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Abstract

This study applies Support Vector Machines (SVM) to enhance the diagnosis of chronic low back pain, achieving promising
results and paving the way for more accurate and clinically impactful models.

(IMIR Preprints 24/10/2024:67951)
DOI: https://doi.org/10.2196/preprints.67951

Preprint Settings

1) Would you like to publish your submitted manuscript as preprint?

' Please make my preprint PDF availableto anyone at any time (recommended).
Please make my preprint PDF available only to logged-in users; | understand that my title and abstract will remain visible to all users.
Only make the preprint title and abstract visible.
No, | do not wish to publish my submitted manuscript as a preprint.

2) If accepted for publication in aJMIR journal, would you like the PDF to be visible to the public?

' Yes, please make my accepted manuscript PDF available to anyone at any time (Recommended).
Y es, but please make my accepted manuscript PDF available only to logged-in users; | understand that the title and abstract will remain v
Yes, but only make the title and abstract visible (see Important note, above). | understand that if | later pay to participatein <ahref="httf

https://preprints.jmir.org/preprint/67951 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Faciroli et a

Original Manuscr ipt

https://preprints.jmir.org/preprint/67951 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Faciroli et a

Research Letter

Marcelle B F Faciroli'; Jair M Dias Jr*?, MD, MSc; Matheus A M Ferreira*, MSc; Nadia R B
Raposo®, PhD; Eduardo P de Aguiar’, PhD

! Department of Eletrical Circuits, Federal University of Juiz de Fora, Juiz de Fora, Brazil

? Center for Research and Innovation in Health Sciences (NUPICS), School of Pharmacy, Federal
University of Juiz de Fora, Juiz de Fora, Brazil

* Department of Orthopedics and Traumatology, University Hospital, Federal University of Juiz de
Fora, Juiz de Fora, Brazil

* Electrical Engineering Graduate Program, Federal University of Juiz de Fora, Juiz de Fora, Brazil

> Department of Mechanical Engineering, Federal University of Juiz de Fora, Juiz de Fora, Brazil

Corresponding Author:

Marcelle B F Faciroli

Department of Eletrical Circuits

Federal University of Juiz de Fora

Rua José Lourenco Kelmer, s/n - Sao Pedro
Juiz de Fora, 36036-900

Brazil

Phone: +55 32 21023402

Email: marcelle.faciroli@estudante.ufjf.br

Support Vector Machine for Accurate Classification of Chronic
Low Back Pain Severity

Abstract

This study applies Support Vector Machines (SVM) to enhance the diagnosis of chronic low back
pain, achieving promising results and paving the way for more accurate and clinically impactful
models.
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Introduction

Low back pain (LBP) is the leading cause of work-related disability worldwide, often classified
as non-specific when no structural abnormalities are found. In contrast, radicular pain from
neural compression is specific but affects a diverse group, making personalized treatment
challenging. Current classification efforts aim to optimize treatment based on clinical data but
need a widely accepted method [1].

Artificial intelligence (AI), particularly through machine learning (ML) techniques such as
Support Vector Machines (SVM), offers promise by identifying subgroups among chronic LBP
cases and categorizing diagnoses as either neural compression or non-specific pain. These Al-
driven methods can significantly enhance clinical decision-making, providing more precise
diagnoses and personalized treatment plans, ultimately improving patient outcomes [2,3].

Methods
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Dataset

The dataset consisted of 168 real cases of LBP from patients who had a face-to-face
consultation with a spine specialist and completed a survey with clinical and demographic
questions, described in [4]. After the appointment, the doctor diagnosed either non-specific
LBP or LBP with neural compression (LBPNC). The binary classification model applied the
survey questions as the input variables (features) and the diagnosis as the output variable
(labels).

This study was approved by the Research Ethics Committee of the University Hospital from the
Federal University of Juiz de Fora, with registration number 69817223.7.0000.5133.

Preprocessing

Age, weight, and height columns were normalized to values between 0 and 1 [5]. Other features were
preprocessed by creating dummy variables, where categorical variables were converted into a series
of binary variables. This step was crucial as ML algorithms require numerical input. Multiple choice
questions were split into new columns, one for each alternative, receiving a value of 1 or 0, based on
the selected responses [4].

Fisher’s Exact Test

The initial dataset had 38 features, which were expanded to 129 features after the dummy variables
creation. Thus, it was necessary to perform an analysis to select attributes using Fisher's Exact Test
(FET) [6]. This test was applied only to binary variables, whose frequencies were calculated and
inserted into contingency tables with label frequencies.

By calculating the P value for each table using FET, we determined which features would reject the
null hypothesis, with P<.05, as detailed in [4]. As a result, nine categorical features were retained,
while the others were removed to prepare the dataset for ML modeling.

Support Vector Machine Model

SVM, a supervised learning algorithm, was chosen for its ability to handle high-dimensional
data and small sample sizes, which are typical in clinical datasets. Its optimal margin
maximization ensures reliable separation between classes, crucial for distinguishing non-
specific LBP and LBPNC, making it an effective and interpretable model [7,8].

Two SVM models were implemented: one using the full dataset and the other using features
selected by FET. Models’ hyperparameters were tuned with grid search [9] and cross-validation
[10] to mitigate the risk of overfitting and improve model generalization, and the best
combinations were applied for model evaluation.

Results

The evaluated metrics are presented in Table 1, comparing the performance of models using all
features and those with selected features. Since the models were trained and tested using 5-fold
cross-validation, the results in Table 1 show each metric's mean and standard deviation across folds.

Table 1. Results of the SVM model.
| | Accuracy | Precision | Recall | F1-Score | ROC- |
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AUC

All features

0.666667+0 | 0.082222+0 | 0.124276+0 | 0.574
0.702317+ | .278887 .075556 110577
0.019656

Selected features

0.785383+0 | 0.763333+0 | 0.384444+0 | 0.507143+0 | 0.761
.049458 .198997 .109905 .131998

Discussion

This study proposed a classification approach between two types of LBP based on ML, data
processing, and feature selection. While recognizing the relevance of all the metrics presented in
Table 1, it is important to emphasize that accuracy is the most significant for this paper, as it shows
the ratio of correct predictions to total predictions.

Therefore, the model trained with the FET chosen features outperformed the one with all initial
features. It classifies cases of LBP more accurately than the literature results, emphasizing that it was
fitted with fewer, but real samples, whereas the literature includes fictitious cases [2].

Future studies aim to increase the number of samples, refine survey questions, and make a
comparison with other ML models, improving other clinically relevant metrics.
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