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ABSTRACT

Radiographic and histomorphometric evaluation
of sinus floor augmentation using

3 types of bone grafts in human sinus

Lee Ki-Won
Advisor: Prof. Yu Sang-Joun, D.D.S., Ph.D.
Department of Dentistry

Graduate School of Chosun University

Objectives: To perform radiographic and histomorphometric evaluation after
placement of mixed allografts (cortical freeze-dried bone allograft [FDBA] 50%:
cancellous FDBA 50%) during sinus floor augmentation of the posterior

maxilla.

Materials and methods: In 37 patients (20 men, 17 women; mean age: 52.65 + 8.19
years [range: 37~72 years]), anorganic bovine bone (ABB, n = 16), mineralized
cancellous bone allograft (MCBA, n = 15), and mixed allografts (Mixed AG, n =
26) were placed during sinus floor elevation via the lateral approach (LSFE), at 57
sites with residual alveolar bone height (RBH) < 5 mm. Cone-beam computed
tomography images were obtained before LSFE (T0), after surgery (T1), and 6
months after surgery (T2). After a 6-month healing period, core biopsies were
harvested from the 57 sites (ABB n = 16, MCBA n = 15, Mixed AG n = 26), and

histomorphometric analysis was performed.
Results: The mean augmented bone height (ABH) of ABB, MCBA, and mixed AG

groups was similar (13.72 £ 455 mm, 11.83 + 331 mm, and 1253 = 2.97 mm,
respectively; P > 0.05). Grafted ABB, MCBA and mixed AG had shrinkage rates of
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21.16%, 28.73% and 6.85%, respectively. In the ABB, MCBA, and mixed AG
groups, the proportion of newly formed bone (NB) was similar (36.13 + 10.019%,
37.95 + 12.94%, and 29.17 £ 16.83%, respectively; P > 0.05).

Conclusions: Mixed AG led to sufficient bone augmentation and histologically

excellent NB formation as compared to ABB and MCBA for sinus floor

augmentation.
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I. }ﬂ =

et FAFe] AHof A Fole A xAY S5 Aetsy dristE Jdd [dE
X Z& *o](height of residual alveolar bone; RBH)7} #=3dle] UZHE 29
]

3
ool 3l (Sharan & Majar 2008). ©°lE =E3}7] st AotEx

Schneiderian membranes A% %, AA¥  Schneiderian membrane®] 3o &

ZO| A AE o] el A EAE] HHS Aldsta Tt
oEY s ANES S AL e AXA HES 3 AdgEY (Summers

1994; Jensen et al. 1998). T3t AZHE AHE FAo AFgdEFE JZUE
FAAE B A 7S VM JETE AYHE AYcte JEFHE AAA Y
oz Aldge 4 Q) AEFTAE AEES AZTTUE FAHH Ee JEUE
A2 Fel o FFS A FeErha B ET (Jensen et al. 1998; Del Fabbro et

al
al. 2008; Chao et al. 2010). 18]}, TF2 AFELS AZHE 27 Al AUFo 27]
B o] AEHES] F7A o Fo g o}
Del Fabbro et al. 2008). RBH7} &34 £& HA$ JdZIE A hF9
FFAE gHE] oY ol¥l olf+= RBH7F F53 4% W 5
(Del Fabbro et al. 2008; Kang 2008). RBH”}
5 mm odolH x4 HISs T AotsA Aol 7bedta, 5 mm v vho
s &8 AotsAdsES Aldaer svbar Aatsta vt (Del Fabbro et al. 2012
Schmitt et al. 2014).
doteAdES 1970 el Tatumel o8 Hx= AMHAATE 2 F= 1980 th ol
Boyne¥} James’} JetsAME & A7FF(autogenous bone graft; AB)ZE =04
Al 88t 7/i°] Hx2 2/MEAt Boyne & James 1930). AetsAA4=S 935 =4
A 23S dAsteE W o2 Boynedt James’} round carbide burZ ©]-&3) i,
I o] Fo trekelAl W E o] Al E s}, Vercellotti 53 Wallace 52 piezoelectric
deviceE AHgdh= WHE 2718 T (Vercellotti et al. 2001; Wallace et al. 2012).
Boyne¥® Jamesel ¢Ja] AB9] o]2lo] A7jE o]ZFd, ABE o]2sl:= Ao
A A (newly formed bone; NB)o] A+ FWHAA  standard procedure=
AAE L ATt (Schmitt et al. 2013). H+e] AFEodA= bt =t A A & (bone
substitute materials; BSM)2] A}-&& A <tsta At} (Klijn et al. 2010).
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A, AotsAMNE T OAREHE FolAAE ABY aAS A
o] % F(xenografts; XGQ), &

