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UROGENITAL IMAGING 
 

Renal Cortical Thickness in Adults with 
Normal Renal Function Measured by 
Ultrasonography 
Background/Objective: Renal cortical thickness is an important index for many renal 
diseases. Ultrasonography has been introduced as an effective method to determine different 
renal measurements. The objective of this study was to determine the sonographic mea-
surement of renal cortical thickness (RCT) in adults with normal renal function in Isfahan and 
its relation with gender, age, height, weight, body mass index (BMI), and the side of the body. 
Patients and Methods: 142 healthy subjects aged 20–50 years with no history of 
renal or systemic diseases were studied prospectively. These patients had normal BUN/Cr 
tests and urine analysis. They also had a normal kidney sonography. Gray scale sonography 
was used to measure the distance between the outer border of the medulla and the renal 
capsule, presenting as RCT. 
Results: 80 men and 62 women with a mean±SD age of 38.8±7.7 years underwent sono-
graphy. The mean±SD RCT was 9.09±0.99 mm. RCT associated with gender (P=0.02) but 
there was no significant difference between the right and left RCTs (P=0.15). There were 
significant positive correlations between RCT and renal length and the patients’ height, but 
such a correlation was not observed between RCT and age, BMI, and the patients’ weight. 
Conclusions: RCT varies with many variables including gender, height and length of the 
kidney. The results of this study can be used for evaluation of RCT to determine abnormal 
clinical conditions. 
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Introduction 
ltrasonography is one of the several methods used to evaluate renal mor-
phology. Different studies show that ultrasonography is a rapid and non-

invasive diagnostic method for renal diseases and also the first method of choice 
for screening and follow-up of patients and healthy people.1 Moreover, ultraso-
nography has been shown as a proper way for studying acute rejection of the 
transplanted kidneys, renal collagen-vascular diseases, and diagnosis of renal cys-
tic lesions.2-4 

As the change in renal cortical thickness (RCT) is an important sign of renal 
disease, ultrasonographic measurement of RCT has been suggested as an index 
for studying the health status of the kidney. Measurement of RCT is used for dif-
ferentiation between acute and chronic renal failure.5 Although different meas-
ures have been reported for normal RCT in various references, measurement of 
RCT, just like other body sizes, depends on race and body mass. Ablett et al, 
showed that in normal adult kidneys, sonographic bipolar renal length measure-
ments are reasonably reliable and practical.6 

There has been no study to determine the measurement of RCT based on the 
demographic characteristics of our population. Such a study has been completed 
and reported in our neighboring country, Pakistan, whose reported measures had 
considerable differences with what we found in our practice.7 Therefore, the ob-
jective of this study was to measure the sonographic values of normal RCT in
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an Iranian population and its analysis based on age, 
gender, body mass index (BMI), and the side of the 
body. 

Patients and Methods 

This cross-sectional study was conducted from Jan-
uary 2007 to July 2007. One hundred and five 20 to 
50-year-old volunteered employees from Isfahan uni-
versity of medical sciences were enrolled in this 
study. Institutional ethical committee approval was 
granted, and an informed written consent was signed 
by each patient. 

A personal information form including age and 
gender of the participant was completed. BMI 
(weight/height2 [kg/m2]) was calculated for each sub-
ject, using a Secca scale to measure height (H) and 
weight (W). 

All participants were then examined by a nephrolo-
gist and a history of previous or present renal diseases 
was taken. Those who had any abnormal physical 
examinations or had any history of kidney diseases 
(such as frequent urinary tract infections (UTI), or 
lower urinary tract signs and symptoms), diabetes 
mellitus, hypertension, atherosclerosis, collagen-
vascular diseases, systemic infections, or abnormal 
urinary or biochemistry laboratory tests in their his-
tory were excluded from the study. 

At the next step, urinalysis, blood urea nitrogen 
(BUN), and creatinine (Cr) were performed for all 
participants in a single laboratory. In the meantime, 
the participants underwent kidney ultrasonography. 
If abnormal laboratory tests were reported for any of 
the subjects, the data were excluded from the study. 
A serum Cr >1.2 mg/dL and BUN >20 mg/dL were 
considered abnormal. Those who had presence of 
proteinuria, urinary casts, or more than five red or 
white blood cells in the urinalysis report were also 
excluded from the study. 

