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ABSTRACT

Low back pain (LBP) mainly affects the working-age population, and few specific causes can be identified, making
diagnosis difficult and rendering them nonspecific. Artificial intelligence (Al) can be a great ally for prognosis,
diagnosis, and treatment plans in healthcare. To describe the development of software aimed at providing
prognoses, diagnoses, and treatment suggestions for LBP with Al support, as well as to report the functionality
and initial limitations through a pilot study. Fifty assessment records from a database of patients at the
Physiotherapy School Clinic of the University of Gurupi-UnirG, who were treated for LBP, were analyzed. Using
data mining, including information described by patients and post-processing of discovered anamnesis patterns
(rules), it was possible to develop software for evaluation and intervention in this patient group. Subsequently, a
pilot study was initiated with 34 patients residing in the city of Gurupi-TO to test the application’s functionality.
The software enabled more accurate treatments, diagnoses, and prognoses during the pilot study, directing the
patient towards physiotherapeutic intervention based on the presented condition.
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of therapeutic techniques for the treatment of these patients

INTRODUCTION 1.

The success of physiotherapeutic treatment for LBP
depends on a thorough analysis of the individual and the
variables assessed in the medical history, physical
examination, goals, and proposed treatment techniques for
the rehabilitation of these patients. Therefore, treatment
success relies on a comprehensive physiotherapeutic
assessment that involves multiple data and correct decision-
making in the application of evidence-based techniques in the
treatment of LBP [6, 7].

With the increasing amount of patient data obtained and
stored in information systems, the possibility of obtaining
critical information and successful knowledge to support
decision-making processes by physiotherapy professionals is
expanded. Physiotherapists are faced with a large number of
variables that need to be managed so that they can make more
assertive decisions regarding the treatment to be indicated for

Low back pain (LBP) is one of the most common health
problems and the number one cause of global disability [1].
LBP is the leading chronic health problem in the world [1].
Currently considered a public health issue, it is one of the
leading causes of physical disability in active populations of
industrialized countries, considering muscular, skeletal
alterations, and economic and psychosocial disorders, making
it necessary to adopt appropriate measures to control pain and
improve the quality of life of these patients [1-5].

The prevalence of LBP in the adult population aged 18
years and older is 18.5%. LBP effects on average 80% of the
world’s population at some point in life, being the most
common cause of activity limitation in individuals up to 45
years of age [1].

The increased incidence of LBP correlates with

occupational activities, such as prolonged static postures
and/or repetitive movements with mechanical stress, leading
to metabolic damage to the components of the lumbar spine
[3]. Physiotherapy emerges as an indispensable tool in
promoting health and improving quality of life through the use

a patient [8].

Fortunately, technology is increasingly present in the daily
lives of healthcare professionals, which supports professionals
in extracting knowledge from a large amount of patient data
and accompanying variables.
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In this way, the use of artificial intelligence (Al) has shown
significant potential in the applicability of physiotherapeutic
treatment[6, 7, 9]. There are several precedents demonstrating
its effectiveness. To enhance knowledge discovery in a
database, one of the alternatives is the knowledge discovery in
databases (KDD) process. KDD allows discovering relationships
in data stored in a database more easily than with traditionally
used techniques, such as statistics, for example. Researchersin
the field of computing have researched and developed various
methods and computer programs that are constantly
incorporated into the KDD process [9].

The KDD process consists of several stages, which can be
grouped into three main groups: data preparation, data
mining, which stands out as a proper Al technique, and post-
processing of the results obtained by mining [9].

Given the limited appropriation of the KDD process by
physiotherapy, specifically for the diagnosis and treatment of
LBP, this research project will exemplify and discuss the
exploration of data from patient follow-ups using data mining
and post-processing of discovered anamnesis patterns (rules).

The algorithm linked to an Al is an innovation that is likely
to change the scenario of Physiotherapy in the coming
decades, and to achieve the objective of this study, a team of
developers, companies, and IT consulting professionals has
been organized, in partnership with the Technological Park of
the University of Fortaleza (TEC Unifor). Therefore, it is
considered a major milestone for the definitive entry into the Al
(machine learning) era with the development of software that
can assist physiotherapists in assessing clinical and functional
conditions of patients and collaborate in therapeutic decision-
making. The software provides a more assertive understanding
of the patient’s real needs regarding their clinical condition,
suggesting to the physiotherapist what would be the most
appropriate treatment.

Thus, this project aims to describe the creation of the
application with the purpose of proposing diagnosis,
prognosis, treatment suggestions for LBP with Al support, as
well as reporting the functionality and initial limitations
through a pilot study.

