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ABSTRACT
INTRODUCTION: Despite of being considered a routine procedure, cranioplasty is associated with a 
substantial risk of failure, or postoperative complications.
PATIENTS AND METHODS: Postoperative clinical course and rate of complications was assessed in patients 
undergoing cranioplasty during years 2015–2019 in a retrospective fashion.
RESULTS: The most frequent condition requiring cranioplasty was a presence of bone defect after a 
decompressive craniectomy for traumatic brain injury (45 patients). Revision was needed in 9 cases (12.68 %), 
removal of the bone fl ap was necessary in 5 patients (7.04 %). The most common complication observed was 
an unintended intraoperative durotomy, occurring in 9 patients (12.68 %), which was, however, not associated 
with an increased risk of reoperation. Postoperative improvement of motor functions was observed in 7 
patients (9.86 %). Improvement of consciousness occurred in 8 patients (11.27 %). Early cranioplasty was 
associated with signifi cantly higher odds for surgical revision, patients after previous craniectomy for traumatic 
brain injury had signifi cantly increased odds for the overall occurrence of complications.
CONCLUSIONS: After a cranial reconstruction, complications with a various degree of severity may occur 
and even the result in need of the implant removal. Postoperative improvement of focal neuro-defi cit is 
possible as well as improvement on the level of patient’s consciousness (Tab. 2, Fig. 2, Ref. 61). Text in PDF 
www.elis.sk
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Introduction

In neurosurgical practice, we frequently encounter patients 
with a need of cranial vault reconstruction. This condition might 
follow a bone fl ap removal after its infection or tumorous infi ltra-
tion; however, the most typical scenario is represented by a cranial 
defect after a decompressive craniectomy. Negative prognostic 
value of elevated intracranial pressure with regards to patient’s 
prognosis is well described (1). Decompressive craniectomy is 
able to provide a quick reduction of the intracranial pressure and 
improvement of brain tissue oxygenation (2). As such, decompres-
sive craniectomy is routinely used in the treatment of neurosur-
gical emergencies associated with intracranial expansive lesions 
with a presence or anticipation of brain oedema. This procedure 

is, however, associated with a considerable postoperative mor-
bidity and complications (3). There is also an obvious need for a 
later cranial reconstruction in the surviving. In carefully indicated 
patients, an alternative to craniectomy exists in evacuating of the 
expansive lesions using a standard craniotomy or decompressive 
(hinge) craniotomy (4). Nevertheless, decompressive craniectomy 
remains a widely used procedure. Following this surgery, the in-
tracranial space is converted into an “open box”. This results in a 
loss of natural regulations of cerebrospinal fl uid circulation and 
a postural intracranial pressure control (5) with a possible forma-
tion of subdural fl uid collections and even hydrocephalus (5, 6). 
Also, hypoperfusion and a decreased metabolism associated with 
cranial defects were observed in both decompressed and contralat-
eral hemisphere (7) accompanied by various forms of neurologi-
cal dysfunction, typically linked to diagnoses such as “syndrome 
of trephined”, “sinking skin fl ap syndrome” or “motor trephine 
syndrome” (8–10). Such conditions might be later restored by the 
means of cranial reconstruction, which is associated with an im-
proved cerebral perfusion, oxygenation, and metabolism as well as 
with normalization of the cerebrospinal fl uid circulation (11–13). 
Based on these observations, a potential of further neurological 
improvement exists in patients undergoing the reconstruction of 
the cranial vault (8, 10). These observations underline the fact, that 
cranioplasty is not only a cosmetic or protective, but also a thera-
peutic procedure. However, despite of being considered a routine 
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operation, cranioplasty is not without a risk of failure or develop-
ment of postoperative complications. Therefore, our aim was to 
describe the rate and severity of these complications as well as 
associated risk factors. We were also interested in the specifi cation 
of the clinical effect and potential neurological benefi t of cranio-
plasty procedures. In order to achieve these results, we present a 
5-year experience of a Slovak academic centre. 

