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Background and Aim: Spinal stenosis is a common condition in the elderly and is characterized 
by the narrowing of the spinal canal, leading to significant neurological symptoms. Traditional 
imaging methods, such as magnetic resonance imaging (MRI) and computed tomography (CT), 
have limitations, including interpretation and time consumption variability. Integrating artificial 
intelligence (AI), particularly deep-learning algorithms, into MRI analysis shows promise for 
enhancing diagnostic accuracy and efficiency. This narrative review aims to explore AI’s application 
in diagnosing spinal stenosis and its implications for treatment planning and patient outcomes in 
neurosurgery practice.

Methods and Materials/Patients: A literature search was conducted using Google Scholar, 
MEDLINE, and PubMed to identify original studies on AI in diagnosing lumbar and cervical 
spinal stenosis. Relevant studies were included after screening. Data extraction was performed 
using a structured spreadsheet, and findings were analyzed thematically to identify trends in AI 
applications for diagnostic accuracy.

Results: Integrating AI into the diagnostic process for lumbar and cervical spinal stenosis has 
significantly improved accuracy and efficiency. By employing advanced deep learning (DL) 
algorithms, particularly convolutional neural networks (CNNs), AI systems can analyze imaging 
data more effectively and identify subtle patterns indicative of stenosis that human clinicians 
may overlook. This capability enhances diagnostic precision and facilitates earlier interventions, 
ultimately improving patient outcomes. As research continues to advance in this field, the role of 
AI is expected to expand, further transforming the landscape of spinal stenosis diagnoses.

Conclusion: AI has shown significant promise in enhancing the diagnosis of cervical and lumbar 
spinal stenosis. By utilizing deep-learning algorithms, AI can analyze imaging data more accurately 
and efficiently, identifying subtle patterns indicative of stenosis that human observers may miss. 
This can ultimately facilitate earlier interventions and improve patient outcomes.

A B S T R A C T

Keywords:
Artificial intelligence (AI), 
Spinal stenosis, Magnetic 
resonance imaging (MRI), 
Cervical spine, Lumbar 
vertebrae

Citation Shafizad M, Ehteshami S, Sobhanian P, Hosseizade SM. Artificial Intelligence for Improved Diagnosis of Spinal Steno-
sis: Implications for Neurosurgical Practice. Iran J Neurosurg. 2025; 11:E5. http://dx.doi.org/10.32598/irjns.11.5

 : http://dx.doi.org/10.32598/irjns.11.5

Use your device to scan 
and read the article online

Article info:
Received: 19 Nov 2024
Accepted: 24 Dec 2024
Available Online: 29 Apr 2025

Copyright © 2025 Guilan University of Medical Sciences. Published by Guilan University of Medical Sciences
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license(https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.

https://irjns.org/
https://orcid.org/0000-0003-0166-7889
https://orcid.org/0000-0001-5355-0418
https://orcid.org/0000-0002-9419-9238
https://orcid.org/0009-0003-1632-5707
mailto:s.ehteshami%40mazum.ac.ir?subject=
https://irjns.org/
http://dx.doi.org/10.32598/irjns.11.5
http://irjns.org/page/140/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/irjns.11.5


2025, Volume 11, E5

2

1. Introduction

pinal stenosis is a common disease in the 
elderly, and its incidence has gradually 
increased in an aging society [1]. Lumbar 
and cervical canal stenoses are conditions 
characterized by spinal canal narrowing, 

leading to spinal cord and nerve root compression 
[1-3]. The pathophysiology of these conditions 
involves degenerative changes in the spine, such as 
disc herniation, ligamentum flavum hypertrophy, and 
osteophyte formation. These degenerative processes 
can lead to significant neurological deficits, as the 
narrowing of the canal restricts space for the spinal cord 
and nerves [4, 5]. Degenerative lumbar spinal stenosis 
is a progressive disease involving all spinal movement 
segments [6]. 

