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Abstract: Smartphones and their associated applications are used frequently by patients and clinicians
alike. Despite the technology being widely accessible, their use to aid in rehabilitation is yet to be
adopted. The SARS CoV-2 pandemic has presented an opportunity to expedite their integration
given the difficulty patients currently have in accessing healthcare. The aim of this study was to
perform a systematic literature review on the use of smartphone rehabilitation applications compared
to standard physiotherapy for back pain. We conducted a search of Medline/Pubmed and google
databases using the search terms [APP] AND [[Orthopaedic] OR [Neurosurgery]], following the
PRISMA guidelines. All prospective studies investigating rehabilitation applications for back pain
or following spine surgery were included. A total of nine studies met the inclusion criteria which
investigated 7636 patients, of which 92.4% were allocated to the interventional group (n = 7055/7636)
with a follow up of 4 weeks to 6 months. All except one study reported on patients experiencing
back pain on average for 19.6 & 11.6 months. The VAS-pain score was presented in all studies
without significance between the interventional and control group (p = 0.399 before and p = 0.277
after intervention). Only one research group found significantly higher improvement in PROMs
for the application group, whereas the remaining showed similar results compared to the control
group. Using application-based rehabilitation programs provides an easily accessible alternative or
substitute to traditional physiotherapy for patients with back pain. Given that smartphones are so
prevalent in activities in our daily lives, this will enhance and improve rehabilitation if patients are
self-dedicated and compliant.
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1. Introduction

Rehabilitation is a common feature in patients in the post-operative phase after spinal
surgery as well as patients with chronic back pain [1]. Traditionally, these rehabilitation
services have been delivered through face-to-face consultation with patients. Since the
advent of SARS-CoV2, there has been a prompt turn to the digitalisation of the provision
of healthcare [2]. The pandemic has highlighted the advantages of remote rehabilitation
programs delivered through a smartphone device.

Smartphone ownership worldwide surpassed 6 billion in July 2022 [3]. In 2021 in the
United States, over a third of the population’s media time was spent on mobile phones, and
72.3% of that was on smartphones [4]. The significant utilisation of smartphones and their
apps provides an opportunity to integrate their use into clinical practice and help reduce
the barriers patients face in accessing health care.

Apps are increasingly used in healthcare, streamlining communication, recording
patient outcome data and in some cases measuring outcome data. A survey of 146 patients
in a neurosurgical waiting room found that 81% of patients (whom had not had previous
surgery) expressed interest in using a postoperative communication and monitoring app [5].
A 2015 study found that there were 72 individual spine surgery-themed apps, of which 45
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were free to download; however, only 56% had named medical professionals involved in
their development or content [6].

There is evidence supporting telerehabilitation in general orthopaedics [7]; however,
there is a void when specifically referring to app-based rehabilitation in back pain and
following spine surgery. This systematic review aims to summarize the existing literature
and data reporting the outcomes of app-based rehabilitation programs in back pain and
following spine surgery.

2. Materials and Methods

A systematic review was performed on the 30 July 2022. The Pubmed/MEDLINE,
Cochrane and Google Scholar databases were searched following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [8]. The search
terms included [APP] AND [[Orthopaedic] OR [Neurosurgery]], which were thought to
be the broadest terms. All studies were included that presented their results in English,
German or French, analysing the outcome of smartphone app-based rehabilitation in back
pain patients and those following spine surgery. Non-accessible full articles, letters to the
editors and comments were excluded, as well as those which failed to present functional
outcome following rehabilitation.

Applying the PICO scheme, our objective included the comparison of control versus
interventional group (O, C) in patients with low back pain (P, I). Hereby, we assumed that
the app-based rehabilitation is at least as efficient as general physiotherapy (C, O).

The quality of publications as well as the risk of bias was assessed (Table 1). Data on
population demoraphics such as including age, gender, duration of back pain, body mass
index (BMI), indication, follow up, patient reported outcome measures (PROM) and apps
used were recorded. As functional outcomes, the visual analogue scale of pain (VAS), SF-36,
Likert score, PHQ-9, Korff and current symptom score (CSS) were used. In addition, the
significances presented in the individual studies were noted, comparing the control with
the intervention group.

