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CONNECTING RIGIDITIES OF

VARIOUS PRECISION ATTACHMENTS COMPARED WITH

THE CONICAL CROWN RETAINED TELESCOPE
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The purpose of this investigation was to observe the connecting rigidity of various precision attachments
and to compare their connecting rigidities with the conical crown retained telescope (CCT). The connecting
rigidity of a retainer was assessed using the flexibility test to measure the mesial and distal end
displacements. Four precision attachments were analyzed: the dovetail slide attachment beyeler, cylindrical
slide attachment, Spang Stabilex and Mini SG. The CCT was used as the control. Although there were
many statistically significant differences between the displacements with the various attachments,
displacements when vertically loaded were very small: all mesial end displacements were within 3 µm
and distal end displacements were 21.4 µm. The largest of the mesial end displacements when horizontally
loaded was as large as 44.5 µm (dovetail slide beyeler), while the others were all below 16.5 µm. The same
phenomena occurred with the distal end displacements when horizontally loaded: the largest was seen
with the dovetail slide beyeler, followed sequentially by the Spang Stabilex, CCT, cylindrical slide, and
the Mini SG. The distal displacement with the dovetail slide beyeler was as large as 75.2 µm; those with
the others were all below 31.2 µm, with numerous statistically significant differences between the
displacements with the various attachments. Thus, connecting rigidities of rigid precision attachments
are very similar to CCT, and only the dovetail slide beyeler attachment is too weak to resist horizontal
displacement force.
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The connecting rigidity [1] of a retainer is related to the
stress distribution between abutments and the denture
foundation for a distal extension removable partial denture
(RPD) [2–6]. That is, if one uses the more rigid connection
of a retainer, one can obtain the least denture mobility and
vice versa [7]. The conical crown retained telescope (CCT)
system is one such rigid retainer that was developed by

Körber in the 1960s [8]. Over the past three decades, long-
term follow-up studies [9,10] as well as abundant clinical
experience [11] have proven its rigidity and success in
prognosis. Some clinicians will select CCT to design a distal
extension RPD because of its rigid connection, but CCT
is contraindicated in some patients because of the esthetic
problems of an exposed cervical metal collar and metal-
colored inner crowns when the removable denture is taken
out, especially when the abutments are the anterior teeth.
In this situation, some other form of attachment would
normally be advised.

Over the years, many well-developed precision attach-
ments have been produced [12,13], but until now, we have
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not been aware of their properties of connection, and
there are no data to compare them with the effectiveness
of the CCT system. Therefore, this study determined the
connecting rigidity of various precision attachments and
compared them with the CCT system.

MATERIALS AND METHODS

The connecting rigidity of a retainer was assessed using
the flexibility test [14]. The first step was to prepare an abut-
ment. The preformed model (model no. A225, Nissin, Tokyo,
Japan) was a suitably prepared mandibular first premolar
abutment model for a full cast crown. A duplicate impres-
sion was then made with silicone duplicating material
(Duplicone, Shofu, Tokyo, Japan) and converted to a wax
pattern by pouring melted inlay wax into the mould to rep-
licate the prepared abutment. After sprueing, investing,
and casting with routine conventional standard methods, a
suitably well-prepared abutment model for a full cast crown
of the first premolar abutment in metal (Lucualloy; GC,
Tokyo, Japan) was obtained. Finally, the abutment model
was installed on the three-dimensional manipulating table
(3-D manipulator K116M; Kyowa Riken, Tokyo, Japan).

The second step was to make samples to assess. In this
study, we selected two kinds of attachment for each type of
precision attachment (Cendres & Metaux SA, Biel-Bienne,
Switzerland). The intracoronal attachments were a cylin-
drical slide and the dovetail slide beyeler. The extracoronal
attachments were the Spang Stabilex and the Mini SG. The
Mini SG has three kinds of plastic inserts (red, green,
blue) for different retention requirements that were also
assessed. The CCT was used as the control. The shapes
and designs of the attachments are shown in Figure 1.

