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SELECT10N OF RETAINERS IN LOWER OVERLAY DENTURE

-In relation to the abutment tooth mobility-
(A laboratory study)

BY

Yoshimasa Icenesru

Assrnecr

This study was done to evaluale the art of retaining the lower sub-complete, overlay dentule,
in relation to the abutment tooth mobility while the force was applied to the denture. The
lower overlay deriure waa placed on a simulated Bodel which was con3tructed of Bethyl-
methacrylate and silicone rubb€r. The author develoP€d and us€d the spccial devices for
measuring the tooth mobility.

Results obtained werc a! follolgs:

l. lvhen a force is applied diiectly to the abutEent, the tooth Eobiuty, i.e. the lateral
excursion of the tooth, fu ma*edly r€duced according to the favomble ratio of the dinical
crown to the rooi length, Splinting by the bar is efiective to r€duce the lateral excursion.

2. Men a force fu applied to the denture indir€ctly to the abutmetrt tooth, the lateral
excursion chaDges Breatly accordinS to the retainer s€lected.

3. The clasp retainer shows lhe greatest change in lhe lateral excursion agaiDst every

loading on the denture.
4. All three types of bar attachbent show the least value of lateral excursion.

INTRoDUCTToN

\Vhere there are only few teeth remain-
ing in the mandible, a dentist must decide

whether to extract these teeth arrd fabri-
cate a complete denture or to preserve
these and construct a sub-complete overlay
denture. It is well known that the reten-
tion and stability o[ a complete denture is

very hard to do, especially in thc mandible.
In recent years, we have made use of

some therapeutic measures to replace these

cases, that is the so-called "cover-denture

or overlay denture" constructionl-3). We
can obtain many advantages from this type
oi prosthesis: easy to obtain retention and

stability; mild and sustained resorption of
the alveolar ridge; preservation of the
perioclontirrm, i.e. preservation of the
periodontal sensitivity; fast accomodation
of the patient to one's prosthesis; and psy-

chic feature of the padents).
These new concepts have recently gained

wide popularity among the practition-
ersT'8).

However, there is discrepancy of dis-

placeability between the periodontinum
and the alveolar mucosa while loading,
which is the main problem with the free-
end sadclle type of partial prosthesiss).

In adclition to this, there is a possibility
that the functional need of the prosthesis
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may overload the abutment. Besides, poor
oral hygiene may result in periodontal in-
flammation, leading to the total loss of the
remaining teethlo). This complicated prob-
lem must be solved so that a good and
appraisable prognosis of the prosthesis will
be obtained.

To analyze this problem, the author con-
ducted a laboratory study where he con-
stru( t\ ir lower overlay denrures on a simu-
lated mandibular motlel of methyl-metha-
crylate and silicone rubber. He discusses

seven types of retainers, rvhich rvill affect
the magnitude of the abutment tooth
mobility while the prosthesis is loaded at
various points.

Matrnrers AND METHoDs

TEST MODEL
A partially edentulous mandibular arch

with only rwo canine reerh remaining $as
reproduced with silicone rubber*1 and
methyl-methacrylate. The reason why two
canines r(erc selected for the experiment
rras as follows: in a follon up inresrigation
of the partial prosthesis executed by Naka-
zawa et al.1LJ the canine was the last tooth
to be lost.

The design and production of the simu-
lated model were reported beforel2).

Simulated mantlibular canine teeth were
produced, the size being based on the ana-
tomical measurement by Fujitals). The pre-
pared root surface with a dowel made it
possible to replace the upper part of the
crown. So the upper part can be replaced
from the clinical crown to the root cap-
ping, rvithout harming the relationship be-
tween the root and the arrificial periodon-
tinum. From the apex of the roor exrended
a Cr-Co rotl, rvhich transmitted the excru-
sion of the root to the displacement trans-
ducer.

TI,ST DENTURE
A test denture was made on a working

cast obtained from a simulated mandibular
model. It rvas made of methyl-merhaoylare
resin with sufficient strength against the
beuding force. It was relined directly on
a simulated model rvith the direct relining
rerin marerial. This helped to gain acrura-
cy of adaptation. Glyccrol as an artificial
saliva was applied under the plate for ac-
curacy of adaptation. The abutment parr
of the test denture was hollot'ed to incor,
porate the various types oI retainers. Thev
are positioned wirh a selt.curing resin ma-
terial.
PROCEDURE

The tooth movement was measured elec-
tronically by using a strain gauge displace-
ment transducer. This method was re-
ported beforel:). One abutment had three
transducers; tlvo were positioned Tectangu-
larly to the rod from the apex of the root
and one was positioned to the apex of rhe
rod. Therefore the displacement of the
root was measured bucco,lingually, mesio-
distally and then vertically.

