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ABSTRACT

Retentive force (RF) onthe telescopic crown (TC) retainer willbe distributed to the abutment teeth. The optimal load
distribution measured by RF on the abutment is 5-9 N. If the force is applied excessively, it will damage the tooth's
supportingtissue, causing periapical lesions, bone resorption,and mobility. However, if the RFis minimal, the dent-
ure will not retentive. This paper will go through how RF will vary based onthe chosen design and material. The cy-
lindrical, conical,andresilient TC design are affected by thetaperangle andthe distance between the primary crown
(PC)and secondary crown (SC). Resilience design can be modified by Marburg, Hofmann, and Yalisove. Tocreate
the precise taper angle and space in telescopic dentures (TD), CAD/CAM can now be used for the manufacture of
TD using metal and non-metal materials. It is concluded that cylindrical TC designis rarely used because it is diffi-
cult to get tight contact between PC and SC, therefore conus or resilience designis more recommended. Thesmal-
lerthetaper angle, the greater the RF, butthis depends on the material used. While the space between PC and SC,

which is less than 50 um, can also affect RF.
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INTRODUCTION

Treatmentinedentulous patients varies in part
dependingonthe patient'slocal and systemic fac-
tors. Local considerations include the quantity and
position of missing teeth, occlusal relationships,
the periodontal health of the remaining teeth, and
the size or motion of the tongue.*? The periodon-
tal support of the support teeth and the design of
the removable denture are two of the crucial ele-
mentsinthe planning of removable denture designs
that are related to the distribution of loads to den-
tal and mucosal supports. Oncethe denture is re-
moved, aresultant force is applied to the support-
ingteethalongthe lateralandverticalaxes,andthe
periodontal support of the tooth must be strong
enough to withstand this force.?

Removable denture designis one of the impor-
tant factors in increasing long-term success and
patientacceptance. The possibility of local soft tis-
sue irritation or patient complaints can be caused
by unphysiologic components in the form of major
and minor connectors, functional extendedborder,
and parts of the tissue teeth that cover the gingi-
val margins of the support teeth.?

Theultimatetensile strength, whichranges 0.33-
6.82MPa, is the amount of force necessary to re-
move teeth from the socket.*® According to Stantic
etal, the force appliedto each supporttooth should
be 5-9 N. Excessive force might harm the tooth's
supporting tissue, leading to periapical lesions,
bone resorption, and movement. However, remo-
ving prosthesis become easy if the RF is small.>®

Retentiveforceon PC and SC when removing
dentures will increase tensile stress on the sup-
port teeth. Strains that concentrate on the perio-
dontal ligament and the apical region of the pulp
tissue will cause periapical lesions. Meanwhile, if
the strain concentrates on the bone and tensile
stress on the periodontal tissue, it will cause re-
sorptioninthe cervicalarea and increase the sha-
king of the support teeth.’

The TC outperformed other direct retainers in
terms of effectiveness. This type of retention can
be plannedto adapt to the situation of the support
gear by modifyingthe design ofthetelescope. The
number of friction surfaces depends on the confi-
guration ofthetaperangle andthe space between
PCandSC.’The design of a TC is generally clas-
sified into three types based on the retention me-
chanism: cylindrical, conus/conical, and resilient/
clearancefit. Resilientdesign canbe modified into
Marburg design, Hofmannand Ludwig design, and
Yalisove design. Togetan accuratetaperangle and
spaceonthe TD, CAD/CAM can be usedwithme-
tal (CoCr) and nonmetal (Zirconia, PEEK).

