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  ABSTRACT  
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 Imaging of renal calculi is crucial for selection of therapeutic options. 

Abdominal sonography and radiography are frequently indicated for 

stone detection with debatable indications. Study the superiority of KUB 

radiography or ultrasonography, as a single preliminary modality for 

detection of renal stone. I00 patients were selected (aged 

47.9±13.1years, 76% were males) presented with renal colic. All are 

subjected to thorough history, abdominal radiograms, and 

ultrasonography. Those with ultrasonographic findings of urinary stone 

were enrolled, and classified according to stone size into groups of 

(<5.0mm), (5.0-10.0mm), and(>10.0mm). Mean patients age was 

47.9±13.1years, with male predominance. Around 2/3rd of the stones 

were radiopaque. 43% of the stones were detected in the middle kidney 

pole, 31% in the ureter at different levels, 27% in the lower pole, and 

16% of the stones had mixed locations. 3/4th of the cases had calcium 

oxalate type of stones. More than one stone revealed variable sides, 

locations, and types. Ultrasonography has a superior sensitivity over the 

KUB radiography in detecting urate and amorphous stones, besides 

some of the calcium, oxalate and phosphate stones. The small-sized and 

some of the moderate-sized stones were undetectable by the 

radiography, while all stone sizes can be detected by the ultrasounds. 

Compared with plain radiography, ultrasonography is an ultimate 

preliminary imaging modality for kidney stones. Adding innovative 

approaches can further expand the precision of stone analysis. KUB 

radiography in detecting small nephrolithiasis is of restricted value. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Imaging of renal calculi is a crucial diagnostic mean and primary decisive step in the proper selection of 

therapeutic options for the management of nephrolithiasis. Recommendations delivered by the "American 
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College of Radiology", "American Urological Association", and "European Association of Urology" vary 

as regards the optimum preliminary imaging modality customized to evaluate patients with suspected renal 

calculi [1]. 

 

Selecting the accurate imaging modality for renal stones encompasses many factors including the clinical 

situation, body habitus, tolerance of ionizing radiation, and charges. Few imaging modalities are accessible, 

but the more prevalent current use is restricted to computerized tomography (CT), ultrasound, and plain 

abdominal radiography i.e. kidney ureter bladder (KUB) [2], [3]. Adding to their radiation hazards with 

consequent long-term malignancy risk [3], CT Scan is no more precise than ultrasound to detect kidney 

stones [1], [4], or at any rate, the renal stone size gained by ultrasound was virtually the same as that 

detected by CT scan [5]. [6] reported that ultrasonography is an effective imaging tool for detecting renal 

stones. As well, another study also described ultrasonography as the best preliminary imaging modality for 

suspected nephrolithiasis [4]. 

 

Surgeons and physicians in the field of medicine will come upon patients with renal stones. It is reported 

that as many as 1/11 Americans suffer renal stones and during the last two decades the incidence has raised 

by virtually 70% [7] and is rising worldwide [8], [9]. 

 

Abdominal sonography and plain KUB are frequently indicated for renal stone detection, however, the 

efficacy of each modality alone when compared to other modalities remains controversial. To study the 

efficacy and superiority of KUB radiography or ultrasonography, each as a single initial imaging modality, 

this study was planned. 

 

2. Material and methods 

 

2.1 Patients collection 

I00 patients have been selected out of 319 adults (aged 47.9±13.1 years, 76% were males) who presented to 

the emergency department (ED) with renal colic. All are subjected to thorough history, clinical, plain 

abdominal radiograms, and ultrasonography examinations. Only those with ultrasonographic findings of 

urinary stones were enrolled in this cross-sectional study that was conducted in the ED of the general 

hospital, in Baghdad, Iraq. The study lasted from July 2020 to January 2022. Those with urinary tract 

anomalies, solitary kidney, urinary tract obstruction by non-renal stones causes, and those who were unable 

to complete the renal stone analysis were excluded from the study. A prearranged written consent had been 

acquired from all the contributors before being enrolled in the study. The study was authorized officially by 

the health authorities of the hospital and health directorate. 

