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BACKGROUND

Although the use of autologous bone for reconstruction
of the cranial and facial skeleton underwent a partial
reappraisal following the introduction of a vast range of
alloplastic materials for this purpose, it has demon-
strated definite advantages over the last century and,
particularly, during the last decade.

METHODS

Fifteen patients underwent cranial and/or cranio-facial
reconstruction using autologous bone grafting in the De-
partment of Neurologic Sciences-Neurosurgery and the
Division of Maxillo-Facial Surgery of the Rome “La Sapi-
enza” University between 1987 and 1995. This group of
patients consisted of 8 females and 7 males whose aver-
age age was 29.5 years (range 7.5 to 59 years, mean age
30). In all these patients cranioplasty and/or cranio-facial
reconstruction had been performed to repair bone de-
fects secondary to benign tumors or tumor-like lesions
(12 cases), trauma (2 cases), or, in the remaining case, to
wound infection after craniotomy for a neurosurgical
operation.

RESULTS

The results obtained in a series of 15 patients treated
using this method are described with reference to the
abundant data published on this topic.
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CONCLUSION
The mechanical, immunologic, and technical-grafting
properties of autologous bone, together with its superior
esthetic and psychological effects, probably make it the
best material for cranioplasty. © 2003 Elsevier Inc. All
rights reserved.
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Effective repair of bone defects of the skull and
facial bones secondary to traumatic, inflam-
matory, neoplastic, or iatrogenic lesions has always
represented a challenging problem for neurosur-
geons and plastic surgeons. The evolution and ex-
perimentation of cranioplasty has been closely
linked to the incidence of war injuries and road
accidents as well as the rising number of neurosur-
gical operations, and knowledge of this topic has
significantly improved during recent decades.

The main objectives of cranioplasty are to re-
store the normal barriers protecting the intracra-
nial structures (together with a satisfactory cos-
metic result) and obtain a permanent or very
durable reconstruction using biologically inert ma-
terials. Actually, cranial reconstruction techniques
go back to ancient times, even before the beginning
of brain surgery. Archeological studies have shown
that in prehistoric times some of the South Pacific
populations used coconut shells to repair gaps in

0090-3019/03/$-see front matter
doi:10.1016/S0090-3019(03)00031-4



72  Surg Neurol
2003;60:71-9

the skull, and that even prehistoric Peruvians per-
formed a type of cranioplasty using gold plates
[23,73]. In fact, the latter technique was reproposed
by Falloppio [29] and later by Paré [59] in 1634, as
well as by French surgeons during the First World
War [27,70]. During the last century, in particular,
there has been a marked increase in the use of
alloplastic materials for cranioplasty [24] compris-
ing a wide variety of materials [20,24,37,62—-64,70]:
celluloid, aluminum, gold, vitallium (an alloy of co-
balt, chrome, and molibdene), tantalium, stainless
steel, titanium, acrylic resins (particularly methyl-
methacrylate with good results), polyethylene, sili-
cone elastomeres, and ceramics. Recently, an allo-
plastic material named BOP [52,71] (biocompatible
orthopaedic polymer) consisting of a copolymer of
N-vinyl-pyrrolidone and methylmethacrylate has
been introduced.

However, alloplastic materials are not the best
solution to this problem because they present var-
ious drawbacks and complications mainly related
to the way the material responds to mechanical,
thermal, and electrical stress; the need to be able to
manipulate the material and adapt it to the individ-
ual bone defect; the need for absolute biologic in-
ertia and atoxicity; possible facilitation of infectious
complications; inflammatory scarring; or even neo-
proliferative reactions in the neighboring tissues.

The complications connected with the use of al-
loplastic materials in the past and especially more
recently has prompted a reassessment of the role of
autologous bone for reconstruction of the skull and
facial bones.

The decline of heterologous and homologous
bone grafts coincided with improved knowledge of
immunologic processes (particularly histocompati-
bility) and the transmission of diseases, especially
viruses, following transplant of organs or parts of
cadavers. As a result of this, autologous bone that
had been partially set aside in favor of new alloplas-
tic materials was reinstated as the most suitable,
safe, and natural material for cranial and craniofa-
cial reconstruction.

Grafts of fresh autogenous bone for cranioplasty
were also performed using the iliac crest
[48,50,53,60,61,85], whole ribs [36,45], parts of rib
[10,15,16,28,32,39,49,55,62,65,75], sternum, and
scapula [13,14,51]. Pretreated, frozen autogenous
bone was also successfully used [1,7,40,57,63,81].

