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Introduction
The human brain is a complex, fascinating structure of the body 

which serves many important duties. Brain structure coordinates 
with brain function and both are interrelated and efficiently rely on 
one another. Modification of anatomy could result in changes of 
brain function. Hundreds of years ago, modification was a frequent 
and common aspect of culture and everyday life in many populations 
around the world, in particular South America. Skulls have been 
found which provide evidence that head wrapping techniques were 
purposefully used to modify the skulls of infants. Research on this 
topic has produced data and information to discuss artificial cranial 
deformation (ACD) and increase the awareness on this topic [1,2]. 
Current research on brain anatomy and function provides knowledge 
on how the brain works with and throughout the body. 

A comparisonof modern knowledge of brain capabilities with 
ancient head molding techniques that affect the skull and brain breeds 
interest in questioning the implications of ACD on these people. 
Unfortunately skulls alone cannot give the answers to ACD effects on 
brain function and anatomy. However, a thorough investigation on the 
evidence of both modern brain anatomy, evidence from ACD skulls, 
and consideration of modern conditions such as plagiocephaly attempt 
to give a well-rounded discussion of the possible implications that 
ACD had on brain function. Overall, this research works to understand 
the possible abilities the brain has to recover and overcome cranial 
deformation, and the pressures these conditions exude on different 
areas of the brain. Theoretically, ACD could have had the potential 
to inhibit, sustain, or improve brain function and capability of these 
individuals. To determine whether these practices were beneficial or 
disadvantageous to the individuals an overview of ACD, along with a 
closer examination of the brain anatomy and an understanding of the 
brain functions are presented.

Artificial cranial deformation

Artificial cranial deformation is a human cultural phenomenon 

defined as the product of dynamic distortion of the normal vectors of 
infantile neurocranial growth through the agency of externally applied 
forces [3]. Deformed crania give us the opportunity to assess the 
effects of functional interactions of the dynamic processes of altered 
growth and development [4-10]. There is “little doubt that inhibited 
development or spatial disorientation of one cranial structure has 
profound effects on the final disposition of adjacent functionally and 
morphologically related structures” [10].

The practice of ACD must begin early in life since the morphogenetic 
pattern of the head is established by the third month of post-natal life, 
or perhaps earlier, and once attained does not change [7]. Therefore, 
the molding process is initiated soon after birth, when the skull is most 
malleable, and may last until the second year of life [11-13] or as long 
as four years [14]. The amount of cranial modification and subsequent 
deformation is dependent upon the extent of time the molding 
apparatus is applied to the infant’s head. The longer the amount of time 
applied the greater the resulting stress and subsequent deformation.

ACD has been shown to affect different parts of the craniofacial 
complex [15,6,7,16,17]. Mention of side effects or the pain suffered by 
the child is limited in the ethnographic accounts of ACD but firsthand 
accounts mention observing bulging eyes and skin irritations on the 
infant. Extended modification of the cranial plates may cause injury 
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as it pertains to brain function. A theoretical analysis is presented because of the practically non-existent data for this 
ancient practice. However, based onbioarchaeological and neurological analyses of the cranium and brain, it is highly 
suspected that ACD, in general, would have produced negative results to the lobes and abilities of the individual; 
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or death to the infant. A method that produced negative effects was 
probably quickly discontinued [18, 14]. A hypothesis, presented 
by both Moss [3] and Dingwall [19], implies the practice was well 
defined within the limits of deformation. Museum collections around 
the world contain thousands of skulls displaying ACD. A majority of 
them are of adult individuals which suggests that the process did not 
influence life expectancy, despite the fact that severely deformed infant 
crania have been discovered. It is likely that many of those infants with 
extremely flattened crania died as a result of too tight or too long a 
binding process.

The human cranium can be deformed in one of two ways: 
unintentionally or altered with intent [2]. In the past, unintentional 
deformity occurs when a child’s head and body were bound tightly to 
a cradleboard or flat, hard structure to prevent the infant from moving 
during the parent’s daily activities [12,20,14,9]. Likely modern day 
examples include positional molding, intra-uterine compression and 
craniosynostosis [21]. These processes often result in plagiocephalic 
defects. Physiological and mental defects associated with genetically 
inherited craniosynostotic syndromes will not be discussed here but 
can be found elsewhere [21,1].