The crown portions were waxed using the plastic sheet
technique (Adapta, Bego Co, Bremen, Germany) and pre-
formed wax patterns for crown casting were used (pre-
formed wax pattern M33, Nissin) to give the samples a stan-
dard size and shape. Next, the male or female part of the
attachments were connected to the waxed portion of the
crowns with the paralleling mandrill on the parallelometer,
after which investing and casting were performed using
routine conventional standard methods with dental cast-
ing alloy (Castwell M.C. 12% gold alloy, G.C., Tokyo, Japan)
according to the manufacturer’s instructions. After finishing
the crown portion casting, standard sized foot portions (15
mm long, 4 mm wide, and 4 mm thick) were fabricated on
the installed metal abutment with the paralleling mandrill
on the parallelometer. The foot portion was completed

using conventional standard casting methods to finish the
samples (Figure 2).

Two displacement transducers (both 9E08-D1-10,
Nichiden-Sanei Electronic Instruments Inc, Tokyo, Japan)
were fixed in the 3-D manipulating table to measure the
mesial and distal end displacements of the samples. Force
was applied using an electronic output tension meter (based
on the tension meter, Haldex AB, Halmstad, Sweden) on the
terminal end of the sample’s foot portion. The electronic
signals of the three apparatuses were amplified by dyna-
mic strain amplifiers (6M82, Nichiden-Sanei Electronic In-
struments Inc), recorded on a data recorder (MR30, Teac,
Tokyo, Japan), and simultaneously monitored using a pen
recorder (WR3310-8H, Graftec Inc, Tokyo, Japan) and output

Figure 1. Precision attachments assessed in this study. Left to right:
conical crown telescope, cylindrical slide, dovetail slide beyeler, Spang
Stabilex, and Mini SG.

Figure 2. Measurement apparatus setup.
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to an X-Y recorder (WX 2311, Graftec Inc) for graphing and
calculation (Figure 2).

There were two loading directions with a load force
controlled by the tension meter: the vertical direction was
loaded with 1.5 kg of force and the horizontal direction was
loaded with 1.0 kg of force (Figure 3). Measurements were
repeated 10 times for vertical and five times for horizontal
loading to decrease the possibility of technical error.

RESULTS

After assessment, means and standard deviations for each
attachment and loading were obtained. Mesial and distal
end displacements are shown in Table 1 and are plotted in
Figures 4 and 5. One-way ANOVA revealed highly signifi-
cant differences in displacements in vertical loading and
horizontal loading among the different sample groups (both
p < 0.001). Multiple comparisons were made between the
two means using Scheffe’s test (Tables 2–6).

DISCUSSION

The largest mesial end displacements with vertical loading
were obtained with the CCT, followed by the cylindrical
slide, Mini SG, Spang Stabilex, and dovetail slide beyeler in
sequence, but all these mesial end displacements were very
small, within 3 µm. Clinical experience shows that the distal
end displacement plays an important role. The largest dis-
tal end displacements with vertical loading were obtained

with the Mini SG, followed by the cylindrical slide, dovetail
slide beyeler, and Spang Stabilex sequentially; the CCT had
the smallest distal end displacement (Table 1 and Figure 4).

The largest mesial end displacement when horizontally
loaded was obtained with the dovetail slide beyeler, followed
by the CCT, Mini SG, Spang Stabilex and cylindrical slide
sequentially. Mesial end displacements with the dovetail
slide beyeler were as large as 44.5 µm, while with the others,
they were all below 16.5 µm. The same phenomena occurred
with distal end displacements when horizontally loaded;
the largest was obtained with the dovetail slide beyeler,
followed by the Spang Stabilex, CCT, cylindrical slide, and
Mini SG. Distal end displacements with the dovetail slide
beyeler were as large as 75.2 µm, while those with the others
were all below 31.2 µm. Distal end displacement with the
dovetail slide beyeler was 2.4–3.4 times more than that with
the other devices (Table 1 and Figure 5).

Physiologic tooth mobility is normally tested using a
load of only 0.5 kg [3,6,15], when mobility of a premolar
should be within 100 µm. In this study, all the testing loads
were larger than 0.5 kg. Although there were statistically
significant differences between the devices, all were within
physiologic tooth mobility. The dovetail slide beyeler when
horizontally loaded may be an exception, because the distal
end displacement displayed some potential to entail danger.