Since the first decade of this century, the numer-
ous advantages of autologous bone for cranioplasty
(coupled with very few, quite unimportant draw-
backs) have been emphasized by many workers in
adults as well as in newborns and infants [72,75]. Its
perfect histocompatibility and natural affinity, ac-
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Cranioplasty and/or Facial Reconstruction with Au-
tologous Bone: Clinical Data in 15 Cases

CASE # AGE SEX PATHOLOGY
1 11 F Fibrous dysplasia
2 13 F Fibrous dysplasia
3 52 M Zygomatic bone angioma
4 41 M Osteoma
5 18 F Skull osteomyelitis
6 26 M Ossifying fibroma
7 32 M Cranio-facial trauma
8 50 F Fibrous dysplasia
9 10 F Fibrous dysplasia
10 30 M Cranio-facial trauma
11 17 M Fibrous dysplasia
12 59 F Recurrence of ACF mening.
13 7.5 F Bony orbital angioma
14 38 F Fibrous dysplasia
15 37 M Fibrous dysplasia

companied by good cosmetic results (whose psy-
chological repercussions on the patient should not
be underestimated) and excellent fusion of the vital
autologous bone graft and bone tissue adjacent to
the cranial and/or facial defect, persuaded us to
re-evaluate the role of autologous bone for cranio-
plasty and reappraise our personal experience in
the light of the most recent literature on this topic.

CLINICAL MATERIAL
AND METHOD

Fifteen patients underwent cranial and/or cranio-
facial reconstruction using autologous bone graft-
ing in the Department of Neurologic Sciences-
Neurosurgery and the Division of Maxillo-Facial
Surgery of the Rome “La Sapienza” University be-
tween 1987 and 1995. This group of patients con-
sisted of 8 females and 7 males whose average age
was 29.5 years (range 7.5 to 59 years, mean age 30).
In all these patients cranioplasty and/or cranio-
facial reconstruction had been performed to repair
bone defects secondary to benign tumors or tumor-
like lesions (12 cases), trauma (2 cases) or, in the
remaining case, wound infection after craniotomy
for a neurosurgical operation.

Some relevant clinical data are presented in Ta-
ble 1. The primary lesion was fibrous dysplasia
(Figure 1 and 2) in 7 cases, trauma in 2, osseous
angioma in 2 as well as ossifying fibroma, recur-
rence of anterior cranial fossa meningioma and os-
teomyelitis of the craniotomy flap in one case each.
A follow-up evaluation of all patients (October 2001)
confirmed good clinical and cosmetic results in all
cases.
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Apart from an accurate assessment of the amount
of bone necessary, no particular preparations were
necessary for removal of the bone graft that was
carried out, taking care not to damage the graft
itself. In recent years, removal of bone from various
areas of the skull has become increasingly less com-
mon because it yields only fragments that are diffi-
cult to adapt to the final host site. This does not
always guarantee a satisfactory outcome because
the fragments have to be assembled or reshaped
intraoperatively to perform the cranioplasty.

The best removal technique seems to be the one
in which the graft is harvested from the internal
surface of the skull [70]. Although this method is
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Case 2. Intraoperative ap-

pearance of the lesion. It is
possible to see the lesion (on
the right) and the calvarial bone
prepared for the reconstruction
(on the left).

obviously the most suitable one for skull defects,
it may not give such good results when the defect
is cranio-facial because of the differences in
morphology.

Other problems, which nowadays play a decid-
edly minor role, are preservation and sterilization
of the autologous bone graft. In the past, these
posed a serious problem because it was common
practice to harvest the graft from donors or, at any
rate, before performing reconstructive surgery.

The skin incision generally preferred is the coro-
nal one because it provides a wide exposure of the
skull surface and may often proffer simultaneous
visualization of the bony defect and the area iden-

2 Case 2. Final appearance of
the intraoperative view as
it appears after the reconstruc-
tion by autologous bone has
been made (on the left the inter-
nal surface of the skull after re-
moval of the external surface; on
the right the autologous bone
replaced to reconstruct the area
destroyed by the lesion).
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3 Full-thickness craniotomy followed by separation of

the internal and external surfaces by intradiploic
route using a pneumatic saw according to Psillakis et al
(1979) [66].

