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Abstract 

This is a descriptive cross-sectional study which was carried out during December 

2017 to February 2018 in al Ribat Teaching Hospital, in Khartoum- Sudan. The 

problem of the study was to compare the thickness of urinary bladder in pre-void 

and post-void status, assuming that there were no previous studies that compared if 

there is a difference between them in Sudan. The study was aimed to measure both 

pre and post-void bladder wall thickness and compare them; and to minimize the 

dependency of foreign standards by producing data collected from Sudan. A total of 

100 patients were selected randomly; age arranged from 16 to 78 years, scanning by 

ultrasonography and all patients were normal. Any patient with renal disorder, lower 

urinary tract symptoms or prostate abnormalities was excluded from this study. Data 

was collected using data collection sheet and then analyzed by using SPSS. 

The study found that mean age of participants was 42.12 years; mean weight was 

65.45 Kg, mean height was 162.53 cm, mean pre-void bladder wall thickness was 

2.644 mm, mean post-void bladder thickness was 4.377 mm, and residual urine was 

in between 0 to 30 ml.  

Furthermore the study concluded that pre-void bladder wall thickness of Sudanese 

patients is less than 5mm and above that should be suspected as cystitis, also there 

was a negative correlation between pre-void bladder wall thickness and post-void 

bladder wall thickness (p=0.169), the mean normal pre-void bladder wall thickness 

was 2.644 mm, the post-void bladder wall thickness was 4.377 mm, it also revealed 

that urinary bladder wall thickness was higher in males (2.7mm) than females 

(2.58mm), distended bladder wall thickness is negatively correlated with bladder 

volume (p=0.329) and height (p=0.125), and finally urine residual volume ranged 

from 0 to 30ml. 



Further studies should be done to assess the relationship between the bladder wall 

thickness and benign prostate hyperplasia.  
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Chapter one 

Introduction  

1-1 Introduction  

The urinary bladder  (more commonly just called the bladder) is a distal part of the 

urinary tract and is an extra-peritoneal structure located in the true pelvis. The 

bladder has a triangular shape with a posterior base, an anterior apex and an inferior 

neck with two inferolateral surfaces. It is lined with a rough, trabeculated transitional 

cell epithelium except at the trigone. The trigone is a triangular area of smooth 

mucosa found on the internal surface of the base. The superolateral angles are 

formed by the ureteric orifices and the inferior angle is formed by the internal 

urethral orifice. The urethra arises from the neck of the bladder and is surrounded by 

the internal urethral sphincter. As the bladder fills with urine it becomes ovoid in 

shape and extends superiorly into the abdominal cavity. Superior and inferior vesicle 

arteries supply the bladder while in male vesicle and prostatic venous plexus via 

similarly named veins to the internal iliac veins and internal vertebral veins and in 

female vesicle and uterovaginal plexuses draining into the internal iliac vein drain 

the bladder. Lymphatic drainage of bladder accompanies blood vessels to the 

internal iliac lymph and para-aortic nodes.(1) 

It is well known that the bladder wall as well as the different layers of the bladder 

can be imaged with ultrasound technology. By measuring with US device, the 

bladder wall thickness (BWT) has received increasing interest as a non-invasive test 

to diagnose bladder outlet obstruction (BOO). On the other hand, measurement of 

mean bladder wall thickness is important in order to show women with detrusor 

instability. Previous studies reported that they had thicker bladder walls than those 

with genuine stress incontinence suggesting that this change may be due to 

https://radiopaedia.org/articles/pelvis-1
https://radiopaedia.org/articles/abdominal-cavity
https://radiopaedia.org/articles/superior-vesical-artery-1
https://radiopaedia.org/articles/inferior-vesical-artery
https://radiopaedia.org/articles/inferior-vesical-artery
https://radiopaedia.org/articles/internal-iliac-vein


hypertrophy of the detrusor muscle secondary to repeated detrusor contractions 

against a closed urtehral sphincter.(2) 

Although some methods such as cystoscopy and cystography can be used to show 

bladder wall trabeculations suggesting detrusor hypertrophy, they do not 

quantitatively evaluate the degree of detrusor hypertrophy. On the other hand, 

ultrasonography (US) is a non-invasive, simple, fast and wide-acceptable method in 

evaluating detrusor hypertrophy.(3) 

By using US, the bladder wall thickness as an indicator of detrusor hypertrophy has 

been noted for many years. Ultrasound estimated bladder weight (UEBW) was 

reported as a useful method for the objective and quantitative measurement of 

bladder hypertrophy in the studies.(4) 

1-2 Problem of the study 

Lack of previous studies that compare pre-void bladder wall thickness to post-void 

bladder wall thickness in Sudan.  

1-3 Objectives 

1-3-1 General objective 

To measure pre void bladder wall thickness compared to post void bladder wall 

thickness using Ultrasound. 

1-3-2 Specific objective 

To measure pre void bladder wall thickness 

To measure post void bladder wall thickness. 

To compare the thickness of pre void bladder wall with post void bladder wall. 



1-4 Overview of the study 

This study falls in to five chapters, chapter one is an introduction which include 

problem of the study, objective of the study and overview of the study, while chapter 

two contains literature review and previous study, chapter three deals with material 

used to collect the data and the method of data collection and analysis, chapter four 

presented the result of the study and finally chapter five contains discussion of the 

result, conclusion and recommendations. 

 

 

 

 

 

 

 

 

  

 

 

 



Chapter two 

Literature Review and Previous Studies 

2-1 The anatomy of urinary bladder  

The urinary bladder is a hollow, muscular and distendible or elastic organ that sits 

on the pelvic floor (superior to the prostate in males). On its anterior border lies the 

pubic symphysis and, on its posterior border, the vagina (in females) and rectum (in 

males).(6) 

The main function of the bladder is the collection, temporary storage, and expulsion 

of urine. It has a unique muscular structure, and a complex neurological control, 

which shall be considered in detail. Embryologically, the bladder is derived from 

the hindgut.(5)  

 

Figure 2.1: shows overview of urinary tract(5) 

 

 



2-1-1 Shape of the bladder 

The morphological appearance of the bladder varies with filling. When full, it 

exhibits an oval shape, and when empty it is flattened by the overlying intestines.(5) 

The important external features are the apex, body, fundus and neck: 

1. Apex ï This is located superiorly, pointing towards the pubic symphysis. It is 

connected to the umbilicus by the median umbilical ligament (a remnant of 

the urachus). 

