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Abstract

The kidneys are paired retroperitoneal organs that play a fundamental role in
maintaining internal homeostasis. They regulate electrolyte balance, excrete
metabolic waste products, control blood pressure, and produce hormones essential
for erythropoiesis and mineral metabolism. Structurally, each kidney consists of the
renal cortex, renal medulla, and collecting system, which together support the
processes of filtration, reabsorption, and secretion. The functional units of the
kidney are nephrons, with each kidney containing approximately one to one and a
half million nephrons. This article reviews the anatomical structure of the kidneys,
their embryological development, vascular supply, neural innervation,
physiological functions, and clinical significance. Understanding renal anatomy is
essential for accurate diagnosis and effective management of renal diseases, as well
as for planning surgical interventions such as nephrectomy and renal
transplantation.
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Introduction

The kidneys are essential organs of the urinary system responsible for
maintaining fluid and electrolyte balance, removing metabolic waste products, and
regulating systemic blood pressure. They are located in the retroperitoneal space of
the abdominal cavity between the twelfth thoracic and third lumbar vertebrae.

Each kidney contains a complex internal structure composed of the renal
cortex, renal medulla, and collecting system. These structures enable the kidneys to
perform filtration, reabsorption, secretion, and urine production.

In addition to their excretory functions, the kidneys also act as endocrine
organs by producing hormones such as erythropoietin and calcitriol. A detailed
understanding of renal anatomy is critical for clinicians, surgeons, and researchers
involved in nephrology and urology.
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Materials and Methods

This article is based on a comprehensive review of current anatomical and
clinical literature related to kidney structure and function. Relevant data were
collected from peer-reviewed medical publications, anatomical textbooks, and
clinical research databases.

The literature review focused on studies describing renal anatomy, nephron
structure, vascular supply, embryological development, and clinical implications.
Data from anatomical studies and clinical research were analyzed to provide an
integrated overview of kidney structure and function.

Results

Gross Anatomy of the Kidney

The kidneys are bean-shaped organs with a smooth external surface and a
medial concavity known as the renal hilum. The average weight of the kidney is
approximately 160 g in men and 135 g in women. The left kidney is usually slightly
larger than the right.

Typical kidney dimensions are:

e Length: 10-12 cm

« Width: 5-7 cm

o Thickness: 3-5 cm

The right kidney is located slightly lower than the left due to the presence of
the liver.

Internal Structure

Each kidney consists of two primary anatomical regions:

Renal Cortex

The renal cortex forms the outer layer of the kidney and contains the renal
corpuscles, proximal convoluted tubules, distal convoluted tubules, and cortical
collecting ducts.

Renal Medulla

The renal medulla consists of renal pyramids containing loops of Henle and
medullary collecting ducts. The apex of each pyramid forms the renal papilla,
which drains urine into the minor calyx.

Minor calyces unite to form major calyces, which subsequently merge into the
renal pelvis.

Nephrons

Nephrons represent the functional units of the kidney. Each kidney contains
approximately 1-1.5 million nephrons.

Each nephron includes:

« Glomerulus
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« Bowman capsule

« Proximal convoluted tubule

« Loop of Henle

« Distal convoluted tubule

o Collecting duct

These components work together to filter blood plasma and regulate the
composition of body fluids.

Discussion

Physiological Functions

The kidneys perform several vital physiological functions.

Excretion

They eliminate metabolic waste products such as urea, ammonia, and
creatinine from the bloodstream.

Regulation of Electrolytes

The kidneys regulate concentrations of sodium, potassium, calcium, and
phosphate in body fluids.

Acid-Base Balance

Acid-base homeostasis is maintained through hydrogen ion secretion and
bicarbonate reabsorption.

Blood Pressure Regulation

The kidneys regulate blood pressure through the renin-angiotensin-
aldosterone system.

Hormonal Functions

The kidneys produce erythropoietin, which stimulates red blood cell
production, and calcitriol, which regulates calcium metabolism.

Embryological Development

Kidney development occurs from the intermediate mesoderm through three
sequential stages:

1. Pronephros

2. Mesonephros

3. Metanephros

The metanephros forms the permanent kidney and begins development
during the fifth week of embryogenesis. Nephrons become functional by the
twelfth week of gestation.

Clinical Significance

Knowledge of renal anatomy is essential in clinical medicine. Various renal
diseases affect different anatomical components of the kidney.

Examples include:

109



U S A g AMERICAN JOURNAL OF MULTIDISCIPLINARY BULLETIN
‘ ISSN: 2996-511X (online) | ResearchBib (IF) = 9.512 IMPACT FACTOR
IR (o

Volume-4| Issue-3| 2026 Published: |30-03-2026 |

Glomerular diseases

o IgA nephropathy

« Lupus nephritis

« Postinfectious glomerulonephritis

Tubular diseases

« Acute tubular necrosis

« Renal tubular acidosis

Interstitial diseases

« Interstitial nephritis

« Amyloidosis

Vascular diseases

« Vasculitis

« Atherosclerosis

Understanding anatomical relationships is also essential for surgical
procedures such as nephrectomy, kidney transplantation, and minimally invasive
renal surgery.

Conclusion

The kidneys are complex organs responsible for maintaining physiological
stability through filtration, excretion, endocrine activity, and fluid regulation. Their
structural organization, vascular supply, and neural control allow them to perform
highly specialized functions necessary for survival.

A detailed understanding of renal anatomy and physiology is essential for
diagnosing renal diseases, developing effective treatment strategies, and
performing safe surgical interventions.
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