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Abstract Cranioplasties are common procedures in plastic surgery. The use of tissue expansion
(TE) in staged cranioplasties is less common. We present two cases of cranioplasties
with TE and systematically review literature describing the use of TE in staged
cranioplasties and postoperative outcomes. A systematic review was performed by
querying multiple databases. Eligible articles include published case series, retrospec-
tive reviews, and systematic reviews that described use of TE for staged bony
cranioplasty. Data regarding study size, patient demographics, preoperative character-
istics, staged procedure characteristics, and postoperative outcomes were collected.
Of 755 identified publications, 26 met inclusion criteria. 85 patients underwent a
staged cranioplasty with TE. Average defect size was 122 cm2, and 30.9% of patients
received a previous reconstruction. Average expansion period was 14.2 weeks. The
most common soft tissue closures were performed with skin expansion only (75.3%),
free/pedicled flap (20.1%), and skin graft (4.7%). The mean postoperative follow-up
time was 23.9 months. Overall infection and local complication rates were 3.53 and
9.41%, respectively. The most common complications were cerebrospinal fluid leak
(7.1%), hematoma (7.1%), implant exposure (3.5%), and infection (3.5%). Factors
associated with higher complication rates include the following: use of alloplastic
calvarial implants and defects of congenital etiology (p¼0.023 and 0.035, respective-
ly). This is the first comprehensive review to describe current practices and outcomes in
staged cranioplasty with TE. Adequate soft tissue coverage contributes to successful
cranioplasties and TE can play a safe and effective role in selected cases.
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Introduction

Cranioplasties have become a common collaborative proce-
dure performed by plastic surgeons and various specialties
such as neurosurgeons, otolaryngologists, and oral maxillofa-
cial surgeons. Studies have shown that cranioplasty following
decompressive craniectomy provides necessary protection
against the development of sinking skin flap syndrome, also
known as syndrome of the trephined and improves neurologi-
cal performance by normalizing cerebral hemodynamics.1–3

Additionally, early cranioplasties, when combined with pro-
grammable shunts, reduce the number of required surgical
procedures and complications, while providing restoration of
normal appearance and patient satisfaction.4While common-
ly performed after decompressive craniectomies, cranioplasty
is also performed to treat a variety of defects including, but not
limited to, congenital defects such as aplasia cutis congenita
and defects observed after tumor resection.

Tissue expansion (TE) is amodality that iswidely employed
in plastic surgery as a mean to provide adequate soft tissue
coverage for awound defect. It has been utilized in a variety of
anatomic areas butmost frequently for breast and trunkdue to
relatively loose skin in these areas.5 In the head and neck
region, scalp TE is effective and commonly employed for areas
of alopecia.6 In breast reconstruction, tissue expanders have
been shown to result in significantly decreased rates of skin
flap necrosis and reoperation, when compared with direct to
implant reconstructive efforts.7Additionally, tissue expanders
used to aid in closure of large defects in the trunk and
extremities have shown to provide good functional and satis-
factory cosmetic results.8 While TE is a standard practice in
these aforementioned reconstructive applications, its role in
staged cranioplasties, where soft tissue coverage may be
limited, is less established. To address this knowledge gap,
we present two cases of cranioplasty using a staged tissue
expander approach, followedbya systematic reviewofcurrent
practices and outcomes of two-staged cranioplasties.

