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The role of friction in the mechanism of retaining
the partial removable dentures with double crown system
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Cylindrical telescopic crowns belong to bolt dentures, because their adhesion strength is based on the friction force. The magnitude
of static and slide friction forces depends on the strain within the contact area and properties of materials employed. Friction force value
between telescope elements declines in the first phase of wearing period and, subsequently, maintains particular constant value of 8 to 10
N. In the telescopic technique, homo and heterogenic joints are used. The following prosthodontic materials have been examined: gold-
base alloys (Degudent Kiss, Degulor M), cobalt-base alloy (Brealloy 270), ceramics (Zircon Oxide, Zirconia) during tribological investi-
gations on FGP composite resin. The cooperating surfaces were moistened with synthetic saliva. The research confirmed the dependence
of the static friction coefficient on the contact pressure for the analyzed pairs of materials used in prosthodontics. The biggest effect of
the contact pressure on the coefficient of friction value occurs when the ceramic rubs on FGP composite resin. The most stable friction
coefficient in the context of contact pressure changes as well as life has been found in the case of the cobalt alloy Brealloy 270. An
interesting material is a gold alloy Degulor M, for which the coefficient of friction varies only slightly with pressure in the range of 0.6
to 0.9 MPa.
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1. Introduction

A double crown system enables fastening of the
partial removable dentures on single pillars, which
have remained in residual or reduced dentition. It is
acknowledged that such crown construction allows
occlusive forces to be directed along the axis of abut-
ment teeth, which provides favorable conditions for
their longer retaining in the alveolar ridge. A tele-
scopic crown consists of two crowns, that is, an inter-
nal crown or a primary part and an external crown, or
a secondary removable part [1]–[9]. Examples of fas-
tening telescopic crowns are presented in Fig. 1. The
forces that keep partial removable dentures in the
prosthetic base are released due to the complex tribo-
logical mechanisms.

Cylindrical telescopic crowns belong to bolt den-
tures, because their adhesion strength is based on the
friction force, which arises during the movement of
the two parallel surfaces of the crowns. The friction
force, arising when the secondary part is moving
against the primary part of the latch, is called the slide
friction. Friction effects, which come to existence
within the contact of metal surfaces, generate so-
called joint area. The magnitude of static and slide
friction forces depends on the strain within the contact
area and properties of materials employed. When the
surfaces of telescopes cooperate, the polished surface
of internal crown comes in contact with internal sur-
face of metal-ceramic external crown. The actual
contact area is a sum of contact surfaces within micro
irregularities of materials, which undergo plastic strain,
according to the pressure occurring in the contact
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area. As the friction surfaces approach the molecular
level, strong adhesive interactions arise. Friction
force value between telescope elements declines in
the first phase of wearing period and, subsequently,
maintains particular constant value of 8 to 10 N
[10]–[14].

The presence of saliva makes the friction in tele-
scope junctions usually take place in mixed friction
conditions [2]. Total friction force Ft results from the
sum of resistance of dry friction FD, boundary lubri-
cation FB and lubricated friction FL (Fig. 2) [15],
[16].

Fig. 2. Scheme of the mixed friction

Obviously, dry friction contributes to much bigger
friction resistance than the mixed or boundary friction.
The participation of particular friction resistance com-
ponents is dependent on both features of all materials
taking part in the friction process, i.e., materials that
form a rubbing set, and a slide liquid (saliva) as well
as friction process parameters (e.g., dwell time under
load, surface roughness, etc.

The presence of saliva, which enhances the adhe-
sive effect, has an additional positive influence, as it
protects both surfaces of the crowns against excessive
material loss.

The magnitude of friction force, which contrib-
utes to proper functioning of telescopic crowns, is
mainly dependent on the contact between mating
surface of telescope parts. That pressure, in turn,
depends on the difference between internal and ex-
ternal dimensions of telescope parts. Three types of
engineering fits: transition (close) fit, interference fit
and clearance fit, are distinguished among mechani-
cal joints.

Transition (close) fits are not used in prosthodon-
tics considering the need to apply some considerable

Boundary lubrication FB

a) b) 

c) d) 

e) 

Fig. 1. Examples of fastening telescope crowns: (a), (b) internal crowns (primary parts),
(c), (d) external crowns (secondary removable parts), (e) the double crown system in the mouth
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force to connect both elements. In such a case, parts
that are fitted get wedged, and the combination be-
comes hardly separable. That type of fit occurs when
the primary part is of a bigger diameter than the sec-
ondary part of telescopic latch.

