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Original Article

Changes in human skull anatomy 
from past to today: Systematic review
Abstract

Aim: Changes in human populations and anatomical features are explained 
by various evolutionary processes, with cranial diversity being among the most 
striking. The skull is composed of three regions with distinct developmental 
origins: the cranial vault, face, and skull base. Skull morphology is known to have 
evolved significantly over centuries. This study aims to systematically examine 
anatomical changes in the skull and its formations over time by reviewing studies 
on skull morphology.
Materials and Methods: The systematic review was conducted between November 
8, 2023, and December 20, 2023. Publications were accessed by searching PubMed, 
Springer, and Google Scholar databases using the keywords “human evolution”, 
“cranial anatomy evolution”, and “evolution homo skull”.
Results: A total of 82,043 articles were initially identified through the search. Of 
the 16 studies selected for in-depth review, 10 provided data on the geographic 
regions to which the skulls belonged, and 6 provided data on their estimated time 
period. All studies analyzed skull morphology through three-dimensional imaging, 
which was generated using various computer software programs.
Conclusion: Our review of studies examining skull morphology across different 
centuries suggests that factors such as time, temperature, location, climate, and 
environmental conditions contribute to variations in skull shapes and sizes. The 
findings indicate that skull morphology shows greater similarity across certain 
groups at younger ages, with differentiation increasing over time.
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INTRODUCTION

Human history, which spans thousands of years, has been the 
focus of curiosity and study across many scientific fields. In 
biological classification, humans are categorized within the 
genus Homo. Existing human populations display considerable 
diversity on both biological and behavioral levels, leading to 
species-level classifications among early human groups (e.g., 
Homo habilis, Homo erectus, Homo neanderthalensis, and 
Homo sapiens). While the exact number of species is debated, 
estimates suggest there may have been between 7 and 12 distinct 
species, though this figure could rise as new fossil discoveries are 

made. All these species are regarded as "human". Today, Homo 
sapiens is the only known surviving human species, and the term 
"anatomically modern human" is often used to describe Homo 
sapiens specifically (1).

The estimated age of Homo sapiens was long thought to be 
around 200,000 years, but dating advancements in 2017 extended 
this estimate to approximately 315,000 years (2). Although 
the exact origin of Homo sapiens remains uncertain, several 
hypotheses exist (3). One prominent theory proposed that Homo 
sapiens emerged as a single species in South Africa about 70,000 
years ago and subsequently spread worldwide. However, recent 
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research and discoveries of human fossils in Africa, dating back 
200,000 to 400,000 years, indicate that multiple human species 
coexisted rather than a single lineage (4).

Changes in human populations and body structures can be 
attributed to various evolutionary processes, with cranial 
diversity being one of the most notable (5,6). Brain size and 
behavioral complexity have consistently been considered 
fundamental characteristics in the study of evolution, 
drawing significant attention in evolutionary anthropology. 
However, distinctions among skulls of different human 
species remain subtle and are not always easily discernible 
(7). Research on human evolutionary history spans multiple 
scientific disciplines, including physical anthropology, 
paleoanthropology, primatology, archaeology, linguistics, 
genetics, and embryology (8). Understanding the anatomical 
changes in the human skull continues to be an area of interest.

The skull is composed of three regions with distinct 
developmental origins: the cranial vault, face, and skull base. 
Among these, the skull base is the oldest structure (9). Research 
suggests that changes in the skull base are more strongly 
governed by genetic factors compared to changes in the cranial 
vault and face (10). Thus, the skull base serves as a foundational 
region that connects with facial structures and influences 
overall skull development. By contrast, morphological 
changes in the face are influenced by both genetic and non-
genetic factors, such as environmental adaptation (11). Skull 
morphology is known to change continuously over time (7). 
Therefore, this review aims to examine anatomical changes in 
skull morphology and formations across time.

MATERIALS AND METHODS
This article is a systematic review conducted according to the 
PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) protocol for systematic reviews and meta-
analyses (12,13). To minimize potential bias, literature searches, 
article selection, data extraction, and quality assessment of 
articles were performed independently by two researchers. 
The study protocol was registered in the PROSPERO database 
(Registration Number: CRD42023488672).

