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Abstract

Background: Conservative scoliosis therapy in the form of assisted physiotherapeutic scoliosis exercises is supplemented by
self-contained training at home, depending on the approach (eg, Schroth, the Scientific Exercises Approach to Scoliosis). Complex
exercises, lack of awareness of the importance of training, and missing supervision by therapists often lead to uncertainty and
reduced motivation, which in turn reduces the success of home-based therapy. Increasing digitalization in the health care sector
offers opportunitiesto closethis gap. However, research is needed to analyze the requirements and transl ate the potential of digital
toolsinto concrete solution concepts.

Objective: Theaim of this study isto evaluate the potential for optimizing home-based scoliosistherapy in terms of mativation,
assistive devices, and digital tools.

Methods: In collaboration with the Institute of Physiotherapy at the Jena University Hospital, a survey was initiated to address
patients with scoliosis and physical therapists. A digital questionnaire was created for each target group and distributed via
physiotherapies, scoliosis forums, the Bundesverband fiir Skoliose Selbsthilfe e. V. newsletter via a link, and a quick response
code. The survey collected data on demographics, therapy, exercise habits, motivation, assistive devices, and digital tools.
Descriptive statistics were used for evaluation.

Results: Of 141 survey participants, 72 (51.1%; n=62, 86.1%, female; n=10, 13.9%, male) patientswith scoliosiswith an average
age of 40 (SD 17.08) years and 30 scoliosis therapists completed the respective questionnaires. The analysis of home-based
therapy showed that patients with scoliosis exercise less per week (2 times or less; 45/72, 62.5%) than they are recommended to
do by therapists (at least 3 times; 53/72, 73.6%). Patientsindicated that their motivation could be increased by practicing together
with friends and acquaintances (54/72, 75%), a supporting therapy device (48/72, 66.7%), or a digital profile (46/72, 63.9%).
The most important assistive devices, which are comparatively rarely used in home-based therapy, included balance boards
(20/72, 27.8%), wall bars (23/72, 31.9%), mirrors (36/72, 50%), and long bars (40/72, 55.6%). Therapists saw the greatest benefit
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of digital tools for scoliosis therapy in increasing motivation (26/30, 87%), improving home therapy (25/30, 83%), monitoring
therapy progress (25/30, 83%), and demonstrating exercise instructions (24/30, 80%).

Conclusions: In this study, we investigated whether there is any potential for improvement in home-based scoliosis therapy.
For this purpose, using online questionnaires, we asked patients with scoliosis and therapi sts questions about the following topics:
exercise habits, outpatient and home-based therapy, motivation, supportive devices, and digital tools. The results showed that a
lack of mativation, suitable training equipment, and tools for self-control leads to alow training workload. From the perspective
of the patients surveyed, this problem can be addressed through community training with friends or acquaintances, a supportive

therapy device, and digital elements, such as apps, with training instructions and user profiles.

(JMIR Rehabil Assist Technol 2023;10:e46217) doi: 10.2196/46217
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Introduction

Background

The term “scoliosis’ is used to describe a structural 3D
deformation of the spine with lateral deviations and rotations.
Its severity isclassified by the Cobb angle (degree of curvature)
[1]. In Germany, more than 900,000 people are affected by
scoliosis [2]. It is the most common spinal disease in children
and adolescents [ 3], with growth spurts being high-risk phases
for the development or worsening of scoliosis [4]. Regarding
sex distribution, thereis aclear tendency toward the female sex
when they have a Cobb angle of 20° requiring treatment. This
tendency increases with an increasing Cobb angle. In various
studies, ratios (female to male) between 1.5:1 and 11.6:1 have
been determined [3,5,6]. In terms of age groups, scoliosis is
divided into 4 groups, infantile (1-3 years), juvenile (4-10 years),
adolescent (11-18 years), and adult (over 18 years) [3], with
adol escent expression being the most common form worldwide
with aprevalence of 0.47-5.2 [7]. Depending on the severity of
the curvature, symptoms such as back pain [8]; changes in
posture in the form of shoulder, chest, and pelvic asymmetries
[4]; deformations of therib cage; and, in the case of pronounced
curvatures, restrictions in heart and lung function may occur
[4,8-10].

The therapeutic approach depends on the patient’s age and the
extent of the deformity. Mild scoliosis (Cobb angle up to 20°)
does not require therapeutic measures in most cases, except for
education and motivation to be physically active. Moderate
scoliosis (Cobb angle 20°-40°) is treated conservatively with
scoliosis-specific braces and physi otherapeuti c scoliosis-specific
exercises (PSSE). In the case of severe scoliosis (Cobb angle
of 40° or more), surgical interventions are used depending on
the localization of the scoliosis and the patient’s age [10-12].
The most important approach in which patients with scoliosis
can actively and independently participate in therapy is PSSE.
The International Society on Scoliosis Orthopaedic and
Rehahilitation Treatment (SOSORT) guidelines recommend
PSSE intheform of outpatient physical therapy or 3- to 6-week
scoliosis intensive rehabilitation (SIR) programs in specific
facilities, depending on the Cobb angle [12,13]. The core
elements of the therapy should be 3D autocorrection, training
in activities of daily living (posture while sitting, standing,
walking), stabilization of the corrected posture, and education

https://rehab.jmir.org/2023/1/e46217

of the patient [12]. Within the past few decades, various
approaches have been devel oped on thisbasis, of which Schroth
therapy, the Scientific Exercises Approach to Scoliosis (SEAS),
side-shift therapy, Lyon, Dobosiewicz's method (DoboMed),
Functional Independent Treatment for Scoliosis (FITS), and the
Barcelona Scoliosis Physical Therapy School (BSPTS) are
among the most important. For almost all these forms of therapy,
complementary, independent, and permanent home-based
training can be used [14]. The positive effects of self-contained
regular training sessions at home have been proven in various
studies [15-18]. Nevertheless, compared to training sessions
assisted by therapists, some of the results were worse [19,20].
Particularly critical factors in this context may be patient
adherence and inaccurately performed exercises in an
unsupervised environment [21]. Especialy in home-based
training, adherence is significantly influenced by motivation,
belief in the benefits of exercise, a lack of monitoring, and
complexity of exercises [22,23]. Increasing digitization in the
health care sector offers opportunities to address some of these
issues.

Study Aims

The aim of this study isto identify the potential for optimizing
home-based scoliosis therapy in terms of motivation, assistive
devices, and digital tools. To represent the initial situation as
holistically as possible, questionnaires were created for both
patients with scoliosis (PQ) and scoliosis therapists (TQ). A
survey of these target groups in Germany was intended to
answer the following 4 core questions:

«  How many training sessions are recommended for patients
with scoliosis at home (PQ and TQ), and how often do they
really exercise (PQ)?

« How motivated are patients with scoliosis to exercise at
home (PQ and TQ)? Can their motivation beincreased, and
if so, how (PQ)?

«  Which training devices are primarily used at home (PQ),
and which are rated as helpful (PQ and TQ)?

