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Abstract:The human kidney is a paired excretory organ essential for maintaining fluid balance,
electrolyte homeostasis, and the elimination of metabolic waste. Each kidney demonstrates a
highly specialized anatomical structure that supports its role in filtration, secretion, and
reabsorption. This article reviews the gross and microscopic anatomy of the kidney, its vascular
supply, and its functional correlations. Emphasis is placed on the clinical importance of renal
anatomy for surgery, nephrology, and transplantation.
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Introduction

The kidneys, located retroperitoneally in the posterior abdominal wall, are vital organs for the
maintenance of homeostasis. Each kidney weighs approximately 120–170 grams and measures
about 10–12 cm in length. Their position, partially protected by the lower ribs, reflects their
significance in human physiology. The kidneys regulate water and electrolyte balance, remove
metabolic by-products such as urea and creatinine, and secrete hormones including renin,
erythropoietin, and calcitriol.

The study of renal anatomy is critical for medical education and clinical practice. Historically,
the understanding of kidney structure progressed from ancient concepts of humoral theory to the
discovery of nephrons as the functional units of the kidney. Today, modern imaging methods
such as ultrasound, CT, and MRI, together with histological studies, provide detailed insights
into renal morphology. This paper aims to provide a comprehensive review of the kidney’s
structural and functional anatomy, highlighting its relevance in modern medicine.

Methods

This review article is based on data obtained from anatomical textbooks, cadaveric dissections,
histological investigations, and radiological studies. Literature was searched in PubMed and
Scopus databases from 2000 to 2025. Inclusion criteria focused on publications describing gross
renal anatomy, histology, vascular supply, and clinical correlations. Studies that exclusively
addressed pathological mechanisms without structural analysis were excluded. Selected
information was synthesized to integrate gross and microscopic perspectives with functional and
clinical aspects.

Results

Gross Anatomy: Each kidney has a convex lateral and concave medial surface, where the hilum
provides entry and exit for the renal artery, renal vein, lymphatics, and ureter. Internally, the
kidney is divided into the outer renal cortex and the inner renal medulla. The medulla contains
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renal pyramids, whose apices form papillae opening into minor calyces, which unite into major
calyces and then form the renal pelvis.

Vascular Supply: The kidneys receive approximately 20–25% of cardiac output. The renal
artery, a branch of the abdominal aorta, enters the hilum and divides into segmental, interlobar,
arcuate, and interlobular arteries, ultimately supplying the afferent arterioles of nephrons.
Venous return parallels arterial distribution, draining into the renal vein and inferior vena cava.

Microscopic Anatomy: The nephron is the functional unit of the kidney, with approximately
one million nephrons per kidney. Each nephron consists of a renal corpuscle (Bowman’s capsule
and glomerulus) and a tubular system (proximal convoluted tubule, loop of Henle, distal
convoluted tubule, and collecting duct). Juxtaglomerular apparatus cells regulate blood pressure
and glomerular filtration via renin secretion.

Functional Correlations: The kidneys filter about 180 liters of plasma daily, reabsorbing
essential substances and excreting waste. They regulate electrolyte concentrations, maintain
acid-base balance, and contribute to blood pressure regulation through the renin-angiotensin-
aldosterone system.

Discussion

The structure of the kidney is perfectly adapted to its diverse functions. The cortical-medullary
organization supports efficient filtration and urine concentration, while the highly vascularized
glomeruli ensure effective exchange. Knowledge of renal anatomy has direct clinical
applications in nephrology, urology, and transplant surgery. For example, precise understanding
of vascular segmentation is essential during partial nephrectomy or renal transplantation.

Congenital anomalies such as horseshoe kidney, variations in vascular supply, and ureteral
duplications underscore the importance of detailed anatomical knowledge in clinical practice.
Furthermore, advances in laparoscopic and robotic surgery have increased the demand for
accurate anatomical orientation. Modern imaging technologies allow early diagnosis of renal
pathologies, guiding interventions.

Conclusion

The kidney exemplifies the relationship between anatomical structure and physiological function.
Its lobular architecture, nephron organization, and vascular arrangement collectively ensure
efficient filtration, secretion, and reabsorption. Understanding renal anatomy is fundamental for
both basic science and clinical disciplines. In surgery and transplantation, precise knowledge of
renal vasculature and segmental organization reduces complications and improves outcomes. In
nephrology, correlating structural changes with functional impairment is essential for managing
chronic kidney disease. Looking forward, integration of classical anatomical knowledge with
modern imaging, molecular biology, and regenerative medicine will further enhance our ability
to diagnose, treat, and potentially regenerate renal tissue.

Clinically, a detailed understanding of renal anatomy is indispensable. The precise knowledge of
vascular segmentation is vital for nephron-sparing surgeries, renal transplantation, and
interventional radiology. Surgeons rely on the awareness of segmental arteries and venous
variations to minimize intraoperative bleeding and preserve functional renal tissue. Similarly,
nephrologists and pathologists must interpret structural alterations such as glomerular sclerosis,
tubular atrophy, and vascular compromise in the context of chronic kidney disease. Thus,
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anatomy provides the foundational link between microscopic pathology and systemic
dysfunction.

In medical education, renal anatomy is not only taught as a subject of gross dissection and
histology but also as an integrative model connecting physiology, pathology, and clinical
practice. With advances in 3D imaging, virtual reality, and high-resolution radiological
techniques, students and clinicians can now visualize the kidney in ways that were previously
impossible, enhancing both understanding and surgical precision.

Looking toward the future, renal anatomy will continue to play a central role in research areas
such as regenerative medicine and bioengineering. The kidney’s limited regenerative potential
has made it a focus of stem cell therapy, organoid culture, and artificial kidney development. A
thorough grasp of renal microarchitecture, including the nephron’s functional complexity and the
juxtaglomerular apparatus, is crucial for the success of such innovations.

In conclusion, the kidney is not merely an excretory organ but a sophisticated regulatory system
whose structure underpins its diverse and life-sustaining functions. A comprehensive
understanding of its gross and microscopic anatomy remains fundamental for advancing
nephrology, urology, transplantation medicine, and biomedical research. As global rates of renal
disease continue to rise, anatomical knowledge will remain indispensable in guiding prevention,
diagnosis, treatment, and the exploration of novel therapeutic strategies aimed at preserving or
restoring renal function.
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