Patients and methods

Included patients and recorded variables
In this retrospective study, 71 adult (18 years and older) pa-

tients, who underwent a cranial reconstruction at Clinic of Neu-
rosurgery, Jessenius Faculty of Medicine in Martin, University 
Hospital in Martin during the 5-year period of 2015–2019 were 
included. Patient’s demographic data and their preoperative clini-
cal status: level of consciousness quantifi ed by Glasgow Coma 
Scale (GCS), motor defi cit quantifi ed by the simplifi ed Medical 
Research Council (MRC) muscle strength scale, cranial nerve 
palsy, phatic disorder and seizure history were recorded as well as 
selected possible risk factors for complications including diabetes 

mellitus, arterial hypertension, ischemic heart disease, chronic 
kidney disease, bronchial asthma or chronic obstructive pulmo-
nary disease, metabolically active hepatopathy, hypothyroidism, 
history of malignancy (neurological or systemic) and history of 
a possible alcohol abuse. We also recorded the primary diagnosis 
associated with the cranial defect (in most patients the reason for 
previous decompressive craniectomy). Postoperative complica-
tions occurring during the fi rst 3 postoperative months as well as 
patient’s neurological status – consciousness, focal neurological 
fi ndings, possible peristing seizures, were assessed during the out-
patient control or during the necessary repeated hospitalization.

Procedure details
Patients underwent either uni- or bilateral cranioplasty. Skin 

incision copied the skin fl ap from the previous surgery and was 
extended if necessary. After separation and mobilization of the 
skin fl ap from the underlying dura, dissection of the temporalis 
muscle was performed. Any dural tears with or without cerebro-
spinal fl uid leak were recorded and repaired. As a material for the 
cranial reconstruction, we used autologous bone fl aps (previously 
stored in freezer), 3D printed titanium-alloy implants (Biomedi-

 Number % Mean Median

Sex male 54 76.06 x x
female 17 23.94 x x

Age (years) x x x 49,46±15,01 50

Primary diagnosis 
(indication for 
craniectomy)

traumatic brain injury 45 63.38 x x
intracerebral haemorrhage 8 11.27 x x
subarachnoid haemorrhage 3 4.23 x x
 middle cerebral artery infarction 4 5.63 x x
venous sinus thrombosis 1 1.4 x x
non-traumatic subdural hematoma 3 4.23 x x
subdural empyema 1 1.4 x x
intracerebral haemorrhage after tumour resection 5 7.4 x x
congenital defect (no craniectomy) 1 1.4 x x

Comorbidities

arterial hypertension 34 47.89 x x
ischemic heart disease 6 8.45 x x
chronic liver disease 19 26.76 x x
chronic kidney disease 2 2.82 x x
asthma/chronic obstructive pulmonary disease 3 4.23 x x
hypothyroidism 1 1.4 x x
diabetes mellitus 3 4.23 x x
alcohol abuse 10 14.8 x x

Preoperative 
neurological 
status

GCS x x 13.66±2.3 15
hemiparesis 31 43.66 x x
cranial nerve palsy 13 18.30 x x
phatic disorder 11 15.49 x x
ventriculomegaly 3 4.23 x x
sinking skin fl ap 27 38.03 x x
seizures 20 28.17 x x

Procedure details

unilateral 67 94.37 x x
bilateral 4 5.63 x x
duration (minutes) x x 82.92±39.86 80
timing (months) x x 9.32±16.65 6
early cranioplasty 22 30.99 x x

Material used
autologous bone 45 63.38 x x
3D printed titanium alloy 24 33.80 x x
bone cement 2 2.82 x x

Tab. 1. Preoperative characteristics of included patients (n=71), details of the surgical procedure.
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cal Engineering, Košice, Slovakia) or bone cement. Holes were 
present in all implants in order to drain-out the possible epidural 
fl uid collections. Autologous bone fl aps and cement implants were 
fi xed either by sutures, in later period we started to use titanium 
mini plates. Temporalis muscle was subsequently sutured to adja-
cent galea and subgaleal drainage was used in all cases. Surgical 
wounds were sutured in layered fashion using interrupted sutures. 
Details regarding the procedure’s timing, duration and intraopera-
tive complications were recorded. 

Statistical analysis
Statistical software MedCalc® 10.2.0.0 (Ostend, Belgium) was 

used for calculations. Categorical variables were summarized using 
their frequency in the assessed cohort, continuous variables were 
summarized by their mean ± standard deviation and the median 
values. Differences between the normally distributed characte-
ristics (as confi rmed by Shapiro-Wilk test) in independent sub-
groups were calculated using the unpaired t-test for two samples 
or ANOVA for more samples. Relationship between the recorded 
variables and patient’s clinical outcome and complications was 
subsequently assessed using a multivariate logistic regression with 
Odds ratio (OR), 95% Confi dence interval (95% CI) to describe 
each particular variable. Overall fi tness of the regression model 
was established by the means of Chi-square and p-value. Value of 
p ≤ 0.05 was determined as statistically signifi cant. 

