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Introduction Absence of sufficient number of prospective randomized controlled 
studies and comparatively small sample size and short follow-up period of most of the 
studies, available so far, have left ambiguity and lack of standardization of different 
aspects of cranioplasty.
Materials and Methods This is an early report of a computed tomography scan 
image-based ambidirectional study on cranioplasties performed with autologous 
subcutaneous pocket preserved bone flaps. Retrospective arm compared bony union 
and factors influencing it between cranioplasties and craniotomies. Patients with poor 
bony union and aseptic resorption were followed up in the prospective arm.
Results Retrospective arm of the study, followed up for five years (mean 32.2 months),  
comprised 42 patients as cases (Group 1) and 29 as controls (Group 2). Twenty-
seven individuals (64.3%) in Group 1 had good bony union, as compared with  
20 (68.9%) good unions in Group 2 out of the 29 patients. Four patients (9.5%) in 
Group 1 showed evidence of flap resorption, a finding absent in any patient in Group 2.  
Age, sex, smoking habits, superficial skin infection, and method of fixation did not 
appear to have any implication on bony union. Craniotomies done using Gigli saws 
fared better as compared with those done with pneumatic saw with lesser flap size–cra-
niectomy size discrepancy, though it was not statistically significant. Fifteen patients 
have been included in the Prospective arm at the time of submission of this article.
Conclusion Ours is a study with a small sample size, unable to put its weight on any 
side, but can surely add some more data to help the Neurosurgeons in choosing the 
best for their patients.
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Introduction
Decompressive craniectomy (DC) is a useful tool to counter 
refractory raised intracranial pressure (ICP) of varied etiol-
ogy with varied success rates reported by different authors.1-7 
Use of this technique in the setting of traumatic brain injury 
is on the rise.8 DC is to be followed up by a second surgery, 
cranioplasty, once the crisis of raised ICP has been managed 
successfully. Different materials have been recommended to 
be used to achieve the bone cover, with each having their own 
advantages, documented by the proponents.9-13 Autologous 
bone continues to be the most commonly used material for 
cranioplasty, whenever available, and still considered the gold 
standard.14 For the interval between the craniotomy and cra-
nioplasty, the bone flap requires preservation. Several tech-
niques have been used for the bone flap preservation among 
which preservation in subcutaneous pocket and cryopreser-
vation are the most commonly used methods.15-17 Even the 
cryopreservation techniques are not standardized.18 Both DC 
and cranioplasty are in vogue for more than 5,000 years.19,20 
However, there still remain unsettled controversies regarding 
each aspect of the surgery. One of the most important reasons 
for this confusion is the inability to conduct a prospective ran-
domized controlled study to compare different techniques due 
to ethical issues, and comparatively small sample size and short  
follow-up period of most of the studies available so far. It can 
be safely said that unlike the long bones where the issues of 
bony union and nonunion have been extensively investigated 
and settled, our knowledge of calvarial bones is yet rudimen-
tary and our understanding is based more on clinical experi-
ence than evidence. We conducted this ambidirectional study 
with an intention to study the various factors affecting the 
union of free bone flap or its resorption, after cranioplasty 
with subcutaneous pocket preserved autologous bone flap, 
with cases of craniotomy, where free bone flaps were replaced 
primarily, serving as the controls. This is an early report of  
a study that is ongoing with an aim to continue for three  
more years.

Materials and Methods
Study Design
This is an early report of an ongoing computed tomography 
(CT) scan image-based ambidirectional case control study 
conducted at our center, being reported on completion of the 
retrospective arm. In the retrospective arm of the study, the 
autologous subcutaneous abdominal pocket preserved cra-
nioplasty cases were included in Group 1 and were compared 
with Group 2 consisting of the patients who underwent cra-
niotomies where bone flaps were replaced primarily, forming 
the controls. Patients detected to have evidence of poor bone 
union were prospectively followed up to look for evidence of 
progression of bony union on one hand and flap resorption on 
the other and the factors associated with each.

