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[Abstract] Objective To investigate the effect of bone window closure on moderate to severe
traumatic brain injury (TBI) in mice by controlled cortical impact (CCI). Methods A total of 200 healthy
male mice were divided into 2 groups for moderate and severe TBI. Fifty were randomly selected from each
group for bone window closed, and the remaining 50 were not closed. The intracranial pressure (ICP) was
monitored, the water content of brain tissue and the volume of cerebral edema were measured, the degree of
neurological impairment was assessed by modified Neurological Severity Score (mNSS), and the spatial
learning ability and memory were evaluated by Morris water maze test. Nissl staining assessed the degree
of neuronal damage in the cerebral cortex and CA1 region of the hippocampus. Results For ICP, there
were differences in ICP between the bone window closed group and the unclosed group in both the moderate
and severe TBI (P =0.007, 0.000). There were also significant differences in ICP at different observation
time points after modeling (P = 0.000, 0.000). The ICP on 1 d of the moderate bone window closed group
was higher than that in the moderate bone window unclosed group (P =0.009), 1 d (P =0.000) and 3d (P=
0.038) of the severe bone window closed group was higher than that of the severe bone window unclosed
group. On 7 d, the ICP in the moderate bone window closed group (P =0.000, 0.000) and the severe bone
window closed group (P =0.000, 0.008) was lower than that on 1 and 3 d, and the ICP on 3 d was also lower
than that on 1 d (P =0.000, 0.000). The ICP in the moderate bone window unclosed group on 7 d was lower
than that on 1 d (P =0.031). The water content of brain tissue was lower on 1 d (P =0.028), 3 d (P=0.023)
and 7 d (P =0.023) in severe bone window closed group than that of severe bone window unclosed group.
The volume of brain edema in the bone window closed group was smaller than that in the bone window
unclosed group (P =0.021, 0.037). In the evaluation of the degree of neurological impairment, there were
differences in mNSS scores at different observation time points between the bone window closed group and
the bone window unclosed group (P =0.000, 0.001). On 7 d, the mNSS scores of the moderate bone window
closed group (P =0.002), the moderate bone window unclosed group (P =0.013) and the severe bone window
closed group (P =0.009) were all lower than those on 1 d. The mNSS scores of the severe bone window
closed group (P =0.006) and the severe bone window unclosed group (P =0.002) were all lower than those of
3 d. Morris water maze test showed that the platform latency of mice in the severe bone window closed
group was longer than that in the severe bone window unclosed group (P =0.045), and the target quadrant
residence time was shorter than that in the severe bone window unclosed group (P =0.025). Nissl staining
showed compared with the moderate bone window unclosed group, the density of Nissl bodies in cerebral
cortex neurons was decreased, the staining was lighter, and the density of Nissl bodies in cerebral cortex
neurons of CAl region of hippocampus was decreased, the Nissl staining was lighter and the shape was
blurred in the moderate bone window closed group. In severe TBI model mice, compared with the bone
window unclosed group, the density of Nissl bodies in cerebral cortex and hippocampal CA1 region of the
bone window closed group was decreased, the staining was blurred, and more metachromic particles
appeared, hippocampal CA1 region body edema, the Nissl staining blurred. Conclusions In moderate TBI
model mice, bone window closure increases ICP in the acute stage, but has no significant effect on the
degree of cerebral edema, neurological function and cognitive function. In severe TBI model mice, bone
window closure can lead to increased ICP and decreased spatial learning ability and memory, but it can
reduce the degree of brain edema and improve neurological function. It is suggested that bone window
closure should be selected according to the purpose of the study.

[Key words] Brain injuries, traumatic; Decompressive craniectomy; Intracranial pressure; Brain
edema; Morris water maze test; Nissl bodies; Disease models, animal
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Table 1. Comparison of ICP between moderate bone
window closed group and moderate bone window unclosed
group (x s, mm Hg)

F2 HAVE GBS R R R A A/ B TR R
& (x =5, mm Hg)

Table 2. Comparison of ICP between severe bone window
closed group and severe bone window unclosed group (x +s,
mm Hg)

250 EILE G AN 3R IR

2150 MY IR IR IR

LRk =g R NEi E) 6  18.77+2.58 11.10+2.21 8.34+2.75
ORI 6 12.92+3.58 9.40+1.98 8.32+2.37

H A4 6  25.38+4.86 14.78+5.05 8.12+2.07
KEHA 6 12.16+2.72  9.62+1.57 9.10+2.06

B =

F3 PRGBS B R P A B e
st T 2= pr R

Table 3. ANOVA of repeated measurement design of ICP
between moderate bone window closed group and moderate
bone window unclosed group
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Table 4. ANOVA of repeated measurement design of ICP
between severe bone window closed group and severe bone
window unclosed group
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Table 5. Pairwise comparison of [CP at different
observation time points in moderate TBI group and severe