2. Body ï The main part of the bladder, located between the apex and the fundus 

3. Fundus (or base) ï Located posteriorly. It is triangular-shaped, with the tip of 

the triangle pointing backwards. 

4. Neck ï Formed by the convergence of the fundus and the two inferolateral 

surfaces. This structure joins the bladder to the urethra. 

Urine enters the bladder by the left and right ureters, and exits via the urethra. 

Internally, these orifices are marked by the trigone ï a triangular area located within 

the fundus. In contrast to the rest of the internal bladder, the trigone has smooth 

walls. There are two sphincters controlling the outflow of urine; the internal and 

external urethral sphincters. (5) 



 

Figure 2.2: shows Sagittal section of the male pelvis. The external anatomical 

features of the bladder(5) 

2-1-2 Musculature 

The bladder musculature, and the coordination of its action, plays a key role in the 

functions of the bladder. In order to contract during micturition, the bladder wall 

contains specialised smooth muscle, known as detrusor muscle. Its fibres are 

orientated in three directions, thus retaining structural integrity when stretched. It 

receives innervation from both the sympathetic and parasympathetic nervous 

systems. (5) 

There are also two muscular sphincters located in the urethra: 

2-1-2-1: Internal urethral sphincter: 

1. Male ï consists of circular smooth fibres, which are under autonomic control. 

It is thought to prevent seminal regurgitation during ejaculation. (5) 



2. Females ï thought to be a functional sphincter (i.e. no sphincteric muscle 

present). It is formed by the anatomy of the bladder neck and proximal urethra. 

(5) 

2-1-2-2: External urethral sphincter ï has the same structure in both sexes. It is 

skeletal muscle, and under voluntary control. During micturition, it relaxes to allow 

urine flow. (5) 

2-1-3 Vasculature 

The arterial blood supply of the bladder arrives primarily via the internal iliac 

(hypogastric) arteries. These branches into the umbilical artery, which supplies 

several superior vesicle branches, and inferior vesical arteries, which come as direct 

internal iliac branches in males or from the vaginal arteries in females. The arterial 

supply of the bladder is also derived in part from the obturator artery and inferior 

gluteal artery. In females, this is via the uterine artery and vaginal artery. The venous 

return of the bladder is a rich network of vessels that generally parallels the arteries 

in both anatomic course and name. The vast majority of venous return from the 

bladder drains into the internal iliac vein.(7) 

2-1-4 Lymphatic Drainage: 

The lymphatic drainage of the bladder is into the obturator, external iliac, internal 

iliac (hypogastric), and common iliac lymph nodes. As with any region of the body, 

prior surgery may alter the lymphatic outflow of the region. The internal iliac lymph 

nodes are usually the primary site of lymphadenopathy related to bladder pathology. 

(7) 

 

 

http://emedicine.medscape.com/article/1949215-overview
http://emedicine.medscape.com/article/1949237-overview


2-1-5 Nervous supply 

Neurological control is complex, with the bladder receiving input from both 

the autonomic (sympathetic and parasympathetic) and somatic arms of the nervous 

system: 

1. The sympathetic nervous system communicates with the bladder via 

the hypogastric nerve (T12 ï L2). It causes relaxation of the detrusor muscle. 

These functions promote urine retention. 

2. The parasympathetic nervous system communicates with the bladder via 

the pelvic nerve (S2-S4). Increased signals from this nerve causes contraction 

of the detrusor muscle. This stimulates micturition. 

3. The somatic nervous supply gives us voluntary control over micturition. It 

innervates the external urethral sphincter, via the pudendal nerve (S2-S4). It 

can cause it to constrict (storage phase) or relax (micturition). (5) 

In addition to the efferent nerves supplying the bladder, there are sensory (afferent) 

nervesthat report to the brain. They are found in the bladder wall and signal the need 

to urinate when the bladder becomes full. (5) 

2-1-6 The bladder stretch reflex 

The bladder stretch reflex is a primitive spinal reflex, in which micturition is 

stimulated in response to stretch. It is analogous to a muscle spinal reflex, such as 

the patella reflex. During toilet training in infants, this spinal reflex is overridden by 

the higher centers of the brain, to give voluntary control over micturition. (5) 

 

2-1-6-1 The reflex arc: 



1. Bladder fills with urine, and the bladder walls stretch. Sensory nerves detect 

stretch and transmit this information to the spinal cord. 

2. Interneurons within the spinal cord relay the signal to the parasympathetic 

efferents (the pelvic nerve). 

3. The pelvic nerve acts to contract the detrusor muscle, and stimulate 

micturition. (5) 

Although it is non-functional post childhood, the bladder stretch reflex needs to be 

considered in spinal injuries (where the descending inhibition cannot reach the 

bladder), and in neurodegenerative diseases (where the brain is unable to generate 

inhibition). (5) 

2-2 Bladder physiology 

The urinary bladder can hold approximately 17 to 18 ounces (500 to 530 ml) of 

urine, however the desire to micturate is usually experienced when it contains about 

150 to 200 ml. When the bladder fills with urine (about half full), stretch receptors 

send nerve impulses to the spinal cord, which then sends a reflex nerve impulse back 

to the sphincter (muscular valve) at the neck of the bladder, causing it to relax and 

allow the flow of urine into the urethra. The Internal urethral sphincter is involuntary. 

The ureters enter the bladder diagonally from its dorsolateral floor in an area called 

the trigone. The trigone is a triangular shaped area on the postero-inferior wall of the 

bladder. The urethra exits at the lowest point of the triangle of the trigone. The urine 

in the bladder also helps regulate body temperature. If the bladder becomes 

completely void of fluid, it causes the patient to chill. (6) 

2-2-1 The bladder largely serves two functions: 



1. Temporary store of urine ï The bladder is a hollow organ. The walls are very 

distensible, with a folded internal lining (known as rugae), this allows it to 

hold up to 600ml. 