AP) ol Atk m@ FolAAE HAol mel TIYE, Eh
=

XG & anorganic bovine bone(ABB)& © = ABS} &£§3ste] thYd Ax=
S o] 85 Yt (Jensen & Terheyden 2009; Nkenke & Stelzle 2009).

AG+= donor®] 7hEHHol wel vE3d sZAX 5 E = (mineralized freeze-dried
bone allograft; FDBA)¢} ©3 FTZ274% % ZF(demineralized freeze-dried bone
allograft; DFDBA)Z ttdth T3 FDBAY AXHA GAA donord =+ +4
A Ho we}, cortical FDBA¢} cancellous FDBA® U tl & v} FdE%Fo] A7

S-S AE 2tk Cancellous allografts creeping substitution %97dS

fu

ik

d
NB7} &A%+ Wb, cortical allograftsi= reverse—creeping substitution© = 4143
Aol W3PATt (Burchardt 1983; Goldberg et al. 1987; Taira et al. 2004). ©]
=9, cortical FDBA%* residual bone morphogenetic proteins(BMPs)S 712 Wl
¥3tata vl (Piattelli 1996). Osteoclastoll ¢ &7} Fa=A oA A7Folxr}
Z1de A BEH L, AT IS 58 F vk (Urist & Strates 19715 Urist et al.

1979; Schwartz et al. 1996).

(]

o] dA7re] HAE SFH Ao AN Axzd FHHALSE TF AodsAdsE
A& Ao anorganic bovine bone(ABB), mineralized cancellous bone allograft
(MCBA), mixed allografts(Mixed AG; cortical FDBA 50% : cancellous FDBA
50%)E oA & WAPdEd HrtE Fa SulE = =o](amount of augmented bone
height; ABH)¢} ABH $=%

7)'\0

2 Prheta, 2484 dela 2AFHASTE BALS
Fal M@ wa rhsts Aol
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1. 9294
BE SAEANAA AF Fojo tigk A F F o (Declaration of Helsinki)E& -3
& AYPstAt. o] A= The institutional review board (IRB) of the Dental

hospital of Chosun university at Gwangju, South Korea®] <% <1(Protocol No.
CUDHIRB-1702-003)< wro} ey T3 ol #x12]  electronic medical
records (EMR)¢} &< A, & 9 AfF § 2+7 #9d% Cone-beam CT (CBCT; CB
MercuRayTM; Hitachi, Tokyo, Japan) <34, 3}w=gjv} ®WARA ARz 2 JAa} AR

agn ATPE AY A Y HdA ASd Ame zAsd  aww

2 =Rl A

@zt Ay o8 5E ot FAR 2T ASHE A | FEo
AgE 32 F Algk®l RBH=E Q3] SWUHTS 3 FdeAdE 9 JdFHE
Adx el AAH" A A F 37 (FAF 208, A& 174, BdEAH 52654819 (
37-72A))g el AAFAT. e AdES 20119 10¥€5E 201439 10€71A]

Table 1. Characteristics of subjects

ABB MCBA Mixed AG
N of subjects 11 10 16
N of sites 16 15 26
Mean age (range) 53.00 + 8.17 51.07 £ 9.67 53.35 + 7.47
(46~72) (37~64) (38~67)
Gender
Men, N (%) 7 (63.6) 5 (50.0) 8 (50.0)
Women, N (%) 4 (36.4) 5 (50.0) 8 (50.0)