Scanning Strategy

Searches for this systematic review were conducted between 
November 8, 2023, and December 20, 2023. Publications were 
accessed by searching the PubMed, Springer, and Google 
Scholar databases using the keywords "human evolution", 
"cranial anatomy evolution", and "evolution homo skull". 
Reference lists of studies included in this review were not 
examined.

A total of 82,043 articles were initially identified. To narrow 
down relevant studies, the first researcher screened the titles 
and abstracts to assess their relevance to the topic. The second 

researcher independently reviewed and evaluated these titles and 
abstracts as well. Duplicate studies were identified and removed. 
Studies available in full text and meeting the inclusion criteria 
were then reviewed in detail by both researchers. Sixteen articles 
were ultimately selected for evaluation in this systematic review.

To minimize bias:

•	 Keywords were selected carefully following preliminary 
research.

•	 As the study focuses on measured dry bone samples, sample 
bias risk is negligible.

•	 The research process was conducted by two independent 
reviewers.

Inclusion Criteria

In this systematic review, inclusion criteria were defined 
according to the PICOS framework (P: Population/Participants, 
I: Interventions, C: Comparisons, O: Outcomes, S: Study Design) 
(JBI, 2014) (9):

•	 Participants: Studies that include human skull bone 
remains.

•	 Interventions: Analysis of skull remains, specifically 
examining volume and shape.

•	 Comparison Groups: Comparisons between the cranial 
bones of modern humans and those of ancient humans.

•	 Outcomes: Evaluation of anatomical evolutionary changes 
in cranial bones.

•	 Study Design: Full-text studies available in English.

Exclusion Criteria

The following publications were excluded from the systematic 
review:

•	 Studies not available in full text.

•	 Studies written in languages other than English.

•	 Publications that were not original research articles.

RESULTS
Out of the 16 studies reviewed, 10 provided data on the regions 
to which the skull samples belonged, and 6 included data on 
the approximate age of the skulls. All studies measured skull 
characteristics by converting samples into three-dimensional 
images using specialized computer software.

Table 1 summarizes each study, listing the publication year, 
sample size, journal name, region of origin, estimated age of 
the skull samples, and criteria used for comparison. Sample 
sizes varied, with the smallest study including 2 samples and the 
largest comprising 361 samples.
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3. Content Analysis

Study 1:

This study focused on the impact of seasonal changes on cranial 
morphology. Findings showed that the facial skeleton in hotter 
regions is generally larger, while the skull and skull base are 
larger in colder regions. Samples from cold and semi-arid 
climates exhibited smaller, rounder facial structures, narrower 
nasal bones, and broader cheekbones (14).

Study 2:

This study compared hereditary characteristics and genetic 
diversity in skull morphology. Results indicated that the facial 
region demonstrated the highest hereditary traits (81%), while the 
overall facial circumference (including maximum facial width, 
length, and height) showed moderate heritability. The orbital, 
nasal (height and length), and zygomatic regions exhibited the 
most genetic diversity, whereas nose width displayed minimal 
genetic variation (7).

3. Study

Study 3:

This study examined cranial development trends, noting increases in 
facial retraction and neurocranial sphericity. Researchers observed 
that facial and neurocranial changes begin early, reflecting the 
combined effects of brain development and growth over time (8).

Study 4:

This study analyzed changes in the fossa crani media. Notable 
findings included unique transformations in structures such 
as the apex petrosa, porus acousticus internus, foramen ovale, 
foramen rotundum, and foramen opticum. Measurements revealed 
significant differences in these structures over time (15).

Study 5:

This study examined external facial development in the temporal 
bone. Findings indicated that, compared to modern skulls, historical 
samples showed the zygomatic bone positioned more inferiorly 
along the fossa mandibularis eminentia articularis, a thicker and 
more circular external auditory meatus, a wider sphenoparietal 
sinus, and a broader proc mastoideus. The overall endocranial 
structure, however, was similar to that of modern humans (16).