2. Assists in the expulsion of urine ï During voiding, the musculature of the 

bladder contracts, and the sphincters relax. (5) 

2-2-2 Formation and characteristics of Urine 

Urine is formed in three steps: Filtration, Reabsorption, and Secretion. (6) 

2-2-2-1 Filtration  

Blood enters the afferent arteriole and flows into the glomerulus. Blood in the 

glomerulus has both filterable blood components and non-filterable blood 

components. Filterable blood components move toward the inside of the glomerulus 

while non-filterable blood components bypass the filtration process by exiting 

through the efferent arteriole. Filterable Blood components now take on plasma like 

form called glomerular filtrate. A few of the filterable blood components are water, 

nitrogenous waste, nutrients and salts (ions). Nonfilterable blood components 

include formed elements such as blood cells and platelets along with plasma 

proteins. The glomerular filtrate is not the same consistency as urine, as much of it 

is reabsorbed into the blood as the filtrate passes through the tubules of the nephron. 

(6) 

2-2-2-2 Reabsorption 

Within the peritubular capillary network, molecules and ions are reabsorbed back 

into the blood. Sodium Chloride reabsorbed into the system increases the osmolarity 

of blood in comparison to the glomerular filtrate. This reabsorption process allows 

water (H2O) to pass from the glomerular filtrate back into the circulatory system. 



Glucose and various amino acids also are reabsorbed into the circulatory system. 

These nutrients have carrier molecules that claim the glomerular molecule and 

release it back into the circulatory system. If all of the carrier molecules are used up, 

excess glucose or amino acids are set free into the urine. A complication of diabetes 

is the inability of the body to reabsorb glucose. If too much glucose appears in the 

glomerular filtrate it increases the osmolarity of the filtrate, causing water to be 

released into the urine rather than reabsorbed by the circulatory system. Frequent 

urination and unexplained thirst are warning signs of diabetes, due to water not being 

reabsorbed. Glomerular filtrate has now been separated into two forms: Reabsorbed 

Filtrate and Nonreabsorbed Filtrate. Non-reabsorbed filtrate is now known as tubular 

fluid as it passes through the collecting duct to be processed into urine. (6) 

2-2-2-3 Secretion 

Some substances are removed from blood through the peritubular capillary network 

into the distal convoluted tubule or collecting duct. These substances are Hydrogen 

ions, creatinine, and drugs. Urine is a collection of substances that have not been 

reabsorbed during glomerular filtration or tubular secretion. (6) 

Daily volume: In 24 hours, only about 1.0 to 1.8 liters of urine are produced. 

Components: Urine contains nitrogenous wastes and unneeded substances. 

Color: Freshly voided urine is generally clear and pale to deep yellow. 

Odor: When formed, urine is sterile and slightly aromatic, but if allowed to stand, it 

takes on an ammonia odor caused by the action of bacteria on the urine solutes. 

pH: Urine pH is usually slightly acidic (around 6), but changes in body metabolism 

and certain foods may cause it to be much more acidic or basic. 



Specific gravity: Whereas the specific gravity of pure water is 1.0, the specific 

gravity of urine usually ranges from 1.001 to 1.035. (6) 

Solutes: Solutes normally found in urine include sodium and potassium ions, urea, 

uric acid, creatinine, ammonia, bicarbonate ions, and various other ions. (6) 

2-2-3 Micturition  

Micturition or voiding is the act of emptying the bladder. 

1. Accumulation: Ordinarily, the bladder continues to collect urine until about 

200 ml have accumulated. 

2. Activation: At about this point, stretching of the bladder wall activates stretch 

receptors. 

3. Transmission: Impulses transmitted to the sacral region of the spinal cord and 

then back to the bladder via the pelvic splanchnic nerves cause the bladder to 

go into reflex contractions. 

4. Passage: As the contractions become stronger, stored urine is forced past the 

internal urethral sphincter into the upper part of the urethra. 

5. External sphincter: Because the lower external sphincter is skeletal 

muscle and voluntarily controlled, we can choose to keep it closed or it can 

be relaxed so that urine is flushed from the body. (8) 

 

 

2-3 pathology of urinary bladder  

2-3-1 Cystitis 
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Inþammation of the urinary bladder is referred to as cystitis. Inþammation of the 

urinary bladder will present itself sonographically as bladder wall thickening. When 

the bladder wall is thickened, its diameter will exceed 4 mm in a distended state. 

Cystitis is more common in women secondary to the short length of the urethra. The 

infection continues as an ascending infection, moving from the urethra into the 

bladder. Cystitis can present clinically with dysuria, urinary frequency, lower 

abdominal pain, nocturia, and even hematuria. Sonographically, the bladder wall 

may appear focally or diffusely thickened and measure greater than 4 mm in 

thickness. Within the lumen, echogenic, layering material may be noted. (9) 

  

Figure 2.3: shows 42-year-old man who presented with recurrent lower urinary 

symptoms and urinary tract infections. (11) 

2-3-2  Schistosomiasis  



Bladder schistosomiasis, also known as bilharzia of the bladder, is a major health 

problem in developing parts of the world predisposing individuals to squamous cell 

carcinoma. Schistosomiasis is very common, affecting over 200 million people, with 

the vast majority (85%) in Africa. It is prevalent in tropical and subtropical areas, 

especially in rural regions. There are five species of the blood fluke (trematode 

worm) Schistosoma species that cause disease in humans:  

      1.  Schistosoma haematobium 

      2.  S. mansoni 

3. S. japononicum 

4. S. intercalatum 

5. S. mekongi 

Larvae are released from snails (intermediate host) into water and penetrate human 

skin (definitive host) exposed to the infected water. These larvae travel to 

the lungs and liver of the human host, where they reside until they mature. After 

maturation, the adult worm pairs travel to the pelvic veins. Eggs are deposited in the 

bladder wall vessels and incite a granulomatous response that results in polypoid 

lesions. The eggs may go on to incite a chronic inflammatory response and fibrosis, 

which is an important predisposing factor for squamous cell carcinoma (SCC). (10) 

2-3-2-1 Sonographic features 

In the acute phase, nodular bladder wall thickening is observed at urography or 

cross-sectional imaging. The chronic phase is characterized by a contracted, fibrotic, 

thick-walled bladder with calcifications. These calcifications are typically 

curvilinear and represent the large numbers of calcified eggs within the bladder wall. 

https://radiopaedia.org/articles/missing?article%5Btitle%5D=intermediate-host
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A mass may be secondary to inflammation or complicating carcinoma, typically 

SCC. (10) 

 

Figure 2.4: represents bladder schistosomiasis. (12) 

2-3-3 Bladder Diverticula  

A bladder diverticulum is an out pouching in the bladder wall. A diverticulum of the 

bladder may be associated with a urethral obstruction or it may be congenital. 