N, number; ABB, anorganic bovine bone; MCBA, mineralized cancellous bone allograft;

Mixed AG, mixed allografts (cancellous FDBA 50%:cortical FDBA 50%)
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i) detsA=25FE RBH7F < 5 mm =, Y4ZEHE A2 Ho] g45+= A (Del
Fabbro et al. 2012; Schmitt et al. 2014)

i) YEFUE Ft BEE F71HE A4 dde] glE X

rir
ot

-

i) SYHTS B3 Fs5AdE Aol anorganic bovine bone (ABB; Bio-Oss®;
Geistlich Pharma AG, Wolhusen, Switzerland), mineralized cancellous bone
allograft (MCBA,; Puros®, Zimmer Biomet, Warsaw, USA), mixed allografts
(Mixed AG; cortical FDBA 50% : cancellous FDBA 50%; Allo-Oss®,
CG-bio, Seoul, South Korea)Z Zo]2jo] Al3j¥ 3z}

iv) detes AdaErl dekerte Aol gle &4

W, Tt 2e 24 b B v A8l A9 E g,

i) = A W 7, T oge) estgel gAk
B4

i) SWHTe B FeHEAGE Aol AGeH W AB, XG 5& EHetel o 4@
)

iv) deks AdEA gt ATl Y B

% H$1E epinephrine ©] ¥3tE (1 : 100,000) 2% lidocaine (Yunhan, Seoul,
South Korea)s ©]&3te] =+ w3 sl #15 S22 AX2A 2/ §&, AEH9S
A3l Adets SHS =FAAY BRE e Y Ago]l Adgsiad. "
=42 Aebs Aol A Al dAsAT. =3 FA 2 piezoelectric 71T
(Piezosurgery®; Mectron, Carasco, Italy) ¢} principal micro-saw 0.55 mm (OT7

; Mectron, Carasco, Italy) & ©|-&3lo] A&ttt (Fig. la). Fs™ A 714
(DASK kit®; Dentium, Seoul, South Korea)E ©o]&3}e] ZF4A~HA Schneiderian
membranes A48t ©]F ABB, MCBA, 123 mixed AGS 7}7he] e
A dof| A platelet-rich fibrin (PRF)E F&3Fo] Zo| A A9} &35 7 Aets o
A7pgto]l =AAE A =ol A& Attt (Fig. 1b).

oF 2R FAH A ASH AL APANN F 2o Ade A g
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T SdAdF &34 (Happylon®; Purgo biologics, Seongnam, South Korea)Z

|3l dxHAAE Attt (Fig. 1o). 5 CBCT #9= Aldstslon, A4

(Augmentin® 625mg; I1-Sung Drug Company, Seoul, South Korea)E 3}Fol A

HA 57 A BEart. wak s-Fo] 24 0.12% Chlorhexidine digluconate

(Hexamedine®; Bukwang, Seoul, South Korea) 22 23 ¢t F7%4 AHS

ALAqTh & F 159 Aol 279 =dds A Hds, & 5 2579 A=
al

, o = IME BAcr A E P

CBCT 97 % dtwgbnt G5 ol fsto] dots Wl AxxY SdEdEs 5

o amk Sell, #156 FEEE X2 AV F AF s AN HE =%
PAFHY Ax2 AW oA = 5 R A= FA el diE dAAE
Algst & JAZHEVE Ay #H HQo drillingS 3sl7] Aol core biopsiesE

A F9le dure A A3 7ol
le), H &5 SF BFAE ol &8 dAHAE
A9 0.12% Chlorhexidine digluconate & #& 3%, %

<
5
AL, o F 3L Ao R4 B AP
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Fig. 1. Surgical procedure of maxillary sinus floor augmentation and delayed
implant placement. (a) After full-thickness flap was elevated, a lateral window
access was formed using a piezoelectric device. (b) The graft material was
placed after elevation of the Schneiderian membrane. (c) A barrier membrane
was not applied after the bone lid was repositioned. (d) Core biopsies were
harvested using a trephine bur (inner diameter 2 mm)after full-thickness flap
elevation of the same site after a 6-month healing period. (e) After the
alveolar bone was drilled, the implant fixtures were placed. (f) Primary closure

performed using non-resorbable monofilament.

