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Abstract: [Objective| To observe and detect the osteogenic capacity of allogenic cortical bone anchors implanted into the humeral
head in mice. [Methods]| A total of 54 C57BL6/J mice were randomly divided into two groups, 27 mice were used for preparing allogenic cor-
tical bone anchors, while another 27 mice were used as receptors for allograft cortical bone anchors. Three animals were sacrificed for tissue
observation and immunohistochemical detection at 1 week, 2 weeks, 4 weeks, 6 weeks, 8 weeks and 10 weeks after implantation, additional-
ly, for Mcro—CT at 1, 4 and 10 weeks respectively. [Results| In term of histological observation, trabecular bone gradually increased around
allogenic cortical bone anchors after implantation, while the allogenic cortical bone anchor was gradually absorbed, with new bone growing
into the interior of allogenic cortical bone anchors. Micro—CT showed that the trabecular volume increased significantly with the time of 1, 4
and 10 weeks [(0.20£0.37) mm’, (0.27+0.35) mm’, (0.34+0.38) mm’, P=0.001]. Immunohistochemical assays showed that with time of 1, 2, 4,
6, 8 and 10 weeks after implantation, osteocalcin (OCN) [(0.48+0.05), (0.65+0.05), (0.64+0.06), (0.68+0.11), (0.73+.03), (0.72+0.03), P=
0.004], TGF-B1 [(0.49=0.02), (0.580.02), (0.64:£0.02), (0.67+0.01), (0.72+0.01), (1.07£0.07), P<0.001], ande—Jun N—terminal kinase
(1JNK1) [(0.51+0.02), (0.63+0.01), (0.65+0.01), (0.68+0.07), (0.71+0.10), (0.83+0.19), P=0.022] significantly increased in term of optical
density (OD) values. [Conclusion]|The biological properties of mouse allogenic cortical bone anchors can be verified by implantation into hu-
merus head, and the osteogenic capacity of the allogenic cortical bone anchors in host bone is proved to be good.
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Figure 1. Preparation of allogenic cortical bone anchor and establishment of the animal model.la: Skeletal structure of a mouse’s foot

with the arrow indicating the third metacarpal bone of the foot; 1b: Measurement of the metatarsal length using a ruler; 1c: Measure-
ment of the metatarsal diameter using a caliper; 1d: Appearance of the prepared allogenic cortical bone anchor screws; le: Mouse shoul-
der and its surface blood vessels with the arrow indicating the “L” —shaped transverse short branch vein; 1f: Exposure of the humeral
head, with the arrow indicating the humeral head; 1g: Drilling with a 0.5 mm diameter syringe needle; 1h: Enlargement of the hole with
a 0.6 mm diameter syringe needle, with the arrow indicating the direction of needle drilling; 1i,1j: An allogenic cortical bone anchor
was implanted into the humeral head.
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Figure 2. CT 3D reconstruction of allogenic cortical bone anchors and their surrounding trabecular bone. 2a: Reconstruction range of tra-

becular bone around allogenic cortical bone anchors; 2b: Trabecular bone around allogenic cortical bone anchors at 1 w, 4 w and 10 w.
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Figure 3. Histological observation and immunohistochemical staining observed after the implantation of allogenic cortical bone anchor in

the humeral head of mice. 3a~3f: HE staining findings at 1 week, 2 weeks, 4 weeks, 6 weeks, 8 weeks and 10 weeks; 3g~31: Masson stain-
ing findings at 1 w, 2 w, 4 w, 6 w, 8 w and 10 w; 3m~3r: OCN staining findings at 1 w, 2 w, 4 w, 6 w, 8 w, and 10 w; 3s~3x: TGF—1 stain-
ing findings at 1 w, 2 w, 4 w, 6 w, 8 w, and 10 w; 3y~3D: JNKI staining findings at 1 w,2 w, 4 w, 6 w, 8 w, and 10 w.
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WFREW, SEACETER AR L RE S DR A Y