This paper aims to discuss how RF will differ
basedonthe design and material of the TC used.
The design ofthe telescopic crown in the forms of
cylindrical,conus, andresilientisinfluenced by the
taperangle and space betweenthe PCand SC. Va-
rious designswillresultindifferent RF, so the den-
tist must be aware of this and modify the TC's de-
sign in accordance with the state of the support-
ing teeth.
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Telescopic denture/double crown system

Atelescopicdenture (TD) consists of a primary
crown (PC) that iscementedinto the support teeth
and a precisely fitted secondary crown (SC). The
PC must be at least 4 mm. Telescopic dentures,
exceptclearancefitdesign, provide all the neces-
sary functions of retentive elements such asreten-
tion, guidance, supportand protectionfrom move-
ment. The double crown system distributes the
load along the tooth axis so as to maintain the in-
tegrity of the periodontal ligament tissue and pro-
tectthetooth fromdislodging movement of the re-
movable denture. Iftheloadis too great, it may re-
sult in issues such as periodontaldamage, muco-
salirritation, and patient pain.>?® Telescopic retai-
ners offer treatments that can enhance natural
maintenance and provide additional options for
rehabilitating complex cases.®

Thetelescopic RPDwas chosenbecauseit pro-
duces supportforteeth and soft tissues, has good
retentive and superstructural qualities, arigid splin-
ting action, distributes loads effectively,and PC sta-
bilizes dentures withmucosal support.° The advan-
tages of the TD technique are excellent 3-dimen-
sionalimmobilization of the restoration, definedre-
lease force, flexibility of design,and optimal access
for oral hygiene. A PC with good adaptation can
protectthe support teeth from thermal irritation. In
comparison to conventional RPD with clasp, the
use of TD as a retentive element produces a bet-
terappearance, and TD can berepairedevenifthe
supporting tooth is lost. *1°

The disadvantages of TD include a complex
clinical and laboratory approach, which demands
more treatment time and raises expenses. It is
also difficult and challenging to achieve the ideal
retention between PC and SC. Due to wear bet-
weenthe crownmaterials after TDuse, the RF bet-
ween the crowns may decrease. In order to pro-
vide space for PC and SC during the restoration
of the support teeth, a significant amount of tooth
material must be removed, which increases the
risk of dental pulp morbidity, particularly in young
patients. In TD, follow-up, regular review, and main-
tenance are required.1°

The use of a telescopic denture is indicated
whenthere are few and unevenly spaced support
teeth, whenthose teeth needtobe covered with a
crown due to significantcaries and poor contours,
when those teeth have aquestionable prognosis,
when periodontitis has advanced, when itis chal-
lenging to determine the direction of the tide in the
case of non-parallelsupportteeth, whensomeone

hasoralcancer,when naturalteethneedtobe con-
nected to implants, when performing occlusal re-
constructionand in patients with poor manual dex-
terity. 1

Accordingtotheretentionmechanism,thethree
types of telescopic crown designs are generally
cylindrical, conus/conical, andresilient/clearance
fit (Fig.1).

] b. :
Figure 1 Daesign of TC; a cylindrical, b conical, ¢ résilient

Cylindrical telescopic crown

Thecylindricalcrown's parallel surface (0°) pro-
duces a piston-cylinder effect that aids in gaining
retention through frictional forces.* A cylindrical
crown can only be used on teeth with good sup-
port tissue where it requires large retention. How-
ever,nowadaysitis rarely used because retention
is obtainedfromtight contact, soitis now more ad-
visable to design a conus crown.>!

The benefits of acylindrical crown are its ability
to alter retention force, good and stable RF over
time, the abilityto supportteeth by actingas a splint,
theability to preserve periodontal tissue,andgood
removable denture retention. However, the limita-
tionsinclude the possibility of visible metal on the
cervix, large RFonthe support teeth when the GT
isremoved, the need for spaciousverticaland buc-
cal spaces, the potential need for endodontictreat-
ment, easy insertion, and the need for a precise
and accurate fit between the PC and SC during
manufacturing. !

Conical or conus telescopic crown
Itwasfirstdescribed by Korberin 1958 and pro-
vided friction only when completely seated produ-
duced awedging effect that created a large resis-
tance force surface and increased RF.*® A good
tapered conus crowndesign can facilitate the ins-
tallation and removaltime of the TC without provi-
ding excessive friction that can affect the suppor-
tingtissue ofthe tooth. The smaller the taperangle
conuscrown, the larger the RF will be. Theincline
ofthe PC depends onthe height ofthe clinical crown
and the mobility of the periodontal. The number
and location of the support teeth are also factors
influencing the design of the taper and the total
RF is calculated based on the number.1¢11
Conus crowns are more commonly used over
cylindrical crowns because they are easier to fa-
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bricate and do notsignificantly damagethetissues
supporting the support teeth, butretentionwill de-
crease over time.! Because of its rigidity, the co-
nus crownremovable denture is not recommend-
ed for teeth with periodontal disease or question-
able soft tissue conditions. When the removable
dentureretentionislostdue to conus crown weatr,
polishing the occlusal surface of the PC with a si-
licone polishing disc canenhance the wedging ef-
fect so as to increase RF.!