Cases

Case 1
A 37-year-old male with history of a motor vehicle accident
15 years prior, presently showing postmultiple cranioplas-
ties, with the last revision involving a titanium plate replace-
ment done at an outside hospital 4 years prior to
presentation, was referred to the plastic surgery service for
consultation and management of a scalp wound with ex-
posed hardware. The patient first noticed exposed plate and
a wound at the vertex of his scalp at the junction of his skin
flap and native skin 2 months ago. A 6 cm�4 cm area of
exposed skin with an exposed titanium mesh plate and area
of alopecia surrounding the craniotomy incision was noted
on physical examination. The area of exposure was dry with
no drainage from the plate. At the time, the patient reported
no symptoms of systemic infection and was an otherwise
healthy nonsmoker with no major comorbidities. He was
taken to the operating room for removal of his right titanium
mesh followed by a complex closure of the scalp. Following

implant removal, a staged calvarial reconstruction with
tissue expander was planned and after 2.5 months, a 15-
cm crescent-shaped tissue expander was placed (►Fig. 1A).
The tissue expander was gradually expanded over a 5-month
period at approximately to a total approximate volume of
around 210 cc to accommodate for the planned hardware. Six
months following placement, the tissue expander was re-
moved and a custom polyether ether ketone (PEEK) implant
along with two no. 10 round Blake drains was placed as well
(►Fig. 1B). Drains were removed approximately 2 weeks
postoperatively. Six weeks following his secondary cranio-
plasty, the patient developed a seroma; however, on inspec-
tion, the implant was found to be intact with no evidence of
damage, leaks, or infection. The seroma was incised and
drained, and the implant area was irrigated well before
closure. No other complications were reported and the
patient has since followed-up twice with the plastic surgeon
to remedy residual temporal skull defects with fat grafting.
Final cosmetic results at 1 year following the
patient’s secondary cranioplasty can be seen in ►Fig. 1C.

Methods

A systematic literature search was completed according to
the Preferred Reporting Items for Systematic Review and
Meta-analysis Protocols (PRISMA-P) guidelines.9 The

Fig. 1 Case 1. (A) Preoperative tissue expansion. (B) Intraoperative
cranioplasty with placement of custom polyether ether ketone (PEEK)
implant at 6 months following insertion of tissue expander. (C)
Postoperative result at 1 year following secondary cranioplasty.
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algorithm for article identification, screening, and review is
shown in►Fig. 2. PubMed, Embase, Cochrane Library,Web of
Science, and Scopus were queried without any publication
date limit in July 2019. The queries used a combination of
search terms, the included variations of the following key-
words: “cranioplasty” AND “tissue expander.” Inclusion and
exclusion criteria are presented in ►Table 1. To eliminate
bias, two authors independently screened all articles for
inclusion or exclusion, and in the case of a conflict, a third
author screened as a tiebreaker.

Data Extraction and Analysis
From articles that met the inclusion criteria, the following
data elements were extracted: study specifications, patient
demographics, preoperative characteristics, bone defect char-
acteristics, timing between initial debridement/neurosurgery
and TE placement, TE characteristics including length of time
of the TE remained in place, surgery details, implant specifi-
cations, and postoperative outcomes. Study specifications
consisted of lead author, publication year, and study design.
The patient demographic data collected included the number
of patients who underwent a cranioplasty involving a two-
stage tissue expander, average patient age, and comorbidities,
such as smoking, diabetes, and obesity. The characteristics
of the bone defect that were abstracted include location, size,
and etiology of bone defect. Tissue expander characteristics
noted include indication for use of a tissue expander, number
of tissue expanders per patient, type of tissue expander,
initial and final volume of tissue expander, and length of
expansion. In terms of procedural details, the data abstracted
included the patient’s clinical diagnosis, neurological and/or
cranioplasty procedures performed, number of patients with
a previous reconstructive attempt, and method of soft tissue
coverage. The implant specifications gathered included the
type of calvarial implant, method of customization of calvarial
implant, and length of the follow-up period. The systematic
review extracted data about the following complications:
infection, wound breakdown, implant exposure, hematoma,
seroma, osteomyelitis, dehiscence, and cerebrospinal fluid
(CSF) leak. The pooled complication rates were then graphed
with a 95% confidence interval. Patient satisfaction and cosm-
esis were also recorded. Studies that did not report specific
patient or procedural characteristics were removed from
descriptive analysis for that data element.