METHODOLOGY

Methodologies Used for Analysis and Evaluation for Pilot
Study

This study employed a descriptive developmental research
approach, conducted through an application created by
MEDME.CARE®, utilizing a preliminary database of patients
presenting with LBP, along with information provided by
physiotherapists through anamnesis conducted from August
2021 to August 2022. This study was approved by the Research
Ethics Committee under opinion 4.644.995/21.

To demonstrate the application of each of the three data
mining tasks, a dataset recording the follow-up of 50 patients
at the physiotherapy school clinic with a clinical diagnosis of
LBP was utilized.

For the experiment, the Weka Explorer program was
adopted. According to [10], machine learning can be defined as
an area that studies how computers can learn or improve their
performance automatically. A key research area is to make
computer programs learn to recognize complex patterns
automatically and make intelligent decisions based on data.

This program was chosen to meet two recommendations:
prediction and clarification of the relationship between
variables and the predicted class. Through its graphical
interface, it is possible to conduct data mining processes on
small databases, evaluate the results obtained, and compare
the various algorithms already incorporated into the tool. The
algorithms are applied directly to a dataset and can be used for
preprocessing, classification, regression, clustering,
association rules; it also includes visualization tools to analyze
which are the best algorithms to be applied in an experiment.

Three algorithms from this tool were used to work with this
data, as follows:

1. The Naive Bayes algorithm, which is a classifier, uses
data analysis to extract models that categorize the
labels of a class. It assumes that all predictor elements
are independent of each other, meaning they are
uncorrelated and non-existent. Classification has
numerous applications, including fraud detection,
targeted marketing, performance forecasting,
manufacturing, and medical diagnosis.

2. Another algorithm was used to demonstrate the task of
discovering association rules, whose main objective is
to discover strong relationships between data by
relating the patterns in which they appear. Aprioriis the
algorithm that groups data with common
characteristics. This choice is due to the fact that the
collected data present several occurrences for the
same variable, which facilitates machine learning for
prediction. For example, the variable leg numbness
may present one or more possible values for patients in
the same group, which when analyzed may be
associated with other variables, enabling different or
non-different diagnoses. This association, regarding
independent variables, is unfeasible for other
computational programs due to its complexity.

3. The third algorithm used was J48, which generates a
decision tree. Thus, the relationship between the
values of the variables and the paths chosen by the
machine when deciding on this dataset can be
understood.

The Weka Explorer environment was chosen to exemplify
this classification task, by class, grouping, and decision tree, as
itis a widely used and easily operational environment. The use
of different computational programs or algorithms allows for
greater accuracy in developing solutions, based on efficiency,
confidence, and thorough analysis, including incorrect data
classification, which machine learning itself points out. Thus,
the physiotherapist can use the tool more accurately, with
decisions based on data science, seeking more effective
treatments, the result of efficient diagnosis and prognosis.

Data and Associated Predictions
Naive Bayes algorithm

The objective of classification was to analyze the provided
data according to their class, which in this case was to
determine which patients need to undergo a preliminary
evaluation, i.e., the need for an appointment with the
physiotherapist before continuing the diagnosis.

The algorithm achieved an accuracy of 91.1765%, meaning
it correctly predicted the class from the provided data (part A
in Figure 1). It only made errors in 8.8235% of cases,
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Time taken to build model: 0 seconds
=== Evaluation on training set ===
Time taken to test model on training data: 0 seconds

=== SummAYY ===

Correctly Classified Instances 31
Incorrectly Classified Instances 3

Kappa statistic 0.8172
Mean absolute error 0.1658
Root mean squared error 0.2359
Relacive absolute error 36.101S &
Root relative squared error 49.3503 %
Total Number of Instances 34

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall

0,864 0,000 1,000 0,864

1,000 0,136 0,800 1,000
Weighted Avg. 0,912 0,048 0,929 0,912

=== Confusion Matrix ws=

a b
1 3|
012 |

<-- classified as
a = VERDADEIRO
b = FALSO

Weka: Instance info Weka Instance info

Plot : weka.classifiers.bayecs.NaiveBayes (
Instance: 31

Plot :
Instance: 11

weka.classifiers.bayes.lNoiveBayes («

91.176S &

£.8235 &
F-Measure MCC ROC Area PRC Area Class
0,927 0,831 1,000 1,000 VERDADEIRO
0,089 0,831 1,000 1,000 FALSO
0,913 0,831 1,000 1,000