4 987, AR B4

SIS S s AdEe] AR A tEiA = A (T0), ¥+ §F (T,
293 F% F 649 (Tl surgical guide® ol 4dke] #AH CBCT F4L
o] &3t AotEe] sF-eA FH, WA e E RBHE A3ttt (Fig. 2). RBHel
e =4 A= ZEa9 (PiViewStarTM; Infinitt STARPACS, Seoul, South

Korea) Aol A o]Fojxith. RBHS X ZF *9](alveolar bone height; ABH)| =% &

% A ASY surgical guided) YFAE Y P A2AEF FYL Fom
AzAel qE AL AFom o JFdd AZA AL w FHon 4@
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) Z=9] ol =AEAUvHFig. 2de). ABHO 9 =& (shrankage rate;%):= < %
2% (TDAA =4% ABHAA =5 671€4(T2)d 4" ABHE W #He & &
2%

Fig. 2. Cone-beam CT images obtained after the standardization of each
location using a surgical guide (a) before sinus floor elevation via the lateral
approach (LSFE) (T0), (b) after surgery (T1), (c) 6 months after surgery (T2),
(d,e) standardized calculation of RBH(residual bone height) and ABH(alveolar

bone height).

5. 245, 2R AZRT B4

FES A53 F 4% buffered paraformaldehyde (HT501128; Sigma-Aldrich,
St. Louis, USA)e % 10% EDTA (E5134; Sigma-Aldrich)® 25
oA} F¥3 E3= AyPsIrk. FES paraffin blocke® A Z3e]  microtome

(RM2255; Leica, Nussloch, Germany)< ©|-83lo] 5m F7¢ ®dHSE A =#sla,

& 293 1A
A

Hematoxylin—eosin 9 A 3}] light microscope (Leica DM750; Leica Microsystems

Ltd., Heerbrugg, Switzerland) 2.2 &3} th AlAS 22 H FYoA 1719 AE&

_7_
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E@%Eﬂﬁléé}@ #2412 9138l light microscopest 42 %H 7hv|gl (Leica ICC50 HD;
Leica Microsystems Ltd., Heerbrugg, Switzerland)E ©o]&3e] ZFEo JGAS
Zgdsidr. RE =4S A& dd AR P 3 4o 5A FAAZE &9l

i-Solution  (IMT i-Solution Inc., Burnaby, Canada) TZ 1S Alg3sle] GAS

AZ=stdct. ZAHE A=A FEor:= ANAHF(newly formed bone: NB),
ZrE o] 2 A (residual graft material: RG) 2 ZA 3% %] (connective tissue: CT)ol gt
Zyzyo] Wl &S A5, 2 1 F 33 A st & 1 JdS AAksks

6. BAHA 4
RE AE v R5A AR Kruskal Wallis 283 Mann Whitney A3 o &
TS Y. o P < 0062 AAAT. AT 42 SPSS Version 22.0

for Windows (SPSS Inc., Chicago, USA)S o] &3}t
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1. 9+ A3

A A AE Table 2.0 2°Fdth ABB 1w F 119W0E# 79, oIz}
4)o 2 Fyrdw 53.0046~724) A AT 1671 F-lo dEHE 2 o] =gl om,
i implant stability quotient (ISQ) value’} 73.92 = 6570ttt 2d F£8 3 Ht
Fal 7132 oF 29.1(19.6~40.270 L)L ol it} < E AEELS 100%(16/1671) S T

MCBA 158 & 10842 59, A 5% Hitd® 51.1(31~644) A ok
1578 F-9lell dETHE A "ol gl ow, i ISQ valueZt 7863 + 6.56°] Ut
oF 40.5(31.3~55.17H% )N oAt 27 9 ﬁlx}oﬂ»ﬂ
ZH2E 1IN AERE AdFr deste] JETE AEEL 8667%(13/1570)%

