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Aev umtapyeL cUYKPOUON CUUDEPOVTWV



* Elval avaykaio n 6co 1o duvatov peyaAutepn emBiwon UALKWV
ooteooulvBeonc OmMwc oL apBpomAACTIKEC Kol TO OOOVILKA
epduTELpOTA.

e Apxik& n otaBepotnta  Ttouc amodldetral  oTtn  MNXAVLIKN
otaBepormnoinon Tovu EUPUTEVLATOC OTO 0O0TO, EVW

* LETA QMO MEPLKOUC MNAVEC €lvol amopaitntn N OCTEOEVOWUATWON
TOUC.



DoVOUEVO OOTEOEVOWHATWONC

* To palvouevVo TNC 00TEOEVOWHATWONC avakaAudOnke tn dekaetia tov 1950-60.
(Branemark PI. Vital microscopy of bone marrow in rabbit. Scand J Clin Lab Invest 1959;11:1-82)

o Antauteiton apeon dienadn ootol pe PETAANO Xwpic mapepuPoAn pn ootitn Lotou.
e ATtateitol oXeTikn otabepotnta ootovU-eUPUTEVUATOC.

e ATOTEAEL PNXOVIOUO AYKUPWONC UE ToV omolo ta pn {WTILKA CUCTOTLKA UTTOPOUV
va evowpatwBouv oto {wvtovo 0oTo.

Mavrogenis AF, Dimitriou R, Parvizi J, Babis GC. Biology of implant osseointegration. J Musculoskelet Neuronal Interact.
2009;9(2):61-71



Amavtnon LoTou oTtnVv epuduTeLONn (LotoAoyia)

e Evepyormolnon tng OOTEOYEVECNC TIOPOMOLOL LE QLUTH TNC WP WONC.

e Tpormormoleital ano:
v/ NV napoucio Tou EPGUTEVUATOC KOL TAL XOPOKTNPLOTLKA TOU,
v Tn otaBepotnTa TNEC OTEPEWONC KaL
v tn Sleyxelpntikn BgppotTnta (AmoOmTwon 00TEOKUTTAPWV)
e PuBuiletal amd auvénTikouc ToPAYOVTEC Kal Ttapayoviec Sdladopormnoinong mou
ameAevBOepwvovtal amo TA €evepyomolnpeva atlpoodaipta otn Olerdpavela
00TOU-guPUTEVMATOC.

Mavrogenis AF, Dimitriou R, Parvizi J, Babis GC. Biology of implant osseointegration. J Musculoskelet Neuronal Interact.
2009;9(2):61-71
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o Alpatwpa: To KUTTOpO TOU oilpatoC Tou eivol mayldevpeva otn  Olemupavela Tou
guPuTELATOC eveEpyoTIOLOUVTAL KOl OreEAEVOEPWVOUV KUTOKIVEC Kol AAAOUC auénTLkouc Kol
SladpopormoLnTLkouC OPAYOVTEC.

e OoteokaBodnynon (osteoconduction): n oxnuATopnEVN HATPA WVWOOUC AELTOUPYEL WC LKPpLWHAL
yLOL TN LETOVAOTEVUON TWV OCTEOYEVEVETIKWY KUTTAPWV.

e Ooteosntaywyn (osteoinduction): Owadopomolnon TwWV OOCTEOYEVEVETIKWY KUTTAPWV OF
ooteoBAAoTEC.

Zhang Y, Fan Z, Xing Y, Jia S, Mo Z, Gong H. Effect of microtopography on osseointegration of implantable biomaterials and its
modification strategies. Front Bioeng Biotechnol. 2022



* OOTEOEVOWHATWON (osseointegration): dSnuoupyia
00Te0eldOUC QMmO T  OOCTEOYEVETIKA  KUTTOPO Kol
avadlapopPwor Tou og oToyywoOeC o€ Apeon smadn HUE TNV

emipaveLla TOU EUPUTEVATOC.

OoteoBAAOTEC/UECEYXUMATIKA KUTTOPO: UETOVOOTEUOUV KLl
NMPOOKOAAWVTOL OTNV ETMLPAVELD TOU EUPUTEVHATOC OO TNV
1n pEpa, evamnobetovioc npwieivec mou oxetilovtal PE T
00TA KOl SNULOUPYWVTOC €val Un KOAAOYOVO OTPWHA OTNV
eTLPAVELD TOU EUPUTEVUATOC TIOU PUBUIZEL TNV KUTTAPLKN

NMPOCKOAANGCN Kol Tn S€opevon LETAAAWV.