 

2.2 Imaging techniques 

All 319 patients with renal colic underwent plain radiography (KUB) and ultrasound examinations. Both 

investigations were performed and interpreted by the specialist radiologist of the hospital, which was 

unaware of the study protocols. The ultrasound machine of the kidneys and bladder was performed using 

grayscale sonography (Toshiba SSA550A) with a 3.5-MHz convex transducer. The sonographic studies 

were achieved by 3 skilled sonographers in a blinded manner. Any echogenic foci (+/-acoustic shadow) 

detected in the calicial system or pelvis on ultrasound were identified as kidney stones since trivial stones 

possibly will not exhibit an acoustic shadowing [6], [10]. The size of the renal stones was calculated as the 

longest span on ultrasound. Renal calculi were classified according to size in groups of <5.0mm, 5.0-

10.0mm, and >10.0mm [10]. 
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2.3 Biochemical stone analyses 

The stone biochemical analysis was accomplished utilizing a specific chemical dipstick test from "Stone 

Analysis Set (BIOLABO™, France)", for all 100 cases. 

 

2.4 Statistical Evaluates 

Statistical evaluations had done on SPSS V/25. The summary values were defined as means+/–SD for 

continuous parameters and frequencies & (percentage) for nominal parameters. All statistical assessments 

were achieved at P<0.05 significance levels. 

 

3. Results 

The main characteristics of patients with renal stones are shown in table-1. The mean age of the patients 

was 47.9±13.1 years, with male predominance (71%). Of the total participants, 38% revealed a history of 

chronic diseases (diabetes 11%, hypertension 22%, or ischemic heart diseases 5%). The previous family 

history was evident in more than 3/4th of the cases. Recurrent incidence of renal stones was evident in a 

majority of the enrolled cases (90%). 

 

Table-1: Main characteristics of patients with renal stone 

Table-1: Main characteristics of patients with renal stone 

Characteristics  Minimum Maximum Mean Std. Deviation 

Age/years 16 65 47.9 13.1 

Sex*  
Male 71 (71%) 

Female  29 (29%) 

Diabetes* 11 (10%) 

Hypertension* 22 (22%) 

Ischemic heart diseases* 5 (5%) 

Recurrent Stone* 
Negative History 10 (10%) 

Positive History 90 (90%) 

 Family History of Renal Stone* 77 (77%)    
* Number (%) 

 

The distribution of the renal stones among the patients according to their radiolucency was revealed in 

table-2. Around 2/3rd of the stones were radiopaque by X-ray examination. 

 

Table-2: Radiolucent state of the detected stones among renal stone patients by KUB radiogram 

Table-2: Radiolucent state of the detected stones among renal stone patients 

by KUB radiogram 
Stone Radiolucency No. (%) 

Radiolucent 34 (34%) 

Radiopaque  66 (66%) 

 

Table 3 displays the distribution of urinary stones according to their sides in the urinary system whether in 

the left or right kidney or ureter. Half of the cases have their stones situated on both sides, 28% were in the 

right kidney, and 21% of the stones were in the left. Only 2 cases have double stones in the kidney and 

ureter.  

 

Table-3: Distribution of urinary stones according to their sides in the urinary system 

Table-3: Distribution of urinary stones according to their sides in the 

urinary system 
            Side of stone in the urinary system Percentages 
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Left kidney 28% 

Right kidney 21% 

Left & Right kidney 49% 

Kidney and ureter 2% 

More than one stone at different sides 17% 

 

The distribution of urinary stones according to their specific locations in the urinary system is shown in the 

table-4. 43% of the stones were detected in the middle pole of the kidney, 31% in the ureter at different 

levels, 27% in the lower renal pole, and 16% of the stones had mixed all locations.  However, some of the 

cases revealed mixed combined locations of the stones. 

 

Table-4: Distribution of urinary stones according to their locations in the urinary system 

Table-4: Distribution of urinary stones according to their locations in the 

urinary system 

Site of the stone*  Percentages  

Lower pole 27% 

MID pole 43% 

Upper pole 5% 

Ureter 31% 

Renal pelvic 4% 

All types  16% 

*some of the cases have mixed sites of the stone 

 

The biochemical investigations of the renal stones were displayed in table-5. 3/4th of the cases had calcium 

oxalate stones, 8% had urate stones, calcium oxalate, and oxalate 6%, 4% had calcium stones, and the rest 

6% represented by the three types (calcium and oxalate, amorphous, and oxalate) equally, (table-5). The 

detectability of the renal stones among the patients was compared and presented also in this table. 