The conus crown has the advantage, which is
thatitcanadjustthe RFtothe condition of the sup-
portteeth. Theretentionforceis stable over a long
period of time, provides the effect of splinting the
supportteeth, maintains the periodontaltissue well
and is aesthetically pleasing. However, the disad-
vantage is that sometimes there is an overcon-
ture appearance, the possibility of visible metal on
the cervix,requiringrootcanaltreatmentifneeded,
when the support tooth is removed, the retention
ofthe removable denture is doubtful, and itis a ri-
gid connection.t1!

Resilience or clearance fit telescopic crown

Due to the flexibility in vertical and rotational
movements, thistype of design is referred to as a
non-rigid design.t* There is no friction or wedging
wheninserting or removing the removable denture.
Retention is obtained from modifying the PC and
SC or by adding attachments orfunctional molded
denture bordersandincontrastto other telescope
systems, they can be usedto maintainthe remova-
ble denture with dental and/or mucosal support.
This modification will reduce the tight contact bet-
ween the PC and the SC and create a space bet-
weenthe PC and the SC.121112|n order to achieve
optimum softtissue support, the space between PC
and SC allowsfor deformation and denture displa-
cement toward the mucosa due to occlusal func-
tionalload.>** This design also allows for the pre-
sence of resilience between the dentures and the
support teeth, which can prevent harmful effects,
harmonize withtissue elasticity, resultin better dis-
tributionforces, and increase the survival rates of
abutments. Resilience design provides advanta-
gesin cases with few orweak supportteeth, and in
situations of distal extention and in implant-sup-
ported dentures.

Resilientdesign can be modified based on the
angle and space between the PC and SC (Fig.2),
which is a) Marburg Design. It is known as a resi-
lient design and was firstintroduced by Lehmann
and Gente in 1988. A third of the PC cervix is pa-
rallel to the SC and creates space between the
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crowns (Fig.2a). This space will allow for the oc-
currence oflateralminor movements of the crown
and a smooth, effortless gliding along the axis of
theinsertion direction. This design offers guidance,
support, and stability againstdislodging motion but
without retention. The marginal part of the perio-
dontiumsupportingtoothis notcovered bythe den-
ture base. 3! The Marburg design can be easily
modified to obtain verticalmovement,whichwhen
intended for mucosa-supported RPD should be
abletoaccommodate 0.3-0.5mm ofverticalmove-
ment. The telescopic denture base will be in con-
tact with the mucosal denture-bearing at the time
of insertion, and there will be space between the
PCandSC.Whenthe occlusal is loaded, the den-
ture willmove vertically; the amount of movement
dependsonthe compressibility (resilient) of the mu-
cosal denture-bearing;® b) Hofmann and Ludwig
Design. The half-cervical part of the PC is parallel
tothe SC and the half-occlusal part is conical with
the presence ofaspace of 0.2-0.5 mmbetweenthe
PCandthe SCinthe occlusal part (Fig.2b);'!c) Ya-
lisove design has a space in the cervix where on-
ly two-thirds ofthe occlusalisincontact. Onthethird
of the servix, there is a 0.003-0.010 inch space
betweenthe PC and SC (Fig.2c), allowing the SC
torotate when the distal-end mucosais underload
and preventingunwanted friction. Thereis a differ-
ence between the self-supporting telescopic type
with dental support using coping with tapers 2-3
and the self-releasing type with mucosal support
using taper 16, where there is no retention, but
there is support and load distribution along the
axis of the support teeth. 1

a. b. c.
Figure 2 Resilient design modification; a Marburg design, b
Hofmann and Ludwig design, ¢ Yalisove design