Interference fit applied in the cylindrical double
crown technique. The size of diameter of both ele-
ments is being determined during their retaining, so
that inserting the secondary part on the primary part is
possible. That type of fit demands huge precision in
laboratory proceeding. Thanks to the roughness of
denture wall surfaces the friction force arises that
contributes to retaining the denture in its basis. In the
first phase of such exploitation of dentures the inter-
ference fit is present, and the retention force factor
varies from 8 to 10 N. Mechanical and adhesive inter-
actions, produced by the secondary and primary parts
of telescope latch moving towards each other, result in
a gradual surface attrition and down force reduction,
followed by retaining force reduction. Such a situation
happens after a longer, several years’ period of wear-
ing the dentures. The interference fit life span de-
pends, among other things, on the size of contact sur-
face between the primary and secondary parts of the
latch. But in spite of applying precise apparatus, ful-
filling that condition seems very hard.

The clearance fit arises after a long time wearing
period. As a result, cylindrical crown surfaces are tired.
Parts of cylindrical telescope may be dowelled practi-
cally without a clamp, which is necessary for the ade-
quate friction effect to occur. What characterizes that
type of retention is a significant decrease in friction
force rate to about 2 N. The necessity to activate latches
or to apply additional retention units then appears.

2. Materials and methods

In the telescopic technique, homo and heterogenic
joints are used. Both parts of homogenous friction set
are made of the same material, while in heterogenic
combinations the materials used are different. Hetero-
genic sets are much more commonly employed. To
make primary elements, harder alloys like, e.g., co-
balt-chrome-molybdenum alloys or strong gold alloys
are then used. Zircon oxide is increasingly employed
in this group. Secondary elements are made of softer
alloys, which are able to retain to primary elements,
like gold alloys or special composites. FGP two-
component polymer composite belongs to that group.
This composite has a fluid consistency, and becomes
hard only after the polymerization process has been

completed, which guarantees precise coating and that
the surface formed will adhere fully to the element in
contact.

In the framework of tribological research, the fol-
lowing prosthodontic materials with specific surface
roughness have been examined:

• gold-base alloy Degudent Kiss (surface rough-
ness Ra = 0.44 µm),

• gold-base alloy Degulor M (surface roughness
Ra = 0.51 µm),

• cobalt-base alloy (Brealloy 270) (surface rough-
ness Ra = 0.35 µm),

• ceramics (Zircon Oxide, Zirconia) (surface rough-
ness Ra = 0.02 µm).

Specimens of the materials examined were of cu-
boid tiles shape. During tribological tests the flat sur-
face of specimens cooperated with the counter-face,
made from FGP composite resin. Surface roughness
of the counter-face was Ra = 0.5 µm. All specimens
were tested under load in a manner that allowed equal
contact pressure to be achieved within 0.5 to 1.0 MPa.
To obtain the most precise conditions, present in the
mouth, the cooperating surfaces were moistened with
Mucinox – a preparation of synthetic saliva, based on
natural mucin.

The research of the static friction of selected mate-
rial combinations was conducted on a test rig for
testing friction in the rolling-sliding motion [9]. The
test rig was adapted to the research of static friction
within the reciprocating motion, and its diagram is
presented in Fig. 3.

Fig. 3. Scheme of the test rig for testing static friction:
1 – polymer specimen, 2 – metallic counter-face,

3 – table, 4 – lever, 5 – mobile base, 6 – force sensor,
7 – rod, 8 – linear guides, 9 – weight, 10 – housing

General operating principle of the test rig for the
research of static friction is based on the increase of
the force F, whose task is to shift the mobile base (5).
As the resistance opposing this movement, there appear
friction forces between the specimen (1) of the test
material and metallic counter-face (2), and the rolling
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resistance in the linear guides (8). The specimen (1)
is mounted in the holder, located at the end of the
swing lever (4), with the counter-weight balancing
its weight. Above the specimen the appropriate weight
(9) is situated, that causes specified value of normal
force FN, charging the rubbing pair tested (specimen–
counter-face). The friction force Ft between the
specimen (1) and the counter-face (2) is transmitted by
the table (3), located on the guide (8) and rod (7), into
the force sensor (6). Because the resistance of friction in
the guides with the rolling elements is many times
smaller than the frictional force Ft, it can be assumed that
force ,tF ′  recorded by force sensor (6), is approximately
equal to the force of friction Ft in the rubbing pair tested.

3. Results

The static friction coefficient was examined for
two periods of rubbing set exploitation:

Stage I (break-in) – early period of examined
combination of materials exploitation – a break-in
stage – after several cycles of reciprocating motion at
a movement amplitude of 10 mm.

Stage II (final exploitation period) – after per-
forming 10 000 cycles of reciprocating motion at
a movement amplitude of 10 mm.