Data Collection: Retrospective Arm
In November 2016, medical records of all the patients who 
underwent cranioplasty at our center in previous 5 years 

were obtained. The indication, patient particulars, and 
operative techniques for craniotomy and cranioplasty 
were noted down from the operative notes. The patients  
or their caregivers were contacted telephonically to ask 
about their well-being and inquired if they had undergone 
a CT scan of the head at any center postoperatively. From 
the archives of the concerned radiology center, images 
were retrieved on a compact disc (CD). Patients who were 
asymptomatic and never underwent a postoperative CT 
scan, or whose neuroimagings of the postoperative period 
were not archived by the radiology center, were requested 
to participate in the study after duly explaining the risk 
associated with radiation exposure and obtaining their 
consent. All the patients who undergo craniotomy are rou-
tinely requested to report for follow-up annually at our 
Neurosurgery outpatient department. Those from faraway 
places prefer a review by general surgeons or neurosur-
geons in their localities and only come back to us on spe-
cific indications. However, these outstation patients were 
followed up telephonically and their CT scan images, if 
available, were collected on CDs.

Data Collection: Prospective Arm
Patients who had features of poor bony union were requested 
to undergo a follow-up CT scan of the head in view of possi-
bility of a flap resorption. Those who complied constituted 
the prospective arm of our study.

Data Analysis
The data were loaded on Philips Brilliance 16 slice CT scan 
machine at our center and analyzed with Statistical Package 
for the Social Sciences (IBM, Armonk, New York, United 
States) software version 26. The different parameters were 
measured independently by a radiologist, a neurosurgeon, 
and a maxillofacial surgeon. An average of the three was 
entered in the study.

Parameters Measured
Age, sex, and smoking habits of the individual, comorbidities 
and indication for surgery; and presence or absence of hydro-
cephalus were noted from hospital records. Craniectomy size 
and shape were recorded from the CT scan images. The oper-
ative technique, tool used for craniotomy, additional nibbling 
of the cranium done at the craniotomy margins were recorded 
from the archived operative notes. Techniques used for bone 
fixation were grouped as rigid fixation, suture fixation, and 
no fixation from operative notes. The maximum and mini-
mum recordable gaps between the bone flap and the crani-
otomy margin were recorded from the CT scan images in the 
nonunited parts of the defect. Intervals between the primary 
surgery and cranioplasty and between the cranioplasty and 
neuroimaging were noted from the hospital records.

Exclusion Criteria
Patients less than 20 years of age and any patient with his-
tory of radiation exposure in the postoperative period were 
excluded from the study.
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Cranioplasty Interval Classification

1. Ultra-early: <3 weeks
2. Early: 3–12 weeks
3. Late: 12–24 weeks
4. Delayed: >24 weeks

Measurement of Various Parameters
The fixed reference points used for measuring various 
parameters were selected before the actual measurements 
were taken up, by the principal author, either on the bone 
flap or at fixed bony points on the cranium (►Fig. 1A). Each 
measurement was then taken thrice by each of the three 
investigators: a radiologist, a neurosurgeon, and a maxillofa-
cial surgeon. An average of the nine readings was tabulated.

Measuring Extent of Union
Circumference of the craniotomy margin was measured on 
the CT scan volumetric reconstruction image along with 
the length of the segment showing evidence of bony union 
(►Fig. 1B). The union was classified into three groups: >50%, 
25–50%, and <25%. Last group was considered to have a poor 
bony union and were planned to be followed up in the pro-
spective arm of the study.

Parameters for Bone Resorption
Connecting two fixed reference points, straight lines were 
drawn. Length of the bone flap and craniectomy defect 
were measured on these lines on volume reconstruction 

three-dimensional images (►Fig.  1C, D). On axial CT scan 
images, radiologically evident gap between the craniectomy 
edge and the edge of the cranioplasty flap was measured at 
various points and the smallest measurement was recorded 
(►Fig.  1E). Any site where a titanium screw, applied during 
cranioplasty, was noted to have lost its bony anchorage was 
considered to be an evidence of bone resorption (►Fig. 2E, F).  
We did not resort to bone mineral density studies.

