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Cranioplasties have been performed since 
the beginning of known human civiliza-
tion. Thousands of years ago, the Incans 

used disks of silver and gold to repair trephina-
tion defects.1 The choice of defect fill mate-
rial has advanced from these precious metals to 
autologous bone, and now to three-dimensionally 

printed synthetic materials. The advances in cra-
niofacial surgery, championed by Dr. Paul Tessier, 
came because of our increased understanding of 
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Background: Autogenous bone is frequently espoused as the gold standard 
material for cranioplasty procedures, yet alloplastic cranioplasty continues to 
persist in the search, presumably, for a simpler technique. Although short-
term outcomes can be successful using foreign materials, long-term follow-
up in these patients often demonstrates increased rates of failure because 
of exposure or late infection. Autogenous bone grafts, however, integrate 
and revascularize, and are thus more resistant to infection than alloplastic 
materials.
Methods: This is a retrospective review of all patients that underwent recon-
structive cranioplasty for full-thickness defects, as performed by the senior au-
thor (S.A.W.) between 1975 and 2018. All procedures were performed with 
autogenous bone.
Results: One hundred fifty-four patients met criteria for inclusion in the re-
port. Cranioplasties were performed for both congenital and secondary in-
dications. Split calvaria was used in 115 patients (74.7 percent), rib graft was 
used in 12 patients (7.8 percent), iliac crest graft was used in 10 patients (6.5 
percent), and combinations of donor-site grafts were used in 17 patients (11.0 
percent). In the entire series, none of the patients suffered from complications 
related to infection of either the donor site or transferred bone graft. None 
of the patients required secondary operations to fill in defects created by the 
postoperative resorption.
Conclusions: Although autologous bone is widely considered the gold stan-
dard material for cranioplasty procedures, some argue against its use, mainly 
citing unpredictable resorption as the purported disadvantage. However, it 
is less susceptible to infection, and results in fewer long-term complications 
than alloplastic materials. There is no alloplastic material that has matched 
these outcomes, and thus autogenous bone should be considered as the pri-
mary option for cranioplasty procedures.  (Plast. Reconstr. Surg. 143: 1713, 
2019.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.
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bone grafts, including their harvest, their con-
touring, and their survival.

The late 1800s to early 1900s saw the first stud-
ies on the successful use of autogenous bone as fill 
material for cranial defects, with Axhausen in 1916 
reporting on 27 successful osteoperiosteal grafts 
from the tibia.2–6 Delageniére later performed 104 
cranioplasties using osteoperiosteal grafts from the 
tibia with only two failures, a primary success rate of 
over 98 percent in the preantibiotic era.7 In another 
article, Manson et al. reported on a series of frontal 
cranioplasties performed at Johns Hopkins Hospi-
tal using both autogenous bone and methylmeth-
acrylate.8 There were no infections in the alloplastic 
group (n = 25; length of follow-up is not provided) 
and four infections (23 percent) in the autologous 
group (n = 17). In an invited commentary on the 
article, the senior author of this article commented 
that this ran counter to his own experience,

However, synthetic materials continue to be 
preferred by most surgeons. In 1943, Gurdjian et 
al. reported the first use of methylmethacrylate, 
which can be contoured to any shape by means of 
an exothermic polymerization.9 Titanium mesh, 
hydroxyapatite, and polyetheretherketone have 
also become popular alloplastic materials.10–14 
With the availability of three-dimensional print-
ers, custom-made implants of polyetheretherk-
etone and other materials are now widely used 
in many institutions.12 The increase in use of allo-
plastic materials is likely attributable to their ease 
of use, the perceived dissolution of donor-site 
morbidity, and the unfamiliarity of many in work-
ing with autogenous bone. This study evaluates 42 
years of work from the senior author (S.A.W.) to 
evaluate the complication rate when using autog-
enous bone for cranioplasty repair.

