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Stress distribution and abutment tooth mobility of
distal-extension removable partial dentures with different
retainers: an in vivo study
Y. IGARASHI, A. OGATA, A. KUROIWA & C. H. WANG* Departnent of Renovabte Prosthodontics,

Matsumoto D.ntal College, Nagano, Japan and *School of Dentittry. Kaohsiung Medical Coll.ge, Kaohsiufif. Taiwan

suMMARy Three types of retainers (wrougfrt wire
clasp, Aker's cast clasp, and conical crown tele-
scopic retainer) designed for distal-extension re'
movable partial dentures (RPDS) were assessed in
two Kennedy class I patients' mouths. The assess-

ment, included the ratio of denture base shearing
load and mobility of the terminal abutments when
loaded on a free-end RPD occlusal surface. The
mean values of denture base shearing ratios of
wrought wire clasp, Aker's clasp and conical crown
telescope were 60, 42 aIId 2Oo/", respectively. The

abutment mobility of the three types of retainers

were all within the 'mobile ability area' except the
wrought wire clasp for patient A's right side. The
greatest tooth mobility was observed with the
wrought wire clasps, followed by Ake/s clasp and

the conical crown telescopic retainer. From the
analysis the following was concluded: (i) different
retainers do influence the occlusal load distribution;
(ii) the occlusal load distributed to the free-end
saddle is closely related to the connecting riEidity
of the retainer; (iii) mucosal support has an indis'
pensable role in sharing the occlusal load with vari-
ous retainers, even the ri8id telescopic retainer.

Introduction

When a removable panial denture (RPD) is considered

for restoration of missing posterior teeth in the distal

Iree-end edentulous ridges, the design of the RPD is a

problem. The displacements are quite diflerent be-

tween the periodontal support tissues oI abutments

and the residual dge mucosa (Steiger & Boitel, 1959;

Kdrber. 1974; Boucher 6 Renner, 1982). when the

functional occlusal load is induced on this kind of

distal-extension RPD, a rotary movement usually oc-

curs around lhe fulcrum of the terminal abutments
(Boucher 6 Renner, 1982; Mccivney 6 Castleberry,

1995). This phenomena not only lowers the denture

function and causes the patient's discomlort but also

traumatizes the supporting tissues of dentures. A good

design for a distal-extension RPD should prevent rotary

movement in order lo protect the supporting tissues.

There have been numerous studies discussing the
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RPD design lor distal-extension appliances, including

bench model analysis (Kaires, 1956; Shohet, 1969;

Matsumoto & Goto, 1970; Cecconi, Asgar 6 Dootz,

l97l; Taylor, Pflughoeft 6 Mccivney, 1982; Firtell,

Grisius & Muncheryan, I985; Feingold. Grant & John-

son, 1986; Browning, Meadors & Eick, 1986; Ogata,

Ishii E Nagare, 19921 and photoelastic stress analysis

(Thompson, Kratochvil 6 Caputo, 1977; Kratochvil &

Cap]uto, 1.974; white, 1978; Fisher 6 McDowell, 1984).

These were almost all model analyses, only a Iew

studies (Mccartney, t98o; Kiirber, I983; Bazirgan 6
Bares, 1986) were dynamic analyses in the patient's

mouth. It is difficulr to simulate the viscoelastic proper-

ties of peiodontal ligament and residual ridge mucosa,

only analysing in the mouth can reflect the true condi-

lions. The purposes oI this srudy were to compare the

va ous retainer deslgns for distal-e xtension RPD by

measu ng the denture base shearing load and the

abutment tooth mobility in the mouth.
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Table 1. Dara of lwo
mandibular Kenncdl' class I

subjeds

Sex and age Righl side Lぐ 1l sidぜ

Subjen (t ears) Nlissing Detecledabutmenr Missirrl Deleded abulmenl

Patient A male 70
Patient B female, 68

≠4,,464フ   ≠44
≠4647    ≠4,

≠34 35 36 37  ≠3〕
≠34´ 35 36 〕7  ≠33

Load

tlaterials and methods

Two subjects (parient A and patient B, Table l) with
mandibular Kennedy class I edentulous saddles were
analysed alter their inlormed consent. The subjeos
had no other complications in their stomatognathic
system and general health and the periodontal condi-
tions oI the abutments were healthy. Three lypes oI
retainers were construcled for the analyses, they were
wrought wire clasp (W), Aker's clasp with distal rest
(C) and the conical crown telescopic retainer (K). All
the retainers were constructed to conventional stan-
dard procedures and connected with a rigid lingual bar
major connector.