F-actin Reqgulates Osteoblastic
Differentiation of Mesenchymal Stem Cells
on TiO, Nanotubes Through MKL1 and

YAP/TAZ

Zhicheng Tong'", Yanchang Liu*", Runzhi Xia', Yongyun Chang', Yi Hu', Pengcheng Liu', Zanjing Zhai',

Jingwei Zhang' and Huiwu Li’
Tong et al. Nanoscale Research Letters (2020) 15:183

https://doi.org/10.1186/s11671-020-03415-9
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ATIO TNV MPOOCOEDN TWV HECEYXULATIKWY KUTTAPWY OTOUC VavoowAnvec Ti,

HETaypOPIKOL  TIAPAYOVTEG 1{o]V) Bewpoulvtal Lnxavoalocntnpec KoL
LLNXOLVOULETATPOTIELC,

n mpwteivn nou oxetiletal pe Yes (YAP)/o petaypadikoc ouvevepyornontic TAZ kot o
niopayovrac MKL1 (petaypadilkoc mapayovioc A tou oxetiletol e tn puokapdivn),

gvepyorolovvtal amo tnv F-aktivn otn dtadikacia tng Stadopormnoinonc.



regulation of a series of signaling pathways. Nano-
tubes induce cell differentiation by triggering a com-
plex network of signals, including integrins, proteins

contained in focal adhesion complexes, FAK, Src, Rho

GTPase, the MAPK pathway, the Hippo pathway, and

other reported signaling pathways. At least as import-

Conclusions

Our results showed that TiO, nanotubes promoted the
osteogenic differentiation of MSCs, and this ability was
enhanced with the increasing diameter of nanotubes
within a certain range (30-70 V). F-actin mediated
nanotube-induced cell differentiation through MKL1
and YAP/TAZ, providing a novel insight into the study
of cell differentiation.



Target osteogenic Nucleus
genes expression 4
(such as RUNX2/ALP/OPN)

OL poplakol pnxoviopot mou gival Kupilwg
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ZhangV, Fan Z, Xing Y, Jia S, Mo Z, Gong H. Effect of microtopography on osseointegration of implantable biomaterials and its
modification strategies. Front Bioeng Biotechnol. 2022



[TopQlyOVTEC TTOU EVIOYULOUV TNV
OOTEOEVOWMATWON

* 2xeTilovtal UE TO EPPUTEVAL * H pnxavik otobepotnta kot ta

doptia ov epappoloviol
v 0 oxebLaopdc Kat

v’ XnHKr ouveean, * Emwkoupikeg Beparneieg onwg:

v’ n empavelakn tonoypadia, v/ 00TIKA pOoXELHATA,
v/ TO OXAMO, TO MAKOC, N SLAUETPOC, v pappoaka mou erubpolVv OTNV OOTIKNA
v'n enefepyacia TN enbdAveloC TOU TIUKVOTNTA OTIWG Ta SLdwopovika

EUPUTEVATOC KOLL N ETILKAAU Y.

* To 00TO &evioTn

Mavrogenis AF, Dimitriou R, Parvizi J, Babis GC. Biology of implant osseointegration. J Musculoskelet Neuronal Interact.
2009;9(2):61-71



YALKO KOTAOKEUNC ELPUTEU UOTOC

* YAKO €MIAOYNC: TITAVLO KOl TQL KPOUOTA TOU.

e To TITAVLIO TapoucLaleL:

v e€atpetikni BlooupBatotnra,

v xapunAO CUVTEAEOTH) EAQOTIKOTNTOC TTOU E{VaL TILO KOVTA OTO
HLETPO TOU 00TOU (HETPO eAaotikotnTag PAowwdeg ooto: 18-
30 GPa, Ti/kpapata: 48-112 Gpa) kal

v’ 1toAU xapnAo mooootd StaBpwonc.

e AMNa UALKA €XouV €Ttiong npotabel OMwc to TavTaALo,
TO OAOULVLO, TO VLOPLO, TO VIKEALO, TO {LPKOVLO KOl TO

advio.

Stress (pascals)

9

Relative Values of Young Modulus

.
g 4 Toavwo ,
5 OAowwbdeg ooto
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7

8
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10

1"
Plastic Zone

Strain

. Ceramic (Al203)
. Alloy (Co-Cr-Mo)
. Stainless steel

. Titanium

. Cortical bone

. Matrix polymers
. PMMA

. Polyethylene

Cancellous bone

*10. Tendon / ligament
*11. Cartilage
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XOPOKTNPLOTIKA eMLpavelag (tpaxvtnta)

macro surface roughening
physical roughening

/
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 H emupavela evoc spudutevpatoc Pploketal
o€ Aueon enadn HUE To 00TO