PATIENTS AND METHODS
This is a retrospective review of all patients 

that underwent reconstructive cranioplasty for 
full-thickness cranial defects performed by the 
senior author between January 1, 1975, and Janu-
ary 1, 2018. Three independent reviewers, one 
of whom was the senior author, evaluated the 
operative schedule and office records in the speci-
fied time frame to determine eligibility for the 
study. Inclusion criteria included patients who 
underwent secondary cranioplasties. Excluded 
were patients who underwent primary cranio-
plasties and those without full-thickness defects. 
Procedures classified as primary cranioplasties 
were those that were performed for the correc-
tion of deformities of congenital cause, such as 

cranial vault reconstruction for fibrous dysplasia, 
Treacher-Collins syndrome, and other conditions. 
Procedures classified as secondary cranioplasties 
were those in which established calvarial defects—
typically resulting from traumatic or neoplastic 
causes—were treated. Demographic information 
collected included age at the time of surgery, sex, 
time to last follow-up visit, and procedure per-
formed. It is not the practice of the senior author 
to use cold-stored bone flaps; therefore, all cranial 
bone grafts were freshly split grafts obtained at 
the initial reconstructive operation unless other-
wise specified. A complication was defined as the 
need for an additional surgical intervention not 
in the initial treatment plan, such as reoperation 
for infection or resorption. The study design was 
examined by the institutional review board and 
was determined to qualify for an exemption.

RESULTS
Two hundred twenty-five patients were identi-

fied to have undergone cranioplasty reconstruc-
tion. After excluding patients who underwent 
primary cranioplasty, there were 154 patients (68.4 
percent) who met criteria for inclusion in this study 
(Fig.  1). Sixty-nine (44.8 percent) were female 
patients and 85 (55.2 percent) were male patients. 
Mean age at the time of surgery was 24.9 years, 
with a range from 1 to 79 years. Seventy-one of the 
patients (46.1 percent) were pediatric as defined 
by age of 21 years or younger, and 83 of the patients 
(53.9 percent) were adults (Table 1). Minimum fol-
low-up time was 0.5 year, with a maximum follow-
up time of 32 years. All patients except for one had 
autogenous bone used as the reconstructive mate-
rial for the cranioplasty defect, for a total of 153 
patients (99.4 percent). The cause of the defects 
varied between traumatic, ballistic, infectious, and 
neoplastic origin. More recently, an increasing 
amount of the defects were attributable to decom-
pressive craniectomy. Donor sites for bone grafts 
used to perform the cranioplasties included split 
cranial bone in 115 patients (74.7 percent), split 
rib grafts in 12 patients (7.8 percent), iliac crest 
graft in 10 patients (6.5 percent), and a combina-
tion of donor sites grafts in 17 patients (11.0 per-
cent) (Fig. 2). Of note, use of split rib graft did not 
become popular until it was described by Dr. Tes-
sier in the 1980s. One patient, because of advanced 
age, had titanium mesh used instead of autogenous 
bone to fill a postparietal cranial defect. Eight 
patients (5.2 percent) had bone morphogenetic 
protein (BMP) used in combination with autog-
enous bone. Twenty-seven patients (17.5 percent) 
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had multiple operations that included staged cra-
nioplasty because of microsurgery, multiple donor 
sites, and reconstruction of different areas. None 
of the patients suffered from complications related 
to infection of either the donor site or the trans-
ferred bone graft.

There was one patient in the combined autog-
enous plus BMP cohort who developed a seroma 
after the use of recombinant BMP-2 at the graft har-
vest site that required reoperation for evacuation 
of the seroma with placement of dural suspension 
sutures (Fig. 3). The authors consider this a com-
plication of the use of BMP and not a complication 
of the autogenous bone because the complication 
was at the harvest site where the BMP was placed. 
Given the small numbers of autogenous plus BMP 
patients in this cohort, the relative risk of adding 
BMP to the reconstruction is still not known. All 

of the cases requiring multiple operations for bone 
harvest were because of planned procedures based 
on the size of the defect at the time of initial opera-
tion. None of the patients required secondary 
operations to fill in defects created by postopera-
tive resorption. Figures  3 through 6 demonstrate 
several patient case examples of the senior author’s 
technique and results, including one case where 
BMP was used without adverse effect.