Analyses of statistical significance between complication
rates were performed considering the following variables:
pediatric versus adult, defect size <100 cm2 versus
>100 cm2, alloplastic versus autologous calvarial implants,
congenital versus noncongenital defect, and trauma versus
nontrauma-related defect. Complication ratesweremodeled
as a Bernoulli’s process that is approximated as a normal
distribution via the Central Limit Theorem. The results were
visualized on Microsoft Excel with error bars representing
standard deviations (SDs) for each variable.

Results

Study Retrieval and Characteristics
►Fig. 2 summarizes the results of our literature search. A
total of 775 articles were identified in the initial screening of
which 2 were identified as duplicates and removed. We
excluded 734 citations as irrelevant using the predefined
inclusion and exclusion criteria (►Table 1) and retrieved
the full-length articles for the remaining 39 studies
for secondary review. Of these 39 studies, 13 did not meet
the eligibility criteria because 5 did not involve use of an
inflatable tissue expander, 3 were not transcribed in English,
2 had insufficient data for extraction, 2 did not involve a
staged bony cranioplasty, and 1 contained duplicate patient

Fig. 2 PRISMA flow chart. PRISMA, Preferred Reporting Items for
Systematic Review and Meta-analysis.

Table 1 Inclusion and exclusion criteria

Inclusion criteria

• Articles published in English containing any of the
following search terms: “cranioplasty,” “calvarium
reconstruction,” “scalp reconstruction,” “tissue
expander,” and “scalp expander”

• Articles describing cranioplasty/calvarial reconstruction
AND use of tissue expander

• Systematic reviews, literature reviews, case
reports/series, retrospective and prospective studies

Exclusion criteria

• Articles not published in English

• No full text availability

• Studies where patients underwent soft tissue or scalp
reconstruction not involving the calvarium

• Animal or no-human studies

• Letters, comments, and editorials
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data. The remaining 26 articles were included in the system-
atic review. Eligible articles included published case reports
and series, retrospective reviews, and systematic reviews
that described use of tissue expander for bony cranioplasty.

Preoperative Patient Characteristics
Patient preoperative characteristics identified in the includ-
ed articles are provided are in ►Table 2. In total, there were
85 patients included in our qualitative analysis of the 26
eligible articles. The leading indication for reconstruction
was a traumatic defect (42.4%). Following traumatic defects,
calvarial resection secondary to various diseases (such as
tumors, cerebral vascular accidents, functional neurosurgi-
cal procedures for intractable seizures, abscesses, and oste-
omyelitis) was the second most common indication (40%).
Congenital defects (9.4%) and other unspecified defects
(8.2%) were the least common sources of defects. Defects
ranged in size from 36 to 200 cm2, with a mean defect size of
122�55.5 cm2. Patients ranged in age from 11 months to
54 years, with a mean age of 26.65�20.07 years. Excluding
four patients with unspecified prior surgical history, 25
patients (30.9%) had undergone at least one previous
reconstruction.

Staged Cranioplasty Characteristics
Staged cranioplasty procedure characteristics are provided
in ►Table 3. The mean final TE volume was 313mL, and the
average length of time a TE was placed was 14.2�9.57
weeks. Regarding type of calvarial implant used in the
procedure, 10.7% of patients received an autologous implant,
while 89.3% received an alloplastic implant. With respect to
type of soft tissue coverage performed, 75.3% of patients
received skin expansion only,10–25 20% received additional
scalp or pericranial flap coverage,11,18,26–35 and 4.7% re-
ceived additional skin grafting31,33 to provide adequate
skin coverage for the defect. Among those patients who
received skin grafts, three patients (75%) received pericranial
flap coverage as well.

Outcomes of Staged Cranioplasty Using Tissue
Expander
The postoperative outcomes of staged cranioplasty using a TE
are provided in►Table 4. Among all studies, mean follow-up
time ranged from 1 to 120 months. Among studies that
provided individual patient data, mean follow-up time was
23.9þ27.9 months.

