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Figure 1. Schematic diagram of bone type.
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Figure 2. Bone preparation sequences
for implant placement of experimental &

control group.
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Table 1. Mean ISQ value of each group according to surgical preparation for implant

placement(p=0.05)

N Drilling SE oT SE
D(0) 15 67.3+4.27 1.14 70.945.55 1.43
D(1) 15 74.2£7.00 1.81 72.9+8.49 2.19
D(2) 15 75.4+7.48 1.93 75.8+5.95 1.55
M(0) 15 70.9+6.34 1.64 69.8+6.71 1.73
M(1) 15 73.8+6.92 1.79 75.4£3.99 1.03
M(2) 15 73.746.69 1.73 75.2+6.16 1.59
L0 15 61.448.03 2.07 63.9+8.99 2.32
LD 15 75.0£3.05 0.79 75.9+3.94 1.02
L2 15 T7.3+4.44 1.15 78.4+2.54 0.66

* ¢ Statistically significant differences(P<0.05)

UATHp €0.05) (Table 1).

2. A& o] TLE A HE=9
’gejel mE RFA o] ¥st

D) shaEol gl B
D drilling %
870 7135(61.448.03) 3 T3k 713(70.946.34),

A T1E(67.3+4.27) Mol SAA SR felgh

Aolg Byl o} 1t gt A 1 el B
Aoz Fogt o7 molx eIrh(p <0.05)
(Table 2).

@ osteotome &2

2371 135(63.9+8.99) 3 w7+ T155(69.8+6.71),
A 25(70.9+5.55) Flolli= BAK R folg 2}
olF Belovt 7 Ta A I 7lell= SAK
2 frefst Zjo)7t Ho#] ektrHp €0.05) (Table 2).

Table 2. Mean 1SQ value of cancellous bone types in case of no cortical bone(p=0.05)

Loose bone(n=15)

Medium bone(n=15) Dense bone(n=15)

Drilling 61.448.03
Osteotome 63.9+8.99

70.9+6.34* 67.3+4.27*
69.8+6.71* 70.9+5.55"

* @ Statistically significant differences(P<0.05)

Table 3. Mean ISQ value of cancellous bone types in case of les than 0.5mu thickness

cortical bone(p=0.05)

Loose bone(n=15)

Medium bone(n=15) Dense bone(n=15)

Drilling 75.0+3.05
Osteotome 75.9+3.94

73.8+6.92 74.2+7.00
75.4+3.99 72.9+8.49

*  Statistically significant differences(P<0.05)
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Table 4. Mean ISQ value of cancellous bone types in case of 0.5~1mm thickness cortical

bone(p=0.05)

Loose bone(n=15)

Medium bone(n=15)

Dense bone(n=15)

Drilling 77.3+4.44
Osteotome 78.4+2.54

73.7+6.69 75.4+7.48
75.2+6.16 75.8£5.95

* © Statistically significant differences(P¢0.05)

Table 5. Mean I1SQ value of loose bone according to quantities of cortical bone(p=0.05)

Om(n=15) 0.5m(n=15) 0.5~1m(n=15)
Drilling 61.4+8.03 75.0£3.05* 77.3+4.44*
Osteotome 63.9+8.99 75.9+3.94* 78.4+2.54*

* : Statistically significant differences(P<0.05)

Table 6. Mean ISQ value of medium bone according to quantities of cortical bone(p=0.05)

Omn(n=15) 0.5m(n=15) 0.5~1m(n=15)
Drilling 70.946.34 73.846.92 73.76.69
Osteotome 69.8+6.71 75.4+3.99* 75.2+6.16*

* ¢ Statistically significant differences(P<0.05)

2) 0.5 mn ol AL

drilling¥} osteotome %4 E5 afHEe] xjo]
o wieh SAK o= frofgh AlolE HolA] aUrHp
€0.05)(Table 3).

3) F&@&o] 0.5~1 mmel 79

drilling®} osteotome %2] 5 aze] xjo)
o w2t FAXoR fojet X}"]E RolA] AYrHp
<0.05)(Table 4).