e MaileL peydlo poAo yla TIC EMAKOAOUOEC / ,,.,,.,u';a\ .
, ’ ’ . 1 ‘micro roughening '\
avTldpAoELC OTO ONMELO TNG EpdUTELONC. L 8 weing paricie shootng,
\\\1\ . e.g. san as "ilg-;'/,
* ALAPOPETIKEC TEXVIKEC DUOLKNC KOl XNMLKNAC ~——__ Aupopoin
TPAXUVONG onwg Asiavon (grinding), ofeidwon, =
Jpekaopog payvntpoviwv (magnetron sputtering), ' chemical surface \
duowkn evanobeon atpuwv pe Seopn nAektpoviwy, por b )
eTUAEKTIKA TAEN pe Aéwlep kal UPavon AElep (laser S~ 0fwn xdpatn
texturing). —
I:/ surface coating ™
§ &, % bioactive compounds, \
o ’&( growth factors (e.g. BMP), /
N antibacterials

Erudavetakn enietpwon

—

N Walter, T Stich, D Docheva, V Alt, M Rupp. Evolution of implants and advancements for osseointegration: A narrative review.
Injury 53S3 (2022) S69-573



 H Stapopdwon erpavelwv otn VovokAlpaka €xel Bpebel OtL €lval onpAVTLKOC

TIOPAYOVTOC OCTEOEVOWUATWONC.

* H cuvoAwn tpaxutnta:
v  evioxVeL tnv udpodhia Kaut,

v auéavel tnv emdpdvela ootou-euduUTELHATOC, Epdavilovtoc pia EUpUTEPN TIEPLOXN YLOL TNV
KUTTOPLKN TIPOOKOAANGN TWV KUTTAPWV.

Characteristic

Roughness

Wettability

Porosity

Optimal values

Microscale
0.5-1.5 pmNanoscale
1-100 nm

Hydrophilic or hydrophobic
(< 90° or > 90°)

100-700 pm

Biological and cellular response
Mixtures of micro and nanoscale roughness appear to provide appropriate
cellular responses.

Depends largely on surface chemistry and topography.

Interconnected porosity is optimal, but porosity can also lower mechanical strength.



[TopAyovVTEC TTOU OVOLOTEAAOUV TNV
OOTEOEVOWMATWON

* AMYn pappakwv onwc kukAoomopivn A, peBotpetatn, XMBH kot MZAQ.
* AktlvoBepareia

* Mapayovteg ov oxetifovtal pe Tov acBevn onwc:
v ooteonopwon Kot GAN LETABOALKA VOOTLOTA TWV 00TWV
v peupatosldnc apOpitdo,
v Ve PLKN AVETIAPKELQ,
v GAAa eVSOKpLVIKG altia,
v ipoxwpnuévn nAtkia,
v SLatpod K AVETIAPKELD KO
v KATvIopa

Mavrogenis AF, Dimitriou R, Parvizi J, Babis GC. Biology of implant osseointegration. J Musculoskelet Neuronal Interact.
2009;9(2):61-71
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Hormone and implant  “esdiz:s.
osseointegration: Elaboration of
the relationship among function,
preclinical, and clinical practice

Ming Yi*#?3, Ying Yin*#?, Jiwei Sun'*3, Zeying Wang*>,
Qingming Tang"“*** and Cheng Yang"***

'Department of Stomatology, Union Hospital, Tongji Medical College, Huazhong University of Science
and Technology, Wuhan, China, ?School of Stomatology, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China, *Hubei Province Key Laboratory of Oral and Maxillofacial
Development and Regeneration, Wuhan, China, *Department of Oral and Craniomaxillofacial Surgery,
Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China,
>Shanghai Jiao Tong University School of Medicine, Shanghai Ninth People’s Hospital, Shanghai, China



Hormones

Thyroxine

Androgen

Growth
hormone

Melatonin

Yi M, YinY, Sun J, Wang Z, Tang Q, Yang C. Hormone and implant osseointegration: Elaboration of the relationship among
function, preclinical, and clinical practice. Front Mol Biosci. 2022 Sep 15;9:965753

Author

Ursomanno et al.
(2020)

Feitosa dda et al. (2008)

August et al. (2001)
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(2002)

Stenport et al. (2001)
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(2011)
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(2010)
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(2016b)

Study design/

Experimental model

Retrospective study

animal experiment

Retrospective study

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

animal experiment

Subjects and
number

Patient N = 635

Wistar rat
N =143
Patient N = 526

female Wistar rats
N =18

female Wistar rats
N =30

SD rats N = 20

New Zealand rabbits
N=38

New Zealand rabbits
N =16

Beagle dogs

N =12

Beagle dogs

N =12

SD rats N = 30
Wistar rat N = 18

American Foxhound
dogs = 5

Results

Patients with HT have a decreased rate of bone loss

Osseointegration Thealing process in the cortical bone

around titanium implants

Estrogen deficiency may be risk factors for maxillary
implant failure
The bone mass around the implant and the BIC in the

cancellous bone area |

Dihydrotrophil 2 promotes cobalt-chromium implant
bone bonding

(topical application) Periimplant bone reaction and

mineralization of osteoid T

(Systematic administration) Improving Initial implant

stability

(Topical application), BIC is not significantly affected

BICT

Year

2020

2008

2001

2000

2003

2013

2002

2001

2011

2010

2020
2018



Glucocorticoid

Insulin

Adiponectin

PTH

Vitamin D

IGF-I
CGRP
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Retrospective study

animal experiment

Retrospective study

animal experiment

animal experiment

animal experiment
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Clinical Randomized Controlled