Nerve root compression may result from direct 
mechanical compression or indirectly from increased 
intrathecal pressure, which rises as the canal area is 
reduced [7]. Increased intrathecal pressure can cause 
venous congestion, reduced arterial blood flow, and 

reduced impulse conduction along nerve roots [8-10]. 
Evidence suggests that multilevel stenosis is necessary 
for this process. Spondylosis, or degenerative arthritis 
affecting the spine, is the most common cause of lumbar 
spine stenosis (LSS) and typically affects individuals over 
the age of 60 years [11]. Obesity and family history 
may also be risk factors [12, 13]. In cervical stenosis, 
compression can result in neck pain, radiculopathy, 
and myelopathy, which may manifest as weakness, 
numbness, or coordination difficulties [14]. Conversely, 
lumbar stenosis often presents with lower back pain and 
neurogenic claudication, wherein patients experience 
leg pain or weakness during prolonged standing or 
walking [15, 16]. 

Magnetic resonance imaging (MRI) is crucial in 
diagnosing spinal stenosis because it provides detailed 
images of both soft tissue structures and bone anatomy. 
MRI is particularly effective in visualizing the spinal 
cord, nerve roots, intervertebral discs, and surrounding 
ligaments [17, 18]. It allows clinicians to assess the 
degree of canal narrowing and identify potential 
causes of compression advanced MRI techniques, 
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Highlights 

• Deep learning (DL) algorithms identify subtle stenosis patterns missed by human clinicians.

• Artificial intelligence (AI), integration significantly improves diagnostic accuracy and efficiency in spinal stenosis.

• Convolutional neural network (CNN), models achieve performance comparable to human experts in stenosis 
assessment.

• AI facilitates earlier interventions for stenosis, improving overall patient outcomes.

• AI algorithms detect stenosis from plain radiographs, benefiting facilities without magnetic resonance imaging (MRI).

Plain Language Summary 

Spinal stenosis occurs when the space within the spine narrows, putting pressure on the spinal cord and nerves. 
This common condition in older adults causes pain, numbness, and weakness, significantly affecting daily activities. 
Today, doctors use MRI and CT scans to diagnose spinal stenosis, but interpreting these images can be challenging and 
time-consuming. AI, particularly DL algorithms, can analyze these medical images more thoroughly than human eyes. 
These computer systems can detect subtle patterns in spine images and process large amounts of imaging data quickly, 
helping doctors make more accurate diagnoses. For patients suffering from undiagnosed spinal stenosis, AI technology 
means receiving correct diagnoses earlier and accessing treatment faster. As our population ages, spinal stenosis is 
becoming increasingly common, making this technology particularly valuable. While AI won't replace doctors, it provides 
them with powerful tools to enhance their diagnostic capabilities. This advancement could improve care for millions 
worldwide suffering from spinal conditions, reducing healthcare costs associated with delayed or incorrect diagnoses. 
The integration of AI into neurosurgical practice represents a significant step forward in addressing this growing health 
concern and improving overall patient outcomes.
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such as T2-weighted imaging and diffusion-weighted 
imaging, enhance the visualization of spinal structures 
and can help differentiate between various causes of 
stenosis [19-22]. These imaging methods are essential 
for understanding the dynamic nature of spinal canal 
stenosis and its impact on neurological function [23-25].

Artificial intelligence (AI) is increasingly integrated 
into MRI analysis to enhance diagnostic accuracy 
[26, 27]. AI algorithms, particularly deep-learning 
(DL) models, such as convolutional neural networks 
(CNNs), can analyze large datasets of MRI images to 
identify patterns associated with stenosis [28, 29]. 
These models can be trained on pre-labeled images 
to recognize features indicative of varying degrees of 
stenosis. Techniques, such as data augmentation, help 
improve model robustness by increasing the diversity 
of training data [30, 31]. This narrative review aims 
to provide a comprehensive analysis of the latest 
findings and published articles on the application of 
AI in enhancing the diagnostic accuracy of lumbar 
canal stenosis. It evaluates various AI technologies, 
particularly DL models, to assess their effectiveness 
in analyzing medical imaging data and discusses the 
clinical implications for treatment planning and patient 
outcomes in neurosurgery.

