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DESCRIPTION CN118662693A

A biomimetic bone material with controllable solidification time, its preparation method and

application

— MR BT 8] AT R E B B H G & 5 EM N A

[0001]

Technical Field
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ARG

[n0001]

This invention belongs to the field of bone repair biomaterials, specifically relating to a
biomimetic bone material with controllable solidification time, its preparation method, and

its application.

FERBETHEEEEMMEIL, B R—GRERSE Az hE SRR EGIES AN A,

[0003]

Background Technology

BRERA

[n0002]

The main treatment strategies for fractures and bone defects are reduction, fixation, and

functional exercises.

FiT. BRBIVETTREEETERENM. BE. EERK.
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Clinically, the fixation and filling of fractures and bone defects currently rely mainly on
internal fixation and bone filling materials, including autologous bone, allogeneic bone, and
xenogeneic decellularized bone, and bone integration and repair are carried out under the

body's self-regenerative capacity.

ek EBRIXN &, SRBNEENEZEIBRERNEEMSETME, SEEAE. BMFEEH
SHRAREE, HENGRBERBERN THITEEENEE,

However, this surgical method requires two subsequent surgeries to remove the internal
fixation, and the integration of the bone filling material with the body's bone takes a long

time.

BEXMFAARNTEE—RRE_ARAFABREENL, —EBERMESHIENEEESFTERK
B iEl,
Therefore, there is an urgent need to develop a new biomedical material forimmediate repair

of bone tissue structures in clinical fracture and bone defect surgeries.

Eitt, BFFLX—MHATFEIZIEEBHREHIFEEYMERMEATIRKREHT. FHRRFR,

[n0003]
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There are currently some solutions for immediate bone tissue repair.

NFRIZIEHARE, BRIEE—ERRAAZR,

First, bone adhesive is considered an effective solution for repairing cortical bone. It can form
a strong bond at the fracture ends, restore the physiological position of the bone, and achieve
the support and stress strength of the bone. Patent application CN202310767115.2 discloses
an injectable adhesive that promotes fracture healing. This invention mimics the ability of
carboxyl groups on the side chains of marine barnacle biomaterials to absorb moisture from
the interface, thereby breaking the bond between the interface and the water layer and
improving the bonding strength between the dynamic network and the interface, thus
enhancing the adhesive's adhesion performance. This results in good adhesion performance
of the adhesive in solution. However, due to the significant difference in bone composition,
there are issues with mechanical strength and biosafety. Patent application CN202211370224.
2 discloses a photocurable bone adhesive. This patent incorporates a photoinitiator into the
bone adhesive, reducing the curing time. However, the curing process requires light initiation,
which reduces the ease of use of the adhesive. Secondly, artificial bone is another solution,
which can achieve biomimicry of the structure of natural bone tissue, thereby promoting
bone ingrowth and bone integration. Patent application CN200910043405.2 discloses a
method for manufacturing a biomimetic bone material with non-uniformly distributed pores.

Using HA/Ti or HA/316L composite powder as raw material, the raw powder is separated into

20-01-2026 - Page 4



a dense layer/transition layer/loose layer within a mold using a molybdenum sheet. A
compact is obtained through conventional pressing, and the compact is then vacuum
sintered to obtain the biomimetic bone material. However, its composition and physical
properties differ significantly from bone tissue, while achieving immediate integration with
bone tissue. Patent application CN202210656568.3 discloses a biomimetic bone material
based on icariin-functionalized polylactic acid and its preparation method, which also suffers

from significant differences in composition compared to bone tissue.

B, BMEFIRIAANR—MEERRBNENLEER, oIS mR MR AMEEEES, )
EERNERME, AEERINZERNIEE, HIES/CN202310767115. 209 % F LB T —HM

HEMAEGHELDEREET, ZRPBAEEFEREEEYYITMGE LR ARSI T E RIS U

&0

TR ESKENES, REDSMNESREESERE, MNMESMETIBVHEMTE, HESKhS
FIERRPEERIFAMGIENMERE, BRENTERROEFIKR, NFRENEYLZEEENH; H
1BESACN202211370224 289 R BAE R & PR T —MCERI BRG], ZEFNGHSILFIMAERE
FldR, BRMRT BMEFINENE, EREMGTHNECIEFERERIRAITIIR, XERT %
MAFINERERE. HX, AIBRERES—MERLR, HelUKRINRATARERNIG
&, ME#HERANBES, BIESHICN200910043405. 200 % BBEFIAF T —HMFLIRIEIS 5
mEEBRMEGNES R, UHA/TIEHA/316LE &/ NRR, ERAENBEIHER RO
HNER/IEE/GHNE, BAEWSIEL, EXHITETSREFIHESR, BREMS SYEM

FREBHRAERRK, FNKNSEBHRNEZES; BIES/ICN202210656568 309 XAEFIAFF
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o

[n0004]

Therefore, there is an urgent need to develop a biomimetic bone material with a composition

close to bone and a controllable coagulation time that can achieve immediate bone repair.