Trial

animal experiment

animal experiment

animal experiment

Retrospective study

animal experiment

animal experiment

animal experiment

animal experiment

Patient N = 31

New Zealand rabbits
N =40

Patient N = 121

Wistar rat N = 30
Wistar rat N = 80

Gottingen minipig
N=9

Wistar rat N = 40

Female SD rats

N =18
Patient
N =24

American Hound dogs
N =20

Wistar rat N = 24

SD rats
N =30
Patient N = 822

Foxhound dogs N = 6

SD rats

N =51

Mongrel dog N = 25
C57BL/6 or CGRP—/-

Glucocorticoid intake did not affect BIC and 3-year
survival of dental implants

The resulting osteoporosis affects BIC

diabetes caused by abnormal insulin metabolism are
more likely to cause peri-implantitis

Direct insulin infiltration improves BIC

Insulin deficiency made BIC, torque value]

no change in bone area around medullary implants or in
bone and BIC

BICT

NBV/TV]

osseointegration of cancellous boneT

Bone volume, mass and bone turnover|

Promoting bone formation around implants

Vitamin D deficiency incidence of early implantation

failure is increasing

Topical application of vitamin D to dental implants can
reduce alveolar bone loss, BIC|

Vitamin D deficiency has a negative effect on bone
formation around cortical implants

Implant bone repair after tooth extraction T

CGRP promotes macrophage polarization and
enhances osseointegration

2017
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2006

2011
2013
2018
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2011
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2020
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2016
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A long-lasting bisphosphonate partially protects periprosthetic bone, but
does not enhance initial stability of uncemented femoral stems: A
randomized placebo-controlled trial of women undergoing total hip
arthroplasty

Check for
updates

Erik Aro?, Niko Moritz ¢, Kimmo Mattila®, Hannu T. Aro **

2 Department of Orthopedic Surgery and Traumatology, Turku University Hospital and University of Turku, FI-20521 Turku, Finland
b Department of Diagnostic Imaging, Turku University Hospital, FI-20521 Turku, Finland



Single-center

randomized,

double-

blind, placebo-controlled clinical trial
Recruitment period: 3/08 — 11/09

Received Ca and vitD

The participants were randomized to

receive either:

v’ a single infusion of 5 mg of zoledronic

acid or

v'placebo prior to the discharge from the

hospital.

Assessed for eligibility (n=60)

Excluded (n=11)
+ Not meeting inclusion criteria (n=5)

\ 4

+ Declined to participate (n=1)
+ Other reasons (n=5)

Randomized (n=49)

A

A 4

Allocation

) ,,

Allocated to zoledronic acid group (n=25)
+ Received allocated intervention (n=25)
+ Did not receive allocated intervention (n=0)

Allocated to placebo group (n=24)
+ Received allocated intervention (n=24)
«+ Did not receive allocated intervention (n=0)

[ Primary follow-up (1 year) ]

A 4

Lost to follow-up (n=0)
Declined to continue (n=1)
Analyzed (n=24)

\ 4

Lost to follow-up (give reasons) (n=0)
Declined to continue (n=1)
Analyzed (n=23)

[ Extended follow-up (3-5 years) ]

A 4

Completed follow-up (n=19)

Analyzed (n=19)

Excluded

+ Died (n=2)

+ Unable due to poor general condition (n=2)
+ Declined to participate (n=1)

A 4

Completed follow-up (n=12)

Analyzed (n=12)

Excluded

+ Died (n=3)

+ Unable due to poor general condition (n=7)
+ Malignancy (n=1)




Baseline characteristics of the patients.

Zoledronic acid (n = 25) Placebo (n = 24) P value!