The dovetail slide beyeler and cylindrical slide are the
same type of intracoronal attachment, but their behavior
is quite different when horizontally loaded. The reasons
depend on the precise fit and contact surface area between
the contacts of the male and female parts of the attachment.
The contact surface of the cylindrical slide is 3.5 mm wide
and 7.0 mm high, while the dovetail slide beyeler has a
contact surface that is only 3.0 × 3.8 mm [16]. The contact
area of the dovetail slide beyeler is smaller (46.5%) than that
of the cylindrical slide, so when the dovetail slide beyeler or
similar-sized attachments are used as a retainer, they should
be reinforced with a bracing arm or stabilizer to resist the
horizontal displacement force because of their weakness.

The Mini SG’s retention is derived from plastic inserts:
red gives normal friction, green gives medium friction and
blue gives strong friction. When horizontally loaded, there
were no statistically significant differences between them,
but when vertically loaded, statistically significant differ-
ences were revealed.

To reiterate, this study’s purpose was only to assess the
connecting rigidity of various types of precision attach-
ments, and should only be viewed from this standpoint.
Other considerations of attachment applications not mea-
sured in this study include oral hygiene maintenance, theFigure 3. Sample (A) vertically loaded and (B) horizontally loaded.
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Table 1. Mean ± standard deviation (µm) of the displacement in the experimental groups

 Vertical load (n = 10)     Horizontal load (n = 5)

Mesial end Distal end Mesial end Distal end

Conical crown telescope 2.7 ±  1.3 9.8 ±  6.8 16.8 ±  2.4 27.9 ±  3.9
Dovetail slide beyeler 0.2 ±  0.1 12.7 ±  0.4 44.5 ±  7.0 75.2 ±  3.8
Cylindrical slide 2.5 ±  0.1 14.3 ±  0.4 11.4 ±  1.2 26.9 ±  3.9
Spang Stabilex 0.7 ±  0.4 10.5 ±  0.2 11.8 ±  2.1 31.2 ±  1.7
Mini SG (red plastic insert) 1.4 ±  0.2 21.4 ±  1.8 15.2 ±  4.7 20.7 ±  9.6
Mini SG (green plastic insert) 1.2 ±  0.1 17.6 ±  0.8 10.2 ±  1.0 22.1 ±  0.8
Mini SG (blue plastic insert) 1.0 ±  0.1 17.5 ±  0.3 9.9 ±  1.0 21.9 ±  0.6

Figure 5. Mesial end
and distal end dis-
placements of sam-
ples when horizon-
tally loaded (1.0 kgf).
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ples when vertically
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Table 2. One-way ANOVA of mesial end displacements when vertically loaded

Sum of squares DF Mean square F Significance of F

Among groups 43.39 6 7.25 11.41 0.000
Error 32.39 51 0.64
Total 75.88 57

Table 3. One-way ANOVA of distal end displacements when vertically loaded

Sum of squares DF Mean square F Significance of F

Among groups 919.15 6 153.19 13.78 0.000
Error 544.85 49 11.12
Total 1464.00 55

Table 4. One-way ANOVA of mesial end displacements when horizontally loaded

Sum of squares DF Mean square F Significance of F

Among groups 4566.84 6 761.14 49.76 0.000
Error 428.32 28 15.30
Total 4995.16 34

Table 5. One-way ANOVA of distal end displacements when horizontally loaded

Sum of squares DF Mean square F Significance of F

Among groups 11156.15 6 1859.36 73.59 0.000
Error 707.49 28 28.27
Total 11863.64 34

Table 6. Scheffe’s test for displacement in the experimental groups

Vertical load Horizontal load

Mesial end Distal end Mesial end Distal end

Conical crown telescope A A A A
Dovetail slide beyeler B AB B B
Cylindrical slide AC AC AC AC
Spang Stabilex D AD C ACD
Mini SG (red plastic insert) E E AC ACDE
Mini SG (green plastic insert) F F C CE
Mini SG (blue plastic insert) D F C CE

Groups marked with the same letter are not significantly different (p > 0.05).

Group

clinical crown length of the abutment tooth, ridge shape,
arch form, repair and wear problems [17], space for artificial
tooth arrangement, and even the intermaxillary space; these
should also be carefully considered when such an attachment
is anticipated.
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