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Effect of immobilization of the recombinant human bone morphogenetic protein 2 (rhBMP-2)

on anodized implants coated with heparin for improving alveolar ridge augmentation

in beagle dogs: Radiographic observations

So-Hyoun Lee, DDS, Jae-Young Jo, DDS, MSD, Mi-Jung Yun, DDS, MSD, PhD,
Young-Chan Jeon, DDS, MSD, PhD, Jung-Bo Huh, DDS, MSD, PhD, Chang-Mo Jeong*, DDS, MSD, PhD
Department of Prosthodontics, School of Dentistry, Institute of Translational Dental Sciences, Pusan National University, Yangsan, Korea

Purpose: The aim of this study was to evaluate the effect of immobilization of the recombinant human bone morphogenetic protein 2 (thBMP-2) on anodized titaum implants
coated with heparin to enhance the vertical alveolar ridge augmentation in the supraalveolar peri-implant defect region. Materials and methods: 18 pure titanium implants (7.0
mm in length, 3.5 mm in diameter) were manufactured for this study. All implants were anodized and designed insertion reference line marked with laser at the apical 2.5 mm
from the fixture platform. Implantation of 6 noncoated anodized implants (Control group), 6 anodized implants physically adsorbed with thBMP-2 by dip and dry method (BMP
group) and 6 anodized implants chemically immobilized 3,4-dihydroxyphenylalanine (DOPA)-heparin/ thBMP-2 (Hep-BMP group) was performed in the both mandibular
of three male adult beagle dogs using split-mouth design. Radiologic examinations were performed immediately after implant placement and 4 and 8 weeks after implant place-
ment. The amount of mesio-distal bone augmentation was evaluated by measuring the vertical distance from the platform to the marginal bone. Statistical analysis was performed
using one-way analysis of variance (SPSS version 18.0) and multiple comparison analysis of The Kruskal-Wallis test and the Mann-Whitney U test. Statistical significance was
established at the 5% significant level. Results: At the 4 weeks vertical alveolar ridge augmentation of Control group, BMP group and Hep-BMP group is 0.09 & 0.22 mm,
1.02 £ 0.72 mm, and 1.29 + 0.51 mm, At the 8 weeks 0.11 & 1.26 mm, 1.11 £ 0.58 mm, 1.59 £ 0.79 mm according to radiographic observations. The two experimental
groups showed a significantly increasing in vertical bone height compared with the control group (P<.05). However, there is no significant difference between the BMP group
and Hep-BMP group (P>.05). Conclusion: The thBMP-2 coated implants were enhanced the vertical bone growth in the supraalveolar peri-implant defect area. However, there
is no significant difference between chemically and physically coating method. (J Korean Acad Prosthodont 2013,;51:307-14)
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< Bl AdA R g AFE flTh ol AT &
A e TR & AES 2te vl 8koto hBMP-2E F1E]
oA e YZFEWET)S} 7129 dip and dry WH O R
thBMP-2E =2]% 0 & AT =418} Y EHEBMPD),
a3 AE = 9l 318k o)A W o g & vt 3t
thBMP-25 317 A7l F=418) 912 HE (Hep-BMP)E split-
mouth design© 2 2| gato] YZHE FHZO T2 4 A F
Aol & WA oA - B3l vl 9 7k 9lgk A olth

Qe A2

Commercially pure-Titanium - AF-8-8}o] Z ©] 70 mm, 27 3.5mm
o] 48] g 1= E (Cowellmedi Co., Pusan, Korea) 187} - 1| -5}
ATt LE JZTHE WS F=4EsEA 2] (Cowellmedi Co.,
Pusan, Korea) 319111, Y EHE FHFollA] sPE o2 2.5 mm
A210) Dol A2 AF840] 218 7120 & TA BT, G4t
5} ZAEC] HBMP2E TEFA) e ABE th2Z, dip
and dry ¥ © 2 thBMP2E &2 7 0.2 &7 I ZHE H
&S BMPE, 3184 o] 2] WY © 2 3 4-dihydroxyphenylalanine
(DOPA)-C-heparin} thBMP-2¢] 1178 | 9} ZFE Fth(Fig. 1)=
Hep-BMP- 2.2 47 5131 TH(Table 1).