« Is there interest in digital assistance, and if so, which
functions would have to be realized (PQ and TQ)?
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Methods

Survey Design

In collaboration with the Institute of Physiotherapy at the Jena
University Hospital, 2 standardized online questionnaires were
created using the LimeSurvey tool in order to survey scoliosis
therapists (36 questions) and patients with scoliosis (33
guestions) in Germany. All questionswere coded for evaluation
with regard to the target group surveyed (patient or therapist)
and the respective topic (eg, PAOL, which means PQ, topic 1
[A], and question 1, and TCO02, which means TQ, topic 3 [C],
and question 2; see Multimedia Appendices 1 and 2). The TQ
consisted of 16 closed-ended, 14 semi-open-ended, and 6
open-ended questions and comprised 7 topics: patient groups
and therapy methods, outpatient therapy, home-based therapy,
communication, assistive devices, digital tools, and general
guestions. The PQ consisted of 21 closed-ended, 5
semi-open-ended, and 8 open-ended questions and comprised
8 topics. general questions about scoliosis, exercise habits,
motivation, communication, assistive devices, digital tools,
dealing with scoliosis, and general data. When developing the
guestionnaires, care was taken to keep them as short and ssimple
aspossiblein order to achieve ahigh response rate and to make
it easier for younger respondents in particular to answer the
guestions. The structure of the questionnaireshad anincreasing
thematic depth within the survey and within a topic.
Furthermore, decision questionswere omitted in order to inquire
about the persona attitude of the probands to the topics.
Five-point Likert scales (19/69, 27.5%, of al questions) with
verbally coded response optionswereimplemented for the study
of persona attitudes. An odd number of items were chosen so
as not to force a decision. Furthermore, partial nonresponse
answers were allowed when dealing with topics that could not
be answered definitively (eg, evaluation of a form of therapy
that the respondent does not know). Thiswasintended to allow
extensive content to be evaluated in the shortest time possible.
In addition, many questionswere linked to personal experiences
in order to enable participants to quickly access the thematic
focal points. Asatime guideline, 10 minutes were provided for
the PQ and 15 minutes for the TQ.

Ethical Considerations

This study was reviewed by the data protection officers of the
Ethics Committee at the Medical Faculty of Leipzig University
and found to be of no concern. Since only anonymized data sets
were provided and no re-identification was performed by the
users of the data sets, there was no obligation to refer the study
to an ethics committee formed according to Saxon state law.
On the home page of the respective questionnaire, thetopic and
objective of the study were presented and the research institution
conducting the study was named. The participantswereinformed
that this was a research project and that the survey would be
conducted anonymously. Before starting, all participants had
to agreeto the privacy policy, which wasintegrated viaamacro
and provided information about data evaluation, data subject
rights, and contact persons, among other things.

https://rehab.jmir.org/2023/1/e46217
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Recruitment

Thedistribution of the questionnairesin the patient and therapist
environments was carried out in cooperation with the
Bundesverband fir Skoliose Selbsthilfe e. V. and the
Physiotherapeutic Institute of the Jena University Hospital. To
reach as broad a spectrum of subjects as possible, the
guestionnaires were distributed via scoliosis forums, direct
contact, flyers with quick response (QR) codes for display in
therapeutic facilities, and via the Bundesverband fiir Skoliose
Selbsthilfe e. V. newsletter during the period from October 27,
2020, to June 30, 2021.

Statistical Analysis

Data were analyzed based on descriptive statistics. For this
purpose, on the one hand, frequency distributions were created,
and on the other hand, the Likert scale—coded questions were
evaluated using the following approach: The individua item
responses of the 5-point scaleswere assigned point values (from
0="not motivating at all” to 5="very motivating”), and based
on this, a sum score was calculated for the overall scale.
Subsequently, the percentage of the calculated points (sum
score) out of the maximum-possible points was determined. To
indicate rejection or agreement as a percentage, some of the
itemswere divided into disagreement items (eg, “ not motivating
at al” and “rather not motivating”) and agreement items (eg,
“rather motivating” and “very motivating”), and then their
proportion of the total was calculated. All free-text responses
were evaluated individually and analyzed with respect to
co-occurrence. Depending on the question, the patients with
scoliosis were aso divided into 5 age categories, inspired by
the scoliosis-specific age distribution: 1-10 years (children),
11-18 years (adolescents), 19-30 years (young adults), 31-50
years, and over 50 years. Due to the low participation of those
under 11 years of age, the infantile and juvenile groups were
combined, while the group of people over 18 years (adults) was
further divided due to the large number of participants.

Results

Response

The survey was based on 2 questionnaires with a total of 141
participants. The PQ was filled out by a total of 97 (68.8%)
participants, 72 (74.2%) of whom answered al questions. The
TQ wasfilled out by atotal of 44 (31.2%) persons, 30 (68.2%)
of whom answered all questions. All incompl ete questionnaires
were excluded from the analysis, so overal, 102 (72.3%) fully
completed surveys were analyzed in this study.

Demographics, Health Status, and Therapy

Patients

Of the 72 patients with scoliosis, 62 (86.1%) were female and
10 (13.9%) were male. The average age of the respondents was
40 (SD 17.08) years [PHO1]. Broken down by age group, the
distribution was as follows: up to 10 years (1/72, 1.4%), 11-18
years (9/72, 12.5%), 19-30 years (14/72, 19.4%), 31-50 years
(22/72, 30.6%), and over 50 years (26/72, 36.1%). People
between the ages of 7 and 79 years participated [PAO2].
Regarding the Cobb angle, patientswith scoliosisfrom all ranges
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were represented in our study, with Cobb angles above 50°
being the most common (17/72, 23.6%), followed by 11°-20°
(11/72, 15.3%). In addition, 12 (16.7%) patients responded with
“l don't know” [PAQB]. In addition, of the 72 patients with
scoliosis, 12 (16.7%) had already undergone surgery for their
scoliosis [PAQ7] and 18 (25%) wore a brace [PAO5].

The majority of patients with scoliosis were in therapeutic
treatment for more than 2 years (56/72, 77.8%) [PAO3] and
attended scoliosis therapy once aweek or less (61/72, 84.7%)
[PBO1]. On average, most patients with scoliosis exercised for
up to 45 minutes in 1 physiotherapy session (60/72, 83.3%)
[PB04] and up to 30 minutes in 1 home-based session (55/72,
76.4%) [PB05]. The most frequently used therapeutic approach
in physiotherapy or at home was Schroth therapy (63/72,
87.5%), followed by spiral dynamics (17/72, 23.6%). The
BSPTS, DoboMed, SEAS, FITS, and side-shift therapy were
not known to more than 97% (70/72) of patients with scoliosis
[PBO7]. Other therapy methods mentioned with a maximum of
3 votes each (3/72, <4.2%) were yoga, fascia training, Vojta
therapy, Klappsches Kriechen, Bobath therapy, osteopathy,
ding table, manual therapy, fitness training, swimming,
climbing, chiropractic, medical training therapy (MTT),
proprioceptive neuromuscular facilitation (PNF), Rota therapy,
Dorn therapy, massage, fango therapy, and acupuncture [PB10].