Results

Characteristics of the patients:
Altogether, there were 71 patients in this study with signifi -

cantly more men than women included (54 vs 17; p < 0.001, t-test). 
Their mean age was 49.46 ± 15.01, the median value reached 50 
years. The most frequent condition requiring a cranial reconstruc-
tion was the presence of cranial defect after decompressive crani-
ectomy for traumatic brain injury (45 patients, 63.38 %). The three 
most frequent comorbidities were: arterial hypertension (34 pa-
tients, 47.89 %), chronic liver disease (19 patients, 26.76 %), ische-
mic heart disease (6 patients, 8.45 %). History of alcohol abuse was 
recorded in 10 patients (14.08 %). As for clinical fi ndings, the mean 
value of preoperative GCS reached 13.66 ± 2.3, the median value 
was 15, history of seizures was positive in 20 patients (28.17 %), 
signs of the sinking skin fl ap syndrome were present in 27 patients 
(38.03 %). Hemiparesis was present in 31 patients (43.66 %), cra-
nial nerve palsy in 13 (18.30 %), phatic disorder in 11 patients 
(15.49 %). In 62 patients (87.32 %), this was the fi rst cranial recon-
struction, 9 patients (12.68 %) were indicated for the cranioplasty 
due to a failure of previous reconstruction. In 4 patients (5.63 %), 
the reconstruction was bilateral. Cranioplasty was defi ned as early 
if performed during the fi rst 120 days after craniectomy, this sce-
nario happened in 22 patients (30.99 %). The average duration of 
the surgery was 82.92 ± 39.86 minutes, the median reached 80 
minutes. For cranial reconstruction, we used an autologous bone 
fl ap in 45 cases (63.38 %), 3D printed titanium alloy implant in 
24 cases (33.80 %) and bone cement in 2 cases (2.82 %). No sig-
nifi cant difference was observed, when comparing the duration of 

the surgery according to the material used (78.06 ± 28.33 vs 85.33 
± 47.19 vs 136 ± 36.77 minutes respectively; p = 0.43). A com-
plete characteristic of our patients is summarized in the Table 1.

Clinical results
Mortality of this elective surgery reached zero. At the end of 

the follow-up period, we observed an improvement of GCS in 8 
patients (11.27 %), the mean value was 13.84 ± 2.27, the median 
remained at 15. Motor improvement quantifi ed by simplifi ed 
MRC scale occurred in 7 (9.86 %) of our patients. Of 20 patients 
with a preoperative history of seizures, in 13 (18.31 %) of them 
an adequate postoperative control of epilepsy was achieved. New 
seizures were observed in 2 (2.82 %) patients. Phatic disorders 
and cranial nerve palsies remained unchanged. The fi nal score in 
modifi ed Rankin scale reached the mean value of 0.96 ± 1.72 and 
the median value was 0. Multivariate logistic regression analysis 
was not able to detect any possible positive or negative factor 
associated with an improvement of neither motor functions, nor 
consciousness (p > 0.05, 95%CI including value of 1).

Complications, reoperations and risk factors
At least one complication (regardless of its severity) was ob-

served in 35 (49.3 %) patients. The most common complication ob-
served was an unintended intraoperative durotomy, which occurred 
in 9 patients (12.68 %), none of these patients required a surgical 
revision. Intraoperative perforation of the skin fl ap occurred in a 
single patient (1.4 %), who later required repeated revisions and 
bone fl ap removal due to the skin fl ap ulceration with bone fl ap 
osteomyelitis and epidural abscess (Fig. 1). Major postoperative 
complications requiring a surgical revision occurred in 9 patients 
(12.68 %). A removal of the implant was necessary in 5 patients 