The test force applicator had the same
structure as the tooth displacement trans-
ducer. Force was applied to the abutment
directly and indirectly through a test den-
ture, rvhen the ratio of the crown to the
root length was varie<l anrl the retainer rvas

changed one after another. The tooth dis-
placement n'as recorded by a 6L4 strain
amplifier and rectigraph 85 simultaneous-

C-R RATIO AND SPLINTING EFFECT
First the reduction rate of the lateral

force tansmission and splinting efiect were
evaluated, r'hen the force was directlv ap,
plied to the abr.rtment. The rest force ap,
plication was as follou's: to the labial sur-
face of the canine at an angle of 45 degrees

.1 Dols Corr)ing. (b.. Lt(l. Uichigan, U.S.A. ', San'ei Sokki Co. Tokyo, Japan
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Fig. 1. Simulated mandibular modcl aud ils r'.(ording s\.stems.
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ｒｉ 2. Tooth displacement transducer in $e simulatcd model.

to the median saggital plane. Continuous partially edentulous jaw with only few
loading lrom 0 to l50g was done re- teeth. As to the connection between the
peatedly. abutment and prosthesis, three types of
SELECTION OF RETAINERS

Next, the lateral force transmission rvas

examined rvhen the test denture rvas

loaded, that is the force was applied in-
cliretly to the aburment. Tesr force appli-
cation rvas as shown in Fig. 3. Continuous
loading from 0 to 450 g was done repeated-
ly.

RETAINERS USED
Nlany kinds of retainers u'ere used in a

connectors were considered:
l, Movable connection
2. Articulatory connection
3. Rigid connecrion
In this study, seven types of retainers

were prepared. The models are as follows:
Model l. Clasp retainer, 0.9 mm Cr-Co

wroughr wire clasp without the
rest

Model 2. Conical telescopic crown

20()
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Site& direction ot force apptication

fig. 3. Site and direction of force application.

Model 3. Stud attachment BONA 604 an-

chor (CM 43.02.8)

Model 4. Stud attachment CONOD an-

chor (CM 31.01.5)

Model 5. Round bar attachment (copied
after Gilmore and Ackerman)

Model 6. Round bar attachment with dis-

tal extension
Model 7. Milling bar (after Gaerny, A.)

Of these seven types of retainers, Model
I belonged to the movable connection.
Models 3, 5 and 6 belonged to the articula-
tory connection. Models 2, 4 and 7 be-

longed to the rigid connection.
From the other point of view, Model I

is a wrought wire clasp without the rest is

characterized by its soft retaining action.
It was a typical movable connector, Model
2. A telescopic crown was recommended
as a retainer for the few teeth remaining
in the dentition by Kemenyrr), Rehmll),
Biittgerlo) and Hofmann, M.2) K6rber, K.
H.17) reponed "Konuskronenteleskop" as

a new and rational telescopic retainer. In
this study, this conical telescopic crown
was used.

Models 3 and 4. The stud attachment
BONA 604 and CONOD anchor are com-

monly used in the clinic, the former per-
mitting an articulatory movement u'hile
the latter permitting no movement,

Models 5, 6 and 7. The bar attachment
of the former two, Models 5 and 6, is a
simple bar attachment like Gilmore's,
Ackermann's and Baker'sr8). It has a round
shaped feature of the male part, and a

snap like female part, bended according to
the form of the residual alveolar ridge.
Model 5 is for intermediate basic use.

Model 6 is lor distal extension use a! re-
commended by Preiskell8) and Matsu-
motoro). Model 7 is a milling bar with a

tissue contacted retaining bar attachment
with its paralleling wall, being advocated
mainly by the European prosthodontists.
In this case, the method of fabrication was

devised by Gaerny, A2o).

RESULTS AND FINDINGS

l. Red,uction rate ol hteral lorce ttans-
mission and. splinting efrect ol abutments.
Test loading was as mentioned before.
The C-R ratio, when the root length was

constant, was varied as follows and the
splinting efiect of the abutments was ob-
served:

「

1
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150   9

Model (a) with a clinical crown (proto-
ryPe)

Model (b) with a root cap
Model (c) two root caps splinted through

a bar
RESULTS

Fig. 4 shows the mesiodistal lateral ex-
cursion. The greater the loading force is,

the greater is the value of the lateral ex-

cursion. The problem of C-R ratio was

apparently compared between Model (a)

and Model (b). The splinting efiect was

observed by comparing Model (b) and
Model (c). Fig. 5 shows the value of the
lateral excursion in percent, when a con-
stant lorce (1509) is applied. Model (a)

with a clinical crown (prototype) was as-

sumed as 1001o.