Glnther et al

Therapists

The survey of the 30 scoliosis therapists showed that the most
common age group of patients with scoliosisin their practices
is10-14 years (25/30, 83.3%), followed by 15-18 years (19/30,
63.3%) and over 50 years (9/30, 30%) [TAOL]. The most
frequently used therapy methods were Schroth therapy (29/30,
96.7%) and spiral dynamics (6/30, 20%). The following were
also mentioned, each with amaximum of 2 votes (2/30, <6.7%):
stabilization exercises, Vojtatherapy, functional training, manual
therapy, cupping, functional patterns by Naudi Aguilar, fascia
therapy, applied kinesiology, therapeutic climbing, osteopathy,
gyrotonic expansion system, yoga, and the Hancke concept
[TAO4]. The majority of the therapists' patient base had been
in treatment for at least 1 year (16/30, 53.3%) [TBO01] and had
been in practice on average once aweek or more (25/30, 83.3%)
[TB02]. A guided training session lasted between 16 and 30
minutes for most therapists (19/30, 63.3%) [TBO4].

Home-Based Therapy

In the case of scoliosis home training, there was an opposite
trend: Although the majority of patients with scoliosis trained
twice or less per week (45/72, 62.5%) [PB02], the majority of
therapists recommended at least 3 training sessions per week
(PQ: 53/72, 73.6%; TQ: 26/30, 86.7%) [PB03, TCO1]; see
Figure 1.

Figure 1. Comparison of weekly training sessions performed by patients with scoliosis at home and recommendations of therapists in this regard. To
create thefigure, the results of 2 questions from PQ (“How often do you do additional therapy exercises at home for your scoliosis?’ [PB02; black] and
“How often did your therapist recommend you to do exercises at home?’ [PB03; dark gray]) and 1 question from TQ (“How often do you usually
recommend additional home exercise sessions to your patients for physica therapy?’ [TCO1; light gray]) were used. PB0O2: PQ, topic 2, question 2;
PBO3: PQ, topic 2, question 3; PQ: questionnaire for patients with scoliosis; TCO1: TQ, topic 3, question 1; TQ: questionnaire for scoliosis therapists.
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For further substantiation, theinterviewed therapistswere asked
to rate the dependence of their recommendations on 4 parameters
using a5-point Likert scale: (1) Cobb angle, (2) age, (3) persona
motivation, and (4) cognitive aptitude. The survey of the 30
therapists showed that personal motivation (26/30, 85.3%) and
cognitive aptitude (25/30, 82%) were the most important factors
from our selection [TC02].

https://rehab.jmir.org/2023/1/e46217
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Motivation

We asked how motivated patientswith scoliosiswerein general
to perform their exercises (see Figure 2). Analysis of the data
showed that children, adol escents, and young adultsin particular
are less motivated. This trend reversed with increasing age in
our survey. According to their own statements, people aged 50
years and above had the greatest motivation [PCO1].
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A similar relationship emerged in the therapist survey.
According to the therapi sts questioned, children and adol escents
weretheleast motivated to perform home-based therapy [ TBO6].

In asecond question on motivation, patientswith scoliosiswere
asked to rate a preselection of features in terms of their
motivational potential using a 5-point Likert scale. The most
popular features (agreement items only) for increasing

Glnther et al

motivation were “exercises with friends or acquaintances’
(54/72, 75%), “ supporting therapy device” (48/72, 66.7%), and
“digital profile” (46/72, 63.9%). Theworst scorewasfor “digital
profile with comparison option” (19/72, 26.4%). The greatest
uncertainty was seen in “gamification” (“neutral,” or “neither
motivating nor not motivating”; 26/72, 36.1%) [PCO02]; see
Figure 3.

Figure 2. How motivated are patients with scoliosis to perform their exercises, broken down by age group? The figure is based on the results of 1
question from PQ: “How motivated are you in general to do your exercises?’ [PCO1]. The disagreement items (“not motivated at al” and “rather not
motivated”) are visualized in black and dark gray, respectively, while the agreement items (“rather motivated” and “very motivated”) are visualized in
light gray and white, respectively, each stacked. PCO1: PQ, topic 3, question 1; PQ: questionnaire for patients with scoliosis.
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Figure 3. What would motivate patients with scoliosis to perform their exercises? The content of the graph is based on the results of voting from the
PQ: “Please indicate how motivating you would find the following features for your scoliosis exercises’ [PC02]. Here, the disagreement items (“not
motivating at all” and “rather not motivating”) are visualized in black and dark gray, respectively, while the agreement items (“rather motivating” and
“very motivating”) are visualized in light gray and white, respectively, each stacked. PC02: PQ, topic 3, question 2; PQ: questionnaire for patients with

scoliosis.
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The top 4 features in the 3 age groups of up to 30 years (least
motivated) were “exercises with friends or acquaintances’
(18/24, 75%), “supporting therapy device” (14/24, 58.3%),
“digital profile” (13/24, 54.2%), and “ musical accompaniment”
(13/24, 54.2%) [PCO1].

Assistive Devices

In home-based training, “cushions and gymnastic mats’ (58/72,
80.6%), “stools and chairs’ (50/72, 69.4%), and “sand and rice
bags’ (48/72, 66.7%) were used most frequently. “Tables,” in
contrast, were used by just a quarter of respondents (18/72,
25%) [PEO1].

Glnther et al

The 3 most helpful assistive devices for patients with scoliosis
were “mirrors’ (93.8%), “sand and rice bags’ (93.3%), and
“wall bars’ (93.2%) [PEO2]. Note that these percentages refer
to the results of the Likert scale, in which scoresfor the answer
“1 do not use” were eliminated. A similar picture was shown
by the therapists, who rated “mirrors’ (98.7%), “sand and rice
bags’ (94.1%), and “long bars’ (92.7%) asmost hel pful [TEO3].
Highly valued (at least 80%) but relatively underused in
home-based therapy were “wall bars” “balance boards,’
“mirrors,” “pads’ (eg, foam rollers), and “long bars’ [PEO1,
PEO2, TEOQ3]; see Figure 4.

Figure 4. Which assistive devices do patients with scoliosis use for training at home, and which do patients and therapists rate as helpful for scoliosis
therapy? For the creation of the figure, the results of 2 questions from PQ (“Where do you use, or where would you like to use, which of the predefined
tools?’ [PEOL; black lines] and “How helpful do you find the mentioned devices?’ [PEO2; light gray]) and 1 voting from TQ (“Please rate how helpful
the mentioned assistive devices are for scoliosis therapy” [TEO3; gray]) were used. The Likert distribution was cal culated excluding the answer “1 do
not use.” PEOL: PQ, topic 5, question 1; PE02: PQ, topic 5, question 2; PQ: questionnaire for patients with scoliosis;, TEO3: TQ, topic 5, question 3;

TQ: questionnaire for scoliosis therapists.
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Digital Assistance

Respondents were asked to rate 5 digital toolsin terms of their
usefulness on a5-point Likert scale. In patientsin the age groups
of up to 30 years (24/72, 33.3%, respondents), the digital tools
“smartphone or tablet app” (eg, exercise guide; 18/24, 75.8%),
“video support” (eg, instructional video; 17/24, 70%), and
“music suitable for exercises’ (16/24, 67.5%) were the most
popular. In patients aged 31 years or above (48/72, 66.7%,
respondents), the most popular tools were “video support” (eg,

https://rehab.jmir.org/2023/1/e46217
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RenderX
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instructional video; 38/48, 82.1%), “vibration feedback”
(vibration when exercises are performed correctly or incorrectly;
35/48, 72.9%), and “smartphone or tablet app” (eg, exercise
instructions; 34/48, 72.5%) [PF02]; see Figure 5.