Statistical Analysis
Statistical analysis was done using a software STATA  
version 14

Results
A total of 71 patients were included in the study, 42 as cases 
(Group 1) and 29 as controls (Group 2). The mean duration 
of follow-up for the patients in the retrospective arm for 
cases was 32.2 months (minimum 18 months, maximum 
64 months). The mean duration of follow-up for the patients 
in the retrospective arm for controls was 21.5 months (min-
imum 8 months, maximum 108 months). The mean dura-
tion of follow-up for the patients in the prospective arm was 
11 months (minimum 8 months, maximum 14 months).

There was no significant difference in symptomatology 
of the cases and controls with majority reporting for ipsilat-
eral (63%) or ill-defined (22%) headache, and vertigo (26%). 
However, irritability/forgetfulness was commoner among 

Fig. 1 Measurement protocols: (A) Fixed points were selected on the bone flap [titanium screw (1), intersection of the margin of the flap with 
a suture line (2), and midpoint of a burr hole (3)] or a fixed bony landmarks on the cranium (4). Connecting these points, straight lines were 
drawn. (C, D) Size of the bone flap (C) and craniectomy defect (D) were measured on these lines. (B) On volumetric reconstruction three-dimen-
sional images, length of the segments where there was bony union (measurements by convention were placed in the top half of the screen) and 
segments without bony union (measurements by convention were placed in the bottom half of the screen) were measured. (E) On axial section, 
gaps between the craniotomy edge and edge of the bone flap were measured at various sections and smallest distance was recorded.
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patients with history of head injury (16%) than those without 
it (6%). Three patients in Group 1, including one who turned 
out to have an absorbed bone flap, were asymptomatic.

Epidemiology
Forty-two patients with a mean age of 36.83 years and stan-
dard deviation (SD) of 2.5 (range 20–76 years) were included 
as cases (Group 1) in the retrospective arm of our study. 
Twenty-nine patients who underwent craniotomy for various 
indications formed the control group (Group 2) of the retro-
spective arm, with a mean age of 41.4 years and SD of 2.8 
(►Fig. 3). Among cases, 37 were males and 5 females, while 
in the control group there were 20 males and 9 females.

Analysis
Retrospective Arm
Out of the 55 patients who had undergone cranioplasty at our 
center, 39 patients had undergone a CT scan examination due 
to various symptoms that were considered related to the cra-
nial surgery by the treating physician. Three asymptomatic 

patients consented to participate in the study and underwent 
noncontrast CT head at our center. Six patients could not be 
contacted on telephone or through postal communication. 
Two patients had expired due to unrelated disease condi-
tions in the years following cranioplasty. Three asymptom-
atic patients declined to undergo any neuroimaging. In two 
patients, the CT scan image could not be retrieved from the 
radiology center. There were nine smokers each in both the 
groups. Twenty-seven individuals (64.3%) in Group 1 had 
good bony union while 15 failed to have a good union, as 
compared with 20 (68.9%) good unions in Group 2 out of the 
29 patients. Four patients (9.5%) in Group 1 showed evidence 
of flap resorption (►Fig. 2), a finding absent in any patient 
in Group 2.

The factors influencing the extent of good bony union 
(union involving >50% of craniotomy margin) are as under:

1. Craniotomy tool: Gigli saw was used to perform craniot-
omy in 23 cases and pneumatic drill in 19 cases. Among 
the controls, Gigli saw was used in 8 cases and pneumatic 

Fig. 2 Aseptic bone resorption. (A–C) Volumetric reconstruction and axial section showing moth-eaten appearance of the resorbed bone flap. 
(D) Circumferential bone flap resorption. (E, F) Evidence of bone flap resorption in view of the loss of bony anchorage of the titanium plates 
and screws used for fixation. In all the images, the cranial contour appears preserved.