Eitt, BYIFBEH A B M #ELE F B eI SE MBI B8 E R E BT Bl el =R £ B F.

[0007]

Summary of the Invention

YL INES

[n0005]

In order to overcome the defects and shortcomings of the existing technology, the present
invention provides a biomimetic bone material with controllable coagulation time, its

preparation method and application.
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AT ERIMAERAPFERNRENAE, &M —IEER B rHZRE & B R H &5 AN

Fo

[n0006]

Specifically, the present invention is achieved through the following technical solutions:

Aixity, @I U TN A ENRARGRSER TR %A:

[n0007]

In a first aspect, the present invention provides a biomimetic bone material with controllable
coagulation time, wherein the biomimetic bone material with controllable coagulation time is
a biomimetic bone material obtained by mixing and reacting calcium phosphate salt,

phosphate-based organic matter, and a biomimetic cancellation agent.

TE—HHE, SRBRMET —MREERHZRIEEER, FTRRERYEAIZRIE B B BERTS

. BEREAVW. WELRRURNMFIRSRNSEINGEER,

[n0008]

In some embodiments, the ratio of calcium phosphate salt, phosphate-based organic matter,

and biomimetic loosening agent is 0.1g-5g: 0.05-3g: 0.1-1mL.
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E—E5EfP, FrdsEResi. BEREENW). MEMRRNFIECLE/90.1g-5g: 0.05-3g: 0.1-

ImL,

[n0009]

In some embodiments, the ratio of calcium phosphate salt, phosphate-based organic matter,

and biomimetic loosening agent is 0.5g-2g:0.2-1g:0.2-0.5mL.

E—E5Ef P, FrdEEReSE. BEREETW. (HEMRKRNFIEEL/90.5g-2g: 0.2-1g: 0.2-

0.5mLo

[n0010]

Preferably, the ratio of calcium phosphate salt, phosphate-based organic matter, and

biomimetic loosening agent is 1g:0.5g:0.35mL.

iERY, BHERTSEL. BIEREANW). (hEMBRRNFIECLEA1g: 0.5g: 0.35mL,

[n0011]

In some embodiments, the calcium phosphate salt is one or more of tetracalcium phosphate,

calcium phosphate, and hydroxyapatite.
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L5l P, FrdBERsSE VBEERIUTS. RS, REMRAPRN—MEZMIAS,

[n0012]

Preferably, the calcium phosphate salt is tetracalcium phosphate.

iRy, BEERTSERRAEERITTS,

[n0013]

In some embodiments, the phosphate-based organic compound is used to integrate calcium
phosphate salts, including one or more combinations of phosphate amino acids, phosphonic

acid carboxylic acids, and bisphosphonates.

TGS, FrdBRRESYTVATRESHRSE, SRMRIER. BRERR. WEHRET

H—HE ZHBIA S,

[n0014]

Preferably, the phosphate-based organic compound is a phosphate amino acid.
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ks, BERESTYIRABRBRIIER,

[n0015]

More preferably, the phosphate-based organic compound is phosphoserine.

BIERY, BERESVYIRBERRZIER,

[n0016]

In some embodiments, the biomimetic fluffing agent is a mixture of a biomimetic fluffing

liquid-phase reactant and a biomimetic fluffing solid-phase reactant.

L5, FrR(FEMB R R B EMBRCRE R RFIFGEMRRCERR MRS

o

[n0017]

The liquid-phase reactant contains sodium citrate and/or citric acid, and the liquid-phase

reactant also contains water, while the solid-phase reactant is sodium bicarbonate.

RAER NI S ETEBR NV /ZATRER, FMRBRERNFIEEE K, BMERRNTMRERS M.

20-01-2026 - Page 10



[n0018]

Alternatively, the biomimetic fluffing agent may be sodium citrate.

BE, A, FRR(FERAB LR N FTERER o

[n0019]

Preferably, the molar ratio of sodium bicarbonate to citric acid is 3:1, and the reaction

products are sodium citrate and carbon dioxide.

kR, HERSMSITIRRNERIL A3 1, HRE=YAITSRERI Z | tik.

[n0020]

Preferably, the ratio of water, sodium citrate, and citric acid is 0.2-0.5 mL: 0-500 mg: 0-400 mg.

Ry, 7K. ITHRERTN. ATIRERRVECLE790.2-0.5mL: 0-500mg: 0-400mgo

[n0021]

More preferably, the ratio of water, sodium citrate, and citric acid is 0.3-0.4 mL: 0-155 mg: 0-

115 mg.
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BEN, K. TR, ITIRERAYECLE /90.3-0.4mL: 0-155mg: 0-115mg,

[n0022]

In a second aspect, the present invention provides a method for preparing biomimetic bone
with controllable coagulation time as described in the first aspect above, comprising the

following steps:

TEZFHE, ARARMET ERE - HEFMRNAER B TR EERNGIEEE, BFEUTS

.