Complication of a bladder diverticulum include infection , ureteral obstruction, 

tumor development , and a urinary tract infection . Sonographic finding is a neck of 

varying size connecting the adjacent adjacent fluid filled to the bladder. (13) 



 

Figure 2.5: shows bladder diverticulum. (16) 

2-3-4 Bladder Stones  

Most bladder stones are seen in men and usually are a manifestation of an underlying 

pathological condition, including voiding dysfunction, foreign bodies, and 

infections; kidney stones may pass through the ureter and come into the bladder. 

Bladder stones appear as highly reflective masses within the bladder, move with 

altered posture and cast shadows. Stones can be multiple and are always associated 

with outflow obstruction. Stones complicating diverticula are common. Bladder 

stones may occlude the bladder outlet at the internal urethral meatus. Small stones 

may pass through and can be lodged anywhere in the urethra. (14) 



figure 2.6: shows bladder culculi. (15) 

 

2-3-5 Ureterocele  

A ureterocele is a cystic out-pouching of the distal ureter into the urinary bladder. It 

is one of the more challenging urologic anomalies facing pediatric and adult 

urologists. Ureteroceles may pose a diagnostic and therapeutic dilemma with 

perplexing clinical symptoms resulting from a spectrum of abnormal embryogenesis 

associate with anomalous development from the intravesical ureter, the kidney, and 

the collecting system. It may be asymptomatic or may produce a wide range of 

clinical signs and symptoms, from recurrent cystitis to bladder outlet obstruction to 

renal failure. Because of the obstructive nature of ureteroceles, the activity of the 

affected renal unit varies from a normal, well-functioning kidney to a 

nonfunctioning, dysplastic renal segment or kidney. However, with proper diagnosis 

and treatment, the outcome remains excellent. (14) 

 

 



 

Figure 2.7: shows uretrocele in an infant. (17) 

2-3-6 Blood Clots  

In patients with clots and hematuria, ultrasonography is useful for assessing how 

much clotting remains within the bladder. echogenic structures within the bladder 

without shadows and show change of position with change of body posture are 

typical ultrasonographic findings for blood clots . Care must be taken to differentiate 

a mobile intravesical clot from a sessile bladder tumor by examining the patient 

supine and decubitus. (14) 

 

Figure 2.8: shows blood clot. (18) 



2-3-7 foreign bodies  

The presence of foreign bodies causes cystitis and hematuria. Ultrasound can detect 

such objects. Embarrassment may cause the victim to delay medical consultation, 

and they are often found incidentally in the assessment of patients with hematuria or 

urinary tract infections. (14) 

2-3-8 Transitional cell carcinoma of the bladder  

The most common malignant tumor of the bladder is TCC. Patient typically present 

with gross hematuria and may pass some blood clots . The sonographic appearance 

of TCC within the urinary bladder is smooth or papillary hypoechoic mass that 

project into the lumen of the bladder. (14) 

 

 

Figure 2.9: shows large bladder carcinoma. (19) 

2-4 Urine jet  

Urine jet is the rhythmic expulsion of urine through the ureteral orifice (ostium) into 

the bladder. It can be visualised by realtime colour Doppler ultrasound of the 

bladder. The diagnostic role is to identify the bladder trigone and assess the ureteral 



function particularly for the diagnosis of ureteral obstruction. The absence of 

unilateral urine jet may suggest unilateral obstruction owing to urolithiasis. Urine 

jets are not only seen on colour Doppler, but on B-mode grey scale ultrasound if 

there is a difference in the specific gravity of ureteral and bladder urine. (20) 

 

 

Figure2.10: shows urine jet in right and left uretes.(21) 

 

2-5 Ultrasound of urinary bladder  

2-5-1 Role of Ultrasound 

Ultrasound is an important tool for assessing the bladder wall for wall thickening, 

trabeculation, masses and diverticulae. Pre and post micturition volumes. Vesico-

ureteric junctions .Also can be visualised Bladder calculi and  foreign bodies. Use 

the full bladder as an acoustic window to assess the prostate in males and 

gynaecological structures in females. (22) 



2-5-2 limitations   

Extensive pelvic scarring or overlyiying bowel gas will make scanning the bladder 

difficult.  If the bladder is not sufficiently distended, pathology may be hidden by 

the folds. (22) 

2-5-3 Equipment Selection  

Use of a curvilinear probe (3-5MHZ) with colour doppler. (22) 

2-5-4 Patient Preparation  

The patient must present with a full bladder.  

a. 2hrs prior to the scanning, the patient should empty their bladder.  

b. Over the next hour they should drink at least 1 litre of water. This allows time 

for the water to reach the bladder.  

c. Patient asked not go to the toilet until instructed by the Sonographer. (22) 

2-5-5 Scanning Technique  

Patient supine with suprapubic area exposed.  

Examine the bladder sagittally in the midline. Now angle laterally & sweep the probe 

both left and right to check the lateral margins. (22) 



Figure 2.11-2.12: Represent probe 

position of longitudinal scan (left  )and ultrasonic image of section (right) (22) 

Rotate 90degrees into the axial (transverse) plane. Sweep through from the superior 

dome to the bladder base. Ensure the ultrasound beam is projected as close to 

perpendicular to the bladder wall as possible. (22) 

 



 

Figure 2.13-2.14: Represent probe position of transverse scan (left  )and ultrasonic 

image of section (right) (22) 

Look for ureteric jets at the bladder base. This confirms bilateral renal function and 

ureteric patency. To do this, in transverse angle inferiorly using power doppler (or 

colour doppler with low PRF & wall filter settings). You may need to be patient to 

wait for the ureteric jet depending on renal function and degree of hydration. (22) 