One micro-load cell transducer LMIO* (size:

12.0 mm in diameter and 4.0 mm in thickness) ap-
plied the controlled load oI 6kgf 158.8N) on the oc-
clusal table. Three electronic devices were installed
carefully and precisely in the tested dentures and
abutments: one micro-load cell transducer LM5t was
put between the two layers oI the specially Iabricated
double denture bases to measure the denture base
shearing load of the occlusal force (Fig. l). Two eddy

i t,1\4,10; Kyowa Electronic lnslruments Inc., Tokyo, Japan.
+ LM-5: t<yowa Eleoroni. Instrumenls tnc.

Fig. l. Special fabdcatrd double denture bases
to measure the denture base shearing load of
oaclusal force-

current inductive micro-contactless displacement
transducers+ (Kdrber 1976; Igarashi & Ai, 1980; Jenr-
ner & EiBler, 1986) were pur on rhe middle rhird
buccal surlace of both bilateral terminal abulments to
detect the horizontal mesiodistally abutments displace-
ments. One of the experimental denture assemblies is
illustrated in Fig. 2. The electronic signals of the above
electronic devices were amplified by dynamic
strain amplifiers+, recorded simultaneously by a data

Fig. 2. One of the ex?erimental denture assemblies that was
tened.

rTr 4; Hottinger Baldwin Messlechnik GMBH Co., Darmstadt,
Germany.
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Parient B

I60 {60%) 184 1640/o) 3'06 l5ro/al
) oo \5o7o) 2 r4 \394") | 74 129v.)
l-)2 122%) O 78 \t}.o/.) t 56 126o/0')

w, wrough! wire .lasp; C, Ake/s clasp; K, conical croil/n telescope.

recordef and then output to an X-f recorderl to
produce the graphs.

Before each experiment, all the transducers were

corrected to equalize the unbalanced electronic bridges.

Each micro-contactless displacement transducer also

measured some digital calipers** Ior calibrated reference

data. The procedur€ was repeated five times for every

situation and the measuremenls followed the sequence

W, C and K. There were l5 min intervals between each

retainer test for both palients. After each test, the
prosthesis was removed from the subject's mouth,
cleansed, and the next tested denture installed in the

mouth. The experiments were perlormed under con-

trolled conditions lo prevenl electrical noise. when

Oculusal Load

Fig. ,. The relationship between occlusal load and denture base

shearing load for patienr A's right side. w, wrought wire clasp; C,

Aker's cast clasp; K, conical crowfl telescopic retainer.

5 Nichiden-sanei Electronic tnstruments Inc., Tokyo, Japan.
I wx 2llI, craftec In.-, Tokyo, Japan.

"" Digimatic 500, Mitsutoyo, Kanagawa, Japan.

Table 2. The denture base shearinS loads and ratios
(uDil: kgf)

Retainers Right side Left side Righr side Le[t side Mean (o/o)

C

K

) 96 l66o/al J 62 600/.)
1-06 (5t"k) 2 54 142"/.)
I 02 tl7lol l.t7 \2ovo)

6kgF
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loaded venically wilh the microload cell transducer
LMl0 on the central Iossa area of the first molar oI lhe
occlusal table and alter data transfer and calibration, the
results of the abutment tooth movement and dentur€
base shearing load were obtained.

Results

The denture base shearing loads and ratios are shown in
Table 2. The ratio of shearing load to occlusal load of w
ranged from 5l to 660/0, and that oI C and K were 29

to 5lolo and l) to 26"/", respectively. The relationships

between occlusal load and base shearing load were
plotted for both patienls (Figs. f-6). As the occlusal load

increased, the denture base shearing load increased
gradually. the lastest increase was in W, and the slowest
was in K. with a 6 kgf occlusal load, the highest ratio oI

denture shearing load was in W, followed by C and K.

Occulusal Load 6kgf

Ftg. 4. The relationship belween occlusal load and denture base

shearing load for parient A's left side. w, wrou8hl wire clasp; C,

Aker's cast clasp; K, conical crown telescopic retainer.

