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Abstract
Background: Exercise has showed to reduce pain and improve function in patients with chronic lower
back pain (CLBP), however, outcomes have been inconsistent. Limbr is a mobile application (app)
developed to increase patient adherence to the exercise program, and enhance exercise’s technique for
better results.

Methods: Patients 18 to 65 years of age, with CLBP (more than 3 months) and evidence of lumbar disc
pathology by magnetic resonance imaging (MRI) were enrolled. Patients’ symptomatology was
prospectively evaluated at baseline and during 3 months of using the Limbr app with patient-reported
outcome measures (PROMs) including: the Visual Analog Scale for pian (VAS), the Oswestry Disability
Index (ODI), and the Your Activities of Daily Living (YADL) score. Patients’ compliance and satisfaction
were evaluated at the end of the follow-up.  

Results: Seventy-�ve patients with CLBP were enrolled in the study. All patients had a signi�cant
improvement from baseline to �nal follow-up in all PROMs. Average VAS scores decreased from 5.17±
2.1 at baseline to 3.8±2.6 at �nal follow-up (P= 0.016), and ODI scores from 25.7±13.8 to 18.2±13.6 (P=
0.001). Patients showed a signi�cant decrease in the number of pain medications taken during a week
(P=0.001). Overall compliance with the app was greater than 52%, with almost 65% of the patients rating
the overall experience as good or excellent.

Conclusion: Limbr showed to be an effective tool in reducing low back pain symptomatology, as well as
generating great compliance to an exercise program for patients with CLBP.

Trial registration number: 2/2/2017 NCT03040310 (ClinicalTrials.gov)

Background
It is estimated that 8 out of 10 people suffer from low back pain at some point in their life. [1] While most
episodes are self-limited and resolve spontaneously, approximately 20% of low back pain episodes recur
within 6 months of their initial occurrence. [2] The subset of patients with low back pain who continue to
experience chronic symptoms is so large that chronic low back pain (CLBP) (de�ned as low back pain for
> 3 months) has been acknowledged as the most common cause of disability in individuals between 45
and 65 years old. [3, 4]Most of the time CLBP is non-speci�c meaning there is no evidence of structural
abnormalities, however, discopathies are observed in 26–40% of patients, being this the second most
common cause of CLBP. [5, 6] Societal and economic costs of CLBP are high, with most of these costs
attributed to productivity loss due to incapacity. [7] Medical and surgical interventions may also be too
expensive and catastrophic for patients suffering from CLBP. [8]

Important studies have demonstrated that exercise reduces pain and improves function in patients with
CLBP. [9–11] Clinical implementation of exercise programs as a treatment for CLBP is challenging due to
the lack of outcome consistency. Many of the differences in outcomes are due to the wide variety of
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exercise programs available, the use of supervised programs versus non-supervised programs, the low
patient adherence to exercise programs, and the inconsistent recommendations of intensity and duration
of programs. Patients suffering from CLBP report several barriers preventing them from following a
regular exercise program going from the lack of motivation to the absence of self-involvement in the
treatment. [12] A well-established affordable and accessible exercise program, that combines supervised
with self-management interventions, and that focuses on strength/resistance and
coordination/stabilization would be the perfect option to manage CLBP.

Mobile health (mHealth), referred to as the use of mobile phone applications for health-related measures,
has emerged as an accessible tool for health care that offers psychological and medical assistance
remotely reducing health care use, emergency room visits, and unnecessary expenses. Mobile apps
related to health, promoting self-care and self-management, have greatly increased in the last couple of
years. [13] Recently a study evaluating an app for chronic pain revealed mHealth is e�cient for treating
chronic pain, with better results observed in patients more engaged to the app. [14] There are currently
multiple apps in the market trying to address CLBP, however many of them are low quality and lack
evidence on their effectiveness. [15, 16]

Limbr (pronounced “Limber”) is the �rst mobile phone app developed to treat chronic lower back pain
using the Back Rx rehabilitation program. The Back Rx program was developed in 2004 and has shown
great success in preventing and treating CLBP. [11, 17] It consists of a 15-minute exercise program that
combines yoga and pilates exercises promoting strength, coordination, and stability. Limbr was released
to promote patient adherence to the program, encourage self-management, provide videos demonstrating
the correct exercise technique, and offer professional coaching support and supervision. This pilot study
is intended to evaluate the effectiveness of Limbr in treating low back pain in patients with discogenic
CLBP and evaluate patient adherence to the Back Rx program, laying the basis for future randomized
trials.