3. Z70] 59 o HAZ9
%o w& RFA #9 w3}

D 3dEo] 31 ¢

@D drilling

) AFo] gl 261.448.03) 3} 9= AE(75.0+
3.05, 77.3% 4.44)& EAH 02 fol3t 2jolE Ho|

781

 g@zZe] el weEprdi= 2ol fiith(p <0.05)
(Table 5).

@ osteotome
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Table 7. Mean ISQ value of dense bone according to quantities of cortical bone(p=0.05)

0 m(n=15) 0.5 m(n=15) 0.5~1 m(n=15)
Drilling 67.3+4.27 74.2+7.00* 75.4+7.48*
Osteotome 70.9+5.55 72.9+8.49 75.8£5.95
* @ Statistically significant differences(P<0.05)
Table 8. Comparison of ISQ value of group D(0) and L(1)(p=0.05)
L(1)
Drilling 67.3+4.27 75.0+3.05*
Osteotome 70.9+5.55 75.9+3.94*

* © Statistically significant differences(P¢0.05)

3) asfzo] Ak Z9-
@ drilling

FZo] gl 2U67.3+4.27) 7 = AE(T4.2+
7.00, 75.4£7.48)& TAM O fefdk xjolE Ho

gk |
v 98 zo] <ol| whehA= Alolrt Stk (p €0.05)
(Table 7).
@ osteotome
Zh 2 gl felgk bl fiicHp €0.05)
(Table 7).

4. R Zo] Asn YA Fo] gt 1F
I EFe] 711 dEe| = 2
F
E2jol) FAIRle] o] YA sl AUt
IF(D: 67.344.27, OT: 70.9+5.55)0] sjztzo]
A wdzo) &7 P (D! 75.043.05, OT
©75.9+3.94) 0} FAK O folahl vk ghe
R2AHp €0.05) (Table 8).

v, 2 ag
A 7] DAL JEDE “1%01 ZgetellA
53%, o]—‘?_]loﬂ/ﬂ 5% =0 Ejl]’?\ll‘:] O\:}'}

=
2= o] gk el ol ek wkzolc

et

ATk 2| F-2 Tl
Hel kb 5o 90%
AEUE Y52
we} gepant ! o
gheo] Aujgo] i Hay
ol Aot A=
T 239 2
q.8.9.33*3)
o)ZalEe] X = S]]
g5 81 T ASUE
2l SA4ER= T
gawo] gl =2 SHE 3T
el 715kt e, F-UEHE FHE 5ol o8l
g w=rt
AEAES] G I3} AL HaAR FUE
ol <Jafl ZiA] JEkS =t} o] L R9joll i A
FTES S7717] 918 WS undersized osteo-

tomies, ~X]-°V‘ o}

7] i) AEA 3E M

QIZRE HES Z7IA)7)

self-tapping YZHE
o] gl

5o

AR osteotome 42

1
°] 5 osteotome %2)2 19943 Summersel| 2|
3l Zﬂo}‘ﬂM_\_ UE ERS Jizﬁ‘ -’F ElEF‘ A

o] O‘E]r 38 =

2 IAOo
2 E*‘E

782



osteotome #41 AFHUE A F 27] oA

I UBUE FZES ML s EelA ZRE
< SN A e TTMIRIbEE Bavt
Qe ® b, Z]J‘3‘ﬂ~ osteotome %23} drilling
=28 1|wdl FE Agel RFAR dA) eHdAS
A3+ A3} osteotome E2JellA LAl FgAde] )
A5 geldh 4= gloiths ware ek ®

o] A= osteotome o] FHo|| wEhr] T3}
7b dEA| BRlskaA) sidck. #EE BRE o 35
m {PA0R AUl p5ze] dA JEAE 2
& 59lo] S VIEo R sgiom, 7hE A 5 mn
A el EAshs 257 7H7‘°ﬂ wz}, 47}
o]}\]—p, ]nLTL
2Rk o7)el 7kzt s H—-_j"] = Z19E 1
] 35FE wRel] & 9= U
4o slife] AlHelA A o] o1
Az wegk A W= Al ofeisiy] bl o]
THAlelA] Age] X7t Boks Z o= Akt
QIEHE collar?] flare witol )2o] 21 ¢k