Fig. 3 Age at the time of surgery. Age groups in “X” axis plotted against number of patients in each group in “Y” axis.
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drill in 16 cases while in 5 cases of comminuted depressed 
fracture, bone fragments were elevated along the fracture 
lines after an initial adjacent mini-craniectomy. Four out 
of the five patients with skull fracture showed good bony 
union while the fifth patient with significant bone loss 
had poor union. Following cranioplasty (Group 1), those 
whose craniotomy was done with a Gigli saw were found 
to have a better rate and extent of bony union (69.6%) as 
compared with those in whom craniotomy was done with 
a pneumatic saw (57.9%; odds ratio [OR]: 1.7; 95% con-
fidence interval [CI]: 0.46–5.9), but this difference was 
statistically not significant (p = 0.43). Better union rate 
after use of Gigli saw was also seen among the controls 
(Group 2; 87.2%) as compared with the pneumatic saw 
(56.3%; OR: 5.4; 95% CI: 0.54–55.2); however, this was also 
not statically significant (p = 0.15). Both Groups 1 and 2 
combined, Gigli saw use (►Fig. 4) was associated with a 
better rate of union (OR: 1.9; 95% CI: 0.7–5.3), but again 
the superiority was statistically not significant (p = 0.2).

2. Method of bone fixation: In Group 1, bone flaps were 
either rigidly fixed (27 cases) with titanium miniplates and 
screws or were fixed with Prolene sutures (15 cases). Rigid 
fixation was also done with titanium clamps. In Group 2, 

there were three different methods applied while putting 
the bone flap back. They were rigidly fixed with titanium 
miniplates and screws in nine patients and suture fixed 
in six patients. Bone flaps were replaced and left loosely 
over the craniectomy defect without any fixation in  
14 craniotomy patients. In both the groups, outcome was 
similar when bone flaps were secured by rigid fixation or 
suture fixation technique, which fared better in terms of 
bone union as compared with unfixed bones (OR: 1.23; 
95% CI: 0.39–3.9), though the difference was statistically 
not significant (p = 0.7). In five patients (35.7%) among 
those cases of craniotomy where bone flaps were not 
fixed, there was no bony union at all (►Fig. 5).

3. Effect of smoking on bony union: Among all smokers  
(n = 18) in the study (both cases and controls), 38.9% failed 
to achieve a good bony union (OR: 0.74; 95% CI: 0.2–2.2), 
but it was not found to be statistically significant (p = 0.6). 
In a sub-analysis among cases (n = 42), 55.6% of smokers 
(n = 9) had poor union (OR: 0.35; 95% CI: 0.07–1.6), while 
among controls (n = 29), 22.2% of smokers (n = 9) had poor 
union (OR: 1.9; 95% CI: 0.3–11.6), but in both cases and 
controls, it was not statistically significant (p = 0.17 and  
p = 0.5, respectively).

Fig. 4 Craniotomies performed with Gigli saw had marginally better rate of bony union with (A–C) or without (D–F) any fixation of  
bone flap.
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4. Infection: Eight patients (six cases and two controls) had 
superficial skin infections, all of whom went on to have a 
good bony union. One case with abscess formation, who 
was managed with parenteral antibiotics and daily dress-
ings, went on to have flap resorption.

5. Age: There was no statistically significant change in rate of 
good union with increasing age in both cases and controls.

6. Timing of cranioplasty: On analyzing the cases (►Table 1) 
for good union among ultra-early, early, late, and delayed 
groups, good union was found to be significantly lower  
(p < 0.05) in early group (35.7% cases), while in late group 
(12 weeks to 6 months) good union was found to be sig-
nificantly higher (83.3% cases, p < 0.05).