Postoperative complications are summarized in ►Fig. 3.
Among all 85 patients from the studies included in this
review, the local complication rate, excluding reoperations
or CSF leaks, was 9.41%. Hematoma (7.06%) and CSF leak
(7.06%) were the most common complications. The rates for
infection and reoperation were both 3.53%, with a TE in-
volved in reoperation at a rate of 1.18% and a non-TE
reoperation rate of 2.35%. Both seroma and dehiscence
occurred at a rate of 1.18%, respectively. Complication rates
between pediatric and adult patients were comparable at
30.8 and 30.4%, respectively (p¼0.49; ►Fig. 4A). In our
analysis, we also found that defect size (greater vs. lessTa
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than or equal to 100 cm2) did not significantly differ in
complication rates with rates of 45.5 and 33.3%, respectively
(p¼0.25, ►Fig. 4B). Type of calvarial implant significantly
differed in complication rates, with alloplastic and autolo-
gous complication rates at 15.6% and 12.5%, respectively
(p¼0.023; ►Fig. 5C). Among the alloplastic materials, poly-
ethylene-based material was the most popular (59.5%),
followed by hydroxyapatite (14.9%), polyether ether ketone

(10.8%), and polymethyl methacrylate (9.5%). There was one
case that used castor oil polymer prosthesis, and the type of
material was not specified in three cases. The highest com-
plication rate among the alloplastic materials is seen in cases
where custom made hydroxyapatite implants were used
(54.5%) which included five hematomas and one implant
exposure postoperatively. Cases that involved polyether
ether ketone-based implants resulted in a 25% complication

Table 3 Staged procedure characteristics

Reference Final TE
volume (mL)

Length of time TE
was placed (wk)

Calvarial implant Soft tissue coverage

Akamatsu et al (2015)10 290 16 Custom made hydroxyapatite Skin expansion only

Argenta et al (1984)11 600 12 Autologous rib
Methyl methacrylate

Skin expansion only
Scalp flap

Argenta et al (1986)26 700 12 Autologous rib Scalp flap

Carloni et al (2015)12 253�51.7 10.1�3.01 Custom made hydroxyapatite Skin expansion only

Carloni et al (2016)13 243�159 12 Custom made hydroxyapatite Skin expansion only

Cho et al (2012)27 950 9 Autologous rib Scalp flap

Cienfuegos et al (2018)28 Unknown Unknown Polyether ether ketone Scalp flap

de Moraes et al (2017)29 360 7 Castor oil Scalp flap

Dos Santos Rubio
et al (2016)30

80 8 Titanium Pericranial flap

Goh (2004)14 250 16� 5.66 Synthetic polymer Skin expansion only

Hadad et al (2016)31 323�68.1 13.3�2.31 Autologous bone graft from
bony hyperostosis

Pericranial flaps with
split thickness skin graft

Kasper et al (2012)24 Unknown 20 Polyethylene Skin expansion only

Komuro et al (2002)25 Unknown 6 Autologous bone graft
from parietal region

Skin expansion only

Konofaos et al (2017)32 Unknown 16 Custom made polyethylene Scalp flap

Lin et al (2012)15 Unknown Unknown Custom made polyethylene Skin expansion only

Merlino and
Carlucci (2015)16

Unknown Unknown Standard polyethylene;
Custom made polyethylene
Custom made
polyethylene/titanium

Skin expansion only

Miyazawa et al (2007)17 450 11 Hydroxyapatite Skin expansion only

Mokal and Desai (2001)33 Unknown 8 High density porous
polyethylene

Scalp flap with skin graft

Mundinger et al (2016)34 300 Unknown Polyether ether ketone Scalp flap

Nakano et al (2014)35 Unknown 26 Solid-type artificial bone Scalp flap

Origitano et al (1995)18 Unknown 5�1.41 Unknown Skin expansion only
Scalp flap

Ozaki et al (2017)19 Unknown 16 Custom made
polymethylmethacrylate

Skin expansion only

Cascone et al (2009)20 7.5� 3.54 8 Custom made hydroxyapatite Skin expansion only