At eFgAdo] St TEA o)F uiAl
317 915l YSTHE 2§ ZolE collar PE7HAIE

1=}
=]
o,
£ 2
{
NS

Aol AMEE FRFTEAR o] QERhES] <F
e AT SRR ERIths 212 715E
a1, FToll QPdoll #gsle] QJEehES] QFgAdo
FHF G7jol] AMSE T JEUE AY T S8k
o] 7ol AREETEC? Meredith 5& Wdz
o R w3 wgAe} AdiFre] 2% Zols

4)1 r‘*

A3t FEAUF Lo} 271l wie} FxFs
Aadta Basielal, JETE A
EEE RFA @ solavlaL st
Huang 5-& g‘aﬁ} ashl P 24
% fEspl st sl Nedir
Fo 2472 °1§D¥E9} SRk
Qe ekt BHgE JEdes
tha gjsiek®

RFA 2744 37)9] Wake 953 45 gl

1
Ao SRR, ol sl val 44

r
o=
5 S

N
-
ol
fu
oo Y o
wt rlo r

4 o
g of
QL
N
T

Wgom SANAS W TS WHE A5Ee o
B 215e] o 2 Wske-g weltk Zlol] 2]

3k Zo|u}. 15

7} 2] 217 1Helo] elulA HA uhle] w
kS BwES vl osteotome 40| drilling &

2ol wlal] o 358 ghe B ot SAHS el
2 93} o= =4 E“rr"] LA} AR, gk
ARG A w) 2 mn 279 twist drillZ
drllhngu 3197] whto = AJZMETE 2 mn twist
dirlling ¥ 3.25 m7F4| osteotomeoZ i3 “H]
olgA =W F U5 o] 1A o= 1.25 m ¥
Oﬂ E]X] 0}7] ILHF,'_oﬂ N;.ﬂz—]o 2 Q]x} o]— /\éoﬂ 27{
JES- 4] B3l A ) E3) ol AZOAE=
AAH R U5 8 4 9= Fo) (iG] wiitel o]
gk Ay U 7l e} a2 B Al 2
2 95T Al tE E2o® she] JdETE
= 2Rl viszst AE 208 FofalEa s19le
L, 2 AJHS] 45 whHoA TR FAS HolE
7

2971 3% Aok E0 ANsh #Ae BRY

L
N
KN

Aol 2zlo] FUT ) spize) el me
15Qe] WskE ¥, 1 zo] gl Bl 7 &4
B A7) Rt TR g el B0 fre
g Aok il T AR el Ao
7} ik Fze] EAlsh: A9l drilling

osteotome %2 7ol o]z} IRt whZo] 7
< 739 osteotome #4] =7 vWTo| wHH = 7
$7F 5% Q0ar o] Wil osteotome w20l 1]

=)
A5 S AP AE 4% 24

ling#} osteotome %] L—L-‘:r TL]XFPELO] %’i‘c’ pwk=sus
= T el
SIARE drllhngJJr osteotome 2] ,
Aol = 1 hellE Aolrt et 5 o]
ALAAG @ o] = AfellE 7 2 3kl
2ol §I1aL, siHEe] A Rrk= gdEe] &4

783

Fi7E Ak Al o A 9 T3 ol
@z Hall U= YSET} Szl Ayt 9
ZUE| 13| F-USUE HEFEo| mal JEFUE
E Ak AR o W@ o] Hasith= Sen-
nerby®] e} dx]gct

osteotome &2l 2] I} TR AL YA
oFgAo] JHEE AE AR o g SelE = 01
Slom, o] Buchter 5°] Bt uie} 2] os-
teotome =4 Wl YSTE FZolA viasido]
ukAsle] QREES] QPgAS THaAIZ] o] of

28

147} El\:}

3
4

2

—

3

)

w0

ol

% 4
H

o
N
i

i

1. SARHQ fro e AT, sfwdze] 421
745 drilling &2)H k= osteotome &2]0]
AEHE] YAt S Dl 25 o &)
221 Zlo & Alg

2. TEZo] e A 7 AEFUE U} A
< e fEsie

3. o] oft= Al o A™e Y, 3] dzo)
EAEhE drilling <217} osteotome &2
= AEUE U3} PAS A=t QoA A
o= frolgh Ajol7} glrk.

tl
1A

1. Jemt T, Leckholm U, Adell R. Osseo-
integrated implants in the treatment of
partially edentulous patients: a prelimi-
nary study on 876 consecutively placed

fixtures. Int J Oral Maxillofac Implants

784

1989:4:211-217.