[n0023]

(1) Weigh out calcium phosphate, phosphate-based organic matter and sodium bicarbonate
respectively, mix them evenly to prepare a solid phase component, and putitinto a threaded

disposable syringe for later use.

(1) 5 FREREEER 540, BRERE RN, MEREW, HWYRGREEMKERAD, RANTRU—KXME

AHERPER;

[n0024]

20-01-2026 - Page 12



(2) Weigh out citric acid and sodium citrate solids respectively, add them to water to prepare a

liquid phase component, and put them into another threaded disposable syringe for later use;

(2) D BIAREATIRER AT RER TR B, MINKAPECHIRIBASS, RAFI—HRBRE—R L5128

REA;

[n0025]

(3) After connecting the two threaded disposable syringes containing solid components and
liqguid components prepared in steps (1) and (1) respectively with disposable connectors, the
solid components and liquid components are quickly and uniformly mixed to form a paste-

like biomimetic bone fluid.

QPRFB(VMIR(1)FHIEN D5 B & EEADTREEDHIM R R — RIS S ERA R

EESRHITIERS, EFMAERASMMRRBADIREIEES, BIRMPIRBAEERRK;

[n0026]

(4) Inject the paste-like biomimetic bone fluid prepared in step (3) into the site to be used for

solidification.
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(4) R B (3) P HIF SRR FTRRIRBY (7 £ B BURES 2R A MU T E L,

[n0027]

In some embodiments, the threaded disposable syringe has a volume of 1-10 mL.

E—LELHEGIR, FrATBN— RS2 BTRA1-10mL,

[n0028]

Preferably, a 5mL threaded disposable syringe is used.

iRy, ERASMLFEEBN—RIE T EE.

[n0029]

In some embodiments, the curing time is 0-15 min.

55wl R, FrRELRdiE90-15min.

The setting time can be adjusted according to the total sodium citrate content.

AE BB AT S AT R E 2T,
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[n0030]

Alternatively, in step (4), the contents of the two syringes can be mixed before being injected

into one of the syringes.

ERRNENS N, EZER(E)F, AIUERRRESSTHABTYRES B HENER—SOE5 28

TEH

[n0031]

In a third aspect, the present invention provides the application of biomimetic bone with
controllable coagulation time as described in the first aspect above, or biomimetic bone with
controllable coagulation time prepared by the preparation method described in the second

aspect above.

TEE=FE, SRARMT ERE—INHEFMRRARER B ERhEEREERA LRE 1 HE

PRI & 77 /AR 1S 2R R E A (8] el =Ry £ B BRI M Ao

[n0032]

Preferably, the present invention provides the application of a biomimetic bone material with

controllable solidification time as described in the first aspect above, or a biomimetic bone
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material with controllable solidification time prepared by the preparation method described

in the second aspect above, in the preparation of bone repair biomaterials.

ERY, AERBBIRM T ERSE— A EMAN— R B iz E B REE XA LRE 1A E

PMARHIE 75 AR &SRR E R a s £ B REH & BB E EMM BRI A,

[n0033]

In some embodiments, the paste-like biomimetic bone fluid is injected into the intended site

using a disposable syringe and then solidified.

TGS, FPIKE T EE BURER —R M IR E 5 2 A E MU TE .

[n0034]

In some embodiments, the paste-like biomimetic bone material is used for bonding and filling
fractures and bone defects. The biomimetic bone material of the present invention has
certain compressive strength, tensile strength, and bonding properties, and can effectively
control the curing time and degree of cancellation. Different ratios can be selected according
to the clinical surgical time requirements and the degree of bone cancellation at the clinical

filling site, making it easy to use in clinical practice.
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LG, FrdRBEERNAT & BREKGIER, SABEFMRNEEEREE—
ERVUE. AL, #E451%RE, RIFYEETER BOtiERIE LT BIAMBRIZE, RIBIGKRF A EFRM

IEPRIRFEERIL B PR B L B E R R BECLL, % T IaRfER,

[n0035]

In some embodiments, the biomimetic bone material has compressive strength, with an index

range of 1.0-10.0 MPa.

TGS, MESRERMESAEERE, HistrtE91.0-10.0MPa,

[n0036]

In some embodiments, the biomimetic bone material has tensile strength, with an index

range of 1.0-2.5 MPa.

T—ELmefR, HESRAERAMIELE, HistmeEN1.0-2.5MPa;

[n0037]

In some embodiments, the biomimetic bone material has adhesive properties, with an index

range of 0.2-1.0 MPa.
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T—EmefR, HESRAEAENEE, HiEtREEN0.2-1.0MPa,

[n0038]

In some embodiments, the coagulation time of the biomimetic bone can be adjusted, ranging

from 10s to 900s.