All ultrasonographies were performed by the same 
radiologist. Gray scale sonography was preformed for 
all subjects, using a 3.5-5 MHz multi-frequency cur-
vilinear probe (Siemens G50, Germany). Participants 
were examined in supine oblique positions, left and 
right for each kidney and the distance between the 
renal capsule and the external margin of the hypoe-
choic medulla was measured in four points—the up-

per pole, lower pole, and two points of the lateral 
cortex—for each kidney (Fig. 1). 

The mean of these four measurements for each kid-
ney was reported as the RCT. The exclusion criteria 
in this section were abnormalities such as a small 
kidney, irregularity in renal surface, hydronephrosis, 
renal stone, renal duplication, and ectopia. 

Data were analyzed by SPSS® for Windows® ver. 
11.5. Data of the right and left kidneys were com-
pared with Student’s t test for paired data. In addi-
tion, Pearson’s correlation coefficient was used to de-
termine the linear correlations between the RCT and 
other continious variables.  One-way ANOVA was 
used to compare the means among more than two 
groups. Data were presented as mean (CI 95%) and 
mean±SD. A P-value <0.05 was considered statistical-
ly significant.  

Results 

Of the 155 volunteers, 13 were excluded from the 
study because of the renal abnormalities found in the 
history, physical examination or sonography. Five 
participants had a history of UTI, two had a history of 
proteinuria, two had pyuria, two had a unilateral 
small kidney, one had renal ectopia and one had renal 
duplication. 

Of 142 studied participants, 80 (56.3%) were male 
and 62 (43.7%) were female.  

The mean±SD age of participants was 38.8±7.7 
(range: 20–50) years. The mean±SD height of the stu-
died subjects was 165.1±10.6 (range: 150–189) cm. 

Fig.1. The sonographic view of the measurement of renal cortical 
thickness in four points of the kidney. 
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They had a mean±SD weight of 71.3±12.8 (range: 36–
120) kg. The mean±SD BMI of participants was 
26.2±4.6 (range: 13.4–39.7) kg/m2. 

The mean RCT was 9.1 mm (CI 95%: 8.9–9.3 mm). 
The mean RCT was 9.0 mm (CI 95%: 8.83–9.21 mm) 
for the right kidney and 9.2 mm (CI 95%: 9.0-9.4 
mm) for the left kidney (P= 0.15).  

The mean RCT was 9.3 mm (CI 95%: 9.0–9.5 mm) 
in men and 8.9 mm (CI 95%: 8.6–9.1) in women (P= 
0.02).  

In men, the mean RCT of the right and left kidneys 
was 9.2 (95% CI: 8.9-9.4) and 9.4 (95% CI: 9.1–9.6) 
mm, respectively (P=0.12). In women, the mean RCT 
of the right and left kidneys were 8.8 (95% CI: 8.6–
9.1) and 8.9 (95% CI: 8.6–9.2) mm, respectively 
(P=0.7).  

In our study, the mean length of kidneys was 102.2 
(95% CI: 101.1–103.4) mm. The mean length was 
102.5 (95% CI: 101.1–104.0) and 101.9 (95% CI: 
100.7–103.2) mm for the left and right kidneys, re-
spectively (P=0.34). In both sides, there were weak 
positive correlations between the RCT and the kid-
ney lengths (r=0.27, P=0.001 for the right; and r=0.29, 
P<0.001 for the left kidney).  

There was no correlation between the left kidney 
RCT and its length in women (r=0.10, P=0.2), whe-
reas women’s right kidney RCT and the men’s left 
and right RCTs had weak positive correlations with 
the renal length (r=0.284, P=0.02 for women’s right 
kidney and r=0.12, P=0.42 and r=0.345, P=0.002 for 
men’s right and left kidneys, respectively).  

Totally, there was no significant correlation be-
tween age and RCT (r=0.13, P=0.128). In addition, 
there was no significant difference between RCTs of 
different age groups (P=0.43). 

There was also no significant correlation between 
BMI and RCT (r=0.21, P=0.806). A weak positive cor-
relation was found between RCT and the mean 
height of participants (r=0.21, P=0.014). However, 
there was no significant correlation between the RCT 
and the mean weight of subjects (r=0.14, P=0.095). 

Discussion 

Most of the previous studies have measured the 
length of the kidney and its relation with other fac-
tors. Few studies have evaluated the RCT and its rela-

tion with some other factors such as age, gender, 
weight, and height. We know that RCT depends on 
ethnicity and some environmental factors. To estab-
lish some preliminary data on our population, we de-
termined the RCT in subjects without known renal 
diseases and its correlation with some factors. 

