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2 a7E $4AY FLH9N AR 92
273 el AR Pe) el FlAE G
Bole] ATsuA AY KA LA A
o AZnY YA Felsel TaeR 7154 A
Aol Jehte g2 BEE AEddl AlolA B4
& ol g3te] Lolrnat siglch
I. 97 A2 2
1. 28 Ha

Hlo]~ FHo|ES A At HE FE X
) ’6}‘—’1‘%-% E’h: = S8y Aa A2
' 714 #R x°HB5-10.4, Nissin
Dental Products Inc., Japan)& €2 23] 43
0}1 2 AL, 2, 374 Z<(Kennedy CHTY
T} dele) et 28-e ARsATt. wolx
ZH o ESA BY S FHE A E(KE-1300,
Shin-Etsu Chemical Co. Ltd., Japan)2.Z vl &3
FT A2 A3 T G2E AL B2 AAS 9
ZA] 22 A dgE B=E At @A
2)ote] A Zodle F9E AeE(KE-1300, Shin-
Etsu Chemical Co. Ltd., Japan)S 2o = 3:E &}
o < 0.3mme AF JWE Zﬂﬁo}“b‘iﬂ gz 2|
ol AZE S¥d FE3] AHA A7| o ZA]
A A (MODRALIT-3K®, Dreve-Dentamid GMBH,
Germany)& H2l& = Fof AFEFS o FA]
282 AFsAY. FAG FEE dHEL=
2mm A 3Rt 2@ 9E Adesich

it N

2. 2elx| ®zt

% A2, Al LRTH, A 22T E AU R B4
Ul A A = ARFE A28TA7AA 47 o
AL AA gte deYe 247 9 23
At FAZ R GRE FE5 A 1aTFAY
o A H2E AEE A5t #2
1, 20474] Aololl QQu#r] Eetr2E gt A
A& e FAGE Fa939 AY £
A2 Akers ek, RPI S8t 7134
gtAazE ARSI THEg. 1).

é fUoalo rffu ok
1:121 _>?l_, :40 ;‘5 ~{°
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Flg 1 Study model used in this study

A. Akers aa}*“ 2| o) 2 A%

$2 A2&7H 2] dilo] d4H YXE NES
FAg A <k AA %Xl AR 2 Akers FEAZ
A F2HE At fAdtE #5 AL
Az 24 2EE g2EY 7 A A

A2 A 1, 207x ABHAH FeYAZE A
Hct.

B. RPI £2t2Z §4] 542X 9] Az
H220+2] 4ol nTH HAE AEL} dAH|
FEAE 2 ARG JH fA A2 AU HA|
Y& [bar Fe}AZE 24 RPI SElAZ 4] =
2 YA & A ZEA T

C. 7Hd SefaXZ {4 F49R9 A2
A2 QAld uEgA dAE ANEE AT
Athx] ¢k A x| 2] Pl 7FFA FEAZ A2
Nre ZePrx 94 DY Y2ES 2= 712

B FHAE §2) T2 ARG
3. AE#9! H0|x] S5

2ol Imme ¢FuEd 95 2EAQ AR
(KFG-1-120-C1-23, Kyowa Electronic Instruments,
Japan) & AthA] FHN FAeAt. 5 A24T

29 &3 A& AxE AAAA 1lmm 37, E
g A 2ek stRel A4 XAl PP FastH
o AlaTA] Foe 5 A5 2T A



Flg 2. Stram gages & measurement sites(buccal and lingual view).

Fig. 3. Switch & Balance Unit & Strain Indicator
(SB-10, Measurement Group Instruments Division,
Raleigh, USA).