FE—LELhGIFR, FESRNERENERET, HBYESEE/10s-900s,

[n0039]

In some embodiments, the degree of cancellation of the biomimetic bone can be adjusted,
with a trabecular distance of 45 um-1000 um, a bone area of 53%-95%, and a bone volume of

38%-96%.

LGS, HESRIMREEERET, HE&/REBEN45um-1000um, BHREREERN

53%-95%, &BAFTEEI38%-96%:

[n0040]

Beneficial effects of the present invention
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RERPAVETHR

[n0041]

(1) The biomimetic bone of the present invention forms biomimetic bone immediately
through reaction, which is beneficial to the immediate integration of biomimetic bone and

autologous bone during surgery.

()A&&BAEERES RN HRGEER, BRNTFFARLEERS BEERIILAES,

[n0042]

(2) The biomimetic bone material of the present invention can effectively control the curing
time by adjusting the sodium citrate ratio, which is beneficial to select according to the
surgical implantation time requirements of different parts of the surgery and avoid curing too

early or too late.

(2) A% PRBVAE B FuE AT IRER WL B, PIEREERIEKETE], BRI TFRIEFAPREEUF

AENBSEIFRER, BREFIHIBRE .

[n0043]
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(3) The bionic bone of the present invention can effectively control the degree of cancellation
by adjusting the ratio of bionic cancellation reactant to adapt to the mechanical strength and

trabecular density of the surgical implantation site.

()& &BARAE B FETEEREMR R NFIECLL, AIERITHIMARWIZE, LUENFARIENER

UM DFRENET/ NREE,

[0047]

Attached Figure Description

P 352 BE

[n0044]

To make the objectives, technical solutions, and beneficial effects of this invention clearer,

the following figures are provided for illustration:

NTEREANBR. RARGENE@BRENBRE, BABRHLITHEZITIREA:

[n0045]
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Figure 1 shows the surface of the biomimetic bone as observed under a scanning electron

microscope.

BllAGEEREREER TURENERERTE,

[n0046]

Figure 2 shows the trabecular density of biomimetic bone under Micro-CT reconstruction.

ER2R{REEREMicro-CTEEZ THE/ NERZEERRE.

[n0047]

Figure 3 shows the image of MC3T3 cells cultured with the extract of biomimetic bone and
stained with an alkaline phosphatase staining kit after osteogenic induction with osteogenic

induction solution.

EBAMEERNRRRNMCITIAREFHERANE AT RESNEE AR BRI TSR

BEHNER,

[n0048]
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Figure 4 shows the effect of biomimetic bone extract on HUVEC cell culture and the promotion

of angiogenesis.

El4 1A% B RS HUVECAR RIS F H (8 3 I B B IF RV 5o

[n0049]

Figure 5 shows the maintenance of bone continuity and bone integration under Micro-CT

reconstruction after the use of biomimetic bone in a rabbit comminuted fracture model.

ESAAEERERTFHFEESIMEREPERRG, Micro-CTERTHEESMARNERESE K

[n0050]

Figure 6 shows the bone integration under Micro-CT reconstruction after the use of

biomimetic bone in a rabbit defect model.

EleNFEBERERFRIREPFERRE, Micro-CTER FRIBHRESE .

[0055]

Detailed Implementation
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BiALkER

[n0051]

The following detailed description, in conjunction with embodiments, illustrates a biomimetic
bone material with controllable coagulation time, its preparation method, and its
applications provided by the present invention. However, these descriptions should not be

construed as limiting the scope of protection of the present invention.

TELS G LRGN A& BRER By — Mg EI BT B AT =R (7 £ B B R Bl & 75 AN N AR T IR ARV PR,

BRI ENIEE NN A LPRRIFEERRE,

[n0052]

Example 1

SEhEf) 1

[n0053]

Weigh out 1.0g of tetracalcium phosphate and 0.5g of phosphoserine, mix them evenly to

prepare a solid phase, and putitinto a 5mL threaded disposable syringe for later use. Use 0.35
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mL of water as the liquid phase and put it into another 5mL threaded disposable syringe for

later use.

MREXBEERPUE51.0g. AR EER0.5g, AR GRECEMEINRAD, EANSMLFBY—RIEE5EH
=R, ER0.35mLKENRIEANDENS —5mMLEBE—XIEE5 e FEA,

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

B R R 78 & ERE 2 FIRIEA D BH BN — RIS 2R A — R M S TIE R R IR LY

SRA, HIRRPREIEERE RR.

[n0054]

Example 2

SEtEf)2

[n0055]
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Weigh out 1.0g of tetracalcium phosphate, 0.5g of phosphoserine, and 76mg of sodium
bicarbonate. Mix them evenly to prepare a solid phase component and putitinto a 5mL
threaded disposable syringe for later use. Add 58mg of citric acid to 0.35mL of water to
prepare a liquid phase component and put it into another 5mL threaded disposable syringe

for later use.