DISCUSSION
In the literature, the complication rate for cra-

nioplasty varies from 2 to 40.8 percent, encompass-
ing everything from the more serious findings of 
infection, extrusion, and reabsorption, to the less 

Fig. 1. Patients who met inclusion criteria (secondary cranioplasties) per year from 1975 to 2017.

Table 1.  Breakdown between Primary and Secondary 
Cranioplasties, Sex Distribution, and Pediatric versus 
Adult Patients

Characteristic No. (%)

Total no. of patients 225
Type of cranioplasty  
 ��������������� Primary 71 (31.6)
 ��������������� Secondary 154 (68.4)
Sex  
 ��������������� Male 85 (55.2)
 ��������������� Female 69 (44.8)
Age group  
 ��������������� Pediatric (<22 yr old) 71 (46.1)
 ��������������� Adult 83 (53.9)

Fig. 2. Donor sites for harvest of autogenous bone grafts.



Copyright © 2019 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

1716

Plastic and Reconstructive Surgery • June 2019

common outcomes of hematoma, hydrocephalus, 
seizure, chronic pain, or thermal sensitivity.11,15–20 
These comprehensive data are often packaged 
into a single series of patients treated with an 
assortment of techniques to attain larger clinical 
numbers for effect but, in the process, loses a sig-
nificant component of clinical relevance. Compli-
cation rates for autogenous bone cranioplasties 
are reported as ranging from 0 to 53.3 percent, 
whereas those reported for alloplastic cranioplas-
ties range from 4.8 to 63.6 percent.16,18,20 This 
might lead surgeons to conclude that the compli-
cation rates among the different techniques are 
essentially equivalent in the treatment of full-thick-
ness cranial defects. However, these data do not 
offer an adequate clinical picture. Specifically, the 
most commonly reported issues with autogenous 

cranioplasties relate to graft resorption and cos-
metic contour deformities, a data point vulner-
able to a significant degree of subjectivity.11,20,21 In 
contrast, the most commonly reported issues with 
alloplastic cranioplasties involve the more morbid 
complications of infection, extrusion, and graft 
failure.11,14,22

In 2003, Moreira-Gonzalez et al. conducted 
a large study analyzing the clinical outcomes in 
long-term follow-up between autogenous bone, 
methylmethacrylate, and hydroxyapatite.11 Again, 
the principal complications seen with autogenous 
bone were contour irregularities. Infection and 
exposure were the most common complications 
seen with methylmethacrylate and hydroxyapa-
tite, and occurred in 13.3 and 22.4 percent of the 
cases, respectively.11 In comparison, the rate of 

Fig. 3. An 11-month-old boy was attacked by a dog and lost 50 percent of his skull, including the underlying dura (above, left and 
center). A switch cranioplasty was performed to cover the injured area with BMP, and freeze-dried bone was used to cover the 
donor site under a pericranial patch (above, right). The child healed completely (below). The patient is shown 18 months after the 
procedure; he is now aged 8 years with intact skull on both sides. It is unclear whether the BMP was responsible for the excellent 
ossification at the donor site or whether this would have occurred regardless because of the regenerative ability of the skull at 
this age.
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infection and exposure seen with autologous bone 
was lower at 7.1 and 1.3 percent, respectively. The 
study concluded that autogenous bone is still the 
most reliable, safe, and cost-effective material for 
use in reconstructive cranioplasty. Another study in 
2010 by Chang et al. found that infection was more 
common after use of alloplastic material compared 
with autogenous bone (18.9 percent versus 4.6 per-
cent).17 Overall, the available literature supports 
the notion that infection is more common with 
alloplastic materials when compared with autoge-
nous bone cranioplasties, with infection rates rang-
ing from 0 to 24.8 percent for autogenous bone 
procedures and from 4.8 to 44.5 percent for allo-
plastic materials.11,17,18,22–26 Likewise, reported rates 
of extrusion of alloplastic materials are as high as 
60 percent; in contrast, Reddy et al. analyzed 195 
patients treated with alloplastic or autogenous bone 
and found that extrusion occurred exclusively in 
patients treated with alloplastic material.18,22,27