WO SR, RO A AN T A AR A . TGF-
B1 ZH MR ML, FFEE A = A

A JEREREER Y SR R EEEAE

o TE—TUR| HTE A i B UV RIHOR S LER T
BRSEE T, Esteves 55 2 WS B 7R/ NGRS L T
Hifls, fEE B E 0 FEE, TCF-p 1KLY
file Zhang 55 7 BYMFFE RN, EWEAH OB Ak AT LIS
JTGF-B1 MERIRAKF-, DT 44 PN i S0 43 114 485
. TGF-B1 M FU#HEZ 50 INK1 FE 447 B 20 i
TREA BAe e s 45 BV E T . 78— 30
PRl o /N BB R R A T A AT v 2, RS N B R T
INK1 X8 BT A F B L g se i . 455 R R, =
INK1 /N ERBCE sz, KB e Eml .
ARSI S5 A S R HE AR, (R S04 B oy
BETRE AN BRBE A3k 5 3 B ) B 5 105 RE A5 BTG TGF-
B1. INKI FICH ALy 2k, DIMfE i Jal & (e
B FEMCEERN L, AT LASE—20 F TR IRl Fi S0 B ot
HEET 5 A SR AL

ZE LRTIR, ARWFFEIT KT —Fh/IN BRI b S A4 R o
HEETR AR, Sl R PP A B BB B E TR AN
FUILE kP, SR [R)Fh A4 B2 B RS TAE A B I
B0 R BB AN AL, R I R OCN
TGF-B1 1 JNK1 %5 Al A OC PR - 1) e 38 12 i 3
PEUERCE BTG o ANESE R e SRl Fp S A R i i T
186 i N IEE A S A AL R B4Rt T St
Eehilo MRS, AR ARIITAEY IR ER, dBTFmiE—
SR RIE

S 3 Hk

[1]  Lim WL, Liau LL, Ng MH, et al. Current progress in tendon and
ligament tissue engineering [J] . Tissue Eng Regen Med, 2019, 16
(6) : 549-571. DOI: 10.1007/s13770-019-00196—w.

[2]  Leong NL, Kator JL, Clemens TL, et al. Tendon and ligament heal-

ing and current approaches to tendon and ligament regeneration

[3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[J1.J Orthop Res, 2020, 38 (1) : 7-12. DOI: 10.1002/jor.24475.
Cho CH, Bae KC, Kim DH. Biomaterials used for suture anchors in
orthopedic surgery [J] . Clin Orthop Surg, 2021, 13 (3) : 287-292.
DOI: 10.4055/ci0s20317.

FRARAL, TR G, TIOZR, 5F . GELRAHET T HEMINR 8 5 8 BT
WAL A7 2 L g (0] . R ERIE AR 2% A, 2022, 30 (12) @ 1140-
1143. DOI: 10.3977/j.issn.1005-8478.2022.12.19.

Han JZ, Zhang ZC, Wang XD, et al. Comparison of therapeutic ef-
fects between suture anchor and loop steel plate fixation for acro-
mioclavicular joint dislocation [J] . Orthopedic Journal of China,
2022,30 (12): 1140-1143. DOI: 10.3977/j.issn.1005-8478. 2022.
12.19.

Suchenski M, Mccarthy MB, Chowaniec D, et al. Material proper-
ties and composition of soft—tissue fixation [J] . Arthroscopy, 2010,
26 (6) : 821-831. DOI: 10.1016/].arthro.2009.12.026.

Schanda JE, Obermayer PB, Sommer G, et al. Biomechanical prop-
erties of a suture anchor system from human allogenic mineralized
cortical bone matrix for rotator cuff repair [J] . BMC Musculoskelet
Disord, 2022, 23 (1) : 422. DOI: 10.1186/s12891-022-05371-0.
Bow A, Anderson DE, Dhar M. Commercially available bone graft
substitutes: the impact of origin and processing on graft functional-
ity [J] . Drug Metab Rev, 2019, 51 (4) : 533-544. DOI: 10.1080/
03602532.2019.1671860.

