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[ Abstract ] Objective To investigate the effect of hyperbaric oxygen (HBO) combined with basic fibroblast
growth factor (bFGF) on bone defect repair with natural calcined bovine bone (CBB), and to explore its relationship with the
expression of osteoprotegerin (OPG) and CD34. Methods A total of 32 SD rats were randomly divided into two groups:
HBO and non-HBO (NHBO) groups (2=16 in each group). Bone defects were made on the left and right sides of the top of
the skull. CBB (CBB group) or CBB combined with bFGF (CBBbF group) were implanted on one side and non-implanted
on the other side (control [Con] group). HBO group received HBO exposure for 2 weeks, and the rats were sacrificed at
4, 8 and 12 weeks after operation. The healing of bone defect was observed by radiographic and histological observation,

and the expression of OPG and CD34 was evaluated by immunohistochemistry. Results The bone densities (BDs) of bone
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defect areas of the rats were significantly higher in the HBO-CBB, HBO-CBBbF, NHBO-CBB and NHBO-CBBbF groups
than in the HBO-Con and NHBO-Con groups at 12 weeks after operation, and the HBO-CBBDF group has the highest BD (all
P<0.01). The percentages of new bone formation areas were significantly higher in the HBO-CBB, HBO-CBBbF, NHBO-
CBB and NHBO-CBBbF groups than in the HBO-Con and NHBO-Con groups (all P<<0.01), and the blood vessel numbers were
significantly larger in the HBO-CBBbF, HBO-CBB, NHBO-CBB and NHBO-CBBbF groups than in the HBO-Con and NHBO-
Con groups at 12 weeks after operation. The blood vessel numbers were significantly larger in the HBO-CBBbF, HBO-CBB and
NHBO-CBBDF groups than in the NHBO-CBB group at each time point after operation. The expression of OPG and CD34 was
significantly higher in the HBO-CBBbF, HBO-CBB and NHBO-CBBbF groups than in the NHBO-CBB, HBO-Con and NHBO-
Con groups (P<<0.05, P<<0.01). Conclusion CBB can promote bone defect repair and bFGF can increase bone regeneration
and blood vessel number. HBO has synergistic effect on bFGF combined with CBB in repairing bone defects, and the effect is
closely related to the promotion of OPG and CD34 expression.
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Tab 1 Comparison of BDs in bone defect areas of rats in each group at 4, 8 and 12 weeks after operation

HU, x£s
Grou 4 weeks 8 weeks 12 weeks
P n CT value n CT value n CT value

HBO-Con 20 8.95+1.50 20 135.34+7.43 40 213.63+7.23
HBO-CBB 10 188.65+7.217 10 49522 +3.66" 20 899.214+7.81"
HBO-CBBbF 10 2652249134444 10 881.64+£9.557 4444 20 1521.514£3.1974444
NHBO-Con 20 0.00£0.00 20 37.65+2.88 40 95.234+5.17
NHBO-CBB 10 120.32+3.56" 44 10 359.5443.90" 44 20 49823 +4. 12744
NHBO-CBBbF 10 197.2545.44" 10 488.34+534" 20 815.484+5.67"

"P<<0.01 vs HBO-Con group or NHBO-Con group; ““P<<0.01 vs HBO-CBB group or NHBO-CBB group; **P<<0.01 vs
NHBO-CBBbF group. BD: Bone density; CT: Computed tomography; HBO: Hyperbaric oxygen; Con: Control; CBB: Calcined
bovine bone; CBBbF: CBB combined with basic fibroblast growth factor; NHBO: Non-hyperbaric oxygen.
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Fig1 H-E staining photomicrographs of bone defect repair tissues of rats after operation

H-E: Hematoxylin-eosin; HBO: Hyperbaric oxygen; CBBbF: CBB combined with basic fibroblast growth factor; NHBO: Non-

hyperbaric oxygen; CBB: Calcined bovine bone; Con: Control; OB: Old bone; A : Graft; f: New bone; % : Inflammatory cell; V:
Blood vessel.
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Tab 2 Comparison of the percentages of new bone formation areas of rats in each group at 4, 8 and 12 weeks after operation

%, x5
Group 4 weeks 8 weeks 12 weeks
n New bone formation area n New bone formation area n New bone formation area
HBO-Con 12 0.00+0.00 12 10.56+4.20 24 14.66+3.53
HBO-CBB 6 15.18+4.417 6 46.48+436"4% 12 61.324+4.71744
HBO-CBBbF 6 22.16+437744 6 65.811+5.66"4044 12 78.254+2.397 044
NHBO-Con 12 0.00+0.00 12 6.10+3.18 24 8.25+433
NHBO-CBB 6 104343217 6 30.35+4.39” 12 41.98+4.25"
NHBO-CBBbF 6 14.72+4.15" 6 41.84+4.617°% 12 60.154+3.57724