The most comprehensive recent investigation 
to date regarding the use of autogenous bone for 
cranioplasties was recently published by Fearon 
et al. in Plastic and Reconstructive Surgery.28 Their 
14-year series of 96 patients had zero incidents of 
postoperative infections resulting in loss of the 
cranioplasty graft, all of which were performed 
with split calvaria. Only one patient experienced 
clinically significant graft resorption that required 
operative revision. In addition, their extensive 
review of the literature concluded that alloplastic 
cranioplasty grafts demonstrated a nearly five-fold 
higher infection rate relative to autogenous bone 
grafts. They also noted that should infection occur 
with an autogenous graft, it can often be treated 
with drainage alone, as opposed to the nearly 
universal need to remove an alloplastic implant 
under similar circumstances.

The latest alloplastic material being used by 
cranioplasty surgeons is polyetheretherketone. 
This substance is biocompatible, inert, and 
reported to have similar mechanical properties 
to bone. It can be formed to precise measure-
ments preoperatively based on three-dimensional 
computed tomographic scans. Advocates point to 
decreased operative times, improved aesthetic out-
comes, and with the benefit of no donor site. Early 
results seem to indicate better outcomes than with 
other alloplastic materials, but clinical series are 
limited in scope (between five and 38 patients) 
and follow-up times are inadequate (from 6 to 24 
months).29–34 Nevertheless, there is still an implant 
failure rate of up to 27 percent reported with poly-
etheretherketone, typically because of exposure 
and/or infection.29,30,33,35 A few direct comparison 

studies with polyetheretherketone cranioplasties 
have suggested a lower complication rate relative 
to autogenous bone; however, these were small 
series with short follow-up times.36

The proponents of alloplastic materials claim 
that autogenous bone grafts undergo resorption. 
This is certainly the case if a large decompressive 
craniectomy has been performed and the bone 
flap refrigerated for subsequent reintroduction. 
Indeed, it is the complication most commonly 
reported, with rates of resorption varying wildly 
among available studies, anywhere from 2 to 32 
percent in adults and 20 to 81.8 percent in pediat-
ric patients.11,15,16,20,21,23,25,37–42 The fact remains that 
many thousands of craniotomies are performed 
by neurosurgeons annually, and if the bone flap is 
replaced properly—with good contact with adja-
cent bone and rigid—no significant resorption 
should be noted. Adverse outcomes reported in 
the literature may be attributable to variations in 
surgical technique or surgeon experience. Vari-
ance in the reported rate of complications may be 
from disparate determination techniques to assess 
the severity or clinical relevance of resorption, 
or variable follow-up times. In our study, where 
“fresh” bone graft was obtained, we had zero evi-
dence of resorption as determined subjectively by 
both the senior author and the patients. We did 
not have experience with cold-stored bone flaps 
except for one case where it was used to cover the 
harvest site (Fig.  3). Once primary healing has 
taken place, an autogenous cranioplasty becomes 
vascularized and fully integrated. There have been 
no reports of secondary infection developing in 
autogenous bone graft. In contrast, late infection 
is the primary reason for failure of alloplastic cra-
nioplasty implants. There were no infections in 
our entire series, either early or late.