2. Methods and Materials/Patients

A literature search was conducted using Google Scholar, 
MEDLINE, and PubMed to identify original studies on the 
application of AI in diagnosing lumbar and cervical spinal 
stenosis. The search utilized keywords, such as “deep 
learning”, “artificial intelligence”, “machine learning”, 
“neural network”, “lumbar spinal stenosis”, “cervical 
spine”, “canal stenosis”, and “MRI”. The inclusion criteria 
focused on original research articles published in English 
that addressed AI’s role in diagnosing spinal stenosis while 
excluding reviews, case reports, and studies primarily 
focused on predicting surgical outcomes. Ultimately, 14 
studies were included after thorough screening of titles, 
abstracts, and full texts. Data extraction was performed 
using a pre-designed Excel spreadsheet, with relevant 
information systematically recorded and validated 
by two neurosurgeons for accuracy. The results were 
analyzed through thematic analysis and categorization to 
identify trends in AI applications to enhance diagnostic 
accuracy. Emphasis was placed on including high-quality 
articles from reputable journals to ensure clarity in 
methodologies and results.

3. Results 

Current diagnostic methods

Diagnosing spinal canal stenosis, particularly in 
the lumbar and cervical regions, begins with a 
thorough patient history and comprehensive physical 
examination [32]. Clinicians must carefully evaluate the 
diverse range of symptoms presented by the patient. 
Common presentations include pain, numbness, and 
weakness in the extremities, often accompanied by 
specific signs, such as neurogenic claudication in lumbar 
stenosis or myelopathy in cervical stenosis [33]. Clinical 
tests, including the straight leg raise and Hoffmann’s 
tests, can help identify nerve root involvement or spinal 
cord disorder [34, 35]. Following clinical evaluation, 
imaging studies are essential to confirm the diagnosis 
[36]. X-ray imaging is an essential and cost-effective 
initial diagnostic tool for evaluating cervical and lumbar 
compression [37]. It provides critical insights into spinal 
abnormalities, particularly in suspected stenosis cases. 
For instance, a cervical canal diameter of less than 13 
mm on a lateral x-ray view indicates cervical stenosis 
[38]. Hartman et al. emphasized that X-rays and dynamic 
imaging techniques are crucial for assessing lumbar 
deformities and measuring spinal canal dimensions 
[39]. Studies have indicated that computed tomography 
(CT) is a standard diagnostic tool for cervical and lumbar 
canal stenosis [40, 41]. CT imaging precisely measures 
the sagittal and transverse dimensions of the lumbar 
spinal canal [42]. In a study conducted by Stafira et al., 
the evaluation of CT myelogram images for diagnosing 
cervical canal stenosis revealed that the inter-observer 
agreement in determining the level, degree, and 
cause of stenosis had κ values of 0.50, 0.26, and 0.32, 
respectively [43]. These results indicate significant 
variations in the interpretation of CT images, which may 
impact clinical decision-making.

MRI is the gold standard for diagnosing cervical and 
lumbar spinal canal stenosis due to its superior ability 
to visualize soft tissue structures, including the spinal 
cord and nerve roots [44, 45]. Various MRI techniques, 
such as T1-weighted imaging, allow clinicians to assess 
compression by comparing T1 relaxation times in 
compressed spinal cord regions with non-compressed 
areas, revealing significant differences that aid diagnosis 
[46]. T2-weighted imaging is crucial for highlighting 
edema and soft tissue involvement around the spinal 
canal, while short tau inversion recovery enhances 
the detection of edema in soft tissues [47]. Advanced 
techniques, such as dynamic and kinetic MRI, further 
improve diagnostic capabilities. Dynamic MRI captures 
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images while the patient flexes or extends their spine, 
revealing how these movements may exacerbate 
stenosis [48]. Kinetic MRI provides real-time assessment 
of spinal motion, offering insights into stability or 
instability that may contribute to symptoms [49]. Several 
grading systems have been developed to evaluate the 
severity of stenosis based on MRI findings. For instance, 
Park et al. introduced a novel grading system using 
oblique sagittal T2-weighted sequences that classifies 
neural foraminal narrowing into four distinct grades, 
demonstrating high interobserver reliability with kappa 
values ranging from 0.71 to 0.99 [50]. The Schizas 
grading system evaluates the ratio of nerve rootlets to 
cerebrospinal fluid and the morphology of the dural 
sac in T2 axial images [51]. In contrast, the Lee grading 
system categorizes central canal and foraminal stenosis 
based on pathophysiological changes and radiological 
findings, facilitating communication among specialists 
[44]. Additionally, the Kang grading system assesses 
stenosis severity by measuring the percentage reduction 
in the diameter of the spinal canal and foraminal spaces 
[52]. An updated six-point grading system for lumbar 
foraminal stenosis based on Lee’s classification was 
proposed in 2021, offering a more precise description 
of stenosis using high-resolution MRI [53]. Despite these 
advancements, challenges in diagnosing spinal canal 
stenosis through radiology, including a lack of consensus 
on criteria selection, inconsistencies in their application 
by specialists, and poor clinical-morphological 
correlations that complicate interpretation and 
communication among professionals [54].