Table 1. Quality assessment results using the risk-of-bias assessment tool.

First Author Year of Randomization Allocation Incomplete Adequate Selective

Publication Concealment Outcome Data Follow Up Reporting
Amorim AB 2019 + - - - -
Bailey JF 2020 - - + - -
Chhabra HS 2018 + - + - +
Hasenohrl T 2020 - + + - +
Huber S 2017 - - - - -
Irvine AB 2015 + - - - +
Shebib R 2019 + + + - _
Toelle TR 2019 + + - - -
YangJ 2019 + - + - +

SPSS (SPSS, Inc., IBM Company, Chicago, IL, USA) and Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) were applied for statistical analyses. Data are presented
as absolute numbers and percentages and significances are set to p-values < 0.05.

Using our search terms, a total of 1122 articles were found and screened for inclusion
criteria. Overall, 91 articles were duplicates and a total of 105 articles were screened. One
article needed to be exluded as it analyzed postoperative recovery without specifying the
surgery [9]. In total, 9 articles were included in the final analysis (Figure 1).
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Figure 1. Included articles according to the PRISMA Guidelines.

3. Results

Within the 9 prospective studies, 7636 patients were investigated, of which 466 were
assigned to the control group. Irvine AB et al. also included an alternative group (n = 199),
leaving 7055 patients in the interventional group. The mean age was 44.2 + 7.4 years, and
the majority of patients were females (75.3%, n = 5638 /7487). Where BMI was included, the
mean was 26.3 + 2.2 kg/m?, and the pain duration reported was 19.6 & 11.6 months. All
findings are presented in Table 2.

Some authors reported on chronic lower back pain, others reported on back and neck
pain [10], and lastly on non-specific back pain [11]. All studies lacked detailed definitions,
raising questions regarding the aetiology of the aforementioned pain.

Smartphone applications included the Kaya App [12,13], Snapcare [14], Fitbit app [15]
or FitBack [16]. In the remaining studies, the app used was not specified. Follow up varied
from 4 weeks [11] to 6 months [15]. Not only did the follow up presentation differ between
the groups, but also the presentation of the results.

The only consistent patient reported outcome measure was the visual analogue scale
of pain at rest, which was 4.9 &= 1.2 for the interventional group and 5.2 & 1.2 for the control
group. This improved in the long term to 3.1 &£ 1.0 and 3.6 = 0.5, respectively. However, no
significant differences were found between the two groups (p = 0.399 before and p = 0.277
after intervention).

Seven authors described significant findings (p < 0.05). This varied between the pain,
vitality [17], physical function and Oswestry score or overall [12,14,16,18]. Irvine et al.
further described significant differences between the control and treatment group after
16 weeks. Bailey et al., Huber S et al. and Amorin AB et al. did not report any significant
differences. All findings are illustrated in Tables 3 and 4.
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Table 2. Demographics of all included study:.

First Author Pu\liei?;a(t)ifon Intervention Indication Ilfa lt:::tes ! ((:5 Age (Years) (S:;gfg) BOd{l:; ";ight BMI (kg/m?) Pa;;[]z::ﬁgon
Amorim AB 2019 Fitbit app Chronic low back pain 31 59.5+11.9 15 289+ 6.0
Control 24 57.1 £14.9 19 272 +51
Bailey JF 2020 Unspecified app Neck and Backpain 6468 42.6 £10.9 4981 298+71
Chhabra HS 2018 Snapcare app Chronic low back pain 45 414 +£142 63.4+125 232442 22.8 +22.0
Control 48 41.0+14.2 66.2 £11.5 23.5+3.8 28.0 £25.5
Hasenohrl T 2020 Unspecified app  Non specific back pain 27 81.7 £225 281+71
Huber S 2017 Kaya app Low back pain 105 33.9 + 109 105 More t(}%ngg/oz)weeks
Irvine AB 2015 Fitback Low back pain 199 116
Alternative care 199 117
Control 199 125
Shebib R 2019 Unspecified app Back pain 133 43.0+£11.0 37% 26.0+5.0
Control 64 43.0+12.0 48% 26.0 +4.0
Toelle TR 2019 Kaya App Chronic low back pain 42 41.0 £ 10.6 35 244 +3.3 72+34
Control 44 43.0 £11.0 31 254 £ 4.6 6.7 £31
Yang J 2019 unspecified app  Chronic low back pain 5 35.0+19.3 1 64.8 +10.3 35.8 +54.4
Control 3 503 £9.3 3 62.0 £ 159 17.0£17.1
Sum 7636 5548