Fig. 1. Postoperative head CT of patient after left-sided cranioplasty 
complicated by intraoperative skin fl ap perforation and subsequent 
skin fl ap necrosis. A contrast-enhancing epidural collection is visible 
underlying the implanted bone fl ap. Epidural abscess was confi rmed 
during surgical revision.
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(7.04 %), specifi cally one titanium alloy implant, one cement im-
plant and three autologous bone fl aps were removed. Another 2 
of 3 patients with preoperatively present ventriculomegaly under-
went an insertion of ventriculoperitoneal shunt, which was carried 
out simultaneously with cranioplasty in one case. Hydrocephalus 
was, however, not considered to be a true complication of cra-
nioplasty but rather a natural consequence of the preoperative 
condition. The most frequent reason for a surgical revision was a 
development of postoperative extradural fl uid collection in 4 pa-
tients (5.64 %). A complete summary of complications and details 
of surgical revision is shown in the Table 2. Multivariate logistic 
regression revealed higher odds for overall complications rate in 
patients after decompressive craniectomy for traumatic brain injury 
(OR 2.75, 95%CI 1.028–7.376, p = 0.044, Chi-square for overall 
model fi t: p = 0.04). Also, an early cranioplasty was associated 
with increased odds for necessity of surgical revision (OR 5.75, 
95%CI 1.285–25.722, p = 0.022, Chi-square for overall model 
fi t: p = 0.017). No risk or protective factor associated with any of 
observed complications was detected by the multivariate logistic 
regression (p > 0.05, 95%CI including value of 1). This included 
no statistically signifi cant effect of the intraoperative complica-
tions, procedure’s duration, or material of the implant on the oc-
currence of postoperative complications.

Discussion

The most common reasons for not performing cranioplasty are 
death and a poor neurological condition of the surviving patients 
such as: vegetative state or unfavourable prognosis of long-term 
survival (14). Otherwise, cranioplasty is performed not only as 
cosmetic or protective procedure, but also as a therapeutic one. 
A restoration of cranial vault has a potential to normalize cere-
brospinal fl uid circulation and to avoid the need for shunt proce-
dure due to hydrocephalus, factor associated with a worse neu-
rological outcome (13, 15, 16). Also, it has been described, that 
in patients after craniectomy, a decreased perfusion and metabo-

lism with an associated possible neurologi-
cal dysfunction occur, often accompanied 
by “sinking skin fl ap” (7, 8, 11, 12, 17). 
Besides of this, oedema and penetration 
of cerebrospinal fl uid into post-contusion 
foci with a subsequent worsening of motor 
functions was described as “motor trephine 
syndrome”. Several mostly subjective dis-
orders following craniectomy describe a 
long known “syndrome of the trephined” 
(8, 9). It is important, that especially an 
early cranioplasty has a potential to reverse 
these symptoms and improve metabolism, 
perfusion and dysfunction of the affected 
brain tissue (7, 8, 10–12). Associated mo-
tor and cognitive improvements were re-
ported in several studies assessing the out-
come of patients undergoing cranioplasty 
(17– 22). Such observation was present in 

our cohort as well. We observed a motor improvement in 9.86 % 
and an improvement of consciousness in 11.27 % of our patients. 
Simple statistical comparison of pre- and postoperative clinical 
status would, however, produce vague and inaccurate results due 
to heterogenicity of preoperative clinical symptomatology (such 
as none to severe motor defi cit) and primary diagnoses in our 
cohort. For example, in patients after traumatic brain injury, its 
lesser severity results in a more remarkable neurological improve-
ment (18). Also, the location of previous contusions, intracerebral 
hematomas or ischemic lesions would undoubtedly matter. An 
objective improvement may occur in up to 40 % of patients after 
cranioplasty (22). As the most important observation we con-
sider the proof that this improvement is possible, despite the fact 
that we were not able to distinguish a subgroup of patients, who 
achieved the most signifi cant improvement. Even though we did 
not observe any improvement of phatic disorders in our group, 
this is potentially possible even in late cranioplasty (19). Never-
theless, the effect of proper rehabilitation and postoperative care 
is crucial in order to obtain satisfactory functional results (21). 

Zero postoperative mortality observed in our cohort is not a 
matter of course, as repeated interventions for complications, bi-
frontal location of cranioplasty, seizures and diabetes act as risk fac-
tors (23). Postoperative mortality in cranioplasty patients reaches
2.3–3.16 % (23, 24). We observed the overall rate of complica-
tions of 49.3 %. This high number mostly refl ects the inclusion 
criteria and not the severity of the particular complication, as many 
of those can be managed in a conservative fashion and local treat-
ment. Several other works reported a considerably high morbidity 
in patients after cranioplasty with the complications rate ranging 
from 18.2 % to 40.8 % (22, 23, 25–27). The increased odds for 
reoperation in patients undergoing an early cranioplasty and the 
increased odds for overall complications rate observed in our pa-
tients after previous traumatic brain injury are similar to those of 
Goedemans, who identifi ed a previously evacuated acute subdural 
hematoma as a risk factor for postoperative complications, with 
other risk factors being an early cranioplasty within 3 months and 

