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______________________________________________________________________________________ 

Abstract—Kidney stones, also known as urolithiasis, are a common urinary tract disorder affecting 

millions of individuals worldwide. Accurate diagnosis is essential for effective treatment and prevention 

of complications. Computed Tomography (CT), particularly Non-Contrast Computed Tomography 

(NCCT), has emerged as the gold standard imaging modality for the diagnosis of kidney stones due to 

its high sensitivity and specificity. CT imaging provides detailed information regarding stone size, 

location, density, and associated urinary tract abnormalities. It also assists clinicians in treatment 

planning and follow-up evaluation. This review paper discusses the role of CT in diagnosing kidney 

stones, its advantages, limitations, comparison with other imaging modalities, and recent advancements 

in CT technology. The findings suggest that CT remains the most reliable and accurate imaging 

technique for the evaluation of patients with suspected urolithiasis. 

 

Index Terms—Kidney Stones ,Urolithiasis, Non-Contrast CT, Medical Imaging, Diagnosis. 

______________________________________________________________________________________ 

I. Introduction 

Kidney stone disease is one of the most common disorders affecting the urinary system. It occurs when 

minerals and salts accumulate within the kidneys and form hard deposits known as renal calculi. Patients 

commonly present with severe flank pain, hematuria, nausea, vomiting, and urinary discomfort. Early 

diagnosis is important because untreated stones may lead to urinary obstruction, infection, hydronephrosis, 

and renal impairment. 

 

Medical imaging plays a vital role in the diagnosis and management of kidney stones. Various imaging 

techniques such as ultrasound, plain radiography (KUB), Magnetic Resonance Imaging (MRI), and Computed 

Tomography (CT) are used for evaluation. Among these modalities, CT has become the preferred diagnostic 

method because of its superior image quality and diagnostic accuracy. 

 

Non-Contrast CT (NCCT) is widely regarded as the gold standard imaging technique for suspected renal colic. 

It can accurately identify the size, location, and composition of urinary stones while simultaneously evaluating 

surrounding anatomical structures. CT also helps clinicians identify alternative causes of abdominal pain 

when kidney stones are not present. Wherever Times is specified, Times Roman or Times New Roman may 

be used. If neither is available on your word processor, please use the font closest in appearance to Times. 

Avoid using bit-mapped fonts. True Type 1 or Open Type fonts are required. Please embed all fonts, in 

particular symbol fonts, as well, for math, etc. 

II. INFORMATION OBTAINED FROM CT IMAGING 

Computed Tomography (CT) provides detailed cross-sectional images of the urinary tract and plays a 

crucial role in the diagnosis and management of kidney stone disease. CT imaging not only confirms the 

presence of stones but also provides valuable information regarding their size, location, composition, and 

associated complications. This information assists clinicians in selecting the most appropriate treatment 

strategy.  
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Stone Size Assessment  

One of the major advantages of CT imaging is the accurate measurement of stone size.  

Stone size is an important factor in determining whether a stone is likely to pass spontaneously or require 

medical intervention. Small stones measuring less than 5 mm often pass naturally, whereas larger stones may 

require procedures such as extracorporeal such as extracorporeal shock wave lithotripsy (ESWL), 

ureteroscopy, or surgical removal. 

 

Stone Location  

CT imaging accurately identifies the location of urinary calculi within the kidneys, ureters, or urinary 

bladder. Determining stone location is essential because symptoms and treatment options vary according to 

the site of obstruction. Stones may be located in the renal pelvis, upper ureter, middle ureter, lower ureter, or 

urinary bladder.  

 

Detection of Hydronephrosis 

Hydronephrosis refers to the dilation of the renal collecting system caused by obstruction of urine 

flow. CT imaging effectively demonstrates hydronephrosis and allows clinicians to assess the severity of 

urinary obstruction. The presence of hydronephrosis may indicate significant blockage requiring immediate 

treatment.   

 

Evaluation of Urinary Obstruction  

Urinary tract obstruction is a common complication of kidney stones. CT imaging helps identify the 

exact level of obstruction and evaluates the impact of the stone on surrounding urinary structures. This 

information is valuable for planning appropriate management and preventing long-term kidney damage.  

 

Associated Findings  

In addition to stone detection, CT imaging can identify associated abnormalities such as urinary tract 

infections, renal cysts, anatomical variations, and alternative causes of abdominal pain. Therefore, CT 

provides a comprehensive assessment of patients presenting with suspected kidney stone disease.  

III. NON-CONTRAST COMPUTED TOMOGRAPHY (NCCT) 

Non-Contrast Computed Tomography (NCCT) is currently considered the gold standard imaging 

modality for the diagnosis of kidney stones. Unlike contrast-enhanced imaging techniques, NCCT does not 

require the administration of intravenous contrast media, making it a rapid and safe diagnostic procedure for 

patients presenting with acute flank pain and suspected urolithiasis. NCCT utilizes X-rays and computer 

processing to generate detailed cross-sectional images of the urinary tract. Kidney stones appear as 

hyperdense structures on CT images and can be easily differentiated from surrounding soft tissues. The 

technique allows accurate visualization of stones located within the kidneys, ureters, and urinary bladder. 

