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Understanding the unique features of the infant skull is essential for both
medical professionals and parents. These features not only facilitate the
birthing process but also accommodate the rapid brain growth that occurs
during infancy. Among these features, the membrane-filled spaces between the
cranial bones play a vital role. They are known as fontanels and sutures,
while foramina refer to different anatomical structures. This comprehensive
guide will explore these components in detail, explaining their functions,
significance, and developmental aspects.

What Are Fontanels, Sutures, and Foramina?

To grasp the significance of the membrane-filled spaces in an infant skull,
it is important to understand what each term refers to:

Fontanels

- Also called soft spots.

- Are large, membranous gaps between the incompletely ossified cranial bones.
- Present at birth and gradually close as the child grows.

- Allow for brain expansion and skull flexibility during early development.

Sutures

- Are fibrous joints connecting the cranial bones.

- Comprise dense, fibrous connective tissue.

- Enable slight movement to accommodate brain growth.
- Fuse completely in adulthood, forming solid joints.

Foramina

- Are openings or holes in the skull.

- Allow passage of nerves, blood vessels, and other structures.

- Are not membrane-filled spaces but are important for neurovascular
connectivity.

This article primarily focuses on the fontanels and sutures, which are the



membrane-filled spaces that are characteristic of an infant skull.

Detailed Overview of Fontanels

Fontanels are critical features in the infant skull, providing flexibility
and space during childbirth and early brain growth.

Types of Fontanels

The infant skull contains several fontanels, with the most prominent being:

1. Anterior Fontanel

- Located at the top of the skull, at the junction of the frontal and
parietal bones.

Usually diamond-shaped.

Closes between 12 to 18 months of age.

2. Posterior Fontanel

Found at the back of the skull, where the parietal and occipital bones
meet.

- Usually triangular.

Closes by 2 to 3 months after birth.

3. Sphenoidal Fontanels
Located on the sides of the skull, near the temples.
Closes by 6 months.

4. Mastoid Fontanels
Located near the mastoid process of the temporal bone.
Closes by 12 months.

Functions of Fontanels

- Facilitate childbirth: The flexible fontanels allow the skull to mold
during passage through the birth canal.

- Accommodate brain growth: As the infant’s brain develops rapidly, fontanels
provide the necessary space.

- Serve as clinical indicators: The size and tension of fontanels can
indicate hydration status and intracranial pressure.

Clinical Significance of Fontanels

- Bulging fontanel: May indicate increased intracranial pressure or
hydrocephalus.

- Sunken fontanel: Often suggests dehydration.

- Delayed closure: Could be a sign of developmental issues or certain



syndromes.

The Role of Sutures in the Infant Skull

Sutures are fibrous joints that connect the bones of the skull, allowing for
flexibility and growth.

Major Cranial Sutures

1. Coronal Suture

Connects the frontal bone to the parietal bones.

. Sagittal Suture

Runs along the midline, connecting the two parietal bones.

3. Lambdoid Suture

Connects the parietal bones to the occipital bone.

4. Squamous Sutures

Connect the parietal bones to the temporal bones on each side.
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Functions of Sutures

- Enable skull flexibility: Allow the skull to expand in response to brain
growth.

- Absorb mechanical stress: Distribute forces during birth and daily
activities.

- Serve as growth sites: Facilitate the growth of individual cranial bones.

Suture Closure and Skull Maturity

- Sutures gradually ossify and fuse with age.

- Fusion timeline varies:

- Sagittal suture: fuses around 30-40 years.

- Coronal suture: fuses by 30-40 years.

- Lambdoid suture: fuses by 30-40 years.

- Premature fusion results in craniosynostosis, impacting skull shape and
brain development.

The Developmental Process of Fontanels and
Sutures

Understanding how these structures develop helps in early detection of
abnormalities.



Embryonic Development

- The skull develops from mesenchymal tissue derived from neural crest cells.
- Cranial vault bones originate via intramembranous ossification.

- Fontanels and sutures form from dense fibrous connective tissue between
developing bones.

Timeline of Closure

- Posterior fontanel: Closes by 2-3 months.

- Anterior fontanel: Closes between 12-18 months.

- Sphenoidal and mastoid fontanels: Close within the first 6-12 months.
- Sutures gradually fuse over years, completing in adulthood.

Common Disorders Related to Fontanels and
Sutures

Awareness of potential issues involving these structures is crucial for early
diagnosis and management.

Craniosynostosis

- Premature fusion of sutures.

- Causes abnormal skull shapes such as:
- Scaphocephaly (long, narrow head).

- Brachycephaly (short, broad head).

- Trigonocephaly (triangular forehead).
- May require surgical intervention.

Delayed Closure of Fontanels

- Can be associated with genetic syndromes or developmental delays.
- May necessitate medical evaluation and monitoring.

Other Conditions

- Hydrocephalus: Excess cerebrospinal fluid causing increased pressure.
- Dehydration: Noted by sunken fontanels.
- Trauma: Fractures involving sutures or fontanels.