Complication Number % Revision Implant 
removal

intraoperative unintended durotomy 9 12.68 0 0
skin fl ap perforation 1 1.4 1 1

postoperative

extradural fl uid collection 7 9.86 4 3
subcutaneous hematoma 3 4.23 0 0
wound dehiscence 3 4.23 0 0
new seizures 2 2.82 0 0
implant malposition 2 2.82 1 0
subdural hematoma 2 2.82 0 0
skin fl ap necrosis/ulceration 2 2.82 1 1
superfi cial surgical site infection 2 2.82 2 2
intracerebral hematoma 1 1.4 1 0
epidural abscess 1 1.4 1 1
bone fl ap infection 1 1.4 1 1
cerebrospinal fl uid leak 1 1.4 0 0

hydrocephalus 2 2.82 2 VP shunts 0

Tab. 2. A summary of recorded complications, need for surgical revision and implant removal. 
Altogether, 9 revisions, 2 ventriculoperitoneal shunt insertions and 5 implant removals were 
performed.
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preoperative hydrocephalus (27). Early cranioplasty also results 
in an increased risk of reoperation need according to Paredes et al 
(22). Other factors associated with the increased odds for reope-
ration include a higher age (22, 23), hemorrhagic stroke, arterial 
hypertension (23) and smoking (28). Naturally, it is expected to 
encounter an increased rate of complications in revision cranio-
plasties (29). We have not obtained similar results, most likely due 
to a limited number of revision-type cranial reconstructions in our 
cohort. Early cranioplasty is, however, recommended when pos-
sible, as it is associated with a better functional outcome (28, 30) 
and possibility of restoring normal cerebrospinal fl uid circulation, 
thus avoiding the need of shunting (13, 15, 31). As various authors 
use different defi nitions of early cranioplasty, a proper determina-
tion of ideal timing for cranial reconstruction to achieve the best 
neurological improvement and to reduce the risk of complications 
is necessary. The study by Kim et al. suggested a much shorter 
interval with maximum of 45 days after craniectomy, when com-
pared to our defi nition, justifying it by an observed reduced rate of 
bone fl ap resorption and surgical site infections (32). It is, however, 
necessary to note that according to our own experience, numerous 
patients may not be capable of undergoing cranial reconstruction 
during this short interval after craniectomy.

The inclusion of hydrocephalus into the group of complications 
is disputable since it may represent a consequence of primary injury 
such as: trauma or subarachnoid haemorrhage and may also result 
from disturbed dynamics of cerebrospinal fl uid circulation, which 
follows craniectomy (31, 33). It is therefore possible to encoun-
ter the patients who, as opposed to the patients with sunken skin 
fl aps, present with ventriculomegaly and persistent prominence 
of the brain tissue through craniectomy. Shunts can be implanted 
simultaneously during the cranial reconstruction procedure or as a 
second surgical step, if necessary. Simultaneous cranioplasty and 
implantation of ventriculoperitoneal shunt was repeatedly reported 
to be a risk factor for the increased complications rate (34, 35), 
more recent reports. However, we did not reach this conclusion 
and therefore agree with recommendation of simultaneous pro-
cedure in carefully selected patients (36, 37). On the other hand, 
a shunting procedure after a decompressive craniectomy prior to 
cranioplasty can provoke sinking skin fl ap syndrome and implan-
tation of programmable valves is therefore recommended (37). 
In traumatic brain injured patients, cerebrospinal fl uid dynamics 
might be restored by an early cranioplasty and subsequent shunting 
is therefore not required (13, 15). An adequate treatment of post-
craniectomy hydrocephalus remains crucial since it is associated 
with a worse neurological outcome (13, 16) and with an increased 
risk of bone fl ap resorption after cranioplasty (25).