2-5-6 Echogenicity of the bladder and bladder content 

When filled with urine the bladder content should be anechoic. Within the anechoic 

urine reverberation artifacts can often be seen on ultrasound the bladder wall appears 

as a three layer structure. The detrusor  muscle is of medium homogeneous 

echogenicity. The outer serosa (adventita) layer and the inner mucosa (urothelial) 

layer are hyperechoic compared with the  middle detrusor smooth muscle 

(muscularis propria) layer. (22) 

2-6 Urinary bladder measurement 

2-6-1 Urinary bladder volume  



Bladder volume can be calculated by scanning the bladder transversely and 

longitudinally and using the following ellipsoid formula:  

Volume = height × width × depth × 0.5236  

However, the bladder is never totally spherical, therefore volume calculations must 

allow for some measurement error . Ultrasound bladder volume measurement is 

clinically important in defining the post-void residual urine in patients with bladder 

voiding disorders, especially BOO. As already mentioned the BPH obstructive stage 

can be estimated non-invasively by IPSS, uroflowmetry and ultrasound postvoid 

residual urine measurement. (23) 

 

figure 2.15-2.16: shows transverse view of the bladder with width measurements 

(left) and the sagittal view with the length and height measurements (right). (24) 



 

2-6-2 Urinary bladder wall thickness  

Detrusor hypertrophy results in a thickening of the bladder wall and in augmentation 

of the bladder wall mass (BWM). Bladder wall thickness (BWT) can be directly 

measured with ultrasound by measuring the any one of urinary bladder wall ( anterior 

, lateral or posterior ) transabdominally with a 7.5MHz probe . BWT was measured 

from the interface of urine and internal mucosal layer of  bladder to outer part of 

hypoechogenic muscular layer, in the middle of the left or right lateral walls, and in 

the middle of the posterior wall to rectum. (23) 

 

Figure 2.17: shows bladder-wall thickening measurement in a 6-year-old female 

with recurrent urinary infection. (25) 

 

2-7 previous studies 

A study done byKuhn A et al, 2010 (Switzerland) which include comparison 

between abdominal, perineal and vaginal route for the measurement of bladder wall 

thickness. The aim of this prospective study was to determine if abdominal, perineal 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuhn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20976813


and vaginal ultrasound measurements of bladder wall thickness are comparable with 

each other. 125 patients with lower urinary tract symptoms were asked to participate 

in the study. All patients had measurements at the trigone, the bladder dome and the 

anterior bladder wall. The order of either the abdominal, perineal or vaginal 

approach was computer-assisted randomly assigned. Ultrasound was performed 

using the Aloka SSD-1400 (Aloka® Co Ltd, Japan) with the vaginal 5 Mhz probe 

UST-984-5 and the abdominal and perineal probe was a 3.5Mhz curved array for 

SSd-1400. Ultrasound examination was made with the patient in supine position 

with a residual of less than 50ml. Means of bladder wall thickness are significantly 

different (p<0.05). Vaginal measurement of bladder wall thickness showed the 

smallest values for bladder wall thickness, abdominal the largest. At the trigone, 

differences were significant between vaginal and perineal ultrasound but not 

between abdominal and perineal approach. Bladder wall thickness measurements do 

differ depending on the vaginal, perineal or abdominal approach. 

A study done by M.M.Ali  et al, 2014 (Saudi Arabia) which includes evaluation of 

the usefulness and accuracy of ultrasound-measured urinary bladder wall thickness 

(BWT) in the diagnosis of detrusor overactivity (DO). Patients who had undergone 

urodynamic testing due to irritative lower urinary tract symptoms (LUTS) were 

evaluated for participation in this study. All patients were submitted to thorough 

history taking, general physical and genital examination, urine analysis, urine 

culture, blood chemistry, uroflowmetry and abdominal ultrasonography. The 

patients were categorized into 2 groups according to the urodynamic diagnosis: 

group 1 consisted of 62 patients with documented DO and group 2 of 36 patients 

with no evidence of DO (controls). Ultrasound measurement of BWT was performed 

with the bladder filled with 50 ml of normal saline solution. The data were analyzed 

and the results of both groups were compared using suitable analytical tests. The age 

http://www.sciencedirect.com/science/article/pii/S1110570415000065#!


and gender distribution were comparable. Urgency was the main symptom in both 

groups. Mean BWT measured by ultrasound was significantly higher in group 1 than 

in group 2 (5.54 ± 1.95 mm versus 3.22 ± 0.84 mm, p < 0.001) with an overall 

sensitivity of 91.9% in predicting DO at a cutoff point of 3.75 mm. 

A study done by Hakenberg OW et al, 2000 (Germany) which include the evidence 

that increased bladder wall thickness can be a useful parameter in the evaluation of 

men with clinical benign prostatic hyperplasia (BPH). However, normal values for 

bladder wall thickness (BWT) in adults have not been established. BWT was 

measured by suprapubic ultrasonography. Bladder volume was calculated as the 

product of the ultrasonographic measurements of bladder height, width and depth, 

and a correction factor (0.6). Three groups were assessed: men with normal lower 

urinary tracts (n = 172; mean age, 39.9), women with normal lower urinary tracts (n 

= 166; mean age, 37.8), and men with mild lower urinary tract symptoms (LUTS) 

and clinical benign prostatic enlargement (BPE) (n = 150; mean age, 66.4). For the 

whole group of men and women with normal bladders, mean BWT was 3.35 mm, 

and BWT appeared normally distributed. There were a weak negative correlation 

with bladder volume (r = -0.12, P < 0.003) and a weak positive correlation for BWT 

and age for both men (r = 0.12, P < 0.014) and women (r = 0.17, P < 0.013). Mean 

BWT was 3.04 mm in healthy women, 3.33 mm in healthy men, and 3.67 mm in 

men with LUTS and BPE. Sub-dividing normal men into different age groups 

showed an increasing mean BWT of 3.08 mm (<20 years, n = 27), 3.25 mm (21-40 

years, n = 75), 3.42 mm (41-60 years, n = 39), and 3.57 mm (>60 years, n = 31) for 

those sub-groups. BWT in normal adult women is 3.0 +/- 1 mm and 3.3 +/- 1. 1 mm 

in normal adult men. A small increase in BWT with age is seen for both genders, 

and BWT tends to be greater in men than in women. Men with LUTS and BPE show 

a moderate increase in BWT. Adjustments for bladder volume are for practical 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hakenberg%20OW%5BAuthor%5D&cauthor=true&cauthor_uid=11002301


purposes negligible, although there is a small decrease in BWT with increasing 

volume. 