My

N 3R
ot o RI or

S

fo,

2

[\l

b

-

o
o X

~ DO

w5

LAY

o lo

2o

g SZ

2,
i o% ﬁ‘
o o= %
S o
o = o

2
*

4
d

o
38

WA = A24 ?Xl l

BatE7)E ol &8l 15k F3IEE 2 A2

156

Pl FAstell ¥olsiged, oz wipe 4
433 Baez 309 ANATE gse

249 ¢ 24 L HFE MR ¥
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A3, AT, A2eTH S A

v FHo I ol g
AL A2ETAD AR
TS T B
3—}“ 2 3o

o
=AE

2E# < °] Aol A
Switch & Balance Unit(SB-10, Measurement Group
Instruments Division, Raleigh, USA)ll |45tz
27349 ~E#Q & Strain Indicator(P-3500,
Measurement Group Instruments Division,

Raleigh, USA)E AH&-ste] #4189 th(Fig. 3).
5. A Xz

ARA dojzl A5 E SPSS Version 10.0
(SPSS Inc., Chicago, USA) ZZ2 1S Al 83}
one-way ANOVAZ H g3 RFAAE F3l9e
W Zh 13t B SR /g Ao E @]
9t o= 95%0) Al Scheffe testZ Al dte] H]

=



. oA AN
1. Akers 2EIAZT SKX| Z42|%]

AN E QAT T W} F AR A28F
oA zEdQe) 247} et o] @ E
e} FaE 4 BA] A Acker Gl 9
om SARET AAsZel gt AU B,
42e] Wsz} Ak $4, AAeLE BE e A7
of o)A W} A2ATA S AHo] F 2EH Qo]

YERGtHTable [). 33815 Al #| 24729 ¢4
A THA A QA% ~EF o] AAFANME &
2Eg Qo2 s th(Table 1).

AT e 2EHQL 273 J7dA TR
Z7tslgem 379 2EHQlo] 27 ET F)EQ
th Ax| 9 AF AR g d2nG el et 2E
golo] Z7sldk(Fig. 4). A5l Hl&) d=
ZAAEEo e AdA] gEe ~EQle] AR
o dZo] ~EH QLS A8 tH(Fig. 5).

©
=

Table I. Strain value in Akers clasp retained RPD with vertical load (unit:z€)

site PM2 PM1 C LA
Group B L D A B L B L
a1 -100.6* -713.4 8220 203.2 14.2¢  -340.0¢ -19.2° -106.8° 349.0°
(5.6) (7.1) 6.2) 6.7) (4.9) (8.2) (19 49 (898
a2 -79.6° -543.4* 332> 172.0° 63.80 -526.6° 21.6° -201.4° 304.0°
(4.2) (5.0 (3.9) (5.6) (5.4) (5.4) 2.9 4 (7.9
a3 -75.0° -510.2° 35.6° 99.2° b4.4> 4824 834 -280.4* 319.8
(4.5) (7.7) (2.9) (3.2) (3.5) (7.0) 4.3) (1.5 (8.2
mPM2: second premolar, PMI1: first premolar, C: canine, LA: loaded area

BB: buccal, L: lingual, D: distal, A: apical

m For comparisons between the groups, the mean with the same small letter are not statistically different at

p=0.05 using Scheffe test

Table II. Strain value in Akers clasp retained RPD with oblique load (unit:z)

site PM2

PM1

L

Group B L D A B L B L A
a1 -412.8° -386.4° -252.2° 2634° -132.2° -272.8 -24.2 -172.4° 4052
(7.5) (10.8) (5.8) (4.8) (3.1) (12.2) (1.5 (B39 112
a2 -294.0° -301.4" -1356" 2058 -272.8 -301.6° -63.2° -221.0° 379.4"
(8.0) (7.8 8.1) (7.7 (6.6) (7.2) 8.1 (®7 (103
a3 -267.8 -314.6° -121.4 1552 -241.8° -263.4> -836° -2414* 3154

(8.9) (7.1) (5.9) (5.5) (6.9) (4.5) (34) (13.1) (7.5

B For comparisons between the groups
using Scheffe test

, the mean with the same letter are not statistically different at p=0.05



2. RPI EatAZ {X| I29|%]

$2 3120l RPI S8tAZ §2] FAAE 2
A7A Y] A4 2j2He] AEHQ glo] F29 ~E
gAEtt ZA vepgor o2 fA] Fx9 Fae]
AN e F&T A& 2EFA] A Yely
3 1T A2n7A A5 2EHQ Fhol
-740.8¢e2 2 7} At 481 %d A= RPI 2
AZ {2 A XM A 247 Y4 X ZH
4F 2Ed Qo] Yelton oE A9 5493
oAM= A% 2E o] YERETHTable 1I).