tified for harvest of the graft [70]. The external
surface of the skull is then exposed by subgaleal
dissection. Subsequently, the outlines of the cranial
defect are traced onto a sheet of transparent plastic
and then transferred onto the surface of the skull
chosen as a harvest area. The next step is resection
of the graft for which several different techniques
can be employed. In 1969, Santoni-Rugiu [70] pro-
posed making a series of small contiguous holes in
the external skull surface using a small drill, follow-
ing the outline of the graft to be harvested, and then
removing the graft using scalpels, subsequently at-
taching it to the skull using 2 or 3 stitches of chro-
mic catgut. Psillakis et al [66] performed a full-
thickness craniotomy in a parietal region followed
by separation of the internal and external surfaces
by intradiploic route using a pneumatic saw, repo-
sitioning the two bone planes obtained in the donor
area and in the bony gap respectively (Figure 3),
and anchoring the two bone fragments to the adja-
cent bone with metal wires. In 1986, the same team
of workers headed by Psillakis [18,67] suggested
fashioning a parietal osteoperiosteal flap, cutting
laterally to the parasagittal line with a pneumatic
saw, and then inserting a pediatric Gigli saw along
this cutting line (Figure 4). In this way it is possible
to separate the external and internal tables, sawing
through the diploe to obtain a flap, which is pedi-
cled at the level of the fascia innominata and tem-
poral aponeurosis [76,77]; this is extremely useful
and functional for reconstruction of the homolat-
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Parietal osteoperiosteal flap (cutting laterally to the

parasagittal line with a pneumatic saw and then
inserting a pediatric Gigli saw along this cutting line for
the separation of the two surfaces by intradiploic route)
according to Psillakis et al (1986) [67].

eral zygomatic and mandibular bones. The latter
method is the one we used in our study, and a
reappraisal of it has been recently reported [35,43].

Multiple bone grafts taken from sites other than
the calvarium present not only a technical pitfall
related to the difficulties involved in joining the
fragments together but also an important cosmetic
drawback, namely that the final result may present
a rough or undulated surface that the patient may
find unsatisfactory or even unacceptable [84].

RESULTS

Our experience confirmed the positive characteris-
tics of the method used for cranioplasty. In fact, our
group of patients was fairly heterogenous for age,
nature and extent of the primary pathology, as well
as for timing of reconstructive surgery. The ages of
our patients ranged from I to IV decades and the
series included subjects with different levels of
bone production and different biologic features.
The primary pathology mainly consisted of lesions
susceptible to noncomplex surgical treatment with
a varying degree of cranial and/or cranio-facial in-
volvement, ranging from small benign bone tumors
to the extensive, complex involvement of parts of
the skull base and orbito-maxillary region that char-
acterized fibrous dysplasia in some of our cases.
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The steps of reconstruction were not always the
same for several reasons: In some cases it was
possible to perform cranioplasty at the same time
as surgical removal of the primary lesion while in
others, whose conditions contraindicated this pro-
cedure (e.g., severe traumatic damage with edema
and/or loss of materia, risk of infection), recon-
struction had to be postponed.

The above-mentioned aspects, associated with
the absence of complications and mortality and
morbidity rates similar to those of cranioplasty us-
ing autologous bone, should not be interpreted as a
limitation to the results obtained but as confirma-
tion of the reliability and versatility of this method.
In our series, in fact, there were no significant com-
plications connected with use of autologous bone
and neither were there any infections. Cosmetic-
reconstructive outcome was good in 5 cases and
excellent in the other 7, with an average follow-up of
17 months (range 6 to 42 months) in the 11 cases
where it was possible. Only one case presented a
complication not related to the use of autologous
bone, consisting of unsatisfactory restoration of du-
ral continuity in the right anterior cranial fossa
followed by hypertensive pneumocephalus. This re-
quired a second operation to obliterate the commu-
nication between the nasal fossae and the intracra-
nial compartment.

No particular technical difficulties related to graft
reimplantation were encountered in our series,
probably because the bone graft used was almost
always harvested from the external calvarium (11
cases out of 12), usually in a single piece, simplify-
ing fixation to the patient’s skull with metal thread
or silk sutures. Outcome was good, even in those
cases where an articulated procedure was manda-
tory because of the complexity of the segment to
reconstruct, which required several fragments
joined together. For this purpose, metal micro-
plates and microscrews were used to attach the
fragments solidly and in a stable manner both to
one another and to the skull.

In some cases, human fibrin glue was also helpful
because it favored a better, faster stabilization of
the graft by acting as a biologic adhesive holding
the fragments together. In our experience, the tech-
nique that employs the external table, separating it
from the internal one by intradiploic route, was
extremely useful for the following reasons. First, it
made harvesting of the graft quicker and easier;
second, the dura below the donor area was not
deprived of its natural protection even for an in-
stant (contrary to the technique that employs full-
thickness bone); last, in comparison to the full-
thickness technique, use of the external table alone
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eliminates the need to repair both defects. This
makes the procedure quicker and simpler and en-
sures greater stability of the graft itself.

