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Atlas of Normal Roentgen Variants That May Simulate Disease

Radiography remains the first-line imaging modality for countless patients worldwide, offering rapid, low �dose, and

cost �effective insight into the anatomy and pathology of the human body. Yet, the interpretation of plain films can be

deceptively challenging. A subtle radiographic finding that appears abnormal may, in fact, be a benign anatomical

variant—a normal deviation from textbook norms that can masquerade as disease. Misidentifying such variants can

lead to unnecessary investigations, patient anxiety, and even unwarranted interventions.

In this comprehensive atlas, we delve into the spectrum of normal roentgen variants that frequently simulate

pathology. By understanding their characteristic appearances, clinical contexts, and distinguishing features,

radiologists, clinicians, and students alike can sharpen their diagnostic acumen and reduce the rate of false

positives.

Why Normal Variants Matter in Radiology

Every individual’s anatomy carries subtle idiosyncrasies shaped by genetics, developmental timing, and

environmental factors. These idiosyncrasies, while harmless, can present on X �rays in ways that mimic common

diseases such as fractures, infections, or neoplasms. Recognizing these normal variants is essential for:

•  Preventing unnecessary follow �up imaging or invasive procedures.

•  Reducing healthcare costs and radiation exposure.

•  Improving patient trust and satisfaction.

•  Ensuring accurate clinical decision �making.

Incorporating a systematic approach to variant recognition into routine practice enhances diagnostic confidence

and fosters a culture of precision medicine.

Categories of Normal Radiographic Variants

Normal variants span the entire body and can be grouped into three broad categories:

1.  Structural Variants – Alterations in bone shape, size, or orientation that are benign.

2.  Soft Tissue Variants – Differences in organ size, position, or attenuation that do not signify pathology.

3.  Physiological Variants – Dynamic changes such as gas distribution or vascular patterns that are normal but 

may resemble disease.

Below, we examine common variants within each anatomical region, highlighting key imaging signs and clinical

pearls.

Thoracic Variants That Mimic Disease

1. Rib Anomalies

Rib variations are among the most frequently encountered thoracic anomalies. Common examples include:

•  Accessory Ribs – Supernumerary ribs, usually arising from the 11th or 12th thoracic vertebra, can appear as 



extra osseous densities on lateral or anteroposterior views, potentially mistaken for fractures or metastatic lesions.

•  Rib Shortening or Curvature – Congenital hypoplasia or mild kyphotic curvature may mimic a rib fracture on a 

frontal projection but typically lack periosteal reaction or soft �tissue swelling.

•  Rib Fusion – Early ossification or congenital fusion can create a single dense line where two ribs should be 

separate, often confused with a fracture or surgical hardware.

Key distinguishing features include symmetry, absence of periosteal reaction, and a consistent appearance across

different projections.

2. Pulmonary Segmentation Variations

Variations in lung fissures and segmental anatomy are common and may be misinterpreted as pathological

opacities:

•  Incomplete or Absent Fissures – A missing oblique fissure can produce a linear opacity that resembles a 

pleural effusion or atelectasis.

•  Accessory Lobes – Rare congenital accessory lobes may present as focal opacities or air �filled spaces within 

the lung field.

•  Bronchial Tree Variations – Unusual branching patterns or ectopic bronchi can create radiolucent or opaque 

areas that mimic cysts or masses.

Recognition often relies on correlating the finding with adjacent anatomical landmarks and assessing for

associated soft �tissue changes.

3. Cardiothoracic Ratio Variations

The cardiothoracic ratio (CTR) is a quick measure of cardiac size. However, several benign conditions can alter the

CTR without indicating cardiomegaly:

•  Anatomical Variations – Aortic arch orientation or a prominent left ventricular outflow tract can increase the 

CTR on a frontal view.

•  Postural Influences – Standing versus supine positioning can change the apparent heart size.

•  Thoracic Cage Shape – A barrel chest or scoliosis may distort the thoracic cavity, affecting the CTR 

measurement.

When an elevated CTR is noted, correlating with clinical history, ECG, and echocardiography helps confirm or

refute true cardiac enlargement.

Abdominal and Pelvic Variants

1. Liver and Spleen Size Variations

Normal organ size varies with age, sex, body habitus, and even diurnal rhythms. Key benign variants include:

•  Right Hepatic Hemi �Hepatectomy – A naturally smaller right lobe may appear as a focal area of decreased 

density, potentially mistaken for hepatic atrophy or focal lesions.

•  Spleen Size Fluctuations – A slightly enlarged spleen due to exercise or dehydration may be misread as 

splenomegaly.

•  Accessory Spleen – Small, ectopic splenic tissue can appear as a nodular density within the left upper 

quadrant.

Assessing the organ’s shape, margins, and relative position to surrounding structures aids differentiation from

pathology.



2. Bowel Gas Patterns

Gas distribution is highly variable and influenced by diet, motility, and patient positioning:

•  Retroperitoneal Gas – Normal gas in the retroperitoneal space can mimic pneumoperitoneum if the film is not 

interpreted carefully.

•  Colonic Gas Distribution – A large colonic loop may create a radiolucent area that looks like a cystic mass.

•  Small Bowel Gas – Dense loops of small bowel can appear as soft �tissue opacities, especially on upright films.

Correlation with clinical symptoms and, when necessary, additional imaging (e.g., CT) clarifies the nature of gas

patterns.

3. Pelvic Bone Morphology

Pelvic anatomy exhibits significant individual variation:

•  Acetabular Orientation – A shallow or retroverted acetabulum may appear as a subtle bony defect or mimic a 

fracture line.

•  Pubic Symphysis Variations – Mild asymmetry or a slightly widened joint space can be mistaken for arthritis.

•  Pelvic Bone Density Differences – Age �related bone mineral density changes can create pseudo �fracture lines.

Consistent evaluation across multiple projections and comparison with the contralateral side are essential for

accurate interpretation.

Spinal and Skeletal Variants

1. Vertebral Body Shape Variants

Vertebral morphology can vary significantly:

•  Thoracolumbar Transition Variants – A gradual change from thoracic to lumbar curvature may create a subtle 

kyphotic angle that resembles an acute fracture on a lateral view.

•  Osteophyte Formation – Age �related bone spurs may be mistaken for metastatic lesions.

•  Vertebral Body Height Differences – Minor height variations are normal and should not be over �interpreted as 

compression fractures.

Examining the vertebral endplates for cortical continuity and assessing adjacent discs helps differentiate benign

variants from true pathology.

2. Sacroiliac Joint Morphology

The sacroiliac joint (SIJ) is notorious for presenting with variant appearances:

•  SIJ Fusion – Early ossification at the SIJ can mimic ankylosing spondylitis changes.

•  Joint Space Variability – Minor asymmetry is common and does not indicate sacroiliitis.

•  Anomalous Iliac Crest – A prominent iliac crest may obscure the SIJ, leading to misdiagnosis of joint erosion.

Cross �checking with CT or MRI can confirm the benign nature of these findings.

3. Limb Bone Anomalies

Common limb bone variants include:

•  Accessory Clavicle – A small ossicle adjacent to the clavicle can be mistaken for a fracture fragment.

•  Radial Head Variants – An enlarged or irregular radial head may mimic a fracture or tumor.

•  Phalangeal Length Variations – Short or long phalanges can create apparent bone discontinuity on a hand 

film.



Careful analysis of bone margins, cortical continuity, and the presence of periosteal reaction helps rule out true

fractures.

Head and Neck Variants

1. Mandibular and Maxillary Anomalies

Dental and jawbone variations are frequent:
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