Materials And Methods

Study Design
This prospective pilot study was conducted at a single institution (NCT03040310, retrospectively
registered on 2/2/2017 at ClinicalTrials.gov). The last patient evaluation was performed on September
2016. Patients were enrolled if they had all the following inclusion criteria: 18 to 65 years of age, chronic
lower back pain (> 3 months of duration), evidence of lumbar intervertebral disc pathology on magnetic
resonance imaging (MRI), computer literate, and owned a smartphone (iPhone models 5S and later or
Android models 2.3 or later). Exclusion criteria included: concurrent pathology that may contribute to the
patient’s axial low back symptoms (e.g., spondylolysis, spondylolisthesis, facet arthropathy), severe
lumbar disc degeneration prior to beginning the Back Rx exercise program, history of lumbar spine
surgery, or history of previous spine trauma.
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The study was performed according to Good Clinical Practice guidelines and principles of the Declaration
of Helsinki. It was approved by the local ethics committee and the internal review board from the Hospital
for Special Surgery (New York, NY). Written informed consent was obtained from all patients.

Intervention
Eligible patients were enrolled in a mHealth-based 3-month physical exercise program. Patients received a
mobile phone app (“Limbr”) free of charge to monitor and manage their CLBP. Prior to starting the 3-
month program, patients were given a detailed educational course on the app and all questions and
concerns were addressed. The exercise program included self-directed rehabilitation video tutorials based
on the Back Rx program, a virtual coach that reminded patients to perform their exercises, as well as
motivated patients throughout the program; and periodic/sequential self-assessment patient-reported
outcome measures to register pain and functionality.

Evaluation
The main objective of this study was to evaluate the effectiveness of Limbr in reducing lower back pain
and improving functionality in patients with discogenic CLBP. Secondary outcomes were patient
engagement to the app and compliance to the Back Rx program.

Symptomatology. Patient symptomatology was evaluated using patient-reported outcome measures
(PROMs) including the Visual Analog Scale (VAS) for pain, Your Activities of Daily Living (YADL), the
Oswestry Disability Index (ODI) for function, and the Medication for daily living. VAS, ODI, YADL were
answered directly in the app by all patients at baseline; and at 3 weeks, 6 weeks, and 3 months after
initiating the Back Rx program. The Medication for daily living was answered using the Limbr app daily at
the end of each day.

YADL is an image-based survey that characterizes a patient’s functional status using images representing
activities of daily living from the Western Ontario and McMaster Universities Arthritis Index and Boston
Activity Measure for Post-Acute Care. [18, 19] To complete the YADL, patients used the app and select
images of activities during which they recently experienced lower back pain. Once an activity was
selected, the patients graded the activity as “easy”, “moderate”, or “hard” depending on the di�culty
patients had performing that activity. The di�culty was given a score of 0 = easy, 1 = moderate, and 2 = 
hard. The full assessment included 47 images/activities and at the end of the assessment, all scores
were added, divided by the total number of activities selected as pain triggers, and multiplied by 100 to
obtain a percentage. The greater the percentage, the more symptomatic and less functional the patient
was.

Medications of Daily Living is a visual app log used to evaluate “what” and “how many” medications the
patient ingested in the last 24 hours. This evaluation was performed daily at the end of each day. A
previous study explains both YADL and Medications of Daily Living in more detail. [20]
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Patient Compliance and Satisfaction. Patients were requested to watch and perform the exercises at least
three times per week for them to be considered active. They con�rmed they watched the whole video by
answering a question that appeared at the end of each video. Participants were said to have completed
the program (compliant) if they remained active for 12 weeks. A patient satisfaction questionnaire was
performed at the end of the program (3 months).