Age (yr) 65.3+8.0 71.0+95 ).0)-
Height (cm) 163.9+6.1 162.8 +4.3 0.46
Weight (kg) 76.9 £20.6 78.8+12.6 0.70
Body mass index (kg/m?) 28.4+6.5 29.8+48 0.42
ASA classification

lor2 12 (48) 10 (42) 0.39

3 13 (52) 14 (58)
Bone mineral density (g/cm?), proximal femur

Femoral neck 0.828 £ 0.121 0.790 £ 0.088 0.21

Total hip 0.932 +£0.117 0.929 £ 0.127 0.95

Normal bone density (T-score > —1.0) § 16 (64) 16 (64)

Osteopenia (—2.5 < T-score > —1.0) § 8 (32) 8 (36)

Osteoporosis (T-score < —2.5) § 1(4) 0(0)
Bone mineral density (g/cm®), L1-L4 vertebrae 1.058 £ 0.164 1.063 £ 0.229 0.91

Normal bone density (T-score > —1.0) § 14 (56) 18 (75)

Osteopenia (—2.5 < T-score > —1.0) § 9 (36) 3(12.5)

Osteoporosis (T-score < —2.5) § 2 (8) 3(12.5)
Bone mineral density (g/cm-), distal radius 0.515 £ 0.061 0.495 £ 0.097 0.39

Normal bone density (T-score > —1.0) § 11 (44) 9 (38)

Osteopenia (—2.5 < T-score > —1.0) § 11 (44) 8 (33)

Osteoporosis (T-score < —2.5) § 3(12) 7 (29)
25(0OH)D-vitamin (nmol/l) 64.1+21.1 57.0 £25.7 0.31
Parathyroid hormone (PTH, ng/l) 53.0+14.6 64.0 £ 29.5 0.11
PINP (ng/ml) 443 +13.8 459+179 0.67
CTX (ng/ml) 0.45 £ 0.21 0.48 £ 0.29 0.88
TRACP-5b" (U/L) 3.26+1.03 2.95+1.53 0.42
Osteoclacin (pg/1) 25.5+10.0 26.1+£9.9 0.86
Harris hip score 55.5+18.8 43.2+16.0 0.02
WOMAC score 473 +21.1 50.6 £ 21.1 0.59
Walking speed (m/s) 0.85 +30.8 0.81 £ 28.0 0.63
Walking activity (steps/day) 2873 £2133 2717 £2710 0.84
Surgery

Stem size 4/5/6 9/14/2 11/12/1 0.48

Surgery time (min) 90+ 16 87+9 0.52

" Values are given as the mean and the standard deviation. § Values are given as the number of patients with the percentage in parentheses.  Independent-samples ¢ test or
chi-square test. ASA = American Society of Anesthesiologists, PINP = procollagen type I N-terminal propeptide, CTX = C-terminal cross-linked telopeptide of type I collagen,
TRACP-5b = tartrate-resistant acid phosphatase 5b.



 FU at 3, 6, 12 months and 4 years:

v'bone turnover markers (CTX, TRACP-
5b, PINP, OC),

v'systemic BMD,

v'periprosthetic BMD was measured
from 7 Gruen zones of the
proximal femur

v'stem migration was measured
with the use of marker-based RSA

v'patient-reported outcome
measures, Harris Hip Score (HHS)
and WOMAC

v'functional outcome and walking
activity,

v'implant survival, and
v'occurrence of adverse events




CTX (ng/ml)

e Vertebral BMD increased significantly by 2.2% (Cl, 0.2-4.3%) (p = 0.027) in the
zoledronic acid group, but not in the placebo group (p = 0.38) at 12 months.

* Placebo group: One patient underwent internal fixation of a periprosthetic fracture
occurring around a stable femoral stem at 9 years / Two patients suffered a fragility
fracture, including a thoracic vertebral fracture at 4 years and a contralateral hip

fracture at 9 years.

e Zoledronic group: None of the patients experienced a fracture.
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Gruen zone 1
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-o— Zoledronic acid

-0O- Placebo

Adjusted BMD change (%)
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Adjusted BMD change (%)
(95% CI)
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Years after surgery

p <0.05, p<0.01, p<0.001.

Adjusted BMD change (%)

(95% Cl)

Gruen zone 4
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Years after surgery
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Translation at 3 months
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In conclusion, zoledronic acid did not enhance the initial stabil-
ity of uncemented femoral stems. However, stem migration was
temporary even in women with low BMD and did not interfere
with osseointegration and implant survival. Zoledronic acid had a
long-lasting, partially protective effect on periprosthetic BMD. Fur-
ther large-scale prospective studies are warranted to evaluate the
effects of antiresorptives on clinically relevant outcome measures,
such as periprosthetic anti-fracture efficacy and implant survival,
in patients with impaired bone quality. This applies both for
cementless and cemented total hip arthroplasties.

H petavaotevuon tou stem rtav mapodikn akoun Kat o€ Yuvaikeg pe xapnAn BMD
KoL SEV EMNPEACE TNV OOTEOEVOWUATWON KoL TNV eMLBiwon Twv EUPUTEUUATWV.
To LoveOpoVLIKO 0&U elXe LAKPOXPOVLO, LEPLKWG TIPOOTATEVUTIKA dpdon otnv meputpoBetikl BMD.