Fewer complications can be achieved through 
better training on the techniques used for bone 
harvest. The senior author prefers the techniques 
for bone harvest described by Paul Tessier in his 
2005 Supplement to Plastic and Reconstructive Sur-
gery41 on the tools and techniques of harvesting 
autogenous bone. In addition, the senior author 
demonstrates his method for harvesting autolo-
gous bone through another case example. (See 
Video 1, Supplemental Digital Content 1, which 
demonstrates the splitting of a large parietal bone 
flap to be used for reconstruction in an adult 
patient who had a temporoparietal defect caused 
by loss of a bone flap after epilepsy surgery, avail-
able in the “Related Videos” section of the full-
text article on PRSJournal.com or, for Ovid users, 
available at http://links.lww.com/PRS/D484.)

http://links.lww.com/PRS/D484
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This series was begun in 1975; thus, for at 
least some of the patients, the follow-up is over 
30 years. Long-term follow-up is essential in these 
patients to accurately convey surgical outcomes. 
There are many patients who undergo alloplas-
tic cranioplasties with acceptable results, only 
to return years later with extruded or infected 
implants. Most series using alloplastic materi-
als have follow-ups of between 1 and 12 years. In 
addition, staged procedures cannot be performed 
over or through alloplastic materials. In contrast, 
once vascularized, bone segments can be built on, 
osteotomized, and moved as desired. For a very 
large defect, the entire contralateral skull can be 
harvested and split in an adult. If this is decided 
against, three ribs at 20 × 2  cm, when split, will 
provide coverage of 240  cm2. If additional graft 
is needed, the patient can return to the operat-
ing room in 3 to 4 months where additional rib 
can be harvested from the contralateral thorax to 
complete the reconstruction. The impact of BMP 
could not be determined because of the small 
sample size. Although there was one case in the 
study where the patient developed a seroma that 
required reoperation, there were several cases 
where the BMP had no adverse effect and might 
have even improved the outcome (Fig. 3).

Limitations of the study are related to the lon-
gevity of the retrospective review. Electronic medi-
cal records did not exist until recently. Several of 
the institutions where the procedures were per-
formed earlier in the study no longer exist. This 

limited the ability to calculate operative time, 
transfusion rates, or length of stay. However, the 
longevity of the senior author’s practice shows 
that autogenous bone grafts hold up to the test 
of time. With the advent of better record-keeping, 
future studies can more definitively analyze the 
long-term costs of the ease of alloplastic materials 
versus the infection-resisting—albeit more chal-
lenging to harvest—autologous material.

There is a learning curve associated with autol-
ogous calvarial bone harvest and fixation that may 
be addressed through cadaver laboratory work-
shops and residency training programs, similar to 
the way that microsurgery has been demoted from 
a superspecialized art to a more standard skill 
taught in every residency training program. The 
senior author regularly uses Rainey clips and Gel-
foam (Pharmacia & Upjohn, Kalamazoo, Mich.)-
thrombin to minimize bleeding while exposing 
the scalp harvest site. Neurosurgery assistance is 
available in the case of full-thickness cranial bone 
harvest, and any dural tears if noted are repaired 
by the neurosurgical team. A patch of pericra-
nium can be used if needed. Rigid fixation is 
achieved using wires. If intraoperative bleeding is 
extensive, a drain is left overnight for removal the 
following day. A course of postoperative antibiot-
ics is used to minimize the chance of infection. 
Contraindications to autologous reconstruction 
include extensive comorbidities, extreme bleed-
ing disorders, or a large defect in a frail patient 
who cannot tolerate a lengthy procedure. A video 
of the senior author’s technique is included in 
the digital supplement portion of this article (see 
Video 1, Supplemental Digital Content 1, http://
links.lww.com/PRS/D484).