A2aTH X2HE FA3FY A 2EHIo]

HZ AR % 2EY AR W7t I
o} 7Rl A Al2aTA) A5 2E# IS RPI
A FaO A ATt 2ol A 3Fo g M 2E
g2l st gen e dAe] Faox)e Fot
& H(Table IV).

35 RelolM e 2EH QS ¢2 55T AArleE
E5F RPI S2hAE §2] 329A] A e A9
ZaoX Bt AA JEGTH(Fig. 6). AAFE<]
A AlaTFA G A24T2] g, 45 2 3
o] 23 3TolA & AolE Holx] &UtH(Fig.
7).

400

OGraup 1
O Group 2
W Group 3

Stlraip value ()

J

QGroup 1
aGroup 2
W Group 3

]

Fig. 4. Comparison of strain value in Akers clasp
retained RPD(0").

Fig. 5. Comparison of strain value in Akers clasp
retained RPD(30").

Table III. Strain value in RPI clasp retained RPD with vertical load (unit:u)

site PM2 PM1 C LA
Group B L D A B L B L

Gl -63.2*0  -740.8* -102.6° 93.2° -33.6° -2634° -30.2"° -b56° 584.6°

6.4) (6.9) (5.1) (2.2 4.0 4.0) (24) (33 (16
G -48.6° -534.0° 6220 822 458 -3384° 114 -132.6° H21.4°

(3.7 9.6) (2.8) (1.3) (3.4) 8.9 an 29 82
a3 -38.2° 4352 444 76.4 26.8 -332.6° 44..6a -180.2* 528.2

(2.6) 4.0) (1.8) (1.9) (1.9) (4.2) 4.2) (6.1) (7.4)

a For comparisons between the groups, the mean with the same small letter are not statistically different at

p=0.05 using Scheffe test
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3. 7k5M ERtAZ 7R TR

7 Eetax 4] FholA e AS vE A
o] FhA R AAA o2 BE AR A2 2
Ede] Yehgen A2a7A] A2de] 2EHQ
e 1, 2, 3Tl vh& W37 HAtH(Table V). Al
1&FA e 2780 3TolA Faox)e] AAld 4
#glol 2B Ftol Fagen AA9 g2 2%
2o} 3l 7K

PF ARSI E BE AAS F49A]dA
A A AEe] 2EHQ Fhol FHstFET AA Y

In

Bhton ubdo P2 ~EF L FIEI R
3] 237 3TA A1AaTA ] & & 4F &
gl 2lo] YebH(Table V).

2472 AT 39 2EH L HAESHE

231l A Vbt (Fig. 8). 3 8tE
Al QR 2E#lo] YEIHE A24T3] 4ol
At Ed e 45 2Bl vt AAlst
9 7% 3TA A2ETAFHRE FE5S A}
I RE WM 2TET & 2EH ] YEhgT
(Fig. 9). x|t B2 ~EH QL 75153} A

AFekEe) 2 Ahol7} 9T,

fm

Table IV. Strain value in RPI clasp retained RPD with oblique load (unit:«)

site PM2

PM1 C

LA
Group B L D A B L B L

a1 -368.0" -2446° -1384*° -32.6° -102.6° -1174 -124 -b4.0° 7458
4.9) 6.7 4.2 (1.8) (3.9) (8.4) (L7 6.3 a0
a2 -2186° -186.6° -784> 224" -202.8 -1674* 238 9520 679.8
(5.1) 4.7 (2.3) (1.7 4.8) (7.8) (1.3 (28 (0.5
a3 2124 -131.4 -65.2 =520 -180.0* -167.8 624 -97.0¢0 616.2

4.7 (3.2) (4.8) (1.3) (6.9) (5.5) 4.7 @9 (@17

® For comparisons between the groups,
p=0.05 using Scheffe test

800
600
400
200

OGroup |
[ Group 2
WGrow 3

-200
-400
-600
-800

Strain value(z)

M2,
M24

PM13
M

Fig. 6. Comparison of strain value in RPI clasp
retained RPD(0").
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the mean with the same small letter are not statistically different at
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Fig. 7. Comparison of strain value in RPI clasp
retained RPD{30").



