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Abstract

Low back pain (LBP) is a worldwide health problem caused by various diseases. It is difficult to establish standards in medical
applications because of the differences in the causes of its occurrence and the individual effects in treatment. The LBP diagnosis and
treatment processes generate different numerical and visual data. Today, artificial intelligence (AI) techniques have begun to be
developed, aiming to improve the understanding of LBP's causes, treatment processes, and effectiveness using patient data. In our study,
we aimed to systematically search the literature on the diagnosis and treatment processes of LBP using AI techniques. We conducted a
systematic review of studies on LBP utilizing AI methods between 01.01.2000 and 01.05.2023, using the PubMed database. While
searching the database, combinations of the terms "Artificial Intelligence,""Machine Learning,""Deep Learning," and "Low Back Pain"
were employed. A total of 369 articles were identified. According to the study inclusion criteria, 354 articles were excluded, and 15
studies were reviewed. Magnetic resonance images, biochemical parameters, kinematic variables, EMG signals, PET imaging, and other
variables were used AI methods to diagnose LBP. The studies employing AI methods generally focused on classification and regression
problems. The AI techniques developed for the diagnosis and treatment processes of LBP are promising. It is anticipated that
multidisciplinary studies using artificial intelligence.
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Introduction

Back pain (LBP) is a worldwide health problem caused by
various diseases. It is difficult to establish standards in medical
applications because of  the differences in the causes of  their
occurrence and the individual effects of  the treatment. Various
numerical and visual data are used in the LBP diagnosis and
treatment processes. Today, AI techniques have begun to be
developed that aim to improve the causes, treatment process,
and effectiveness of  LBP by using data from patients. In our
study, it was aimed to systematically examine the literature
covering AI techniques related to the diagnosis and treatment
processes of  LBP.
LBP is a common and important health problem worldwide and
is the cause of  disability and loss of  work. The lack of
standard, measurable measurement models on which today's
clinics can base their clinical profits, causes imprecise treatment
practices, unnecessary surgeries, and high redundant health
expenditures. With AI methods, it is possible to recognize
patients' specific diseases, and studies that can help clinics with
treatment and separation are promising. With AI technologies,
pain analysis, treatment, and comprehensive health services can
improve growth. It guides the use of  comprehensive AI-based
extractions related to pain assessment and management file
development [1].

AI Methods Used in Low Back Pain

When the literature is examined, it is seen that AI techniques can
be helpful in many areas such as diagnosing back pain,
determining the relevant biochemical markers, detecting
pathologies using magnetic resonance imaging, differentiating
between neuropathic and nociceptive pain, analyzing
electromyography signals, assisting clinicians in their decisions
using clinical data, and planning treatment strategies. AI
applications used in LBP can be grouped as follows.

AI methods used in the diagnosis of LBP are constantly evolving
with the development of technology. Today, machine learning
and deep learning, which are AI methods, are used in the
diagnosis, treatment, and rehabilitation of low back pain. AI
methods used in LBP are as follows;

Electromyography (EMG): Using AI techniques; It helps to
analyze EMG signals by evaluating muscle activation patterns to
distinguish between neuropathic and nociceptive pain (Seas et al.,
2024). Yousif et al. (2019) examined the studies in which muscle
fatigue was detected by processing the EMG signal with the time
domain, frequency domain, and time-frequency domain of EMG 
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signals collected from muscles during static and dynamic
movements. It was seen in the studies that it was frequently used to
detect muscle fatigue and that EMG signals provided more
information about muscle activities by analyzing them [2].
Magnetic Resonance Imaging (MRI): MRI scans are analyzed to
detect LBP-related abnormalities (disc herniation, spinal stenosis,
etc.) using AI methods [3].Showed in their study that MRI images
can be classified with acceptable accuracy and precision for pain
and cracks caused by discography using machine learning
algorithms [3]. Studies show that using AI techniques can help
radiologists detect anomalies more quickly and efficiently by
classifying MRI images with a high degree of  accuracy [4].
Biochemical Parameters: AI methods are used to identify and
evaluate biochemical markers that are/may be associated with LBP.
Although the literature largely focuses on the spine, neuroimaging
of the human brain holds promise for identifying biomarkers that
will improve LBP treatment. In a study conducted by [5],
morphological changes in cerebral cortical thickness (CT) and
resting state functional connectivity (rsFC) measurements were
estimated using a machine learning algorithm as potential brain
biomarkers for LBP [6].
Clinical Data Integration: Large data sets obtained from patients,
such as anamnesis, physical examination findings, imaging, and
laboratory results, can be processed and analyzed using artificial
intelligence methods [7]. Using AI techniques such as natural
language processing, machine learning, and convolutional neural
networks, information can be extracted from clinical notes and
patient data, helping clinicians make faster and more accurate
decisions [8].
Predicting Responses to Treatment Methods: Studies are being
conducted using AI methods to predict how different treatment
methods may cause reactions in patients by taking into account
various and past data such as radiology, laboratory, and physical
examination findings. In this way, personalized treatment
approaches are being developed by predicting the benefits that
patients can obtain from which treatment method. A study by [1],
shows that effective pain detection and evaluation can be achieved
by using various artificial intelligence methods such as machine
learning algorithms, natural language processing, and data mining
to analyze patient-reported pain data, which effectively helps
clinicians treat their patients [1].
Monitoring Rehabilitation: A wearable device created using AI-
based technologies allows the patient to obtain real-time data
during rehabilitation by monitoring the data obtained with mobile
applications. Since AI-based systems are real-time, they help adjust
the patient's treatment plan. The use of  AI-based systems in the
rehabilitation processes of  LBP patients has been observed to
significantly improve the patient's compliance with the
rehabilitation process [1].
Telehealth and Virtual Care: Today, telehealth services can help
clinicians by facilitating their decision-making processes by using
artificial intelligence-based algorithms with the development of
technology [9]. In a study conducted by [10], it is seen that artificial
intelligence is used in telehealth services; teleassessment,
telediagnosis, telemonitoring, and teleinteractions. Methods need to
be developed and existing methods need to be improved for wider
use in the health sector [10].
Decision Support Systems: Artificial intelligence-based clinical
decision support systems can assist clinicians in the diagnosis,
treatment, and rehabilitation processes of  LBP [4]. The use of  AI
techniques in clinical practice is important for improving patient
care [11]. It is anticipated that in the future, with the development
of  AI-based clinical decision support systems, healthcare services 
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will be used more effectively and efficiently and clinical applications
will be more successful [11].
In our study, it was aimed to systematically examine the literature
covering artificial intelligence techniques related to the diagnosis
and treatment processes of  LBP. 