7. Hydrocephalus: One patient each from case and control 
cohorts had hydrocephalus, which developed after cranio-
plasty requiring cerebrospinal fluid diversion. Both had 
good (>50% circumference) bony union (►Fig. 6)

8. Flap resorption: Of the two patients with significant flap 
resorptions, one was asymptomatic and the second had 
ill-defined headache on exertion, a symptom common 
among the rest of the patients in the cranioplasty group. 
None had any feature of sunken flap syndrome.

9. Craniectomy–bone flap size discrepancy was less in cra-
niotomies done using Gigli saw as compared with those 
performed using the pneumatic saw, and was also more 
in the delayed cranioplasty group as compared with the 
ultra-early and early groups. And the difference was  
statistically significant (p < 0.05).

Prospective Arm
Out of the 25 patients (16 cases and 9 controls) who failed 
to achieve a good radiological bony union and were eligi-
ble for inclusion in the prospective arm of the study, 8 were 

Fig. 5 Cases of nonunion of unsecured bone flaps: Following craniotomies in the control group (Group 2), when bone flaps were left unsecured 
over the craniectomy defect. (A, C, E, G) Volumetric reconstruction images. (B, D, F, H) Images showing axial computed tomography scan sec-
tions with measurements of the craniectomy margin–bone flap edge interval at sections where the measurements were found to be minimum 
for respective cases. (I, J) Unsecured bone flap found to have migrated caudally increasing the craniectomy margin–bone flap edge interval at 
the medial side leading to nonunion, while on the lateral side of the flap, there was good bony union.

Table 1 Correlation : Cranioplasty interval and Good bony union

Cases (n = 42) Good bony 
union

Bivariate OR 
(95% CI)

p-Value

Ultra-early (n = 3) 2 (66.6%) 1.1 (0.09–13.4) 0.9

Early (n = 14) 5 (35.7%) 0.15 (0.03–0.62) 0.009

Late (n = 18) 15 (83.3%) 5 (1.1–21.8) 0.03

Delayed (n = 7) 5 (71.4%) 1.4 (0.24–8.73) 0.6

Abbreviation: OR, odds ratio; CI, confidence interval.
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asymptomatic. Out of these asymptomatic patients, six 
declined to undergo any repeat CT scan, and this included 
one patient with aseptic flap absorption (►Fig. 2A–C). Two 
patients, one on immune surveillance and another with cor-
onary artery disease, expired before completion of 1 year of 
follow-up. One patient, who had agreed for a repeat CT scan 
after 1 year, could not be traced subsequently, either tele-
phonically or by postal correspondence. In one patient who 
got a repeat CT scan at a peripheral center, images could not 
be retrieved. Fifteen of the remaining patients were included 
in the prospective arm and their CT scan images were ana-
lyzed. Recruitment and follow-up in this arm are ongoing 
and planned to be continued for next 3 years with change in 
the principal authors, as and when they get posted out from 
the institute. The parameters analyzed and the findings are 
as under:

1. On repeating CT scans after 1 year, the flaps were found to 
have reduced in size in all directions (►Fig. 7A–E).

2. Bony union appeared to be ongoing even after an interval 
of 3 years; however, while all bone gaps less than 0.4 mm 
appeared to have progressed to healing in scans repeated 
after 1 year, none with more than 1.5 mm showed any 
progression toward healing.

3. No burr hole in any of the patients appeared to have closed 
even after a follow-up of more than 7 years.

4. Out of the 14 patients in whom bone flaws were left 
loosely over the craniectomy defect in view of, or antic-
ipating, any brain swelling, 5 did not unite. In four of 
them, the gap between the craniotomy edge and edge of 

the bone flap was more than 5 mm (►Fig. 4A–H) and the 
gap did not reduce on follow-up scans. One bone flap had 
migrated caudally creating large inter-edge gap except at 
the temporal part, where it had healed (►Figs. 4I and J ).