The survey of therapists also revealed that digital tools, such as
smartphones (18/30, 60%), watches (9/30, 30%), and tablets
(7/30, 23.3%) were aready used for scoliosis therapy [TFO01].
The most important apps currently included “ documentation of
therapy progress’ (18/30, 60%), “exerciseinstructions’ (16/30,
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53.3%), and “communication with the patient” (11/30, 36.7%)
[TFO2]. Therapists saw the greatest potential in the use of digital
tools for “increasing motivation” (26/30, 87%), “improving
home therapy” (25/30, 83%), “monitoring therapy progress’
(25/30, 83%), and “exercise instructions’ (24/30, 80%). The
least convincing were “virtual therapy sessions’ (15/30, 50%)
[TFO3].

Based on the survey on the potential of digital tools, therapists
were aso asked to evaluate necessary parameters for

Glnther et al

improvement of home-based therapy. The tracking of “position
and movement of certain body parts’ (27/30, 90%) was seen as
the most important parameter, followed by the measurement of
“vital capacity” (13/30, 43.3%) [TFO5]. Therapistsaso preferred
the following variants for a therapy-supporting exchange with
patients: “exercise instructions as videos’ (26/30, 86.7%),
“exercise recordings as videos’ (24/30, 80%), “sensor data on
position and movement” (16/30, 53.3%), and “exercise
instructions as pictures’ (14/30, 46.7%) [ TFO7].

Figure 5. Evauation of digital tools with regard to their usefulness in supporting scoliosis therapy. The results of the question “How helpful do you
find, or would you find, the following digital tools in your exercises?’ [PF02] from PQ were evaluated for the creation of the graph. The evaluation
was carried out using a 5-point Likert scale, divided into 2 age groups. PF02: PQ, topic 6, question 2; PQ: questionnaire for patients with scoliosis.
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Discussion

Principal Findings

Theaim of thisstudy wasto evaluate the potential for optimizing
home-based scoliosis therapy in terms of motivation, assistive
devices, and digital tools. For this purpose, the topics of training
habits, motivation, assistive devices, and digital assistancewere
addressed in online questionnaires. To gain the most
comprehensiveinsight possible, both patients with scoliosisand
scoliosis therapists were surveyed.

Inlinewith theliterature, the percentage of femal e respondents
in our patient survey was much higher, with a ratio of 6.2:1
[3,5,6]. Additionally, both questionnaires revea ed that Schroth
therapy is the most widespread and popular therapy method in

https://rehab.jmir.org/2023/1/e46217
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Germany. Its effectiveness as part of conservative scoliosis
therapy has been proven in numerous publications [24-26].

In addition to physiotherapeutic treatments, the commitment of
patients to deal with scoliosis and to exercise regularly on their
own at homeisdecisivefor the success of conservative scoliosis
therapy [27]. Depending on age and the Cobb angle, patients
with scoliosisare entitled to varioustypes of treatment according
to the Heilmittel-Richtlinie in Germany, the costs of which are
covered by health insurance [28]. These are primarily
physiotherapeutic approaches, such as manua therapy, since
there are no separate remedy positions for scoliosis therapies
[29]. These therapies cover some of the necessary training, yet
therapists additionally recommend a continuous and
comprehensive home exercise program. Their recommendations
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depend on the motivation and cognitive aptitude of their patients.
Based on thisinitial situation, we compared recommendations
and the reality for home-based training. A clear trend emerged,
which is almost indirectly proportional: patients with scoliosis
exercise significantly less at home than therapists recommend.
Reasons for this opposite trend may include alack of time and
motivation [23,30], the complexity or number of exercises,
forgetting training sessions [23], uncertainty in performing
exercises, fear of aggravation, and pain [31].

The survey of therapists showed that children, adolescents, and
young adults, especially, undergo physiotherapy treatment for
their scoliosis. Because growth isnot yet compl ete, the chances
of success of therapy are the highest in this age group [32,33].
However, thisis countered by thefact that it isprecisely inthese
age groups that motivation for scoliosis-specific exercises
appears to be the lowest, both from the perspective of the
patients with scoliosis surveyed and from that of the therapists.
This trend may occur because young patients prioritize other
aspects in everyday life, which is aso reflected in the
participation in our survey. An appropriate way to educate
children, adolescents, and young adults about age-related
problems due to scoliosis has not yet been found. Furthermore,
scoliosis-related pain in these age groupsisstill too low to raise
awareness of the importance of training. The increase in pain
with increasing age [34] could be a reason for the greater
motivation of older-age groups. According to the patients with
scoliosis surveyed, motivation could be increased by joint
training sessions with friends and acquaintances, a specific
therapy device, and a digital profile. In this context, it should
be noted that although the digital profile received the most votes
for “very motivating,” it only ranked third overall. Half of the
respondents still found musical accompaniment motivating.
Although community training and musical accompaniment can
be partially implemented on their own, new approaches are
needed for a specific therapy device and digital profile. The
comparison with other patients was not felt to be motivating.
Although this can spur one on, it can aso be discouraging if
one either cannot keep up or one lacks “digital friends’ [35]. In
addition, a meaningful comparison is difficult to realize dueto
the high degree of individualization of therapy. The greatest
uncertainty was found in the “combining the exercises with a
game” approach. Thereason for this could be that this approach
was seen without adigital reference (gamification) and that the
patients with scoliosis surveyed could not imagine combining
their current therapy with a game. The question intended to
obtain insights into the participants’ opinion on the transfer of
training content into a digital environment (eg, an app) with
playful elements or visualizations. An increase in motivation
can be achieved through the fun of the game as well asthrough
high scoresand digital reward systems (eg, badges, points) when
completing tasks. The average age (40 years) of the respondents
isunlikely to haveinfluenced the answer in thisrespect, as44%
of people who occasionally or regularly play video games in
Germany are aged 40 years or above. The situation is similar
with regard to sex and gender, as the ratio between male and
female video gamersin Germany isrelatively balanced: around
48% are female and 52% are male [36]. Several studiesin the
past few years have shown that gamification approaches can
have a motivating effect in rehabilitation [37]. The literature
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identifies personal analyses to progress, data tracking, a
competitive environment [35,37], and a sense of community,
autonomy, and competence [38] as crucial factors for
motivation. Wibmer et a [39] explicitly investigated the
potential of gamification in scoliosis therapy. They were able
to show that it is possible to increase motivation and precision
when performing scoliosis-specific exercises. However, this
effect depends on how varied and adaptable the games are
designed and thus can aso quickly become invalid [39]. A
successful gamification approach requires that patients be
involved in the development of the game from the beginning
and that the possibility of cheating within the game be excluded.
Furthermore, different game environments appeal to different
groups of people. Thisshould be considered during devel opment
[35].