Statistical Analyses
All continuous data with a normal distribution were expressed in terms of mean ± SD; the categorical data
were expressed as frequencies and percentages. Data with non-normal distribution were expressed in
terms of median and variance. Shapiro-Wilk test was performed to assess the normality of continuous
variables. All data with normal distribution were compared using Student t-test for continuous variables
and chi-square for categorical variables. Nonparametric tests were used to compare data with non-
normal distribution. Pearson's correlation analysis was performed, P values < 0.05 were considered
statistically signi�cant. Statistical Analysis was performed using SPSS software version 26 (IBM).

Results
A total of 75 patients with CLBP were enrolled in the study, 11 of which were lost to follow-up. Twenty-�ve
patients used the app, but their pain resolved before �nishing the 3-month program (6–10 weeks) and
discontinued using the app. A total of 39 patients �nished the 3-month program and were included in the
�nal analysis. Patients who discontinued using the app due to symptom relief had statistically
signi�cantly lower body mass index (BMI) compared to patients who completed the follow-up (Table 1).
All PROMs had a signi�cant decrease from baseline to �nal follow-up (Fig. 1). Average VAS scores
decreased from 5.17 ± 2.1 at baseline to 3.8 ± 2.6 at �nal follow-up (P = 0.016), ODI scores from 25.7 ± 
13.8 to 18.2 ± 13.6 (P = 0.001), and YADL scores from 23.9 ± 12.2 to 18.1 ± 12.2 (P = 0.009). Patients
showed a decrease in the average pain medications taken each week since the �rst week of the program
and reached statistical signi�cance at �nal follow-up compared to baseline (P = 0.001) (Fig. 2). A weak
positive correlation was obtained between YADL and ODI using full assessment YADL and baseline ODI
scores (R2 = 0.2542, P = 0.0062). Overall compliance with the app was greater than 52% (39/75), with
almost 65% (25/39) of the patients rating the overall experience with this program as good or excellent.
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Table 1. Demographic Characteristics of Patients  

Characteristic Finished Follow-up (n = 39) Discontinued App use (n = 25) P-value

Sex, n (%)      

Female 25 (64) 13 (52) 0.925

Male 14 (36) 12 (48)

Age, (years) 44.4 ± 15.6 45.0 ± 14.7 0.893

BMI kg/m² 25.3 ± 4.0 23.0 ± 2.5 0.024

Data presented as mean ± standard deviation unless otherwise speci�ed. BMI = body mass index.

FIGURE 1. Patient-Reported Outcome Measures. Mean (95% CI); VAS = Visual Analog Scale, ODI = 
Oswestry Disability Index, YADL = Your Activities of Daily Living, PROM = Patient-Reported Outcome
Measure. *= P < 0.05

FIGURE 2. Average Pain Medications Taken in a Week. Mean (95% CI); 1wk = 1 week, Final = 3 months. *=
P < 0.05 Baseline versus Final

Discussion
This prospective pilot study evaluating the e�cacy of Limbr demonstrates that this mHealth resource is
effective in reducing pain and improving functionality in patients with discogenic CLBP, as well as an
effective way to ensure an acceptable compliance to the Back Rx program. Patients' overall
symptomatology had a statistically signi�cant improvement from baseline to �nal follow-up (3 months)
in all PROMs (VAS, YADL, ODI) (Fig. 1). According to the ODI score, known as the “gold standard” of low
back functional outcome tools,[21] average scores at baseline indicated a “moderate disability”, which
improved to “minimal disability” after 3 months of using the Limbr app. Pain medication intake was
decreased to more than half of the average medications taken weekly at baseline (Fig. 2). Overall
compliance with the app was 52%, suggesting a great engagement of patients with the exercise program
and app. More than half of the patients (65%) that �nished the program a�rmed to have a good or
excellent overall experience.

Studies regarding symptom relief and functional improvement following an exercise program for CLBP
have suggested exercise to be effective in reducing and preventing pain. [9, 10, 22–24] Amorim et al. [25]
conducted a pilot randomized controlled trial evaluating the e�cacy of the IMPACT app versus
conventional lower back pain management in reducing pain and increasing functionality. They found the
app to be more effective in function improvement, but equally effective in pain reduction than
conventional treatment. Our study found Limbr to generate statistically signi�cant pain and function
improvements in patients with discogenic CLBP. This could be explained by the nature of the Limbr app
which is based on the Back Rx program. This program combines both Yoga and Pilates exercises



Page 7/12

focusing on core strength, coordination, and stabilization. Searle et al. [10] showed that exercises focused
on strength and resistance of the whole body and trunk, as well as coordination and stabilization are the
most effective. The improvement in pain with the Back Rx exercises may be due to attenuating the
proin�ammatory processes in the body, increasing intervertebral disc nutrition and repair; and providing
psychological bene�ts associated with chronic pain.