Table 1. Surface treatment of implant fixture used in this study

Group N Surface Treatment
Control 6 Anodized -Ti
BMP 6 thBMP-2 (0.75 mg/ml)/Anodized-Ti

HepBMP 6  thBMP-2 (0.75 mg/ml)/Hep-DOPA (2 mg/ml)/Anodized-Ti

050,
&
k k QJ ]> Heparin

1. Dopamine, @
Tris buffer (pH 8.0)

_
2. Heparin, ‘r
EDAC/NHS

Anodized Ti

Hep-DOPA
immobilized Ti

BMP-2/Hep-DOPA
immobilized Ti

Fig. 1. Schematic diagram for the immobilization of thBMP-2 onto anodized Ti-implants coated with heparin and dopamine.
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eiZaie Felo| §2E ojnjeln) ZHATME(BMP-2)0| X3 Sl olxis E1: WAt B}

2) Il ZZE F 2] DOPA-Heparin 4] 2]

DOPA (2 mg/mL)E- ¥ 33} 10 mM Tris-HCl £+5-8-<4 (pH 8.0)°]|
GRS AETEES ¥ Aol A 2407 FAIAIZ] &
TR AA st A A 7AE A28 T 1-ethyl-3-dimethy-
laminopropyl carbodiimide (EDAC) 2} N-hydrocysuccinimide (NHS)©|
¥ 3+ 0.1 M morpholinoethanesulfonic acid (MES) 2+%=-8-2! (pH 5.6)
o] #3122 mgml) S 1057+ §814171 5, DOPA 7} 5] o] of71
18 FF A} A FAES 3 A Lo N A7 HAFHG
o] 344 F<F EDACSNHSe] o2} 43 dsfele] 72
2 o] YEVUE Fle] 13 ol 1F 3} wkgo] Aofut
shelo] 345} QB RHE HHo] o] 4 H). ¢ shelo] 2R E
AEAES SHTFEAH L a7tz Axssd

] ZZE E thBMP-2 (0.75 mg/ml)e] H7}HE
01 MMES €58 (pH 56) of] g o] A2 A 24 A| 7t A 8k,

SHRTE AFSAT o] F Bt ] FAUZT|AA
ACE 4 A7|3 JFE A 20CE H 252 5t
21238t

HED T=

3mje] o] 2478 71 beagle A 74 (%8 341, 15kg)°] ©] &
HAuok gt n o)A et FEdd au ¢ s|(CNU
LACUCG-YBR2010-10)0] 9] &l 521 = 4178 fe] 23 <=
A R EFSOSITEAE A 270 A8 717 st 23 £ 3¢
S 9H0 + 10%2] FE7} A = = -2l o] g npe] 4 =85}
9 31, %] (Science Diet, Hill's Co., Topeka, KS, USA)S- 3}
29 AFskA Tt

2. A7 LY

DAY &9 TX

Atropine sulfate (0.05 mg/kg SC; Dai Han Pharm Co., Seoul, Korea)
9} tiletamine/zolazepam (5 mg/kg IV; Zoletil 50, Virbac, Carros, France)
£ 533} 5, 2% isoflurane (Choongwae Co., Seoul, Korea)Z} ocxy-
geno 2 oA rAso] A9 FReo uA S NGt
Lactated Ringer's solusionS- %] £33 A]7}4] 5 mlkgh &=
239131, 4% A ampicillin sodium (Penbrook, 20 mg/kg IV;
Chong Kun Dang Co., Seoul, Korea)2} meloxicam (Metacam, 0.2
mg/kg IV; Boehringer Ingelheim Co., Ridgefied, CT, USA)E 7 i S=A}
393t} 1:100,000 epinephrine©] 3 & 2% lidocaine HCL (Yu-Han
Co., Gunpo, Korea) = =591 312} HZ o= Hdo] 1.8 ml
4 2q15t] T4 &0 Al st ket 4112474 1)
T AP S BA S oH, 2] 2.9 = 4-0 nylon (Mersilk,
Ethicon Co., Liningston., UK) ©_2 £33} %1 tf. '] F meloxicam
(Metacam, 0.1 mg/kg PO; Boehringer Ingelheim Co., Ridgefied, CT, USA)
S 24 A| 7t} amoxicillin (amoxicillin, 20 mgkg PO; Choongwae Co.,

CHetx|opE Hats|R| 514 4%, 20134 102

Seoul, Korea)&- 124] 7} v}t} 6 Eot Eokaiei ).

= hl

9] 529 Hol FE X 2T S SAslu YT
ES et 2R AT vt T2 e r A4 F
= A v A F Fra vk S eRith A 2 A7 5 9
A5 AT BE ek, A2 S FEsHl sted dE
TE S A% E F2 FHITE GSUE Alo] &
3mm o]} gt ste] ¢ wiel g 6714 F 18700 A& AT
ES 29t 28 ES230Nmz 4 J SHE &
& 9 21(NSK Surgic XT, NSK, Tochigi-ken, Japan)<- ] 3151 2.1,
dyo Ago] gaur] G ETHEE FEEAUA
(Cowellmedi Co., Pusan, Korea)Z o] &-3l0] X2 9|2 JZTE
7h25 mm EF HES 7|EAI A 24 5 DAAA A -
ot A EHE) 25 H thBMP-27} &5 o] o] 33 43 3
of| g &k m]A 4= 91 7] w &l splitmouth design ©. 2 g+ 15-9]
YSHES U oz JHeil L o e a5 JEHES
At Eel] A atgict. A2k AMT ZHAtel] ol A jE o
ZHES A 24 o] v D& 1S T cover serewS A2 3}aL
F53 B350 Goretex (WL Gore and Associates, Flagtaff, AZ, USA)
2 AHg-ste] Batslnt