Methods

To perform exhaustive research on AI, and articles related to LBP,
we performed a detailed analysis with a set of inclusion criteria.In
[Figure 1], the applied algorithm for paper selection is shown. As
can be seen, studies on LBP using AI methods between 01.01.2000
and 01.05.2023 were examined using the PubMed database.
Keyword combinations of "artificial intelligence", "machine
learning", "deep learning" and "low back pain" were used in the
database. A total of 369 articles were reached. According to the
exclusion criteria from the study; Excluding 354 articles that were
not full text, could not be accessed in full text, were not articles, and
were not related to the research topic, 15 eligible articles were
included. To diagnose LBP a variety of data types are used such as
Magnetic resonance images, biochemical parameters, kinematic
variables, EMG signals, PET imaging, etc.Studies using AI
techniques are generally machine classification and regression using
deep learning algorithms [Figure 2]. Summarizes the application
areas of AI for lower back pain. While the main application areas
are computer vision problems, computer-aided diagnosis, and
decision support systems, most problems are considered prediction,
regression, or classification problems.

Figure 1: Algorithm for paper selection 

Figure 2: Division of  Studies with AI related to LBP 
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In [Table 1], above, the list of  studies, year of  the study, and number
of  patients are analyzed, AI methods used, and their results are
summarized. As can be seen from the table, all studies focus on
classification problems. Majority of  studies in which kinematic
variables are used, the SVM algorithm is preferred. In studies where
visual data is processed, different CNN models are preferred.

Table 1: Summary of Studies Regarding Diagnosis and Classification
of LBP

Results and Discussion

The studies examined in this study show that AI methods, especially
in classification and regression tasks, have promising results in LBP
diagnosis, treatment, and rehabilitation. In this section, the findings
in the literature, clinical application and implications, and future
research directions are discussed.

AI-based algorithms show high diagnostic accuracy in LBP
determination. In a systematic study, LBP classification was used to
define and categorize the disease, and the best performance was
found in the diagnosis of  degenerative changes of  the spine from
imaging data, with average accuracy rates higher than 80% [4]. With
such findings, it is shown that AI will increase the diagnostic
capabilities of  radiologists, reduce diagnostic errors, and facilitate
early diagnosis and interventions. It shows that AI can increase the
capabilities of  clinicians and reduce potential errors.

A study provided by an AI-supported health program shows that it
improves both neck/shoulder pain/stiffness and lower back pain in 12
weeks. In this way, more studies are needed to spread AI-supported
health programs [12]. The study shows that AI-supported exercise
recommendations cause a decrease in daily pain in patients with low
back pain compared to standard care [13]. In another study, a
methodology was developed by analyzing supervised and
unsupervised AI methods and combining their predictions. In this
way, it is shown that estimating treatment effectiveness can improve
and simplify treatment [14]. It shows that AI enables clinicians to
make more informed decisions by integrating it with traditional
clinical assessments.

In addition to the promising results of  AI in LBP, some limitations
and ethical problems continue to be seen. Since most of  the studies
in the literature are preliminary, they lack verification. Large-scale
and repeatable studies are needed to prove that the results obtained
are reliable and generalizable [15]. To conduct AI-based studies,
care must be taken to ensure the confidentiality of  the data used. It
brings up the issues of  security of  patient data used to develop AI
models, consent, and protection of  sensitive information [15-28].
Integrating AI into the management of  LBP offers important
opportunities for increasing diagnostic accuracy and estimating
treatment effectiveness. In addition, it raises questions in terms of
ethical issues and provability of  results. As research in this area
continues, multidisciplinary studies are needed to reveal the
potential of  AI in LBP. AI-based image processing techniques are
used to classify, segment, and detect objects in medical images.
Supervised and unsupervised training techniques are used to train
the AI models for these tasks. These processes act as a decision-
support mechanism in the diagnosis and treatment phases. AI
techniques developed for the diagnosis and treatment processes of
LBP are promising.

Conclusions

It is thought that multidisciplinary studies using artificial
intelligence techniques will become widespread. Further studies are
needed to better define LBP and improve treatment processes.
Patients with LBP problems are increasing in demand and the
patient management process requires faster decision support and
diagnosis mechanisms. AI can obtain an important place given the
opportunities it presents. With the contributions of  AI, doctors can
tackle the diagnosis and treatment phases in a faster manner.
Eventually, processes involving AI and medical devices running
with AI will be more common. Regardless of  the opportunities and
improvements in artificial intelligence, doctors maintain their
position as the decision-makers in diagnosis and treatment
processes.
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