Study 6:

This study focused on frontal lobe development. Findings suggested 
that the endocast of ancient specimens was smoother and longer 
than that of modern humans. Additionally, the endocast in modern 
humans displayed wider lateral frontal lobes and longer orbital 
regions compared to historical specimens (17).

Study 7:

This study analyzed endocranial and viscerocranial growth 
variations in Homo sapiens fossils. Results showed that fossil 
samples had a larger endocranium compared to modern human 

skulls. However, when comparing skulls of modern human children 
to fossil children, no significant differences were observed (18).

Study 8:

In this study, researchers found that the modern human skull has 
remained relatively unchanged when compared to fossil remains 
in Central Europe over the past 500,000 years. The most notable 
difference identified was in the arcus superciliaris (brow ridge) 
(19).

Study 9:

This study represents the first documentation of sulcus patterns 
on the lateral surface of the brain using community-based atlas 
techniques applied to human skull surfaces. Cranial fossils 
were scanned with CT, and sulcus models were generated. The 
study found significant overlaps in the sylvian fissure, occipital 
fissures, and calcarine sulcus when compared to modern human 
patterns (20).

Study 10:

Comparison of NDUTU crania with modern human skulls showed 
that the NDUTU samples exhibit a lower, more prognathic facial 
structure, narrower cranium, and reduced, narrower supraorbital 
projection (21).

Study 11:

This study identified evolutionary differences in frontal bone 
development between Homo erectus and Homo sapiens 
populations from Israel, China, Kenya, Papua New Guinea, 
Australia, and the Andaman Islands. Results indicated that 
cranial variation was greater in H. erectus, with these differences 
attributed to brain development processes (22).

Study 12:

Early Neanderthals and later Neanderthals show both similarities 
and differences in brain size and skull anatomy when compared to 
fossil modern humans. The brain volume of Early Neanderthals 
is similar to that of Middle Pleistocene Homo, with a smaller 
volume than classic Neanderthals but with a greater expansion 
in the posterior (temporo-parietal and occipital) regions. Classic 
Neanderthals, however, had relatively elongated brain structures, 
particularly in the anterior regions. Key differences in frontal 
and occipital bone anatomy between classic Neanderthals and 
modern humans are thought to be associated with parietal cortex 
enlargement (23).

Study 13:

This sample skull, with a cranial capacity comparable to modern 
humans (~1,420 mL), features a highly voluminous cranial dome 
and a wide supraorbital torus. The base and palate structures are 
broad, with a relatively low facial height in profile and a large 
upper face and nasal opening. While the zygomaxillary area is 
transversely flat, resembling Homo sapiens morphology, the 
skull reaches its widest point in the supramastoid region, with 
pronounced mastoid processes below (24).
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Study 14:

Comparisons between fossil samples revealed that Homo sapiens 
has a relatively larger middle cranial fossa compared to other 
species. Additionally, Homo erectus possesses a middle cranial 
fossa that is both longer and wider than that of Homo ergaster 
(25).

Study 15:

This study found that Homo erectus has smaller cranial and 
cerebellar lobes compared to other Homo species, with a notably 
larger nuchal plane than that of Homo sapiens (26).

Study 16:

Over the past 500 years, brain size in humans has increased, 
while facial area dimensions have shown a corresponding 
decrease (27).

DISCUSSION
Our systematic review of studies examining skull morphology 
across various historical populations indicates that factors such as 
time, environmental temperature, geographical location, climate, 
and other natural conditions have contributed significantly to 
variations in skull shape and size. These findings suggest that early 
skull morphology among certain Homo species exhibits greater 
similarity, while differences become more pronounced with age.

When examining fossil remains, it becomes evident that the 
evolutionary trajectory from early species to modern humans 
unfolded through five distinct stages. The first group includes early 
genera such as Sahelanthropus, Orrorin, and Ardipithecus, which 
existed approximately 4 to 7 million years ago. In the second stage, 
members of the genus Australopithecus emerged, living between 
roughly 4 million and 1 million years ago. The third stage saw 
the appearance of robust Paranthropus species, which inhabited 
regions from approximately 2.5 to perhaps 1 million years 
ago. During the fourth stage, transitional forms appeared with 
characteristics intermediate between Australopithecus and Homo, 
but were taxonomically classified within the genus Homo. This 
stage includes species such as Homo antecessor, estimated to have 
emerged around 800,000 years ago, and Homo heidelbergensis, 
which appeared about 600,000 years ago. Finally, anatomically 
modern humans, Homo sapiens, emerged approximately 200,000 
years ago (28).