MREXBAERPUTE1.0g. TAERZ2SER0.5g. MEREMT6mg, WA RS REEMEEAS, ENSMLFIE
—RMESTERPEA, E58MgITIRERNINO0.35mLKEARIBA D ENT —Z5mLUF RS — R
SRR EA.

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

¥ £Rm R 371 8 & EHEE 0 M RIBA D N HFEBRNU— R I E 88 ER — R EER LH I TEE FIREL

SRE, HIRRPREGERRR.

[n0056]

Example 3
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SEhtEf13

[n0057]

Weigh out 1.0g of tetracalcium phosphate, 0.5g of phosphoserine, and 38mg of sodium
bicarbonate. Mix them evenly to prepare a solid phase component and putitinto a 5mL
threaded disposable syringe for later use. Add 39mg of sodium citrate and 29mg of citric acid
to 0.35mL of water to prepare a liquid phase component and put it into another 5mL threaded

disposable syringe for later use.

MREXBAERPUES1.0g. TAERZZER0.5g. MEREMM38mg, WA RS RECEMEMEASS, EANSMLFIE
N—RMEFSERPER, B3IMgITIRERIN. 29MgiTIRERNIINO.35mLKIEARBA D EANFT —2
SmLFBN—RIE 5B PEA.

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

B ERR R 7 8 & ERE 2 FIRIEAE D BH IR — RIS 2R A — R M SO TIE R R IR

SRA, HIRRPREIEERE RR.

[n0058]
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Example 4

SEhtEf4

[n0059]

Weigh out 1.0g of tetracalcium phosphate and 0.5g of phosphoserine, mix them evenly to
prepare a solid phase component, and putitinto a 5mL threaded disposable syringe for later
use. Add 78mg of sodium citrate to 0.35mL of water as the liquid phase component and put it

into another 5mL threaded disposable syringe for later use.

MREXBRERPUE51.0g. AR EER0.5g, AR GRECEMEIRAD, EANSMLFBY—RIEE5EH
TR, B18mgiTIRERTWAINO.3SMLKIEARIBA D TS —Z5mLFE BN —/RIEE 5P E M.
The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

B ERR R 7 8 & ERE 2 FIRIEAE D BH IR — RIS 2R A — R M SO TIE R R IR

SRA, HIRRPREIEERE RR.

[n0060]
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Example 5

K5

[n0061]

Weigh out 1.0g of tetracalcium phosphate, 0.5g of phosphoserine, and 151mg of sodium
bicarbonate. Mix them evenly to prepare a solid phase component and putitintoa 5mL
threaded disposable syringe for later use. Add 115mg of sodium citrate to 0.35mL of water to
prepare a liquid phase component and put it into another 5mL threaded disposable syringe

for later use.

MREXBAERPUE51.0g. TAERZZSER0.5g. MEREM151mg, MRS REEMEEAS, ENSMLE
B —RIEESEPER, B115mgiTRERININNO.35mLKENRBA D ENS —Z5mLF BN —
RIS EERER,

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.
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¥ _£3Rm R 5371 6 & EHE4E 5 M RIEA 77 BB — R IE E 88 A — R ER SOH#  TIEE R IREY

SRA, BIREPREIGER RR.

[n0062]

Example 6

SEhtEf516

[n0063]

Weigh out 1.0g of tetracalcium phosphate, 0.5g of phosphoserine, and 76mg of sodium
bicarbonate. Mix them evenly to prepare a solid phase component and putitinto a 5mL
threaded disposable syringe for later use. Add 78mg of sodium citrate and 58mg of citric acid
to 0.35mL of water to prepare a liquid phase component and put it into another 5mL threaded

disposable syringe for later use.

FREXFAERPUES1.0g. FAERZ2SFR0.5g. MEASATOME, HWARERECEMEEAS, ENSMLTIR
N—REESESEFER, B78mgiTiRERIN. 58mgiTIRERMA0.35mUKIENRIEADENST —x%

SmLFBN— R E N E R
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The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

¥ EIRR R 7 8 & ERE 2 FIREE D BH BN — RIS 2R A — R SR TIE R R IR

SRA, HIRRPRRIGERE RR.

[n0064]

Example 7

KRt

[n0065]

Weigh out 1.0g of tetracalcium phosphate and 0.5g of phosphoserine, mix them evenly to
prepare a solid phase component, and putitinto a 5mL threaded disposable syringe for later
use. Add 155mg of sodium citrate to 0.35mL of water as the liquid phase component and put it

into another 5mL threaded disposable syringe for later use.
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PREXBAERINE51.0g. BiFRZSFR0.5g, HARSREEKERAS, TANSMLFBN—RIE T8+
&, F155mgiTiRERENINNO.35mLKERIELE 73N S —Z 5mLFEIBN— R4 F 5128 & o
The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

¥ £3Rm R 5371 6 & EHEE 5 M RIEA 7 B HFBRA— R IE R 8 R — R EERE SLH TIEE R IREDY

SRA, HIRRPREIGER RR.