I, B, N 4‘} KL T LR B B E B R G
Bankart 8443 [J] . " [ & 45, 2020, 33 (12) : 1111-1115. DOI:
10.12200/j.issn.1003-0034.2020.12.006.

Qi W, Li CB, Lu M, et al. Arthroscopic repair of shoulder joint
Bankart injury using biological bone anchors [J] . China Journal of
Orthopaedics and Traumatology, 2020, 33 (12) : 1111-1115. DOI:
10.12200/j.issn.1003-10034.2020.12.006.

EILHT, XV, 15, 45 . RIS B T B BT 45 5 4 LA £
RAGE G [7] . P AEEE 225K, 2012, 92 (25) : 1747-1750.
DOI: 10.3760/cma.j.issn.0376-2491.2012.25.006.

Wang MX, Liu YJ, He W, et al. Repair of rotator cuff injury using
allogeneic cortical bone anchor combined with suture bridge tech-
nique [J] . National Medical Journal of China, 2012, 92 (25) :
1747-1750. DOI: 10.3760/cma.].issn.0376-2491.2012.25.006.
Wang P, Gong Y, Zhou G, et al. Biodegradable implants for inter-
nal fixation of fractures and accelerated bone regeneration [J] .

ACS Omega, 2023, 8 (31) : 27920-27931. DOI: 10.1021/acso-

1129



EREH 12

T LSRR S

Vol.32,No.12

202446 H Orthopedic Journal of China Jun.2024
mega.3c¢02727. 49-55. DOI: 10.1007/s00223-002-2120-4.

[11] Guo Q, Li C, Qi W, et al. A novel suture anchor constructed of cor- [21] ZJOWE, RNEA, ZEAH], 55 . [l S04 B B f TS R Al
tical bone for rotator cuff repair: a biomechanical study on sheep il B SEEs (1] . ZEBE B2 24z, 2009, 30 (5) : 619-621.
humerus specimens [J] . Int Orthop, 2016, 40 (9) : 1913-1918. Li GH, Liu YJ, Li ZL, et al. Animal experiment on repair of rotator
DOL: 10.1007/s00264-016-3185-4. cuff injury using cortical bone anchors [J] . Academic Journal of

[12] Ma D, Wang J, Zheng M, et al. Degradation behavior of ZE21C PLA Postgraduate Medical School, 2009, 30 (5) : 619-621.
magnesium alloy suture anchors and their effect on ligament—bone [22] Moussa NT, Dym H. Maxillofacial bone grafting materials [J] .
junction repair [J] . Bioact Mater, 2023, 26: 128-141. DOI: 10. Dent Clin North Am, 2020, 64 (2) : 473-490. DOI: 10.1016/j.
1016/j.bioactmat.2023.02.021. ¢den.2020.09.012.

[13] Chen Y, Sun Y, Wu X, et al. Rotator cuff repair with biodegradable [23] EEi, BREE, 4 RM, 55 R K IR F Bl XHARSNE: FR
high~- purity magnesium suture anchor in sheep model [J] . J Or- AN T RERS R A SE R ST 7] . h IR AMRH A, 2002, 10
thop Translat, 2022, 35 : 62-71. DOI: 10.1016/}.j0t.2022.07.008. (9) : 66-68. DOI: 10.3969/j.issn.1005-8478.2002.09.021.

[14] Tai CC, Lo HL, Liaw CK, et al. Biocompatibility and biological per- Lu DH, Chen JT, Jin DD, et al. Effects of transforming growth fac-
formance evaluation of additive—manufactured bioabsorbable iron— tor B1 on the osteoclast-like cells in vitro [J] . Orthopedic Journal
based porous suture anchor in a rabbit model [J] . Int J Mol Sci, of China, 2002, 10 (9) : 66—68. DOI: 10.3969/].issn.1005-8478.
2021, 22 (14) : 7368. DOL: 10.3390/ijms22147368. 2002.09.021.

