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Objective  To delineate the effect of early cranioplasty on the recovery of cognitive and functional impairments 
in patients who received decompressive craniectomy after traumatic brain injury or spontaneous cerebral 
hemorrhage.
Methods  Twenty-four patients who had received cranioplasty were selected and divided according to the period 
from decompressive craniectomy to cranioplasty into early (≤90 days) and late (>90 days) groups. The Korean 
version of the Mini-Mental State Examination (K-MMSE), Korean version of the Modified Barthel Index (K-MBI), 
and Functional Independence Measure (FIM) were evaluated at admission just after decompressive craniectomy 
and during the follow-up period after cranioplasty.
Results  Twelve patients were included in the early group, and another 13 patients were included in the late 
group. The age, gender, type of lesion, and initial K-MMSE, K-MBI, and FIM did not significantly differ between 
two groups. However, the total gain scores of the K-MMSE and FIM in the early group (4.50±7.49 and 9.42±15.96, 
respectively) increased more than those in the late group (-1.08±3.65 and -0.17±17.86, respectively), and some of 
K-MMSE subscores (orientation and language) and FIM subcategories (self-care and transfer-locomotion) in the 
early group increased significantly when compared to those in the late group without any serious complications. 
We also found that the time to perform a cranioplasty was weakly, negatively correlated with the K-MMSE gain 
score (r=-0.560).
Conclusion  Early cranioplasty might be helpful in restoring cognitive and functional impairments, especially 
orientation, language ability, self-care ability, and mobility in patients with traumatic brain injury or spontaneous 
cerebral hemorrhage.
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INTRODUCTION

Decompressive craniectomy is a surgical procedure 
that reduces a high refractory intracranial pressure (ICP) 
after a traumatic brain injury, malignant ischemic stroke, 
subarachnoid hemorrhage, intracranial hemorrhage or 
acute subdural hematoma [1-4], and it is effective in low-
ering uncontrollable ICP and improving oxygen delivery 
to the brain [5-7]. However, in some cases, a decompres-
sive craniectomy might result in impairments of the ce-
rebral blood flow and glucose metabolism and alteration 
of cerebrospinal fluid circulation [8,9]. Therefore, cranio-
plasty should be followed by decompressive craniectomy 
to treat or prevent complications as well as for cosmetic 
purposes [8,10-16].

The appropriate timing for cranioplasty after decom-
pressive craniectomy still has not be defined. Some previ-
ous studies have shown that early cranioplasty within 2–3 
months after decompressive craniectomy increased the 
complication rates [17-19], and other studies reported no 
relationship between early cranioplasty and the rate of 
complications [20-25]. Some studies have also reported 
improvement in functional outcomes after early cranio-
plasty in patients with traumatic brain injury [10,16,26], 
but others found no difference in functional outcomes 
between patients who received early cranioplasty and 
those received late cranioplasty [11,17,22,27,28].

Here, we delineate the effects of early cranioplasty on 
the recovery of cognitive and functional impairments af-
ter decompressive craniectomy in patients with traumatic 
brain injury or spontaneous cerebral hemorrhage.

MATERIALS AND METHODS

Subjects
We performed a retrospective study for patients with 

traumatic brain injury or spontaneous cerebral hemor-
rhage who had undergone cranioplasty after decompres-
sive craniectomy and had not received brain lobectomy. 
This study was approved by the Dankook University Hos-
pital Institutional Review Board (IRB No. 2016-03-016).

Total 251 patients were initially reviewed, and 223 pa-
tients were excluded due to a lack of follow-up records 
of functional evaluations. Finally, 24 patients who had 
received rehabilitation were selected in this study and 
analyzed. The timing of the cranioplasty was determined 

by neurosurgeons with experience in the suitability of 
cranioplasty and their operation schedule without any 
specific protocol, as in previous studies [18,26].

