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Current status and prospect of osseointegrated prostheses // ZHANG Zhong—kai, SHI Jun, ZHANG Wei. Department of Orthopae-
dics, Shandong Provincial Hospital, Shandong First Medical University, Jinan 250021, China
Abstract: Osseointegrated prostheses refer to prostheses that are directly integrated with the amputated bone tissue. In the past 30

years, osseointegrated prosthesis technique has developed rapidly, up to now, dozens of treatment centers have been established, and more
than 1 000 patients have used osseointegrated prostheses around the world. Compared with traditional prostheses, osseointegrated prosthe-
ses have obvious advantages in their function and comfort. Although osseointegrated prostheses have been developed into different types,
fixation methods and surgical methods, they still face complications and risks, such as infection and periprosthetic fractures. Therefore, os-
seointegrated prosthesis techniques still need to be continuously improved. This article mainly discusses various types and characteristics
of osseointegrated prostheses, summarizes the advantages and disadvantages of them in clinical application to provides a reference for fur-
ther development in the future.

Key word: amputation, osseointegrated prosthesis, rehabilitation

MR R A DS AR E SN DB, L5 H, Fidi— () 1 i e B R B4 8 2 7 1 s Bk
U4 [ e AR A R e B N A L R ', TEZIGHY 30 4R, A RS BB AR K i

WA FRBN R A BB ], AR 1 5k
PENSNEL 8 502 TN, RARBREEAEH 2 2 472
TN G S ARk, RPN . scES . T, A
SRICEAFHZE M, REREAFCEFRN, R
M Tk S T RO R i Sh T RE AN
AR A A E B, T REE R A S
(40 Bh e, T A A N AR CE Y AR B R0 B
k2, BRI R E R S R, R
Jie 2 A i SO G B, 1232 6 AR i 2 ) il A
25, TR BRI I, YA — R R Al

BRA BORE —ImE e TR A RmE T, 5
— U2 it B2 R S ARSMBBAHERE . 1990 4F 5 15

DOL: 10.3977/.1ssn.1005-8478.2023.22.07
ABEETE : I1RE A ARE R4 H P H (45 : ZR2022QH019)

g, AR TG RN, AR A R A AT
T I, EREAIRIBOI IR AR TR TR
AIPIA KL

ARLERIIR T UL AF R B B A BB R AT 5 2t
JE&, ERIE T EBES RIS kT, U
HRA IR LT 1, Nie— X E A Bk
IR AT (8

il
It

BEGERENERSER

‘A AW Branemark 55 R MES, B
H

B BA TR BN S EAY) Z 6 R A

PEB R R P, B0 BFFE 7 1) - B IbRe , (FRL3E ) 13013525778, (L T-{54H ) porkchop@iambad.in

*BIEVEE AL, (FIE)0531-68773183, (L F{5%H ) weizh80@126.com

2052



314522
2023411 H

TSRS
Orthopedic Journal of China

Vol.31,No.22
Nov.2023

A TR, BREE —REOR KBRS A R
HR>90%, ARBUE>50%, HHEE BB AW T I
BE&S R SRR . B RS BB AL 3 A (1)
EANEFHRNENEAL; (2) SMEALG (3) %
B NEAMESIMRIBE K fe Y B GEE
i 30 RAEMARE, HETA SRR IRIBEER, A
[ BB D R B AR R EATT TR
LA B A B H AT N TR BB U R
&, WAHDE EBE. TR REEARRS . #&
JB 0 A UL (osseointegrated prostheses for
the rehabilitation of amputees, OPRA) J&7E 1990 4F
Branemark 5% ' TR B ATE B E T HE A B
OPRA Sl i 7E MU i B AMREER 1, HiZIR S
PSR B A HEUA R B A BRI, WP AR S
OGS EAY e ARSI, 55— iAo
. OPRA —IFAJG—TTE 6 LB HHRE
BOR, THITREAEE B R AR A A S
BEHAMBIBL . NI T ARSI BB FH S MBI 18 7 2
18 A LA — R 8GR (integral leg
prosthesis, ILP) FRH AT 1.5 mm 2247 88 N ETFEFRRTR
G54, AT LA A S AN BORES S A, B AT
ARMTHOCT e, AIMBISGE I IR B S — IR
AF A BREREE " — A E S BN
ZITARA B MUE RS B (osseointegrated pros-
thetic limb, OPL) JEH Al Muderis f % —{AX 8% &
Ry e B gt — BB E ik, OPL B AW N R I
HARKREE TIREZE, TUMEEE# R S5,
SN TR 4 B S B4 ORE T LU/ B 4 SR g B
B AT OPRA Be— RS UE A B, OPL
s WP AR SE M, WD T ERE P T AR
i ™, B R (compress device) Al FH T DU A%
KA R RIS A, (HBEZH T SO B
BB —Fh . e AR s R i B SR TR
BB R B B e, LI 7 s AR s 2 BRat
ZHh, A —LE e TR R A B R R
A H A TE IR RSB B, s N2 B A IR
(intraosseous transcutaneous amputation prosthesis,
ITAP) "™ 54 5 A5 B (percutaneous osseointe-