Base Shearing Ratio (6kgf load)

Base Shearing Ratio(6kgFload)
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6kgf

Base Shearing Ratio (6kgf load)
effect (F:5.42. P <0.01). With respect to specific
comparisons, sratistically very highly significant differ-
ences (P<0.001) in movement existed between the
designs for patient A's lefi side; between C and K for
palienl B's lelt side; and between K and W Ior patient
B's dght side. Highly signifrcant statistical differences
(P < 0.Ol) existed between K and W for patient B's lefl
side; between W and C for patient B's right side; and C

and K for patient B's right side. Statistically significant
differences (P<0.05) existed between K and W for
patient A's right side. The abutment movements of W
were the largest, and the conical crown telescope were
the smallesl Fig. T shows the compa sons for the
abutments movements.

Discussion

The ratio of denture base shearing Ioad to total occlusal
Iorce is the percentage oI occlusal load Io lransmit to
the residual ridge under the denture base. The mean
values of denture base shearing ratios of the wrought
wire clasp, Aker's clasp and conical crown telescope

were 60, 42 and 2Oy., respectively (Table 2). The

studies of Igarashi (1989a,b, 1990) pointed out that the
more gid lhe connection for the retainer the less

denture mobility and vice versa. These observalions
coincided with those oI Briede, Kliitzli & Kiirber (1970)

and Kdrber (1981). The wrought wire clasp is the least

rigid oI the three relainers, therelore it will have the
greatest mobility, and so requires the highest rate oI
support lrom mucosa tissues. In contrasl, the gidity oI
the conical crown telescopic retainer was the highesl,
and needed lhe least amount oI tissue support. From
this study, the denture base shearing load measured
Irom the conical crown telescopic retainer RPDS were
Iow and regular with very small deviations. When
considering of the maintenance Iactors of lhe residual
ridge for Iree-end saddle RPDs (Hiiupl & Riedel, 1966;

Singer 6 Schon, 1968), it seemed that the conical
crown telescope is better lor ridge maintenance. Less

mobility infe6 a more stable occlusion dudng occlusal
functioning, and this contributes to the maintenance oI
the temporomandibular joint in the normal relalion-
ship and to reducing the possibility of discomfort
(Igarashi, 1987).

In contrast to the denture base shearing load, stress
to the abutments increased trom 4jyo with wroughl
wire clasps to 58% with Aker's clasps and 8oo/o with

○
C:29%
○
K:26%

C

------K

0 Occulusal Load 6kgf

Fi8. 5. The relationship between occlusal load and denture base

shearing load for patient B's righr side. w, wrought wire clasp; C,

Aker's casl clasp; K, conical crown telescopic retainer.

The mean and standard deviation of mesiodistal
movements of the terminal abutments are listed in
Table l. The posilive value was the abutment distal

displacemenr and the negalive value was mesial dis-
placement. The results of the e.-ova applied to these

movements indicated a statistically significanl design
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Fig.6. The relarionship between occlusal load and denture base

shearing load for parient B's left side. W, wrought wire clasp; C,

Aker's cast clasp; K, conical crown telescopic retainer.
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Table 3 Thc abutmcnts movements of vanous rctaincrs(unit μm)

Patient-abutmenr ParientA Parienr B

Right firsl premolar ( # 4-4) Lefr .anine (# ll) Righr second premolar { # 45) LeIt canine ( # ll)

W
C

K

3635士 l'2
1620± 140
76,± 82

-329'+80
-4〕 l+84

-462+71

-679+79
-806士 l15
-508■ 36

8'7+81
645+81
389+90

w: wrought wire clasp, C: Aker's clasp, K: .onical crown telescope.
* Posilive: distal dlsplacemenr, negative: mesial displacement.

p'tA― L't

-900

conical crown telescopic retainers. Clinical expedence

with the conical crown telescope supports these lacts.

In the study of Igarashi (1984) crown and root lrac-

tures were more prevalent on devitalized abulments

than vital ones. Stress to the abutment's periodontal

Iissue was assessed as lhe abutment tooth mobility.
Staristically signifi canl dillerences existed between the

three tlpes of retainers, the abutment movements of

various retainers also corresponded with the connect-

ing rigidity of the relainers (Table 3 and Fig. 7). The

better the connecting rigidity oI the RPD retainer the

less abutment mobility, so as expected the greatest

tooth movement was observed with the wrought wire
clasps.