Manufacture of primary and secondary crowns
The conventional manufacturing process, also
referred to as the lost-wax technigue in the manu-
nufacture of PC and SC, has shortcomingsdueto
the high casting temperature and oxidation proper-
tiesof the metal after casting. The high modulus of
elasticity of the material makes manual processing
and RF adjustment more difficult In the microme-
terrange,zerotolerance of an undesired press or
clearance fit is obtained. **
Recently, CAD/CAM systems have attracted
greatattention as a suitable alternative to the wax
losstechnique inthe manufacturing of metal. Over
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time, the processing accuracy of CAD/CAM sys-
tems hasimproved greatly thanks to the improve-
ment and development of measuringdevices and
processing machines. One of the main benefits is
thatdigital technology has the characteristic of pro-
ducing very precise results up to within the range
of the micrometer when the parameters used are
correctandcanavoiderrorsrelated to convention-
alsystems.*314With the developmentof CAD/CAM
technology, new methods in the manufacture of me-
talsandnon-metals can be carried out starting from
the wax-up processtoobtain precise and accurate
results. The internal and marginal fit of the milled
crown, which mighttake the shape of an angle ta-
per and the space between the PC and SC, is ei-
ther superior or equal to that of the cast crown.1518

Primary and secondary crown materials
In dentistry, especially in prosthetic dentistry,

metalalloys are the mostcommon material due to
their excellent physico-mechanical properties, with
precious and non-precious metals. Precious metal
is the first choice in making TC, but due to econo-
mic reasons, non-precious metal has also been
used.115-18The material originally usedforthe ma-
nufacture of PC and SCis high-gold alloyduetothe
relatively low modulus of elasticity compared to
other metals that allow conventional manufactur-
ing through castingtechnology and uncomplicated
adjustments chairside. Since the price of gold has
increased significantly over the pastfew decades,
numerous other materials can be employed with
various TC designs. 1

The TCandmetal-free dental prosthetics have
both become popular in recent years. The use of
ceramic materials inthe manufacture oftelescopic
dentures began in 2000 and has a high demand
not only among dentists but also among patients.
Zirconia and PEEK materials are biocompatible
materials with good mechanical properties and ex-
cellent aesthetics.11518

PEEK isapolymeric material with high thermo-
moplastic polymer density properties with a semi-
crystallinearomatic linear structure that has good
physical and chemical properties such as tough-
ness, hardnessand elasticity,anda low molecular
weight in the absence of metal that provides bio-
compatible denture material. **
Zirconia, also known as ZrO2, is a ceramic mate-
terial with high biocompatibility that exhibits out-
standing bending and tensile strength, extremely
highcompact resistance, and self-repairing capa-
bilities that stop fracture propagation. There are va-
rious forms of zirconia used indentistry, including

Yttria full stabilized tetragonal zirconia polycrystal,
zirconiatoughened alumina, and magnesium par-
tially stabilized zirconia (Mg-PSZz) (3Y-TZP).1>17

DISCUSSION

Telescopicdentureswith cilindricaland conical
crown designs provide a rigid supporton the sup-
port teeth. If the load given is large and only on a
few support tooth, it can cause teeth mobility and
premature tooth loss.3Accordingto Sahin et al., a
rigid-designtelescopic denture produces a larger
strain on the support teeth than a resilient one.?
Therefore, it canbe said thatcilindrical, conical,and
resilientcrowndesigns canbe used on RPDs sup-
ported by the tooth- ortooth-mucosa-support, but
onlyresilientcrowndesigns canbe used on RPDs
supported bythe mucosasupportsince only these
designscan offerthe PC and SC with vertical move-
ment. Thisis due to the fact that the cilindrical and
conical crown designs, which induce friction and
wedging effects, are unabletotolerate RPD move-
ment in either the occlusogingival direction under
load orthe opposite way whenthe loadisremoved.?