grated prosthesis, POP) ™,

2 ImRBEASBRENERIE. ENIEKE

RT3 A B A B 79 A R ] el
WIRIBEVTRTTE , A RO T A 32 2R X — b g b

VR E N e CY R S-S VAT ot d O R N A T
ARG MBS R s B AT AU, sl X G L
IBOCIETE R R o R IR B e P A BURT
TAA MRS BRI R . AR AR AR
XoF i IR A ZOR WA B AN TR, 41 OPRA B85 fRUK
FORBUB A B E>12 om 5 1

B RS IR A5 SRk FAT 32 SR A1 A 1 A8 ok
W BRSO AT B AR RIRNG YT A
#, mik (570 %) &Y BEA T EBREG, B
S IR A SURGL A S AR A T R A B
JBFA, FRIME R G A A R AR AR sl X
ERRAIE o HEX T B R A (BB 0 IE R AR 8
Wo BEEHBEERRMEALRE, BB RENL
IR 2B R, —LEE R 2 PR IR . Atal-
lah 25 1 WFE A BB A U H R RT 3 T TR 2 M H
MG, EAFEUBRF MR AT LU A
(Y

X THg R BRI, BRARMAEZTT
ETRPEH, 75 6 min 24T, BRIFED,, 55
BBz SR B B A TAegeetta iU, Hiz
FERME T ER N AMUBEERK, EHE
N7 AR B R AT B R . R ]
T RGBS BUESC B B — o, X
G IEALG A RIBOICEAE ) >

H R R LR 1 6 S AR 2 BB
A, T AR 2% et A B PRI LR S
o HIEE AR Gz S, A TS
BIRAMESCHE H AR, HEASCERYIE RG]
JBOR TR sh 5 A AL T el = WF5EaR
A A R BB AT RESR B TR B B ORI 52
i >

A BB A A R A B . R 5 (BB
XL GEARIBAT 822 HAE AIE S A AR 22T ] Bl
JE B T B A BUBR R FE R N 3R, (RO
PR ZE AR F AT A E BB, T E A B [
HITE BT UM 2% . Ry HRTZ R
BRI BORERM, RIS BTSSR A B A R
TR DAY RAERDE, R R IR 1Y B JRER
HAUEG,, Hor i PR B 2 5 6T R
REARAS I B G2 . K2y 5% 11 £ 35 DR M P U
Peda EHRH T T AT o BUBR Bl UG bE
BRI R Z S AL BT . TR A IR
R E AT, R e VAR I T AAE
SR B A B T B2 A R R SR AL

2053

c

iy



315522
2023411 H

T LSRR S
Orthopedic Journal of China

Vol.31,No.22
Nov.2023

501, SEERIHRA TR S G AN SR R R
(EYSIIEIPS IS

3 BEGERENEZRIIS

Bl % 30 SRR AR R, H A BRI
BB AR B[R] B 384T T MOk b 42 8 i
AR R R B PR T AP, B
HHEA MR ARW B, S EEAY S
ARG WA > BR TR
T 3 AR 18 S T AT L R - s A R RS A A v
B UE B AT DL HE— 2 AR OB AW 5 U R
G RSB AT AGE S BRSNS, B
ity (4] J&) PR A% A 28 B A% thy o 28l T MR IR
AUAHAS B T AR I B dl s, o B S
Ji (R R T REFR AL T AT RE . B e ML LA
RY . HE K Be B R R ok 1B S T
] 27,

T EEEEASBE EE Y S Fa ik, S
R JER SRR R 15 A SLA AR OC I BAE , [ T R bk
Z I AR R A B — XA . BB
BEERIEE 2 AW B AR S B Y A
HE A B R SR, . Wi AR A AR K
REEAL. H A BN S A T 8 A b A0,
R A A2 A58 1 213 3 1 5 2 AR i T R R
B R AN AN I 5 22 KA T B o AR
B A BUBE A AL IR A2 7 B 2H 2 s B3 e b
AR T L Z2 L B2t Rk A B, P RAGE 1 1 Jik e
LU Fh I s 32 sk Bz R 22 R 0 3 BRI SY
FMIXT B HE A B A S R4 T R SRR P T A 1) 48 R
AR, PN B A A It mT L A ) SR pHL (B A
AR W I ARG O Y R BB P I
AR AZ I RKIE TT, RE B AR 5 2
BRMFRBE, BEA B T2 I A T
sfi I R IEA S . A FSEXT 111 45 OPRA &
N E VAT 6 4EBETT, 55%0) B BT J1244
KFFRAE B, X 39 BN ILP (R 5 FREi
B2 BIE N EADIBI R DL s BRI T
MRN8 532 1 E A B b 1 R ) 8%z
v, ANCAT LU W B R 32 1 D) i e S R R
SRR SR, AT IR oK SZ i 2 i fhfr Y AR
BACE A BB B P It e & A, T
X BGHA T 7 B AR A HE