According to the studies of Chrisridou, Osbome &

Chamberlain (1971)and lgarashi (1982), the directions

of the abutment movements of free-end RPD are re-

lated to the mesiodistal inclination contour oI the

p't B- R't

edentulous residual ridge. On the flat form ridge the

terminal abutment displaced distally, on the distal as-

cending inclined ridge the terminal abutment displaced

mesially. The more important benefit to clinical prac-

tice is not the displacement direction, whether distally

or mesially, but the amount oI tooth movement and

whether it is confined within the limit of physiologic

tooth mobility, attention to which was first drawn by

Mi.ihlemann 6 Rateischack (1961). Kdrber (1976) and

Igarashi 6 Ai (1980) advocated two-dimensional physi-

ologic tooth mobility as the'mobile ability area'of the

tooth. The abutments movements of this study were

confined to the range oI the'mobile ability area'; only
patienr A's right first premolar with the wrought wire
clasp was beyond the mobile ability area.

This srudy comprised two patients and four distal

free-end situations and so clearly the disos5ion and

observations are Iimited by the sample size. However,
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the results coincided with clinical expe ence oI the
conical crown telescope over a pe od of several years

(Igarashi 6 Goto, 1996).

References

BAzrRcAN, M. 6 BArEs, J. (1986) Preliminary study of a method
of measuing removable panial denture abutment tooth move-
ment in vilro and in vivo. Joumal of Prosthetic Dentistry, 56, 204.

BoucHER, L.J. E RENNE R, R.P. ll982l Treatmefit of Pdttiall! Edefitulous

Patients, lst edn, 5. C.V. Mosby lnc, New York.
BRrrDE, C., KLorzLr, A.6 K(iRBER, E. (1970) Unlenuchungen zur

problematik an toralen und paniellen prothesetr,. Deutsche Zah-
nArdkhe Zei6thrifi,2t, 791 (in German).

BRowNrf,_c, J.D., MIADoRs, L.W. 6 ErcK, J.D. (1986) Movement of
three removable pa(ial denture clasp assemblies under occlusal
loadrng. Joumal ol Prosthetic Denisny, 55, 69.

ClccoNI, B.T., AscAR, K. 6 Drx)rz, E. (1971) The effect of panial
denture clasp design on abutment tooth l,irovell]rerrt. Jour al of
Prosthetic De tistry, 25, 44.

CnRrsrrDou, L., OSBoRNE, J. 6 CHAMBERT_ArN, J.B. ( l97l) The effects

oI patial denture design on the mobility of abulmenl leeth.
Btitish Dektal Jour al, lr5,9.

FIINGoLD, G.M., GRANT, A-A. & JoHNsoN, W. (1986) The effect of
panial denture design on abutment looth and saddle movemenl.
Joutnal of Oral Rehabilitation, 1r,549.

FIR'rELr., D.N., GRrsrus, R.J.6 MUNCHERyAN, A.M. (1985) Reaclion
of the anterior abutment ol a Kennedy class II removable panial
denture to va ous clasp arm designs: an ifi vitro stvdy. Jowndl
of Prosthett Dentistry, St,7'7-

FrsHER, R.L. & McDowELr, G.C. (1984) Removable panial denlure
design and polential srress to the periodontium- Joufial ol
Periodontics a d Restotative Dentistry, t, )5.

Spezielle Palhologisthe Anatohie, Bd I, p. 489, Springer-Verlag,
Berlin.

Ic,\RAsHr, Y. (1982) Free-end saddle parlial denrure gidly sup-
poned by lhe abulments. Pan l: functional slress of lhe
abutments. Joufial of Japan Prosthoaontit Society, 26, l}l4 lin
Japanese).

k;ARAsHr, Y- 11984) Free-end saddle panial denture rigidly sup-
poned by thc abutmenls. Pan l: follow-up studyonthe dentures.
Joufidl of Japafi Prosthodorltic Society,28, 1134 (in Japanese)-

IGARASHT, Y. (1987) Restoration of the supporting zone of rhe
mandible in panial denrate mouth. Part 5i supponing abiliry ol
lree end saddle RPD'S. Journal of Showa Ufuiyersitf Dental,4, 195
(in Japanese).

IcARAsHr, Y. (I989a) Analysis of the denture dynamics in RPD'S.

part l: methods for analyzing the denture dynamics of free-end
saddle. Jour al of Jdpan Prostholl,fitic Society,rr.169 (inJapanese).

IcARAsHr, Y. (1989b) Analysis of the denture dynamics in RpD's.
pan 2: influence ol retainers on the dynamics oIfree-end saddle.
JoLtfial of Japan Ptusthodonti. Sodety,34, 128 (in Japanese).