CLINICAL TRIAL BKPLUS .

Effect of Denosumab on Femoral Periprosthetic BMD
and Early Femoral Stem Subsidence in Postmenopausal
Women Undergoing Cementless Total Hip Arthroplasty

Hannu T Aro,' ©® Sanaz Nazari-Farsani,' ©® Mia Vuopio,' ® Eliisa Léyttyniemi,”® and Kimmo Mattila®

'Departments of Orthopaedic Surgery and Traumatology, Turku University Hospital and University of Turku, Turku, Finland
Unit of Biostatistics, Department of Clinical Medicine, University of Turku, Turku, Finland
*Department of Diagnostic Imaging, Turku University Hospital, Turku, Finland JBMR™ Plus (WOA), Vol. 3, No. 10, October 2019, e10217.



* Single-center, randomized,

double-blinded,  placebo-controlled
trial.

* Denosumab or placebo 1 month
before surgery and the second
injection at 6 months for the effective
treatment period of 1 year.

* The subjects were recruited between
November 2013 and June 2015.

Enrollment Assessed for eligibility (n = 205)

Excluded (n = 140)

Not meeting inclusion criteria (n = 63)

Declined to participate (n = 35)

Other reasons (n = 42)

Randomized (n = 67)

Allocation ] l

Allocated to placebo (n =34)

Allocated to denosumab (n = 33)

o Received allocated intervention (n = 33) o Received allocated intervention (n = 33)

o Did not receive allocated intervention (n = 0) o Did not receive allocated intervention (n

=1, declined to participate)

[ Follow-Up ]

Lost to follow-up (n = 0)

Lost to follow-up (n = 0)

o Discontinued intervention (n = 0) Discontinued intervention (n =1,

declined to continue)

1 [ Analysis of Outcomes (1-2 years) ]

Analyzed (n =33) Analyzed (n =32)

o Excluded from analysis (n = 0) o0 Excluded from analysis (n = 0)

Extension Study (3 years)

Analyzed (n = 30)
Analyzed (n =33) o Excluded from analysis (n = 2)
o Excluded from analysis (n = 0)

e (Cancer-related death (n=1)

e Poor general condition (n =1)



Denosumab Placebo p Value

Age at consent (years)

Mean £ SD (n) 69.1+5.2 (33) 69.1+5.9 (32) 0.963

Range 61-79 60-84
BMI (kg/m?), mean + SD (n) 27.9+5.3 (33) 28.0+3.6 (32) 0.962
ASA

Class |-l (no. [%]) 7 (51) 22 (69) 0.342

Class Il (no. [%]) 6 (49) 10 (31)
History of low-energy fractures (no. [%])

Yes 9 (27) 8 (25) 0.835

No 24 (73) 24 (75)
25-hydroxyvitamin D (nmol/L), mean + SD (n) 97.6 +28.6 (33) 94.0 +28.7 (32) 0.614
Operated hip

Total hip BMD (g/cm?), mean = SD (n) 0.91+0.16 (33) 0.92+0.13 (32) 0.690

Femoral neck BMD (g/cm?), mean + SD (n) 0.81£0.15 (33) 0.86+0.13 (32) 0.161
Lumbar spine BMD (g/cm?), mean + SD (n) 1.01£0.19 (33) 0.98+0.15 (32) 0.452
Distal radius BMD (g/cm?), mean + SD (n) 0.64 + 0.07 (33) 0.66 + 0.07 (32) 0.272
Low BMD diagnosis (no. [%])®

Normal BMD (T-score = -1.0) 16 (48) 15 (47) 0.343

Osteopenia (-2.5 < T-score < -1.0) 15 (46) 17 (53)

Osteoporosis (T-score < —2.5) 2 (6) 0 (0)
Cortical index (mm), mean + SD (n) 9.2+1.6 (33) 9.6 +1.6 (32) 0.294
Canal flare index, mean = SD (n) 3.8+£0.7 (33) 3.8+0.6 (32) 0.891
Size of the femoral stem, median (range) (n) 3 (1-6) (33) 3 (2-5) (32) 0.836
Femoral offset (mm)

Preoperative, mean + SD (n) 38.2+5.1 (33) 37.8+4.1 (32) 0.701

Postoperative, mean + SD (n) 37.7 £5.4 (33) 37.6+4.7 (32) 0.893
Stem-to-canal fill ratio

Proximal stem (%), mean = SD (n) 98.1+2.3 (33) 97.4+24 (32) 0.250

Middle stem (%), mean + SD (n) 86.0+7.0 (33) 85.5+9.7 (32) 0.834
Harris hip score, mean = SD (n) 48.1 +14.3 (33) 49.0+15.0 (32) 0.794
WOMAC score, mean +SD (n) 46.6 +14.3 (33) 489+ 174 (30) 0.577
Rand-36 score