In contrast, intentional modification was performed in one of two 
basic styles: annular and tabular [12,13,22]. The annular style involves 
bands, belts or cords that are wrapped around the infant’s head: 
running transversely across the upper forehead, down along the sides 
and terminating on the back near the hairline. This technique results 
in a conical shaped cranium with the posterior parietals extending 
superiorly and posteriorly, and the bones of the frontal, occipital and 
cranial base being lengthened [15,7]. The tabular form utilizes boards 
or hard flat surfaces bound across the child’s forehead and tied laterally 
to a board placed across the back of the head. This method produces 
a box-like vault shape (i.e., high and short) or bilobular cranium with 
the postero-lateral parietals (i.e., the bosses) being widened laterally. 
This style is also characterized by a vertical posterior cranial aspect 
with a lengthened and widened frontal bone [6].These intentional 
modifications may have been practiced for a variety of reasons, one 
being the belief that obtaining this head shape produced higher 
intelligence in the individual. 

Dingwall [19] notes that in an 1833 study at a French insane asylum 
over 50% of the 431 residents possessed deformed crania and it was 
“among the more intractable and difficult patients that the extreme 
forms of deformation were encountered.” Further speculations of long-
term negative consequences from ACD are documented in historical 
accounts from ancient Peru. There, Inca rulers dictated that heads be 
deformed in order to make those who submitted weak and without 
energy [23] hence the artificially deformed head supposedly made one 
“silly and easily ruled” [24]. Curiously, Dingwall [19] maintains that 
there is no solid evidence accounting for the diminishing of the mental 
faculties of one who is deformed, even though others have raised 
the issue [25]. Additionally, Gerszten’s [14] study of over 400 pre-
Columbian skulls shows no apparent difference between the cranial 
capacities of the deformed and the unreformed skulls, lending support 
to the view that the brain is unharmed and that normal brain function 
is unaffected by the deforming procedure. It is noteworthy that ACD 
is an alteration in direction of growth not magnitude of dimensions 
[26]. Furthermore, contemporary studies [9] suggest that there is most 
likely neither injury to the brain nor impairment of the mind in the 
case of ACD. It is worthwhile to consider that the artificially deformed 
individual’s mental functions or abilities might actually be augmented 
in some manner. 

Brain anatomy and function

All activities and functions of the body are controlled, regulated, 
and monitored by the brain. Being a highly organized and symmetrical 
structure, divided into various components that serve specific and 
important functions, the brain is able to translate and interpret signals. 
For example, the right side of the brain is dominant for spatial abilities, 
face recognition, visual imagery, and music. The left side of the brain 
corresponds to calculations, math, and logical abilities [27]. The major 
components, the cerebral cortex (cerebrum), cerebellum and the brain 
stem, work together to produce efficient responses and actions. The 
functions of the first two are described below. Without any one of its 
structural components it could not work with the same high quality 
and efficient speed. Both the brain anatomy and brain function are 
interrelated and rely on each other. 

The cerebral cortex is the largest structure of the brain and rests 
above most of the other structures [28]. Different lobes are involved in 
different cognitive and behavior functions [29,30]. 

The frontal lobe is concerned with intellect, behavior, memory, and 
movement. This area controls decision making, problem solving, and 
will [30]. The prefrontal area is associated with the ability to concentrate 
and elaborate thought. Personality and emotional traits are also 
controlled here. Damage to the frontal lobe can result in impairment of 
memory, inattentiveness, inability to concentrate, behavior disorders, 
difficulty in learning new information, and motor aphasia [29]. 

The parietal lobe is associated with intelligence, language, reading, 
and sensation. This area of the brain receives and translates sensory 
information. The parietal simultaneously interprets signals received 
from other areas of the brain, such as vision, hearing, motor, sensory 
and memory. New sensory information received will be translated into 
memory and given meaning in the parietal lobe. Damage to this area 
in the brain could result in inability to discriminate between sensory 
stimuli, inability to recognize parts of the body, inability to recognize 
self, or inability to write [29]. 

The occipital lobe is the primary visual reception area and allows 
for visual interpretation [29]. This lobe is located toward the back of the 
brain. This area of the brain influences how humans process colors and 
shapes. Damage to the occipital lobe can cause loss of vision and loss of 
ability to recognize an object.

The temporal lobe is also involved in visual memory and enables 
the recognition of objects and other people. The left temporal lobe 
is involved in verbal memory and understanding language as well 
as interpreting other’s emotions and reactions [31]. Another main 
function of this lobe is that it is the area for auditory reception, 
information retrieval, and expressed behavior. Damage to this lobe can 
result in hearing deficits, agitation, and irritability [29]. 