IcARAsHr, Y. 11990) The connecting Iigidily between aburment
leeth and retainers in RPD's. Jourfldl of Japdrl ptosthodontic Socie\,
3!L I 162 (in Japanese).

IcARAsHr, Y. A Ar, M. (1980) Observation of the tooth support
dynamics. Part I: non-contacl sensor system. Jourfial of Japan

Prosthodontic Soclery,24, 457 (in Japanese).
I(;aRAsHr, Y- 5 coro, T. (1996) Ten-year follow-up study of conical

crown-retained dentrtes, Inte mational Joumal of Prosthodonics,
lo, 149.

JEr.rrNER, W. & ETBLER, W.W. (1986) Noncontaoing displacement
transducers loaale and quantify defects on magnels. Repoas l,
Applied Measurefiefit, 2, 15.

KArREs, A.K. (1996) EIIe.t ol partial denture design on bilateral
lorce distdbution. Joumal ol Ptosthetic Defitistry, 12,526.

KoREER, K.H. \19741 Konuskro en-Teletkope, 4 a\Il. p. 24, Allied
Huthig Verlag cmbH, Heidelberg (in cerman).

KoRBER, K.H. (1976) Bedihrungslos-eleklronisches verfahren zur
messung der zahnbeweglichleit. Z W R, 85,927 (in cerman).

KoRBFR, K.H- (1983) Dynamischer mechanismus von parodontiu-
mund 8ew ebsstrukturen untcr herausnehmbarem zallnelsatz.
Deutsche ZahnArtzliche Zeitsthrifi, 11,97, (in cerman)_

KRArocHvrL, F.J. 6 CApuro, A.A. (1974) Phoroelasric analysis of
presure on teeth and bone supponing removable pa(ial den-
lrjres. Journal of Prosthetic Dentistry, t2, 52.

MArsuMoro, M. 6 GoTo, T. i1970) An experimental investigation
in design and force distribution with unilateral mandibular distal
exlension removable p artial demurcs. Bulletin ofthe Takyo Mediul
Dental Uniyersity, 17, lli.

MCCARTNEY, J.W. (1980) Motion veoor analysis of an abutmenl
for a distal-extension removable partial denrure: a pilot nudy.
Jou al of Prosthetic Dentistry, 4r, 15.

McGIv!Ey, G.P.6 CASTLEBERRy, D.J. ll99r\ Mccracken's Refiowble
Partial Ptusthodontics, gth edn, pp. t 66, llt. C.V. Mosby Inc., New
York-

MUHLEMAN\, H.R. & R^rrrscH^.(, K.H. (1961) Mechaniscke und
elektronische zahnbeweglichkeilmessungen. Deatsche ZahfiArt-
li.he Zeils,hnf. 18, I152 lrn C(rman,.

OcAra, K., lsHrr, A. & NAcARr, I. (1992) Longiludinal study on
torque transmilted from a dcnturc base to abutment tooth of a

distal extension removable panial denrure with circumferential
clasps. Journal of Otal Rehdbilitatiofi, 19, 245.

SHoHEr, H. (1969) Relative magnitudes of stress on abutment leelh
wilh different retainerc. Journal of Prosthetic Dentistry, 21, 267.

STNGER, F.6 ScHoN, F. (1968) Partial Defitures, tsr edn, t6.
Quintessence Publishing Co, Chicago, IL.

SrErcER, A.A. E BorrEL, R.H. ll959l precision Work for partial

Derlures. Srebo, Zurich.
TAyr.oR, D.T., PFr.ucHo[Fr, F.A. & M(:crvNry, G.p. 1I982) Effea of

lwo clasping assemblies on arch integrity as modified by base
adaptation- Joumal ol Prosthetic Dantistry,47, t2O.

THoMpsoN, W.D., KRArocHvrL, F.J. & C^pur{), A.A. (1977) Evalu-
ation of photoelaslic stress patterns produced by various designs
of bilateral exlension removable partial dentures. Jr rrdl o/
Ptosthetic Defitistry, ,8, 261.

wHlrr, J-T. (1978) Visualization of stress and slrain related ro
removable panial denture abulmenls. Jourhal of prosthetic De -

tistry, 40, l4).

Correspondence: Dr Chau-Hsiang wang, School of Dentistry,
Kaohsiung Medical College, 100, Shih-Chen Is1 Road, Kaohsiung,
80708 Taiwan.

O 1999 Blackwell Soence Lrd, Joumal ol Orat Rehabilitatiorl 26: ttt-tt6