Another influencing factor for the optimization of home-based
therapy could be assistive devices that can be used for training.
Langensiepen et a [15] reported that the use of side-alternating
vibration plates can lead to an improvement in home-based
training. Our survey showed that patients with scoliosis mainly
use gymnastic mats and bands, sand and rice bags, stools, and
chairs at home. These tools are inexpensive, are easy to abtain,
and requirelittle storage space. However, patientswith scoliosis
and therapists found mirrors to be the most helpful of our
selection of tools. This offersthe advantage of self-control when
performing exercises, which is especially important at home
[40]. Neverthel ess, mirrorswere used by only half of the patients
with scoliosisweinterviewed. One reason for this could be that
there is a lack of suitable installation possibilities in private
households or that there is not enough space in front of the
existing mirrors to perform the exercises. The same appliesto
wall bars, balance boards, pads, and long poles, which are
popular with both patients with scoliosis and therapists but are
used relatively little at home. Overall, both groups found 10
(more than 80% approval) of our 12 mentioned tools useful for
scoliosis therapy. However, only 1 in 12 devices was used by
at least 80% of patients with scoliosis at home. A supportive
therapy device that meets the requirements of home training
and, if necessary, combines several training options of the
aforementioned devices could thus contribute to improving
scoliosis therapy. However, it is important that the therapy
device not increase the complexity of the training.

After examining motivation and aids, welooked at the potential
of digital tools in the last section. Currently, multisensory,
smartphone-based systems for improving adherence [41],
pressure sensor systems for adapted corsets [42], and apps for
Cobb angle measurement [43-45] and therapy support [46] are
used in scoliosis therapy. These can be used advantageously
for rehabilitation, especially in the areas of visualization [47],
networking, information exchange, monitoring [48], and
motivation increase [49]. Based on this, we asked patients with
scoliosis and therapists which digital tools they thought would
be helpful for scoliosis therapy. Our preselection of 5 tools
revealed different preferences, depending on the age group.
Although a suitable smartphone or tablet app (eg, with exercise
instructions) was most preferred by patients in the age groups
of up to 30 years, those over 30 years old would particularly
like video support (eg, in the form of instructiona videos).
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Overall, the response was predominantly positive for al tools
that serve to support correct exercise execution. Training can
lead to incorrect loads or incorrect execution, particularly at
home without the presence of a therapist, which can have a
negative effect on therapy. In addition to mirrors, which patients
with scoliosis can use during therapy, there is a lack of
opportunitiesfor self-monitoring a home. In our questionnaire
on home-based therapy, the therapists therefore stated that the
tracking of positions and movements of the body is a priority.
They also saw great potentia in increasing motivation,
monitoring therapy progress, and optimizing exercise
instructions through digital tools. Due to the COVID-19
pandemic, we also sought opinions on virtual therapy sessions.
This approach was considered useful by only half of the
therapists.

Limitations

Our survey consisted of online questionnaires that were
distributed primarily via digital media (forums, socia media,
QR codes, etc). It can therefore be assumed that the survey was
primarily completed by technically skilled respondents. Some
of the patients with scoliosis and therapists may have been
excluded. Nevertheless, this methodology allowed a larger
sample to be reached. Another limitation of the online
guestionnaires is that answers may have been given that were
not true or that people who neither have scoliosis nor treat it
participated. The small sample size of the survey was due to
the available boundary conditions. Since the survey was
conducted within the framework of a 2-year research project,
the capacity for the acquisition of participants and the period
for data collection were limited. The goal was to integrate the
results into the development process of the research project.
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Another potential limitation of thisstudy isthat the average age
of our patient survey was 40 years. Children, adolescents, and
young adults were thus comparatively underrepresented, which
iswhy adownstream study with an adapted design that focuses
exclusively on this target group is conceivable. In addition, it
ispossiblethat the youngest participantsin our survey completed
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survey had alimiting effect on the study. However, it must be
considered that there are also significantly more people with
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Conclusion

In this study, we investigated whether there is any potential for
improvement in home-based scoliosistherapy. For this purpose,
viaonline questionnaires, we asked patients with scoliosis and
therapi sts questions about the following topics: exercise habits,
outpatient and home-based therapy, mativation, supportive
devices, and digital tools. The results showed that a lack of
motivation, suitable training egquipment, and tools for
self-control leads to a low training workload. From the
perspective of the patientswith scoliosis surveyed, this problem
can be addressed by community training with friends or
acquaintances, asupportive therapy device, and digital elements,
such as apps, with training instructions and user profiles.

Wewould liketo thank the Bundesverband fiir Skoliose Selbsthilfee. V. for supporting our project and distributing our questionnaires
initsnetwork. This project was supported by the Federal Ministry for Economic Affairsand Climate Action based on the decision
by the German Bundestag.

Authors Contributions

FG, FS, SH, and SD designed and distributed the questionnaires. FG, JS, FS, SH, SS, and C-EH devel oped the methodol ogy for
data analysis. FG conducted data evaluation, created the graphics, and wrote the original draft. C-EH, JS, SS, FS, SH, SD, and
W-GD reviewed and edited the manuscript. C-EH und W-GD supervised the project. All authors have read and agreed to the
published version of the manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Patient questionnaire.
[PDF File (Adobe PDF File), 212 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Therapist questionnaire.
[PDE File (Adobe PDF File), 355 KB-Multimedia Appendix 2]

References

https://rehab.jmir.org/2023/1/e46217 JMIR Rehabil Assist Technol 2023 | vol. 10 | 46217 | p. 9

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=rehab_v10i1e46217_app1.pdf&filename=77a97a3f4bdd0ace27ff84aad0846623.pdf
https://jmir.org/api/download?alt_name=rehab_v10i1e46217_app1.pdf&filename=77a97a3f4bdd0ace27ff84aad0846623.pdf
https://jmir.org/api/download?alt_name=rehab_v10i1e46217_app2.pdf&filename=9d3d84f8a31b989e8d5d7d32ffc8f594.pdf
https://jmir.org/api/download?alt_name=rehab_v10i1e46217_app2.pdf&filename=9d3d84f8a31b989e8d5d7d32ffc8f594.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Gunther et a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Seifert J, Thielemann F, Bernstein P. [Adolescent idiopathic scoliosis : guideline for practical application]. Orthopade. Jun
2016;45(6):509-517. [doi: 10.1007/s00132-016-3274-5] [Medline: 27241514]

Flyer deutsches Skoliose Netzwerk. Deutsches Skoliose Netzwerk. URL: https://www.kwhc-nuernberg.de/kwhc-files/
kwhc-deutsches-skoliose-netzwerk-flyer.pdf [accessed 2021-05-06]

Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adolescent idiopathic scoliosis. JChild Orthop. Feb 2013;7(1):3-9.
[FREE Full text] [doi: 10.1007/s11832-012-0457-4] [Medline: 24432052]

Trobisch P, Suess O, Schwab F. Idiopathic scoliosis. Dtsch Arztebl Int. Dec 2010;107(49):875-83; quiz 884. [FREE Full
text] [doi: 10.3238/arztebl.2010.0875] [Medline: 21191550]

Rogala EJ, Drummond DS, Gurr J. Scoliosis: incidence and natural history. A prospective epidemiological study. JBone
Joint Surg Am. Mar 1978;60(2):173-176. [Medline: 641080]

Du Q, Zhou X, Negrini S, Chen N, Yang X, Liang J, et al. Scoliosis epidemiology is not similar al over the world: a study
from ascoliosis school screening on Chongming Island (China). BMC Muscul oskelet Disord. Jul 22, 2016;17:303. [FREE
Full text] [doi: 10.1186/s12891-016-1140-6] [Medline: 27444153]