[n0066]

Example 8

SEEf518

[n0067]

Weigh 1.0g of hydroxyapatite, 0.5g of phosphoserine, and 38mg of sodium bicarbonate. Mix
them evenly to prepare a solid phase component and fill it into a 5mL threaded disposable
syringe for later use. Add 39mg of sodium citrate and 29mg of citric acid to 0.35mL of water to
prepare a liquid phase component and fill it into another 5mL threaded disposable syringe for

later use.
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MRERFZ B IR A1.0g. BERZRFER0.5g. MEAEN38mE, AR ERACEKEMEAS, TANSMLE
B —RMEENSBPER, F3IMgITIEERN. 29mgtTRERINO.3SmMLKIEARMEEDENS —
SmLFBN—RIE 5B PEA.

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

B BRI 7 8 & ERE 2 FIREAE D BHE BN — RIS 2R A — R M S TIE R R IR LY

SRA, HIRRPREIEERE RR.

[n0068]

Example 9

SEhEf19

[n0069]

Weigh out 1.0g of tetracalcium phosphate, 0.5g of phosphotyrosine, and 38mg of sodium

bicarbonate. Mix them evenly to prepare a solid phase component and putitintoa 5mL
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threaded disposable syringe for later use. Add 39mg of sodium citrate and 29mg of citric acid
to 0.35mL of water to prepare a liquid phase component and put it into another 5mL threaded

disposable syringe for later use.

MREXEAERIUEE1.0g. BHERFRRER0.5g. MEREIN38mg, ARG RECEMKEMRAE, EASMLFIR
[—RMEEEEPER, B3IMgITEERIN. 29mgiTERERMIANO.35mLKEARBA S ENFT—
SmLF B — RSP ER,.

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

¥ _£3Rm R 5371 6 & EHE4E 5 M RIEA 7 R BRA— R IE T 88 A — R ER SH TIEE R IREDY

SRA, HIRRPREIGERRR.

[n0070]

Example 10

SEhEf10

[n0071]
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Weigh out 1.0g of tetracalcium phosphate, 0.5g of 3-phosphonopropionic acid, and 38mg of
sodium bicarbonate. Mix them evenly to prepare a solid phase component and putitinto a
5mL threaded disposable syringe for later use. Add 39mg of sodium citrate and 29mg of citric
acid to 0.35mL of water to prepare a liquid phase component and put it into another 5mL

threaded disposable syringe for later use.

MREXBAERPUE51.0g. 3-BEFREMRER0.5g. MBS IN38mg, WA RSEECEMKERAS, TASMLE
B —RMEENSBPER, F3IMgITIEERN. 29mgtTIRERINO.3SmMLKIEARMEEDENST —
SmLFIEN— R ES 8P E Ao

The two threaded disposable syringes, one containing a solid phase component and the other
a liquid phase component, were connected using a disposable connector and then quickly

and evenly mixed to produce a paste-like biomimetic bone fluid.

B IR R 78 & ERE 2 FIRIEE D BH RS — RIS 2R A — R M SO TIE R R IR LY

SRE, BIRBPREGERRR.

[n0072]

The biomimetic bone materials obtained in Examples 1-10 were subjected to curing time,

compressive strength, tensile strength, and adhesion strength tests, respectively.
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Resehefl1- 1013 EIB A E B R A ETEILEYE. FTERE. HIFRE. #hERE N,

[n0073]

Example 1: Curing time, compressive strength, tensile strength, and adhesive strength tests

MRGIL: ElERdiE. mERE. HfHRE. AERENIR

[n0074]

1.
The paste-like biomimetic bone fluid obtained in Examples 1-10 was squeezed into a mold
with a diameter of 6 mm for curing. The curing time was timed. After curing, the obtained

biomimetic bone was taken out and subjected to a compressive strength test.

el 1- IRV EIRRPR (P E B BURFFAER6mmBEEFR#ITEN, WELIER#FITITE, E

ERRFRRRMmESREG, #TREMNE.

[n0075]
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The paste-like biomimetic bone fluid obtained in Examples 1-10 was evenly applied to both
ends of the broken pig femur. After the bonding process began, a pressure of 10N was applied
to the top of the metal column. After curing, the test object was placed in a fixture, and the
tensile strength was measured. The applied force was perpendicular to the surface of the
bonded pig bone at a 90° angle. A universal joint or metal wire was used to connect the testing
machine and the bonded pig bone. The tensile strength of the bonded pig femur was tested at

a speed of 20mm/min.