Ultrasonography has a superior sensitivity over the KUB radiography in detecting urate and amorphous 

stones, as well as some of the calcium, oxalate, and phosphate stones. 

 

Table-5: Distribution of urinary stones and their detectability, according to the Stone biochemical analyses 

Table-5: Distribution of urinary stones and their detectability**, according to the Stone 
biochemical analyses* 

 

Biochemical analyses of renal stone 

 

Number 
Detectability by 

Plain X-ray Ultrasound 

Calcium oxalate 76 + + 

Uric acid 8 - + 

Calcium oxalate and oxalate 6 + + 

Calcium 4 + + 

Calcium and phosphate 2 +/- + 

Oxalate 2 +/- + 

Amorphous 2 - + 

* Some patients revealed more than one type of stone, ** (+) mean detectable stones, (-) mean undetectable stone 

 

Two third of the stones were large (> 10 mm), 28% were of moderate size (5-10 mm), and only 5% showed 

small size <5.0 mm, (table-6). 
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Table-6: Distribution of urinary stones according to the Size of the Urinary Stones 

Table-6: Distribution of urinary stones according to the Size of the Urinary 

Stones
*
 

≤ 5.0 mm 5% 

> 5.0 – 10.0 mm 28.0% 

> 10.0 mm 67.0% 
* Some patients revealed more than one size of stone 

 

Table-7 revealed that the small-sized stones (less than 5.0 mm) and some of the moderate-sized stones (5-10 

mm) were undetectable by the plain abdominal X-rays, while all the stone sizes can be detected by the 

ultrasounds. 

 

Table-7: Detectability of the renal stones according to the categories of the stone sizes 

Table-7: Detectability of the renal stones according to the categories of the 

stone sizes 

Stone size 
Detectability

*
 

Plain X-ray Ultrasound 

> 10 mm + + 

5-10 mm +/- + 

< 5.0 mm - + 

* (+) mean detectable stones, (-) mean undetectable stone 

 

4. Discussion 

The main finding of this study was that the initial abdominal ultrasonography is more sensitive, more 

accurate, and more diagnostic than the plain abdominal x-rays in the detection of nephrolithiasis. 

Ultrasonography is a harmless, reproducible, and perfect attitude to the patient with renal calculi, which 

benefits decrease exposure to ionizing radiation. Consistent with our outcomes was an increasing body of 

literature, though it is not conclusive, suggesting the superiority of ultrasound examination in diagnosing 

renal stones [4- 6]. Data from seven published articles gathered and reviewed systematically in 2019 

exposed that urinary sonography had sensitivity and specificity of (80% and 100%), respectively in 

detecting pediatric renal stones [11]. Another study supporting our outcomes published by [10] comparing 

KUB to ultrasound revealed that plain radiography does not expand the detection rate for renal stones. 

 

Unilateral or bilateral renal colic is a common presenting complaint in the ED with more than 3.6 million 

cases in the USA between 2006-2009 [12]. Although in most instances kidney calculi are self-limited, many 

patients call for urologic interventions, and some calculi reflect riskier etiologies [13- 15]. There is an 

ongoing extent of evidence that determines comorbid conditions like diabetes mellitus, hypertension, and 

chronic kidney diseases [16], [17]. Because classifying such patients is mostly based on proper imaging, 

particularly CT, renal colic is a vital driver of progressive imaging, continued or frequent ED application, 

and direct and/or indirect charges relating to patient medical care and wasted work-time [18]. 

 

A variety of reasons for increased stone prevalence have been postulated, with the common assumption that 

environmental factors, rather than genetic ones, are responsible, because of the relatively short time course 

over which these epidemiologic trends have been observed [19]. However, it is also possible that the 

increased utilization of imaging studies in recent years has led to greater detection of nephrolithiasis, 

overestimating the true increased prevalence of stones [8], [20], [21]. Vit-D3 has manifold metabolic effects 

in the homeostasis of calcium and Phosphate, besides its role in the pathogenesis of kidney stones through 

its physiological activities on three main organs which are the intestine, bone, and kidney [9], [22- 24]. The 
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precise biochemical lithogenic changes are not always obvious and in many times, the metabolic bases 

remain unspecified [9]. 

