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Abstract
Lumbar spine X-ray images are commonly used for diagnosing and evaluating spinal disorders. Accurate identification and labelling of vertebral 
landmarks on these images play a crucial role in clinical assessments, surgical planning, and research studies. However, the manual process 
of landmark labelling is prone to inter-observer variability, which can affect the reliability and validity of the measurements. This article explores 
the importance of reliable vertebral landmark labelling on lumbar spine X-ray images and discusses the methods and challenges associated with 
achieving consistency.
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Introduction
Vertebral landmark labelling involves identifying specific anatomical 

points on the lumbar spine X-ray images. These landmarks are crucial for 
various clinical measurements, including assessing spinal curvature, vertebral 
alignment, disc height, and intervertebral distances. Accurate and consistent 
labelling is essential to ensure the reliability and reproducibility of these 
measurements, which are often used to guide treatment decisions, monitor 
disease progression, and compare research findings [1,2]. Manual Landmark 
Labelling: The traditional approach involves manual identification and labelling 
of vertebral landmarks by trained observers. This process requires expertise 
and knowledge of anatomical structures. However, inter-observer variability 
can arise due to differences in interpretation, experience, and skill level among 
observers. This variability may lead to inconsistent measurements and affect 
the reliability of the labelling [3]. Observer variability, computer-assisted 
methods have been developed. These methods utilize image processing 
and computer vision techniques to automate or semi-automate the landmark 
labelling process. Computer algorithms can detect and locate vertebral 
landmarks based on predefined anatomical features, edge detection, or 
machine learning approaches. This approach offers the potential for increased 
accuracy and reproducibility in landmark labelling.

Literature Review
Reliability analysis is a statistical method used to evaluate the consistency 

and agreement between multiple observers or measurements. In the context of 
vertebral landmark labelling, reliability analysis helps assess the inter-observer 
variability and determine the level of agreement among different observers 
or between manual and computer-assisted labelling methods. ICC measures 
the degree of agreement among multiple observers or measurements. A high 
ICC value (close to 1) indicates good agreement, while a low value suggests 

variability. ICC can be calculated for individual landmarks or composite 
measures involving multiple landmarks.

Discussion
Bland-Altman analysis is used to assess the agreement between two 

measurement methods, such as manual and computer-assisted labelling. 
It involves plotting the difference between the measurements against their 
average. The analysis helps identify systematic biases, limits of agreement, 
and any proportional or fixed biases that may exist between the two methods 
[4]. Consistency in landmark labelling requires training and standardization 
among observers. Training programs should ensure that observers understand 
the anatomical structures, landmarks, and labelling protocols. Regular 
calibration sessions and inter-observer agreement assessments can help 
maintain consistency over time. The lumbar spine exhibits natural anatomical 
variations among individuals, such as differences in vertebral shape, size, and 
orientation. These variations can pose challenges in landmark labelling, as the 
locations and appearances of landmarks may differ between patients. Robust 
algorithms or manual adjustments may be necessary to account for these 
variations and ensure accurate labelling [5,6]. Conducting validation studies 
comparing manual and computer-assisted labelling methods is essential to 
establish the accuracy and reliability of computer algorithms. These studies 
involve assessing the level of agreement, potential biases, and the impact of 
automation on measurement variability. Validation against a gold standard, 
such as expert manual labelling, can provide insights into the performance of 
the computer-assisted methods.

Conclusion

Reliable vertebral landmark labelling on lumbar spine X-ray images is 
crucial for accurate clinical assessments and research studies. While manual 
labelling has been the traditional approach, computer-assisted methods 
offer potential benefits in terms of consistency and reproducibility. Reliability 
analysis plays a key role in evaluating the consistency and agreement 
between observers or measurement methods. Overcoming challenges 
related to training, standardization, anatomical variations, image quality, and 
validation can lead to improved reliability in vertebral landmark labelling. By 
ensuring consistent and accurate labelling, clinicians and researchers can 
enhance the reliability and validity of measurements derived from lumbar 
spine X-ray images, ultimately benefiting patient care and advancing scientific 
understanding of spinal disorders.
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