Regarding specifi c complications, an intraoperative dural tear 
occurring during skin fl ap separation was recorded as the most fre-
quent one in our cohort. During the cranioplasty procedure, skin 
fl ap preparation is especially diffi cult because of postoperative 
fi brosis between dura (and augmentative duraplasty), tempora-
lis muscle and pericranium or galea that develops after previous 
decompressive craniectomy. We did not observe any signifi cant 
association of the intraoperative dural tear with neither a need 
of surgical revision nor development of any other postoperative 

complication. It has, however, been observed that intraoperative 
dural tears may result in a formation of postoperative epidural 
fl uid collections (38). Anyway, intraoperative dural tear remains 
an undesired condition. Therefore, various techniques were deve-
loped in order to reduce the operating time, facilitate skin fl ap and 
temporalis muscle dissection and to reduce a formation of fi brous 
adhesions, mostly by means of overlaying of the decompressed 
area by antiadhesive materials, bovine pericardium or synthetic 
dural substitutes, thus creating an artifi cial plane between dura and 
skin fl ap, which can be followed during the dissection (39, 40). 

The most frequent indication for a surgical revision was deve-
lopment of expansive extradural fl uid or haemorrhagic collection. 
Its incidence may reach up to 37.3 % (41). According to Jeong, this 
condition was associated with the size of cranioplasty and intraope-
rative cerebrospinal fl uid leak (38). Lee also described a preopera-
tive dural calcifi cation and postoperative epidural air bubbles as 
possible risk factors associated with an increased dural stiffness 
and possible subsequent infl ammatory response accompanied by 
an epidural fl uid exudation (41). An intracerebral haemorrhage 
after cranioplasty was observed in one of our patients. This condi-
tion counts amongst the less frequent postoperative complications 
and is most likely explainable as the consequence of a reperfusion 
injury (11, 42). As already mentioned, autoregulatory mechanisms 
of the intracranial space are impaired during the post-craniectomy 
period, often associated with a cerebral hypoperfusion and sinking 
skin fl ap syndrome (8, 11, 12). After a longer period, during which 
the brain was almost directly exposed to atmospheric pressure, the 
pressure was rapidly alleviated after a cranial vault reconstruction. 
Despite of a typically positive effect of this pressure change, rep-
resented by an improved cerebral metabolism and perfusion (7, 
8, 11, 12), the impaired autoregulatory mechanisms in the previ-
ously damaged brain tissue may be unable to compensate such 
radical pressure changes. This results in a reperfusion injury with 
an increased cerebral volume and even oedema, occasionally ac-
companied by an intracerebral haemorrhage (11, 42). 

There is still an ongoing debate about an ideal material used 
for cranioplasty. It is typical to use autologous bone fl ap as the 
fi rst-tier choice (14, 27) due to its cost-effectivity and natural bio-
compatibility. Its use is, however, associated with the increased 
odds for reoperation (31) and aseptic bone necrosis and resorption, 
especially in younger patients (43). Bone fl ap resorption occurs in 
up to 90 % of patients, is non-linear and its minor degree is consid-
ered to be a natural course of bone remodelling and revitalization 
(43). We did not observe this complication, since it is typically 
observed with a longer delay after cranioplasty (44), contrary to 
the methodology of our study, which was aimed to describe early 
complications. However, extensive bone fl ap resorption may lead 
to a complete failure of cranioplasty and require a repeated sur-
gery, a complete revision or augmentation. This occurs in about 
22 % of cases during the fi rst 12 months after an autologous bone 
cranioplasty (44) and in 26 % of cases after 30 months (45). An 
increased risk for reoperation due to bone fl ap resorption are as-
sociated with younger patients, non-rigid fi xation of bone fl ap and 
shunt dependent hydrocephalus (25). Bone cement was used as 
artifi cial material in 2 of our patients and for most patients with an 
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autologous bone loss due to contamination, damage during head 
trauma, tumorous infi ltration or previous cranioplasty failure due 
to a resorption or infection we used custom-made 3D printed ti-
tanium alloy implants (Fig. 2). Their increased cost and presence 
of postoperative CT artifacts are compensated by an achievement 
of precise reconstruction (46), excellent mechanical durability and 
low failure rate (47). Nevertheless, infectious complications may 
occur with incidence up to 16 %, especially, when treating large 
bone defects and patients after previous post-cranioplasty infec-
tion (48). When comparing the titanium implants only, the use of 
3D printed custom-made implants resulted in more satisfactory 
results than the use of pre-curved titanium mesh implants, which 
are more useful in treatment of smaller cranial defects (48, 49). 
Due to their mechanical stability and satisfactory cosmetic results, 
custom made titanium implants can also be used in the treatment of 
bone defects after craniofacial or maxillofacial skeleton resections 
(50, 51) or compound injuries, which may be especially diffi cult 
to reconstruct (52, 53). Also, titanium miniplates became a routine 
mean of cranial bone fl ap fi xation (54), replacing osteosuture and 
achieving satisfactory results (54) including a reduced osteolysis 
and complication rate (25). In paediatric patients, biodegradable 
plates can be used to fi x both cranial bone fl aps (55) and dislo-
cated injuries of maxillofacial skeleton, resulting in satisfactory 
mechanic and cosmetic results as well as in a low complication and 
reoperation rate (56). Other commonly used materials in cranial 
reconstructive surgery include polymethylmethacrylate (PMMA), 
polyetheretherketone (PEEK) or porous hydroxyapatite (55, 57). 
Several studies found no signifi cant difference in the complications 
occurrence, when comparing the materials used (22, 23), according 
to the recent meta-analysis, risk of postoperative infections and 
hematoma is similar in all materials with PEEK implants having 
a lower risk of overall complications and implant exposure (58). 