2. Lateral force lransmission (ind,itect

force application)

Fig. 4. Mesio-distal excursion of abutments, while a force is aPPlied directly.

The relationship between the load and
displacement was obtained, when the vari-
ous points of the test denture were loaded.

Latdal ercuEion of ab'nrnctG Tli-tu-Ol

Direct iorce application(1009)

1い
。Ⅲ
…
m洲

。

l---l Root ."p

I spinting uar I

Valua in percenl

fig. 5. Lateral cxcur$ion of abutments. Model (a)

rdith clinical cro!,rn is assumed as 100%.
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Lateral excursion o, abutments ( M-D )

lndirect force apptication (ilio )

Fig. 6. Irad displacemcnt curvc of 3l.

for example, Fig. 6 shows the load-dis-
placement curve of the lower right canine,
when the interincisal point of the denture
was loaded vertically.

The ralue of the lateral ex(lrrsion was

reduced from the clasp, conical telescopic

crown, milling bar, round bar, CONOD
anchor, BONA anchor to the round bar
(dist. ext. use).

Also, relationships other than the loacl-

ing at point n I o were obtained. They
are omitted here. Fig. ? to Fig. l0 show
the relationship between the load and ex-

cursion ol the abutments when the load
was constant (350 g). These figures show
the lateml excursion as the vector indicat-
ing the direction of the excursion. The
vertical as lrell as the lateral excursion was
assumed as l00dn in the clasp retainer.

(l) Po;nt 1 ) I o uertical loading of in-
teincisal point.

Iig. 7 shows the result. The value of the

stuO(0。 na 60峰 )

300 _

(Latcral force applicarion to I I o.)

lateral excursiou was reduced as follorvs:
clasp 100)telescopic crown 90>milling bar
66>bar attachment (inrermediate) 4l>
BONA 36)bar arrachment (dist. ext. use)
15. The vertical excursion also showed in
figure. The value with the clasp was a5-

sumed as 100/o.
(2) Point tP I sagittal loading of in-

terincisal point.
Fig. 8 shows the result. The value of the

lateral excursion was reduced as follows:
clasp 100>bar attachmenr (intermediate)
35>bar attachment (dist. exr. use) )29)
BONA 26>milling bar 2t )telescopic
crown I8>CONOD 9.

(3\ Point 6 | o urtical loading of right
first rnolar.

Fig. 9 shows the result. The value of the
lateral excursion was reduced as follolvs:
CONOD 203>telescopic crown 190)clasp
10o>BONA 54)bar attachment (dist. ext.
use) 5l>milling bar 50)bar attachment 34.

212
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Laterat & vertical excursion ot atxJtments

Fig. 7. Lateral and vertscal eicursiofl of abutments while a force is applied indirectl,
through a test denture. (llfo).

It was apparent that the rigid onnector,
CONOD, and the telescopic crown showed
two times greater value than with the
clasp.

(4) Point 4b lateral loading of right
first molar,

Fig. l0 shows the result. The ralue of
the lateral excursion was reduced as fol-
lows: clasp 100>telescopic crown 45)
BONA and CONOD 23>bar attachment
(dist. ext. use) l4)bar attachment (inter-
mediate) lz>milling bar 11.

DrscusstoN

(l) Direct force application to the abut-
ments

It was apparent that the amount of the
lateral excursion of the teeth is low, when
the ratio of the clinical crown and the root
length is in a favourable condition and
when each side o[ the rerainer is con-
nected. Hou'the score is obtained is shown
in Fig. 5. Dolder and Scherer2l) reported
that this reduction of the tooth mobility
in vivo study utilized a parodontometer by

Lateral & vertical ercursion ol abulments
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Laterat e verticat excursion of abutfrrnヽ
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¨
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vertical etcursion of abutmanis

十
上
丁

Fig. 8. Lateml and vertical excursion of abutments while a force is applied indirectl,
rhrough a test denture. (6lo).

Miihlemannr2). They reported that when
a tooth lvas cut down to the root the tooth
mobility was reduced from 10070 to 6070

aud when the tooth was joined by a bar
rhe tooth mobility was reduced to 40%.
Dolder stated that the reduction of the
clinical crown was the keystone of the bar
joint denture as well as the splinting efiect
by the bar. This means that when the
teeth are lost to few in number and the
preservation oI these teeth is difrcult, the
best way is to reduce the coronal parts o[
the abutments.