R 30 AR E A B AR T 29z e,
2054

R RN TERL B, AR BB R
BRI B A BB S AL, 4%
MORE B, TR M 7 875 25
58, ITEAREINHINRE S I A . B RS BB A A
JERRHIH 28 MR ER R, ME ARSIk
&, A IRERG I AR AR H Sl AR A P A, R
R AL EERBCAR, 57 Sl At e PR B 22
PABCREAAT 2 AAELDME 0, MOL BRI A B )
B ES RIS Z B . AfE it — B R S
JRCRAfET e

(1] pemite, sk, skm, 55 . MR A s AARETA 2 A 1 5l o
O] A 54 R2, 2014, 20 (4) : 59-64.

(2] NG BUBCSBIEGREOR I BLR S & s 1] . b EBHES
B4R, 2013, 21 (2) : 107-108.

(3] ZoKkiE, #hh . E DR E R AR (1] . T EFE M
W, 2009, 17 (17) : 1325-1328.

[4] LiY, Fellinder—Tsai L. The bone anchored prostheses for ampu-
tees historical development, current status, and future aspects [J] .
Biomaterials, 2021, 273 : 120836.

[5]  Overmann AL, Forsherg JA. The state of the art of osseointegration
for limb prosthesis [J] . Biomed Eng Lett, 2019, 10 (1) : 5-16.

[6]  Branemark R, Branemark PI, Rydevik B, et al. Osseointegration in
skeletal reconstruction and rehabilitation: a review [J] . J Rehabil
Res Dev, 2001, 38 (2) : 175-181.

[7]  Hoellwarth JS, Tetsworth K, Rozbruch SR, et al. Osseointegration
for amputees: current implants, techniques, and future directions
[J].JBIJS Rev, 2020, 8 (3) : 0043.

[8] Hoellwarth JS, Tetsworth K, Akhtar MA, et al. Transcutaneous os-
seointegration for amputees: lessons from the past of relevance to
the future [J] . Bone Joint Res, 2021, 10 (10) : 690-692.

[9]  Pierrie s N, Gaston RG, Loeffler BJ. Current concepts in upper—ex-
tremity amputation [J] . J Hand Surg, 2018, 43 (7) : 657-667.

[10] Hoyt BW, Walsh SA, Forsberg JA. Osseointegrated prostheses for
the rehabilitation of amputees (OPRA) : results and clinical per-
spective [J] . Exp Rev Med Dev, 2020, 17 (1) : 17-25.

[11] Niedernhuber M, Barone DG, Lenggenhager B. Prostheses as exten-
sions of the body: Progress and challenges [J] . Neurosci Biobehav
Rev, 2018, 92: 1-6.

[12] Mcgough RL, Goodman MA, Randall RL, et al. The Compress®
transcutaneous implant for rehabilitation following limb amputa-
tion [J] . Der Unfallchirurg, 2017, 120 (4) : 300-305.

[13] Golachowski A, Al Ghabri MR, Golachowska B, et al. Implantation
of an intraosseous transcutaneous amputation prosthesis restoring
ambulation after amputation of the distal aspect of the left tibia in
an Arabian Tahr (Arabitragus jayakari) [J] . Front Vet Sci, 2019, 6:
182.

[14] Beck JP, Grogan M, Bennett BT, et al. Analysis of the stomal mi-



315522
2023411 H

T EBTESR RS
Orthopedic Journal of China

Vol.31,No.22
Nov.2023

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

crobiota of a percutaneous osseointegrated prosthesis: a longitudi-
nal prospective cohort study [J] . J Orthop Res, 2019, 37 (12) :
2645-2654.

Hagberg K. Bone—anchored prostheses in patients with traumatic
bilateral transfemoral amputations: rehabilitation description and
outcome in 12 cases treated with the OPRA implant system [J] .
Disabil Rehabil Assis Tech, 2019, 14 (4) : 346-353.

Atallah R, Li JJ, Lu W, et al. Osseointegrated transtibial implants
in patients with peripheral vascular disease: A multicenter case se-
ries of 5 patients with 1—year follow—up [J] . J Bone Joint Surg Am,
2017,99 (18) : 1516-1523.