Average 442 +74 67.7 £ 7.2 263 +£22 19.6 £ 11.6
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Table 3. Indication, Oswestry score and VAS of pain; overall means, standard deviations and p-values. R-VAS—visual analogue scale of pain at rest, A-VAS—visual
analogue scale of pain during activity, LT—long term, ST—short term.

Year of ODI Score ODI Score ODI Score

First Author Publication Intervention Follow Up Before ST IT R-VAS ST LT A-VAS ST LT Significances
Amorim AB 2019 Fitbit app 6 months 5.3 3.8 p=0.815
control 5.1 4.0
Bailey JF 2020 Intervention 12 weeks 4.6 1.4
Chhabra HS 2018 Snapcare 12 weeks 7.3 33 p <0.001
Control 6.6 32 p <0.05
Hasenohr]l T 2020 Unspecified app 4 weeks 17.1 14.4 32 32
Huber S 2017 Kaya App 12 weeks 4.8 32 2.6 p <0.001
p <0.001,
Irvine AB 2015 Fitback 16 weeks 3.0 3.3 34 between control
and treatment
Alternative care 3.0 33 35
Control 29 3.1 3.3
Shebib R 2019 Unspecified app 12 weeks 21.7 19.7 4.6 4.4 3.9 3.7
Control 21.0 18.9 45 4.3 44 4.1 p <0.05
Toelle TR 2019 Kaya App 12 weeks 5.1 43 2.7
Control 54 4.1 34 p =0.021
Yang ] 2019 Unspecified app 4 weeks 5.9 3.4 P :/i(:;(;ist)fror
Control 6.0 6.0
Sum Intervention 49+12 35£05 31+£10 39 3.7

Control 52+12 444+15 3.6+£05 44 4.1
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Table 4. PROMs following rehabilitation programs for back pain and following spine surgery. Score indicates the PROM used; overall means, standard deviations

and p-values.

Symptoms/ Lo .
First Author Year of Score Pain ST LT Emotions/ ST LT Function in ST LT Sport/ ST LT Quality of ST LT Overall ST
Publication Other ADL Recreation Life/Vitality
Amorim AB 2019 Likert 202.20 187.70 1984.90 2065.70
200.50 169.20 1936.70 1941.20
Bailey JF 2020 PHQ-9/Korff 15.95 7.75 439 335 1156
Chhabra HS 2018 Current Symptom 7.02 327 211 1.22 482 3.02 258 127 2.09 1.04 52.1 202
score/SF-36
414 292
Hasenchrl T 2020 SF-36 38.78 53.59 71.26 80.25 65.15 68.41 72.78 77.78 54.44 61.67
Huber S 2017 VAS
Multidimensional
Pain Inventory
Irvine AB 2015 Interference Scale. 296 332 338 402 459 490 383 327 3.03 314 338 351
Dartmouth
CO-OP. WLQ
3.01 330 347 407 448 465 393 345 331 310 334 337
292 3.08 328 4.08 403 412 4.03 385 374 3.09 311 314
Shebib R 2019 VAS
Toelle TR 2019 SF-36 4553 41.65 44.38 46.53 48.69 50.58
47.32 40.78 4456 45.56 47.64 48.64
Yang ] 2019 SF-36 44.00 40.00 58.40 60.07 49.00 50.00 74.00 59.00 50.00 47.00
63.33 56.67 66.67 4456 58.33 65.00 46.67 51.67 63.33 65.00
Sum Intervention 42.77 + 354 45.08 + 7.42 58.01 + 13.44 62.28 + 1697 57.08 £ 1142 5921 +13.02 7339+ 086 6839+ 1328 51.04 + 3.01 53.08 + 7.65
Control 5533 +1132 4873 +11.25 55.62 + 15.63 45.06 + 071 58.33 65.00 46.67 51.67 55.49 + 11.09 56.82 + 11,57




