which were individualized according to the diagnosis and mechanical therapy of the
McKenzie Method. The patient continued the protocol at
home until completing the 24 sessions.
Each subgroup of patients performed the following exercises simultaneously with TENS:
Patients with Postural Syndrome: exercises 1, 2 and 3
(posture correction and prophylaxis).
Patients with Dysfunction Syndrome: exercises 3, 6 and 7.
Patients with Derangement Syndrome (DS):
□ DS 1: exercises 1–4 and 6, with prone extension.
□ DS 2: the exercises begins in the prone position and the
patients continue with protocol DS1 and exercise 5.
□ DS 3: DS1 protocol, exercise 7 and rotation maintained
for 2 min.
□ DS 4: exercise 7, exercise 2 and 3, and DS 1 protocol.
□ DS 5: exercise 7 and 8, and exercise 1–3.
□ DS 6: DS4 protocol, followed by the DS1 and DS3
protocol.
□ DS 7: exercises 7–10.
A booklet and laminated cards with detailed photographs of
each exercise prescribed were provided.
E-Health program group. This is an internet-based system
for the treatment of chronic LBP, accredited as a healthcare
website. The system registers the subjects and provides
individualized treatment of electroanalgesia and exercise
using the McKenzie Method. Patients access the platform
on a computer or mobile device and watch electroanalgesia
and exercise videos with a duration of 1 to 3 min depending
on the time of completion. The videos are preceded by an
explanatory image and audio instructions during playback.
The number of exercises and treatment are recommended
by the system from the database that is conﬁgured to
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Figure 2. Protocol of mcKenzie exercise and transcutaneous electrical nerve stimulation. (A) Transcutaneous electrical nerve stimulation
(80 Hz/200 µs) applied directly in the lumbar area by four electrodes (5 × 9 cm) at the paravertebral level bilateral. (B) Patients with
Postural Syndrome: Exercises 1, 2 and 3. (C) Patients with Dysfunction Syndrome: Exercises 3, 6 and 7. (D) Patients with Derangement
Syndrome (DS): Exercises 1 to 10 (according to type of derangement syndrome).
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accommodate the application of electroanalgesia and
McKenzie exercises, depending on the diagnosis made
according to the McKenzie Method, programs of 3 to 9
exercises can be established.
In the ﬁrst 5 sessions, the patient receives instructions on
how the app works and records his or her data. He then continues the treatment at home until 24 sessions have been
completed.
Both the app and the booklet given to the control group
included information on the speciﬁc characteristics of the
diagnosed syndrome and explained the beneﬁts of these
exercises for chronic low back pain.

DIGITAL HEALTH
Table 1. Baseline demographic data of patients.
Baseline

Pre

Parameters

E-health
program
(n = 39)

Home
program
(n = 35)

P Value

Gender (m/f)

17/22

14/21

0.543

Age (y) (Mean ± SD)

41.9 ± 9.4

54.6 ± 12.9

0.097

Level of studies

Statistical analysis

Primary

5

7

Data were analyzed with SPSS© version 21.0, using
intention-to-treat analysis. When post-intervention data
were missing, baseline scores were used. The analysis of
the data from the outcome measures was performed by
the statistician who remained blinded to group allocation
until the analysis was completed. The sample was size
was calculated before the start of the study. The primary
outcome measure was the change in the RMQ score at
the end of the 8-week study period (post-treatment
follow-up after the last session).
The data were tested for normality using the
Kolmogorov-Smirnov test. The independent samples t-test
was used to compare the effect of treatment (E-health vs.
Home rehabilitation). The paired t-test was used to
compare variables before (baseline) and after (posttreatment) treatment in each group. The conﬁdence interval
was established at 95%, and the signiﬁcance level at 0.05.
Effect size was tested using Cohen’s d. An effect size <
0.2 indicates a negligible difference, between ≥0.2 and
≤0.5 a small difference, between ≥0.5 and ≤0.8 a moderate
difference, and ≥0.8 a large difference.

High school or institute

15

11

University studies

19

17

Postural Syndrome

0

0

Dysfunction Syndrome

9

11

Derangement Syndrome

30

24

Results
Two hundred seventy consecutive patients were screened
for eligibility. Eighty patients (mean ± SD age: 47.96 ±
12.85) satisﬁed all the eligibility criteria, agreed to participate, and were randomized to the E-Health (telemedicine)
(n = 40) or Home rehabilitation (n = 40) program; 6 participants dropped out before completion due to inability to
comply with required study visits; change of residence
and illness due to Covid-19. The reasons for ineligibility
and withdrawal are shown in (Figure 1). A summary of
demographic characteristics for the 74 enrolled subjects is
shown in (Table 1). There were no signiﬁcant differences
between the baseline data of both groups (p > 0.05).
Table 2 shows the mean outcomes by group at all time
points and inter-group differences with a 95% conﬁdence
interval (CI). The results showed that although the patients
who received telemedicine (E-health group) showed