Patients were divided into early and late groups accord-
ing to the timing of the cranioplasty following decom-
pressive craniectomy, and the cut-off criteria to divide 
into the early and late groups was 3 months (90 days). In 
this study, the average time from decompressive crani-
ectomy to cranioplasty was 74.00±14.52 days in the early 
group and 219.08±131.31 days in the late group, respec-
tively.

Outcome measures
The Korean version of the Mini-Mental State Examina-

tion (K-MMSE) was used to detect cognitive changes; the 
Korean version of Modified Barthel Index (K-MBI) was 
used to detect functional changes; and the Functional 
Independence Measure (FIM) was assessed from admis-
sion to a rehabilitation unit after decompressive craniec-
tomy and at follow-up at least 4 weeks after cranioplasty. 
The individual subscores for K-MMSE and FIM were also 
compared between two groups. 

Complication
Neurological and non-neurological complications were 

analyzed using the patient’s electronic medical records 
in both groups after craniectomy and cranioplasty. We 
checked for infections, wound breakdown, intracranial 
hemorrhage, hydrocephalus, bone resorption and pres-
sure ulcer on the scalp, and meningitis-based findings 
in the cerebrospinal fluid with elevated white blood cell 
count (normal, <5 leukocytes/mL) and elevated total pro-
tein content (normal, <45 mg/dL) in combination with 
clinical symptoms including fever, headache, and neck 
stiffness. Intracranial hemorrhage and hydrocephalus 
were determined according to CT findings and clinical 
courses [26].

Statistical analysis
All statistical analyses were performed using SPSS Sta-

tistics ver. 20.0 for Windows (IBM, New York, NY, USA). 
Baseline numerical data and binomial data between the 
early and late cranioplasty groups were compared us-
ing the Mann-Whitney U test and Pearson chi-square 
test, respectively. The Mann-Whitney U test was also ap-
plied to compare K-MMSE, K-MBI, FIM and their gain of 
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two groups. A Spearman’s rank correlation analysis was 
performed to find relationships between the timing of 
cranioplasty following decompressive craniectomy and 
K-MMSE, K-MBI, and FIM scores. Numerical data was 
presented as the mean±standard deviation. The p-value 
less than 0.05 were considered to be significant.

RESULTS

Baseline characteristics
As shown in Table 1, age was not different between the 

early and late groups (58.75±15.49 years vs. 51.42±13.10 
years, respectively; p=0.224). The gender, type of brain 
lesion, and intervals from onset to craniectomy were also 
not statistically different between the groups.

Table 1. Baseline characteristics of subjects

Early group (n=12) Late group (n=12) p-value
Age (yr) 58.75±15.49 51.42±13.10 0.470a)

Sex 0.673b)

   Male 7 (58.33) 8 (66.67)

   Female 5 (41.67) 4 (33.33)

Etiology

   Spontaneous 7 (58.33) 5 (41.67) 0.414b)

   Traumatic 5 (41.67) 7 (58.33)

Intervals from onset to DC (day) 0.25±0.45 0.50±0.78 0.551a)

Intervals from DC to CP (day) 74.00±14.52 219.00±131.31 <0.001a)

Values are presented as mean±standard deviations or numbers (%).
DC, decompressive craniectomy; CP, cranioplasty. 
a)Mann-Whitney U test, b)chi-square test.

Table 2. Comparisons of cognitive and functional outcomes between early and late groups

Early group (n=12) Late group (n=12) p-valuea)

Intervals from onset to initial evaluation (day) 41.17±31.04 41.17±20.18 0.523

Intervals from onset to follow-up evaluation (day) 109.67±45.90 271.25±145.30 <0.001*