J. Pers. Med. 2022, 12, 1558

7 of 9

4. Discussion

This systematic review shows no significant differences between application-based
rehabilitation and standard physiotherapy (control group) in patients who suffer from back
pain for a mean of 19.6 &= 11.6 months. In most studies, the pain improved significantly
despite the technique of rehabilitation. Due to the heterogeneity of data, a true meta
analysis could not be executed.

Applications in healthcare currently include diabetes [19], weight loss [20], mental
health [21], speech disorders [22] and cardiovascular diseases [23], which need to be
assessed according to the content quality and benchmark the interventions against best
practice guidelines.

Adherence to a postoperative rehabilitation program is one of the major barriers to
successful app-based rehabilitation [24]. The compliance is typically low and up to 30%
fail to attend classes [25,26]. Consistency in program engagement is crucial to achieving a
satisfying outcome. In self-motivated patients with high compliance, app-based rehabilita-
tion shows an effective approach for pain improvement. Rather than presenting different
exercises, a sensor could be used to give live feedback to the patients, such as measuring
the muscle strength applied.

Within the investigated studies, a variety of different apps were used. The Kaya
App adopts comprehensive evidence-based multidisciplinary pain treatment following
the international disease management guidelines according to the authors [12,13]. Further
significantly lower pain intensity scores were found compared to the control group. The
app could also be used during the waiting time until patients are admitted to the pain
clinic, as it seems to be an effective low-cost treatment without delay [12]. In contrast, the
Snapcare app was designed to monitor the patient’s daily activity level and symptomatic
profile. Thereby, individual home exercises are presented and individual activity goals
set. These are selected based on the baseline health data, PROM scores and pain levels
which are assessed after each activity session [14]. Likewise, Fitbit monitors the individual
goals and physical activates and report on physical activity-related goals. In addition, a
health coach gives regular feedback via telephone and able to discuss the participants goals
and progress. Further individual healthy tips are provided to the users [15]. According
to Irvine et al., FitBack is an online app which provides self-monitoring of cognitive and
behavioural strategies to improve self-care and back pain-prevention behaviours Exercises
are selected based on safety with minimal equipment which can be performed without
supervision [16].

Machado et al. performed a search and found a total of 61 available apps in 2016. The
majority offered a combination of biomechanical exercises, yoga or strengthening/stretching.
Those which scored the highest number of points recommended a combination of biome-
chanical exercises including strengthening, stretching, core stability or McKenzie exer-
cises [27]. One weakness outlined was the questionable evidence-based intervention, as the
majority had not been tested in a randomized controlled trial. Additionally, the authors
mentioned that the app quality did not correlate with the in-app or online user ratings.
Therefore, they concluded that the user ratings are invalid indicators of app quality. This
may relate to a missing pre-exercise questionnaire assessing preconditions such as comor-
bidities or previous surgeries. Further, the users may have different experience levels,
which should be considered.

There are further considerations to implementing app-based rehabilitation programs
in community healthcare. The cost of app download was not mentioned, with some applica-
tions requiring a single payment for download, whereas others require a subscription-type
model. Additionally, whilst smartphones are prevalent in the general community, the
usability and app interface would need to consider the target audience. Finally, whilst an
app-based rehabilitation is an exciting development in digital healthcare, the safety of those
engaging in an unsupervised activity needs to be forefront of mind. An app would need to
consider the risk of certain exercises (i.e., falls) if undertaken alone.
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The largest cohort investigating the impact of app-based rehabilitation on back pain
included 6468 patients. The authors reported a high completion and engagement rate,
providing benefits for the groups. The average improvement in VAS pain was 68.5% within
the first 12 weeks, where 78.6% completed the program regularly. For back pain, the stan-
dardized mean difference was 1.37, which was the same for both genders. Unfortunately,
the study failed to include a control group, and since it was a longitudinal observational
study, no detailed findings were presented [10].

