Flexion characteristics of four-unit fixed partial denture
frameworks using holographic interferometry
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Flexion of a metal/ceramic fixed partial denture (FPD) framework under function
can cause fracture of the porcelain or deterioration of the cement seal. This study
evaluated the flexion under compressive load of a four-unit mandibular FPD

replacing the second premolar and the first molar. Testing was accomplished with

elapsed time holographic interferometry, using 39 porcelain fused-to-metal
frameworks cast with a silver-palladium alloy. The results demonstrated that
solder joints at the junction of the premolar and molar pontics flexed under a
reduced compressive load and exhibited a higher failure rate than other connector

designs. {J PROSTHET DENT 1992;67:609-13.)

The intraoral flexion of a metal/ceramic fixed par-
tial denture (FPD) framework during function has serious
consequences, because it can cause fracture of the porce-
lain! or disrupt the cement seal. Therefore a rigid frame-
work must be achieved without compromising allied bio-
logic and esthetic design parameters.

FPD frameworks may be cast in one-piece or as two or
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more solder-connected units. While investigators have dis-
covered that three-unit FPD one-piece castings can be
more accurate? or as accurate® as soldered individual units,
many agree that the one-piece casting denies verification
for the fit of individual retainers.* Since distortion in-
creases as the casting length is extended,®® it has been
suggested that any framework exceeding three units should
be cast in at least two pieces and then soldered.” Previous
testing of the strength of soldered joints has been per-
formed under tensile loading,”!? assuming there was a cor-
relation with intraoral compressive loads. Anusavice et
al.13. 14 helieves that the flexural stress resulting from com-
pressive loads was the principal type of stress transmitted
to an intraoral prostheses.

In this investigation, deformation of a four-unit FPD
metal/ceramic framework under compressive load could be

Fig. 1. Typodont with the teeth prepared.
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Fig. 2. Chromium-cobalt replica of the Typodont.

Fig. 3. Duralay pattern with margins corrected in wax.

Fig. 4. Cast framework with midspan loading platform.

detected by elapsed time holographic interferometry. This
is an extremely sensitive instrument for identifying stress-
induced distortions and nondistorted displacements in the
tens of nanometers range.'518 In addition, this method also
provided a permanent photographic record of the observed

results.
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Fig. 5. Framework seated on alloy cast. Hydraulic press
transmitted the load with a 9 mm steel ball held on the
midspan loading platform by wax.

B IV
1200 Ibs.

Fig. 6. A PP-MP solder-connected framework that failed
at 200 1b.

MATERIALS AND METHODS

The first premolar and the second molar were prepared
as abutments with a shoulder/bevel preparation (Fig. 1) on
a Typodont (No. 662, Columbia Dentaform, New York,
N.Y.) with the left second premolar and the first molar
missing. The Typodont was duplicated in a chromium-co-
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Fig. 7. Hologram of an MMP solder-connected framework. The fringes suggested that
the PP was moving differently from the rest of the framework. Intricate fringes in the gin-
gival half of the molar abutment indicated complex deformation.

balt alloy with a2 machine-milled horizontal base to ensure
stability under load (Fig. 2).

One four-unit FPD framework was waxed, cast in a sil-
ver-palladium alloy (Jelstar, J. F. Jelenko Co., Armonk,
N.Y.), fitted to the alloy cast, and used to fabricate a com-
pound gypsum mold. Thirty-nine autopolymerizing Dura-
lay (Reliance Dental Mfg. Co., Worth, IIl.) resinous pat-
terns (Fig. 3) were prepared in the mold, corrected for
marginal fit with wax on the alloy Typodont replica, and
then cast in the silver-palladium alloy.

The 39 castings were subjected to the following:

1. Ten frameworks remained as one-piece castings (U).

2. Nine frameworks were sectioned and solder-con-
nected midway between the molar pontic (MMP).

3. Ten frameworks were sectioned and solder-connected
at the junction of the premolar pontic and the molar
pontic (PP-MP).

4. Ten frameworks were sectioned and solder-connected
at the junction of the premolar abutment and premo-
lar pontic (PA-PP).

All frameworks were secured for fit on the alloy Typ-
odont replica. The soldered units were sectioned with a 0.3
to 0.4 mm solder gap, indexed on the replica with Duralay,
poured in soldering investment (Highspan, J. F. Jelenko
Co.), and torch-soldered (Olympia Pre-Solder, J. F. Je-
lenko Co.). The midpoint of the span was designed as a
shallow basin to allow for self-centering of the test load
(Fig. 4). After recovery, the frameworks were heated to
1800° F and bench-cooled for four cycles to simulate por-
celain application. The FPDs were sprayed with bronze
paint to eshance their reflectivity.