K-MMSE

   Initial 10.75±10.13 7.17±9.07 0.463

   Follow-up 15.25±10.96 6.08±9.28 0.053

   Gain 4.50±7.49 -1.08±3.65 0.019*

K-MBI

   Initial 20.42±20.92 16.00±17.72 0.605

   Follow-up 29.25±27.13 17.75±20.32 0.121

   Gain 8.83±10.29 1.75±21.14 0.138

FIM

   Initial 42.75±23.64 36.17±18.60 0.635

   Follow-up 52.17±25.98 36.00±18.87 0.025*

   Gain 9.42±15.96 -0.17±17.86 0.042*

Values are presented as mean±standard deviations.
K-MMSE, Korean version of Mini-Mental State Examination; K-MBI, Korean version of Modified Barthel Index; FIM, 
Functional Independence Measure.
a)Mann-Whitney U test.
*p<0.05.
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Cognitive and functional outcomes
The duration from onset to the initial evaluation was 

not different between the early and late groups (41.17± 
31.04 days vs. 41.17±20.18 days; p=0.523), but the dura-
tion from onset to follow-up was different between two 
groups (109.67±45.90 days vs. 271.25±145.30 days, re-
spectively; p<0.001) (Table 2).

The initial K-MMSE scores after decompressive crani-
ectomy were not different between groups (10.75±10.13 
vs. 7.17±9.07; p=0.463), but gain score of K-MMSE in the 
early group (4.50±7.49) was higher than that in the late 
group (-1.08±3.65, p=0.019) (Table 2). The initial, follow-
up and gain K-MBI scores, and the initial FIM scores were 
not different between two groups. However, the follow-
up and gain FIM scores in the early group (52.17±25.98 
and 9.42±15.96, respectively) were significantly higher 
than those in the late group (36.00±18.87 and -0.17±17.86; 

p=0.025 and p=0.042, respectively) (Table 2).
Some of the K-MMSE subscores and FIM subcategories 

were different between two groups (Tables 3, 4). Among 
the K-MMSE subscores, the gains in the orientation and 
language subscores were higher in the early group (2.17± 
2.98 and 2.17±2.59, respectively) than in the late group 
(-0.33±0.89 and 0.25±1.86; p=0.004 and p=0.016, respec-
tively) (Table 3). The gains for self-care, transfer and 
locomotor functions in FIM subcategories were signifi-
cantly higher in the early group (5.83±9.99 and 5.75±6.00, 
respectively) than in the late group (-0.33±4.96 and 0.58± 
3.50; p=0.036 and p=0.009, respectively), and the follow-
up score for the cognition was higher in the early group 
than in the late group (22.33±10.37 vs. 13.17±8.35, re-
spectively; p=0.023) (Table 4). 

In addition, we found a moderate negative correla-
tion (Spearman’s correlation coefficient >0.5; p<0.05) 
between the timing of cranioplasty following decompres-
sive craniectomy and the gain in the K-MMSE total score, 
orientation and language subscores of K-MMSE, and 
transfer and locomotion subscores of FIM (Table 5).

Table 3. Comparisons of the Korean version of the Mini-
Mental State Examination subscores between early and 
late groups

Early group 
(n=12)

Late group 
(n=12)

p-valuea)

Orientation (10)

   Initial 3.17±4.00 2.50±3.45 0.815

   Follow-up  5.33±3.92 2.17±3.21 0.051

   Gain 2.17±2.98 -0.33±0.89 0.004*

Memory registration (3)

   Initial 1.42±1.50 1.08±1.37 0.662

   Follow-up 1.83±1.47 1.17±1.27 0.176

   Gain 0.42±1.24 0.08±1.31 0.767

Attention (5)

   Initial 0.75±1.36 0.50±1.00 0.712

   Follow-up 1.58±2.02 0.75±1.48 0.330

   Gain 0.83±1.85 0.25±0.62 0.468

Memory recall (3) 

   Initial 1.00±1.20 0.33±0.89 0.140

   Follow-up 1.25±1.36 0.33±0.89 0.086

   Gain 0.25±0.75 0±0 0.217

Language (9)

   Initial 3.83±3.76 2.42±3.03 0.363

   Follow-up 6.00±3.79 2.67±3.11 0.015*

   Gain 2.17±2.59 0.25±1.86 0.016*

Values are presented as mean±standard deviation.
a)Mann-Whitney U test.
*p<0.05.