Anumber ofvariables, including PC thickness,
PC height, taperangle, SC adaptability,and space
width in the occlusal section of the PC and SC,
might affect the retentive force in the telescopic
crown.*Retentive forceinthe TCoccursinthe en-
tireremoval processwhere the conical crown can
beremovedforcelessly shortly afterthe initial force.
Differenttypes of retention will have an impact on
howthe TC surface wears whenincontact. Friction
andkeyingwillresultinwear duetoabrasion,adhe-
sion,and consecutive surface spalling.8Whenthe
load givenislarge,the SC goes deeper due to the
increase in strain and RF.°

The retentive force on the conicalcrownhas a
significanteffectwhenthe taper angle and the height
of the support teeth are modified due to the wed-
ging effect where the taper angle on the PC pro-
vides a wider resistance surface. In order to in-
creasethe RF,the wedge effect deepens and the
taperangledecreases. Asaresult, the taper angle
may affect RF management. Therefore, the taper
angle can be a factor controllingthe RF. Clinically,
RFranges 5-9 N per supported tooth. The RF dif-
ference that occursdue to the taper angle can be
related to the coefficient of static friction of the ma-
terial. The smaller the taper angle, the smaller the
static friction coefficient. When the SC sits on the
PCandtheloadis applied to the occlusal surface,
the side surface ofthe SC will undergo a slight de-
formation due to the wedge effect that will produ-
ce RF.581319 Gungur et al reported that RF TCin-
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creasedasthetaperreduced. Thisis alsothe same
as Nakagawa's research, which stated that there
was a significant difference between RF and PC
angle tapers when given different forces regard-
less of the space between the PC and the SC.*°

It is crucial to note that the conical crown's re-
tention mechanismvariesfromthat of the cylindri-
cal crown. Deformation from the SC is therefore
prevented if there isn't space on the occlusal sur-
face between the PC and the SC, which means
that the RF won't happen. Therefore, the angle
and space taper between the PC and SC can be
used as one of the factors in regulating RF.6813In
the absence of space, the PCand SCwill havetight
contact and when the load is given, there can be
no deformity in the SC and this can damage the
RF,which canbe saidtobe sheared or sliding bet-
weenthe PCand SC. Shimakura et al. tested spe-
cimenswith 0,50, and 100 um occlusal space and
foundthatthere were significant RF differencesin
spaces of 0 and 50 ym, but there were no signi-
ficant RF differencesinspacesof50and 100 um.:3
Schwindlingfoundtheresulting RF in accordance
withtheforcerequiredinthe abutment teeth when
there wasanocclusalspace of 50 um.However,in
another study that looked atthe space of 0, 10 and
20 umbetweenPC and SC, there were no signifi-
cantRFdifferences.®Nakagawa also stated that
the space setting does not show a significant dif-
ference, butifthereisno space onthe occlusal sur-
faceonPCand SCduringinsertion, there willbe no
RF due to the wedge effect. The increase in load
willincrease RFbutis not affected by the space.*®

Shimakuralooked at RF attelescopic dentures
withheights of4and 6 mm; taper angle of 6; space
between0.50 and 100 um; knife edge margin. The
results of hisresearch showedthat TC withaheight
of 4 mm; space 0 um; load of 50 N, found RF of
6.3 N. Along with the addition of space in the oc-
clusalregionandtheincreasedload,the RFis also
increasing. Whenthe height is 4 mm with a space
of 100 ym, the maximum RF reaches17.4N.Ata
height of 6 mm with a space of 0 ym, a RF of 7.8
N is found; and in a space of 100 ym a maximum
RF of 35.6 N is found.*®

Alargeload, asmallangle taper,athin SC, and
a wide shoulder on the PC cervix will result in a
large RF. This is evidenced in the research of Na-
kagawa et al which states that the taper angle on
the conus crown shows the greatest contribution
(74.5%) followed by the load received (11.62%);
errorsinload, PC space and SC, SCthicknessand
shape of the PC cervical border.®