Sholle-3' reporte(l in his follow-up inres.

tigation that the anchor tooth of the bar
joint denture had a better prognosis than
that of the stud anchor in their apical in-
volvement. He said that it was the splint-
ing efiect of the bar which were able to
cancel the damaging lateral force effective-
ly. But a splinting bar is not perfect.

Jdrgerel) reported about the problem of
hlgienics when the bar attachment den-
ture was fabricated. He said that there was

often accumulation of the dental plaque
under the bar and around the root cap and
hypertrophy of the gingigva under the bar.
Among other things, the most polluted site
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Lateral e vertical ●スcursion of abutment5

Laierat & v.rlical €xcursion ot abutments

踏¨ザ

Fig. 9. Irteral alrd veitical excursion oI abutments while a force is aPPlied indirectly
rhmugh a test denrure. {JTf Ir.

is the junction of the root cap and the bar.
There are hardly any bar joint dentures
being fabricated in recent years in the
author's department. The reason is the
difficulty in prophylaxis and maintenance
by the patients. Although, the bar attach-
ment reinforces each of the abutments and
reacts rvell to the apical periodontium, a

tendency toward pollution of the dental
plaque is almost unavoidable.

When we utilize this art of splinting for
the dentition with only few teeth, the prob-
lem of hygiene should be given due re-
cognition25).

(2) Indirect lorce application to the abut-
ments
(Tendency of abutment displaceability
when the prosthesis is loaded.)

l. Comprehensiue sumey

In all cases, the clasp retainer shows the
greatest value of lateral excursion of tlte
abutment. The reason is the unfavourable
ratio of the clinical crown and root length.
When a prosthesis is loaded, the abutment
acts as follo$s: (l) \trhen the [orce is ap-

plied to the most distal part of the free-

end saddle, the abutment rotates lingually.
(2) When a prosthesis is displaced horizon-
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Laterat & vertical excursiOn o,abutments

tally, the bracing part of the clasp pushes

lateral force to the hiBher part of the
clinical crown. (3) Each oI the abutment
is independent of the other, the abutment
amplifies the amount of the lateral excur-
sion to each other (Dolder, 1969,1)). In
this situation, the clasp retainer acts as a

long-a-cting tooth forcep, when there are
only few teeth in the mandible. From the
view of the preservation of the abutment
tooth, this type of retainer reveals great
disadvanta8es.

It is said that retainers other rhan the
clasp show a less lateral excursion o[ the

Lateral & vcrtical ercursion ot abutments

abutments. This tendency holds good for
every retainer. The results are summar-
ized in Table l.
2. Occlusal loading

The clasp retainer shows the largest
lateral excursion. Then follows the rigid
connector group: i.e. the telescopic crorvn,
CONOD anchor and milling bar. Since
there is no latitude of passing between the
patrix and matrix, the functional load witt
directly affect the abutments. With the
clasp. there is frequently more deviation in
value obtained from the mean value of the
lateral excursion of the abutments than

ｊ
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Fig. 10. Lateral and vertical excursion of abutments whilc a force is applied indirectly
rhrough a test denture. t-6, 17.
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Lateral ercursion of abutmerns
( lMirect torce application ot 3509 )
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Table l. Lateral excursion of abutmcnis, while
a constant force is applied. (3509) Crown

with wrought wirc clasp is assumed as

from the rigid connector group. lVith the
clasp. the amount o[ the lateral excursion
of the abutment varies in value from time
to time. On the other hand, the rigid con-
nector group shows mostly the same value,
nith reprotlucibilirl to some extenr. in
each of the retainer.

2-l-a. Indirect force application of the
abutment is greater when the ratio of the
clinical crorvn to the root length is in
undesirable condition. Also, the value ob-
tained is greater in the rigid connector
group than in the articulatorv connector.
This is the effect of the relief space be-

tween the patrix arld matrix of the attach-
ment. Which is the more eflective Iactor
influencing the tooth mobility, the C-R
ratio or the rigidity of conrector? A tele-
scopic crown and a CONOD anchor are
compared, which have more or less the
same rigidity. Fig. 7 apparently indicates

the superiority of the C-R ratio.
In the rigid connector group, the value

decreases in the order of the telescopic
crown, milling bar and CONOD anchor.
In this respect, the C-R ratio is more effec-
tive than splinting by the bar attachment.
In the articulation group, two types of bar
joint and BONA 604 show a lower value.
Among them the distal extension type of
bar joint attaclrment shows the least value.