R L 1- 1013 ZIRVMPIR A £ B IR SR AHRERR SRR ML, MR IGEXNZ BTN
AN1ONEF, EME#RUMMETRASR, NERFRE, MINN/ISHRAEEREKRIO HER,

R ARASIZIE B Z EfER DX TN B ERER, LR0mm/minEE IR ZIER & hifHe

20-01-2026 - Page 36



The paste-like biomimetic bone fluid obtained in Examples 1-10 was applied to a smooth pig
bone piece and pressed with a force of 10N to solidify it. After solidification, the sample was
placed at 37 degrees Celsius for 30 minutes and then placed in a fixture to measure the
adhesion strength. The applied force was parallel to the pig bone piece being bonded, and the

adhesion strength of the bonded pig bone piece was tested at a speed of 20 mm/min.

R sLhefl1- 1013 ZIRMPR (T E B BURAHREOBIEE R L, TEMMIONMAREEREW, EE37
BREREDHEHRNKETRAS, NERERE, BMNAOSHEMESH T, HL20mm

/minIR M EIE & FARERE,

[n00T7T7]

The test results are shown in Table 1.

MIXLER IR L,

[n0078]

Table 1
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=1

[n0081]

The table shows that as the total sodium citrate content increases, the curing time increases
accordingly. Meanwhile, as the proportion of citric acid increases, the compressive and tensile
strength of the biomimetic bone decreases, while the adhesion strength shows no significant

trend.

MERAILUET, BoE S ERMN S RIS, ENMTEMRS, B, BEERLINRS,

(FEBRRMEMTALRE FE, MaERERKBEEEED,

[n0082]

Example 2: Bone Parameter Testing

MRGI2: BRI

[n0083]

20-01-2026 - Page 38



The biomimetic bone obtained in Examples 1-7 was observed using a scanning electron
microscope to determine the size and number of pores, and the trabecular distance and

percentage of bone area were statistically analyzed.

ResEne il - TR EINM E B RERFEBEEMTRAETNNREE, Sits/ \REBRERERASD

The biomimetic bone obtained in Examples 1-7 was scanned using Micro-CT and

reconstructed in 3D to determine the percentage of bone volume.

ResErEf - 13RI EBRERMicro-CTiAHE, FH1TIDERE, FIHERAETRBEIL.

[n0085]

The test results are shown in Figure 1, Figure 2 and Table 2.
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MIXERWEL. E2Rk&R2,

[n0086]

Table 2

&2

[n0088]

The table shows that as the proportion of citric acid increases, the distance between bone
trabeculae increases, the percentage of bone area decreases, and the percentage of bone
volume decreases, indicating that the degree of cancellation of biomimetic bone can be

controlled by adjusting the proportion of citric acid.

MERPETLURI, FBEITRRLFIRRS, BREBX/IMENIEXR, SBRERB SRR, SFRE

MBEDELRRE, HERRIETITERER LG AT LUERI (A E B RBRREE.

[n0089]

Example 3: Osteogenesis test, angiogenesis test, and osseointegration test
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MRGI3: BN, mMEAFIER. FEENL

[n0090]

3.1 Osteogenesis Test

3.1RE M

[n0091]

Bionic bone extract was used in osteogenic differentiation experiments.

hEBRFERZHERATHRE DL,
The specific operation method is as follows: MC3T3 cells (from ATCC) are seeded into 96-well

plates, with 0.5 million cells per well.

BRERZENT . BMCITIHE(CRBATCC)MiEEIo6FLIRF, &FL0.55 140k,
The leachate obtained in Example 4 (experimental group) or ordinary a-MEM medium (control
group) was added to different wells. At the same time, an equal amount of osteogenic

induction solution (10 mmol/L sodium B-glycerophosphate, 0.05 mmol/L vitamin C and 100
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mmol/L dexamethasone) was added to each well and cultured for 7 days, with the medium

being changed every two days.

2R EHEGI4FEIRRH R (A ILAE) S E @a-MEMIZFFE (KT BRAA) IMARERIFLFR, FNESFLF
IIANZEEMRREIESR(10mmol/LB-H aEEE SR, 0.05mmol/L4E4ZCFI100mmol/ L ZE KAL) 1E
FIKR, BRRER—XIETE,

Seven days later, the cells were fixed with 4% paraformaldehyde for 10 minutes and then
stained with alkaline phosphatase (ALP) using an alkaline phosphatase (ALP) staining kit. The

effect on osteoblast differentiation was determined based on the ALP staining area.

TRGERINZRRERETELI0ONH, ERRILEEREALP)RERFSHITALPRE, RIFALPRE
EIRFIETXHE S A B AR LBIR M,

The results of osteogenic differentiation are shown in Figure 3.

B ERIES3,
As shown in the figure, the biomimetic bone extract group showed significantly higher ALP
staining compared to the blank control group, indicating an effective osteogenic promoting

effect.

20-01-2026 - Page 42



BRI RAEERRHRAEN FEAMNRAALPRERE, BERMAINBIREER.