There are several limitations to this study. In the search terms, we did not include
[physical therapy], as we believed that this would return articles relating to unspecific back
pain or nutritional apps. The quality of the individual studies was low (range of bias scores
1-3/5), and therefore a meta-analysis was not completed due to the heterogeneity of the
data. However, these studies represent the most important examples in this field. The
consistent factor within the studies was the visual analogue scale of pain. Additionally, the
time to follow up ranged from only 4 weeks to 6 months. Furthermore, different patient
reported outcome measures were used, including SF-36, Likert, the Oswestry Disability
Index, current symptoms, PHQ-9, and the Korff score. Finally, it has to be mentioned that
chronic back pain may resolve itself over time regardless of the rehabilitation activities
performed. However, we would expect a significant difference between the two groups, as
rehabilitation activities may hasten the rehabilitation.

5. Conclusions

Application-based rehabilitation for back pain and following spine surgery is as good
as standard physiotherapy. Although no significant differences can be found between the
two cohorts, application-based rehabilitation’s integration into healthcare seems promising,
especially in motivated patients who regularly engage in independent rehabilitation. Fur-
thermore, in patients who are unable to visit physiotherapists, such as during pandemics
or due to living in rural locations, this is an excellent approach which may further lower
healthcare costs.

Author Contributions: Conceptualization, C.S. and H.C.B.; methodology, C.S., H.C.B. and J.C.; soft-
ware, C.S. and H.C.B,; validation, C.S., ].C. and H.C.B.; formal analysis, C.S. and H.C.B.; investigation,
C.S., PT. and H.C.B,; resources, P.T. and M.A ].; data curation, C.S. and H.C.B.; writing—original draft
preparation, C.S., PT.,, M.A ], ].C. and H.C.B.; writing—review and editing, C.S., PT.,, M.A]., ].C. and
H.C.B,; visualization, H.C.B. and J.C.; supervision, C.S. and H.C.B.; project administration, H.C.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. No ethical approval was required for this study.

Informed Consent Statement: N/ A because of the systematic review.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Madera, M.; Brady, J.; Deily, S.; McGinty, T.; Moroz, L.; Singh, D.; Tipton, G.; Truumees, E. The role of physical therapy and
rehabilitation after lumbar fusion surgery for degenerative disease: A systematic review. . Neurosurg. Spine 2017, 26, 694-704.
[CrossRef] [PubMed]

Amankwah-Amoah, ] K.Z.; Wood, G.; Knight, G. COVID-19 and digitalization: The great acceleration. J. Bus. Res. 2021, 136, 602-611.
[CrossRef] [PubMed]

O’Dea, S. Smartphone Subscriptions Worldwide 2016-2027. Statista. 2022. Available online: https://www.statista.com/statistics/
330695 /number-of-smartphone-users-worldwide/ (accessed on 8 June 2022).

Dolan, S. How Mobile Users Spend Their Time on Their Smartphones in 2022. eMarketer. 2022. Available online:
https:/ /www.insiderintelligence.com/insights /mobile-users-smartphone-usage /#:~{}:text=Mobile%20usage%20statistics,dig
ital%20media%20time%20per%?20day (accessed on 8 June 2022).


http://doi.org/10.3171/2016.10.SPINE16627
http://www.ncbi.nlm.nih.gov/pubmed/28291412
http://doi.org/10.1016/j.jbusres.2021.08.011
http://www.ncbi.nlm.nih.gov/pubmed/34538980
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.insiderintelligence.com/insights/mobile-users-smartphone-usage/#:~{}:text=Mobile%20usage%20statistics,digital%20media%20time%20per%20day
https://www.insiderintelligence.com/insights/mobile-users-smartphone-usage/#:~{}:text=Mobile%20usage%20statistics,digital%20media%20time%20per%20day

