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(1) JZAE AL 42 YA}

Nobelpharma A YAl Nobelpharma Inc.,
USA), 3i #A WAHSi Implant Innovation Inc,
USA), Impla-med $A YAHImpla-med Inc,
USA), Restore % YAHImplant Support System
Inc, USA)E 7z} 4704 FH|3tth (Table 1).

(2) JSM-5200 Scanning microscope®(JEOL,
Japan)

Yig BHE Z47+e] YEAE HEE HA 4
Aol SEM AMRIE #9dstth

(3) Digimatic Caliper®(Mitutoyo Co., Japan)

HA &9 00lmmo. 2 A digitalZ EAH T} 35
W2 Sohe SEM ARVl A datey 7h ®
AE SAst=d AHSHUTH

(4) Block A%

Clear resin®] YEZWE I A A (Nobelpharma
Inc, USA)E "1 &3 tha, A5 (Nobelpharma
Inc, USA)$} 295+ (Nobelpharma Inc, USA)E &
Astgh IAAE bk HF FHoT
flange ofg] HE¥ I EE St

(5) Torque controller (Nobelpharma Co,, Inc.)

BuE st YALE Zole FAAZ P& 10,
20, 32, 45 N-cm, 5+ 10 rpm. & 24 rpmS A
9% 5+ gl

(6) Torque gauge (36 BTG, Tohnichi MFG Co,

LTD, Japan)

ZY IAAHE ZAHse ASAANZA Ha
a7t 005 kegf-cmo)¥, & BYE 04-36
kgf-cmolt}.

2. A8 oy

(L 49 1

1) 429 JdZAE AAH BHEL §4 UA}
100-150 nme] F7AlZ 387} palladium coating

HHEE LS Y9X)A)7) the, B2 SEM At

Table 1. Summary of implant prosthetic retaining screws

Code Implant System Alloy Number Source

NO Nobelpharma 4 Nobelpharma Inc, USA

3i 7 3i gold 4 3i Implant Innovation Inc, USA
M Impla-med 4 Impla-med Inc, USA o
RE Restore titanium 4 Implant Support System Inc, USA
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2) SEM ARl doljx BHA L {4 ALE 8%
AE VYol caliper® Z+ Y& AT H
(Figure 1), 47 SAHAE ASAZ A 4

=2

D YA FH9] A7 (diameter of screw head), Y
Al Zoj(screw length), WA A7) A (thread
pitch), & A7 (majpr diameter), 2% A7 (neck di-
ameter), 74 Zo}(neck length), A 4]
(crest width), 2% WY (root width)

A

1 A, WAL R A
U (diameter of screw head)
= B. WA} Ao] (screw length)
] ]F ¢ un zave A
(thread pitch)

:)c D. & 37 (major diameter)
B ¢ E 7% A7 (neck diameter)
H F 7Y Z1o] (neck length)

G. A3 Y] (crest width)

L ’ H 2% 44| (root width)

D
Figure 1, Eight geometric parameters

(2) 4% 2
Block°ﬂ ) E-5o] Qe TAAY AT &
F& AA3% 5, torque controllerE ©] €3} E.é
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H3 & 18 NF 4EE Lol aarm Fol &
o2 13 o A5k Z?Jgiaq ZJ 373

4

< 988

I8 o, #A YA Z2LAY 9o g
torque gaugeE FH-EAIA A 2HE 7=
7} ALG 534 Zo)7|9k E71E HHESS i

4 AdgS A

Iv. M8 A3

7+ 9 A BE A% E #8903 98 K-S
test (Kolmogorov- Smirnob Goodness of Fit test)
E A 27 BF A BEE o|F IS
At

£A YALE 10 rpm, 10 N-em2.2 2t} o]
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Table 2. Mean and standard deviation of geometric
parameter A according to type of screw

(um)
Type of Screw Measurement (ym*)
RE 220241167
3i 2140+ 250
NO 2105+ 455
™M 2091+ 171

* Mean and standard deviation (N=4)

Geometric parameter A, & WA} T8 2] A4
3 One way ANOVA testAF oA 4E2] §7
AL B BAHCE {4 zolg Bt
(p€0.05). Muitiple range test A3}, UA} F4-9] 2]
7AE RE 714 A3, I 2o 2= 3 NO, IM
9 wo® yet (p<005) (Table 2).

Table 3. Mean and standard deviation of geometric
parameter B according to type of screw (um)

Type of Screw Measurement (um™)
™M 28941171
NO 27181216
RE 26931457
3i 26124222

* Mean and standard deviation (N=4)

Geometric parameter B, & WAt Aol &g
One way ANOVA test 7éa—}°ﬂ)\1 4%29) 83 YA}
FAHCE folg Xo)g HATH (p(0.05).
Multlple range test A3, YA} Ho)9 AAL M
7} VA AL, 2 L 2E NO, RE, 3l £2.8
Yttt (p<0.05) (Table 3).