Horne JP, Flannery R, Usman S. Adolescent idiopathic scoliosis: diagnosis and management. Am Fam Physician. Feb 01,
2014;89(3):193-198. [FREE Full text] [Medline: 24506121]

Kuznia A, Hernandez A, Lee L. Adolescent idiopathic scoliosis: common questions and answers. Am Fam Physician. Jan
01, 2020;101(1):19-23. [FREE Full text] [Medline: 31894928]

Tsiligiannis T, Grivas T. Pulmonary function in children with idiopathic scoliosis. Scoliosis. Mar 23, 2012;7(1):7. [FREE
Full text] [doi: 10.1186/1748-7161-7-7] [Medline: 22445133]

BullmannV, Liljengvist U. Dieidiopathische Skoliose. Orthopédie Unfallchirurgie up2date. Nov 11, 2019;14(06):571-585.
[doi: 10.1055/a-0734-5344]

Biatek M. Conservative treatment of idiopathic scoliosis according to FITS concept: presentation of the method and
preliminary, short term radiological and clinical results based on SOSORT and SRS criteria. Scoliosis. Nov 28, 2011;6:25.
[FREE Full text] [doi: 10.1186/1748-7161-6-25] [Medline: 22122964]

Negrini S, Donzelli S, Aulisa AG, Czaprowski D, Schreiber S, de Mauroy JC, et al. 2016 SOSORT guidelines: orthopaedic
and rehabilitation treatment of idiopathic scoliosis during growth. Scoliosis Spinal Disord. 2018;13:3. [FREE Full text]
[doi: 10.1186/s13013-017-0145-8] [Medline: 29435499]

SOSORT Guideline Committee, Weiss H, Negrini S, Rigo M, Kotwicki T, Hawes MC, et al. Indications for conservative
management of scoliosis(guidelines). Scoliosis. May 08, 2006;1:5. [FREE Full text] [doi: 10.1186/1748-7161-1-5] [Medline:
16759357]

Bettany-Saltikov J, Parent E, Romano M, VillagrasaM, Negrini S. Physiotherapeutic scoliosis-specific exercises for
adolescents with idiopathic scoliosis. Eur J Phys Rehabil Med. Feb 2014;50(1):111-121. [FREE Full text] [Medline:
24525556]

Langensiepen S, Stark C, Sobottke R, Semler O, Franklin J, Schraeder M, et al. Home-based vibration assisted exercise as
anew treatment option for scoliosis - arandomised controlled trial. J Muscul oskelet Neuronal Interact. Dec 01,
2017;17(4):259-267. [FREE Full text] [Medline: 29199184]

Yagci G, Ayhan C, Yakut Y. Effectiveness of basic body awareness therapy in adolescents with idiopathic scoliosis: a
randomized controlled study1. JBack Muscul oskelet Rehabil. 2018;31(4):693-701. [doi: 10.3233/BMR-170868] [Medline:
29630516]

Lau RW, Cheuk K, Ng BK, Tam EM, Hung AL, Cheng JC, et a. Effects of a home-based exercise intervention (E-Fit) on
bone density, muscle function, and quality of lifein girls with adolescent idiopathic scoliosis (AlS): a pilot randomized
controlled trial. Int JEnviron Res Public Health. Oct 17, 2021;18(20):10899. [ FREE Full text] [doi: 10.3390/ijerph182010899]
[Medline: 34682668]

Lau R, Cheuk KY, Tam E, Hui S, Cheng J, Lam TP. Feasibility and effects of 6-month home-based digitally supported
E-Fit program utilizing high-intensity interval exercisesin girlswith adolescent idiopathic scoliosis: arandomized controlled
pilot study. Stud Health Technol Inform. Jun 28, 2021;280:195-198. [doi: 10.3233/SHT1210466] [Medline: 34190086]
Kuru T, Yeldan I, Dereli EE, Ozdincler AR, Dikici F, Colak 1. The efficacy of three-dimensional Schroth exercisesin
adolescent idiopathic scoliosis: arandomised controlled clinical trial. Clin Rehabil. Feb 2016;30(2):181-190. [doi:
10.1177/0269215515575745] [Medline: 25780260]

ZapataKA, Wang-Price SS, Sucato DJ. Six-month follow-up of supervised spinal stabilization exercises for low back pain
in adolescent idiopathic scoliosis. Pediatr Phys Ther. Jan 2017;29(1):62-66. [doi: 10.1097/PEP.0000000000000325]
[Medline: 27984472]

Anar S. The effectiveness of home-based exercise programs for low back pain patients. J Phys Ther Sci. Oct
2016;28(10):2727-2730. [FREE Full text] [doi: 10.1589/jpts.28.2727] [Medline: 27821923]

Escolar-Reina P, Medina-Mirapeix F, Gascdn-Canovas JJ, Montilla-Herrador J, Jimeno-Serrano FJ, de Oliveira Sousa SL,
et al. How do care-provider and home exercise program characteristics affect patient adherence in chronic neck and back
pain: aqualitative study. BMC Health Serv Res. Mar 10, 2010;10:60. [FREE Full text] [doi: 10.1186/1472-6963-10-60]
[Medline: 20219095]

https://rehab.jmir.org/2023/1/e46217 JMIR Rehabil Assist Technol 2023 | vol. 10 | e46217 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1007/s00132-016-3274-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27241514&dopt=Abstract
https://www.kwhc-nuernberg.de/kwhc-files/kwhc-deutsches-skoliose-netzwerk-flyer.pdf
https://www.kwhc-nuernberg.de/kwhc-files/kwhc-deutsches-skoliose-netzwerk-flyer.pdf
https://journals.sagepub.com/doi/abs/10.1007/s11832-012-0457-4?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1007/s11832-012-0457-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24432052&dopt=Abstract
https://europepmc.org/abstract/MED/21191550
https://europepmc.org/abstract/MED/21191550
http://dx.doi.org/10.3238/arztebl.2010.0875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21191550&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=641080&dopt=Abstract
https://air.unimi.it/handle/2434/721190
https://air.unimi.it/handle/2434/721190
http://dx.doi.org/10.1186/s12891-016-1140-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27444153&dopt=Abstract
https://www.aafp.org/link_out?pmid=24506121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24506121&dopt=Abstract
https://www.aafp.org/link_out?pmid=31894928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31894928&dopt=Abstract
https://scoliosisjournal.biomedcentral.com/articles/10.1186/1748-7161-7-7
https://scoliosisjournal.biomedcentral.com/articles/10.1186/1748-7161-7-7
http://dx.doi.org/10.1186/1748-7161-7-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22445133&dopt=Abstract
http://dx.doi.org/10.1055/a-0734-5344
https://scoliosisjournal.biomedcentral.com/articles/10.1186/1748-7161-6-25
http://dx.doi.org/10.1186/1748-7161-6-25
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22122964&dopt=Abstract
https://air.unimi.it/handle/2434/721683
http://dx.doi.org/10.1186/s13013-017-0145-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29435499&dopt=Abstract
https://air.unimi.it/handle/2434/721898
http://dx.doi.org/10.1186/1748-7161-1-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16759357&dopt=Abstract
https://air.unimi.it/handle/2434/721882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24525556&dopt=Abstract
https://europepmc.org/abstract/MED/29199184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29199184&dopt=Abstract
http://dx.doi.org/10.3233/BMR-170868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29630516&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph182010899
http://dx.doi.org/10.3390/ijerph182010899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34682668&dopt=Abstract
http://dx.doi.org/10.3233/SHTI210466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34190086&dopt=Abstract
http://dx.doi.org/10.1177/0269215515575745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25780260&dopt=Abstract
http://dx.doi.org/10.1097/PEP.0000000000000325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27984472&dopt=Abstract
https://europepmc.org/abstract/MED/27821923
http://dx.doi.org/10.1589/jpts.28.2727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27821923&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-10-60
http://dx.doi.org/10.1186/1472-6963-10-60
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20219095&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Gunther et a