Table 4. Comparisons of Functional Independence Mea-
sure subscores between early and late groups

Early group 
(n=12)

Late group 
(n=12)

p-valuea)

Self-care

   Initial 12.25±7.44 11.33±6.15 0.896

   Follow-up 18.08±11.06 11.00±4.99 0.071

   Gain 5.83±9.99 -0.33±4.96 0.036*

Sphincter control

   Initial 7.17±5.75 5.25±3.84 0.392

   Follow-up 8.08±5.05 7.17±5.36 0.634

   Gain 0.92±4.81 1.92±5.82 0.992

Transfer and locomotion

   Initial 7.42±3.26 7.75±3.36 0.795

   Follow-up 13.17±7.48 8.33±3.84 0.110

   Gain 5.75±6.00 0.58±3.50 0.009*

Cognition

   Initial 15.92±10.17 12.25±8.07 0.428

   Follow-up 22.33±10.37 13.17±8.35 0.023*

   Gain 6.42±9.05 0.92±3.23 0.052

Values are presented as mean±standard deviations.
a)Mann-Whitney U test.
*p<0.05.
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Complication
After craniectomy, several complications were iden-

tified in both groups, including pneumonia, pseudo-
membranous colitis, urinary tract infection, and seizure, 
which were treated before cranioplasty and did not affect 
the timing of cranioplasty, and the incidence was not dif-
ferent between the early and the late groups (Table 6). 
After cranioplasty, one patient in the early group (8.3%) 
showed an occipital scalp sore. However, no critical com-
plications, including infection, wound breakdown, intra-
cranial hemorrhage, hydrocephalus and bone resorption, 
were found in both groups after cranioplasty.

DISCUSSION

The optimal timing to perform cranioplasty after de-
compressive craniectomy is particularly important in a 
rehabilitation unit because most stroke or TBI patients, 
who are transferred into the department of rehabilita-
tion medicine after decompressive craniectomy, are 
considered to receive cranioplasty, and this additional 
operation and its concomitant complications may affect 
the hospital stay, prognosis, and functional outcomes of 
patients. According to previous studies, cranioplasty is 
commonly conducted 3 to 6 months after craniectomy 
due to risks of infection or unresolved brain swelling [10], 
and 3 months are most commonly used to define early 
cranioplasty [4,6,11,20,26,28]. Therefore, we determined 

the criteria for early decompression to 3 months. The 
advantages of early cranioplasty were reported in several 
studies, including shorter dissection and operation time 
[22,29], fewer blood loss [22], cost reduction [29], and 
better functional outcomes [10,16,26]. However, the dis-
advantages of early cranioplasty have also been reported, 
including epidural or subdural hematoma, wound heal-
ing disturbance, hydrocephalus, infection and bone re-
sorption [17-19].

We found that cognitive functions, especially orienta-
tion and language function, self-care, transfer and loco-
motion improved in patients who received early cranio-
plasty more than in patients with late cranioplasty (Tables 
2–4). Cranioplasty following decompressive craniectomy 
increases cerebral blood flow in major intracranial ar-
teries in both hemispheres, and as a result, significant 
improvement after cranioplasty in language function and 
activities of daily living were also previously reported 
[30-32]. The cranioplasty also increased the glucose me-
tabolism of the injured hemisphere and cerebrovascular 
reserve capacity in both hemispheres, as shown in posi-
tron emission tomography and Doppler ultrasonography 
[9], and another previous studies using functional MRI 
reported that the auditory response and resting-state 
networks recovered after cranioplasty and were well cor-
related with functional recovery [33]. In addition, Song et 
al. [11] found that early cranioplasty improved cerebral 
blood flow of the contralateral side of middle cerebral ar-
tery as well as the ipsilateral side of middle cerebral and 
internal carotid arteries. In our study, cerebral blood flow 
and glucose metabolism may have decreased in patients 
after decompressive craniectomy and persisted more 
in the late cranioplasty group. Therefore, their cogni-
tive and functional improvements are also delayed more 

