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Abstract—Scoliosis is a abnormal curvature of the spine often
found in adolescents. Commonly the management of patients with
scoliosis is done through manual methods. The use of smartphone
applications with integrated sensors allows the remote distributed
management of scoliosis. Patients and doctors can communicate
and collaborate each other through two different methods: web-
based methods and app-based methods. Scoliosis management
moves from a centralized system to a decentralized system with
obvious benefits for both the doctor and the patient. In particular,
the applications allow the doctor to monitor the patients scoliosis
curve remotely, saving time and money. Furthermore, they allow
the patient to easily check the progress of the scoliotic curvature
at home and receive immediate feedback about the correctness
and effectiveness of the physical exercises prescribed. We report
a brief survey of main apps for scoliosis management and
depicts a possible distributed software architecture for scoliosis
management.

Index Terms—Scoliosis, Scoliosis Management, Scoliometer,
Cobb angle, Angle of Trunk Rotation (ATR)

I. INTRODUCTION

Scoliosis is defined as a three-dimensional deviation of
the normal vertical line of the spine [1]. The most common
form of scoliosis is adolescent idiopathic scoliosis (AIS) and
affects many youths without particular clinical symptoms but
with a high risk of progression of the spinal curvature. The
measurement of Cobb angle represents the gold standard in the
determination and tracking of progression of scoliosis [2]. The
Cobb angle (see Figure 1) is used as a standard measurement
of the degree of side-to-side spinal curvature and it indicates
the maximum distance from a straight scoliotic curve. To
reveal the scoliosis, the curvature of the spine in the frontal
plan must be at least 10 degrees. The main goal of this work
is define a possible distributed architecture for the remote
management of scoliosis. A key element of the proposed
architecture is the use of apps (web-based or smartphone-
based), thus the second part of the work is devoted to briefly
describe the main apps for scoliosis management. The rest
of paper is structured as follows: traditional approaches for
measuring scoliosis are discussed in Section II, while Section
III presents a distributed software architecture for scoliosis
management. In particular, a cloud architecture based on a
central server and remote apps used by patients and doctors, is
discussed in Section III-A. Section IV surveys the main apps
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for scoliosis management. Finally, conclusions are drawn in
Section V.
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Fig. 1. Cobb angle.

II. TRADITIONAL SCOLIOSIS MANAGEMENT

Traditionally, scoliosis is managed through manual methods
such as traditional scoliometer, manual measurement of the
Cobb angles on radiographs and of the angle of trunk rotation
(ATR). The scoliometer is an instrument that is used to
measure the degree of a scoliosis curve; it is used across the
patient back while he/she is in the position assumed for the
Adam’s forward bend test. The Adam’s forward bend test is
a simple and non-invasive screening method to measure the
ATR angle.

The Cobb angle is measured using goniometer and pencil on
the hardcopy radiographic films to draw manually the tangents
of the most tilted vertebrae on the superior and inferior aspects
of the apex. This method allows to estimate the angle between
the two drawn tangents [3].

Traditional tools and methods to acquire spine curve mea-
surements are being replaced by software-based methods and
tools with notable benefits on both sides, patient and doctor.
For example, in web-based methods the doctor, after the
medical examination in the office, loads the scoliosis data onto



a web system which the patient can access, see the exercises
prescribed and begin his/her therapy. Nevertheless, web-based
methods have limitations that can be overcome by app-based
methods.

III. DISTRIBUTED SCOLIOSIS MANAGEMENT

Information and Communication Technology (ICT)-based
management methods can improve efficiency and effective-
ness of the scoliosis monitoring [6]. A typical ICT-based
architecture for the scoliosis monitoring consists of a client-
side application (app) that spreads across multiple smartphone
devices in a network. The client-side app uses the sensors in-
tegrated into the smartphone device to take the measurements
of the patient’s degree of scoliosis. These measurements are
dispatched to the doctor-side app where they are evaluated in
real-time by doctors and stored in databases to be analyzed
and compared [7].

For the remote scoliosis management, the main sensors
for motion detection that are embedded in modern smart
devices (smartphones) are: accelerometer and gyroscope. The
gyroscope measures how fast the device rotates along the three
axes, while the accelerometer detects changes in the device
displacement, orientation and tilt around the three axes [8].