[15] Tan L, Wang Q, Lin X, et al. Loss of mechanical properties in vivo [24] JEfE, JAKBL, #K i, 55 . I HMGB1 A1 TGF-B1 TEAH&
and bone—implant interface strength of AZ31B magnesium alloy PrEBE G = ()] . PRSI AR, 2021, 29 (2) : 123-
screws with Si— containing coating [J] . Acta Biomater, 2014, 10 126. DOI: 10.3977/j.issn.1005-8478.2021.02.07.

(5) : 2333-2340. DOI: 10.1016/j.actbio.2013.12.020. Zhou J, Zhou DK, Yang YB, et al. Significance of serum HMGB1

[16] Lindtner RA, Castellani C, Tangl S, et al. Comparative biomechani- and TGF-B1 in spinal fracture accompanied with spinal cord inju-
cal and radiological characterization of osseointegration of a biode- ry [J] . Orthopedic Journal of China, 2021, 29 (2) : 123-126. DOI:
gradable magnesium alloy pin and a copolymeric control for osteo- 10.3977/j.issn.1005-8478.2021.02.07.
synthesis [J] . J] Mech Behav Biomed Mater, 2013, 28 : 232-243. [25] Tang Y, Wu X, Lei W, et al. TGF-betal-induced migration of
DOI: 10.1016/j.jmbbm.2013.08.008. bone mesenchymal stem cells couples bone resorption with forma-

[17] Kang YG, Kim JH, Shin JW, et al. Induction of bone ingrowth with tion [J] . Nat Med, 2009, 15 (7) : 757-765. DOI: 10.1038/nm.1979.
a micropore bioabsorbable suture anchor in rotator cuff tear: anex- [26] Esteves JC, Marcantonio E Jr, De Souza Faloni AP, et al. Dynam-
perimental study in a rabbit model [J] . J Shoulder Elbow Surg, ics of bone healing after osteotomy with piezosurgery or convention-
2013, 22 (11) : 1558-1566. DOI: 10.1016/j.jse.2013.01.034. al drilling = histomorphometrical, immunohistochemical, and mo-

(18] vk, HEFMy, 48 1A, 55 . RGP As A i Dy s g it A (i o J lecular analysis [J] . J Transl Med, 2013, 11: 221. DOI: 10.1186/
IR (] A BAALHTIE, 2022, 43 (6) : 957-970. DOL: 1479-5876-11-221.
10.13872/j.1000-0275.2022.0083. [27] Zhang J, Shi H, Zhang N, et al. Interleukin—4-loaded hydrogel
Jiang B, Kang YM, Cui LH, et al. Historical evolution, value con- scaffold regulates macrophages polarization to promote bone mes-
sideration and practical enlightenment of farm animal welfare [J] . enchymal stem cells osteogenic differentiation via TGF-B1/Smad
Research of Agricultural Modernization, 2022, 43 (6) : 957-970. pathway for repair of bone defect [J] . Cell Prolif, 2020, 53 (10) :
DOI:10.13872/j.1000-0275.2022.0083. €12907. DOL: 10.1111/cpr.12907.

[19] #ju, Jrigak . JEN TR/ REF % (0] . LRl 53R, [28] Xu R, Zhang C, Shin DY, et al. c—Jun N-terminal kinases (JNKs)
2021, 19 (5) : 31-37. DOI: 10.12179/1672-4550.20200050. are critical mediators of osteoblast activity in vivo [J] . J Bone Min-
Peng X, Yin HL. Breeding strategies for genetically modified mice er Res, 2017, 32 (9) : 1811-1815. DOI: 10.1002/jbmr.3184.

[J] . Experiment Science and Technology, 2021, 19 (5) : 31-37. (W :2024-03-06 1&10]:2024-04-22)
DOI: 10.12179/1672-4550.20200050. (FATPPE . T, ZFEL, ZFim)
[20] Campbell TM, Wong WT, Mackie EJ. Establishment of a model of (Zlijcgﬁiﬁ; ’ﬁ-"’*ﬂé)

cortical bone repair in mice [J] . Calcif Tissue Int, 2003, 73 (1) :

1130



