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Abstract: Open wedge high tibial osteotomy (OWHTO) is a reliable option for the treatment of medial unicompartmental osteoarthritis

with varus deformity in relatively younger patients, but there is still the risk of nonunion, collapse and loss of correction in the osteotomy
space. Various bone grafts have been used to fill the osteotomy gap, however, the ideal bone graft remains to be looked for. This article pres-
ents various bone grafts available for OWHTO in order to make the appropriate selection in each specific clinical situation.
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7 57 Chiari 58 " Ff rhBMP-6/H A& 1. (autolo-
gous blood coagulum, ABC) FIZER (&HWRIEFW
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. TE 9 JEFN 14 JRIBED T, B B AE 23 A
(47.8+24.1) F1 (222+12.3 ) mg/em®, (89.7+29.1)
Al (53.6+21.9 ) mg/em’, | ibAfF5TF Wl F thBMP-

1785



31 19
2023410 H

T EBTESR RS
Orthopedic Journal of China

Vol.31,No.19
0ct.2023

6/ABC AIfI#E52 OWHTO B HMERE,

5

=

N g

FHI TRZEEALE, ARBHE AL SR

W BRI, AR — BRI E, T A
HAE, 7€ OWHTO j&y7 ) iz i AR kg, |
EAEESR AR AR, WXL AT
HRRSL IR . IERCR I, B R & RS |
BT MR AOCERIISY, (R . R
FIRERAF AR, IEAh, APl 42 TR
HEATE R B S BT — ORIl Re A 1R
KBRS EE ., Wk, fEksea Bt b, 5%
R R A AR I PRAR DA T

[1]

(2]

[3]

[4]

[5]

(6]

(7]

(8]

[9]

[10]

Park HJ, Kang SB, Chang MJ, et al. Association of gap healing
with angle of correction after opening—wedge high tibial osteotomy
without bone grafting [J] . Orthop J Sports Med, 2021, 9 (5) :
23259671211002289.

Ren YM, Duan YH, Sun YB, et al. Opening-wedge high tibial oste-
otomy using autograft versus allograft: a systematic review and me-
ta—analysis [J] . J] Knee Surg, 2020, 33 (6) : 565-575.

Kim SC, Kim DH, Lee JI, et al. Comparative analysis of serial
union patterns after opening—wedge high tibial osteotomy with and
without bone—void fillers [J] . J Bone Joint Surg Am, 2021, 103
(19) : 1788-1797.

Lash NJ, Feller JA, Batty LM, et al. Bone grafts and bone substi-
tutes for opening—wedge osteotomies of the knee: a systematic re-
view [J]. Arthroscopy, 2015, 31 (4) : 720-730.

Slevin O, Ayeni OR, Hinterwimmer S, et al. The role of bone void
fillers in medial opening wedge high tibial osteotomy: a systematic
review [J] . Knee Surg Sports Traumatol Arthrose, 2016, 24 (11) :
3584-3598.

Sohn HS, Oh JK. Review of bone graft and bone substitutes with an
emphasis on fracture surgeries [J] . Biomater Res, 2019, 23 (7) : 1-
7.

Robinson PG, Abrams GD, Sherman SL, et al. Autologous bone
grafting [J] . Oper Tech Sport Med, 2020, 28 (4) : 150780.

Schmidt AH. Autologous bone graft: Is it still the gold standard
[J]. Injury, 2021, 52 ( S2) : S18-S22.

Ulucakoy C, Yapar A, Vural A, et al. Is iliac autogenous graft aug-
mentation in medial open wedge high tibial osteotomies superior to
no augmentation in terms of bone healing [J] . Joint Dis Relat Surg,
2020, 31 (2) : 360-366.

Fucentese SF, Tscholl PM, Sutter R, et al. Bone autografting in me-
dial open wedge high tibial osteotomy results in improved osseous

gap healing on computed tomography, but no functional advantage:

1786

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

a prospective, randomised, controlled trial [J] . Knee Surg Sports
Traumatol Arthrose, 2019, 27 (9) : 2951-2957.