The 5 cases of fibrous dysplasia in our series
were successfully treated, achieving good recon-
struction of the structures involved even though
the disease was fairly extensive and required a com-
plex operation to remove the lesions. In our cases
of fibrous dysplasia (Figure 1 and 2) the bone in-
volved was carefully eliminated and we were able to
use “normal,” not involved bone, for reconstruction
in all cases.

DISCUSSION

The first attempt to use bone for cranial reconstruc-
tion was made as far back as 1670 by Van Meekren
[4,82], who repaired a cranial bone defect in a Rus-
sian soldier using bone from a dog. As the patient
was excommunicated as a result of this procedure,
Van Meekren removed the graft 2 years later so that
the patient could return to his church. In 1821, Von
Walther [83] performed the first autologous bone
graft, and in 1867 Ollier [58] emphasized the role of
periosteum in bone regeneration. Further numer-
ous attempts were performed to reconstruct the
skull by treated or fresh bone grafts [19,47,62,63].
The studies performed by Mueller [54] and Koenig
[38] made a very important contribution to improv-
ing techniques for cranial reconstruction using au-
tologous bone; each of these authors separately
proposed using the external cranial table together
with a flap of overlying periosteum [29,43,50]. This
method, reproposed by Backdahl in 1966 [9], is still
one of the best and functionally most satisfying
techniques for cranial reconstruction. The first
osteo-periosteal autotransplant of fresh skull
(bone) was performed by Bunge in 1903; subse-
quently, Sicard, Dambrin and Roger, between 1917
and 1919, used cadaver skull for cranioplasty while
Babcock (1917) used heterologous bone grafts from
sheep and cows [62,85].

The main causes of defects of the cranial and
facial bones are traumas; penetrating head injuries,
particularly in the armed forces; and infected, de-
pressed, or open fractures in civilians.

Other prominent causes are surgical bone demo-
lition for tumors (osteomas, meningiomas, heman-
giomas, eosinophylic granulomas, epidermoids,
metastases, fibrous dysplasia, chondromas, sarco-
mas, aneurysmatic bone cysts); for infections (os-
teomyelitis, infected cranial flaps); for radionecro-
sis and electrical lesions of the skull; and for
congenital cranial and cranio-facial anomalies (en-
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cephaloceles, congenital parietal defects). It is com-
monly accepted that the fundamental indications
for cranioplasty are bone defects larger than 2 cm
situated on the cerebral convexity and bone defects
of the glabrous frontal region. Defects below the
temporal and occipital muscles and those in very
elderly patients are not usually considered to re-
quire repair.

The two main arguments supporting reconstruc-
tion are the need to protect the brain and soft
cranial and/or facial tissues and esthetic require-
ments. While the latter are easy to comprehend and
almost universally accepted, the former (in partic-
ular the prophylactic value of cranioplasty for pre-
vention of seizures) are still a matter of debate
[26,33,73,74]. Moreover, in children less than 6
years of age in whom the dura is not damaged,
regeneration of a portion of the skull may be ob-
served. Thus, it is necessary to wait at least a year
after craniectomy in a child before deciding
whether reconstruction is necessary.

From a practical point of view, the timing of re-
constructive surgery is essential. It is generally
agreed that the interval between complex wounds
and cranioplasty should be between 3 and 6 months
and as long as a year when there is a wound infec-
tion. In this context, one should recall the experi-
ence, published in 1979, of Rish and coworkers [69],
who reviewed 491 cranioplasties and concluded
that it was necessary to wait at least a year after
penetrating or complex head injuries to ensure a
good outcome.