Sari et al (2017)21 270 Unknown Autologous bone graft Skin expansion only

Tringali et al (2019)22 500 24 Custom made
polymethylmethacrylate

Skin expansion only

Zhai et al (2019)23 250 60 Custom made
polymethylmethacrylate

Skin expansion only

Abbreviation: TE, tissue expansion.
Note: Numbers are reported as mean� standard deviation when possible.
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rate, including one postoperative infection and one wound
dehiscence. Cases that involved polyethylene, the most com-
monly reported implant material used, resulted in a 20%
complication rate, including two postoperative implant
exposures, one requiring reoperation, one hematoma, and
five CSF leaks. No complications were reported in cases that
involved polymethyl methacrylate material implants.

When stratified by etiology of defect, we also found that
congenital defects had significantly higher complication rates
compared with noncongenital defects at 3.13 versus 0.19%,
respectively (p¼0.035; ►Fig. 5A). Lastly, we found that com-
plication rates in cases with defects due to trauma (6.25%)
were lower, however not statistically significant, from defects
due to nontrauma (23.8%) etiology (p¼0.057; ►Fig. 5B).

Table 4 Outcomes of staged cranioplasty using tissue expander

Reference Follow-up (mo) Complications Cosmesis

Akamatsu et al (2015)10 50 None Unknown

Argenta et al (1984)11 2 None Unknown

Argenta et al (1986)26 12 1 Seroma Unknown

Carloni et al (2015)12 11 (range: 6–24) 1 implant exposure
5 Hematomas

Unknown

Carloni et al (2016)13 Unknown None Unknown

Cho et al (2012)27 120 None Good hair volume and
distribution

Cienfuegos et al (2018)28 24 1 Infection Shape of reconstructed area is symmetric

de Moraes et al (2017)29 28 None Appropriate skull contour

Dos Santos Rubio et al (2016)30 Unknown None Good esthetic result

Goh (2004)14 4 2 Infections
2 Reoperations
of cranioplasties
1 CSF leak

significant residual calvarium defect was
present but skin cover and healing
was good

Hadad et al (2016)31 33.3�12.9 None Unknown

Kasper et al (2012)24 Unknown None Cosmetically pleasing

Komuro et al (2002)25 4 1 Reoperation of
cranioplasty

excellent cranial vault and scalp

Konofaos et al (2017)32 Unknown 2 Implant exposures favorable long-term result was seen and
was esthetically pleasing to both surgeon
and patient

Lin et al (2012)15 4.23�2.49 None good visual symmetry in 2 patients,
temporal hollowing in 1 patient

Merlino and Carlucci (2015)16 Unknown 1 Hematoma
5 CSF leaks

1 unsatisfactory symmetry with mild
temporal bulging, otherwise
good cosmesis

Miyazawa et al (2007)17 7 None Unknown

Mokal and Desai (2001)33 18 None Excellent cosmesis

Mundinger et al (2016)34 21.9 (range: 2.7–80) 1 Wound dehiscence Esthetic, durable results with acceptable
head contour and head shape

Nakano et al (2014)35 Unknown None Esthetically good results in terms of
contouring, minimum scarring, and
hair coverage

Origitano et al (1995)18 Unknown None Excellent cosmesis

Ozaki et al (2017)19 54�25.5 None Unknown

Cascone et al (2009)20 12 None Very good cosmesis

Sari et al (2017)21 Unknown Unknown Good in all patients

Tringali et al (2019)22 12 None Good

Zhai et al (2019)23 1 None Favorable

Abbreviation: CSF, cerebrospinal fluid.
Note: Numbers are reported as mean� standard deviation when possible.
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Discussion