Physical component, mean £ SD (n) 34.5+18.7 (32) 31.6+15.7 (32) 0.503

Mental component, mean = SD (n) 55.5+16.8 (33) 53.1+20.1 (32) 0.610
Walking speed (m/s), mean £ SD (n) 0.91£0.25 (32) 0.92+0.28 (31) 0.953
Walking activityb (steps/d), mean £ SD (n) 3250 + 1930 (30) 2910+ 1910 (30) 0.505
Operation time (minutes), mean + SD (n) 83+11 (33) 81+9(32) 0.263
Blood loss during surgery (mL), mean = SD (n) 370+ 150 (33) 350+ 140 (32) 0.621

BMI =body mass index; ASA = Physical Status Classification of the American Society of Anesthesiologists; BMD = bone mineral density; WOMAC =

Western Ontario and McMaster Universities Osteoarthritis Index.

For continuous data, p values are from two independent samples t test for normally distributed variables or from two independent samples Mann-

Whitney U test. For categorical variables, p values are from chi-square test or Fisher's exact test.
?Based on T-scores of the lumbar spine and the hips.

bpedometer-measured activity during a 7-day period before surgery.
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Denosumab in Cementless Total Hip Arthroplasty:
Multivariate Reanalysis of 3D Femoral Stem
Migration and the Influence on Outliers

Sami Finnild," Eliisa Loyttyniemi,” and Hannu T Aro'

'Department of Orthopaedic Surgery and Traumatology, Turku University Hospital and University of Turku, Turku, Finland
2Unit of Biostatistics, Department of Clinical Medicine, University of Turku, Turku, Finland
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Ol yuvaikec pe duololoyikri BMD gudavicav onpavtika Ayotepn eppfubion (p = 0,036) tou pnploiov otelAeov
o€ oUYKPLON LLE TIC OOTEOTIEVIKEC KOL OOTEOTIOPWTLKEC YUVALIKEC.



e 8 excluded outliers: 2
denosumab-treated (2/33, 6%)
and 6 placebo-treated (6/32,
19%)

e Outliers found in the two
principal directions of
postoperative stem migration:
distal translation along the y-
axis (stem subsidence) and
rotation around the vy-axis
(internal-external rotation).
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H katevBuvon tng meplotpodnc tou afova z ntav oe B€on valgus otnv
opada denosumab. H ektipwpevn otnv meplotpodry tou afova z rTov

0,30¢.



e Av KOl N cuoTNMATIKA xopnynon Gapuakwyv PE TNV TOMoBETnNoN €UPUTEVUATWY
elvall pla cupPatikn Tpooeyylon, meplopilouv T Xpnon Touc:
v’ oL TILOAVEC TIOPEVEPVYELEC,
v 1o BpoxumpoBeopa odEAN Ko
v’ n ouppopdwon Tou acBevolg

e J¢ aviibeon HE QUTEC, N TOTIUKN Oeparmeia YEVIKA OTEPELTAL AUTWV TWV
TIEPLOPLOMWV.



XapaKTNPELOTIKA eTiLdaveLac (emkalun)

* O¢ UAKO eTiikaAung, pia motkidior Blopoplwyv peAETATAL EML TOU TTAPOVTOC YL
TNV OOTEOYEVETLKN eMibpaor Touc:
v renttidia,
v auénTtikol mapayovTeg,

v KOMayOvo Kot GAAG cUOTATIKA Ttou oXeTilovtal pe thv eEwkuTttapla Bep. ovoia OMwC eiva
TO UOAOUPOVLKO 0€U.

e AlepeuvwvTol EMLONG oL ETLOPACELC PAPUAKWV:
v avtikataBoAlkwy ((oAeSpoviko ofl, ahevbpoviko ofv),

v ooteoovaBOAkwy (teputapatidn) kot
v avTIBLOTIKWVY (Bavkopukivn, YEVTapUKivn).

SM Lupi, M Torchia, S Rizzo. Biochemical Modification of Titanium Oral Implants: Evidence from In Vivo Studies. Materials
(2021)14,2798.



METAaAA KOl OVOPYOVEC EVWOELC

* O udpotuamatitng £xeL NON yvwploel ertuyia og KAWVIKA WC UALKO emtkaAuvdnc.