A study done by Jung Soo Park et al, 2012 (S. Korea) which includes that bladder 

wall thickness (BWT) is reported to be related to detrusor overactivity and bladder 

outlet obstruction. They investigated the relationship between BWT and the 

responsiveness of storage symptoms to alpha-blockers in men with lower urinary 

tract symptoms (LUTS). A total of 74 patients with LUTS were enrolled. 

International Prostate Symptom Score, uroflowmetry with post-void residual urine 

volume, and transrectal ultrasonography (TRUS) were investigated. BWT was 

measured by performing TRUS at the midsagittal plane view, and the average value 

of BWT at the anterior, dome, and trigone areas was used. After 4 weeks of alpha-

blocker medication, patients were reevaluated and divided into two groups. The 

responder group consisted of patients who reported improvement in the storage 

symptom subscore of 2 points or more; the non-responder group consisted of patients 

who reported improvement of less than 2 points. Clinical parameters including BWT 

were compared between the two groups. A total of 52 patients were followed. BWT 

was positively correlated with intravesical prostate protrusion (IPP) (9.26±4.99, 

standardized beta=0.393, p=0.002) and storage symptom subscore (0.35±0.43, 

standardized beta=0.458, p=0.002). Compared with that in the responder group, 

BWT was thicker in the non-responder group, and improvement in the storage 

symptom score was correlated with BWT (0.58±0.09 cm vs. 0.65±0.11 cm, p=0.018) 

and prostate volume (27.08±16.26 ml vs. 36.44±10.1 ml, p=0.018). BWT was 

correlated with IPP, the storage symptom subscore, and the responsiveness of 

storage symptoms to alpha-blockers in LUTS/benign prostatic hyperplasia (BPH) 

patients. As BWT increased, the responsiveness of storage symptoms to alpha-

blocker decreased in LUTS/BPH patients. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=22866221


A study done by Selcen Kanyilmaz et al, 2013 (Turkey) which include to investigate 

bladder wall thickness (BWT) and ultrasound estimated bladder weight (UEBW) 

values in healthy population with a portative ultrasound device and their relationship 

with demographic parameters. The study was carried out in Neurorehabilitation 

Clinic of Ege University Hospital. Ninety-five subjects (48 women and 47 men) 

aged between 18 and 56 were included in the study. BWT and UEBW were 

determined non-invasively with a portative ultrasound device; Bladder Scan BVM 

6500 (Verathon Inc., WA, USA) at a frequency of 3.7 MHz at functional bladder 

capacity. These values were compared by gender, and their relation was assessed 

with age, body mass index (BMI) and parity. Mean BWT was 2.0 ± 0.4 mm and 

UEBW was 44.6 ± 8.3 g at a mean volume of 338.0 ± 82.1 ml. Although higher 

results were obtained in men at higher bladder volumes, the results did not differ 

significantly by gender. Correlation analyses revealed statistically significant 

correlation between UEBW and age (r = 0.32). BWT was negatively correlated with 

volume (r = ï0.50) and bladder surface area (r = ï0.57). Also, statistically significant 

correlations were observed between UEBW and volume (r = 0.36), bladder surface 

area (r = 0.48) and BWT (r = 0.25). Determined values of BWT and UEBW in 

healthy population are estimated with portative ultrasound devices, which are future 

promising, for their convenient, easy, non-invasive, time-efficient hand-held use for 

screening. 

A study done by F. U. Idigo et al, 2017 (Nigeria) which include that The urinary 

bladder wall thickness (BWT) is an important parameter in assessing the 

pathophysiologic condition of the urinary bladder and/or other adjoining organs. Pre 

and post void urinary bladder wall thickness measurements, were made on 204 

healthy asymptomatic adult Nigerian volunteers, with empirical evidence of absence 

of bladder pathologies, using ultrasound. Siemens Prima Ultrasound machine 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanyilmaz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23914210
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(Model 4900531-LH 300) with 3.5 MHz curvilinear transducer was used for the 

study. The study objectives were to determine sonographically the mean urinary 

bladder wall thickness in a healthy Nigerian population and correlate it with 

anthropometric parameters. The pre void bladder wall thickness was 2.3-

5.0±0.45mm with mean of 3.15±0.45mm. The post void BWT was 3.0-7.3±0.73mm 

with mean of 5.24±0.73mm.Males have thicker bladder wall than females with mean 

and standard deviation of 3.27±1.24mm and 3.10±0.64mm respectively. BWT 

correlated positively with height but negatively with urinary bladder volume. No 

correlation was noted between BWT and age, weight and body mass index. 

A study done by Birang sh et al, 2012 (Iran) which includes that Mucosal thickness 

of bladder increases following to the UTI, chemotherapy, neurogenic bladder, 

posterior urethral valve, stone and inflammation. Due to the importance of normal 

values of mucosal thickness and existing controversies, this study was performed on 

normal population visiting medical center saffiliated to Shahid 

Beheshti Medical University. This was a cross-sectional study on 212 normal adult 

individuals. The studied group included all patients underwent ultrasonography. Not 

due to urinary problems such as abdomen pain, probable anomalies and routine 

check-up. All those didn't have predisposing factors on increase of mucosal 

thickness. The probe was 3.5-5 MHZ. The thickness was measured sagitally and 

cross-sectionally from posterior-lateral trigone. Age, sex and fullness of the bladder 

were determined as influencing factors on bladder thickness. 

Results: The range of age was 12 to 70. 78% were female and 22% male. The 

thickness of full bladder was 2.57+/0.57 mm with the range of 1.41 to 3.65 mm and 

the thickness of empty bladder was 5.48 +/- 0.12 mm with the range of 7.10 to 

3.86mm. The thickness of bladder was reported to be 2-3 mm in one reference and 



4-6mm in another. The previous findings are compatible to some extent with those 

from our study for full bladder but nothing mentioned for empty bladder. 

 

 

  

Chapter Three 

Material and Methods 

3-1 Material   

3-1-1 Equipment 

The data in this study was collected using Siemens U/S machine with 2D mode and 

a convex probe of frequency of 3.5 MHz to 5MHz. Measurement was conducted 

under general setting of ultrasound machine. Blue aqueous gel and sterilized cotton 

was used for cleaning after the examination. 