The cerebellum is a two-lobed structure located at the back tucked 
behind and under the two cerebral hemispheres [29]. The main 
function of the cerebellum is to coordinate balance and movement, 
such as allowing the body to assume postures and maintain muscle 
coordination [32]. As a result of the interaction between body parts 
and the brain through nerve signals the brain can easily regulate and 
maintain homeostasis. If problems and conditions do arise the brain 
can be notified and can quickly act to protect and readjust the body [28].

Cranial growth and development

Vault growth predominates during the pre-natal period and the first 
years of infancy and childhood due to its expanding cerebral contents 
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[33]. Once the brain reaches its final size, there is very minimal cranial 
expansion, yet the human cranial system is continuously dynamic 
throughout life [34] and may be limited or influenced by hereditary 
or environmental factors (climate, diet, environment, mechanical etc.) 
[35-38]. During early growth and development the delicate nature of 
the brain makes it susceptible to many types of damage. The effects of 
damage to the brain have been seen and experienced by many people. 
Accidents have caused people to lose abilities and functions they 
possessed before when their bodies could fully function. These affects 
have been seen by fast, hard impact to the brain and skull. However, 
slow and continuous compression and/or tension to the brain and skull 
can have significantly different results. Slow impact over time on the 
skull gives the brain the ability to adapt to the stress and strain [30]. For 
example, studies by Buchman et al. [39] and Brennan and Antonyshyn 
[37] confirm that local skull morphology and craniofacial growth are
affected and can be directed by graded application of pressure. The
compressive forces of an externally applied deforming apparatus to
an infant’s head can be extreme. Additionally, resultant tensile forces
combine to produce an abnormal head shape consistent with the
applied mechanical stresses. Normal rates and patterns of growth no
longer apply when trying to interpret either of them from human skulls 
that have been artificially deformed.

Plagiocephaly is a condition characterized by the asymmetrical 
distortion (flattening of one side) of the skull. This deformation can 
be the result of craniosynostosis (premature fusion of the sutures), 
infant positioning, or other means of pressure [40]. Deformational 
or positional plagiocephaly can be initiated prenatally, but more 
commonly occurs post-natally, like when an infant repeatedly sleeps 
in the same position, lying on the same side of their head every night. 
Miller and Clarren [41] conducted a study on long term development 
outcomes in children diagnosed with deformational plagiocephaly. The 
study was conducted to determine if there existed an increased rate 
of later developmental delay in school-aged children, who as infants 
had presented deformational plagiocephaly without obvious signs at 
the time of initial diagnosis. They reviewed these patients when they 
were in school to see how many (or if any) had to receive special 
educational assistance, physical therapy, or speech therapy. Siblings of 
these children were used as a control group and were under the same 
review. The results showed that there was a significant amount of the 
children (40%) who had developmental difficulties, which resulted in 
having problems with school work. There was also a clear difference 
in children with plagiocephaly compared to their siblings in regard to 
special needs in school. 

Results from this study can be applied to the effects that ACD 
would have had on the children who experienced it. Both plagiocephaly 
and ACD are very similar in the way that slow, continuous pressure 
is applied to the skull. In the case of plagiocephaly, the infant is 
continuously sleeping on the same side of their skull every night or the 
infant is resting its head on the same side of their caretaker’s chest when 
they are fed by bottle. Pressure is continuously being put on the same 
side of the malleable skull, while the other side is not. In contrast, most 
cases of ACD have pressure being placed on both sides of the skull. 
Both cases result in the abnormal shape of the skull which could affect 
the brain. This study shows that pressure on the skull and the changing 
of the skull shape affected the development and cognitive skills of the 
brain negatively. Cases of ACD, which experience the same traumatic 
conditions of daily, low pressure as plagiocephaly, could have also been 
affected negatively by the pressure of the skull. 