“P<0.01 vs HBO-Con group or NHBO-Con group; “P<0.05, ““P<C0.01 vs NHBO-CBB group; *P<<0.05, **P<<0.01 vs
NHBO-CBBbF group. HBO: Hyperbaric oxygen; Con: Control; CBB: Calcined bovine bone; CBBbF: CBB combined with basic
fibroblast growth factor; NHBO: Non-hyperbaric oxygen.
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Fig2 OPG expression in bone defect repair tissues of rats after operation detected by immunohistochemical staining (200 <)
OPG: Osteoprotegerin; NHBO: Non-hyperbaric oxygen; CBB: Calcined bovine bone; CBBbF: CBB combined with basic fibroblast growth

factor; HBO: Hyperbaric oxygen; NB: New bone; OB: Old bone. A : Graft; % : Inflammatory cell; V': Mature new bone; f: Bone marrow.
NHBO-Con group at 4 weeks ~ NHBO-CBB group at 4 weeks

NHBO-CBBbF group at 8 weeks
_dv = - : -~ .

HBO-Con group at 4 weeks
P, s ]

P10

HBO-CBB group at 8 weeks HBO-CBBDF group at 12 weeks

"

NB

3 REBHAANZFEERMARERRERIREEHAS CD34 HFRIE (200X)
Fig3 CD34 expression in bone defect repair tissues of rats after operation detected by immunohistochemical staining (200 X)
NHBO: Non-hyperbaric oxygen; Con: Control; CBB: Calcined bovine bone; CBBbF: CBB combined with basic fibroblast growth factor;

HBO: Hyperbaric oxygen; OB: Old bone; NB: New bone. f: Blood vessel; V': Mature new bone.
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Tab 3 Comparison of absorbance values of OPG in bone defect repair tissues of rats in each group

at 4, 8 and 12 weeks after operation

x*ts
4 weeks 8 weeks 12 weeks
Group
n Absorbance value n Absorbance value n Absorbance value
HBO-Con 120 0.24+0.07 120 0.41+0.12 240 0.26+0.10
HBO-CBB 60 0.3540.05" 60 0.574+0.15" 120 0.384+0.13"
HBO-CBBbF 60 0.45+0.1074444 60 0.78£0.1074444 120 0.5240.0774444
NHBO-Con 120 0.15+0.04 120 0.31£0.08 240 0.19+0.10
NHBO-CBB 60 0.2840.12" 60 0.4540.10" 120 0.304+0.10"
NHBO-CBBbF 60 0.34+0.10" 60 0.55+0.117 120 0.36+0.13"

"P<0.01 vs HBO-Con group or NHBO-Con group; 24P<0.01 vs HBO-CBB group or NHBO-CBB group; **P<0.01 vs
NHBO-CBBbF group. OPG: Osteoprotegerin; HBO: Hyperbaric oxygen; Con: Control; CBB: Calcined bovine bone; CBBbF: CBB
combined with basic fibroblast growth factor; NHBO: Non-hyperbaric oxygen.
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Tab 4 Comparison of absorbance values of CD34 in bone defect repair tissues of rats in each group

at 4, 8 and 12 weeks after operation

xts
4 weeks 8 weeks 12 weeks
Group

n Absorbance value n Absorbance value n Absorbance value
HBO-Con 120 0.2040.04 120 0.3940.05 240 0.2740.06
HBO-CBB 60 0.30+0.10" 60 0.53+0.12" 120 0.39+0.10"
HBO-CBBbF 60 0.3940.1274444 60 0.8040.15"~444 120 0.5140.127444
NHBO-Con 120 0.1540.06 120 0.3340.05 240 0.2240.04
NHBO-CBB 60 0.22+0.05" 60 0.43+0.10" 120 0.32+0.10"
NHBO-CBBbF 60 0.29+0.05" 60 0.55+0.10" 120 0.44+0.13"

"P<<0.05, "P<<0.01 vs HBO-Con group or NHBO-Con group; ““P<<0.01 vs HBO-CBB group or NHBO-CBB group; * P<<0.05,
44Pp<0.01 vs NHBO-CBBbF group. HBO: Hyperbaric oxygen; Con: Control; CBB: Calcined bovine bone; CBBbF: CBB combined

with basic fibroblast growth factor; NHBO: Non-hyperbaric oxygen.
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