. Jemt T, Leckholm U. Oral implant treat-

ment in posterior partially edentulous
jaws: a b-year follow-up report. Int J
Oral Maxillofac Implants 1993:8:635-640.

. Leckholm U, Gunne J, Henry P, Higuchi

K, Linden U, Bergstrom C, van Steen-
berghe D. Survial of the Branemark
implant in partially edentulous jaw: a
10-year prospective multicenter study.
Int J Oral Maxillofac Implants 1999:14:
639-45.

. Noack N, Willer J, Hoffmann J. Long-

term results after placement of dental
implants: longitudinal study of 1964 im—
plants over 16 year. Int J Oral Maxillofac
Implants 1999:14:748-755.

. Albrektsson T, Zarb GA, Worthington P,

Eriksson RA. The long-term efficacy of
currently used dental implants. A review
and proposed criteria of success. Int J
Oral Maxillofac Implants 1986:1:11-25.

. Albrektsson T, Branemark PI, Hasson HA,

Lindstrom J. Titanium implant. Require-
ments for ensuring a long-lasting direct
bone anchorage in man. Acta Orthopaedica
Scandinavica 1981:52:155-170.

. Albrektsson T, Dahl E, Enbom L, En-

gevall S, Engquist B, Eriksson AR, Feld-
mann G, Freiberg N, Glantz PO, Kjellman
O, et al. Osseointegrated oral implants. A
Swedish multicenter study of 8139 Conse-
cutively inserted Nobelpharma implants.
J Periodontol. 1988 May:59(5) :287-96.

. Jaffin RA, Berman CL. The excessive loss

of Branemark fixtures in type IV bone: a
5-year analysis. J Periodontol. 1991 Jan:
62(1):2-4



10.

1

i

12.

13.

14.

. Friberg B, Jempt T, Lekholm U. Early

failures in 4,641 consecutively placed
Branemark dental implants: a study from
stage 1 surgery to the connection of com—
pleted prostheses. Int J Oral Maxillofac
Implants. 1991 Summer:6(2):142-6
Meredith N, Book K, Friberg B, Jemt T,
Sennerby L. Resonance requency mea-
surements of implant stability in vivo. A
cross-sectioinal and longitudinal study of
resonance frequency measurements on
implants in the edentulous and partially
dentate maxilla. Clin Oral Impl Res 1997:
8:226-33.

. Schulte W, d'Hoedt B, Lukas D, Muhl-

bradt L, Scholz F, Bretschi J, Frey D,
Gudat H, Konig M, Markl M, et al. Perio—
test—a new measurement process for
periodontal function. Zahnarztl Mitt.
1983 Jun 1:73(11):1229-30, 1233-6, 1239
-40. German.

Tricio J, Laohapand P, van Steenberghe
D, Quirynen M, Naert I. Mechanical state
assessment of the implant-bone conti-
nuum: a better understanding of the
Periotest method. Int J Oral Maxillofac
Implants. 1995 Jan-Feb;10(1):43-9.
Cauleir H, Naert I, Kalk W, Jansen JA.
The relationship of some histologic para—
meters, radiographic evaluations, and
Periotest measurements of oral implants:
An experimental animal study. Int J Oral
Maxillofac Implants. 1997:12:380-386.
Van Steenberghe D, Tricio J, Naert I, Nys
M. Damping chracteristics of bone-to-
implant interaction. A clinical study with
the Periotest® device. Clin Oral Impl Res.
1995:6:31-39.

1

o

16.

17.

18.

19.

20.

2

—

22.