One of the major advantages of NCCT is its ability to detect nearly all types of urinary calculi regardless of 

their chemical composition. Calcium oxalate, calcium phosphate, uric acid, cystine, and mixed stones can 

all be identified using CT imaging. Furthermore, NCCT provides information regarding stone density, 

which assists clinicians in predicting treatment outcomes and selecting appropriate therapeutic approaches. 

CT imaging is particularly valuable in emergency departments because it rapidly confirms the diagnosis and 

identifies associated complications such as hydronephrosis, urinary tract obstruction, and perinephric 

inflammation. In addition, CT can detect alternative causes of abdominal pain including appendicitis, 

diverticulitis, and other abdominal pathologies. 
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IV. DIAGNOSTIC ACCURACY OF CT 

The diagnostic performance of Computed Tomography has been extensively evaluated in clinical 

studies. Research has consistently demonstrated that CT provides superior sensitivity and specificity 

compared with ultrasound, conventional radiography (KUB), and Magnetic Resonance Imaging (MRI). The 

high diagnostic accuracy of CT allows clinicians to confidently diagnose kidney stones, determine stone 

burden, and evaluate associated complications. Accurate diagnosis is essential because treatment decisions 

are often influenced by stone size, location, and degree of obstruction. CT imaging also plays a significant 

role in treatment planning. Information regarding stone density measured in Hounsfield Units (HU) helps 
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predict the success of extracorporeal shock wave lithotripsy (ESWL). Stones with lower density are generally 

more responsive to lithotripsy than highly dense stones. 

 

Table 1. Diagnostic Accuracy of Imaging Modalities for Kidney Stone Detection 

 

Imaging Modality    Sensitivity (%)    Specificity (%) 

 CT Scan                  95                  98 

    Ultrasound          57                 97.5 

KUB X-Ray          45                85 

  MRI                      82                  98 

The data demonstrate that CT provides the highest overall diagnostic performance among currently 

available imaging techniques. As a result, CT remains the preferred imaging modality for adult patients with 

suspected kidney stone disease.  

V. ADVANTAGES AND LIMITATIONS OF CT 

Advantages of CT  

Computed Tomography offers several advantages in the diagnosis of kidney stones. The technique 

provides highresolution images, allowing accurate visualization of urinary calculi. CT has excellent sensitivity 

and specificity and can detect stones regardless of their composition. It is a rapid imaging modality, making 

it highly useful in emergency situations. CT also identifies associated complications such as hydronephrosis, 

urinary obstruction, and infections. Furthermore, CT can detect alternative causes of abdominal pain when 

kidney stones are not present. 

 

Limitations of CT  

Despite its advantages, CT imaging has certain limitations. The major concern is exposure to ionizing 

radiation, particularly in young patients and those requiring repeated imaging examinations. CT is generally 

more expensive than ultrasound and conventional radiography. In pregnant women, ultrasound is usually 

preferred because it avoids radiation exposure. Although low-dose CT protocols have reduced radiation doses, 

radiation safety remains an important consideration.  

VI. COMPARISON OF CT WITH OTHER IMAGING MODALITIES 

CT versus Ultrasound Ultrasound  

is commonly used as an initial imaging technique because it is inexpensive, widely available, and free from 
radiation exposure. However, ultrasound has lower sensitivity for detecting small ureteric stones. CT provides 
significantly better visualization and diagnostic accuracy compared with ultrasound.  

CT versus KUB Radiography  

Plain radiography of the kidney, ureter, and bladder (KUB) is a simple and low-cost imaging modality. 
However, many urinary stones may not be visible on X-ray. CT provides superior stone detection and more 
detailed anatomical information. 

 CT versus MRI  

Magnetic Resonance Imaging (MRI) is useful for evaluating soft tissues and does not involve ionizing 
radiation. However, MRI is less effective in detecting urinary stones compared with CT. Therefore, CT 
remains the preferred imaging modality for diagnosing kidney stones. 
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VII. SUMMARY 

This review highlights the significant role of Computed Tomography (CT) in the diagnosis and 

management of kidney stone disease. CT imaging provides detailed visualization of the urinary tract and 

enables accurate assessment of stone size, location, density, and associated complications. Non-Contrast CT 

(NCCT) remains the preferred imaging technique because of its high sensitivity and specificity in detecting 

urinary calculi. The review also demonstrates that CT is superior to ultrasound, KUB radiography, and MRI 

for the diagnosis of kidney stones. Although radiation exposure remains a limitation, the introduction of low-

dose CT protocols has improved patient safety while maintaining diagnostic accuracy. Furthermore, recent 

developments such as dualenergy CT and artificial intelligence-assisted image analysis have enhanced the 

effectiveness of CT imaging in modern clinical practice. Overall, CT continues to be the most reliable imaging 

modality for evaluating patients with suspected urolithiasis and plays a crucial role in guiding appropriate 

treatment decisions. 

VIII. CONCLUSION 

Computed Tomography plays a vital role in the diagnosis and management of kidney stone disease. 

Non-Contrast CT (NCCT) is considered the gold standard imaging modality due to its high sensitivity, 

specificity, and ability to accurately identify stone size, location, density, and associated complications. CT 

imaging assists clinicians in treatment planning and improves patient outcomes through rapid and reliable 

diagnosis. Although radiation exposure remains a limitation, recent advancements such as low-dose CT and 

dual-energy CT have enhanced the safety and effectiveness of this imaging technique. Therefore, CT 

continues to be the most valuable imaging modality for evaluating patients with suspected urolithiasis.  
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