Discussion
For a surgical technique, which is in use for more than 
5,000 years, cranioplasty still continues to have too many 
unresolved issues concerning nearly every aspect of the 
surgery, for example, timing, material to be used, fixation 
technique, and even follow-up requirements.20 However, its 
utility is universally accepted and so is the necessity to know 
more about it.21 Most of the studies conducted are retro-
spective in nature18,22 and ethical issues have kept prospec-
tive randomized studies to a very small count.23 Its low cost, 
absence of any concern for rejection, satisfactory rate of bony 
union, and logistical ease for the patient and hospital makes 
subcutaneous pocket preserved autologous bone flap a fre-
quently used material in many countries including ours.24-

27 However, some other authors have found cryopreserved 
bone flaps to be more convenient to give better results and 
have exclusively used cryopreservation for bone flaps at their 
centers. There are as many protagonists of cryopreservation 
of the flap28,29 as there are distractors.30,31 There is, however, 
a voice growing louder by the day recommending artificial 
materials to be superior to both.23,32 In our institute, cryo-
preservation of bone flap is not practiced. We discard the 
bone flaps only in moribund patients or those with bleeding 

Fig. 6 Bony union in presence of hydrocephalus. (A) Cranioplasty done between 3 and 6 months. (B) A case of third ventricular mass with 
hydrocephalus (operated) required a ventriculoperitoneal shunt 3 years after initial craniotomy. (C) Areas of radiological bony union measure-
ments shown on the upper half of the image and nonunited segments in the lower half.
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diathesis. We resort to cranioplasty using artificial materials 
only when there is no bone flap available for cranioplasty, a 
situation that arises when either the bone flap has not been 
preserved or has been discarded due to infection or when 
there is extensive flap resorption.

The concluded retrograde arm of the ambidirectional 
study at our center had 42 cases of cranioplasty as against  
25 other craniotomies performed for various indications, 
serving as controls. The two groups matched well in age 
distribution. The mean age of the patients in Group 1 was 
36.83 years with majority of our cases in 21–35 years age 
group, which was similar to the study (mean 33.44 years 
in cases and 41.4 years in controls) by Andrabi et al21 and 
Shoakazemi et al27 but was younger as compared with the 
study (49.6 years) by Adaaquah et al.33 A predominance of 
young males among the cases is commensurate with the 
known male preponderance in patients suffering from trau-
matic brain injury as well as a greater likelihood of a young 
patient surviving a traumatic brain injury to undergo cranio-
plasty.34 In our study, we did not find any correlation between 
the age and sex of the individual in both the cases and con-
trols, to achieving good bony union. This finding was similar 
to the study published by Adaaquah et al.22 The bony union 
involving more than 50% of craniectomy circumference, con-
sidered “good union” in our study, was achieved in 64.2% of 
cases following cranioplasty as compared with 68.9% of con-
trols comprising of patients undergoing craniotomy. Jeon et 
al,35 after comparing 276 craniotomies and 93 cranioplasties 
with cryopreserved bone flaps, found bone fusion rates of 
76.6% in the craniotomy group and 53.3% in the cranioplasty 

group at 6 months postsurgery (p = 0.015) and 78.6% and 
78.1%, respectively, at 1 year post surgery. Since, in our study, 
the mean follow-up of both the cohorts were more than 
2 years, the finding that fusion rate in both the cohorts are 
similar after 1 year is echoed in both the studies.