Smartphones represent nodes of the network over which
the data exchange takes place. In particular, a distributed ICT
system consists of multiple nodes which contain the client-
side apps used by the patients; the nodes interacts through the
network with a central server for data storage and processing.
The central server is accessible by the doctor through the
network using his/her own doctor-side app. Therefore, patients
scoliosis data are managed in a distributed context [4].

Mobile phones equipped with a dedicated app are used to
collect and transmit patient data to health professionals for
remote monitoring and interpretation of scoliosis data. Each
patient uses his/her own app to take scoliosis measurements at
home. The doctor gathers and stores the measurements from
the patients in his/her charge. In this way he/she can remotely
monitor the evolution of scoliosis for each of his patients.

The patient can connect with his/her doctor remotely to
verify the correctness and effectiveness of the exercises and
establish the next visit. Through a decentralized network,
patients can receive continuous care from the doctor without
having to go to the doctor’s office. The patient no longer
has to physically go to the doctor’s office or go to a central
place because a distributed system guarantees the possibility
of providing the assistance and treatment service directly to
the person through a decentralized network.

Through the decentralized system, the doctors can follow
the patient’s scoliosis evolution over time and provide ongo-
ing scoliosis management, wherever that patient is located.
Managing patients at home is often preferable for a lot
of reasons. Remote consultations decreases the chances of
doctors catching infectious diseases from their patients beside
of reducing the costs charged to the doctors and providing
quicker wait times and more easy access to care. More in
particular, on the medical side, the doctor can manage several

patients at the same time and reduce the queues for office
visits.

On the other hand, the patient can take scoliosis measures
on his/her own, dispatch immediately the measurements to the
doctor and get feedback on the exercises. All of this without
the need for frequent face-to-face meetings with the doctor.
This implies an increase in the degree of patient satisfaction
that leads to a better adherence to the doctor prescription (e.g.
scoliosis-specific exercise). Moreover, the data acquired by the
sensors embedded into the smartphones can be gathered and
stored in a database to be subsequently processed by different
data mining techniques and machine learning (ML) to extract
hidden information and to make predictions about the scoliosis
grade progression [5]. Such a system allows the doctor to
access new knowledge and information to reach a decision
about care that is most appropriate for the patient.

A. Cloud architecture

Patients scoliosis data are managed through the apps in a
distributed context where the smartphones represent the nodes
of the network. The nodes interacts through the network with
a provider which works to process the data coming from the
patients apps and generates the reports for the doctor. Figure
II-A shows the distributed ICT framework for the scoliosis
data management. Each patient has a smartphone on which a
scoliosis app is installed to measure scoliosis remotely.
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Fig. 2. Cloud architecture.

Data management by the doctor takes place in a distributed
manner as patients take measurements. Scoliosis measure-
ments (such as the Cobb angle or the ATR angle) are acquired
using the sensors integrated in the smartphone or the smart-
phone camera while additional data such as weight, height or
age are uploaded manually by the patient into the app.

Since the data comes from different apps, they are hetero-
geneous and thus they are not suitable for using them directly
in the doctor reports. More in detail, the scoliosis data coming
from the several patients apps can have different format and
type of fields. Moreover, data can often be inconsistent, noisy,
imbalanced, missing and high dimensional. This implies that
data are not suitable for being handled directly by the system.

For these reasons, a preliminary preprocessing phase that
includes the integration and cleaning steps, and transforms
the raw data into a suitable and efficient format for their



subsequent handling and analysis, is required [9], [10]. Once
standardized, that is once converted into a common format,
the data can be recorded and stored in a database to be
subsequently processed by different data mining techniques
and machine learning (ML). Data mining analysis aims to find
rules that describe relationships between variables in the data
and to uncover hidden patterns and trends.

The doctor can query the database to obtain the data
organized in reports as performed by the report engine module.
Data are displayed to the doctor in a readable form like graphs,
tables, video, documents, to allow the doctor to interpret the
results more easily.

