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Abstract
We present a brief report on the different types of skull bone prostheses used in

cranioplasty. Skull defects, most often resulting from severe head injuries, have been known
since the times of Ancient Egypt. Ethnographic reports indicate that at that time the skull
defects were restored with golden plates. In the following centuries of medical development,
especially in modern centuries, cranioplasty has been performed more widely. Cranioplasty
began to be performed also in defects after craniectomy. Such craniectomies have been
performed for treatment brain hemorrhages, strokes, tumors with severe edema. A common
dilemma is whether artificial prostheses are better or own bone material. We present a brief
historical overview and the actual state based on the procedures performed in our
neurosurgical department in Collegium Medicum in Bydgoszcz.
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Introduction
Skull defects have been a medical problem accompanying human civilization for

centuries. Since the formation of Homo sapiens, that is 260-350 thousand years ago, skull and
brain injuries have been observed [1]. Fractures of the skull occurred during hunting and tribal
fights. Old excavations from the Palaeolithic period, i.e. the split stone period, indicate defects
of the skull bones, also related to head injuries caused by such stone hardware [1].
Archaeological reports from Ancient Egypt indicate that cranial defects were restored with
golden plates [1,2]. It can therefore be concluded, from the historical point of view, that the
first cranioplasty in the history of medicine took place in Ancient Egypt, and the first material
of the skull prosthesis was gold [2].
Daland et al. (1935) reported also cranial fractures and trephining by the Incas of Peru [3].
Daland emphasized that, after such procedures, cranial defects were restored with golden or
silver plates, but he questioned the utility of such material [3]. Other materials, such as coca,
yerba mate, gourd, shells, coconut, calabash, and plants, were implanted, but all proved to be
ineffective as well [3].
In the Middle Ages, as in other fields of medicine, there was a regression and there are no
reports in the literature on possible cranioplasty procedures in those times [1,4].

Another literature reports about skull defects repair after injuries were observed in the
16th and 17th centuries. There were reports of such treatments both in Europe and in Persia
[4,5]. Persian physician Baha al-Dowleh Razi has published monography entitled Khulasat al-
Tajarib (eng. Summary) [5]. In his work he describes a surgeon who performed procedures
consisting in cutting out injured bones of the skull, then cutting, dissecting and preparing a
dog's skull of the same shape and placing it on the damaged part of patient’s skull [5]. This
surgeon never was not definitively identified [5]. Nevertheless, this report is important due to
the use of xenograft bone in cranioplasty for the first time in the history of medicine. In
Europe, during the 16th - 17th centuries, literature reports the use of golden or silver plates
[3,6]. The first similar report to this written by Baha al-Dowleh Razi, about successful
cranioplasty of animal bone graft was published in 1668 by the Dutch surgeon Job Janszoon
van Meekeren [6].
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This report described a sword-wounded Russian nobleman with cranial defect. The injury was
repaired with a dog skull graft [6]. As a theological curiosity from that time, it should be
mentioned that the patient was allegedly threatened with excommunication from the church
because of animal tissue implanted in the man's head [6].

In the following centuries, until the present day, more and more artificial materials for
cranioplasty appeared. At the same time, the human bone was used as an autogenous material
[7]. The discussion on whether the optimal course is artificial material or whether the natural
bone is being lifted for today is written about this later in this article.

Review of materials for cranioplasty
The materials used for cranioplasty are divided into bone and artificial materials. Bone

is currently most often the bone, which has been stored since the craniectomy procedure, then
the same bone flap restored to the defect site. Such bone can be secured in a pocket in the
subcutaneous tissue or stored in a special tissue bank [7].
Animal bones and other bones (other than one's own) are of historical importance nowadays
[6], and at the time when the development of biotechnology developed such good prostheses,
such a solution is rather not used.

Artificial materials can be divided into metal and non-metal [8]. The disadvantage of
metal implants is their thermal conductivity. The use of metal materials is not observed in
many neurosurgical centers. They are of rather historical importance [6]. The reason for this is,
as described above, the advancement of biotechnology that has developed such good meterials
that are firm and durable. They protect the brain like a metal plate and do not have the
disadvantage of metal such as thermal conductivity [8]. The exception are titanium prostheses,
which, according to some authors, are still used as a secondary repair mechanism after a
primary repair has failed [8].
Historical materials for cranioplasty, including those that have been used in history and are no
longer used, are shown in Table 1 [8].

Table 1. Bone protheses materials used from past till now [8]

bone material artificial prosthesis
own bone plate aninal bone metal bone substitutes non-metal bone substitutes

Gold and Silver Celluloid
Platinum, Lead, Aluminum Acrylics
Alloys PEEK
Titanium Ceramics
Tantalum Resorbable Implants
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The facts in our neurosurgical department
In the years 2010-2020, the our neurosurgical department 98 cranioplasty procedures

were performed. 94 of all procedures (95.92%) consisted in supplementing the skull bone
defect with Cobudix® material, which is a bone prosthesis used in our department. Of the
operated patients using Cobudix® prothesis , 85.11% were people after severe brain injury
(most often car accidents, then falls from heights), 9.57% were people after surgery for a
ruptured brain aneurysm, while 5.32% were people after decompression craniectomy in
severe ischemic stroke.
Four patients were operated on with different techniques. In two patients, bones were stored
into the abdominal wall fat tissue. One was patient with severe brain injury, operated urgently
due to acute subdural hematoma. Due to severe brain edema, the bone flap was removed and
placed in a pocket made in the abdominal subcutaneous tissue. Cranioplasty took place after 8
weeks. The attention of neurosurgeons was drawn to the tendency towards osteolysis of the
bone flap, but the procedure was correct and the outcome was favorable.
The second patient had decompression due to severe edema and ischemic brain stroke. The
cranioplasty was performed correctly, the operators' conclusions were consistent with the
previous case.
The patient's own bone is a very good material for filling a craniectomy defect [9], however,
cranioplasty should not be performed too far in time, because bone flap can be deformed by
osteolysis in the adipose tissue and may not fit the cranial defect correctly.
Legal aspects related to consent to the procedure may also play an important role. Brain
decompression operations, which save the patient's life and remove the bone flap, are
performed on the basis of implicit consent [10]. Such a sick person, in a serious condition,
cannot consent to the procedure and he is undergoing emergency surgery. Some lawyers have
doubts as to whether the surgical procedure can be extended to include securing the bone flap
in the abdominal wall. It is associated with surgical manipulations that go beyond saving lives.
Other prostheses used in our neurosurgical center are polymethylacrylic mass made in a form
adapted to the shape of the defect. Outcome was good.
Another prosthesis in a patient with a large defect in the frontal bone was made of a specially
processed hydoxyapatite by the manufacturer. Outcome was good.
It should be emphasized that now, at the beginning of the third decade of the twenty-first
century and in the second decade of the twenty-first century, the vast majority of skull bone
prostheses were made on an individual order, for a specific patient [11]. Such individual
prostheses are produced on the basis of 3D computed tomography and are optimally adapted
to the shape of the bone defect [11].
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Conclusions
1. Currently, mainly due to thermal conductivity, cranioplasty is generally not performed

with metal materials, however titanium is used as a secondary repair mechanism after
a primary repair has failed.

2. The biotechnology development allowed to perform such good cranial prostheses, that
there are no evident benefits between them and own bone. The decision on which
material to use in cranioplasty depends on the preferences of the neurosurgeon and the
individual case of each patients
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