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ABSTRACT

Anatomical anomalies are variations from the typical structure or arrangement 
of organs, tissues, or body systems. These variations can occur across species 
and within individuals, presenting a complex landscape for researchers 
and medical practitioners. This review aims to provide a comprehensive 

overview of anatomical anomalies, exploring their classifications, causes, 
prevalence, clinical significance, and implications for medical practice and 
research. Through an examination of various examples and case studies, this 
article seeks to enhance understanding of anatomical anomalies and their 
importance in diverse fields such as anatomy, embryology, genetics, and 
clinical medicine.

Keywords: Anatomical anomalies; Congenital malformations; Developmental 
biology; Medical genetics; Clinical significance; embryogenesis.

cases where anomalies are associated with underlying genetic syndromes or 
systemic abnormalities, comprehensive medical care and genetic counselling 
may be necessary. Early detection and intervention can improve outcomes 
for individuals with anatomical anomalies, emphasizing the importance of 
prenatal screening and postnatal assessment in healthcare settings [8].

Anatomical anomalies provide valuable insights into the complex processes 
of embryonic development, evolution, and genetic regulation. Research 
on anatomical anomalies contributes to our understanding of normal and 
abnormal development, offering opportunities to elucidate the molecular 
mechanisms underlying congenital malformations. Furthermore, the study 
of anomalies enhances medical education by illustrating the variability and 
plasticity of human anatomy, challenging traditional notions of normalcy and 
highlighting the importance of individualized patient care [9].

Craniofacial anomalies encompass a wide range of structural abnormalities 
affecting the skull and facial region. Examples include cleft lip and palate, 
craniosynostosis (premature fusion of cranial sutures), micrognathia 
(underdeveloped jaw), and macrocephaly (enlarged head). These anomalies 
can result from genetic mutations, teratogenic exposures [10], or abnormal 
intrauterine development. Musculoskeletal anomalies involve variations 
in the structure or arrangement of bones, muscles, and connective tissues. 
Examples include polydactyly (extra fingers or toes), syndactyly (fusion of 
digits), scoliosis (abnormal curvature of the spine), and limb hypoplasia 
(underdevelopment of limbs). Musculoskeletal anomalies may arise 
from genetic factors, developmental defects, or external trauma during 
embryogenesis.

Congenital heart defects represent some of the most common anatomical 
anomalies, affecting the structure and function of the heart and blood vessels. 
Examples include ventricular septal defect (hole in the heart’s septum), 
tetralogy of Fallot (combination of heart defects), atrial septal defect (abnormal 
opening between the heart’s upper chambers), and transposition of the great 
arteries (malpositioning of major blood vessels). These anomalies often 
result from disruptions in cardiac embryogenesis during fetal development. 
Gastrointestinal anomalies involve abnormalities in the structure or function 
of the digestive tract. Examples include esophageal atresia (failure of the 
esophagus to develop properly), anorectal malformations (defects in the 
anus and rectum), omphalocele (protrusion of abdominal organs through 
the umbilical cord), and Hirschsprung’s disease (congenital absence of nerve 
cells in the colon). Gastrointestinal anomalies may arise from genetic factors, 
vascular disruptions, or abnormal organogenesis.

Neurological anomalies encompass a diverse range of abnormalities 
affecting the brain, spinal cord, and peripheral nervous system. Examples 
include neural tube defects (such as spina bifida and anencephaly), Chiari 
malformation (protrusion of cerebellar tissue into the spinal canal), 
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INTRODUCTION

Anatomical anomalies encompass a broad spectrum of deviations from 
the typical morphology and organization of the human body. While 

variations in anatomy are inherent to biological systems, anomalies represent 
deviations that fall outside the expected range of normalcy. These anomalies 
can manifest at different levels of organization, including organs [1], tissues, 
skeletal structures, and developmental pathways. Understanding the nature 
and implications of anatomical anomalies is crucial for various disciplines, 
including anatomy education, medical diagnosis and treatment, evolutionary 
biology, and forensic science [2].

Anatomical anomalies can be classified based on several criteria, including 
their developmental origin, anatomical location, and clinical relevance. 
Developmental anomalies arise from disruptions or abnormalities in 
embryonic development, leading to structural variations in the fetus or 
neonate. Anatomical anomalies may also be categorized according to their 
anatomical site, such as craniofacial anomalies, musculoskeletal anomalies, 
or visceral anomalies. Furthermore, anomalies can be classified based on 
their clinical significance, ranging from benign variations to severe congenital 
malformations with significant health implications [3].

The etiology of anatomical anomalies is multifactorial, involving genetic, 
environmental, and stochastic factors. Genetic mutations, chromosomal 
abnormalities, and gene-environment interactions play a significant role 
in the development of many congenital anomalies. Environmental factors 
such as teratogenic exposures [4], maternal infections, and nutritional 
deficiencies can also contribute to the occurrence of anatomical anomalies 
during embryogenesis. Additionally, chance events and random variations in 
developmental processes may result in sporadic anomalies with no apparent 
genetic or environmental cause [5].

The prevalence of anatomical anomalies varies widely depending on the 
specific anomaly, population demographics, and diagnostic criteria. Some 
anomalies are relatively common, occurring in a significant proportion of 
the population, while others are rare or even unique. Advances in medical 
imaging techniques and prenatal screening have improved the detection 
and documentation of anatomical anomalies, providing valuable data for 
epidemiological studies and healthcare planning [6]. Understanding the 
prevalence and distribution of anomalies is essential for assessing their 
public health impact and allocating resources for prevention, diagnosis, and 
treatment.