Mixed AG 1#< & 169 (FAF 84, %X} 8)o w2 HtA= 53.4(38~67A4)A %A

{o mlu

ril

T
B
&
d
o
o,
”
$
ob
N
)
flo
4

2670 F-9lel AESTE Aol Ao, Ht ISQ valueZt 74.02 + 5930 HAH
FE S Hi FE7|zbe oF 287(156~40270€) /M olqdtt o] aEelAE 1% 9

] &
@Az el A 2709 JFFE AgFrE geEol  JEFUE AEES 9310%
(27/2971) At

Al 1w e AdE F Hu AR71e oF 66(4.4~14.07E) Mol laL, 72t
ABB ZZEoA 2778 H9, MCBA &4 2170 F¢, mixed AG ZLEIA 2970
H-eloll A T Al At

T F 159 e zhe FF % FFol #EEHIJOU 15U o|FdE BT

2 T

A}a}aﬂc}. BRI

fEES =1
FFol WA glo] A f7h ol Fol Ak

el AR7I F AZVE 14 £ AT B G4 Ao, N2 Su 2P
Aol b R9le] AAF BAol BAHUL 1T B9 T KPPoE Fio|
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Table 2. Clinical examination of sites augmented with ABB, MCBA, and mixed AG

ABB MCBA Mixed AG P-value
N of sites 16 15 26
1SQ, Mean + SD 7392 + 657 78.63 £ 6.56 74.02 £ 593 0.068
Failure of implant, NV 0 2 2
Survival rate of implant (%) 100 86.67 93.10
Mean loading time 291 £ 6.7 405 £ 81 287 + 87
(range), M (20.7-39.2) (31.3-55.1) (15.6-44.2)

N, number; ISQ, implant stability quotient using Osstell ISQ® (Osstell, Gothenburg,
Sweden); SD, standard deviation; D, days; ABB, anorganic bovine bone; MCBA,

mineralized cancellous bone allograft; Mixed AG, mixed allografts

_‘IO_
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2. AR B4 A

ABB= & 117, 1670 F-folA =4stla, MCBAL 104
mixed AG+= 169, 2971 F-91& S4stAt. dA

yoll A oF 671 X73(T2) B+ ABH+ 13.72
mmolH, 9I5ES °F 21.16 % Al

MCBA (n = 159 <F 671€ A+5(T2) H+ ABH+= 11.83 + 3.31 mm, 9
477 + 326 mmeol™, 9|55 ¢F 28.73% tTh

Mixed AG (n = 299 < 670¥ AFF(T2) Hit ABH+= 1253 + 297 mm,
A5 123 £ 1.09 mmolH, YFES ¢F 685 % Ak Al 1759 B ABH+
Me FAStH o2 Fogk Aol7F veb A kth (P > 0.05). WhHol 91572 mixed
AG7F ABB$} MCBA®l H|&l| A4 o8 FofatA wFdth (P < 0.05).

8, 157 915 =54
lehd @S 248, ABB (n =

’

o

Table 3. Radiological assessment of sites augmented with ABB, MCBA, and

mixed AG (Standardization of each location using a surgical guide) ( Mean +

Standard Deviation (%))

ABB MCBA Mixed AG P-value
N of sites 16 15 26
Mean amount of ABH(T2) 13.72 £ 455 11.83 + 3.31 1253 = 297 0.323
Shrinkage of ABH 3.68 + 2.88 477 + 3.26 1.23 + 1.09 0.000"
Rate of shrinkage (%) 21.16 28.73 6.85

N, number; SD, standard deviation; ABB, anorganic bovine bone; MCBA,

mineralized cancellous bone allograft; Mixed AG, mixed allografts; ABH, alveolar

bone height; T2, 6 months after surgery.