Weka: Instance info a

Plot : weka.classifiers.bayes.NaiveBayes (
Instance: 32

Is(Pratica Exercicios : 0 a 1 dia Is;Pratica Exercicios : 0 a 1 dia Is;FPratica Exercicios : 0 a 1 dia
Cirurgia orto : Missing Cirurgia orto : Missing Cirurgia orto : Missing
Reu=acica : FALSO Reusacica : FALSO Reuzacica : FALSO
Arcrite/arcrose : FALSO Arcricte/artrose : FALSO Arcrite/artrose : FALSO
Def Fisica/peuro : FALSO Def Fisica/neuro : FALSO Def Fisica/neuro : VERDADEIRO
Outras DoenASas : Missing Outras DoendSas : Asma Outras DoenASas : SA-ndrome de M
Fraturas : osbro-direito Fracuras : Missing Fraturas : Missing
Locais dores : Missing Locais dores : coluna-toracic: Locals dores : Missing
Tempo dores : 1 a & semanas Texpo dores : Mais de 12 sem Tempo dores : Mais de 12 sen
Ferda Forlsa : FALIO Perda YorASa : VERDADEIRO Perda Forlsa : FALSO
Formigamento : FALSO Formigazmento : FALSO Formigamento : FALSO
Dormencis : FALSO Dormencia : FALSO Dormencia : FALSO
prediction =argin : -0.45€670741€1 prediction margin : -0,.56705046364. prediction margin : -0.63747132222
predicted Teleatendimento : FALSO predicted Teleatendimento : FALSO predicted Teleatendimento : FALSO
Teleatendizmento : VERDADEIRO Teleatendimento : VERDADEIRO Teleatendimento : VERDADEIRO

—

Figure 1. Accuracy assessment: The accuracy assessment of the Naive Bayes algorithm and its prediction analyses (A), variables
“pain duration” and “fractures” (B); variable “weakness in the legs” (C), & variable “physical/neurological impairment” (D) (Source:

Authors’ own elaboration)

misclassifying 3 instances. Upon analyzing the algorithm’s
errors, it is concluded:

(1) The first error of the algorithm is related to the
attributes “pain duration” and “fractures” (part B in
Figure 1).

(2) The second error of the algorithm is related to the
attribute “leg weakness” (part C in Figure 1).

(3) The third error of the algorithm is related to the
attribute “physical/neurological deficiency” (part D in
Figure 1).

Although other indicators do not suggest the need for
physiotherapist intervention, studies and good clinical
practices suggest further investigation as it may be related to
“red flags”.

Apriori algorithm

The objective of association was to group the best
attributes that best identify and are most assertive in the
physiotherapist’s preliminary intervention. The parameters set

were 20% support and 90% confidence. Only two attributes
were not correctly associated: exercise practice/leg numbness
and “physical/neurological deficiency/pain duration/leg
numbness”.

J48 algorithm

The objective of the decision tree is to find the best path
that could lead to the class result, following the attributes
traversed. The algorithm correctly classified 88.2353%. It failed
to find the correct paths in 11.7647%, i.e., 4 patients.

The algorithm was not accurate in placing the attribute
“pain duration” before “rheumatic diseases”,
“arthritis/osteoarthritis”, and “other diseases” in the decision
tree, which do not even appear in the figure. If it had done the
opposite, it would have been correct.

The items certified by the Weka tool, with the observations
collected from the described analyses, were sent to
MEDME.CARE’® where an exclusive algorithm for the tool was
created, focusing on supporting decision-making for clinical
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Figure 3. Initial description of the anamnesis in the application (A), information about the patient’s clinical condition (B), &
previously fractured area or correlated pains (C) (Source: Authors’ own elaboration)

diagnosis, prognosis, and will be used for the prescription of
treatment for patients with LBP in the future (Figure 2).

After this analysis, a platform was created, based on
evaluative and interventional determinants for this group of
patients. In the initial test, a pilot study was conducted with the
same number of patients, residents of the city of Gurupi-TO, to
identify the functionality and initial limitations of the solution.

The functionality of the application allows the patient to
register in advance through a QR code provided by the
physiotherapist to start the anamnesis: name, date of birth,
email, password, CPF, cell phone, gender, telephone, height,

weight, as well as the signature of the terms of use of
MEDME.CARE’ (part A in Figure 3).

The second stage of the patient registration process is the
completion of data that complements the evaluative process,
such as: physical exercise practice, history of orthopedic
surgeries, rheumatic diseases, physical or neurological
deficiency, other diseases, history of fractures, localized pain,
how long they have been experiencing pain; in addition to a
brief specific assessment for the legs: weakness when moving,
tingling, and/or numbness (part B in Figure 3).