Neurological effects of ACD

The brain continues to grow up until adulthood. Any modification 
or alteration of this process may produce changes in normal cerebral 
function. Brain volume quadruples between birth and adulthood. The 
growth is not generally from the addition or enlargement of neurons. 
Most of the generation of neurons has occurred by the seventh month 
of gestation [42]. Migration of neurons also takes place almost entirely 
within the period of prenatal development in the human [43]. Neuronal 
migration continues into the post-natal period. The elaboration of 
myelination and inter-neuronal interfaces in the form of dendritic 
connections accounts for the majority of brain enlargement. ACD is 
performed as a post-natal phenomenon. The frontal cortex obtains 
connections from a broad array of areas within the brain [44]. The 
orbitofrontal cortex is on the under and medial surface of the frontal 
lobes. The orbito-frontalarea in particular hashigh level integration 
functions. The consolidation of information from multiple brain areas 
is required to procure resolutions for emotional (and social) context 
specific decisions. Such abilities are central to even the seemingly 
simplest human. The most extreme example of such impairment would 
be pre-frontal lobotomy. Such an extensive damage to connective fibers 
leads to extremes of sometimes contradictory phenomena of passivity 
and bizarrely inappropriate social interactions. The third author’s 
(MEH) first-hand experience of such behavior was a patient’s social 
introduction by urinating on the author’s shoes. Apparently, according 
to staff who had known him for years, this was his usual introduction. 

The dorsolateral prefrontal areas are specialized (with other 
association areas) in sequential and logical abilitie [45]; the 
orbitofrontal cortex (as well as the limbic system and other association 
areas) specializes in the emotional and social context. The frontal 
cortex generally can be stated to have connections to and from primary 
sensory as well as association areas. The key point is the connectivity 
of one area to another. The frontal areas have extensive connections 
with the limbic system and they are collectively responsible both for 
reactive emotive responses as well as templates of emotional set points. 
The limbic system is itself a group of widespread structures. Some parts 
are deep to and include parts of the temporal lobe. Limbic networks 
are responsible for emotional set points, responses and interactions 
between the processing of pre-conscious information from our 
autonomic and internal regulation, such as blood pressure, pulse, skin 
temperature, aspects of attention and arousal. The parietal cortex is also 
a networking center for regional primary and association areas (from 
the primary sensory areas and from the temporal lobe auditory cortex 
as well as sensory integration from the occipital cortex which includes 
visual information) [46-48]. The information arriving in the frontal 
areas is preprocessed for relevance to attention, need for concentration 
and arousal, validity determined by comparative processing of both 
hemispheres and multiple sensory modalities, as well as comparison to 
prior experience and memory [49].

Frontal function is often characterized as being heavily utilized 
to prevent a variety of reflexive and impulsive responses, particularly 
characteristic of highly practiced skills [50]. For example, a stick 
(possibly resembling a snake) seen in peripheral vision, may set off 
an arousal mechanism in the occipital/parietal area that uses one 
pathway (to the limbic system and arousal areas) to heighten attention, 
increase heart rate and initiate avoidance due to a predetermined 
reflex secondary to the confusion of this barely visualized snake-like 
appearance of the stick. As the reflex begins action, a slower and longer 
pathway to frontal function arouses to the recognition that this is only 
a stick. By this time the eyes have been reflexively moved to this area of 
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visual concern and the fovea (central-high acuity) focus on the stick and 
the frontal cortex which is informed of the now more clear recognition 
(re-cognition) of the object, and inhibits the reflex to leap away (thus 
avoiding both an inefficient and potentially injurious action). 

Deformation of the frontal cortex (an almost unavoidable 
consequence of any of the forms of ACD) could give rise to a wide array 
of problems but those which seem most likely (if there is a negative 
consequence) would impair higher processing favoring more impulsive 
and slightly more immature responses. There is speculation that the 
frontal cortex does not complete maturation until somewhere between 
late adolescence and the early adulthood [51]. In a large number of 
patients suffering from traumatic brain injury it is thought that frontal 
injury, and particularly orbitofrontal injury, comprises one of the most 
characteristic deficits known as impairment in executive function [52]. 
Such injury even if moderate or mild, often effects the frontal area of 
the brain due to roughed cranium beneath and the fact that kinetic 
forces converge on the heavy overhang of frontal regions beyond the 
better tethered and protected brainstem (though significant brainstem 
injury is often swiftly fatal) [53].

As the name implies, the key deficit is impairment in decision 
making ability. Characteristically, patients who suffer these difficulties 
are impulsive in decisions that are made, and have difficulty controlling 
explosive emotional responses while yet passively less able to initiate 
a sequence of appropriate spontaneous responses. A mixture of 
several types of injury are attributed to these and other difficulties, but 
increasingly, injury to connections between the frontal poles of the 
brain and even with one gyrus with a neighbor, can be found on the 
most sophisticated image interpretations [54]. It is therefore natural 
to conclude that the effects of head and brain injury in such situations, 
with the most noticeable changes being changes in motivation and 
impulse control, could be similar in ACD. ACD would be expected 
to have effects most prominently on the frontal areas and on cell 
migration and synaptic connectivity. If widespread, ACD would have 
potentially dramatic effects on society. In view of the delay in frontal 
maturation, a younger population might be said to further exacerbate 
a trend to impulsivity and explosiveness. A search for any evidence 
either for or against such trends in the societies which practice ACD 
could be construed as evidence for or against this line of reasoning. 