TBI group
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87K 0.015 0.988 0.826 0.428
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Table 6. Pairwise comparison of ICP in the same group
at different observation time points
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Table 7. Comparison of water content between moderate
bone window closed group and moderate bone window
unclosed group (x +s, %)
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Table 8. Comparison of water content between severe
bone window closed group and severe bone window
unclosed group (x +s, %)
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x99 AR EEAHES A
B H R (x 25, PF53)

Table 9. Comparison of neurological function between
moderate bone window closed group and moderate bone
window unclosed group (x s, score)

T oA P 2H /) BLR 22 D) g

R0 AR B P4 A R R B P AL R 22 T
REM L H (x £ 5, 3F43)
Table 10. Comparison of neurological function between

severe bone window closed group and severe bone window
unclosed group (x s, score)

2151 g 1R RPN HIR

u

1 P FIR RPN EWDN

ALSS
T
b

rh R g P 4 6 733+1.51 567121 4.50+0.84
RIS REH4 6 6.67+1.86 5.33+1.03 4.33+0.52

A B A 6 550+1.63 5.83+1.72 1.67+0.82
FREEAHEA 6 550+1.87 6.00+1.25 2.33+1.03

R P BE B A AL P BE R B AL B 2
Al H A I BTy 22 00 B R

Table 11. ANOVA of repeated measurement design of
neurological function between moderate bone window closed
group and moderate bone window unclosed group

R12 EIAE G E AL EE R E AL B2
Al S BT O 22 40 BT R

Table 12. ANOVA of repeated measurement design of
neurological function between severe bone window closed
group and severe bone window unclosed group

7 S ok I SS df MS Ffi  Pfd A5 S ok U5 SS df  MS FAH P1H
VUL S 1.361 1 1.361  0.694 0.424 4b 35 K 2% 0.694 1 0.694  0.312  0.589
HURRGENE| 40.389 220193 15209 0.000 0 s 7] 111.056 2 55534 27.611 0.001
SRR x M I E - 0.389 2 0.194  0.146  0.865 AEHRR R x M 0722 2 0361 0.180  0.837
4[] iR 22 19.611 10 1.961 2 [H) iR 22 22278 10 2.228
HNRE 26.556 20 1.328 HNRE 40.222 20  2.011
F 13 [F]— b /N BUAS )00 5 B ] 8 A4 25 ) AR 19 T I LE 45
Table 13. Pairwise comparison of neurological function in the same group at different observation time points
T e R o e AT 4 w2 o R e AT 4 iR g e i o R A 2
ol Pl tfl P{E A PE tff P
1R IR 2.505 0.126 2.004 0.353 0.598 1.000 0.415 1.000
BIR:ETR 4.259 0.002 3.507 0.013 5.452 0.009 3.124 0.078
HIR:HETR 1.754 0.569 1.503 0.891 5.926 0.006 7.416 0.002
i‘%14 rh TR B T A AL R R R A 4D B A ) 2 i‘%lS o ) A AL R 1 R A 4D B A 2

AE T FCAZ T B LB (M (P, Py) ]
Table 14. Comparison of space learning ability and
memory between moderate bone window closed group and
moderate bone window unclosed group [M (P,;, P,;)]

AE I AHCAZ I LB (M (P, Py ]
Table 15.  Comparison of space learning ability and
memory between severe bone window closed group and
severe bone window unclosed group [M (P,;, P,;)]

5 : S ERIN ] %Aﬁfuﬁ?ﬁ H 5 % FR A5 5 : SAERIN ] v%zwz Hr 4 A5 58
an s B i () e () (%) B i ()
R 6 76.00 1.00 15.84 EREE 6 75.50 0.00 15.84
B e (39.28,90.00) (0.00,1.50) (11.78,27.64) B e (56.25,90.00) (0.00,1.25) (13.51,26.50)
hHEIEE 6 49.78 1.50 26.24 FHEHE 6 35.50 1.50 32.96
A 4 (22.98,69.00) (0.75,2.25) (11.95,47.85) *ﬁbﬂ 4 (22.98,65.17)  (0.00,1.00) (25.03,44.68)
VAl -0.980 -0.924 -0.961 VAL -2.009 -1.224 -2.242
P 0.327 0.356 0.337 PIH 0.045 0.221 0.025
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Figure 1 Light microscopy of a moderate TBI model showed compared with the bone window unclosed group, the density of Nissl
bodies in the cortical neurons of the bone window closed group was reduced and the staining was lighter. In the bone window closed
group, the density of Nissl bodies in hippocampal CA1 region was decreased, and the staining was lighter and the morphology was

blurred. Nissl staining High power magnified
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Figure 2 Light microscopy of a severe TBI model showed that compared with the bone window unclosed group, the Nissl bodies in

the cerebral cortex of the bone window closed group were lighter, the Nissl bodies staining was fuzzy, and more metachromatic
particles could be seen. In addition, hippocampal CA1 region neuronal body edema and the Nissl bodies staining blurred. Nissl

staining  High power magnified
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