CONCLUSIONS
This study, with an extensive long-term follow-

up, demonstrates the reliability of autogenous 
bone with a 0 percent complication rate for the 
bone graft harvest and a 0 percent reoperation 
rate for infection of either the donor site or the 
autogenous bone graft. Although most authors 
do agree that autogenous bone is indeed the gold 
standard material for cranioplasty procedures, 
there are still some that actively argue against 
its use, suggesting that its propensity for resorp-
tion results in an unacceptably high complica-
tion rate.12,16,20,21,42 This assertion, however, turns 
a blind eye to the most obvious problems with 
alloplastic materials and the significant advan-
tages of autogenous bone elucidated in this study. 
It is clearly less susceptible to infection, results in 

Video. Supplemental Digital Content 1 demonstrates the 
splitting of a large parietal bone flap to be used for recon-
struction in an adult patient who had a temporoparietal 
defect caused by loss of a bone flap after epilepsy surgery, 
available in the “Related Videos” section of the full-text article 
on PRSJournal.com or, for Ovid users, available at http://links.
lww.com/PRS/D484. 

http://links.lww.com/PRS/D484
http://links.lww.com/PRS/D484
http://links.lww.com/PRS/D484
http://links.lww.com/PRS/D484
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Fig. 4. A 27-year-old woman after a gunshot wound to the right fronto-orbital region (above). She was 
treated with multiple débridements before presentation in our clinic, and arrived with a drain in the 
right frontal abscess cavity. She underwent staged reconstruction with initial excision of a craniocutane-
ous fistula, pericranial patch, and a free latissimus dorsi muscle flap to fill the frontal dead space with the 
aid of microsurgeon Jaime Flores, M.D. Several months later, the orbital roof and supraorbital ridge were 
reconstructed using iliac bone graft. In a separate procedure, split cranial bone from the contralateral 
side was used to reconstruct the cranial defect (below). Now 4 years postoperatively, the patient has 
no evidence of bony resorption (center). She has undergone multiple additional procedures aimed at 
adjusting the eyelids and orbit.
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Fig. 5. A 15-year-old boy was injured in an accident involving a motor vehicle and a bicycle, and 
suffered a fractured skull and epidural bleeding treated with a decompressive craniectomy. Before 
arrival at our office, he had undergone failed replacement of the frozen bone flap, infection and 
removal of a methylmethacrylate cranioplasty, and symptomatic displacement and subsequent 
removal of a second methylmethacrylate cranioplasty. He presented to us 6 months later with sig-
nificant contour deformity of the right calvaria, consistent with the prior craniectomy (above). He 
underwent cranial reconstruction with split rib grafts (below, left), resulting in satisfactory restora-
tion of the premorbid contour (center). Five years after this procedure, there are no signs of graft 
resorption either clinically (center) or on imaging (below, right).
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Fig. 6. A 58-year-old woman with metastatic breast cancer was treated with removal 
of a frontal mass and full-thickness frontal craniectomy, with reconstruction by means 
of titanium mesh cranioplasty. Subsequently, she underwent radiation therapy, and 
ultimately developed breakdown of the overlying soft tissue with exposure of mesh, 
bone, and pulsatile dura (above, left). Our initial treatment consisted of débridement, 
removal of titanium mesh, removal of residual frontal sinus and damaged soft tis-
sue, and a free latissimus flap with a skin paddle to provide adequate coverage. Six 
months later, she underwent split-rib cranioplasty to reconstruct the frontal defect 
(center and below). Eight months postoperatively, the patient has maintained the 
bony contour, and has intact soft-tissue coverage (above, right). Jaime Flores, M.D., 
performed the microsurgery for this reconstruction.
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fewer long-term complications than alloplastic 
materials, and confers the benefits of integration 
and cooperation with the growing skull that are so 
important in the pediatric population.43,44 There 
is yet to be an alloplastic material that can best, or 
even match these outcomes, and thus autogenous 
bone should be considered as the primary option 
for cranioplasty procedures. Let us not forsake the 
advantages of bone grafting for the expediency of 
a computer-generated alloplastic material whose 
long-term infection rate is not fully determined.

S. Anthony Wolfe, M.D.
Nicklaus Children’s Hospital

3100 SW 62nd Avenue, Suite 2230
Miami, Fla. 33155

drwolfe@santhonywolfemd.com

PATIENT CONSENT
Patients, parents, or guardians provided written 

consent for the use of patients’ images.
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