785

. Meredith N, Shagaldi F, Alleyne D, Sen-

nerby L, Cawley P. The application of
resonance frequency measurements to
study the stability of titanium implants
during healing in the rabbit tibia. Clin
Oral Implants Res. 1997:8:234-43.
Friberg B, Sennerby L, Linden B, Gron-
dahl K, Lekholm U. Stability measure-
ments of one-stage Branemark implants
during healing in mandibles. A clinical
resonance frequency analysis study. Int J
Oral Maxillofac Surg. 1999:28:266-72.
Rasmusson L, Stegersjo G, Kahnberg KE,
Sennerby L. Implant stability measure-
ments using resonance frequency analysis
in the grafted maxilla: a cross-sectional
pilot study. Clin Implant Dent Relat Res.
1999:1:70-4.

Meredith N, Alleyne D, Cawley P. Quan—
titative determination of the stability of
the implant-tissue interface using reso-
nance frequency analysis. Clin Oral Impl
Res 1996:7:261-7.

Meredith N. Assessment of implant sta—
bility as a prognositc determinant. Int J
Prosthodont 1998:11:491-501.

Sennerby L, Meredith N. Resonance fre-
quency analysis: measuring implant sta—
bility and osseointegration. Compendium
1998:19(5): 493-502.

. Tonetti MS, Schmid J. Pathogenesis of

implant failures. Periodontol 2000 1994;
4:127-138.

Adell R, Eriksson B, Lekholm U, Bréane-
mark PI, Jemt T. Long-term follow-up
study of osseointegrated implants in the
treatment of totally edentulous jaws. Int
J Oral Maxillofac Implants 1990:5:347

2

w

24

25.

26.

21.

2

(o2

29.

30.

3

=

-359.

. Jaffin RA, Berman CL. The excessive loss

of Brénemark fixtures in type IV bone: a
5-year analysis. J Periodontol. 1991:62
12-4.

. Summers RB. A new concept in maxillary

implant surgery: the osteotome tech-
nique. Compendium. 1994:15:152-158.
Summers RB. The osteotome technique:
Part 2-The ridge expansion osteotomy
(REO) procedure. Compendium. 1994:15:
422-426.

Summers RB. The osteotome technique:
Part 3-Less invasive methods of elevating
the sinus floor. Compendium. 1994;15:
698-704.

Summers RB. The osteotome technique:
Part 4-Future site development. Compend
Contin Educ Dent. 1995:16:1080-1092.

. Buchter A, Kleinheinz J, Wiesmann HP,

Kersken J, Nienkemper M, Weyhrother
H, Joos U, Meyer U. Biological and bio-
mechanical evaluation of bone remo-
delling and implant stability after using
an osteotome technique. Clin Oral Im-
plants Res. 2005 Feb:16(1):1-8.

Nkenke E, Kloss F, Wiltfang J, Schultze-
Mosgau S, Radespiel- Troger M, Loos K,
Neukam FW. Histomorphometric and
fluorescence microscopic analysis of bone
remodelling after installation of implants
using an osteotome technique. Clin Oral
Implants Res. 2002 Dec:13(6) :595-602.
Glauser G, Naef Rm Scharer P. The
osteotome technique-A different method
of implant placement in the posterior
maxilla. Implantologie 1998:2:103-120.

. Adell R, Lekhom U, Rockler B, Brane-

32.

33.

35.

36.

37.

38.

786

mark PI. A 15-year study of osseoin-
tegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg. 1981
Dec;10(6):387-416.

Johns RB, Jempt T, Heath MR, Hutton
JE, McKenna S, McNamara DC, van
Steenberghe D, Taylor R, Watson RM,
Herrmann I. A multicenter study of over—
dentures supported by Branemark im-
plants. Int J Oral Maxillofac Implants.
1992 Winter:7(4):513-22.

Jempt, Lekholm U. Implant treatment in
edentulous maxillae: A 5-year follow-up
report on patients with different degrees
of jaw resorption. Int J Oral Maxillofac
Implant 1995:10:303-311.