A3 BB JEUE AY 455} 484171 Fo| penicilln G
procaine™} penicillin G benzathine (Deasung microbiological labs. Co.,
Seoul Korea) - o) AFBRAEH(1 mgS k). 4 24 913
A £ 31 F 5<F 2% chlorhexidine gluconateZ- 10 cc A] 214] of]
o] s}l 28] 77 Wl =38kt B EAF A A S 7] A7
QEAE 47 AR A A%, BN AR KA, B F 2
A A 2] AFE WY BAGT ASEE Y 15
o Foll BYAE AASAL 8 713 Bl 54 AR
E Al

b

7} 3 % o EhE A7 A F, 47 545 123 8570 7
7 n}z] 3}l A] Portable X-ray system (Port-X 11, Genoray, Co,
SungNam, Kerea) & o] §-5ho] 9] ZeHE 9] 2] 28k HpAbH A2 &
) 2w o 7 219t} Digital X-ray software (CDX-View,
PointNix, Seoul, Korea)E- ©]-8-5}o] gray scale image=- color coding
3 % ol ZehEe] 7o]9 WMAZ (%) ZE platformo] 4
WAZ Z 47k 522 A2 e 2S04 717t 24 8
1, A7) QEE 0|70 mm)2} ] waje] T8} o] Wl
Z A FE AL
et 2y PAPARL A M 5 oy
R A1) 4 Q12 E 2o (mm)
HAE A (mm)=ZFH IS FF (mm)- 2] H A FHAES

<= (mm)
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5) &A A4 T3 BMP] Bl A AAE A e 2] 3 Aol & Hol
7t el Me) Aol e Agsl 7 2 44 B 3h A RUTHP05). RE QT A 450N 852 25 E 514
&o] 2lo] & Lol 7] 9| skod SPSS ver. 18.0 (SPSS, Chicago, IL, I A E] Ha tha S, A o)L gl
USA)E- o] &3] EA A 2] 5} T} Kruskal-Wallis testS %8}04 ATHP>.05) (Fig. 3).
Zo gl WA Zod A Aol 7 HAFE HelES vy
A8l & Mann- WhnneyUtesti AT AS3R o, Y :rLoﬂ/\i
459} 8571 WA Z W 3he2] 7o) 2 Mam-Whiney U test 55}
of ¥ T 2] - Sl A ST

B Anodized-Ti
4 1 @ memp-2/anodized-Ti
:E:I.TI-I' 35 - B rhBMP-2/Hep-DOPA/Anodized-Ti "
- ] = ~ 3
WA B9 53 YBUE 19 AT WS YIB
A3 Fig 2] AT HRAN AR E ¢ YL AAY FAY S 25 * :
TANE 2UHCE YBUE FUS M uARe 518§ 2
°
R AYE WA, ETAME YBAE F9 HABY M 5 4,
g2 7 #2229 Wd g £y £
- ey s 1
AR ol ol & o 7t 32t EEH XS Table 20l YERA QAL 457 =
o857 WA AY TS vl ad A3 7 AP hxpe] £ 05
_ o
Bl ol @ WA E AP FES HYTHP<05). T2k HepBMP S o | e —
-0.5 - 4 weeks 8 weeks
-1 - Time (week)

Table 2. Mean (£ SD) of vertical bone growth (mm) at 4 weeks and 8 weeks Fig. 3. Mean (& SD) Graph of vertical bone growth on peri-implant at 4 weeks
Group 4 weeks 8 weeks and 8 weeks. The BMP group and Hep-BMP group (experimental groups)
Control 0.09(£022) 0.11 (£ 0.16) showed increased vertical bone height. There is no statistically significant difference

BMP 1.02(+ 0.72)* L11 (£ 0.58)* between the BMP group and Hep-BMP group, whereas the two experimental groups
Hep-BMP 129 (= 0.51)* 1.59 (£ 0.79)* showed a significantly different increase in vertical bone growth compared with
(*P<.05, compared with control group) the control group (*P<.05).
At surgery 4 weeks 8 weeks
Control

group

BMP

group

Hep-BMP
group

Fig. 2. Radiographs of the mesio-distal bone height on peri-implant of two experimental groups and control group at 4 weeks and 8 weeks. The two experimental groups
showed vertical bone gain at 4 and 8 weeks (arrow), whereas the control group did not show any changes.
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