Leijendekkers RA, Van Hinte G, Nijhuis—Van Der Sanden MW, et
al. Gait rehabilitation for a patient with an osseointegrated prosthe-
sis following transfemoral amputation [J] . Physiother Theory Pract,
2017, 33 (2): 147-161.

Van DE Meent H, Hopman MT, Frolke JP. Walking ability and
quality of life in subjects with transfemoral amputation: a compari-
son of osseointegration with socket prostheses [J] . Arch Phy Med
Rehabil, 2013, 94 (11) : 2174-2178.

Pospiech PT, Wendlandt R, Aschoff HH, et al. Quality of life of
persons with transfemoral amputation: Comparison of socket pros-
theses and osseointegrated prostheses [J] . Prosth Orthotics Int,
2020, 45 (1) : 309364620948649.

Ontario Health (Quality) . Osseointegrated prosthetic implants for
people with lower—limb amputation: a health technology assess-
ment [J]. Ont Health Tech Assess Series, 2019, 19 (7) : 1-126.
Orgel M, ELAreibi M, Graulich T, et al. Osseoperception in trans-
cutaneous osseointegrated prosthetic systems (TOPS) after trans-
femoral amputation: a prospective study [J] . Arch Orthop Trauma
Surg, 2023, 143 (2) : 603-610.

Farina D, Vujaklija I, Branemark R, et al. Toward higher—perfor-
mance bionic limbs for wider clinical use [J/OL] . Nat Biomed Eng,
2021. Published ahead of print. DOI:10.1038/s41551-021-00732-
X.

Overmann AL, Aparicio C, Richards JT, et al. Orthopaedic osseoin-
tegration: Implantology and future directions [J] . J Orthop Res,
2020, 38 (7) : 1445-1454.

Nobles KP, Janorkar AV, Williamson RS. Surface modifications to
enhance osseointegration—Resulting material properties and biolog-
ical responses [J] . J Biomed Mater Res Part B App Biomater,
2021, 109 (11) : 1909-1923.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Agarwal R, Garcia AJ. Biomaterial strategies for engineering im-
plants for enhanced osseointegration and bone repair [J] . Adv
Drug Deliv Rev, 2015, 94: 53-62.
Osborn LE, Moran CW, Johannes MS, et al. Extended home use of
an advanced osseointegrated prosthetic arm improves function, per-
formance, and control efficiency [J] . J Neural Eng, 2021, 18 (2) :
026020.
Farina D, Vujaklija I, Brénemark R, et al. Toward higher—perfor-
mance bionic limbs for wider clinical use [J] . Nat Biomed Eng,
2021, 2021: 235268852.
Pendegrass CJ, El-Husseiny M, Blunn GW. The development of fi-
bronectin—functionalised hydroxyapatite coatings to improve der-
mal fibroblast attachment in vitro [J] . ] Bone Joint Surg Br, 2012,
94 (4) : 564-569.
Jeyapalina S, Beck JP, Bachus KN, et al. Efficacy of a porous—
structured titanium subdermal barrier for preventing infection in
percutaneous osseointegrated prostheses [J] . J Orthop Res, 2012,
30 (8): 1304-1311.
Koidou VP, Argyris PP, Skoe EP, et al. Peptide coatings enhance
keratinocyte attachment towards improving the peri—implant muco-
sal seal [J] . Biomater Sci, 2018, 6 (7) : 1936-1945.
Rizzo P. A review on the latest advancements in the non—invasive
evaluation/monitoring of dental and trans—femoral implants [J] .
Biomed Eng Lett, 2019, 10 (1) : 83-102.
Hagberg K, Ghassemi Jahani SA, Kulbacka—0Ortiz K, et al. A 15—
year follow—up of transfemoral amputees with bone—anchored trans-
cutaneous prostheses [J] . Bone Joint J, 2020, 102-B (1) : 55-631.
Reetz D, Atallah R, Mohamed J, et al. Safety and performance of
bone—anchored prostheses in persons with a transfemoral amputa-
tion: a 5—year follow—up study [J] . J Bone Joint Surg Am, 2020,
102 (15) : 1329-1335.
Zaid MB, O’ donnell RJ, Potter BK, et al. Orthopaedic osseointegra-
tion: state of the art [J] . J] Am Acad Orthop Surg, 2019, 27 (22) :
E977-E985.
BOVE = . BB 20 4F: BB SR 55 10k e S PR 1]
s EFIEANBILRE, 2007, 15 (7) : 481-483.
TR, P, E OB . 5 AR AMI UL A0 BT B R
B (1. EBTESMEE, 2019, 27 (14) : 1340-1341.
(i - 2022-05-20 {11 : 2023-02-27)
(AT o BREESC, VL), 225)
ESC NEN

2055