Infection Rates of Staged Tissue Expanded
Cranioplasties Are Relatively Low
Infection rates following cranioplasties, though variable,
have been documented to be as high as 26%, as described
in a retrospective review by Zanaty et al.36 In themost recent
systematic review of alloplastic cranioplasty reconstruction
that included 3,591 patients, Oliver et al found that the
overall infection rate seen after cranioplasties performed
with allograft implants was 6.82%.37 In our pooled analysis,
we found that the average infection rate for patients who
underwent a staged tissue-expanded cranioplasty wasmuch
lower at 3.5%. While our systematic review did not directly
compare the results of tissue-expanded cranioplasties to that
of single-staged cranioplasties, comparing our findings to
similarly designed reviews in the current literature reveals
that tissue-expanded staged cranioplasties have infection
rates that are lower or at least comparable to those observed
after traditional cranioplasties. It is unclear why the infec-
tion rate is notably lower with a staged technique. However,
one theory could be that with staged procedures, there is
better adherence to wound care, as frequent follow-up in
necessary for the success of the procedure.

Complications Rates
In our systematic review, the local complication rate follow-
ing a two-staged, tissue-expanded cranioplasties among 85
patients was 9.41%. Local complications included wound
breakdown, implant exposure, hematoma, seroma, and de-
hiscence. This complication rate is still relatively low com-
pared with the that seen in a recent large study of alloplastic
cranioplasties Oliver et al which ranged from 11.31 to 17.19%
depending on the type of alloplastic implant that was used.37

Additionally, while CSF leaks and hematomas were the most
common complications in our pooled analysis (7.06% for
each), it is worth noting that our analysis included a case of
two conjoined twins who each received complex two-staged
cranioplasties.14 Although one twin developed infection
during the time of TE, and both twins later developed
infection and needed subsequent reoperation of the cranio-
plasties, the twins had adequate skin coverage and healing
after 4months of follow-up.14Wedecided not to exclude this
complexcase fromour study to demonstrate thewide variety
of situations in which two-staged tissue expanded cranio-
plasties have been performed.

A total of 13 pediatric cases and 23 adult cases were
explicitly identified in the studies we reviewed. While one
can predict that TE in pediatric cases may not be safe or
suitable due to their thin calvaria, complication rates be-
tween the two age groups were found to be comparable at
30.8 and 30.4% in the pediatric and adult subgroups, respec-
tively (p¼0.49;►Fig. 4A). Yet, when cases were stratified by
congenital versus noncongenital defects, we found that
congenital defects had a significantly higher rate of compli-
cation compared with noncongenital defects at 3.13 versus
0.19%, respectively (p¼0.035; ►Fig. 5A). This discrepancy is
likely a factor of differences in sample sizes, since not all
studieswithmultiple casesexplicitly listedeverypatient’s age.
Additionally inour pediatric subgroup,wedefinedpediatric as
age less than or equal to 18 years. Since most, if not all,
congenital defects were repaired much earlier (during infant
age), we can presume that the use of tissue expanders in this
group likely poses significant risk for complications.

Another factor that may significantly affect complication
rates is the type of calvarial implant used. In our subanalysis,
we found that alloplastic implants were significantly

Fig. 3 Complication rates for patients receiving tissue expanded
staged cranioplasty. Graphs represent average rate and bars repre-
sent the 95% confidence interval.

Fig. 4 Subanalyses of complication rates. (A) Complication rates for pediatric cases (30.8%, n¼ 13) vs. adult cases (30.4%, n¼ 23) are
comparable (p¼ 0.49). (B) Complication rates for defect size <100 cm2 (45.5%, n¼ 11) vs. >100 cm2 (33.3%, n¼ 21) are not significantly
different (p¼ 0.253). (C) Complication rates in patients receiving alloplastic calvarial implants (15.6%, n¼ 77) are significantly higher than those
in patients receiving autologous calvarial implants (12.5%, n¼ 8) with p¼ 0.023. Numbers are reported as a proportion� standard deviation.
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associated with higher complication rates compared with
autologous implants, with complication rates at 15.6
versus 12.5% in alloplastic versus autologous implants
(p¼0.023; ►Fig. 4C). However, this statistic should be
viewed with caution, as the sample sizes between the two
group differed vastly with alloplastic implants being more
commonly used compared with autologous implants (n¼77
and 8, respectively). Among the eight cases that used autol-
ogous implants, only one postoperative complications oc-
curred which was a seroma.

