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In designing fixed dental appliances a major 
objective is to obtain the rigidity necessary 
to distribute applied forces evenly over the 
supporting tissues. 

To prevent failure occurring in a prosthetic 
reconstruction, it is mandatory to locate and 
define the dimensions and shape of each 
component of the reconstructions-that is, 
abutment teeth, luting cement, crowns, pon- 
tics, and soldered joints-in such a way that 
not even maximum stress levels will create 
an unfavorable strain in any portion of the 
reconstruction (1, 2). When there are few 
available abutment teeth or when these teeth 
are unfavorably distributed or make unfa- 
vorable intermaxillary contacts, it is more 
difficult to avoid permanent deformation or 
fractures in bridges during their long lifetime 

The forces generated during biting in den- 
tate persons have been studied by Howell 
& Manly (4) and Helkimo et al. ( 5 ) .  These 
studies concluded that the maximum force 
on a single tooth varies between 383 and 880 

(3). 

N for molars and between 176 and 226 N for 
incisors. 

The general location and types of stresses 
in some common dental bridge constructions 
have been discussed by Mahler & Terkla 
(6), Brumfield (7, S), and Weinberg (9). In 
none of these reports, however, were any 
experimental studies presented. 

In laboratory studies, Craig & Peyton (10, 
11) and Tillitson et al. (12) have examined 
the strain in some bridge constructions, using 
strain lacquer and linear strain gauges. They 
all found complex distribution of surface 
strain for different loading conditions and 
bridge designs. 

In clinical studies of the rigidity of man- 
dibular partial dentures and maxillary com- 
plete dentures, Glantz & Stafford (13, 14) 
observed that in removable dentures strain 
is highly complex and that determination of 
the functional deformation pattern in such 
dentures can only be obtained in clinical 
experiments. Glantz & Stafford (13) also 
showed that with alteration in the design of 
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the frame of partial dentures, changes 
appeared both in the direction of the prin- 
cipal strain line and in the magnitude of the 
maximum strain at  a particular point on the 
frame work. 

Since fixed bridges have better retention 
and stability on underlying tissues than par- 
tial dentures it was considered worthwhile 
to perform a laboratory study on the defor- 
mation pattern of some common types of 
mandibular fixed bridge constructions. 

Materials and methods 
One partially dentate male, 34 years of age, 
was used as the test subject. All his maxillary 
teeth were present, whereas in the mandible 
the remaining teeth were 48, 44, 43, 42, 41, 
31, 32, 33, 34, 35, and 37. The subject con- 
sidered himself to be in good general health 
and was found to be in good oral health at 
oral examination. 

The subject was selected for restorative 
prosthetic treatment including a fixed bridge, 
€or which veneer crown preparations were 
made on teeth 48.44, and 43. On the buccal 
surfaces of preparations 44 and 43, addi- 
tional dentin was removed to enable incor- 
poration of facings in the crowns. 

By means of individual impression trays 
and conventional impression techniques 
complete mandibular and maxillary impres- 
sions were taken in a silicone impression 
material, type President (Coltbne A.G. ,  
Altstiitten). Stone models were then made 
in Vel-Mix (Kerr Europe, Scafati). These 
models were mounted on an articulator type 
Dentatus ARL Special (Dentatus A.B. ,  
Stockholm) , using standard clinical and lab- 
oratory procedures including the use of face 
bow registrations and retruded position 
indices. 

On the mandibular model an experimental 
bridge construction was manufactured in a 
dental gold alloy type I11 (A-D C-guld, J. 
Sjoding QL Co.,  Solna) by means of standard 
production procedures. The bridge consisted 
of veneer crowns on 48, 44, and 43 and a 
bar between 48 and 44. The bar was cast 
together with the crown on 48, whereas the 
crowns on 44 and 43 were cast in one piece. 

B 

4 

5 3 6 8  
Fig. 1. General outline of the position of strain gauges 
(nos. 1-9) on a tested fixed mandibular bridge. 1A 
shows the occlusal and 1B the cervical surfaces of the 
bridge. 

The bar was soldered to the crown on 44 
with a solder for the temperature range 
778-815"C (Adelmetall A.B. , Malmo). The 
bar had a total length of 24mm, a width of 
7mm,  and a height of 2mm.  The design of 
the experimental bridge is given in Fig. 1. 