To identify the location of the human body where the
patient feels pain or has already suffered a fracture, a playful
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method was developed, in which the patient can report the
location. This allows for easy understanding by the potential
professional who may attend to them (part C in Figure 3).

Based on the responses, the software can guide the best
approach for the patient, which may include scheduling a
preliminary assessment and physiotherapeutic follow-up via
teleconsultation, or prescribing exercises that the patient can
perform at home. A pilot study was conducted with 34 patients
from the city of Gurupi-TO, with 22 females and 12 males,
average age = 25 years, all with complaints of LBP correlated
with work activity, who responded to the application
questionnaire.

RESULTS AND DISCUSSION

The patients’ pain was characterized in weeks, with 4
patients reporting that the pain started around 1 to 6 weeks, 9
patients from 6 to 12 weeks, and 21 patients > 12 months,
indicating the chronicity of the condition logical during
evaluation.

Regarding the lower limbs (LL), some patients reported
experiencing weakness, numbness, and/or tingling sensations
in their legs. Of the analyzed patients, 23 did not experience
any complaints related to the LL, 5 experienced leg weakness,
1 felt tingling sensations, and 5 felt numbness.

Based on the algorithmic analysis, 23 out of 34 studied
patients were directly referred for evaluation and management
with the physiotherapist, based on clinical history and
prognosis, and 11 were able to proceed with the second part of
the anamnesis, which is related to postural evaluative
exercises.

This was because the algorithm understood, based on the
clinical picture reported by the patient, that there is a higher
probability of signifying a more serious pathology (red flag)
when: “The patient is over 60 years old”, “The patient has
undergone orthopedic surgeries”, “They have had rheumatic
diseases, arthritis, osteoarthritis”, “They have a physical or
neurological deficiency”, “They are experiencing pain for 1 to 6
weeks associated with the other factors described” above and
when they present the symptoms described in aforesaid.

For these reasons, the algorithm recommended the
intervention of a physiotherapist before continuing with
possible remote treatment.

The software also allows movement analysis for postural
assessment. Through Al, via human body recognition using the
patient’s own smartphone camera, they can perform the
movement based on model videos. Computational vision
mapped through the program assists both the patient in
performing and accurately measuring real-time movements
and the physiotherapist. Factors such as pain intensity, range
of motion, repetitions, isometric holding, and other
information can be measured in the professional’s assessment.
However, this study demonstrated limitations in this
evaluative parameter due to the patient’s difficulty in
understanding to execute such activity. This can affect the
accuracy of the assessment and, consequently, treatment
planning. To overcome these limitations, healthcare
professionals may need to use alternative assessment
approaches, simplify instructions, and involve caregivers or
family members when necessary.

This development in the field of artificial neural networks
has sparked significant interest in its application in human
movement modeling through video analysis. With this tool, itis
possible to provide more accurate screening, diagnoses,
prognoses, as well as treatment monitoring and follow-up,
being an important ally for adherence and management of
health conditions [11]. Systematic review studies point to the
same direction of the information exposed about Al to improve
back pain outcomes and lessons learned from clinical
classification approaches. Artificial neural networks can also
be used to predict the recurrence of lumbar disc herniation
[12].

Following current scientific evidence-based premises for
treatment, itisimportant that patients are protagonists in their
rehabilitation plan, along with the physiotherapy professional,
for effective pain control, improvement of physical function,
and quality of life, becoming indispensable for
teleconsultation.

After patient improvement and education, the created
algorithm will contribute to modeling the demonstrated
movement and evaluating the patient’s performance during
rehabilitation, to conclude if the movements performed by the
patient correspond to those prescribed by the physiotherapist.
Assessing how consistent the patient’'s movement is in
reference to the set of prescribed movements, and thus
evolving during the functional progression process in
treatment.

CONCLUSION

After creating the software and conducting a pilot study, it
was possible to make adjustments to the algorithm to improve
diagnosis/prognosis through data analysis in the Weka
Explorer, identify the main limitations, and possible
improvements to demonstrate the impacts of the program on
the treatment of LBP. Science and technology continue to
direct complementary actions and adjustments, focusing on
optimizing physiotherapeutic action, effective and resolute
care for patients with LBP. Being a disease of high prevalence,
with symptoms self-reported by patients, with numerous
evaluative parameters ranging from postural alterations,
spinal pathologies, and movements that trigger muscular
injuries, the MEDME.CARE" solution becomes an evaluative and
interventional tool that, through Al, seeks to optimize these
processes.
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