Timing of Tissue Expansion
In this review, we define tissue-expanded cranioplasties as
traditional two-staged procedures. Not all studies reviewed
provided information regarding the time between initial
debridement/neurosurgery and TE placement. However,
when provided, the timing varied greatly between 1 week
and 1,040 weeks, with an average of 117.5 weeks (or 29.3
months) seen in 25 patient cases from the studies we
reviewed. The average amount of time the scalpwas expand-
ed was 14.2 weeks (SD¼9.57 weeks) for an average defect
size of 122 cm2 (SD¼55.5 cm2). During our systematic re-
view, we encountered two studies inwhich surgeons elected
to expand the scalp intraoperatively prior to the calvarial
reconstruction. Although we have excluded these two stud-
ies from our analysis, it is worth mentioning that some
surgeons have performed these intraoperative scalp expan-
sions with cosmetically favorable results. One case report
describes a 30-minute intraoperative scalp expansion using a
tissue expander for craniosynostosis surgery in a 14-month-
old male.38 While this method seems to require additional
operating time for the TE, the surgeons reported that the
extra 30-minute expansion periodwas utilized for preparing
operating instruments, as well as the osteotomies and bone
flaps, rendering almost no increased overall operating time.
Additionally, the 30-minute expansion period expanded the

scalp enough to provide adequate coverage for the recon-
struction. Similarly, Nichols and Bottini described a cranio-
plasty case that yielded excellent cosmetic results with a 30-
minute expansion period to cover a 13.5 cm2 defect in a
newborn with aplasia cutis congenita.39 Though these
reported cases of intraoperative scalp expansion provided
for excellent healing and cosmetic outcomes, both cases
involved young patients with small defects.

Limitations

While tissue expanders are widely used in various recon-
structive procedures, their use in bony cranioplasties is not
as well standardized in the literature, and thus, our review is
limited to the number of published articles on this surgical
approach. The purpose of this systematic review was to
assess the landscape and safety profile of performing calva-
rial reconstruction with a staged tissue expander approach.
Of the 775 records identified through database searching,
only 26 fully met our inclusion criteria, limiting our data
analysis to 85 patients. Due to the differences in types of
patient data presented among the included studies, our
analysis of correlations between perioperative character-
istics and postoperative complications was limited to two
variables, that is, defect size and cranial implant type.
Additionally, because we did not include articles that de-
scribed cranioplasties without the use of tissue expanders,
our pooled analyses cannot be used to directly compare the
results of tissue-expanded cranioplasties to those seen in
single-staged cranioplasties. Therefore, a meta-analysis was
not performed.

Conclusion

This is the first comprehensive review of current published
literature that describes the use of tissue expanders in staged

Fig. 5 Subanalyses of complication rates by etiology of defect. (A) Complication rates for congenital defects (3.13%, n¼ 8) are significantly
higher than rates for noncongenital defects (0.19%, n¼ 77) with p¼ 0.035. (B) Complication rates for trauma related defects (6.25%, n¼ 16) are
slightly lower than rates for nontrauma related defect (23.8%, n¼ 21), however are not significantly different (p¼ 0.057). Numbers are reported
as a proportion� standard deviation.
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calvarial reconstructive procedures. Overall, staged tissue-
expanded calvarial reconstruction is a safe procedure that
yields relatively low complication and infection rates while
providing esthetically acceptable results. Scalp expansion
cannot only provide adequate soft tissue coverage of the
wound but also may minimize scalp and implant related
complications in patients with complex calvarial
reconstruction.
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