* Statistically significant difference (P < 0.05; Kruskal Wallis test )

_‘I‘I_
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w

2484, 24P ASGH 24 A

AZHE 27 FoA trephine burg ©]-&3te] |53 F o] X4 AL A
BE ®EolA NB, RG, 18]aL CT 7} &2 Ath ABBAlA &= RG 7912 NBe| 3 #o]
dRE, F5F A FFol #HEJT A4S S A= CT oA dF
FzA9 WAdE 27 wokd HAATAHAE HEo]l #EHAT MCBAOA =
s Mlde SRRV HEe As FAFEY dF ST gEeA @s
nAds 2o A o] AAHUY FAaF Abolds v x2S 4
2 AAzAoR AYA Adew, 57T AF xS #FHA ZFAr. Mixed
AGAl A= RGZF CTU el £01A #zE Y b9 RGE MEA 348 2259 A=
FEEe] YT FAS o)FE ol AAFHUTE AR FF oA FHeo WA
A% CTuelA wekgt vy dFAxe] Haol #FAHY 578 dF &3S
HEHA gt ABB A= RGS NBe| AA7F BHes] 2 AAT, F e AG
A= RGSF NBe| F4to] g4 &gtk 53], MCBA 132 24384 &7 4, RG9
NBe] o] wf-g- o] ]t}

Table. 4 o] ZA A S8t 2435 2oFstgtlh. ABB d3i= NBE # Aol A
[F 3613 + 10.01%, RGE ¥ 1338 + 11.03%, 28i CTE o 50.78 =

8.67%= #ZH At (Fig. 3a). MCBA®S ZA¥+= NB& AA|dlA Hat 37.95 £ 12.94%,
RGE Hit 272 = 247%, 28]a CT+ Hat 5933 + 1293%= #H&=HAY (Fig.
3b). Mixed AGS] NB2 AdA|ol A Ht 2917 + 16.83%, RG= i 1532 £ 13.10%,
a8a CTe Hat 5652 £ 1297%= #ZHAT (Fig. 3c). Al 279 Z23E
Shapiro-Wilk test® AA3s A3} RGAA AfwxXE =4 &3kth. RGE Kruskal
Wallis HA oA felg ztol7F ATt (P<0.05). T NBe CT9 93 #o]7b
ATt (P>0.05). Mann-Whitney # oA MCBA<9] RG7} ABB9} mixed AGS] RG<F
ot zholE B ATH (P<0.05).

_12_
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Table 4. Histomorphometric evaluation of sites augmented with ABB, MCBA,
and Mixed AG ( Mean * Standard Deviation (%))

ABB MCBA Mixed AG P-value
N of samples 16 15 26
Newly formed bone 36.13 + 10.01 3795 + 1294 29.17 =+ 16.83 0.119
Residual bone graft 13.38 + 11.03 272 £ 247 15.32 £ 13.10 0.002x*
Connective tissue 50.78 + 8.67 59.33 + 1293 5552 + 1297 0.144

N, number; SD, standard deviation, ABB, anorganic bovine bone; MCBA,
mineralized cancellous bone allograft; Mixed AG, mixed allografts

* Statistically significant difference (P < 0.05; Kruskal-Wallis test)

_13_
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Fig. 3. Histologic view and histomorphometric analysis(Hematoxylin and eosin (H

& E) stained. Magnification x 100). (a) An anorganic bovine bone
(ABB)-augmented sample: Deposition of newly formed bone (NB) aroundthe
residual bone graft (RG) was observed. Satisfactory incorporation between the NB
and RG was observed. (b) A mineralized cancellous bone allograft
(MCBA)-augmented sample: A mature trabeculae of bone with a clear lamellar
structure, and immature NB without a clear lamellar structure were observed. The
gaps between the trabeculae of bone were filled with loose CT containing a large
amount of fat tissue. (c) A mixed allograft (cortical FDBA 50%:cancellous FDBA
50%)-augmented sample: Several RGs combined with the NB to form cancellous

bone.

_14_
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7187 AskA dAE o] FE A FZ] ozt FFHe Aot FR A
< A4 A= &4t (Boyne & James 1980).