3-1-2 population of the study 

The data of this study was co llected randomly from patient with evidence of absence 

of bladder pathologies, patient with renal disease; lower urinary tract symptoms and 

prostate abnormalities were excluded, in the period December 2017 to February 

2018. The study was carried out in Ribat Teaching Hospital in Khartoum State. 

3-1-3 Sample size and type: 

The sample size of this study consisted of 100 patients referred to ultrasound 

department for scanning.  



3-1-4 Inclusion criteria  

Sudanese adults with absence of bladder pathologies and with different age, sex, 

weight and height are included. 

3-1-5 Exclusion criteria 

Symptomatic patients with bladder pathologies and children are excluded. 

3-2 Method  

3-2-1 Data collection 

The data was collected by special data collection sheet (questionnaire). 

3-2-2 Data analyses 

Data was analyzed by using Statistical Packaged for Social Studies (SPSS). Various 

statistical tests were used to the type of variables to be interpreted. 

3-2-3 Study design 

Descriptive cross sectional study where the data collected prospectively. 

3-2-4 Scanning technique 

Patient should be asked to drink sufficient water and avoid from going maturation. 

The patient should lie supine comfortably and breathing quietly then lubricate the 

lower abdomen with coupling gel generously. Curve linear probe with 3.5MHz 

should be used in scanning. 

The urinary bladder is systematically screened in suprapubic transverse and sagittal 

sections when itôs full, usually achieved after the intake of a large amount of fluid. 

A representative transverse section shows the normal bladder in the shape of rounded 

rectangle behind the rectus muscles and in front of and above the rectum. The 



longitudinal section delineates the bladder more as a triangle with the prostate gland 

and vagina, respectively, seen below the bladder. (26) 

If voiding difficulties due to a neurogenic bladder or prostatic hypertrophy are 

suspected, the post-void residual should be calculated by measuring the maximum 

transverse and sagittal diameter of the bladder after the patient has voided. (26) 

Thereafter, the transducer is turned 900 and angled inferiorly to measure the 

craniocaudal diameter without interfering acoustic shadowing of the pubic 

symphysis. (26) 

Using the simplified volume formula (Volub = A*B*C*0.5 23), the post-void residual 

(ml) can be calculated by dividing the product of the three diameters by two. (26) 

The wall thickness of the distended bladder should not exeed 4mm. After voiding, 

the wall is irregularly thickened and measures up to 8mm in width.(26) 

In this study we measured the urinary bladder wall thickness from the anterior wall. 

3-2-5 Ethical consideration 

The ethical approval had been granted from the hospital, then from the ultrasound 

department then consent from the patient that no patient identification or details will 

be disclose. 

 

 

 

 

 



 

 

 

Chapter four 

Results 

Table 4.1: Frequency table shows distribution of sex 

 Frequency Percent Valid Percent 

 

Male 52 52.0 52.0 

Female 48 48.0 48.0 

Total 
100 100.0 100.0 

 



 

 

Figure 4.1: shows distribution of sex 

 

 

Table 4.2: shows mean age, weight, height, Pre-BV, Pre-BT, Post-BT, RUV with 

gender differentiation. 

Variables Male Female 

Age 43.58 40.54 

Weight 66.96 63.81 

Height 166.96 158.1 

Pre-BV 265.25 273.98 

Pre-BT 2.7 2.58 



Post-BT 4.36 4.4 

RUV 11.45 12.45 

 

 

 

Figure 4.2: shows mean age, weight, height, Pre-BV, Pre-BWT, Post-BWT, RUV 

with gender differentiation. 

Table 4.3 shows Descriptive Statistics for age in the study 

 

 N Minimum Maximum Mean Std. Deviation 

Age 100 16 78 42.12 17.890 
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Table 4.4 shows Descriptive Statistics for weight in the study 

 N Minimum  Maximum Mean Std. Deviation 

Weight 100 36 84 65.45 10.556 

 

 

 

Table 4.5 shows Descriptive Statistics for Pre-BWT in the study 

 N Minimum Muximum Mean Std. deviation 

Pre-void bladder wall 

thickness 

100 2.0 4.0 2.663 .4116 

      

 

 

 

Table 4.6 shows Descriptive Statistics for Post-BWT in the study 

 N Minimum Maximum Mean Std. 

Deviation 

Post-void bladder 

wall thickness 

100 3.1 6.5 4.396 .6931 

 
     



 

 

 

Table 4.7 shows Descriptive Statistics for RUV in the study 

 N Minimum Maximum Mean Std. 

Deviation 

Residual urine 

volume 

100 1.3 30.0 12.000 6.0501 

      

 

 

 

 

 

 

 

 

 

 

Table 4.8: Shows distribution of different age group in the study 

 Frequency Percent Valid Percent Cumulative 

Percent 

 

16-25 20 20.0 20.0 20.0 

26-35 20 20.0 20.0 40.0 

36-45 20 20.0 20.0 60.0 

46-55 14 14.0 14.0 74.0 



56-65 12 12.0 12.0 86.0 

66-75 10 10.0 10.0 96.0 

76-85 4 4.0 4.0 100.0 

Total 100 100.0 100.0  

 

Figure 4.3: Shows the percentage of age group 

Table 4.9: Cross tabulation of Pre-BWT with gender differentiation 

 

 Gender Total 

Female Male 

Pre-void bladder wall 

thickness 

2.1-2.5 23 21 44 

2.6-3 16 21 37 

3.1-3.5 9 9 18 



3.6-4 0 1 1 

Total 48 52 100 

 

Figure 4.4:  shows Pre-BWT ranges with gender differentiation 

Table 4.10: Cross tabulation for age groups with gender differentiation 

 

 Gender Total 

Female Male 

Age 

16-25 10 10 20 

26-35 11 9 20 

36-45 12 8 20 



46-55 5 9 14 

56-65 3 9 12 

66-75 4 6 10 

76-85 3 1 4 

Total 48 52 100 

 

 

Figure 4.5: Shows age groups with gender differentiation 

Table 4.11: Cross tabulation of Pre-BWT groups with age group 

 