Till not very long back, the usual recommendation was 
to delay cranioplasty by at least 6 months, from the pri-
mary surgery, to avoid complications. The delay advocated 
was even more for penetrating injuries.36 The concept has 
since drifted gradually to support a cranioplasty as early 
as the subsidence of the brain swelling permits the proce-
dure. In the retrospective study by Andrabi et al,21 out of the  
236 patients only 6 had a subcutaneous pocket preserved 
autologous bone flap, while 190 were cryopreserved. 
Complications were most commonly seen in patients (18.29%, 
n = 15) who had undergone cranioplasty after 6 months of 
the initial primary procedure (p = 0.520). Reoperation rate of 
10.98% was seen in patients undergoing cranioplasty greater 
than 24 weeks from the primary procedure (p = 0.316). In 
their retrospective study, Bjornson et al compared early cra-
nioplasty (33–90 days interval) with late cranioplasty (more 
than 90 days interval) and found no statistical difference 
between the two in complication rates.37 In a retrospective 
study on 108 cases of cranioplasty by Ernst et al31 in which 
subcutaneous bone flap storage was done, the mean time to 
cranioplasty was 104.31 days. However, they did not study 
the correlation between the bony union and the interval 
between the primary surgery and cranioplasty. By the begin-
ning of the twenty-first century, it became acceptable to do 
cranioplasty between 3 and 6 months,38 as the advantages of 

Fig. 7 Measurements of the bone flap on serial computed tomography scans in the prospective arm revealed reduction in the size of the flaps. 
(A, C, E) Images obtained in 2018. (B, D, F) The follow-up images after an interval of 1 year. C–F belong to the same patient.
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early restoration of Monro–Kellie doctrine started to become 
clearer. Carvi et al39 reported on cranioplasties done within 
3 weeks of craniotomy. Voices started to grow further negat-
ing advantages in delaying cranioplasty.40 A review article 
published in 2011 comparing 18 articles concluded that 
there was no significant difference in rate of complications 
between cranioplasty performed within 3 months of cra-
niectomy and cranioplasty after 3 months.18 Another concept 
that has yet to be settled is how to define and group the cra-
nioplasty intervals. Early and late cranioplasties are the two 
common terminologies used and defined, respectively, as a 
cranioplasty done before or after 3 months of the index sur-
gery.18,40 There are studies where all the cranioplasties have 
been grouped together for studying the outcome, irrespec-
tive of the time interval between the DC and cranioplasty.41 
We have added two more categories to the popular early and 
late groups, namely (i) ultra-early, where cranioplasty is done 
within 3 weeks, during the same hospital admission period, 
and (ii) delayed, when due to a specific reason, for exam-
ple, wound infection, cranioplasty has been delayed beyond 
6 months. This was done because we felt that, first, these two 
groups have different outcomes in respect to neurological 
recovery and bony union and, second, the ultra-early cranio-
plasty requires recognition and wider acceptability in clinical 
practice. In our study, we found the best bony union rate in 
cranioplasties done between 12 weeks and 6 months with an 
odds of good union in this group five times higher than poor 
union (p < 0.05) and the worst bony union rate among cra-
nioplasties done between 3 and 12 weeks (bony union rate of 
35.7%). Ultra-early cranioplasties performed before 3 weeks 
during the same hospital admission period fared in between 
the two (bony union rate of 66.6%).

For securing the bone flap with the cranium, suturing was 
used previously; use of miniplates and screws is the norm 
in most of the centers as on date.23,27,36 We, at our center, use 
miniplates and screws, and titanium clamps and Prolene 
sutures alternatively to secure bone flap. In the control 
group, we had five patients in whom bone flaps were loosely 
left over the craniectomy defect without fixation. Though 
fixation in some form resulted in a better rate of good union 
than no fixation at all, in terms of bony union (OR = 1.23; but 
p = 0.7), there was no significant difference between differ-
ent fixations by titanium miniplates and suturing. This was 
in variance to what Karl-Dieter Lerch suggested following 
his cadaveric study showing titanium clamp to be superior 
to titanium miniplates and both significantly better than 
suturing.42 In the retrospective study by Adaaquah et al,33  
171 patients of craniotomy were reported upon for bony 
union after a follow-up of 6–74 months with CT scan. In their 
study, 94% had rigid fixation with plates, and 6% had sutures 
or wire fixation and reported a strong statistical trend toward 
bony union in patients who received plates compared with 
those who had sutures (p = 0.0585).