Geometric parameter C, & W} A& 7He] Ae)

o] #3 One way ANOVA test Ao A 429



2] YA} Alolel] BEAHORE 23t AjolE e}
WA gk} (Table 4).

Table 4. Mean and standard deviation of geometric
parameter C according to type of screw

(um)
Type of Screw Measurement (um*)
NO 233+171
3i 232+096 wk
RE 231222
™M 230x171

* Mean and standard deviation (N=4)

**  Value within brackets do not differ significantly
(p>0.05) as determined by the multiple range
tests,

' Geometric parameter D, & WA} Zojo] #3t
One way ANOVA test 2|4 3i, RE, NO%
M Alold] EAHZ {odt Ao]E YeRAATH
(p<0.05). Multiple range test A3}, YAF Zol= IM
7} T2 FA Ul HlE SAHCE F4 50
Akt (p<0.05) (Table 5).

Table 5. Mean and standard deviation of geometric
parameter D according to type of screw

Multiple range test 23}, IM&] 7K A Aol 713
A3, 1 RSO 2E RE, NO, 3 £2.2 Yehgt
(p{0.05) (Table 6).

Table 6. Mean and standard deviation of geometric
parameter E according to type of screw

(um)
Type of Screw Measurement (um*)
M 1272+171
RE 12424222
NO 1001300
3i 910+183

* Mean and standard deviation (N=4)

Geometric parameter F, & 7% Zojo) &3
One way ANOVA test @»]—01]/\1 4Z9] §A) AL
2E EAFOZ {93 AolE EA (p<0.05).
Multiple range test 234}, A% Zo|9] AL 3i7}
7H Y, I Lo EE NO, IM, REY &2
vkttt (p<0.05) (Table 7).

Table 7. Mean and standard deviation of geometric
parameter F according to type of screw

(um)

(4m) Type of Screw Measurement (ym*)
Type of Screw  Measurement (un*) 3 513+263
3i 1255+191 NO A2x171
RE 12521'1.50:1 x M 276216
NO 12511412 RE 2321275
M 1213+1.89 * Mean and standard deviation (N=4)

* Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p)005) as determined by the multiple
range tests,

=

Geometric parameter E, & 7% A 2
One way ANOVA test A3}ol M 459} §A hAL
EAZLZ 9% AolE BHAT (p<0.05).

rL

3}
-

Geometric parameter G, & A3 H|d th“}
One way ANOVA test A#ollA 4%¢] &4 WA
B BAZCE fod 2olE JEMR &3ttt
(Table 8),

= 1=}
= 5

Geometric paramefer H, vujo 3k

" One way ANOVA test 2304 NO$ IM, RE
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9T 3 Abolol FAROE FF HolE HY -

t} (p<005). Multiple range test A3, NOS
ezt 74 A3, 1 2o E2E M, REQ 9]
Qom, 39 28 Ynzt 7pF AL RoE U
e} (p<0.05) (Table 9).

=]
2%

Table 8. Mean and standard deviation of geometric
parameter G according to type of screw

(um)
Type of Screw Measurement (im*)
™M 52+1.29
NO 512110 | s
RE 51£191
3i 50+141

* Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p)005) as determined by the multiple
range tests,

Table 9. Mean and standard deviation of geometric
parameter H acording to type of screw

(im)
Type of Screw Measurement (im*)
NO 591+084
M 54+191 :I "
RE 524180
3 25+082

* Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p)005) as determined by the multiple
range tests,

2. 4% 2 :

ZY 3o 02 7 YSHE /A W F
g A8 e &43% 294 b 2o

A AR EQEHe] £ 3AHe #F One
way ANOVA test Aol M NO, RE 187 3i¢}
M Atelol] BAZLZE Fo3t ztolg VERAUTH
(p<0.05). Multiple range test A3, NO, RES] £§
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sAgo] FANUA o, I o2 39
A3, MY A$7 A FE ZAeE vERT
(p005) (Table 10),

Table 10. Mean and standard deviation of loos-
ening torque according to 1st loosening
number (N-Cm)

Measurement (N-Cm*)

Type of Screw

NO 1241020 ]**
RE 121005

3i 9.6x017

IM 881040

’;_. Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p)0.05) as determined by the multiple
range tests.