Based on the outcomes, the doctor can monitor the evolution
of the scoliosis for choosing a personalized scoliosis treatment.
Through the app the doctor can provide prescriptions for
exercises which patients should undertake each day at home
and monitor the workouts. It should be noted that insufficient
or incorrect information about the patient and errors in the
acquisition of the measurements lead to incorrect evaluations
by the doctor that can be serious for patient health [11].

IV. APPS FOR SCOLIOSIS MANAGEMENT

In the following section six apps are examined. The fol-
lowing apps may be provided to patients for home scoliosis
monitoring. The choice of one particular app depends on the
particular specifications required.

A. 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 app
is available for both iOS and Android devices. Scoliotrack, for
a fee, measures the patient’s ATR (angle of trunk rotation) and
also keeps track of height, weight, age and photo records of
the person’s back to allow later comparisons. Scoliosis data
is represented graphically making it easier to read changes on
the person’s scoliosis. Horizontally it is possible to select the
months, while vertically it is possible to select the values of
age, height and weight of the user.

Figure IV-A shows the evolution of the patient’s weight
within a six-month period.
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Fig. 3. Scoliotrack.

B. Scoliometer

Scoliometer (see Figure IV-B is a useful for professionals
and those who want to monitor changes in the spinal curvature
at home. The app, for a fee, represents a simple and fast
way to measure and monitor the ATR accurately. The app is
available for latest iPhone and Android devices. Scoliometer
is a simpler and cheaper version of the same app by developer
of Scoliotrack.

If there is asymmetry in
both the upper and lower back,
two Scoliometer readings

Fig. 4. Scoliometer.

C. Cobbmeter

Cobbmeter, available free of charge, is used to measure the
Cobb angle, the kyphosis angle, and the sacral slope on vertical
spine through the radiographs. This method for measuring the
Cobb angle is a simple and effective procedure widely used
in the clinical practice. The app uses the angle sensor present
on the iPhone, which is a microelectromechanical system
(MEMS) accelerometer, to accurately measure the Cobb angle.
First, the upper side of iPhone is aligned to upper vertebra and
the position is validated by clicking on the screen. Next, the
lower side of iPhone is aligned with lower vertebra and it is
validated again. The Cobb angle is then measured and it is
shown on the iPhone screen.
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Fig. 5. Cobbmeter.



D. ScolioDetector

ScolioDetector measures the spinal curvature (ATR) using a
built-in scoliometer function. The app is available for Android
devices and is free of charge. Moreover, it records the mea-
surement readings for monitoring the scoliosis evolution, and
records other information like age, height, weight and body
mass index (BMI). ScolioDetector has a section dedicated to
exercises.
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Fig. 6. ScolioDetector

E. Scoliosis Tracker

Scoliosis Tracker is designed to measure, record and track
adolescent’s scoliosis. A digital scoliometer measures spine
rotation and determines the need for x-rays. The app is avail-
able for iOS devices, and includes the appointments reminder
and several educational contents about scoliosis.

FE. Artificial Intelligence Posture Evaluation and Correction
System (APECS)

APECS uses standardized landmarks and anatomical angles
for full and detailed posture assessment. It offers detailed
results based on over sixty anthropometric landmarks. In
posture analysis the user can access different views of the
person such as the front view, the back view, the separate left
and right side views, the forward band test; afterwards the user
positions the markers. At the end of photogrammetric analysis
a results section is available; here it is possible find a analysis
report generated automatically; the user can also add patient’s
full name, patient’s date of birth. Some relevant exercises as
well as a comment to these exercises are added.A PDF report
that regroups all these results (photos and measurements) can
be downloaded and saved on the phone.

The app is available for both iOS and Android devices.
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V. CONCLUSIONS

The use of apps for the spinal curvature assessment and
the scoliosis progression monitoring brings several advantages
to both patients and health professionals, in particular to
orthopedics specialists. In particular, a distributed management
of scoliosis has the potential to improve the quality and effec-
tiveness of controls , reduce costs, promote greater sensitivity
to the diagnosis of scoliosis even in those areas geographically
less accessible to treatment. It is important that patients are
adequately trained and prepared to use these apps correctly
We have made a summary of the top six apps that do scoliosis



management job remotely and identified the main features of
these apps.
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