Anatomical anomalies can have diverse clinical implications, ranging from 
cosmetic concerns to life-threatening conditions. Depending on the nature 
and severity of the anomaly, clinical management may involve observation 
[7], conservative measures, surgical intervention, or supportive therapies. In 
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hydrocephalus (accumulation of cerebrospinal fluid in the brain), and 
agenesis of the corpus callosum (absence of the connecting structure 
between brain hemispheres). Neurological anomalies may result from 
genetic mutations, environmental factors, or disruptions in neural tube 
closure during embryonic development. Despite significant advancements 
in our understanding of anatomical anomalies, many challenges remain in 
their diagnosis, management, and prevention. Future research efforts should 
focus on elucidating the underlying genetic and molecular mechanisms 
contributing to specific anomalies, facilitating earlier detection and targeted 
therapeutic interventions. Additionally, improving access to genetic 
counseling and prenatal screening services can help families make informed 
decisions about pregnancy and reproductive options. Addressing healthcare 
disparities and enhancing interdisciplinary collaboration between clinicians, 
researchers, and educators are essential for advancing our knowledge and 
improving outcomes for individuals affected by anatomical anomalies.

CONCLUSION

Anatomical anomalies represent a fascinating and clinically significant 
aspect of human biology. By exploring the classifications, causes, prevalence, 
and clinical implications of anatomical anomalies, researchers and medical 
practitioners can gain valuable insights into the complexity of human 
development and pathology. Continued research and education in this field 
are essential for improving diagnostic accuracy, therapeutic interventions, 
and genetic counselling for individuals affected by anatomical anomalies.

ACKNOWLEDGMENTS

None.

REFERENCES

1. Bleich AT, Rahn DD, Wieslander CK, Wai CY, Roshanravan SM, et al. 
Posterior division of the internal iliac artery: Anatomic variations and 
clinical applications. Am J Obstet Gynecol. 2007; 197:658.e651-658.
e655.

2. Chase J. Variation in the Branching Pattern of the Internal Iliac Artery. 
In: University of North Texas Health Science Center. Fort Worth. 2016: 
1-33.

3. Nayak SB, Shetty P, Surendran S, Shetty SD. Duplication of Inferior 
Gluteal Artery and Course of Superior Gluteal Artery Through the 
Lumbosacral Trunk. OJHAS. 2017; 16.

4. Albulescu D, Constantin C, Constantin C. Uterine artery emerging 
variants - angiographic aspects. Current Health Sciences Journal 2014; 
40:214-216.

5. Osher M, Semaan D, Osher D. The uterine arteries, anatomic variation 
and the implications pertaining to uterine artery embolization. J Vasc 
Interv Radiol 2014; 25:S143.

6. Park K-M, Yang S-S, Kim Y-W, Park KB, Park HS, et al. Clinical 
outcomes after internal iliac artery embolization prior to endovascular 
aortic aneurysm repair. Surg Today 2014; 44:472-477.

7. Patel SD, Perera A, Law N, Mandumula S. A novel approach to the 
management of a ruptured Type II endoleak following endovascular 
repair of an internal iliac artery aneurysm. Br J Radiol. 2011; 
84(1008):e240-2.

8. Szymczak M, Krupa P, Oszkinis G, Majchrzycki M. Gait pattern in 
patients with peripheral artery disease. BMC Geriatrics. 2018; 18:52.

9. Rayt HS, Bown MJ, Lambert KV. Buttock claudication and erectile 
dysfunction after internal iliac artery embolization in patients prior 
to endovascular aortic aneurysm repair. Cardiovasc Intervent Radiol. 
2008; 31(4):728-34.

10. Fontana F, Coppola A, Ferrario L. Internal Iliac Artery Embolization 
within EVAR Procedure: Safety, Feasibility, and Outcome. J Clin Med. 
2022; 11(24):73-99.

https://www.ajog.org/article/S0002-9378(07)01059-9/fulltext
https://www.ajog.org/article/S0002-9378(07)01059-9/fulltext
https://www.proquest.com/openview/488ccd0010344a156c141da9a385ff20/1?pq-origsite=gscholar&cbl=18750
https://www.proquest.com/openview/488ccd0010344a156c141da9a385ff20/1?pq-origsite=gscholar&cbl=18750
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.researchgate.net/profile/Satheesha-B-2/publication/319007014_Duplication_of_Inferior_Gluteal_Artery_and_Course_of_Superior_Gluteal_Artery_Through_the_Lumbosacral_Trunk/links/59918099a6fdccae88191a19/Duplication-of-Inferior-Gluteal-Artery-and-Course-of-Superior-Gluteal-Artery-Through-the-Lumbosacral-Trunk.pdf
https://www.chsjournal.org/article/40/3/11/
https://www.chsjournal.org/article/40/3/11/
https://www.jvir.org/article/S1051-0443(13)02168-4/fulltext
https://www.jvir.org/article/S1051-0443(13)02168-4/fulltext
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://link.springer.com/article/10.1007/s00595-013-0572-y
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://www.birpublications.org/doi/10.1259/bjr/42137038
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-018-0727-1
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-018-0727-1
https://link.springer.com/article/10.1007/s00270-008-9319-3
https://link.springer.com/article/10.1007/s00270-008-9319-3
https://link.springer.com/article/10.1007/s00270-008-9319-3
https://www.mdpi.com/2077-0383/11/24/7399
https://www.mdpi.com/2077-0383/11/24/7399