McKenzie classiﬁcation

p-value of 0.05.

signiﬁcantly greater improvement than those who following
the Home rehabilitation program in most outcomes, both
groups improved signiﬁcantly in the immediate posttreatment follow-up compared with baseline scores:
E-health group (score changes for Roland Morris: 7.4;
Oswestry: 11.4; Visual analog scale: 4.5; Tampa Scale for
Kinesiophobia: 10; McQuade Test: 17.1; Lumbar mobility
ﬂexion: 11.6; Physical function: 16.6; Physical role: 30.7;
Bodily pain: 12.6; General Health: 16.7; Vitality: 21.5;
Social functioning: 8.3; Emotional role: 23.3; and Mental
health: 22.2) and Home rehabilitation group (score
changes for Roland Morris: 1.9; Oswestry: 5.1; Visual
analog scale: 2.2; Tampa Scale for Kinesiophobia: 4.4;
McQuade Test: 17.7; Lumbar mobility ﬂexion: 1.7;
Physical function: 9.2; Physical role: 18.2; Bodily pain:
15.6; General Health: 5; Vitality: 3.3; Social functioning:
3.2; Emotional role: 8.9; and Mental health: 5.7).
The outcome measures with statistically signiﬁcant differences between groups according to the Student’s t-tests
were: disability (Roland Morris and Oswestry), intensity
of pain, lumbar ﬂexion mobility (p < 0.001), and the following dimensions of the SF-36: physical function, physical
role, vitality, social functioning, emotional role, and
mental health (p < 0.005).
However, the Student’s t-test analysis found no signiﬁcant inter-group differences in the Tampa Scale for
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Table 2. Outcome measures for subjects by groups and time.
e-health
program (n = 39)

Home rehabilitation
program (n = 35)

Inter-group difference
in score change

P Value

Baseline

9.92 ± 4.35

9 ± 3.98

0.92 (−1.01, 2.86)

0.346

Post-treatment

2.49 ± 2.19

7.03 ± 4.59

−4.54 (−6.18, −2.90)

0.001a

Baseline

17.53 ± 11.91

21.80 ± 11.63

−4.26 (−9.73, 1.21)

0.125

Post-treatment

6.10 ± 5.76

16.71 ± 10.07

−10.61 (−14.36, −6.85)

0.001a

Baseline

6.72 ± 1.29

6.71 ± 1.15

0.00 (−0.56, 0.57)

0.990

Post-treatment

2.20 ± 1.39

4.48 ± 2.03

−2.28 (−3.08, −1.48)

0.001a

Baseline

37.64 ± 8.07

34.40 ± 8.73

3.24 (−0.65, 7.13)

0.101

Post-treatment

27.59 ± 6.68

30.00 ± 8.02

−2.41 (−5.82, 0.99)

0.163

Outcome/group

Cohen’s d

RMD (0–24)

1.16

ODI (0–50)

1.16

VAS (0–10 points)

1.14

TSK (17–68)

0.28

Quality of life SF-36/group (0–100)
Physical function
Baseline

76.41 ± 16.58

72.14 ± 11.39

4.27 (−2.40, 10.94)

0.206

Post-treatment

93.08 ± 8.71

81.43 ± 12.28

11.64 (6.75, 16.54)

0.001a

Baseline

58.72 ± 21.29

59.57 ± 18.60

−0.85 (−10.17, 8.46)

0.856

Post-treatment

89.48 ± 17.00

77.86 ± 16.90

11.63 (3.76, 19.50)

0.004a

Baseline

59.83 ± 19.84

53.21 ± 14.93

6.62 (−1.59, 14.83)

0.113

Post-treatment

72.45 ± 17.97

68.78 ± 13.38

3.66 (−3.75, 11.07)

0.328

Baseline

65.89 ± 17.01

63.28 ± 14.85

2.61 (−4.83, 10.05)

0.486

Post-treatment

67.41 ± 17.86

68.28 ± 15.24

−0.87 (−8.61, 6.86)

0.822

61.28 ± 14.35

67.28 ± 13.79

−6.00 (−12.54, 0.53)

0.071

0.95

Physical role

0.56

Body pain

0.18

General health

0.04

Vitality
Baseline

(continued)
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Table 2. Continued.
e-health
program (n = 39)

Home rehabilitation
program (n = 35)

Inter-group difference
in score change

P Value

Cohen’s d

82.82 ± 12.24

70.57 ± 12.59

12.25 (6.49, 18.01)

0.001a

0.81

Baseline

78.51 ± 22.60

71.78 ± 16.69

6.73 (−2.57, 16.02)

0.154

Post-treatment

86.86 ± 19.23

75.00 ± 17.41

11.86 (3.32, 20.39)

0.007a

Baseline

71.54 ± 26.85

76.72 ± 24.94

−5.17 (−17.23, 6.88)