In the two other studies using arteriography, the 
normal RCT has been reported as 5–12 mm in one8 
and 5–8 mm in another.9 The above results are in ap-
proximate agreement with our findings (mean±SD 
RCT of 9.1±1.0 mm). In another study, using Doppler 
ultrasonography, the normal RCT has been reported 
as 10–15 mm10 which is slightly higher than our find-
ings. They calculated the RCT from two measure-
ments in the upper and lower poles of the kidney, 
hence, different results might be expected. Buchholz 
et al, at Karachi university, Pakistan, have reported a 
mean±SD RCT of 16±2 mm,7 which has significant 
difference with our results; however, this can be the 
measurement of the mean parenchymal thickness. If 
this was the mean RCT, considering that Pakistan is 
one of our neighbours, more regional studies are war-
ranted. The variation in cortical thickness is a reflec-
tion of the wide range of renal size and configuration 
of the collecting system. In kidneys with short and 
stocky infundibuli, the cortex appears thicker than in 
kidneys with elongated, spidery infundibuli.8 

We found that there is a significant difference be-
tween the mean RCT in men and women (P=0.02). It 
seems that this difference between men and women 
is due to a difference between their body metabolism. 

Buchholz et al, has reported the mean kidney 
length as 104±8 mm. They also found that there was 
no significant difference between the right and left 
kidney lengths.7 These results are in agreement with 
our findings.  

We showed that RCT has a weak positive correla-
tion with renal length. Furthermore, some references 
reveal that there is a relationship between the sub-
ject’s height and renal length.5 Therefore, our finding 
in this study—the correlation between the subject’s 
height and RCT—could be expected. 

Although some references report that the renal 
length decreases by aging5 and that we expect RCT 
also to decrease by age, we did not observe any signif-
icant correlation between age and RCT. Absence of 
this expected correlation in our study might be due to 
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the age of our subjects (20–50 years). 
There was no significant correlation between BMI 

and RCT. There was also no significant correlation 
between the subjects’ mean weight and RCT. These 
results were expected, considering that weight and 
BMI are both affected by body fat content and that 
fat has no effect on body metabolism. We think that a 
significant result would have been found if we stu-
died the correlation between RCT and the lean body 
mass. 

Finally, it seems that more population-based studies 
with a larger sample size are necessary to establish 
the normal values of the Iranian population to set the 
local reference values. 

The RCT is mostly useful in differentiating chronic 
and acute renal insufficiency, because in most chron-
ic renal failures, renal cortical thinning would be 
present; on the other hand, in acute states of renal 
failure, we do not expect a decrease in RCT.  

References 
1. Lawson TL, McClennan BL, Shirkhoda A. Adult polycystic kidney 

disease: ultrasonographic and computed tomographic appearance. J 
Clin Ultrasound 1978; 6(5):297-302. 

2. Frick MP, Feinberg SB, Sibley R, Idstrom ME. Ultrasound in acute 
renal transplant rejection. Radiology 1981;138(3):657-60. 

3. Longmaid HE, Rider E, Tymkiw J. Lupus nephritis. New sonographic 
findings. J Ultrasound Med 1987;6(2):75-9. 

4. Chuang YF, Tsai TC. Sonographic findings in familial juvenile neph-
ronophthisis-medullary cystic disease complex. J Clin Ultrasound 
1998;26(4):203-6. 

5. Edell SL, Kurtz AB. Normal renal ultrasound measurements. In: 
Goldberg BB, Kurtz AB, editors. Atlas of ultrasound measurements. 
Chicago, Year Book, 1990. p. 146. 

6. Ablett MJ, Coulthard A, Lee RE, Richardson DL, Bellas T, Owen JP et 
al. How reliable are ultrasound measurements of renal length in 
adults? Br J Radiol 1995;68(814):1087-9. 

7. Buchholz NP, Abbas F, Biyabani SR, Afzal M, Javed Q, Rizvi I et al. 
Ultrasonographic renal size in individuals without known renal dis-
ease. J Pak Med Assoc 2000;50(1):12-6. 

8. Khademi M. Angiographic measurement of renal compartments. 
Corticomedullary ratio in normal, diseased states and sickle cell ane-
mia. Radiology 1974 Oct;113(1):51-8. 

9. Abrams HL. Quantitative derivates of renal radiologic studies. An 
overview. Invest Radiol 1972;7(4):240-79. 

10. Cantwell-Gab K. Renal artery evaluation. In: Strandness D, Eugene 
JR, editors. Duplex scanning in vascular disorders. New York: Lippin-
cott Williams & Wilkins; 2001. p. 311. 

 