 Age Total 

16-25 26-35 36-45 46-55 56-65 66-75 76-85 

2.1-2.5 11 8 7 6 4 5 3 44 

2.6-3 4 8 11 6 4 3 1 37 



Pre-void  

bladder wall 

thickness 

3.1-3.5 5 4 2 1 4 2 0 18 

3.6-4 
0 0 0 1 0 0 0 1 

Total 20 20 20 14 12 10 4 100 

 

 

 

Table 4.12: Cross tabulation of Pre-BWT groups with height group 

 

 Height Total 

146-155 156-165 166-175 176-185 

Pre-void bladder wall 

thickness 

2.1-2.5 14 14 13 3 44 

2.6-3 4 20 9 4 37 

3.1-3.5 8 2 5 3 18 

3.6-4 0 0 1 0 1 

Total 26 36 28 10 100 

 

 

 

 

Table 4.13: Cross tabulation of Pre-BWT groups with Pre-BV group 

 

 Pre-void bladder Volume Total 

91-180 181-

270 

271-

360 

361-

450 

451-

540 



Pre-void bladder 

wall thickness 

2.1-2.5 5 16 14 6 3 44 

2.6-3 7 16 7 5 2 37 

3.1-3.5 9 8 0 0 1 18 

3.6-4 1 0 0 0 0 1 

Total 22 40 21 11 6 100 

 

 

Table 4.14: Cross tabulation of Post-BWT groups with Height group 

 Height Total 

146-155 156-165 166-175 176-185 

Post-void bladder wall 

thickness 

2.9-3.6 2 8 6 0 16 

3.7-4.4 13 13 8 5 39 

4.5-5.2 10 14 9 3 36 

5.3-6 1 1 5 1 8 

6.1-6.8 0 0 0 1 1 

Total 26 36 28 10 100 

 

 

 

 

 

Table 4.15: Cross tabulation of Post-BWT groups with RUV group 

 

 Residual urine volume Total 

0-6 7-13 14-20 21-27 28-34 

2.9-3.6 1 6 3 0 0 10 



Post-void bladder 

wall thickness? 

3.7-4.4 7 23 13 1 1 45 

4.5-5.2 8 17 6 6 1 38 

5.3-6 1 2 0 0 1 4 

6.1-6.8 0 2 0 0 1 3 

Total 17 50 22 7 4 100 

 

 

 

 

 

 

 

 

Chapter Five 

Discussion Conclusion and Recommendations 

5-1   Discussion 



The main objective of this study was to evaluate the pre-void bladder wall thickness 

and post void bladder wall thickness and compare them. Our study 100 adults of 

different gender (52% male and 48% female) with different age groups ranged from 

16 to 78 years are included. Symptomatic patients with bladder pathologies, renal 

disease, prostate abnormalities and children are excluded All participant were 

excluded. This study was accomplished in Alribat Teaching Hospital from 

December 2017 to February 2018. 

In this study both pre and post-void bladder wall thickness measured from the 

anterior urinary bladder wall. 

Mean age of participants was 42.12 years; mean weight was 65.45 Kg, mean height 

was 162.53 cm, mean Pre-void bladder wall thickness was 2.644 mm, mean Post-

void bladder wall thickness was 4.377 mm, residual urine was in between 0 and 30 

ml.  

This study reported that the mean Pre-BWT was 2.644 mm, the study is in agreement 

with the findings of BIRANG SH et al 2012 who reported the thickness of full 

bladder was 2.57+/0.57 mm with the range of 1.41 to 3.65 mm and the mean Post-

BWT was 4.377 mm in which is also in agree with F.U. Idigo et al 2017 who found 

the post void BWT was 3.0-7.3±0.73mm with mean of 5.24±0.73mm. 

This study revealed that urinary bladder wall thickness was higher in males than 

females, a mean Pre-BWT of 2.7mm was found in males while 2.58mm was found 

in females which agrees with F.U. Idigo et al 2017 who reports Males have thicker 

bladder wall than females with mean and standard deviation of 3.27±1.24mm and 

3.10±0.64mm respectively. 

The study reported that the Pre-BWT is negatively correlated with both bladder 

volume (p=-0.329) and height (p=0.125). This result agree with F.U. Idigo et al who 



reported BWT correlated positively with height but negatively with urinary bladder 

volume. 

No correlation was noted between BWT and age and weight. This agrees with 

Matthias Oelke et al 2006 who reported that the age and BMI did not have a 

significant impact on BWT. 

In Sudanese patients full bladder with more than 5mm wall thickness should be 

suspected to cystitis. 

Full bladder with less than 4mm wall thickness produces total evacuation of 

micturition. 

Post void bladder wall thickness has no effect on bladder health or residual urine 

volume. 

There is a negative relationship between Pre-BWT and Post-BWT (p=0.169). 

Post void residual volume ranged from 0 to 30ml. Which agree with Edney Norio 

Otsuki 2014 who found that Post void residual ranged from 0 to 40 ml. 

 

 

 

 

5-2   Conclusion 

The study concluded that bladder wall thickness can be objectively assessed both at 

pre-void and post-void states. Norma pre-void bladder wall thickness in Sudanese 

population is less than 5mm. The mean pre-void bladder wall thickness is 2.644 mm 



and the mean post void bladder wall thickness is 4.377 mm. Residual bladder volume 

is between 0 and 30ml. 

Males have thicker bladder wall of 2.7mm than females with 2.58mm. Bladder wall 

thickness correlated negatively with height and bladder volume. There was no 

correlation between bladder wall thickness and age and weight. 

 

 

 

 

 

 

 

 

 

 

 

 

5-3   Recommendations 

1. The author suggests to make researches for the relationship of bladder wall 

thickness to BPH. 



2. Residual urine volume should be measured because it is useful in assessing 

voiding dysfunction. RUV should be performed by sterile catheterization or by 

bladder ultrasound. 

 3. The author recommends that universities should increase the training courses to 

develop the quality of ultrasound practitioners. 

4. The author also recommends that universities should support the researchers 

from the cost of the scientific researches. 
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Appendix (A): 



Image (1): represents measurement of pre-void bladder volume with male of 

4.77.34ml vol. and 0.34cm wall thickness. 

Image (2): represent measurement of post-void bladder volume with same patient of 

30.20ml vol. and 0.65cm wall thickness. 