Table 11. Mean and standard deviation of loos-
ening torque according to 2nd loosening
number (N-Cm)

Type of Screw  Measurement (N-Cm*)
RE 138%0.17
NO 13.0x052 ] e
3 125+175 -
™M 954059

* Mean and standard deviation (N=4)

** Value within brackets do not differ significantly
(p)005) as determined by the multiple range
tests,

= A Zede Y 3Hg] FE One
way ANOVA test A3 A RE, NO, 3i$} IM A}
old] EAHLE #9% HolE et
(p<005). Multiple range test A3}, M7} thE §-4
ALYl Ao viste K9 UA Ftoh
(p<0.05) (Table 11), ‘

A AR EZQ2we] £ Ao AS One
way ANOVA test A=A NO, RE Z1#]X 3i¢t



IM Alelol] EAIFOZ {9g AolE VERAAUTH
(p€0.05). Multiple range test 2}, NO, RE¢] =3
Aol FYAJA FeH, I dF L2+ 3i0]
AT, M AL 7HA AL Ao Z el
(p<0.05) (Table 12).

Table 12. Mean and standard deviation of loos-
ening torque according to 3rd
loosening number (N-Cm)

Type of Screw Measurement (N-Cm*)
NO 145+044 :)
kek
RE 1394038
3 128+0.29
™M 96%120

* Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p>005) as determined by the multiple
range tests,

vl A ERSde £ 3xdFe] #3F One
way ANOVA test Z5}o]A] RE, NO 83 3is}
IM Atolo] EAHOZ §ol3 xtolE Yeri YTt
(p<0.05). Multiple range test 23, RE, NO2| Z¢
Ao FAAA Fow, I o2 E 3o
AL, MY A7 7 FAE AR Ve
(p€0.05) (Table 13).

Table 13. Mean and standard deviation of l00s-
ening torque according to 4th loosening
number (N-Cm)

Measurement (N-Cm*)

Type of Screw

RE 1384052 7
NO 130042
3 111080
M 90063

* Mean and standard deviation (N=4)

** Value within brackets do not differ significant-
ly (p)005) as determined by the multiple range
fests.

Table 14. Mean and standard deviation of loos-
ening torque according to 5th loosening
number (N-Cm)

Type of Screw Measurement (N-Cm*)
RE 136%043 ]
NO 1311024
3i 105+030
™M 951092

* Mean and standard deviation (N=4)
** Value within brackets do not differ significant-
v (p>0.05) as determined by the multiple

range tests.

g WR EU8de ¥ g #%
One way ANOVA test A3 A RE, NO 183
3} M Alolof] FAFOE {98 AolE YehY
A Hp0.05). Multiple range test 23, RE, NO2]
E9 Ao FYAUA Fen, I ggeEs
3o, M A7t 7 AL Ao YEehg
o} (p<0.05) (Table 14).
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A WAL £EACE AAEA A A
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9ol Impla-Med X HAF7} Nobelpharma, 3,
Restore A1 YALETE 21404 28kt T2y
Aol AdE & A

UALe] B E geometric parametert torque-pre-
load FA S HTE WA F JoP® Impla-
med f2] AL At A=t #E, Bt
e F HAol YA FE WH S FAMA, =
QA wpz xdlo] AL E R torque-preload A
o] G v]W Ao, 1B E Nobelpharma
#2 AL} Impla-med 4] YAPF BF 10Nem
9] o2 2, Impla-med F2] UARE )
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o] wf el &&A (lubricant) }, B} 5ol
A SkEA Fsteior st} &&8A7E A
7% nhEE S AaAA 2 A= preloadE W]
7] 9t} Bt & 2 3dgo] Yo Ao)Y)
g Zoloh?, dAAoZ A YALE F7hf oA
AHEE A$, gaoz it EY Ao
A3 WA AR E oy ALE AR,
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AEZHNE 4 AEL A &30 HYE 93 ¢
ARSI, AZHNE A AE o] st
Eo)ido] ZAFITE YEHEE It HIS3) 2
ol7|fteld 3 & oty qAF I8d, &
F 7FsAS A ARl YEUES ATAI A
ol F2E-& nXA FowA dAE 4 At

RE ou|gith webA Jaardadt Lang 59 B
AMAY JESHE 74 JEL 233U E A
Folo] dojgx] ¥ oF3h= AL Bk
sl 93] AN E ATty A JERE
T4 Aol 3% 7heAel v & & gluk
I LA,

A8 20 A& Nobelpharma YEZAE T A A o
Nobelpharma A|djF¢ S9F& d24¢ o=,
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o} £71& WHE3IE 2 A surface settling E3HE 1]
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o] E5S IZANAN. EEE I U,
torque controllerS ©]£-3l9 10Ncm9] o2 F4
YALE 24 ’

dAFo R A FGdA YALE ol
91e] torque contro®*## 2] Hlo] F2 AlL-F 7
Ak oA £oly powered deviced 083t
3 AEE shehe Wyl ARk S 3ol
ratchet 2 71A1A Q1 =79l g3 Ag= A, 3
AYE AA = YAt T weEt B2 24}
7t A2 4 AUt} Powered device: 3]A o] A=A}
Hog zA-o B} ¢ &G AYS J1L ¢
Ao, HE power®]l 93 A] A g
T AUrh

gurrg oz A EH SAL
2 UHo A,

AR T breakaway torque MHQH, YA F=
H = £ A S 3431 preloadE A W
Hojt}, o] W2 &8AZF AHA UdAY, =
T corosion®] RS AF ©1E U3 227 E
Ag 4 gk