Bahat O. Treatment planning and place-
ment on implants in the posterior maxil-
lae: Report of 732 consecutive Nobel-
pharma implants. Int J Oral Maxillofac
Implants 1993:8:151-161.

Adell R, Lekholmm U, Rockler B, Brane-
mark PI. A 15 year study of osseointe-
grated implants in the treatment of
edentulous jaw. Int J Oral Maxillofac
Implants 1981:10:387-416.

Cochran DL, Schenk R, Lussi A, Higgin-
bottom FL, Buser D. Bone response to
unloaded and loaded titanium implnats
with a sandblasted and acid-etched sur-
face: A histometric study in the canine
mandible. J Biomed Mater Res 1998:40:
1-11.

Cochran DL. A comparison of endosseous
dental implant surfaces. J Periodontol.
1999 Dec:70(12):1523-39.

Summers RB. Sinus floor elevation with
osteotomes. J Esthet Dent. 1998:10(3):



39.

40

4

=

42.

164-71.

Horowitz RA. The use of osteotomes for
sinus augmentation at the time of implant
placement. Compend Contin Educ Dent.
1997 May: 18(5):441-7.

.O’Sullivan D, Sennerby L, Meredith N.

Measurements comparing the initial sta-
bility of five designs of dental implants: a
human cadaver study. Clin Implant Dent
Relat Res. 2000:2(2):85-92.

.O’Sullivan D, Sennerby L, Meredith N.

Influence of implant taper on the primary
and secondary stability of osseointegrated
titanium implants. Clin Oral Implants
Res. 2004 Aug:15(4):474-80.

Glauser R, Sennerby L, Meredith N, Ree
A, Lundgren A, Gottlow J, Hammerle CH.
Resonance frequency analysis of implants
subjected to immediate or early functional
occlusal loading. Successful vs. failing
implants. Clin Oral Implants Res. 2004
Aug:15(4):428-34.

43.

45.

46.

787

Huang HM, Chiu CL, Yeh CY, Lin CT,
Lin LH, Lee SY. Early detection of
implant healing process using resonance
frequency analysis. Clin Oral Impl Res
2003:14:437-43.

. Huang HM, Lee SY, Yeh CY, Lin CT.

Resonance frequency assessment of dental
implant stability with various bone quali-
ties: a numerical approach. Clin Oral
Tmpl Res 2002:13:65-74.

Nedir R, Bischof M, Szmukler-Moncler S,
Bernard JP, Samson J. Predicting osseo—
integration by means of implant primary
stability. Clin Oral Implants Res. 2004
Oct:15(5):520-8.

Sennerby L, Thomsen P, Ericson LE. A
morphometric and biomechanic compa—
rison of titanium implants inserted in
rabbit cortical and cancellous bone. Int J
Oral Maxillofac Implants. 1992 Spring;
7(1):62-71.

—Abstract-

The Effect of Osteotome Technique on Primary Implant
Stability according to Bone Quality

Seung-Jae Baek' - Jae-Kwan Lee' - Chan-Jin Park’

"Department of Periodontology, College of Dentistry, Kangnung National University
“Department of Prothodontics, College of Dentistry, Kangnung National University

The primary stability of implants is an important factor to predict the osseointegration.
Recently, the resonance frequency analysis has been used to measure the primary stability. It
is an objective method to monitor the stability of implants during healing phase. This study is
to validate the differences in the effect of the osteotome method according to the bone quality
as well the thickness of cortical bone.

Two hundred seventy implants of 3.75mm in diameter(Neoplant, Neobiotech, Korea) were
placed in 135 bovine ribs. The bone quality is classified into 3 classes according to the number
of bone marrow spaces which implants would be placed, and then classified into 9 subclasses
after the ribs were trimmed. Two implants were placed in 15 specimens of each class.

The conclusion were as follows:

1. In case of less dense cancellous bone, the oseotome method is more effective in primary

stability rather than the drilling method(p <0.05).

2. If there was cortical bone, it is more advantagous to get stronger primary stability.

3. If cancellous bone is more dense or if cortical bone exists, there is no statistical signi—

ficance between drilling and osteotome method(p <0.05).

Key words : osteotome technique, primary stability, bone quality
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