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Knowledge of the biomechanics of the skull, the primary structural protector of the brain, is 

important owing to the severe consequences of brain injury. Traumatic brain injury (TBI) is a 

common injury in the United States with approximately 1.4 million people receiving medical 

treatment for TBI each year. Of these 1.4 million cases, 235,000 involved hospitalization of the 

patient while 50,000 of the cases resulted in patient death. The most common causes of TBI are 

motor vehicle crashes (20% of cases), blunt impacts from falls (28% of cases), and being struck 

by an object (19% of cases). Children are especially vulnerable to head injury involving the skull. 

Child head injuries are responsible for 2700 deaths per year—30% of all childhood deaths in the 

United States.2,3 Furthermore, recent military conflicts have produced numerous cases of TBI 

owing to high-rate blunt impact with vehicle interiors and deforming helmets under ballistic 

loading and direct blast shock exposure to the head. 

This chapter outlines the current understanding of skull biomechanics, including gross and detailed 

anatomy, local skull material characterization with rate dependency and failure properties, and 

basic research involving testing of the head including simple skull fracture injury assessment 

models and injury reference values. This chapter concludes with the state of the art in rapidly 

developing finite-element (FE) modeling of the skull and future research directions. 

5.2  Anatomy 

5.2.1 Developmental Gross Anatomy of Skull and Suture 

The skull is composed of two major sections: the neurocranium and the viscerocranium.5 The 

neurocranium, also called the calvarium or cranial vault, is the superior portion of the head and 

contains the seven bone plates that protect the brain. These plates from the anterior to the posterior 

are the left and right frontal bones, the left and right parietal bones, and in the posterior, one 

occipital bone . The temporal bone and the sphenoid bone  form the base of the skull and parts of 

the lateral walls encapsulating the brain . The temporal bone is a “compound structure,” meaning 

that it is composed of multiple sections: the squama temporalis, the mastoid portion, the petrous 

portion, and the tympanic portion. The viscerocranium refers to the anterior portion of the head 

and contains the face, the base of the skull, and the mandible. 

In the newborn, the plates of the neurocranium are loosely connected by fibrous intersections. 

These intersections are termed sutures when they join only two bones and are “fontanelles” when 

they join three or more bones .The sutures and fontanelles allow the head to mold and to deform 

during childbirth and ensure safe passage through the birth canal without damage to the mother. 

For the adult, the plates are completely fused, and the skull acts like a rigid body that is designed 

to encase and protect the brain. 
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Engagement with CAM specifically, and with the holistic milieu in general, is more prevalent 

among women than among men, both as users and as practitioners in the labor market. Two recent 

systematic literature reviews found that utilization of CAM is dominated by women. One of these 

was conducted by Eardley et al. (2012). It included population-based, cohort or cross-sectional 

studies of all ages of participants in every EU country and across 

Various languages, which assessed at least one socio-demographic variable. This review reported 

the prevalence of use of CAM in general, or of one or more specific CAM modalities broadly 

Consistent with the National Center for Complementary and Alternative Medicine’s (NCCAM, 

2012) definition. This systematic review included 87 articles for final analysis, and found that 

CAM users were mainlywomen (Eardley et al., 2012). The same finding is 

Noted in a second systematic review, which utilized different databases and inclusion criteria. 

Fourteen of the 16 articles included found that women were more likely to use CAM than men 

(Frasset al., 2012). 

A comparison of CAM users and nonusers was conducted by using the Midlife in the United States 

(MIDUS) database (n ¼ 1672). The comparison found that being female is a predisposing factor 

associated with CAM use as well as with seeking conventional care. 

A comparison of CAM users and nonusers found users to be significantly younger, female, white, 

and better educated (Hildreth and Elman, 2007). Moreover, CAM is often conceptualized and even 

experienced as feminized, or as ‘soft’ alternative health practices, by contrast to the ‘hard’ 

scientific practices of biomedicine (Sointu, 2011). Indeed, the prominence of women among CAM 

users may be related to the fact that women engage in health issues, seek help 

from healthcare professionals, and visit physicians more frequently than men (Courtenay, 2000; 

Green and Pope, 1999; Lupton, 2003; Paechter, 2006), and thus, gender differences in the use of 

CAM reflect gendered patterns of health behavior in general (Sointu, 2011). We, however, seek to 

focus on the specific causes of the wider use of CAM by women, which may, at least partly, differ 

from those identified with regard to biomedicine. 

There exists a limited amount of information about women practitioners of CAM, who appear to 

outnumber male practitioners (Cant and Sharma, 1994), and ratios vary according to healing 

modality (Baer, 2001; Cant and Sharma, 1994). 
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. Regeneration in planarians  

4.1. The process  

The process of regeneration in planarians does not strictly follow either morphallaxis or 

epimorphosis. A mixed morphallactic-epimorphic model was proposed (67) that would 

accomplish the process via two steps: a first morphallactic one, where an initial pattern is 

established within a narrow area of blastema and post-blastema cells, and a second step in which 

this small pre-pattern is amplified and refined by production of new cells (epimorphosis) (Figure 

4). We can find a similar process occurring in amphibian models of limb regeneration, where it 

has been suggested that proximal and distal identities may be established very early in the blastema 

(68, 69), and in recent models of proximodistal pattern formation during vertebrate limb 

development, an early and non-progressive specification of the proximodistal progenitor cells has 

led to the proposal of an early specification model (70, 71). In both systems-planarian head 

regeneration and vertebrate limb regeneration and development-there is an early determination of 

an axial pre-pattern that is subsequently refined by the incorporation of new cells. There is also 

another kind of regeneration in planarians, intercalary regeneration, which takes place when two 

planarian pieces from different positions are placed in direct contact (72).  

4.1.1. Wound healing  

The very first process that takes place after amputation or fission is the closure of the wound. This 

is a very rapid process that occurs within the first 30 minutes after amputation (Figure 3B). Contact 

between the old dorsal and ventral epidermis is facilitated by muscle contraction (73-75). An 

epidermal layer then covers the wound, and after muscle relaxation this layer becomes thinner (for 

a detailed explanation see 76).  

The molecular nature of the signaling responsible for the initiation of the regeneration process, 

however, still remains unknown. The important role of the mesenchymal-epidermal interaction in 

other systems (77-80) has led to the idea that the induction of regeneration starts in the epithelium 

(74, 81, 82). Even though in vertebrates this is known to play a key role, no conclusive data have 

been obtained in planarians. It has also been proposed that in planarians direct contact between 

dorsal and ventral epidermal cells is important for triggering regeneration (83-85). Grafting 

experiments involving inversion of the dorsoventral (DV) axis of the donor tissue with respect to 

the host planarian induced new organizing centers in each of the confronted pieces, leading to the 

generation of multiple new planarian axes (Figure 5) (83-87); however, this effect was not 

observed with inversion of the anteroposterior (AP) axis, normal intercalary regeneration repairs 

the change. These observations indicate that DV interaction and tissue confrontation with different 

positional values are two distinct scenarios in which regeneration is activated. 

 