EM T length measurement WRHIE, o122
A}2] initial stretched length®} WAL £ % length
Y| Z preloadE 33 Wolth

AA = tension load procedure W SlH), YALS]
& o) 28 Q4Y ZAHYE F) FHAA
Ut 2FRAA Y preloadE S 3 Widolth

B A7 2ES breakaway torque S
o]-&-3t it

2 A%, 3,4 58% EUE W FY A
T % Nobelpharma®} Restore 2 WA} 3ivt
Impla-Med §-%] WAkl Hl3] fAUA oA,
284 E4& A$ Impla-Med A WA} 3
Restore, Nobelpharma ##] WA}el H]3 214 3l
A Akt

oJAY Z+ X A7t E9 5ol wet Y
AF Yo Aol Holx = AL FA
Ateleh tiApeloln} Ajdo] Elal, wheba] Ao
A G EE preload GA THE7] WEQA A2E B
1t

o] AZ Hol Nobelpharma 3 WA}
HLEE 29 Ao O B ALHY /A
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Fig. 2. SEM of Nobelpharma implant prosthetic retaining screw (35X)
Fig. 3.  SEM of 3i implant prosthetic retaining screw (35X)

Fig. 4.  SEM of Impla-med prosthetic retaining screw {35X)

Fig. 5. SEM of Restore prosthetic retaining screw (35X)

Fig. 6. Feature of Scanning microscope®

Fig. 7. Feature of implant fixture block

Fig. 8. Feature of the Nobelpharma torque controller

Fig. 9. Feature of torque gauge
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ABSTRACT

A STUDY ON GEOMETRIC COMPARISON OF FOUR INTERCHANGEABLE
IMPLANT PROSTHETIC RETAINING SCREWS AND
MEASUREMENT OF LOOSENING TORGUE

Su-Mi Cho, Ju-Hwan Lim, In-Ho Cho

Dept. of Prosthodontics Graduate Schoo! Dankook University

Since the concept of osseointegration was introduced by Branemark of Sweden, dental im-
plants have been used for various dental prosthetic treatments. The survival rate of den-
tal implant is likely to be closely related to the total biomechanical role of each component
of implant system,

The use of interchangeable component is very attractive for dental practitioners because
such an approach would save treatment cost, flexibility of prosthetic treatment options as
well as conveniences, Therefore, the use of interchangeable implant system has been in-
creasing without scientific assessment of safety and efficacy of various interchangeable im-
plant system. .

The purpose of this study, therefore, were to compare the geometric characteristic of four
interchangeable dental implant screws and the loosening torque of these screws. Four types
of dental irhplant screws tested in this study were Nobelpharma, 3i, Impla-med, Restore. Four
screws each of the test specimens were subjected for scanning electron microscopic ex-
aminations under the same condition and a 35x magnified standard SEM picture was ob-
jected from each test specimen using JSM-5200 scanning microscope. From each of the SEM
pictures, eight parameters, i.e., diameter of screw head, screw length, thread pitch, major
diameter, neck diameter, neck length, crest width and root width were determined using a
caliper, The measurement for each parameters were then corrected for their magnification
factor, The loosening torque were also determined by using a torque gauge.

All of the measurements were statistically analyzed by ANOVA test and multiple range
test. Statistical significance was set in advance at the probability level of less than 0.05. All
analyses were done with SPSS software for the personal computer. The conclusion obtained

from this studies were summarized as the following;

1. No statistically significances were noted in the thread pitch, and crest width in the four
screws, and in the case of major diameter, the Impla-med screw was significantly small-
er than the other three screws (p<0.05). Therefore, four implant bolts could be phys-
ically inserted in a abutment nuts.

481



2. The diameter of screw head was decreased in the order of Restore, 3i, Nobelpharma,
Impla-med screws and the length of screws were decreased in the order of 3i, Restore,
Nobelpharma and Impla-med. The diameter of neck was decreased in the order of
Impla-med, Restore, Nobelpharma, 3i screws. The differences of each of these parameters
were statistically significant (p<0.05). The width of root of screws were decreased in
the order of Nobelpharma, Impla-med, Restore and 3i. The differences among
Nobelpharma and Impla-med, Restore and 3i were statistically significant (p<0.05).

3. When the screws were loosening 1, 3, 4 and 5 times, the loosening torque for Impla-
med and 3i screws were significantly higher than that of Nobelpharma or Restore screws
(p€0.05). However, when statistically smaller than that of 3i, Restore or Nobelpharma
screws (p<0.05).
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