Summary and Key Takeaways

- The membrane-filled spaces between cranial bones in infants, mainly



fontanels and sutures, are vital for skull flexibility and brain development.
- Fontanels are large, soft gaps that allow for growth and ease of birth,
gradually closing during infancy.

- Sutures are fibrous joints that connect the skull bones, permitting
movement during growth and fusing in adulthood.

- Proper development and timely closure of these structures are essential for
normal skull shape and neurodevelopment.

- Abnormalities like craniosynostosis or delayed fontanel closure require
medical attention to prevent complications.

Final Thoughts

The infant skull's unique architecture, characterized by fontanels and
sutures, exemplifies the body's remarkable design to support rapid brain
growth and facilitate birth. These membrane-filled spaces are more than just
anatomical features; they are dynamic, developmental structures that reflect
the health and growth of the infant. Recognizing their significance enables
healthcare providers to monitor development effectively and intervene when
necessary. As the child matures, these spaces gradually ossify, culminating
in a solid, protective skull that supports lifelong brain function and
cranial integrity.
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Frequently Asked Questions

What are the membrane-filled spaces between the
cranial bones of an infant skull called?

They are called fontanels.

Which term refers to the hard, fibrous joints
connecting the bones of an infant's skull?

Sutures.

Are foramina found between the cranial bones of an
infant skull?

No, foramina are openings in bones, not spaces between bones; the spaces are
called fontanels and sutures.



Why are fontanels important in an infant's skull
development?

Fontanels allow for skull flexibility during birth and accommodate brain
growth in infancy.

At what age do the fontanels typically close in
infants?

The anterior fontanel usually closes by 18-24 months, while other fontanels
close earlier.

How do sutures differ from fontanels in infant
skulls?

Sutures are ossified fibrous joints that eventually fuse completely, whereas
fontanels are soft membranous areas that gradually ossify and close.

What is the significance of the fontanels during
childbirth?

They allow the skull to compress slightly, making passage through the birth
canal easier.

Can the presence of fontanels indicate health issues
in infants?

Yes, abnormal size or delayed closure of fontanels can indicate underlying
health problems such as hydrocephalus or nutritional deficiencies.

Are foramina involved in the spaces between cranial
bones in infants?

No, foramina are openings in bones; the spaces between cranial bones in
infants are called fontanels and sutures.

Additional Resources

Membrane-filled Spaces Between Cranial Bones of an Infant Skull Are Called -
Foramina - Fontanels - Sutures

The human skull is a complex and dynamic structure that plays a vital role in
protecting the brain, supporting sensory organs, and facilitating the
developmental processes essential for early life. Among its most distinctive
features in infants are the membrane-filled spaces situated between the
cranial bones, which undergo significant transformation during the early



years. These spaces are collectively known as fontanels, and they are
complemented by sutures and foramina, each serving unique physiological and
developmental functions. This article provides a comprehensive review of
these structures, emphasizing their anatomy, functions, developmental
significance, and clinical relevance.

Understanding the Anatomy of the Infant Skull

The infant skull is markedly different from that of an adult, primarily due
to the presence of flexible joints and membranous spaces that accommodate
rapid brain growth. These features include:

- Fontanels: The soft, membrane-filled gaps that are most prominent during
infancy.

- Sutures: The fibrous joints that fuse progressively over time.

- Foramina: Openings in the skull that allow passage of blood vessels,
nerves, and other structures.

While all three are integral to skull development, the focus of this review
is on the membrane-filled spaces—particularly the fontanels—and their
relationship with sutures and foramina.

Fontanels: The Membrane-filled Spaces of the
Infant Skull

Definition and Overview

Fontanels are large, fibrous, membranous gaps between the cranial bones in an
infant's skull. They are composed of dense connective tissue and are covered
by a thin layer of skin. These soft spots are crucial during birth, allowing
the skull to deform slightly as it passes through the birth canal, and they
serve as centers for brain and skull growth during early childhood.

Types and Locations of Fontanels

The infant skull has several fontanels, each with specific anatomical
features and developmental timelines:



1. Anterior Fontanel (Bregmatic Fontanel)

- Location: At the junction of the frontal and parietal bones
- Shape: Usually diamond-shaped

- Size: Approximately 2.5 to 4 cm in diameter

- Closure: Typically closes between 12 to 24 months

2. Posterior Fontanel (Lambdoid Fontanel)

- Location: At the junction of the parietal and occipital bones
- Shape: Triangular

- Closure: Usually by 2 to 3 months of age

3. Sphenoidal Fontanels (Anterolateral)

Location: Between the sphenoid, parietal, frontal, and greater wing of the
sphenoid bones

- Closure: Around 6 months

4. Mastoid Fontanels (Posterolateral)
- Location: Near the mastoid process of the temporal bone
- Closure: By 12 months

Physiological Significance of Fontanels

The presence and size of fontanels serve multiple vital functions:

- Facilitating Birth: The flexibility allows the skull to compress slightly
during passage through the birth canal.