In summary, a comprehensive approach that combines 
thorough patient history, physical examination, and 
enhanced imaging techniques are necessary for 
accurately diagnosing spinal canal stenosis. 

AI applications in diagnosing lumbar stenosis

AI is increasingly being recognized as a transformative 
tool for diagnosing LSS [55, 56]. Despite their relative 
accuracy, traditional imaging methods often encounter 
challenges, such as misinterpretation of images and 
reliance on the experience of physicians [57]. Over 
the past decade, numerous AI algorithms based 
on radiographs, CT, and MRI have been developed, 
significantly improving diagnostic accuracy and 
facilitating imaging processes [58]. Radiomics, an 
advanced approach in medical imaging, involves the 
extraction of quantitative features from medical images 
and utilizes AI to identify disease characteristics that are 
not visible to the naked eye, thereby providing valuable 
information for diagnosis and predicting treatment 

outcomes [59]. Recent findings have highlighted that 
some AI architectures achieve performance levels 
comparable to human experts in assessing LSS [55, 56].

AI has numerous applications, such as machine 
learning (ML), natural language processing (NLP), and 
DL [60]. ML significantly enhances the diagnosis of 
LSS by creating previously unavailable quantitative 
imaging biomarkers. A recent study in the USA has 
trained ML algorithms to accurately segment lumbar 
spinal canal areas from axial and sagittal MRI scans 
at each lumbar level (L1-L5). The results showed that 
machine-generated delineations closely matched those 
created by human raters, confirming the reliability of 
these techniques [61]. Notably, ML techniques can 
automate the diagnosis of LSS based on self-reported 
questionnaires with remarkable accuracy [62]. As 
a branch of AI, NLP is the automated extraction of 
structured data from unstructured free text data. NLP-
based ML algorithms are emerging as effective tools for 
diagnosing spinal diseases, particularly lumbar spinal 
stenoses. Ren et al. demonstrated that the DL model 
long short-term memory (LSTM) outperformed the 
ensemble model XGBoost in differentiating between 
disc herniation and lumbar spinal stenosis using 
positive symptoms [63]. These results highlight the 
significant potential of NLP to enhance the accuracy 
of pre-diagnosis in spinal conditions and can serve as a 
foundation for future research in this area. Moreover, 
DL-based methods have demonstrated state-of-the-art 
performance in various image analysis tasks related to 
spinal stenosis grading [29]. A CNN is a typical model 
used in DL applications to extract image features. It 
operates as an end-to-end network model that takes 
input images and category labels, enabling automatic 
hierarchical learning of image characteristics and 
deeper feature extraction through increased network 
layers [64]. Research indicates that CNNs have been 
widely employed in AI approaches for diagnosing 
LSS, with studies utilizing various architectures, such 
as ResNet, RegNet, and EfficientNet-B1 (Table 1). 
Recent advancements in CNN have evolved from one-
component models for binary classification(absence/
present) of LSS to more complex multi-component 
approaches [31]. Tumko et al. introduced a three-stage 
CNN that segments anatomical structures, classifies LSS 
presence, and assesses its severity [65]. Additionally, 
custom CNN models can detect and classify different 
types of LSS, including central canal, lateral recess, and 
foraminal stenoses [31, 66]. In two consecutive studies, 
Park et al. demonstrated that DL-based models, such 
as single-pose-CNN and multi-pose-CNN, showed high 
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diagnostic accuracy when predicting LSS using lumbar 
radiographs [67, 68]. Although most DL studies have 
focused on MRI data, recent developments have also 
seen algorithms created for diagnosing lumbar central 
canal stenosis using abdominal and lumbar spine CT 
scans [69]. Furthermore, Suzuki et al. demonstrated that 
AI can automatically detect lumbar spinal canal stenosis 
from plain radiographs, facilitating diagnosis in medical 
facilities lacking MRI capabilities or specialists [70].

