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Introduction
Cranioplasty involves the repair of a cranial defect or
deformation. The commoner causes of skull defects
include trauma, neurosurgical procedures and infec-
tions. The main indications for cranioplasty are protec-
tion of the cranial contents and, in children, the provi-
sion of an intact cranial vault for normal growth and
development of the brain. Aesthetic and psychosocial
implications also need to be considered. 

History
There is evidence of cranioplasty having been performed
by several early cultures, including pre-Columbian
Incans using gold or silver plates, and neolithic Celts
using bone ‘rondelles’.1,2 However, the first reported cran-
ioplasty was probably that of a Russian nobleman who,
after receiving a sword blow to the head, had the result-
ant defect (and his health) restored with a piece of dog's
cranium (Van Meekeren, 1668). Subsequently, after he
had been excommunicated from the Russian church
(which could not accept the presence of animal bone on
a human skull), removal of the graft was impossible due
to bony union.1,2

Bone graft integration
During the 19th century, when the dynamic nature of
living bone was first realised, many more descriptions of
cranioplasties using bone pieces and plugs appeared in
the medical literature. In 1893 the histological sequence
of bone replacement, termed ‘creeping substitution’,1 was
discovered. Survival of a bone implantation graft
depends on the reaction of the surrounding tissue and
on functional contact between cancellous bone and
adjacent resident bone.

During the first week after grafting, capillaries from
surrounding bone diploe, dura and scalp infiltrate the
transplant bed. During the second week fibrous granula-
tion tissue proliferates and osteoplastic activity occurs.
Primitive mesenchymal cells differentiate into osteo-
progenitor cells, a process nowadays termed osteoinduc-
tion, and subsequently these osteoprogenitor cells differ-
entiate into osteoblasts that are capable of forming new
bone to replace the necrotic bone which is gradually
absorbed.3

Osteoconduction is the process whereby osteoprogen-
itor cells from the surrounding tissue migrate into the
three-dimensional structure of bony and protein matrix.
It is now understood that auto- and allo-grafts have
relied on osteconduction as the main principle of cran-
ioplasty. It is also understood that, by contrast, in
osteoinduction cells do not have to migrate from the
surrounding tissues but, probably with the help of bone
morphogenetic proteins, can be produced in situ.1

Materials
The ideal material for undertaking cranioplasty should
be malleable to fit precisely even complicated cranial
defects; strong but lightweight; easily securable to the
cranium; biocompatible and chemically inert; radiolu-
cent; non-ferromagnetic; readily available; and inexpen-
sive. No such material currently exists. 

Natural bone is the obvious choice of cranioplasty
material. Bone sources are diverse, ranging from the
membranous bone of the cranium itself to endochon-
dral bone from various other sites. Bone substitutes exist
in the form of metals and non-metals. 

Autologous bone has the obvious advantage of lack of
immune reaction and absent risk of disease transmis-
sion. Furthermore, it is readily available and has poten-
tial to grow. On the other hand the available tissue may
not readily fit the defect and usually necessitates a sec-
ond operative field with associated morbidity.

The simplest form of cranioplasty is the replacement
of the actual bone flap that has been removed since this
provides the perfect fit. If closure of the craniotomy has
to be delayed (see above) the bone flap can be stored
either within the patient, for example within the abdom-
inal wall or thigh,4 or extracorporeally by freezing or
freeze-drying.

Intracorporeal storage maintains the viability of
superficial cells and of some bone matrix, and cosmetic
results and low infection rates have been encouraging.5

The bone may, however, be absorbed over time or may
become contaminated during storage. Also, an often
unsightly scar results and storage may be uncomfortable.
Autoclaving or boiling of bone flaps prior to extracorpo-
real storage can result in destruction of bone proteins; in
these circumstances the bone flap will not revitalise but
will be reabsorbed. All methods of removing and storing
bone are covered by the Human Tissue Act (2007) which
prohibits removal and storage of human cells without
appropriate consent and also specifies the need for a
scheduled, qualifying purpose for all removed tissue. 

The inner table of the cranium may be used as a split-
graft (first described in 1890,6 but increasingly more
popular during the 20th century7). For this technique the
section of donor skull to be used is split and the outer
table is applied to cover the craniotomy defect leaving
the inner table to cover the donor site. Split calvarial
grafts result in an aesthetically pleasing contour.
However, they are not usually available to cover large
defects and both the donor and recipient sites are less
biomechanically stable than adjacent skull.1 Allogeneic
bone may be obtained as a live or cadaveric graft.
Although it has the advantage of being in good supply
there is the risk of disease transmission and cadaveric
bone in particular carries ethical issues. Since the 1980s
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