Dimitriou R, Mataliotakis GI, Angoules AG, et al. Complications
following autologous bone graft harvesting from the iliac crest and
using the RIA: A systematic review [J] . Injury, 2011, 42 (S2) : S3—
S1s.

Dawson J, Kiner D, Gardner W, et al. The reamer—irrigator—aspira-
tor as a device for harvesting bone graft compared with iliac crest
bone graft: Union rates and complications [J] . J Orthop Trauma,
2014, 28 (10) : 584-590.

Kim H, Kar AK, Kaja A, et al. More weighted cancellous bone can
be harvested from the proximal tibia with less donor site pain than
anterior iliac crest corticocancellous bone harvesting: Retrospec-
tive review [J]. J Orthop Surg Res, 2021, 16 (1) : 220.

SLg, BOR, BEHE, 45 S I RS S AR A B IR
JRE X R (] hEFTESMRE, 2020, 28 (7) : 656-659.
Haghpanah B, Kaseb MH, Espandar R, et al. No difference in
union and recurrence rate between iliac crest autograft versus al-
lograft following medial opening wedge high tibial osteotomy: a ran-
domized controlled trial [J] . Knee Surg Sports Traumatol Arthrosc,
2021, 29 (10) : 3375-3381.

Belsey J, Diffo Kaze A, Jobson S, et al. The biomechanical effects
of allograft wedges used for large corrections during medial open-
ing wedge high tibial osteotomy [J] . PLoS One, 2019, 14 (5) :
€0216660.

Belsey J, Diffo Kaze A, Jobson S, et al. Graft materials provide
greater static strength to medial opening wedge high tibial osteoto-
my than when no graft is included [J] . J Exp Orthop, 2019, 6 (1) :
13.

AL, AL, £E A . IR S A R AL AT SRR (0] .
BHEAMERE, 2011, 19 (21) £ 1797-1799.

Kim HJ, Seo I, Shin JY, et al. Comparison of bone healing in open—
wedge high tibial osteotomy between the use of allograft bone chips
with autologous bone marrow and the use of allograft bone chips
alone for gap filling [J] . J Knee Surg, 2020, 33 (6) : 576-58]1.
Valtanen RS, Yang YP, Gurtner GC, et al. Synthetic and bone tis-
sue engineering graft substitutes: What is the future [J] . Injury,
2021, 52 (Suppl 2) : S72-S77.

Bei T, Yang L, Huang Q, et al. Effectiveness of bone substitute ma-
terials in opening wedge high tibial osteotomy: a systematic review
and meta—analysis [J]. Ann Med, 2022, 54 (1) : 565-577.

Lee SS, So SY, Jung EY, et al. The efficacy of porous hydroxyapa-
tite chips as gap filling in open—wedge high tibial osteotomy in
terms of clinical, radiological, and histological criteria [J] . Knee,
2020, 27 (2) : 436-443.

Drogo P, Andreozzi V, Rossini M, et al. Mid—term CT assessment
of bone healing after nanohydroxyapatite augmentation in open—
wedge high tibial osteotomy [J] . Knee, 2020, 27 (4) : 1167-1175.
Bohner M, Santoni BLG, Dobelin N. Beta—tricalcium phosphate for
bone substitution: Synthesis and properties [J] . Acta Biomater,

2020, 113 (1) : 23-41.



31 19

TSRS

Vol.31,No.19

2023410 H Orthopedic Journal of China 0ct.2023

[25] Lee DY, Lee MC, Ha CW, et al. Comparable bone union progres- [33] ZFALALABE I . HEUTR A BORIBY T Bl Y O ik
sion after opening wedge high tibial osteotomy using allogenous P[] o EH ST RAFST, 2020, 24 (24) : 3877-3882
bone chip or tri-calcium phosphate granule: a prospective random- [34] Yang HY, Song EK, Kang SJ, et al. Allogenic umbilical cord
ized controlled trial [J] . Knee Surg Sports Traumatol Arthrosc, blood—derived mesenchymal stromal cell implantation was superi-
2019, 27 (9) : 2945-2950. or to bone marrow aspirate concentrate augmentation for cartilage