Home-based exercise programs encouraging self-management have demonstrated to decrease CLBP
�ares. [26] However, patient adherence to these home-based exercise programs has been reported to be
around 30 to 50%. [27, 28] Beinart et al. [29] in a systematic review revealed that the main reason for
patients not adhering to self-managed exercise programs is lack of time to perform the exercises and the
inability to remember them. This study evaluating the effectiveness of Limbr in increasing patient
adherence to the Back Rx program showed Limbr to be an acceptable tool to reach up to 52% of
engagement. This means more than half of the patients using the app performed the exercises at least 3
times a week. This adherence percentage obtained with Limbr is in the upper limit of what was previously
described in the literature. The brief duration of the exercises performed daily in the Back Rx program (15
minutes) and the daily messages sent by the virtual coach motivating and reminding patients to do their
exercises are two measures used by Limbr to increase patients’ adherence to the program. A further study
with a more in-depth analysis of patient adherence and what can be improved is suggested in the future.

Our study results show that Limbr is a great mHealth tool to deliver the Back Rx’s program to patients
with discogenic CLBP. This app showed to effectively decrease pain and increase function in patients
suffering from an incapacitating and costly disease such as CLBP. Limbr is a cost-effective alternative for
discogenic CLBP management which could help reduce catastrophic costs related to treatment and
productivity losses due to incapacity. By decreasing pain, Limbr showed to be an e�cient measure to
decrease pain medication intake. This �nding is crucial since we are living an important narcotic crisis,
where almost ¾ of opiate-derived abusers started taking a legal prescription. [30] By decreasing the
number of ingested medications, the risk of addiction and adverse effects related to medication also
decreases.

One of the biggest limitations of this study is that there was no control group to compare the outcomes
with. An adequate control group would have allowed a better understanding of the effectiveness of the
Back Rx program in reducing symptoms, as well as the Limbr app in delivering the program. A second
limitation is that 52% of the patients enrolled were analyzed at the �nal follow-up. This can be due to a
selection issue explaining the 11 patients lost to follow-up or dropped out due to technical issues.
However, the other 25 patients that did not �nish the follow-up had a great outcome, with the pain
resolving even before �nishing the 3-month program; therefore they did not feel the need to continue. This
is something expected with patients who are in a normal BMI since patients with greater BMI tend to
respond slower to low back treatment. [31] This pilot study demonstrated that additional measures such
as incentives could be used to increase patients’ compliance in the real world. Another important
limitation to mention is that this study was performed in a single institution and a single private practice
which could have biased the results and decreased the response variability. A multicenter study is
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suggested to address the effectiveness of the app in a more pragmatic scenario, as well as a randomized
placebo-controlled trial to evaluate the real effectiveness of the app.

Conclusion
In conclusion, Limbr showed to be effective in reducing low back pain symptomatology, as well as
generating great compliance to an exercise program for patients with CLBP. Limbr will bring Back Rx to
everyone’s door, taking advantage of modern technology and promoting self-management.

Abbreviations
CLBP: Chronic low back pain; app: application; MRI: Magnetic Resonance Imaging; PROMs: Patient-
Reported Outcome Measure; VAS: Visual Analog Scale; ODI: Oswestry Disability Index; YADL: Your
Activities of Daily Living, mHealth: mobile health; 
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Figures

Figure 1

Patient-Reported Outcome Measures. Mean (95% CI); VAS= Visual Analog Scale, ODI= Oswestry Disability
Index, YADL= Your Activities of Daily Living, PROM= Patient-Reported Outcome Measure. *= P <0.05
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Figure 2

Average Pain Medications Taken in a Week. Mean (95% CI); 1wk= 1 week, Final= 3 months. *= P <0.05
Baseline versus Final 