Nine strain gauges were attached to vari- 
ous parts of the bridge with an adhesive-type 
M-Bond 43-b Adhesive (Micro-Measure- 
ments, Romulus, Mich.). Gauges 1, 2, and 
3 were the components of a rosette gauge, 
type WA-09-030-WR-120 (Micro-Measure- 
ments), whereas gauges 4 to 9 were linear 
gauges, type EA-09-031-MF-120 (Micro- 
Measurements). The resistance was 
120.0 2 0.5 52 for all the gauges except nos. 
4 and 5 ,  which had a resistance of 120.0 +- 
0.252. The gauge factor was 2.08 for the 
components of the rosette gauge, 2.135 for 
gauges 4 and 5, and 2.05 for gauges 6 to 9. 
To isolate the gauges for later use in the oral 
cavity, they were covered with a silicone 
material, type 314 ORTV (Dow Corning 
Co., Midland, Mich.). The position of the 
gauges are shown in Fig. 1. 

The gauges were first connected with two 
wires to a coupling box, type DC-37s 
(McMurdo, Portsmouth), then with three 
shielded wires to a strain gauge conditioner 
and amplifier, type 2100 (Vishay Intertech- 
nology Inc., Malvern, Penn.), and finally 
with a special cable to a UV-oscillograph, 
type SE 6150 Mk 2 (SE Labs, EM1 Ltd., 
Feltham). To extend the balance of the 
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gauge signals, in the strain gauge conditioner 
and amplifier, resistor R7 with an original 
resistance of 70 kQ was substituted for one 
having a resistance of 20 kQ. 

The articulator with its mounted models 
and bridge was positioned in a Type Alve- 
tron universal testing machine (A.B. Lor- 
entzen & Wettres Maskinaffar, Stockholm) 
in such a manner that compressive forces 
could be applied in the intercuspal osition. 

With a load increase of 196Nfmin the 
models were loaded in compression for 
150sec-that is, to a maximum load of 
490 N-while recordings were taken of the 
strain in the individual gauges. 

All registrations were performed in a 
thermo-controlled environment (tempera- 
ture, 21 ? OS'C), in which the articulator 
with its mounted models and the bridge had 
been stored for more than 24 h before each 
experiment. 

After completion of these experiments, 
the mandibular model (I) was removed from 
the articulator and cut to separate the three 
abutment models from each other and from 
the rest of the model. Special Pin-dex hold- 
ing pins (Whaledent Inc., New York, N.Y.) 
were then attached to the separated dies and 
retention rings for the pins secured in the 
model. A repeated set of experiments was 
carried out with this new model (11) in the 
universal testing machine. 

Finally, the space between the dies and 
the model was filled with a silicone impres- 
sion material, type President medium 
(Colthe A.G.), which was allowed to set 
for 30 min at a load of 245 N, and another 
set of experiments was performed on this 
final model (111). 
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B. The time dependence of the gauges and 
the conditioning and recording systems were 
checked eight times, each time over a period 
of 60min. No changes could be detected 
during these experiments. 

Studies of some possible errors of the 
method 

A. The temperature dependence of 
gauges was provided individually by 

the 
the 

manufacturer- and given on the data sheets 
attached to the respective gauges. The infor- 
mation on these sheets showed that none of 
the gauges used had a difference of more 
than 20pa between the gauge factors and 
apparent strains in the temperature range 

Results and discussion 
The results of the recorded strain in the 
gauges on the experimental bridge are given 
in Tables 1-3 and Figs. 2-4 for the three 
experimental situations applied. Tables 1-3 
also give the directions of the principal strain 
lines under the rosette gauge, as compared 
with the long axis of the bar. The calculations 
of the direction of the principal strain were 
made according to the formula (13): 

3 [I1 
2el - e3 - e2 

e3 - e2 
Tan20=  

where 8 denotes the angle between the 
direction of the principal strain line and that 
of the long axis of gauge 3, and el ,  el, and 
e3 are the strains registered by the different 
gauge components. A positive angle denotes 
an angle counter-clockwise to the direction 
of gauge 3 and a negative one denotes a 
clockwise-directed angle. In this context it 
should be noted that the rosette gauge was 
mounted in such a manner as to give a 45" 
counter-clockwise angle between gauge 3 
and the long axis of the bar of the bridge. 

The principal maximum (haJ and mini- 
mum (bin) strains at the point of the bridge 
beneath the centre of the rosette gauge were 
calculated by the following formula (15, 16): 

E m a x = - (  e3 + ez) 

+ B V(e3 - e2)' + (2el - e3 - e2)' [2] 
and 

Emin = B (e3 + e2) 

- B V'(e3 - e2)2 - (2el - e3 - e2)' 131 

When the results of Tables 1-3 and Figs. 
2-4 were compared, considerable differ- 
ences were noticed both between the 
recorded strains and the directions of the 

2K37"C. - calculated principal strain lines for the dif- 
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ferent gauges and among the three experi- 
mental situations. Thus, it is obvious that on 
the cutting of the stone model (11), the 
deformation of the bridge shifted from a 
fairly uniform and simple pattern-shown, 
for example, by the almost 90" angle between 
the principal strain line and the long axis of 
the bridge, with approximately linear 
stress/strain relationships for all the gauges 
(Fig. 2)-to a complex strain pattern with 
non-linear stress/strain relationships, espe- 
cially at lower stress levels (Fig. 3). 

