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Abstract

Scoliosis is a curvature of the spine often found in adoles-
cents. Commonly the management of patients with scoliosis
is done through manual methods or web applications. Web
applications require the doctor or patient to upload data,
after taking scoliosis measurements with some separate in-
strument.

More recently, applications that can be downloaded on smart-
phones (the so called apps), have been integrated into the
clinical practice of scoliosis management. These applications
allow to take scoliosis measurements directly, without the
need to upload data by the user, thanks to the use of the
smartphone sensors. In this paper, we first define some qual-
itative criteria to evaluate such apps and then we evaluate
some relevant apps for scoliosis management. The criteria
of evaluation taken into consideration include: Availability,
Technology, Measurement, Functions and Qualitative eval-
uation. Each criterion represents an aspect of the apps and
serves to characterize them.

Apps-based scoliosis management offers several advantages
both on the doctor and on the patient side. For example,
from the patient’s point of view the app may be useful to
continuously and easily monitor scoliosis at home, while the
doctor can monitor the scoliosis evolution along the time
reducing the number of visits to the patient.
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1 Introduction

Scoliosis is a lateral curvature of the spine [8]. The most
common form of scoliosis is adolescent idiopathic scoliosis
(AIS) and affects many youths without clinical symptoms
but with a high risk of progression of the spinal curvature.
The Cobb angle (see Figure 1) is a measurement of the degree
of side-to-side spinal curvature and indicates the maximum
distance from a straight scoliotic curve. Usually, it is at least
10 degrees of deviation from straight before scoliosis is diag-
nosed.

The measurement of the Cobb angle on radiographs rep-
resents the gold standard in the evaluation of the spinal
curvature [4]. The Cobb angle is measured by determining
manually with a pencil the tangents of the upper and lower
endplates of the upper and lower end vertebra and estimat-
ing through the use of a goniometer the angle between the
two drawn tangents [5]. However, evaluating scoliosis from
X-ray images involves a radiation exposure.
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Figure 1. Cobb angle.

A physical examination combined with the use of sco-
liometer can replace X-rays in screening or follow-up of
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patients with scoliosis, whereas the gold standard for diag-
nosis remains evaluation on radiographs.

The contribution of this paper is to evaluate some smart-
phone scoliometer applications made available as smart-
phone apps, in place of a traditional scoliometer to perform
scoliosis check at home. The rest of the paper is organized as
follows. Section 2 briefly describes the role of apps for scol-
iosis management. Section 3 introduces some criteria that
can be used to evaluate different apps. Section 4 presents
the most relevant apps in the scoliosis management. Finally,
Section 5 concludes the paper and outlines future work.

2 The role of apps for scoliosis
management

Apps can be integrated into clinical practice and replicate
the function of traditional medical devices [7]. Doctors can
use apps to measure the Cobb angle on radiographs or to
measure the angle of trunk rotation (ATR) while the patient
is in a forward bending position [9]. This exam, known as
the Adam’s forward bend test, can detect the presence of
indicators for scoliosis and lead to an early diagnosis [3].
Furthermore, there are apps for patients who perform self-
diagnosis; these apps allow to monitor the progress of cur-
vature of the spine directly from home and get a clinical
consultation from the doctor remotely [6]. Doctors also can
have apps to assist with time management and scoliosis
patient management [1]. For example, doctors can support
patients with exercise prescription and monitoring the effi-
cacy of therapy and at the same time not be overloaded with
many visits to their medical offices. In general, data from the
patient using the app are stored on a back-end web portal
which the doctor accesses and compares current readings
with previous readings.

Besides the angles, the app can keep track of other informa-
tion such as height, weight and age and show the variations
of these quantities over time in graph format. Furthermore,
apps allow to collect a large amount of data that may be used
to train machine learning algorithms and formulate trends
and treatments [1]. Apps can read measurements related to
the scoliosis using the device sensor system such as gyro-
scope or accelerometer. Moreover, some apps use the camera
that allows to take a photo of person’s back and visually
track changes to the back.