Table V. Strain value in wrought wire clasp retained RPD with vertical load (unit:s)

site PM2 PM1 C LA
Group : B L D A B L B L

al -79.8 -636.80 43.8° 90.8 23.6° -219.22 -14.2¢ -70.6° 5452
(3.0) (16.3) (4.3) (1.5) (2.5) (4.6) 24 (21 10.0
a9 -57.8> -401.8 13.0° 83.6° 34.6° -415.00 -23.6"° -148.0" 5134"
(2.4) (10.5) (2.6) (2.4) (4.7 (7.3) (1.1) (8.8 (7.6)
a3 -22.0° -395.8 2.6° 84.6° 31.00  -383.2> -34.6° -201.00 487.2
(2.2) 6.7 (2.3) (3.4) (2.9) (5.9) 3.5 (1.5 (7.9)

® For comparisons between the groups, the mean with the same letter are not statistically different at p=0.05

using Scheffe test

Table VI. Strain value in wrought wire clasp retained RPD with oblique load (unit:«)

site PM2 PM1 LA
Group B L D A B L B L

a1 -422.20 -236.8* -139.8" 474 -123.0¢ -1324° -12.60 -42.0° 586.2°
(6.5) (7.2) (6.2) (4.2) (6.5) (6.2) 1.1 @1 3J18
G2 -2106° -144.8 476° 23.0° -298.2° -203.6° -36.8 914> 5HT54
(6.4) (7.9) 4.9) (1.6) (6.9) 6.7 37 @5 9.9
a3 -156.2° -174.8 -73.8° 266" -263.0° -185.0" -42.0° -106.4" 502.0°
4.2) (5.3) (3.4) (2.7) (4.7 (6.2) (2.2) 44 (0.5

® For comparisons between the groups, the mean with the same letter are not statistically different at p=0.05

using Scheffe test

600
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N
=3
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OGroup 2
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Strain value(x€)

! I | 1
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Fig. 8. Comparison of strain value in wrought
wire clasp retained RPD(0").
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Fig. 9. Comparison of strain value in wrought
wire clasp retained RPD(30%).
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ABSTRACT

EFFECTS OF ABUTMENT SPLINTING ON STRESS DISTRIBUTION
IN UNILATERAL DISTAL EXTENSION RPD

Hee-Young Ahn, Tai-Ho Jin, D.D.S., M.S.D., Ph.D.

Department of Prosthodontics, School of Dentistry, Wonkwang University

Statement of problem: In distal extension removable partial denture, the preservation of health
of abutment teeth are very important, but they are always subjected to unfavorable stress.

Purpose: The purpose of this study was performed to investigate the effects of abutment splint~
ing and design of direct retainer on the stress distribution of abutments in unilateral distal exten-
sion removable partial dentures. ’

Material and method: Abutments were splinted by different method. In group 1, autment
teeth were not splinted, in group 2, canine and 1st premolar were splinted, and in group 3, canine,
1st and 2nd premolars were all splinted. Three different types of direct retainer such as Akers clasp,
RPI clasp, and wrought wire clasp were designed. Strain was measured with Switch & Balance
Unit(SB-10, Measurement Group Instruments Division, Raleigh, USA) and Strain Indicator(P-
3500, Measurement Group Instruments Division, Raleigh, USA). 15kg of vertical and oblique loads
was applied at central fossa of missing 2nd molar area.

Results: The strain on lingual side of 2nd premolar was the greatest, and abutment splinting
induced decrease of strain on buccolingual side of

2nd premolar. The strain of loaded area was decreased by abutment splinting and there was no
statistical difference of strain between Group2 and Group 3, and strain on 2nd premolar in wrought
wire clasp was the least.

Conclusion: Within the limitations of this study, splinting of two distal abutment teeth is enough
for stress distribution widely, and wrought wire clasp was more benefitable than others.

Key words @ Strain gauge, Stress distribution, Distal extension
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