J. Pers. Med. 2022, 12, 1558 90f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Nathan, J.K.; Rodoni, B.M.; Joseph, J.R.; Smith, B.W.; Park, P. Smartphone Use and Interest in a Spine Surgery Recovery Mobile
Application Among Patients in a US Academic Neurosurgery Practice. Oper. Neurosurg. 2020, 18, 98-102. [CrossRef] [PubMed]
Robertson, G.A J.; Wong, S.J.; Brady, R.R.; Subramanian, A.S. Smartphone apps for spinal surgery: Is technology good or evil?
Eur. Spine J. 2016, 25, 1355-1362. [CrossRef]

Petersen, W.; Karpinski, K.; Backhaus, L.; Bierke, S.; Haner, M. A systematic review about telemedicine in orthopedics. Arch.
Orthop. Trauma Surg. 2021, 141, 1731-1739. [CrossRef] [PubMed]

Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; The PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e€1000097. [CrossRef]

Hou, J; Yang, R.; Yang, Y.; Tang, Y.; Deng, H.; Chen, Z.; Wu, Y.; Shen, H. The Effectiveness and Safety of Utilizing Mobile
Phone-Based Programs for Rehabilitation After Lumbar Spinal Surgery: Multicenter, Prospective Randomized Controlled Trial.
JMIR mHealth uHealth 2019, 7, €10201. [CrossRef]

Bailey, ].E,; Agarwal, V.; Zheng, P.; Smuck, M.; Fredericson, M.; Kennedy, D.].; Krauss, ]J. Digital Care for Chronic Musculoskeletal
Pain: 10,000 Participant Longitudinal Cohort Study. J. Med. Internet Res. 2020, 22, €18250. [CrossRef]

Hasenohrl, T.; Windschnurer, T.; Dorotka, R.; Ambrozy, C.; Crevenna, R. Prescription of individual therapeutic exercises via
smartphone app for patients suffering from non-specific back pain: A qualitative feasibility and quantitative pilot study. Wien.
Klin. Wochenschr. 2020, 132, 115-123. [CrossRef]

Toelle, T.R.; Utpadel-Fischler, D.A.; Haas, K.-K; Priebe, ].A. App-based multidisciplinary back pain treatment versus combined
physiotherapy plus online education: A randomized controlled trial. NPJ Digit. Med. 2019, 3, 1-9. [CrossRef]

Huber, S.; A Priebe, J.; Baumann, K.-M.; Plidschun, A.; Schiessl, C.; T6lle, T.R. Treatment of Low Back Pain with a Digital
Multidisciplinary Pain Treatment App: Short-Term Results. JMIR Rehabil. Assist. Technol. 2017, 4, e11. [CrossRef]

Chhabra, H.S.; Sharma, S.; Verma, S. Smartphone app in self-management of chronic low back pain: A randomized controlled
trial. Eur. Spine J. 2018, 27, 2862-2874. [CrossRef]

Amorim, A.B.; Pappas, E.; Simic, M.; Ferreira, M.L.; Tiedemann, A.; Jennings, M.; Ferreira, P. Integrating Mobile health and
Physical Activity to reduce the burden of Chronic low back pain Trial (IMPACT): A pilot trial protocol. BMC Musculoskelet. Disord.
2016, 17, 36. [CrossRef]

Irvine, A.B.; Russell, H.; Manocchia, M.; Mino, D.E.; Glassen, T.C.; Morgan, R.; Gau, ].M.; Birney, A.J.; Ary, D.V,; Buhrman, M.; et al.
Mobile-Web App to Self-Manage Low Back Pain: Randomized Controlled Trial. . Med. Internet Res. 2015, 17, el. [CrossRef]
Yang, J.; Wei, Q.; Ge, Y.; Meng, L.; Zhao, M. Smartphone-Based Remote Self-Management of Chronic Low Back Pain: A Preliminary
Study. J. Healthc. Eng. 2019, 2019, 1-7. [CrossRef]

Shebib, R.; Bailey, ].F.; Smittenaar, P.; Perez, D.A.; Mecklenburg, G.; Hunter, S. Randomized controlled trial of a 12-week digital
care program in improving low back pain. Npj Digit. Med. 2019, 2, 1-8. [CrossRef]