The potential applications of AI extend beyond 
diagnosis; they include automating the evaluation of 
surgical candidacy for LSS with performance comparable 
to a multidisciplinary panel of physicians [71]. Moreover, 
there is potential for integrating tools, such as ChatGPT, 
into clinical settings to support decision-making 
processes for LSS diagnosis and treatment [72].

AI applications in diagnosing cervical stenosis

The advent of AI has significantly reshaped the 
diagnostic landscape for cervical stenosis, a condition 

marked by the narrowing of the spinal canal that can 
lead to severe complications, such as spinal cord 
compression and neurological deficits. Traditional 
imaging modalities, including MRI and CT, have long 
been the cornerstone for diagnosing this condition. 
However, these methods are fraught with limitations 
that can hinder effective patient management [76-
79]. Variability in interpretation among radiologists 
can lead to inconsistent diagnoses, which may result in 
delayed treatment and adverse outcomes [57, 80, 81]. 
Furthermore, the inherently time-consuming nature of 
these imaging techniques can prolong the diagnostic 
process, thereby delaying critical intervention [82]. In 
light of these challenges, there is a growing interest in 
leveraging AI technologies, particularly DL algorithms, to 
enhance diagnostic accuracy and efficiency in detecting 
cervical stenosis (Table 2). DL algorithms, especially CNN, 
have shown remarkable promise in analyzing imaging 
data for diagnosing cervical stenosis [78, 81, 83]. These 
models are designed to learn from extensive datasets, 
enabling the identification of complex patterns indicative 

Table 1. Literature on studies associated AI applications in diagnosing lumbar stenosis

Authors Country Sample 
Size Study Design Type of 

Stenosis
Imaging 
Modality Approach of AI

Park et al. 2024 
[68] Korea 4644 Retrospective Central Lateral radiograph

Multi-pose-based CNN 
(MP-CNN)/ VGG16, 

VGG19, ResNet50, and 
EfcientNet-B1

Fan et al. 2024 [73] China 518 Retrospective Central CT myelogram 
(CTM) DL (U-Net)

Bogdanovic et al. 
2024 [55] Switzerland 100 Retrospective - MRI (T2-weighted 

sequences) Deep CNN (DCNN)

Shahzadi et al. 
2023 [66] Pakistan 515 - Foraminal / 

lateral recesses MRI CNN

Miyo et al. 2023 
[74] Japan 30 Retrospective - CT scan Deep-learning 

reconstruction (DLR)

Bharadwaj et al. 
2023 [56] USA 200 Retrospective Foraminal/ 

Central
T2-weighted axial 

MRI CNN (2D V-Net)

Tumko et al. 2023 
[64] USA 1635 Retrospective

Central/ 
Foraminal/ 

lateral recesses

MRI (T2-weighted 
axial and sagittal 
pulse sequences)

CNN (RegNetY32GF)

Hallinan et al. 2021 
[31] Singapore 446 Retrospective

Central/ 
foraminal/ 

lateral recesses

MRI (Axial 
T2-weighted 

and sagittal T1-
weighted)

CNN (Resnet101)

Lewandrowski et 
al. 2020 [75] Arizona 65 Retrospective Foraminal/ 

lateral recesses MRI/ CT scan DL neural network 
(Multus Radbot)