There is almost unanimous agreement that autog-
enous calvarium possesses far better characteris-
tics and quality than the most widely used alloplas-
tic materials currently available. Calvarial autograft
is the most “natural” material of all because not
only does it possess all the ideal qualities for cra-
nioplasty but it is also vital and has excellent bio-
logic properties: It has a good growth potential and
resistance to infections; it is radiotransparent; ster-
ilizable; stable; a poor thermal conductor; resistant
to ionization and corrosion; inert (atoxic, nonanti-
genic, noncancerogenous); malleable and easy to
model; inexpensive; guarantees good cosmetic and
biomechanical outcome; and is readily available.
Obviously, as there is no type of metal, acrylic
resin, or other type of alloplastic material that ful-
fills this wide range of requisites, it is much simpler,
less expensive, [34] and safer for the patient to use
autologous bone whenever possible. There can be
no doubt that fresh autologous bone is the most
suitable material for reconstruction of cranial de-
fects in view of its perfect histocompatibility, opti-
mal mechanical properties, and good anatomo-
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functional fusion of the graft with the adjacent
bone, as well as the possibility of partial or total
revitalization of the graft itself. Autologous bone
also ensures the best possible physiologic and cos-
metic results (in theory at least). In fact, autologous
bone grafts usually display bone regeneration pro-
cesses, do not have a foreign body reaction, and
present a low incidence of infections [2]. Satisfac-
tory cranial grafting relies on careful harvesting,
preservation, eventual sterilization, and reimplan-
tation of the autologous bone graft. For this pur-
pose, a variety of methods for preservation and/or
sterilization have been tried and tested such as
boiling, freeze-drying, merthiolate, autoclave, irra-
diation with radioactive cobalt, decalcification, sub-
limation, treatment with gamma rays, and many
others [17,46,80]. Live tissue is biologically active
and fuses quickly with the adjacent bone, giving
excellent results. The last statement is confirmed
by experimental and clinical findings: there is, in
fact, histologic and radiologic evidence of intense
revascularization in the bone graft followed by
perivascular formation of new bone and apposi-
tional substitution with bone remodeling [22,41,42].
In fact, as early as 1907, Axhausen [8] carried out
the first study and described in detail the histologic
aspects of the reparative phenomenon. The latter
consists of vascular invasion along pre-existing
channels followed by dynamic resorption and re-
modeling processes with formation of new bone by
apposition: “Schleichender Ersaetz” or “Creeping
substitution,” a term first used by Barth and
Marchand [65].

The osteoinductive processes are in fact medi-
ated by a low molecular-weight glicoprotein called
BMP (bone morphogenetic protein) by English-
speaking authors [3,6,24,79]. Together with bone
growth factors, this protein plays a crucial role in
the mechanisms of bone trophism and is, unfortu-
nately, destroyed by many preservation techniques
[3,12,68]. Recently, some interesting perspectives
in the use of osteoinductive biomaterials have been
reported [5].

Lastly, the undebatable superiority of fresh autol-
ogous bone is linked to its fresh, vital cell content as
well as the presence of whole periosteum, en-
dosteum, and bone marrow. The studies performed
by Prolo and coworkers [63,64] also confirm the
overall superiority of fresh autologous bone in com-
parison to other materials.

To conclude this brief review of operative tech-
nique, the report by Elisevich et al deserves to be
mentioned [25]: It describes a useful technical in-
novation consisting of a simulation of reparative
surgery using reconstructed 3-D computerized im-
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ages of the skull. This method makes it possible to
simulate rotation and translation of the selected
bone fragment onto the defect using images of the
individual patient’s skull, thus facilitating surgical
planning by reproducing the characteristics of the
graft and implantation sites and obtaining a preview
of the final morphologic outcome.

One indispensable condition for good outcome of
cranioplasty with autologous bone seems to be
careful removal of the primary lesion so that the
apparently healthy bone is exposed. Not only does
this ensure better preparation of the site to be
repaired but may also avoid the graft being affected
by residues of the primary pathology or failing to
fuse with the adjacent bone.

The presence of inflammatory alterations at the
site of reimplantation represent a contraindication
[21]. In fact, the good outcome of bone grafting
depends on the formation of bone bridges across
the gap between the reimplanted fragment and ad-
jacent skull. During this process, resorption of the
graft and formation of new bone occur simulta-
neously, also as an effect of a substance that in-
duces bone formation [44,78] that is liberated dur-
ing resorption of the graft and stimulates new bone
growth in the host. This also occurs because while
the channels of Havers of the inorganic matrix of
the graft are reabsorbed and act as a guide and
support for osteocytic growth in the host [30,44],
the organic matrix is reabsorbed [11]. However, in
our experience, this contraindication may be suc-
cessfully treated. In fact, the efficacy of autologous
bone cranioplasty remains relevant even in cases of
osteomyelitis, keeping in mind that removal of the
infected bone should be complete: one of the cases
of our series had a good result after total removal of
osteomyelitic bone (until “normal” bone had been
exposed). This observation may be considered in-
novative in the use of this technique because until
now the presence of osteomyelitis has been consid-
ered an absolute contraindication for the choice of
autologous bone cranioplasty. Another important
aspect for successful cranioplasty is to ensure that
the graft fits the defect closely to allow faster fixa-
tion and fusion [56].

The final functional and cosmetic outcome is far
better because autologous bone, contrary to allo-
plastic material that is in any case a foreign body,
fuses perfectly and is transformed into new, vital
tissue and remodeled accordingly.

Future applications will include antibiotic-
impregnated implants and computer-generated
models to improve the precision of cranioplasty fit
and cosmesis [31].
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issues involved.

effectively uses trade-off.
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Understands that there are seldom more than three major

Uses the power of silence and leverage of uncertainty.

Concedes slowly, calls a concession a concession, and
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