At our center, the follow-up imaging of choice is magnetic 
resonance imaging scan. CT scans are done only if there is 
a suspicion of a hydrocephalus or chronic subdural hema-
toma. The patients being followed up in peripheral centers 

often underwent CT scans, being a cheaper and widely avail-
able investigation modality. All the CT scan raw data were 
collected on CDs. In some peripheral neuroimaging centers, 
images are not archived and are deleted from the hard disc 
after 3 months or when the drive is full. The time intervals of 
CT scans from the date of surgery were hence nonhomoge-
neous in our study.

Aseptic bone resorption has been frequently sighted as a 
complication discrediting autogenous cranioplasty and ques-
tioning its status of being the gold standard.43 Ewald et al44  
reported on 76 cases of cranioplasty performed with cryo-
preserved bone flaps and reported a bone flap necrosis 
rate of 22.8% in her study. Korhonen et al43 found bone flap 
resorption a very common phenomenon, occurring at least 
to some degree in 90% of the patients, especially promi-
nent in patients younger than 30 years of age. They however 
opined that partial resorption is most likely a normal physi-
ological phenomenon during the bone revitalization process. 
Bone flap resorptions have been classified as type I necrosis, 
showing a thinning of the bone flap and/or a beginning of 
resorption along the rims of the flap, and a type II bone flap 
necrosis, characterized by a circumscribed, complete lysis of 
the bone within the flap, including tabula interna and externa 
with loss of the bony protection of the brain.45 Dünisch et al,45  
in their retrospective study of 372 patients who received  
414 bone flaps, found type II bone flap necrosis in 85 patients 
(22.8%) and 91 bone flaps, after a median time of 15 months. 
Clinical presentations of cases of flap necrosis in these large 
series of retrospective studies were not recorded.

Various complaints with which the patients presented, as 
reported in the case reports, were (i) sensation of a floating 
flap,46 (ii) headache,47 (iii) clinically appreciable sinking of the 
scalp flap,48 and (iv) breakdown of skull contour.49

Of our patients with significant flap resorption, one was 
asymptomatic and the second had ill-defined headache on 
exertion, a symptom common among the rest of the patients 
in the cranioplasty group. None had any feature of sunken 
flap syndrome. Pediatric age group and fragmented bone 
flaps have been found to be two important risk factors in 
development of aseptic resorption of bones after cranio-
plasty; none of our cranioplasty flaps were fragmented and 
we had excluded pediatric age group patients from our study, 
which could be a reason for a very low rate of aseptic resorp-
tion seen in our study.28

Retrospective study on 108 cases of cranioplasty by  
Ernst et al,31 in which subcutaneous bone flap storage was 
done, the mean time to cranioplasty was 104.31 days. Severe 
resorption occurred in 10 cases (9.26%): 4 were clinically 
significant (2 early and 2 late) and 6 demonstrated type II 
(severe) necrosis on CT, but did not require revision. Shunt-
dependent hydrocephalus (OR: 7.97; 95% CI: 1.57–40.46) 
and presence of postcranioplasty drain (OR: 9.39; 95% CI: 
1.14–1,000) were found to be significant risk factors for 
bone resorption. At our center, it is a standard practice to 
leave a suction drain after cranioplasty, which is removed on 
the third postoperative day, or when drain is less than 30cc 
(whichever is later). Though not considered separately as a 
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variable, since drains were placed in all the cases, our study 
obviously did not find drain placement to have any implica-
tion on flap resorption. One patient each from the case and 
control cohorts in our study had hydrocephalus. Both had a 
good radiological union of the flap.

Conclusion
Cranioplasty and union of calvarial bones continue to be 
subjects marred with controversies. Surfacing of claims and 
counterclaims of superiority of one technique over another 
is never-ending. We have presented our center’s experience 
over last 10 years combining retrospective and prospective 
data. Ours is a study with a small sample size, unable to put 
its weight on any side, but can surely add some more data 
to help the neurosurgeons in choosing the best for their 
patients.
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