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Essery R, Geraghty AWA, Kirby S, Yardley L. Predictors of adherence to home-based physical therapies: a systematic
review. Disabil Rehabil. Mar 2017;39(6):519-534. [doi: 10.3109/09638288.2016.1153160] [Medline: 27097761]

Burger M, Coetzee W, du PlessisLZ, Geldenhuys L, Joubert F, Myburgh E, et al. The effectiveness of Schroth exercises
in adolescentswith idiopathic scoliosis: a systematic review and meta-analysis. S Afr JPhysiother. 2019;75(1):904. [FREE
Full text] [doi: 10.4102/s8jp.v75i1.904] [Medline: 31206094]

Schreiber S, Parent EC, Moez EK, Hedden DM, Hill D, Moreau MJ, et a. The effect of Schroth exercises added to the
standard of care on the quality of life and muscle endurance in adolescents with idiopathic scoliosis-an assessor and
statistician blinded randomized controlled trial: "SOSORT 2015 Award Winner". Scoliosis. 2015;10:24. [FREE Full text]
[doi: 10.1186/s13013-015-0048-5] [Medline: 26413145]

Schreiber S, Parent EC, Khodayari Moez E, Hedden DM, Hill DL, Moreau M, et al. Schroth physiotherapeutic
scoliosis-specific exercises added to the standard of care lead to better Cobb angle outcomesin adol escents with idiopathic
scoliosis - an assessor and statistician blinded randomized controlled trial. PLoS One. 2016;11(12):e0168746. [FREE Full
text] [doi: 10.1371/journal.pone.0168746] [Medline: 28033399]

Jack K, McLean SM, Moffett JK, Gardiner E. Barriersto treatment adherencein physiotherapy outpatient clinics: asystematic
review. Man Ther. Jun 2010;15(3):220-228. [FREE Full text] [doi: 10.1016/j.math.2009.12.004] [Medline: 20163979]
[Medication prescription options. in scoliosis. Regulations since January 1, 2021]. DocPlayer. URL: https://docplayer.org/
211819732-M oeglichkeiten-der-heil mittel verordnung-bei-skoliose-regel ungen-seit-dem-1-januar-2021.html [accessed
2023-07-03]

Ranker A, Lemhofer C. Elsevier essentials Heilmittel und Heilmittelverordnungen: Das Wichtigste fiir Arzte aller
Fachrichtungen. Miinchen, Deutschland. Elsevier; 2019.

Negrini S, Donzelli S, Negrini A, Parzini S, Romano M, ZainaF. Specific exercises reduce the need for bracing in adolescents
with idiopathic scoliosis: a practical clinical trial. Ann Phys Rehabil Med. Mar 2019;62(2):69-76. [FREE Full text] [doi:
10.1016/j.rehab.2018.07.010] [Medline: 30145241)

L'Heureux J, Coutu M, Berbiche D, Lariviere C. Adherence to ahome exercise programmefollowing aclinical programme
for non-acute non-specific low back pain: an exploratory study. Eur J Physiother. Jun 05, 2019;22(5):299-308. [doi:
10.1080/21679169.2019.1617777)

Negrini S, Fusco C, Minozzi S, Atanasio S, Zaina F, Romano M. Exercises reduce the progression rate of adolescent
idiopathic scoliosis: results of a comprehensive systematic review of the literature. Disabil Rehabil. 2008;30(10):772-785.
[doi: 10.1080/09638280801889568] [Medline: 18432435]

Romano M, Minozzi S, Bettany-Saltikov J, ZainaF, Chockalingam N, Kotwicki T, et a. Exercisesfor adolescent idiopathic
scoliosis. Cochrane Database Syst Rev. Aug 15, 2012;2012(8):CD007837. [FREE Full text] [doi:
10.1002/14651858.CD007837.pub2] [Medline: 22895967]

Jackson RP, Simmons EH, Stripinis D. Incidence and severity of back pain in adult idiopathic scoliosis. Spine (PhilaPa
1976). Oct 1983;8(7): 749-756. [doi: 10.1097/00007632-198310000-00011] [Medline: 6229884]

Sardi L, Idri A, Fernandez-Aleman JL. A systematic review of gamification in e-health. JBiomed Inform. Jul 2017;71:31-48.
[FREE Full text] [doi: 10.1016/}.jbi.2017.05.011] [Medline: 28536062]

Tenzer F. Verteilung der Videogamer in Deutschland nach Alter im Jahr 2021. Statista. 2021. URL: https://de.statista.com/
statisti k/daten/studie/290890/umfrage/al tersverteil ung-von-computerspiel ern-in-deutschland/ [accessed 2021-09-15]
Tuah NM, Ahmedy F, Gani A, Yong LN. A survey on gamification for health rehabilitation care: applications, opportunities,
and open challenges. Information. Feb 22, 2021;12(2):91. [doi: 10.3390/inf012020091]

Di Mascio T, Gennari R, Melonio A, Vittorini P. Gamify your field studies for learning about your learners. In: Di Mascio
T, Gennari R, Vitorini P, Vicari R, La Prieta F, editors. Methodologies and Intelligent Systems for Technology Enhanced
Learning. Vol. 292. Cham. Springer International Publishing; 2014;135-142.

Wibmer C, Groebl P, Nischelwitzer A, Salchinger B, Sperl M, Wegmann H, et al. Video-game-assisted physiotherapeutic
scoliosis-specific exercises for idiopathic scoliosis: case series and introduction of a new tool to increase motivation and
precision of exercise performance. Scoliosis Spinal Disord. 2016;11:44. [FREE Full text] [doi: 10.1186/s13013-016-0104-9]
[Medline: 27896317]

Weiss H, Weiss G, Petermann F. Incidence of curvature progression in idiopathic scoliosis patients treated with scoliosis
in-patient rehabilitation (SIR): an age- and sex-matched controlled study. Pediatr Rehabil. 2003;6(1):23-30. [doi:
10.1080/1363849031000095288] [Medline: 12745892]

Dannehl S, Seiboth D, DoriaL, Minge M, Lorenz K, Thiring M, et al. A smartphone-based system to improve adherence
in scoliosis therapy. i-com. 2016;15(3):313-319. [doi: 10.1515/icom-2016-0035]

Fuss FK, Ahmad A, Tan AM, Razman R, Weizman Y. Pressure sensor system for customized scoliosis braces. Sensors
(Basel). Feb 06, 2021;21(4):1153. [FREE Full text] [doi: 10.3390/s21041153] [Medline: 33562166]