Table 5. Correlation between the operation interval and 
the cognitive and functional outcomes

Spearman's 
correlation 
coefficient

p-value

Total K-MMSE score -0.560 0.004*

   Orientation subscore -0.569 0.004*

   Language subscore -0.598 0.002*

Total FIM score -0.360 0.084

   Self-care subscore -0.436 0.033*

   Transfer and locomotion 
     subscore

-0.503 0.012*

   Cognition subscore -0.282 0.182

K-MMSE, Korean version of Mini-Mental State Examina-
tion; K-MBI, Korean version of Modified Barthel Index; 
FIM, Functional Independence Measure.
*p<0.05.

Table 6. Postoperative complications after craniectomy 
and before cranioplasty in early and late groups

Early group 
(n=12)

Late group 
(n=12)

p-
valuea)

Pneumonia 3 (25.00) 3 (25.00) 1.000

Pseudomembranous 
   colitis

2 (16.67) 0 (0) 0.478

Urinary tract infection 0 (0) 1 (8.33) 1.000

Seizure 1 (8.33) 0 (0) 1.000

Values are presented in numbers (%).
a)Fisher exact test.



Cognitive and Functional Restoration After Cranioplasty

359www.e-arm.org

than for the early cranioplasty group. No previous studies 
have analyzed the change in the transfer and locomo-
tion function according to the timing of the cranioplasty, 
but we found that the transfer and locomotion function 
significantly improved in the early cranioplasty group but 
not in the late cranioplasty group (5.75±6.00 vs. 0.58±3.50; 
p=0.009) (Table 4). The improvement in the transfer and 
locomotion, as well as the cognitive improvement, is im-
portant for patients’ quality of life and economic well-
being by reducing the burden of caring and the length of 
the hospital stay.

Bender et al. [26] reported that patients who received 
an early cranioplasty (<86 days) had better functional 
outcomes, as measured using the Barthel Index and FIM, 
than those who received a late cranioplasty. However, 
they did not analyze the individual subscores for each 
assessment tool. In our study, the gain scores of the total 
FIM, self-care, transfer and locomotor subcategories, and 
the follow-up scores of the cognition subcategory signifi-
cantly improved further in the early cranioplasty group 
than those in the late group. Otherwise, K-MBI was not 
different between two groups. A previous study reported 
ceiling effects of the Barthel Index in stroke patients with 
higher score [34], and high standard deviation with a 
small number of subjects might mask the difference in 
the K-MBI score between two groups (Table 2). 

According to previous studies, the incidence of com-
plications after cranioplasty vary from 12% to 33% 
[4,21,35,36]. Some studies have reported that the timing 
of the cranioplasty is a predictor of postoperative compli-
cations [17-19]. However, in our study, we found only one 
patient (8.3%) who had a minor problem with scalp sore 
after cranioplasty. 

The study has limitations since the analysis was retro-
spective with patients from a single center. Although the 
incidence of complications during pre-cranioplasty pe-
riod was not different between the early and late groups 
(Table 6), any medical and functional conditions that 
were not identified in medical records may affect the tim-
ing of cranioplasty operation and follow-up results. In 
addition, small sample size might result in a lower statis-
tical significance. Further prospective and multi-center 
study will strengthen the usefulness of early cranioplasty 
after decompressive craniectomy as well as the relation-
ship between the timing of cranioplasty and the postop-
erative complications in patients with traumatic brain 

injury or stroke.
In conclusion, early cranioplasty after decompressive 

craniectomy in patients with traumatic brain injury or 
spontaneous cerebral hemorrhage might be helpful to 
restore cognitive impairments, especially orientation and 
language ability. It also has potential benefits to func-
tional impairments for self-care and mobility. 
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