0.395

Post-treatment

94.88 ± 12.17

85.71 ± 23.27

9.16 (0.68, 17.64)

0.035a

Baseline

71.43 ± 13.85

74.63 ± 11.43

−3.19 (−9.12, 2.73)

0.286

Post-treatment

93.64 ± 7.98

80.34 ± 10.59

13.29 (8.97, 17.62)

0.001a

Baseline

46.28 ± 13.82

42.71 ± 11.14

3.57 (−2.29, 9.43)

0.229

Post-treatment

63.38 ± 17.58

60.48 ± 9.12

2.89 (−3.70, 9.50)

0.384

Outcome/group
Post-treatment
Social functioning

0.52

Emotional role

0.45

Mental health

1.22

Physical measurements
McQuade test (s)

0.15

Lumbar ﬂexion mobility (cm)
Baseline

19.15 ± 13.83

16.36 ± 8.28

2.78 (−1.53, 7.09)

0.203

Post-treatment

7.55 ± 4.98

12.40 ± 7.74

−4.86 (−7.84, −1.87)

0.002a

0.66

Values are expressed as mean ± standard deviation for baseline and immediate post-treatment and as mean (95% conﬁdence interval) for inter-group
change scores. Abbreviations: ODI = Oswestry Disability Index; RMD = Roland-Morris Low Back and Disability Questionnaire; TSK = Tampa Scale for
Kinesiophobia; VAS = Visual Analogue Scale.

a

Kinesiophobia (p < 0.163), or the McQuade test (p <
0.384); patients in both groups experienced similar
improvements in fear of movement and isometric resistance
of abdominal muscles: E-health group (Kinesiophobia: p <
0.001; McQuade: p < 0.001) and Home rehabilitation group
(Kinesiophobia: p < 0.001; McQuade: p < 0.001).

Discussion
Although the main ﬁndings of our study revealed signiﬁcant inter-group differences, and the e-health intervention
appeared to be the more favorable method of treatment,
post-treatment improvements were observed in all outcomes in both the E-health group and the Home rehabilitation group.
The intra-group comparison of participants in the
E-health and Home program groups in the post-treatment

period (2 months from the start of treatment / after the
last session) revealed that exercise therapy based on the
McKenzie Method combined with TENS performed at
home without or with the help of a tablet or mobile phone
application had a signiﬁcant effect on disability, pain intensity, isometric resistance of the abdominal muscles, lumbar
anteﬂexion mobility, and quality of life. These ﬁndings are
consistent with previous studies in the use of the McKenzie
protocol,19,36–38 and in transcutaneous electrical nerve stimulation,39,40 although few authors have used both therapies simultaneously.41 In Deyo et al.41 transcutaneous
electrical nerve stimulation was no more effective than
placebo, and added no apparent beneﬁt to exercise alone.
The positive results observed in both study groups could
also be due to good compliance with both interventions,
irrespective of the use of online support. Various studies
have shown that treatment compliance determines the
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effectiveness of home exercise programs.42–44 We believe
that the performance of simple, easily mastered exercises
individualized to each patient that gave perceptible beneﬁts
might have boosted our patient’s conﬁdence in the treatment prescribed, and improved the rate of compliance – a
ﬁnding that has also been reported in other studies.45
Our results indicated that the rehabilitation program with
online support (E-health group) provided greater improvement in disability, pain, physical function, vitality, and
mental health than the same program without online
support (Home group) (Cohen’s d ≥ 0.8); the remaining
outcome measures showed small or moderate effect size.
The differences could be due to the help and motivation
in performing the exercises and placing the electrodes that
the telemedicine group received from the online program.
There is evidence that interventions in patients with
chronic musculoskeletal disease performed online (telehealth) through video and audio materials can be as effective as those based on traditional printed instructions.46 The
audiovisual instructions helped patients understand the
exercises and perform them correctly, and this could have
improved compliance, self-control and symptoms, and
helped them achieve their targets.47–49
This leads us to believe that the support of an online platform during the home program increased patient motivation
and interest in the intervention, making it more effective in
the short and medium term than the same home physiotherapy program performed without online support.
One of the limitations of our study is that follow-up was
only performed in the short term, so we cannot be sure that
our results would be maintained in the long-term, and more
extensive longitudinal studies are needed. Although studies
have shown that telehealth outcomes are comparable to
face-to-face programs, and online applications can
improve home treatment for people with chronic illnesses,50,51 evidence also suggests that outcomes and
patient satisfaction improve with a program that combines
telehealth and traditional healthcare.52
Our conclusions suggest that unsupervised interventions
at home supported by simple online health technologies
based on individualized exercise videos may be more beneﬁcial in improving symptoms in patients with non-speciﬁc
chronic LBP than traditional home programs based on
printed instructions. However, high-quality randomized
trials with long-term follow-up that explicitly address the
same type of home rehabilitation program are needed.
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