Physiological considerations of increased intracranial pressure 
along with extended distances for cell migration and pathway 
connectivity also might have potential negative effects of frontal 
compression. Frontal elongation of structures internal to the cranium 
including arterial and venous circulation and unusual angulation of 
the ventricular system, which produces the cerebral spinal fluid (CSF) 
bathing all surface areas of the brain, may be responsible for changes 
in extracellular tissue pressures and ion concentrations in CSF as well 
as in extracellular tissues. Non-fatal deformity does argue in favor of 
non-critical (or potentially even sub-clinical) abnormalities but does 
not exclude the possibility of pathologies which could expose the 
effected individuals to a lessened functional ability compared to the 
pre-deformation potential. In this culture distant in both time and 
numerous other factors, it is possible that such deformations were of 
little significance to the society as a whole. However, it can generally 
be reasonably argued that most afterbirth deformational techniques 
do not improve functional outcomes of the tissues themselves. In a 
particular cultural or exposure setting however, one could argue that 
some advantage could be construed or obtained. 

In the occipital area the effects of ACD may be similar but research 
allows the comprehension of the individual properties of vision even 

more clearly. The individual attributes of point, line, angle direction 
of movement and color variation are known to be attributable to 
individual neuronal populations. Columns of neurons in cortex in 
primary visual areas connect to secondary columns which process 
combined attributes which in turn transmit information to complex 
columns of neurons and in turn to hyper-complex columns which can 
formulate shapes and seem to “recognize” objects and this columnar 
organization of cortex forms networks which place context, generalize 
more abstractly after recognition of novel or prior experience. These 
latter steps involve association cortex regions in the occipito-parietal 
cortex. Injury in children suggests that the areas of cortex supporting 
these functions can be resilient in that recruitment of neighboring 
areas for assimilation of lost brain areas is common. As with other 
areas of brain function, addition of subcortical connections along with 
associated cortical regions is more devastating. Total volume of injury, 
whether multifocal or not, generally correlates with degree of loss of 
function.

Discussion and Conclusions
Since ACD is no longer popularly practiced only a theory can be 

generated about what implication these various ACD practices had 
on the individuals’ mental abilities and functions. Based on similar 
deforming conditions to the brain, like plagiocephaly, the results of 
these studies can help in understanding the circumstances of the past. 
Whether the pressures applied to these areas had harmful, beneficial, or 
insignificant influences can only be theoretically determined. A closer 
look at where pressure from the bands was applied on the various lobes 
of the brain, along with a fair, impartial consideration of the possible 
implications that occurred, sheds light on some interesting possibilities 
that ACD practices could have had on the individuals. 

The practice of annular ACD would affect the frontal and 
occipital areas of the skull. Pressure to these areas would potentially 
affect the functions correlated with these areas in the lobes of the 
brain. Using information and experiences from the modern world 
that simulate similar states helps to form a hypothesis of whether 
the implications were harmful or beneficial. Damage to the frontal 
lobe that has been documented by doctors shows that impairment to 
memory, inattentiveness, inability to concentrate, behavior disorders, 
difficulty in learning new information, and motor aphasia take place. 
Documentation also shows that the pressure from the bands, from 
both tabular and/or annular ACD, in the occipital region may have 
influenced vision and ability to recognize objects. Pressure to temporal 
areas may induce damage that results in changes of worsening hearing 
ability, agitation, and irritability [29]. 

In the cultures that practiced ACD, distant in both time and 
numerous other factors, it is possible that such deformations were of 
little significance to the society as a whole. However, it can generally 
be reasonably argued that most afterbirth deformational techniques 
do not improve functional outcomes of the tissues themselves. In a 
particular cultural or exposure setting however, one could argue that 
some advantage could be construed or obtained. The extent of these 
implications could have ranged from individuals due to duration and 
intensity of the pressure. An understanding of the full extent of the 
implications of ACD may never be met, but perhaps in the future more 
knowledge will be available through more research in the areas of 
craniosynostosis and plagiocephaly that could aid in this uncertainty. 
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