[n0092]

3.2 Angiogenesis Test

3.2 M E N

[n0093]

50 uL of matrix adhesive was pre-spread at the bottom of the 96-well plate at 4°C to reduce air

bubble formation, and then left to spread evenly overnight at 4°C.

TE4°CHM TRRITI6FLIR K ER s L SOULMERAER, IRV SRE~E, 4°CERERISH,
After overnight curing, the 96-well plate was placed in a 37°C incubator to allow the matrix

adhesive to harden.

R % ERI96F LR BTEI T CIE AP EERRE .
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HUVEC cells (from ATCC) were digested and resuspended in ordinary DMEM medium (control
group) and the extract from Example 4 (experimental group), respectively. The resuspended
cells were seeded in 96-well plates covered with matrix gel at a cell density of 30,000 cells

/well.

JHICHUVECHERE(SREATCC), 73IERE@DMEMIBAEERA). LHEFI4RZIRR (XA ER
A, KERRNARMEEESZERRGFIRT, HIREE300001/FLlo

After culturing for 6 hours, observe the cell ring formation under a microscope.

1RO RTE BIIR T RAMRRYEIF BT,

The results of the vascular circumduction test are shown in Figure 4.

ME I NIXER I EA4,
As shown in the figure, the biomimetic bone extract group exhibits significantly more vascular
ring formation compared to the blank control group, demonstrating an effective angiogenesis-

promoting effect.

FRAFEERRHRAENFEAMNBAMERIFHE, EEERNARMERHEIER,
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[n0094]

3.3 Osteoporosis Integration Test

33BEBEEANR

[n0095]

Modeling of comminuted fracture of rabbit femur: After anesthetizing the rabbit, the skin of
the leg was prepared, disinfected and cut open to expose the femur layer by layer. A
rectangular bone defect model was created using a wire saw. The bone fragments were
crushed into four pieces. During the operation, the experimental group used the biomimetic
bone material of Example 4 to bond the cortical bone fragments, while the control group did

not undergo bonding.

MR EHITHEEBIMER . BRMEEE, NEBRSRRHAITERESUT, ZERERS, FR%
WHITRKATBRIER, BERRERNR, FARKLAFRIEG4MGESREERREHE
B, MERARHITIES,

Four weeks later, a Micro-CT scan was performed, and bone reconstruction was carried out to
observe whether the bionic bone effectively adhered to and integrated with the cortical bone

tissue.
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AR [E#TMicro-CTHH, HHITERER, URFEERRSEVLERSRFRFALR,

The Micro-CT reconstruction results are shown in Figure 5.

Micro-CTEZZ R I ES,

As shown in the figure, compared with the control group, the femoral cortical bone in the
biomimetic bone group showed good adhesion and integration, the cortical bone was
continuous, and the biomimetic bone fused with the cortical bone, demonstrating a good

compact bone integration effect.

EReIAEERABRNTFNRAE, RERAERIRTFHMERES, RAFES, TEBRSKRRE

RN—i&, BERFNEREBEEUR.

[n0096]

3.4 Cancellous bone integration test

3AMBBEES A
[n0097]
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Modeling a circular defect in the femoral condyle of a rabbit: After anesthetizing the rabbit,
the skin of the leg was prepared, disinfected, and cut open to expose the femoral condyle
layer by layer. A hole was made using a punch to create a circular bone defect, and the bionic

bone material of Example 4 was implanted into the defect site.

WERBEEHRHITREHEER:. SRMEES, MEESNERRREITERESTH, ZERERER, FA
FTFLESHITITFLERR EF B 5, IFSLrEfI4rv(A £ B Bt NI ER L,
Four weeks later, a Micro-CT scan was performed, and bone reconstruction was carried out to

observe whether the bionic bone integrated with the bone tissue.

AR fE#TMicro-CTHE, HHITERER, NRHEBRESSBFHRHITES,

The Micro-CT reconstruction results are shown in Figure 6.

Micro-CTERZ R ILE6,
As shown in the image, the biomimetic bone is completely integrated with the cancellous
bone of the femoral condyle defect, with no boundary appearing, demonstrating a good

cancellous bone integration effect.

20-01-2026 - Page 47



ERaIAEERSRERRAMUMNEETEES, REIADR, BERIFIILAREEEHR.

[n0098]

The above description is only a preferred embodiment of the present invention. It should be
noted that although the present invention has been described in detail through the above
preferred embodiments, those skilled in the art should understand that several improvements
and modifications can be made without departing from the principle of the present invention.
These improvements and modifications should also be considered as the scope of protection
of the present invention and do not depart from the scope defined by the claims of the

present invention.

U EFR X B A& PRRILIESSIES TV, MHiEt, RERIS BRI ELXN A LEHITT 154
BUER, (ERRARTIAIRARAGRN HIEHE, EAHEARLPRFRENFRT, KT EFouH

ML, XEHANER B AR LBRIRIFEE, TMRBALBRNFERBFAREREE,
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