The number 10 000 cycles was assumed regarding
that approximately five times a day the denture is put
on and taken off. That number refers to a five-year-
period of the telescopic denture usage.
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Fig. 4. Example of the frictional force Ft (N) measurement
for Degudent Kiss material, cooperating with FGP composite resin

A graph in Fig. 4 shows recorded values of fric-
tional force. During every experiment, the maximal
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Fig. 5. Dependence of the friction coefficient of the contact pressure (Stage I – lapping, Stage II – after 10 000 cycles of motion)
for materials of slide cooperation with FGP polymer composite: (a) Degudent Kiss, (b) Brealloy F270, (c) Degulor M, (d) Ceramics
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force Ft (max) determined the force of static friction
Ft (stat) = Ft (max), which was then used to define the
static friction coefficient

N

t

F
F )stat(

stat =μ , (1)

where
FN = p·A – normal force (N),
p – medium contact pressure (MPa),
A – contour-contact area of cooperating

elements in the rubbing set (mm2).
The results of measurements in the form of friction

coefficient depending on the contact pressure are pre-
sented in Fig. 5. The graphs provide values of the
coefficients of friction in the primary (stage I) and
final (stage II) period of use.

The results of friction coefficient examination
enabled the frictional force to be determined at a pre-
determined pressure p on the unit contact area A. The
predicted friction force can be determined using
a transformed formula (1) and the results of the coef-
ficient of friction examination, depending on the
contact pressure

nomstat)stat( ApFt ⋅⋅= μ . (2)

The average nominal contact area of telescopic
elements of the dentures, which is Anom ≈ 110 mm2,
was adopted for the calculation. Graphs presenting the
frictional force dependence of the contact pressure for
such a contact surface are shown in Fig. 6. The area
where friction force is in the range 8–10 N is marked in
the graphs. In such conditions the optimum interference
fit is provided – the one that allows for a smooth re-
moval of the dentures while ensuring that it does not
move during everyday use.

4. Discussion

The pressent research confirmed the dependence
of the static friction coefficient on the contact pressure
[16] for the analyzed pairs of materials used in pros-
thodontics. Contact pressure in the elements of tele-
scopic dentures is obtained by an adequate interfer-
ence, resulting from the fitting of linear dimensions of
the cooperating elements [8]. At the given contact
surface, static frictional force depends on both the
contact pressure and the coefficient of the friction
value. That force guarantees maintaining dentures on
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Fig. 6. Graph showing the variation of the total force of static friction (Stage I – lapping, Stage II – after 10 000 motion cycles)
for materials of slide cooperation with FGP polymer composite: (a) Degudent Kiss, (b) Degulor M, (c) Brealloy F270, (d) Ceramics
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the telescopic elements. Along with wearing out mate-
rials of the telescopic elements during the use of den-
tures, retention of dimensions of those elements will
be subject to change, and the contact pressure will
decrease. Together with the contact pressure, the fric-
tional force will decrease.

Based on the results of the research conducted, the
following conclusions can be formulated, regarding the
selection of materials for the telescopic elements, and
the recommendations concerning selection of the con-
tact pressure in the parts of telescopic dentures:

The lowest values of the coefficient of static
friction ( µstat = 0.06–0.165) were observed for the
gold alloy Degulor M, while the largest values ( µstat

= 0.35–0.55) for the gold alloy Degudent Kiss, in
the final stage of exploitation (after 10 000 cycles
of motion).

The biggest effect of the contact pressure on the
coefficient of friction value occurs when the ceramic
rubs on FGP composite resin (Fig. 4d). For such
cooperation, even a slight change of pressure can
result in significant reduction of static friction force
and, consequently, can reduce the effectiveness of
retaining the dentures. This means that to generate
the proper contact pressure, in the case of ceramics
high precision of telescopic elements will be required.
The study shows that it should be 0.3–0.35 MPa for
materials in the telescopic elements, amounting to
contact surface Anom = 110 mm2. The static friction
force will be then 7–11 N.

The most stable friction coefficient in the context
of contact pressure changes as well as life shows the
cobalt alloy Brealloy 270. In the case of this material
the optimum contact pressure range is 0.25–0.35 MPa.
In this pressure range, the static friction force is 8–10 N
assuming that the contact surface is Anom = 110 mm2.

An interesting material is a gold alloy Degulor M,
for which the coefficient of friction varies only slightly
with pressure in the range of 0.6 to 0.9 MPa. Therefore,
with a suitably selected contact surface, assumed force
of friction can be obtained, which will vary slightly
with the change of pressure (Fig. 6b). This ensures
proper retention of dentures with telescopic elements
despite the reduction of pressure, resulting from the
wear of materials. That surface should be slightly big-
ger by 110 mm2 to get greater value of friction force at
a lower contact pressure.

The problem of friction in the elements of tele-
scopic dentures is complex and requires further stud-
ies and research. Especially important may be the
shape and surface roughness of contacting compo-
nents [2], [17]. These issues should be continued in
the next stages of the research.
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