A standard single-beam holographic system was con-
structed using sand damping and pneumatic isolation. The
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Table I. Results

Stat, sig.
Group Count Mean SD subsets
Unit-cast 10 207 33.44 *
MMP 9 167 57.40 *
PA-PP 10 162 64.81 *
PP-MP 10 112 39.33 *

Stat, Statistically; sig, significant; SD, standard deviation; MMP, PA-PP,
PP.MP, see text for explanation.
*Significant at p < 0.05.

stage on which each prosthesis was tested consisted of a
stainless steel support column and a platform. A hydraulic
press was centered from above. Each prosthesis was tested
under static occlusal loads applied at the midpontic de-
pression with a 9 mm steel ball (Fig. 5). The applied loads
were recorded directly from a hydraulic pressure gauge in
pounds of force.

The prostheses were tested in numerical order but with-
out any indication of their status, that is, soldered or unit
cast. The results were then tabulated and each prosthesis
was then identified as a soldered or unit cast.

RESULTS

One hundred eighty-five holograms were performed. The
results (Table I} illustrated nondestructive flexion on the
unit-cast frameworks at an average of 207 lb. Midmolar
pontic solder-connected frameworks (MMP) flexed at an
average of 167 lb, and premolar pontic-to-the premolar
abutment solder-connected frameworks (PP-PA) flexed at
an average of 162 lb, while premolar pontic-to-molar
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Fig. 8. Hologram of a PP-PA solder-connected framework. Uniform horizontal fringes
indicated seating of the framework. Intricate fringes in gingival half of molar abutment in-

dicated complex deformation.

Fig. 9. Hologram of PP-PA solder-connected framework as load was raised from 175 to
200 lb. Fringes on PP and PA were in different directions from fringes on MA and MP, in-
dicating framework was deforming at the midspan. Intricate fringes in the gingival half of
molar abutment indicated complex deformation.

solder-connected frameworks (PP-MP) flexed at an aver-
age of 112 Ib. Ten of the frameworks failed under compres-
sive loading (Fig. 6), while nine premolar pontic-to-molar
pontic solder-connected frameworks (PP-MP) failed at an
average of 194 lb, and a one-unit cast framework failed at
250 1b. Seven frameworks distorted at the gingival third of
the molar abutment in the 100 to 150 1b range.

One-way analysis of variance (ANOVA) and least signif-
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icant difference tests verified that the premolar pontic-to-
molar pontic solder-connected frameworks (PP-MP) were
statistically different from the other groups.

DISCUSSION

According to the law of beams, the weakest point is lo-
cated at the center of the beam. The four-unit framswork
had minimal thickness in the area of greatest stress
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concentration, so it was not surprising that all the failures
occurred at the center of the beam (Fig. 6). What was dis-
concerting was that the failures for the nine premolar pon-
tic-to-molar pontic solder-connected frameworks (PP-MP)
occurred at an average of 194 1b, which is within the range
of occlusal forces of 90 to 200 1b reported for the first molar
area.l?

Fig. 7 is a photo of a hologram of an MMP solder-con-
nected framework. The exposures were made as the load
was elevated from 150 to 175 1b. The fringe patterns on the
premolar abutment projected at a 45-degree angle, while
the pontics and molar abutment were relatively horizontal,
indicating that the premolar abutment was moving in a
different direction from the remainder of the framework.
The intricate fringe patterns in the gingival half of the mo-
lar abutment indicated a complex deformation at the mar-
gin of the casting.

Fig. 8 is a hologram of a PP-PA solder-connected frame-
work at a load of 100 to 125 1b. There were uniform hori-
zontal fringes except at the gingival half of the molar abut-
ment, indicating complex deformation of the framework.

Fig. 9 is a hologram of a PP-PA solder-connected frame-
work as the load was elevated from 175 to 200 1b. The pre-
molar pontic and the premolar abutment exhibited fringes
at a 45-degree angle, while the molar abutment and pontic
fringes were almost horizontal, indicating that the two sec-
tions were moving in different directions. The intricate
fringe patterns in the gingival half of the molar abutment
that appeared in the 100 to 125 1b range again revealed
complex deformation.

The molar marginal deformation in the seven frame-
works indicated that there were great stresses on the seal-
ing cement that may contribute to the cement deterioration
commonly observed.

CONCLUSIONS

1. Evaluation of nondestructive flexion of four-unit FPD
metal/ceramic frameworks by elapsed time holographic
interferometry demonstrated that soldered joints at the
premolar pontic and molar pontic flexed under a reduced
compressive load and exhibited a greater failure rate than
other connector designs.

2. Marginal distortion observed at the distal abutment
of a mandibular four-unit FPD under compressive loading
may cause cement deterioration.

3. Nondestructive testing using holographic interferom-
etry has been confirmed as an efficient dental research ap-
proach and has potential for future investigations.
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