Bioactive coating

Calcium phosphate

Hydroxyapatite

Fluorapatite

Characteristics

Many different calcium phosphate compounds exist with different Ca to P ratios

B-Tricalcium phosphate (8-TCP)
Tetracalcium phosphate (TTCP)
Hydroxyapatite

Fluorapatite

Important things to consider:

Ca/P ratio and resorption/dissolution rate

Ca10(PO4)s(OH)2
Similar to naturally occurring hydroxyapatite, major mineral in bone
Thermally stable
Osteoconductive

Ca10(PO4)6F>

Osteoconductive

Fluoride improves resistance to biodegradation

F~1ions thought to promote more cell attachment, proliferation,
and differentiation than the OH™? groups of hydroxyapatite

Ca/P ratio of the following:
Enamel (1.63)

Dentin (1.61)

Bone (1.71)

Hydroxyapaite (1.67)
Fluorapatite (1.67)

B-TCP (1.5)

TTCP (2.0)

Low mechanical strength
High dissolution rate
Poor wear resistance

Brittle
Poor wear resistance

Nobles KP, Janorkar AV, Williamson RS. Surface modifications to enhance osseointegration-Resulting material properties and
biological responses. J Biomed Mater Res B Appl Biomater. 2021 Nov;109(11):1909-1923.



/ONEVOPOVLKO O¢U

* Navoowpatidia (eAativng pe (oAedpoviko ofU mou evowpatwOnkav o mopwdn
IKpwwpota Ti in vitro kat in vivo mapouciacov BeAtiwpevn Bloovppatotnta Kol

OOTEOYEVETLIKN LKOVOTNTAL.

Yang X-J, Wang F-Q, Lu C-B, Zou J-W, Hu J-B, Yang Z, et al. Modulation of bone formation and resorption using a novel zoledronic
acid loaded gelatin nanoparticles integrated porous titanium scaffold: an in vitro and in vivo study. Biomed Mater
2020;15(5):55013.
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Strontium-doping promotes
bone bonding of titanium
Implants in osteoporotic
microenvironment

Tengyu Geng**', Yiru Wang"*', Kaili Lin®, Cheng Zhang",
Jing Wang*, Ya Liu*, Changyong Yuan*** and Penglai Wang*~*

'School of Stomatology, Xuzhou Medical University, Xuzhou, China, ?2Department of Dental Implant,
The Affiliated Stomatological Hospital of Xuzhou Medical University, Xuzhou, China, *Department of
Oral & Cranio-Maxillofacial Surgery, Shanghai Ninth People’'s Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai Key Laboratory of Stomatology, Shanghai Research Institute of
Stomatology, Shanghai, China



MpoBeon TtTwtaviou pe  Beppuikn
eneepyacio pe aAKAALO (alkali heat
treatment, AHT) LE EHBL'JGLOT] (013 HZO r]
SrCl, (AHT and AHT-Sr).

@

300

N
o
L

100+

Cumulative Sr release (ug/L)

0 10 20
Time(days)




In vitro: 40 entipuec (10 sham-op, 30 OVX (10Ti, 10AHT, 10 AHT-Sr)
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Autad ta anoteAéopata utodnAwvouv OtL aneAeuBEpwaon LOVTIWV Sr, SLEUKOAUVEL TNV MPWLUN ooteoyeveon twv OVX-BMSCs.



* In vivo: 20 enipvec (10 AHT kot 10 AHT-Sr group) ‘0. o1z .

% —_— Bl AHT
* At 2 and 4 weeks after surgery, 5 rats in each 01 % - - W AHT-Sr
. o 52 — £ 0.08-
group were sacrificed. S - £
=
@ P 0.04-
10
0- 0.00-
2 4 2 4
Time(weeks) Time(weeks)
4- 2.0- *
x> —
_ 34 1.5
£l = E
% 2- § 1.0- *
= 14 a 0.5
0- 0.0-
2 4 2 4
Time(weeks) Time(weeks)

AVOKOTOLOKEUOLOUEVEC ELKOVEC
eudutevpatwy AHT (Control) kat
eudutELHATWY AHT-Sr.



In this study, we simulated the osteoporotic environment
in vitro by culturing BMSCs isolated from the bone marrow of
OVX Sprague Dawley rats to evaluate the therapeutic effect of
AHT-Sr. After alkali heat treatment, AHT-Sr exhibited a rough
surface with low contact angle and steadily released Srions. Based

on our results, we showed that Sr-incorporated surfaces treated

via  hydrothermal  reactions enhanced  osteogenesic

differentiation and early bone osseointegration using

osteoporotic models and thus may potentially be used as a

surface modification method for implant surfaces.

To evowpatwpeEVo Sr odrynoe o€ evioxuon tng 00TEOYEVETLKNC Sladpopormoinong Kot TG MPWLLNG OCTEOEVOWUATWONG
O€ OOTEOTIOPWTLKA LOVTEAQ
KOlL ETIOUEVWC ItopoUV evOEXOUEVWC Va XpnotpomolnBolv we peBodoc tpomomoinong enupavelac ELPUTEVUATWY.
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