- Permitting Brain Growth: Rapid brain development in infancy requires
accommodating enlarging neural tissue, which is facilitated by the pliability
of fontanels.

- Indicators of Development and Health: The size, tension, and closure timing
of fontanels can provide important clinical information regarding hydration,
intracranial pressure, and developmental progress.

Clinical Relevance of Fontanels

Physicians routinely examine fontanels during pediatric assessments, as
changes can indicate underlying conditions:

- Sunken Fontanels: Suggest dehydration.

- Bulging Fontanels: May indicate increased intracranial pressure, infection,
or bleeding.

- Delayed Closure: Could point to developmental delays, hypothyroidism, or
craniosynostosis.

- Premature Closure: Leads to craniosynostosis, affecting skull shape and
brain development.



Sutures: The Fibrous Joints of the Infant Skull

Definition and Structure

Sutures are fibrous joints that connect the cranial bones. They are composed
of dense fibrous connective tissue that remains unossified during infancy and
early childhood, allowing for flexibility and growth.

Major Cranial Sutures

The primary sutures in the infant skull include:
- Coronal Suture: Between frontal and parietal bones
- Sagittal Suture: Between the two parietal bones

- Lambdoid Suture: Between parietal and occipital bones
- Squamosal Suture: Between parietal and temporal bones

Role in Skull Growth and Development

Sutures provide a flexible framework that accommodates the rapid expansion of
the brain during early childhood. They also serve as landmarks for
neurosurgical procedures and anatomical orientation.

Fate of Sutures with Age

As the skull matures, sutures gradually ossify:
- Synostosis: Fusion of sutures typically begins in adolescence or early
adulthood.

- Craniosynostosis: Premature suture fusion can cause abnormal skull shapes
and intracranial pressure issues, requiring clinical intervention.

Foramina: Openings in the Cranial Bones

Definition and Function



Foramina are natural openings or holes in the skull bones that allow the
passage of blood vessels, nerves, and other structures. Unlike fontanels and
sutures, foramina are ossified openings, not membranous gaps.

Major Cranial Foramina and Their Contents

Key foramina include:

- Foramen Magnum: Passage for the spinal cord, vertebral arteries, and
accessory nerves

- Optic Foramen (Canal): Cranial nerve II (optic nerve) and ophthalmic artery
- Superior Orbital Fissure: Cranial nerves III, IV, VI, and ophthalmic vein

- Jugular Foramen: Cranial nerves IX, X, XI, and sigmoid sinus

- Foramen Ovale: Mandibular nerve (V3), accessory meningeal artery

- Foramen Rotundum: Maxillary nerve (V2)

- Carotid Canal: Internal carotid artery and sympathetic fibers

Clinical Importance of Foramina

The foramina are vital for neurovascular communication. Pathologies such as
tumors, fractures, or congenital anomalies affecting these openings can
compromise nerve function or blood flow.

Interrelationships and Developmental Dynamics

The membrane-filled spaces (fontanels) and fibrous joints (sutures) are
intimately related:

- Developmental Sequence: Fontanels and sutures form early in fetal
development, with fontanels being prominent at birth and sutures gradually
ossifying.

- Growth Coordination: The flexibility of fontanels and sutures permits skull
expansion aligned with brain growth.

- Transition Over Time: Fontanels close and sutures ossify, transforming the
infant skull into a rigid adult structure.

Furthermore, the foramina develop within the ossified cranial bones,
establishing pathways essential for vital structures.



Pathological Conditions Related to Membrane-
filled Spaces

Understanding the development and physiology of fontanels, sutures, and
foramina is crucial for diagnosing and managing various conditions:

- Craniosynostosis: Premature suture fusion leading to abnormal skull shapes
and potential intracranial pressure issues.

- Delayed Fontanel Closure: May indicate genetic syndromes or developmental
delays.

- Hydrocephalus: Increased intracranial pressure can cause bulging fontanels.
- Fractures and Trauma: Skull fractures may involve foramina, risking nerve
or vessel injury.

- Infections: Meningitis or osteomyelitis can affect sutures and foramina.

Conclusion

The membrane-filled spaces between cranial bones of an infant
skull-fontanels—along with sutures and foramina, form a complex, dynamic
system that underpins early skull growth, brain development, and
neurovascular communication. Recognizing their anatomy, developmental
timeline, and clinical significance is essential for healthcare professionals
involved in pediatric care, neurology, and craniofacial surgery. Continued
research into these structures enhances our understanding of cranial
development and aids in the diagnosis and management of congenital and
acquired cranial conditions.
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Note: This article aims to provide a thorough understanding of the membrane-
filled spaces between cranial bones in infants, emphasizing their importance
in development, health monitoring, and clinical practice.
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