Abbreviations: AI: Artificial intelligence; CT: Computed tomography; CNN: Convolutional neural network; DL: Deep learning; MRI: Magnetic 
resonance imaging.
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of stenosis [64]. For instance, Kim et al. developed a 
CNN model that achieved an area under the curve 
(AUC) of 0.889 for diagnosing foraminal stenosis from 
oblique radiographs [78]. This performance significantly 
surpassed traditional evaluation methods conducted 
by orthopedic surgeons, highlighting AI’s potential to 
enhance diagnostic capabilities. Similarly, Merali et 
al. reported an area AUC of 0.94 for their DL model 
focused on detecting spinal cord compression using T2-
weighted MRI scans [83]. These results underscore AI’s 
ability to detect subtle signs of stenosis that may elude 
human observers, thus facilitating early diagnosis and 
intervention. Moreover, Hohenhaus et al. introduced 
automated 3D MRI segmentation techniques that 
provide standardized metrics for quantifying spinal 
canal compromise and enhancing objectivity in clinical 
assessments [81]. Integrating AI into clinical practice 
offers numerous advantages for diagnosing cervical 
stenosis that extend beyond mere accuracy; it also 
encompasses significant improvements in workflow 
efficiency. AI-driven technologies can streamline 
diagnostic processes by substantially reducing the time 
required for image interpretation, allowing healthcare 
providers to make quicker and more informed decisions 
regarding patient management. For example, Jardon 
et al. demonstrated that deep-learning-reconstructed 
3D MRI sequences yielded excellent inter-observer 
agreement for foraminal and central stenosis 
assessments, indicating that AI can provide reliable 
analyses across diverse patient populations [79]. This 
consistency is crucial for prioritizing cases based on 
risk stratification and ensuring timely intervention, 

ultimately improving patient outcome and satisfaction. 
Additionally, enhanced diagnostic accuracy through 
AI applications can lead to better treatment planning 
and resource allocation within healthcare systems [81, 
84]. As we look toward the future, ongoing research 
efforts aim to refine AI algorithms to improve predictive 
capabilities specific to cervical stenosis. Addressing 
challenges, such as data bias, algorithm transparency, 
and ethical considerations is essential for optimizing 
AI integration into clinical practice [85]. For instance, 
while current models have shown promise in detecting 
cervical stenosis with high accuracy, they must be 
validated across diverse populations to ensure their 
effectiveness in real-world clinical settings [86]. Future 
studies should explore incorporating multimodal data, 
combining imaging data with clinical information, such 
as patient demographics and symptomatology, into 
AI systems to enhance predictive modeling [83, 87]. 
This integrative approach can lead to personalized 
diagnostics and treatment plans tailored to individual 
patient needs. Moreover, collaboration among 
radiologists, neurosurgeons, and technologists is critical 
to ensure that AI tools are effectively utilized in everyday 
practice [26]. The successful implementation of these 
technologies requires a multidisciplinary approach in 
which insights from various specialties converge to 
optimize patient care pathways. Continuous education 
and training of healthcare professionals on using AI 
tools is also essential to foster acceptance and improve 
outcomes. As these technologies continue to evolve, 
they hold significant potential to enhance diagnostic 
accuracy and to improve overall patient outcomes in 
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Table 2. Literature on studies associated AI applications in diagnosing cervical stenosis

Authors, Year Country Sample Size Study Design Type of Stenosis Imaging Modality Approach of AI

Hohenhaus et al. 
2024 [81] Germany 202 Prospective Central T2-weighted MRI Deep CNNs

Yasaka et al. 2024 
[88] Japan 39 Retrospective Foraminal 1.5T MRI Super-resolution DL 

reconstruction (SR-DLR)

Kim et al. 2024 
[78] Korea 997 Retrospective Foraminal MRI, oblique 

radiograph CNNs (DenseNet161)

Jardon et al. 2023 
[79] USA 41 Retrospective Foraminal MRI (T2-weighted

Sequence)

Deep-learning-based 
reconstruction 

algorithm

Merali et al. 2021 
[83] Canada 201 Prospective Cord compression T2-weighted MRI CNN (ResNet-50)

Abbreviations: AI: Artificial intelligence; CNN: Convolutional neural network; DL: Deep learning; MRI: Magnetic resonance imaging. 