In the studies we reviewed, fossil specimens include those 
from Australopithecus africanus, Homo erectus/ergaster, Homo 
heidelbergensis s.l., and Homo sapiens. These fossils were 
excavated across diverse regions, including South and North 
America, Australia, the Awash River Valley in Ethiopia, Central 
Europe, Tanzania, Spain, China, and South Africa. Over the last 
10 million years, global climate shifts have significantly impacted 
both human evolution and other living species. In particular, 
temperature fluctuations are thought to have strongly influenced 
body size, limb proportions, hand and foot dimensions, and skull 
anatomy (29,30).

However, cranial features-such as the cranial vault, facial 
skeleton size and shape, temporal bone dimensions, orbital 
area, maxillary and zygomatic bones, and nasal cavity structure-
also show significant correlations with temperature variations. 
Generally, individuals residing in colder climates tend to have 
larger and more robust cranial structures compared to those in 
warmer regions (31,32).

In South America, where agricultural communities are 
predominantly located in the north and hunter-gatherer groups 
in the south, observed relationships between temperature and 
cranial structure may actually stem from nutritional differences 
across communities. Including diet as a variable in models of 
skull morphology would therefore help clarify the distinct 
contributions of ecological factors to cranial shape variation. 
Recent studies also suggest that elevation may be one of 
the primary environmental influences on skull morphology; 
however, the specific mechanisms underlying this relationship 
remain unexplored (33).

The brain volume of Homo erectus ranges from approximately 
775 to 1300 cm³. Its skull features a prominent and well-
developed arcus superciliaris (brow ridge) and a pronounced 
occipital protuberance at the back. Unlike modern humans, 
Homo erectus lacks the menton, or chin protrusion, resulting in a 
flatter jaw profile. The facial skeleton is broad with a prognathic 
(forward-projecting) structure, while the teeth are generally 
similar to those of later human species. With the control of fire, 
Homo erectus began cooking food, which influenced both dietary 
habits and living conditions (34).

Due to the presence of Homo erectus in diverse environments 
around the world over the past 1.5 million years, some 
regional variations are observed within this species. Although 
morphological differences among these fossils are minimal, they 
have historically been classified under various names, including 
Pithecanthropus erectus, Meganthropus paleojavanicus, 
Sinanthropus pekinensis, and Archanthropus (35). Since the 
1960s, however, there has been a movement to unify these fossil 
classifications under the name Homo erectus to reduce scientific 
ambiguity (36).

Neanderthals are characterized by a low, backward-sloping 
forehead and a long, flat skull with a flattened roof. Their 
eyebrow arches are prominently developed in the middle, and 
they possess a large cranial capacity, ranging from approximately 
1300 to 1750 cc. Their facial structure is broad with a prominent 
midface, high cheekbones, and large sinuses. The jawbone is 
robust, with sizable teeth, particularly large front teeth, which 
were likely used as tools. Additionally, their limb bones, 
particularly the calves and forearms, are curved, and they have 
short, stout fingers.

Some anthropologists suggest that Neanderthals’ larger brain 
size relative to Homo sapiens contributed to their adaptability 
in cold climates. The wide nasal cavity is also thought to have 
facilitated adaptation to cold by allowing greater airflow and 
warming of inhaled air before reaching the lungs, thus retaining 
warmth longer in the body (37,38).
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CONCLUSION
From past to present, skull morphology has evolved due to 
factors like climate, environmental conditions, natural pressures, 
and time. Research on this topic remains active, with ongoing 
studies aimed at understanding these changes in greater detail. 
Given the continued advancements in technology and shifts in 
human living conditions, it is likely that subtle changes in the 
human skull and bone structure will continue into the future.

Limitations

The limitation of our study is that we only scanned articles 
written in English and for which we had access to the full text.
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