Alstr] Sl e ofE 8RlEs aHEfer gk
2] WIS MAE adow T Y], Aot F JE
A Z2Z2 wolE AzZre = At (Avila-Ortiz et al. 2012; Suarez-Lopez Del Amo
= x 6 mm)¥ Z FZ(10 x 8 mm)E T3 FIsAGE F

ABH® &S Hugds o, F3 FATA Aole glAUTE (Baldini et al. 2017).

=
AotEol  Eo] FESFE  contained defect FES FAFSHY] wiEe] HAE3ska

3, RBHel whet dotsAdese] W, AR 719, AFEE ZolAAle] FRE
s Eojop ghth. ABY 23S AT + dE XG, AG, AP 59 BSM<E o]&gh
I EANES AP T RS A5

ZAGHA S EAS & HERE A ol A
NB, RG, Z18]al CT9 FAo] ZF Zol2 Al 1t {28 Aoz §ldth (Klijn et al
2010). ABE tiAlstel BSME ARE3E F-9loA JdZSHE AEES ABE AT
BA9-9t Aol FHdAY ¥ He& Aow BudEt (Del Fabbro et al. 2008). t&
A=A, ABE o2 d Aot Ao AYHE JFTES AEEo] 22 olf=
ABe =& FE&=E g 9Fd Ao = adtt (Del Fabbro et al. 2008; Klijn et
al. 2010). ABE donor bone®] Sl wel F4&o WLV wlg HA oS3
oHtt FHt9 systematic reviewdl A, detsAdE & AH WEE Hristd e,
ABE AF&¥ A5l 7 =2 oF 45%9 Y5&S HAon, AGY thE BSMo]
ojdtt 7HE we fFE&S EY RS XGe APIH olHg olfr =,

9‘;"1'1

4
il

A 2 A=
FoteAdE & AHAAHA FHAAE BSMZF ¥ {r2lslth (Shanbhag et al. 2014).
FEAME F U =S JEAHE AEES V&) A, SRS FE =
Foot =2 = dWR7 ZyHoz 943 bone-implant contact(BIC)& ©]F7]
wj<toll, =olAAE Hrtsk=t NBe| o] S48k g 4ot (Handschel et al. 2009).
A A S 48 F3 NB, RG, Z1glar CTY H&S Hrlele AL 2T
710 2 3t} (Iwaniec et al. 2008). H3t A e Al=38H2] 2412 NBe9 RG Alo] 9

inter-phase® A &3stA #H7tg 4 dtb (Chackartchi et al. 2011). #H<*+ AFE]
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ZAAZSA AEe vudd, X ZFzA BESE cortical FDBA 50%9}F cancellous
50% & &% 3k mixed AG, 100% cancellous FDBA , ZL2]3 100% cortical FDBAE
°F 18-20F AlAell JESHEE A AN A5T S A IHASTH

7}7F NBe Hl&o] 2640 + 13.18%, 2881 + 14.09% and 2640 =+
1318%= #FHA o™ Al 1F3Fe] NBO H| &2 A o2 7238k 2ol 7} gl
ook Zh7ZE RGE Ml& 2337 £ 1249%, 1882 + 844% and 2814 + 10.66%=
FEE o], 100% cortical FDBA “LEolA 9 atAl RG] Hl&°] =4t (Demetter et
al. 2017). ¢] A3+ Mixed AG7F 100% cancellous FDBAX.t} Zo]2 Ao F7}
#) 0 W A Zﬂ ARAAE S BHAS HAFE= FAot uE Aol AetEAdEel
=ol2 § 97/l d el 27713t - apico—coronal TS Al @8k
A3, FDBAYI A NB7} 27.5%, RG7} 125%, 18] CT7}F

ATt (Kolerman et al. 2017). F AFAZe} vlulsto], o] Aol A

o))
N
SN
fru
rJ
bk
)