Oneofthe mostfrequenttechnicalfailuresisre-
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tentionloss, which depends onthe principle ofare-
tentionmechanism.* Accordingto Arnoldet al, the
combination of materials and manufacturing tech-
guesused affects the RFon TC. The properties of
the material used to create the double crown are
crucial.t*Inthe CAD/CAM manufacturing process,
milled non-precious metal TC showed the highest
RF and also during wear simulation. This is be-
causetheresults of CAD/CAM have a uniform sur-
face, nottoorough, withaconsistent distance bet-
ween PC and SC. In the conventional manufac-
turing process, a lower RF value was found with a
significant RF loss. This is due to the fact that the
TCsurface isinhomogeneous with athicknessthat
variesbetween PC and SC and has irregular sur-
face contacts. The retention or friction of the re-
sults of the fabarication of the TC conventional is
ensuredthroughrecurring elevation and punctual
contacts.**When making TC by the lost-wax me-
thod, the technician needs to pay attention to the
water-powder ratio of the investment material and
control the expansion of the casting mold to ob-
tain the appropriate space between the PC and
SC. Therefore, it requires the ability, experience,
and accuracy of dental laboratory technicians in
making TC. 813

ResearchaccordingtoWagner etal, telescopic
denture with PEEK material made with CAD/CAM
system shows stable retention load value and ac-
cording to Joao Paolo et alalso stated that PEEK
provides low-stress concentration due tolow elas-
tic modulus properties and good strength.?® The
higherthe elastic modulus of the PC material, the
higher the stress magnitude in the structure, but
analysis of the periodontal ligaments and bones
of the model showed that the PC material did not
affect strain outcomes. %

When using non-precious metal materials that
have a smaller modulus of flexibility, it can cause
strainstoincrease and provide ahazardous effect.
Where strains are effective inthe distribution of lo-
ads on bone, pulp, periodontal ligaments and me-
tal structures. Strainand tensile stress will also in-
crease as the height and angle of the telescopic
crownincrease.® Arnold concluded that TC with dif-
ferentdesigns and differentmaterials will produce
different RFand long-term retentive behaviors as
well. Thisisbecause the telescopiccrown that has
a lot of surface contact between the PC and SC
can cause RF to be easily lost.*

Stock et al looks at RF on different PEEK ma-
terialswithdifferenttapers. Milled PEEK with taper
OshowsthelowestRF,whereastaper2shows the
highest RF. Pressed PEEK does not show a sig-
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nificant RF difference with different angles. Thisis
because pressed PEEK issoftersothat it is easier
to deform in SC so as to reduce RF. Ohkawa et
al suggest that the maximum taper is 2 because
ifitexceeds 2,theretention willdisappear quickly.?!
This is in line with the research of Merk who test-
ed RFwithzirconiaas PC and PEEK (breCom Bio-
HPP blanks milled, BioHPP pellet pressed, and
BioHPP granulate pressed) as SC with angles of
0,1and?2.1twas concludedthatthe highestRFwas
atanangle of Ointhe pressed pellet material group
(21.4 N). At an angle of 1 milled PEEK had the
lowestRF (6.8N), but at angle 2 there was no sig-
nificanteffect.1® Although angle 1 withPEEK milled
material has the lowest retention, the RF value is
in the ideal RF range.

Nakagawa tested RF with Ce-TZP/A zirconia
material with CAD/CAM as PCand SCwithangles
of2,4and6;andspacesof0and 100 um. The ave-
rageRFatangle 2is23N, angle 4 is 8 N and there
is no RF at angle 0. Good RF shows upontaper4
with a load of 50 N.*° Although at angle 2 it is the
best RF,it has passed the ideal RF value, soitis
feared that it will affect the periodontal health of
the support teeth. This is in contrast to Nakaga-
wa'sresearch comparing the bright-stabilized ma-
terial zirconia/alumina nanocomposite with CAD/
CAM system,whichfound RFatangles2,4and6is
35.8N, 15.9 N and 1.4 N.*Where at angles 2 and
4ithasexceededtherecommended RF but angle
6 is below the optimal value of RF.®

Itisconcluded that telescopic crowns are clas-
sified based on the taper angle and space bet-
ween the PC and SC into cylindrical, conical, and
resilient designs. Cylindrical crowns and conus
crownsarerigid designs, where cylindrical crowns
have a parallel surface (0°) so as to get retention
through frictional forces, while conus crowns get
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