[26] Jeon JW, Jang S, Ro DH, et al. Faster bone union progression and regeneration despite similar clinical outcomes [J] . Knee Surg
less sclerosis at the osteotomy margin after medial opening—wedge Sports Traumatol Arthrosc, 2022, 30 (1) : 208-218.
high tibial osteotomy using highly porous beta— tricalcium phos- [35] R, TR DAR, RIEw . B R A F L S A5 4121
phate granules versus allogeneic bone chips: a matched case—con- TARP AR SRR (1] . P EFIE MR AR, 2007, 15 (13) : 995-
trol study [J] . Knee, 2021, 29 (1) : 33-41. 998.

[27] Legeros RZ, Lin S, Rohanizadeh R, et al. Biphasic calcium phos- [36] Sampath TK, Vukicevic S. Biology of bone morphogenetic protein
phate bioceramics: Preparation, properties and applications [J] . J in bone repair and regeneration: a role for autologous blood coagu-
Mater Sci Mater Med, 2003, 14 (3) : 201-209. lum as carrier [J] . Bone, 2020, 141 : 115602.

[28] Putnis S, Neri T, Klasan A, et al. The outcome of biphasic calcium [37] Stokovic N, Ivanjko N, Maticic D, et al. Bone morphogenetic pro-
phosphate bone substitute in a medial opening wedge high tibial os- teins, carriers, and animal models in the development of novel
teotomy [J] . ] Mater Sci Mater Med, 2020, 31 (6) : 53. bone regenerative therapies [J] . Materials (Basel) , 2021, 14 (13) :

[29] Battafarano G, Rossi M, De Martino V, et al. Strategies for bone re- 3513.
generation: From graft to tissue engineering [J] . Int J Mol Sci, [38] Vukicevic S, Grgurevic L. BMP-6 and mesenchymal stem cell dif-
2021,22(3): 1128. ferentiation [J] . Cytokine Growth Factor Rev, 2009, 20 (5-6) :

[30] ki, BRadts, PR . 2R TR SO AAE B B A il P IS 441-448.

YERE (1] TP EBE SRR, 2013, 21 (16) : 1617-1619. [39] Chiari C, Grgurevic L, Bordukalo-Niksic T, et al. Recombinant hu-

[31] Dou DD, Zhou G, Liu HW, et al. Sequential releasing of VEGF and man BMP-6 applied within autologous blood coagulum accelerates
BMP-2 in hydroxyapatite collagen scaffolds for bone tissue engi- bone healing: Randomized controlled trial in high tibial osteotomy
neering: Design and characterization [J] . Int J Biol Macromol, patients [J] . J Bone Miner Res, 2020, 35 (10) : 1893-1903.

2019, 123 : 622-628. (fiefi :2022-07-13 &1]:2023-02-20)

[32] A3, dbll, b, . 3D FTEVE Y MY R A AL ST R R (FATIFRCR S o, BB

WEFEBLR (1] . P EBFEIMEZL R, 2018, 26 (14) : 1306-1310.

(ARGt THE)

BEH - A - dR

ARTISE TR AR A% (38

BV EAS R B — R R RS AT 2 GRS . R fE BRSO R SIS, A RIS A S S IEE R R AR VAR G

O, AT RESHASHIXS SR S AT o WS T AR SR N A AR AR, RIESORH B s PRAIEAAEANS L AT
AT OUR B W U B A AR AT, TGt b BB Be, 32 bR fFk— A A P iR AR

(1) MEEE R PR FHURR TR SR R 0T LA —EE BaliEE AN, 800 (2) HRREBURIS, PrE i 7F

FHAE 5 Py S C AR S, B SR — 1 D il s b A 2 AR R L (3) AR ERATA R, B RS
Wi (4) ARNEME AL, AR EEE, AMIGEAEISINE; (5) BsgiHarfraLi, SUBmHR; (6)

K SIESUIEART G5 () S5 CRG IS IECNERTT & .
TR REEWAARAE, RSO TR, SEREGEP AR, AR E AR T

CREBFFIEIMNEL) didE
2023 43 H

1787