Two skin fl ap related complications occurred. One small skin 
fl ap necrosis was treated by a repeated debridement and success-
fully managed by a secondary healing, one patient after an intra-
operative skin fl ap perforation developed a skin fl ap ulceration 
and a subsequent bone fl ap osteomyelitis and epidural abscess, 

which required repeated surgeries and a re-
moval of the bone fl ap. Skin fl ap related 
complications after cranioplasty are often 
consequences of multiple previous surger-
ies, post-craniectomy skin fl ap retraction or 
intraoperative damage to vascular supply of 
the skin fl ap (59). With a subsequent tissue 
loss and surgical site infections, they often 
require a complicated management with 
multiple surgeries utilizing free or advance-
ment fl aps (59). The best protective effect 
against a delayed skin erosion and implant 
exposure was observed with PEEK implants 
(58), contrary to an increased risk accompa-
nying PMMA (45). After cranioplasty, sur-
gical site infections incidence ranges from 
6.6 % up to 26.43 % (23,28) and we were 
able to achieve a lower rate. Reported risk 

factors include age (23, 28), repeated interventions, opening of 
frontal sinus, haemorrhagic stroke and even hydrocephalus (23). 
Surgical site infections are especially diffi cult to treat, when ex-
tending into bone fl ap. Such situation requires its removal with a 
later reoperation using an artifi cial material.

Seizures are regarded to be one of the most frequent non-sur-
gical complications of cranioplasty with their incidence reaching 
up to 30.3 % (60). As for our patients, 28.17 % had a history of 
preoperative seizures with a cranioplasty being able to improve the 
seizure control with the rate of persistent seizures being reduced to 
18.31 %. In 2 (2.82 %) patients, early postoperative seizures were 
observed. We were not able to identify any risk factors for early 
seizures, amongst the known factors there is an increased interval 
between craniectomy and cranioplasty (60), age and post-contusion 
brain foci (61). As the damaged areas of brain are known to have a 
lower epileptogenic threshold (60), we may presume that the early 
postoperative seizures are the result of a sudden perfusion and me-
tabolism changes that accompany the reconstruction of the cranial 
vault. When the brain gradually adapts to restored biomechanics 
of closed intracranial space, incidence of postoperative seizures 
decreases, as illustrated in our patients.

There are several limitations of this study. Firstly, the number 
of included patients is limited. It is, however, based on data from 
fi ve years and therefore provides a solid insight on the overall use 
of this surgery. The number of patients receiving each type of cra-
nial implant is imbalanced, but naturally refl ects the most frequent 
use of autologous bone fl aps. A longer follow up could also reveal 
delayed postoperative complications such as bone fl ap resorption. 

Conclusions

Despite of some limitations, we can conclude that even though 
it is considered a technically simple surgery, cranioplasty is as-
sociated with a substantial number of complications. Of these, 
only a minority is severe enough to require a surgical revision, 
which, however, occasionally needs to be repeated. A failure of 
the procedure requiring the implant’s removal occurs in about 7 %

Fig. 2. Illustration of postoperative X-ray after cranioplasty using custom made 3D printed 
titanium alloy plate.
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of cases. Differences of clinical results or complications were not 
observed between autologous bone or artifi cial material. A suc-
cessful cranioplasty has potential to improve both patient’s level 
of consciousness and motor defi cit. This knowledge is essential 
to physicians indicating a decompressive craniectomy or deciding 
between craniectomy, osteoplastic decompressive craniotomy or 
simple craniotomy for the evacuation of an intracranial mass lesion. 
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