https://irjns.org/


7

2025, Volume 11, E5

managing cervical stenosis. In conclusion, the application 
of AI, particularly DL techniques, has the potential 
to revolutionize the diagnosis of cervical stenosis. AI 
can significantly impact patient care and outcomes by 
enhancing diagnostic accuracy and efficiency through 
advanced imaging analysis. As ongoing research 
continues to refine these technologies and address 
existing challenges, such as algorithm transparency and 
data bias, we anticipate a future in which AI is integral 
in effectively managing cervical stenosis while ensuring 
high patient safety and care standards.

Implications for neurosurgical practice

Integrating AI and DL algorithms in diagnosing and 
managing spinal stenosis signifies a shift in neurosurgical 
practice. One of the most notable advantages of these 
technologies is their ability to rapidly analyze extensive 
volumes of imaging data, enabling the identification of 
subtle patterns that may escape human observers [89]. 
Studies utilizing CNNs have shown remarkable efficacy 
in detecting foraminal stenosis using cervical MRI [81, 
90]. These AI models can process images significantly 
faster than traditional methods, achieving diagnostic 
accuracies that frequently surpass those of seasoned 
clinicians. This rapid analysis enhances the precision 
of diagnoses and is critical in preventing complications 
and ensuring timely intervention, which are paramount 
in neurosurgical care [82]. However, it is essential to 
recognize that while AI can significantly aid diagnosis, 
it should complement rather than replace clinical 
expertise. Despite AI’s promising capabilities, there 
are inherent limitations and ethical considerations 
must be addressed as these technologies become 
more prevalent in clinical settings [85, 82]. One 
significant concern is the potential for bias in training 
data, which raises crucial questions about the fairness 
and equity of AI-driven diagnostics. If an AI model is 
predominantly trained on data from a homogenous 
patient population, its applicability to diverse groups 
may be compromised, leading to disparities in care [91]. 
Moreover, the interpretability of AI algorithms poses 
challenges; while they can provide accurate results, 
understanding the rationale behind their decisions 
remains complex. This lack of transparency can foster 
skepticism among healthcare providers and patients, 
potentially hindering the acceptance and integration 
of AI tools in routine practice [92, 93]. It is essential for 
neurosurgeons and radiologists to engage in ongoing 
discussions about these challenges, advocating rigorous 
validation studies that ensure AI tools are effective 
across various patient demographics while maintaining 
ethical standards [26, 94]. Looking ahead, the future 

of AI applications in diagnosing spinal stenosis and 
related deformities appears bright but requires careful 
navigation. As research continues to advance in this 
field, there is significant potential for AI algorithms to 
evolve into indispensable tools for enhancing patient 
care [95]. The ability to predict surgical outcomes 
based on comprehensive data analysis could lead to 
personalized treatment plans tailored to individual 
patient characteristics [96]. Furthermore, as larger 
datasets become available through electronic health 
records and imaging repositories, ML models will 
likely refine their predictive capabilities and identify 
previously unrecognized factors that influence surgical 
success. The path forward will involve harnessing 
these technological advancements and ensuring they 
are implemented responsibly within clinical practice. 
By addressing the limitations and ethical concerns 
associated with AI technology, neurosurgeons can 
optimize its use to improve patient outcomes while 
safeguarding the integrity of clinical decision-making 
processes.

4. Conclusion

In conclusion, integrating AI into diagnosing lumbar 
and cervical spinal stenoses represents a significant 
advancement in medical imaging and patient care. This 
narrative review highlights the transformative potential 
of AI technologies, particularly deep-learning algorithms, 
in enhancing diagnostic accuracy and efficiency. By 
analyzing large datasets of MRI and CT images, AI can 
identify subtle patterns indicative of stenosis that may 
be missed by human observers, thereby facilitating 
early intervention and improving patient outcome. As 
ongoing research continues to refine these technologies 
and address existing challenges, AI is poised to play a 
crucial role in revolutionizing the diagnostic process for 
spinal stenosis, ultimately leading to better treatment 
planning and enhanced quality of care for patients.
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