3 Criteria for evaluating apps for scoliosis
management

We defined the following criteria for evaluating the apps for
scoliosis management:

e Availability. Availability represents that set of condi-
tions, such as findability and accessibility which make
the app ready to be used by the user. Some relevant
availability data are: the Store where to find the app
(e.g. Apple store or Google store), or the URL in case
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of Web/Mobile application; if the app is obtainable
through Payment or is Free of charge. Finally, the avail-
ability or not of user support media such as tutorials
or guides.
Technology. Technology refers to device or system
used to download the app. Some technology data are:
the Operating System (e.g. iOS or Android) with which
the app is compatible; additional devices, when it is
expected, coupled to the smartphone to improve the
accuracy of the measurement.

e Measurement. Measurement refers to the instruments
used to carry out the measurement as well as the
measured scoliosis parameters. Some relevant Mea-
surement data are: the Sensors embedded in smart-
phone and used to detect scoliosis data ( e.g gyro-
scope/accelerometer or camera); measured parameters
related to scoliosis (e.g Cobb angle and ATR); the mea-
surement technique used that distinguishes an app
from others.

e Functions. Functions represents everything the app
is able to implement for the management of scoliosis.
Some relevant Functions data are: the Posture Moni-
toring to adopt a correct posture in order to remain
in good health; the presence of a Medical Interface
which allows the doctor to interact with the patient
in real time and control the scoliosis data; prescribing
exercises and monitoring their benefits; collecting and
recording additional information such as height, age
and weight to monitor growth and their impact on
scoliosis.

Qualitative evaluation. Qualitative evaluation is a

final evaluation of the characteristics that make the

app a useful and effective tool in the management of
scoliosis. Some relevant qualitative evaluation data are:
strengths, weaknesses and user-friendliness.

4 Relevant apps for scoliosis management

In the following section two of the most significant apps are
examined.

4.1 Scoliotrack.

Scoliotrack allows the patient to track, from month to month
and between one visit and another, the progression of the
spinal curve by using the smartphone accelerometer. The
application is available on Apple Store and Play Store, and
requires payment of a fee for access. Moreover Scoliotrack
provides a video tutorial on how to use the app. As for the
operating system, the app is compatible with both iOS and
Android. This application has a high degree of accuracy
which makes it suitable for use by professionals for moni-
toring of multiple patients. Furthermore, it is simple enough
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for personal use at home and allows to store scoliosis mea-
surements for future monitoring. ! Scoliotrack measures the
patient’s angle of trunk rotation and also keeps track of
height, weight, age and photo records of the person’s back to
allow later comparisons and checkups. [1] A display shows
measurements in graph format to make easy monitoring
changes in scoliosis over time. Among the various functions,
the application allows to take photo of the person’s back
through a camera and saves data of multiple users. The ap-
plication doesn’t monitor posture or prescribe exercises.
Among the strengths of the app there are: the app shows
data output in graph format; the app tracks changes over
time; the app saves and tracks the data of multiple users.
Scoliotrack is easy and simple to use and requires no medical
knowledge or training (see Figure 2).
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Figure 2. Scoliotrack

4.2 Scoliometer.

The digital scoliometer is a useful app for professionals and
those who want to monitor changes in the spinal curvature at
home. Scoliometer is available on Apple Store and Play Store.
Moreover the app provides a simple four-step guide to teach
how to measure scoliosis. The application, provided at an
affordable price and with continuous availability over time,
represents a simple and fast way to measure and monitor
the angle of trunk rotation accurately. The measurement
is performed with a gyroscope/accelerometer. Furthermore,
Scoliometer can screen scoliosis curves up to 50 degrees and
is compatible with the latest iPhone and Android devices. 2.
Scoliometer is a simpler and cheaper version of the same app
by developer of Scoliotrack.[1] The app has no particular
strengths (see Figure 3)

5 Conclusions and Future work

The use of apps brings several advantages to both patients
and health professionals, in particular to orthopedics special-
ists. Patients can easily monitor the progression of curvature

https://www.amazon.it/Health-In-Your-Hands-
ScolioTrack/dp/BO0C2NNSY8
Zhttps://apps.apple.com/gb/app/scoliometro/id649380964?1=it
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If there is asymmetry in
both the upper and lower back,
two Scoliometer readings

Figure 3. Scoliometer

of the spine without an in-person visit. An easy-to-use app
lends itself well to being used by patients to take scoliosis
measurements at home, allowing a periodic and continue
monitoring and avoiding the patient going to the doctor very
frequently. Doctors, on the other hand, can manage a large
number of scoliosis patients and give a immediate feedback
to the patient based on the comparison between the pre-
scribed exercises and the results achieved up to that moment.
Doctor can better manage not only the visit queue but also
the individual patient [1]. Moreover the use of apps allows
a better management of emergencies and priorities by the
doctor. The measurements made by using the apps are more
stable and precise because they make use of sensors such
as accelerometer and gyroscope. Finally, apps can improve
accuracy of screening by physicians [2]. As future work, we
plan to extend this survey by including more apps and by
reporting, for each evaluation criteria, the proper observed
values.
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