Shaw M, Adam CJ, Izatt MT, Licina P, Askin GN. Use of the iPhone for Cobb angle measurement in scoliosis. Eur Spine
J. Jun 2012;21(6):1062-1068. [ FREE Full text] [doi: 10.1007/500586-011-2059-0] [Medline: 22065167]

Franko Ol, Bray C, Newton PO. Validation of a scoliometer smartphone app to assess scoliosis. J Pediatr Orthop. Dec
2012;32(8):e72-e75. [doi: 10.1097/BPO.0b013e31826bb109] [Medline: 23147635]

https://rehab.jmir.org/2023/1/e46217 JMIR Rehabil Assist Technol 2023 | vol. 10 | e46217 | p. 11

(page number not for citation purposes)


http://dx.doi.org/10.3109/09638288.2016.1153160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27097761&dopt=Abstract
https://europepmc.org/abstract/MED/31206094
https://europepmc.org/abstract/MED/31206094
http://dx.doi.org/10.4102/sajp.v75i1.904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31206094&dopt=Abstract
https://scoliosisjournal.biomedcentral.com/articles/10.1186/s13013-015-0048-5
http://dx.doi.org/10.1186/s13013-015-0048-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26413145&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0168746
https://dx.plos.org/10.1371/journal.pone.0168746
http://dx.doi.org/10.1371/journal.pone.0168746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28033399&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1356-689X(09)00209-4
http://dx.doi.org/10.1016/j.math.2009.12.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20163979&dopt=Abstract
https://docplayer.org/211819732-Moeglichkeiten-der-heilmittelverordnung-bei-skoliose-regelungen-seit-dem-1-januar-2021.html
https://docplayer.org/211819732-Moeglichkeiten-der-heilmittelverordnung-bei-skoliose-regelungen-seit-dem-1-januar-2021.html
https://air.unimi.it/handle/2434/721836
http://dx.doi.org/10.1016/j.rehab.2018.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30145241&dopt=Abstract
http://dx.doi.org/10.1080/21679169.2019.1617777
http://dx.doi.org/10.1080/09638280801889568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18432435&dopt=Abstract
https://air.unimi.it/handle/2434/721832
http://dx.doi.org/10.1002/14651858.CD007837.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22895967&dopt=Abstract
http://dx.doi.org/10.1097/00007632-198310000-00011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6229884&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(17)30106-5
http://dx.doi.org/10.1016/j.jbi.2017.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28536062&dopt=Abstract
https://de.statista.com/statistik/daten/studie/290890/umfrage/altersverteilung-von-computerspielern-in-deutschland/
https://de.statista.com/statistik/daten/studie/290890/umfrage/altersverteilung-von-computerspielern-in-deutschland/
http://dx.doi.org/10.3390/info12020091
https://europepmc.org/abstract/MED/27896317
http://dx.doi.org/10.1186/s13013-016-0104-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27896317&dopt=Abstract
http://dx.doi.org/10.1080/1363849031000095288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12745892&dopt=Abstract
http://dx.doi.org/10.1515/icom-2016-0035
https://www.mdpi.com/resolver?pii=s21041153
http://dx.doi.org/10.3390/s21041153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33562166&dopt=Abstract
https://europepmc.org/abstract/MED/22065167
http://dx.doi.org/10.1007/s00586-011-2059-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22065167&dopt=Abstract
http://dx.doi.org/10.1097/BPO.0b013e31826bb109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23147635&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Gunther et a

45,

46.

47.

48.

49,

Ketenci I, Yanik HS, Erdogan O, AdiyekeL, Erdem S. Reliability of 2 smartphone applications for Cobb angle measurement
in scoliosis. Clin Orthop Surg. Mar 2021;13(1):67-70. [FREE Full text] [doi: 10.4055/ci0s19182] [Medline: 33747380]
Zapata KA, Wang-Price SS, Fletcher TS, Johnston CE. Factors influencing adherence to an app-based exercise program
in adolescents with painful hyperkyphosis. Scoliosis Spinal Disord. 2018;13:11. [FREE Full text] [doi:
10.1186/s13013-018-0159-x] [Medline: 30027121]

Korhonen O, Véayrynen K, Krautwald T, Bilby G, BroersHAT, Giunti G, et al. Data-driven personalization of aphysiotherapy
care pathway: case study of posture scanning. IMIR Rehabil Assist Technol. Sep 15, 2020;7(2):€18508. [FREE Full text]
[doi: 10.2196/18508] [Medline: 32930667]

Tack C, Grodon J, Shorthouse F, Spahr N. "Physio anywhere": digitally-enhanced outpatient care asalegacy of coronavirus
2020. Physiotherapy. Mar 2021;110:A26-A28. [FREE Full text] [doi: 10.1016/j.physi0.2020.07.004] [Medline: 33308826]
Lee M, Kim J, Forlizzi J, Kieder S. Personaization revisited. In: Mase K, Langheinrich M, Gatica-Perez D, Gellersen H,
Choudhury T, Yatani K, editors. Proceedings of the 2015 ACM International Joint Conference on Pervasive and Ubiquitous
Computing - UbiComp '15. New York, NY. ACM Press; 2015;743-754.

Abbreviations

BSPTS: Barcelona Scoliosis Physical Therapy School
DoboMed: Dobosiewicz's method

FITS: Functional Independent Treatment for Scoliosis
PQ: questionnaire for patients with scoliosis

PSSE: physiotherapeutic scoliosis-specific exercises
QR: quick response

TQ: questionnaire for scoliosis therapists

Edited by M Mulvenna; submitted 09.02.23; peer-reviewed by | Said-Criado, SMelville; commentsto author 05.05.23; revised version
received 16.06.23; accepted 21.06.23; published 04.08.23

Please cite as:

Giinther F, Schober F, Hunger S, Schellnock J, Derlien S, Schleifenbaum S, Drossel WG, Heyde CE
Improving Home-Based Scoliosis Therapy: Findings From a \Web-Based Survey

JMIR Rehabil Assist Technol 2023;10:e46217

URL: https://rehab.jmir.org/2023/1/e46217

doi: 10.2196/46217

PMID: 37540557

©Florian Gunther, Fabian Schober, Sandra Hunger, Julia Schellnock, Steffen Derlien, Stefan Schleifenbaum, Welf-Guntram
Drossdl, Christoph-Eckhard Heyde. Originally published in IMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org),
04.08.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the origina publication on https://rehab.jmir.org/, as well as this copyright and license
information must be included.

https://rehab.jmir.org/2023/1/e46217 JMIR Rehabil Assist Technol 2023 | vol. 10 | e46217 | p. 12

RenderX

(page number not for citation purposes)


https://europepmc.org/abstract/MED/33747380
http://dx.doi.org/10.4055/cios19182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33747380&dopt=Abstract
https://europepmc.org/abstract/MED/30027121
http://dx.doi.org/10.1186/s13013-018-0159-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30027121&dopt=Abstract
https://rehab.jmir.org/2020/2/e18508/
http://dx.doi.org/10.2196/18508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32930667&dopt=Abstract
https://europepmc.org/abstract/MED/33308826
http://dx.doi.org/10.1016/j.physio.2020.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33308826&dopt=Abstract
https://rehab.jmir.org/2023/1/e46217
http://dx.doi.org/10.2196/46217
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37540557&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