Arnhold, M.; Quade, M.; Kirch, W. Mobile Applications for Diabetics: A Systematic Review and Expert-Based Usability Evaluation
Considering the Special Requirements of Diabetes Patients Age 50 Years or Older. J. Med. Internet Res. 2014, 16, e104. [CrossRef]
Mateo, G.F,; Granado-Font, E.; Ferré-Grau, C.; Montafia-Carreras, X. Mobile Phone Apps to Promote Weight Loss and Increase
Physical Activity: A Systematic Review and Meta-Analysis. J. Med. Internet Res. 2015, 17, €253. [CrossRef]

Lee, H.; Sullivan, S.J.; Schneiders, A.; Ahmed, O.H.; Balasundaram, A.P.; Williams, D.; Meeuwisse, W.H.; McCrory, P. Smartphone
and tablet apps for concussion road warriors (team clinicians): A systematic review for practical users. Br. J. Sports Med. 2014,
49, 499-505. [CrossRef]

Furlong, L.M.; Morris, M.E.; Erickson, S.; Serry, T.A.; Robles-Bykbaev, V.; Amlani, A.M. Quality of Mobile Phone and Tablet
Mobile Apps for Speech Sound Disorders: Protocol for an Evidence-Based Appraisal. JMIR Res. Protoc. 2016, 5, 233. [CrossRef]
Santo, K.; Richtering, S.S.; Chalmers, J.; Thiagalingam, A.; Chow, C.K.; Redfern, ]. Mobile Phone Apps to Improve Medication
Adherence: A Systematic Stepwise Process to Identify High-Quality Apps. JMIR mHealth uHealth 2016, 4, e132. [CrossRef]
Argent, R.; Daly, A.; Caulfield, B. Patient Involvement With Home-Based Exercise Programs: Can Connected Health Interventions
Influence Adherence? [MIR mHealth uHealth 2018, 6, e47. [CrossRef]

McGregor, A.H.; Henley, A.; Morris, T.P; Doré, C.J. An Evaluation of a Postoperative Rehabilitation Program After Spinal Surgery
and Its Impact on Outcome. Spine 2012, 37, E417-E422. [CrossRef]

Johnson, R.E.; Jones, G.T.; Wiles, N.J.; Chaddock, C.; Potter, R.G.; Roberts, C.; Symmons, D.; Watson, PJ.; Torgerson, D.; Macfarlane,
G. Active exercise, education, and cognitive behavioral therapy for persistent disabling low back pain: A randomized controlled
tria. Spine 2007, 32, 1578-1585. [CrossRef]

Machado, G.C.; Pinheiro, M.B.; Lee, H.; Ahmed, O.H.; Hendrick, P.; Williams, C.; Kamper, S.J. Smartphone apps for the
self-management of low back pain: A systematic review. Best Pract. Res. Clin. Rheumatol. 2016, 30, 1098-1109. [CrossRef]


http://doi.org/10.1093/ons/opz061
http://www.ncbi.nlm.nih.gov/pubmed/31001639
http://doi.org/10.1007/s00586-015-3932-z
http://doi.org/10.1007/s00402-021-03788-1
http://www.ncbi.nlm.nih.gov/pubmed/33635399
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.2196/10201
http://doi.org/10.2196/18250
http://doi.org/10.1007/s00508-020-01616-x
http://doi.org/10.1038/s41746-019-0109-x
http://doi.org/10.2196/rehab.9032
http://doi.org/10.1007/s00586-018-5788-5
http://doi.org/10.1186/s12891-015-0852-3
http://doi.org/10.2196/jmir.3130
http://doi.org/10.1155/2019/4632946
http://doi.org/10.1038/s41746-018-0076-7
http://doi.org/10.2196/jmir.2968
http://doi.org/10.2196/jmir.4836
http://doi.org/10.1136/bjsports-2013-092930
http://doi.org/10.2196/resprot.6505
http://doi.org/10.2196/mhealth.6742
http://doi.org/10.2196/mhealth.8518
http://doi.org/10.1097/BRS.0b013e31823b00b2
http://doi.org/10.1097/BRS.0b013e318074f890
http://doi.org/10.1016/j.berh.2017.04.002

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