When an intermediate silicone layer was 
incorporated between the model compo- 
nents (III), an even more complex stress/ 
strain relationship and straining pattern was 
observed (Fig. 4). 

At increased stress levels fairly linear 
stress/strain relationships were achieved in 
model situations I1 and 111. This indicated 
that in these experimental situations the 
composite models had shifted to mechani- 
cally less complex ones, probably through 
deformation in the models themselves. 

The differences between the data of Fig. 
2 and Figs. 3 and 4 indicate that, in the 
experimental situation used, the recorded 
strain was markedly influenced by the design 
and mechanical properties of the models. 

Biological systems in which dental bridges 
are incorporated clinically are extremely 
complex from the mechanical point of view 
and of less inherent rigidity than stone 
models. The tissues supporting dental 
bridges are themselves both of a composite 
and anisotropic nature and often exhibit 
gross morphologic variations. Moreover, 
the direction of the functional load can never 
be fully standardized in a model situation. 

Even though masticatory systems are 
known to be mechanically complex and 
model systems I1 and 111 were found to have 
complex stress/strain relationships, it has not 
been demonstrated that either or both of 
these two models were more relevant than 
model system I in comparison with the clin- 
ical situation. 

In this study the strain gauges were pos- 
itioned in areas of the bridge construction 
where clinical observation has shown that 
mechanical failures appear (17). Through 
explorative use of a strain lacquer it would 
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5 0 0  

400 

200' 

100 

300 100 100 300 500 
c o n t r a c t i o n  S T R A , N  e l o n g a t i o n  

Fig. 2. Strain (true pe) 
in a fixed mandibular 
bridge at various levels 
of intercuspal loading 
(N) on a solid plaster 
model as recorded by 
nine strain gauges (Gl- 
G9). 

have been possible to obtain information 
about the direction of the principal surface 
strain lines in the bridge before the appli- 
cation of the gauges. Because such a pro- 
cedure could only have had relevance for the 
first (I) of the three experimental situations 
used and because this study was fundamen- 
tally of  a comparative and not of an absolute 
nature it was, however, considered adequate 
t o  incorporate a rosette strain gauge for 
determination of the direction of the prin- 
cipal strain in an area known to be a com- 
paratively frequent location of mechanical 
failures in dental bridge constructions (1). 

A slight modification was made of the 
strain gauge conditioner and amplifier used 

in this study, to ensure that the clinical strain 
measurements were performed in a manner 
that did not interfere with muscular activity. 
For this reason and also because of the small 
size of the gauges only two wires per gauge 
were used to connect the gauges to the coup- 
ling box. Ideally, three wires are used per 
gauge to reduce as much as possible the 
negative effects on  the gauge signals from 
connecting wires. When only two gauge 
wires were used, with the original design of 
the amplifier, problems were also encoun- 
tered when attempting to balance the bridge 
signals before the beginning of each set of 
loadings. When an original resistor was sub- 
stituted for one having a lower resistance, 
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400 
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G1 G9 G 8  G 6  G7 

Fig. 3. Strain (true p ~ )  in a fixed mandibular bridge at various levels of intercuspal loading (N) on a cut plaster 
model as recorded by nine strain gauges (Gl-Gg). 

these problems were, however, resolved. A 
slight drift of the base lines of gauge signals 
could then occasionally be noticed. If strain 
gauge signals are to be more or less con- 
tinuously recorded at constant or varying 
stress levels over long periods of time (weeks 
to years), such a drift may cause serious 
problems in analyzing the records. Pro- 
longed strain gauge studies are common in 
most fields of technology. Under the experi- 
mental conditions of this study, however, in 

which loads were applied for only short 
periods of time, signal drifting did not cause 
any problems. 

It is concluded that it cannot be proved 
whether in vitro determinations of the defor- 
mations of fixed prosthetic appliances have 
clinical relevance. To make such a conclu- 
sion possible and compare the three labora- 
tory models with the true clinical situation, 
it was decided to extend this study into an 
in vivo one. 
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Fig. 4. Strain (true vc) in a fixed mandibular bridge at various levels of intercuspal loading (N) on a composite 
plaster and silicone model as recorded by eight strain gauges (Gl-G3 and G5-G9). 
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