ARG mixed AGE AP EAS AL AItoll A NBO| Hl&o] H[SzatAY ofit T
T A3E Bt

detEAN e F, &4 AAHE ol gste] TS AMAHS Wk 1A &2
AL 6714 F ofAd ZolAAE A5ete] mlud ATAY, A FEHASLA
Ads FoF AolE HolA fskort AHute] Abo] AxA o FAE JAlst,
zolAAle F4ESs WE T Uil stk (Barone et al 2013). H3F Adobs At
ol ApdEE A EshA] Fa =Fe AAAAKES W, A" = Aot 5

Atol ] kel H A= Aok AN Y3 AolE HolA &Skrh (Cho et al
2012). o] AFdAE FdsAdE & ZHAANAA 2oz ZoAAE eI
< sHdA SAdT SXFE AT = T NB dAdo] #FEAoH, AotE
A H w2 ol Hd e AT fAREE ARE HAth
JolEANE & AfF7IZke]l tiElA FH <ol systematic review’ZF HIlE TE AB,

AG, XG Zglal APE o]&ste] Aoerde § 9~135 (Fir 10.36)71€ 9

A 717k 45~9 (B 6.22)709 9 A7 & 2SS A5 A FHASEA
A4S 3 A3, NB Hl&9 WH7F 19~44%= Fo3 Aolrt §lodth sHAI R
AGRHE AR&stal 9~135 (F+ 10.36)7H€ 8 A #7137k 7F] ZLwol A NBe| H| & o]
=74 YeElstt (Danesh-sani et al.  2017). 9] AT A= Her
6.6(4.4~14.070 )AL AF7IF F RS A5ste] =AFHAFEH 24 E

w1
-+

Aldsl =, ABB, MCBA, 183 mixed AG 1354 NBe| Hl&o] 72t 36.1
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10.01%, 3795 =+ 1294%, 29.17 + 1683%= &%}, Danesh-sani -5(2017)¢]
AAvet Bt FARSEAY ofE B Yog A3E Held

AGE 7FaWie welt DFDBA$ FDBAZ &3 3, B s Adsd ol&5 1
At F FolAA 5 NB FAES 93 AR scaffold2 Hal% 3l v}t (Valentini
& Abensur 1997, Cammack et al. 2005). ]2 F oA A= ZAHJE A7)
A= BSMe] =345, =7 ks, 183 =15 AZ o] Hojvof st
(Block & Kent 1997; Schlegel et al. 2003). A%}, DFDBAE =<2 583
AA dFAS HAtha RuEtt (Rummelhart et al. 1989; Cammack et al. 2005).
o] Aol = cortical FDBA$} cancellous FDBAE &3t mixed AG HE|Z o] 2 gt
S Ays BY3AY. o]Fol, cancellous FDBA+ A 5713 Fol A WHE
& E A9 cortical FDBA® ¥ o] 8% E ZolA a7t Holdth (Burchardt
1983; Goldberg et al. 1987; Enneking & Mindell 1991; Enneking & Campanacci
2001). ®3F cortical FDBA¥= BMPsE "W&sto] NB I HXA71= s90] Aot
HuEth (Piattelli 1996; Urist & Strates 1971; Urist et al. 1979; Schwartz et al.
1996). =, cancellous FDBAX.t} cortical allografts 7} &34<Q1 scaffold® A Z+=
T 9t} AW cancellous allografts += cortical allografts o B|]s] w211
A Al @At o] FoyX o Aol Z2W (A3F IEHE FAoZ HIHTh
(Burchardt 1983). Seebach &+ cancellous allografts 7} NB &2l A9
scaffold® 2}83}¥, macroporosity, microporosity, Z2]i ZFeHAAH  FE27}
%719 mesenchymal stem celle ©o|FA7]=d 83ttt H sttt (Seebach et
al. 2010). ol¥l Q24ES FTE3H, mixed AG (cancellous FDBA 50% : cortical
FDBA 50%) @7} 2 Z3%E5 Blva AZbdY. o] Ao WARISHH Ao A
mixed AGE ¢ A2 49 A52FS B2

g
ot

A
rlo
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