 

Consequently, although factors like varying nutrition and increasing incidence of hypertension, diabetes 

mellitus, ischemic heart diseases, and obesity possibly subsidize the observable epidemiologic tendencies of 

increased incidence of nephrolithiasis [25], which are prevalent among the patients of the current study 

(table-1). Their virtual influence on kidney stone diseases can only be evaluated after accounting for rises in 

the application of imaging modalities [26]. 

 

Compared with CT scan, ultrasonography yields a stone size virtually parallel to that identified by CT [5].  

A recent study revealed no significant changes in measures of kidney stone size using ultrasound and CT. 

Still, sonography may to some extent overestimate trivial calculi in some cases [27]. Otherwise, factors like 

the calculus size, the extent of hydronephrosis, and body weight influenced the identification rate of the 

stones, particularly when utilized by an inexpert radiologist. Nevertheless, an ultrasonogram is not the 

ultimate screening device since its sensitivity is around 80% and the false-negative results can reach 54% 

[11]. 

 

The plain KUB radiography showed a detection rate of renal stones with sensitivity and specificity of about 

44–77% and 80–87%, respectively [28]. KUB radiogram might be useful in distinguishing radiopaque from 

radiolucent renal stones and for evaluation during follow-up [2]. 

 

In the present study, the detectability of the nephrolithiasis by KUB or ultrasound according to the stone 

biochemical analyses revealed that the sensitivity and detectability of ultrasonography are better than KUB 

radiography in the case of urate, calcium, and phosphate, amorphous, and oxalate stones (table-5). The 

same finding was described by EAU guidelines in 2016 [2], [10]. 

 

The detectability of ultrasonography was superior to that of KUB radiography in cases of stones of small 

and moderate size kidney stones (table-6). The same outcomes were published by other studies [10]. 

Comparing KUB to ultrasound does not expand the detection rate for renal stones is another supportive 

finding published by [10]. 

 

The commonest location at the stone presentation in this study was the middle pole (43%), followed by the 

ureter and lower pole, which were unlike other studies [29], [30]. While other scholars revealed that the 

most common location at stone presentation was the lower pole [31]. One of the possible explanations for 

this disparity in the studies' outcomes is the lowest passage rates of the lower pole stones [29], [32]. 

Moreover, the inferior ribs artifacts often shadow the upper renal poles. However, the whole kidney can be 

examined during either normal respiration or breath-hold, as the kidney will follow the diaphragm and 

change position accordingly [31]. 

 

In a few words, in comparison to KUB, ultrasound should be considered the primary imaging technique. It 

is a non-expensive, reproducible, and non-invasive imaging modality, attaining point-of-care diagnosis in 

most circumstances devoid of the radiation. It could be useful in combination with clinical courses to define 

which individuals would benefit from proper imaging or urologic consultation [33]. In the meantime, 

kidney stone sizes gained by sonography were correlated with CT measurements, and ultrasound was 

concordant in (72%) of prior research including 822 patients [6]. 

 

Moreover, recent advances in the diagnosis of renal stones, comprising the "twinkling signal and posterior 
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acoustic shadow", have facilitated the improvement of the use of ultrasound examination for detecting and 

sizing renal stones [34], [35], which could open the door for further future well-designed studies. 

 

5. Conclusion 

Compared with plain radiography, ultrasonography is an ultimate primary imaging modality for kidney 

stones owing to its benefits like inexpensive, lack of radiation, and feasibility. Adding innovative 

approaches can further expand the precision of stone analysis. KUB radiography in detecting small 

nephrolithiasis is of restricted value. 

 

Study Limitations: 

This research paper encountered a few limitations. First, it is hard to detect stones in collapsed ureters with 

ultrasonography. In these patients, the subject should be hydrated well while the urinary bladder behaves as 

a sonic space to detect ureteral calculi. Thus, in emergency dehydrated cases, there is limited time to well 

hydrate the case, and sonography will be not so useful in detecting nephrolithiasis. Secondly, the proper 

sonography probe-type besides the skilled sonographer is not always possible. Hence, the outcomes 

reported could be of a not high level of evidence, although the authors were very careful in the selection of 

the patients during the study. Thirdly, the radiologists or the sonographers were not blind to the study 

protocol, despite this, the authors tried their best to exclude the biased data out of the total 319 patients. 
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