2-l-b. Indirert for.e appli(ation to
point 61 0

In the rigid connector group, the in-
dividual anchors, i.e. CONOD anchor and
telescopic crown, show a higher value than
the clasp retainer Fig. 8. This means that
while the distal part of the prosthesis is

loaded occlusally, the rigidity of the con-
nection influences more efiectively than the
C-R mtio. Also with this rigid connector,
the milling bar shows a lower value and
the other two types oI bar attachment have
this tendency. The vertical excursion of
the abutment appears as follows: the
CONOD anchor and telescopic crown are
floating, while the milling bar is sinking.
This tendency means that the lateral force
to the abutment is reduced markedly,
when each abutment is joined by the bar
attachment and this defletive lateral force
is converted to the vertical excursion (in-
trusion effect, Btittger e, ar.ro)). A bar at-
tachment in ordinary use showed the least
amount of lateral excursion.
3. Lateral loading ol prosthesis (irulirect

lorce application)
The clasp retainer shows the greatest

value of lateral excursion of the abutments,
when point I 1I L and point 6,8 are
loaded. The value obtained is a few to ten
times greater than rhe other retainers.
With the rigid connectors, i.e. the tele-
scopic crown, CONOD anchor and milling
bar, very litrle lateral excursion is seen,

嘔
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when the force is directed to the labial side
of the interincisal point-l I l- L. In the bar
attachment group, i.e. the milling bar and
ordinary bar attachment, very little lateral
excursion is seen, when the torquing force
is applied to the abutments through the
prosthesis. It is said that the rigid connec-
tors, i.e. the CONOD anchor, telescopic
crown antl milting bar which have the
same rigidity show different value when
the various points of prosthesis are loaded.
When the prosthesis has not enough
strength against the functional load, the
lateral excursion of the abutment differs in
value between the individual anchor
group, i.e. the CONOD anchor, telescopic
rrorvn and the primary splint group, i.e.

the three types of bar attachment. The
former is integrated through the prosthesis.
In the experiment, this tenrlency is seen be-

cause of the insufficient strength of the
prosthesis.

3 I-a. Indirect force application to
point J il L (labial)

\,Vith the clasp retainer, the value of the
lateral excursion of the abutments is from
three to ten times greater than with the
other retainers. The retentive arm is

loaded directly on the higher part oI the
clinical crown of the abutrnent. In this
force application, the splinting efiect of
the abutments influences the reduction of
the excu$ion more effectively than the
rigidity of the connection. The value ob-
tained reduces in the order of the clasp,

bar attachmenr, BONA 604, milling bar,
telescopic crown and CONOD anchor.

3 I b. lndirect force application to
point -61 B

With the clasp retainer, the yalue of the
lateral excursion of the abutments is from
a few to ten times greater than with the
other retainers. In this situation, the better
the C-R ratio is and the more splinting

through bar is done, the less the value is.

The bar attachment group resists the force
torquing the abutments more efiectively
than with the other retainers.

In comparison with the CONOD anchor
and mitling bar, which have almost the
same rigid connection and which are also
integrated by a prosthesis, the milling bar
shows very little lateral excursion. When
the BONA 604 and the round bar attach-
ment are compared, there is also this ten-
dency. This means the pr-osthesis must
have sufrcient strength a5ainst the load as

the paffix part of the milling bar construc-
tion has, when all abrrtmcnts are to lrc in-
tegrated through a prosthesis. Without
sufrcient strength, the first intention of the
abutment integration is hard to obtain.

CoNcr,usrox

The lateral excursion of the abutments
is discussed when the various points of the
prosthesis are loaded. In actual chewing,
the functional load on the abutments
through a prosthesis is not so simple as in
this experiment. But to some extent, the
tendency of lateral excursion in this experi-
ment may be approximately the same as

what happens in the mouth. In this re-
spect, the results obtained are evaluated as

shown below:
(l) With the clasp retainer, the value

of the lateral excursion is alrvays great
against every type of loading. Every time
the abutments are loaded markedly by a
prosthesis. A clasp retainer is simple and
easy to make, so it is widely used in prac-
tice eyen today. But through this labora-
tory study, rhe prognosis is very poor in
regard to the abutment tooth mobiliry. At
least, when there are only few teeth in the
mandible, the clasp retainer could be in-
adequate in regard to the preservation of
the teeth.
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(2) With the stud attachment and bar
attachment, the value of the lateral excur-
sion is less than half compared to the clasP.

Among these, the splinting effect is shown

markedly in the bar attachment, which
sho\rs the least value of lateral excursion
of the abutments in this experiment.

(3) \\:ith the rigid connectors, i.e. the

CONOD anchor, telescopic crown and

milling bar, the lateral excursion is shown

with reproducibility while the Prosthesis is

loaded. This lrappens so as to reduce and

cancel the lateral excursion of the abut'
ment.
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