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Six linear strain gauges and one rosette strain gauge were used on three different types of
models prepared from one partially dentate subject, to study loading deformation in a six-
unit fixed mandibular bridge. The bridge was mounted on each of the models on an adjustable
articulator and loaded in a universal testing machine at loading levels ranging from 0 to 491
N. The results showed considerable differences between the three types of model, with regard
to both the magnitude of the recorded strains for the individual gauges and the calculated
direction of the principal strains under the rosette gauges. The findings indicate that the
mechanical properties and the design of the supporting structures have a major influence on
the functional deformation of fixed dental appliances. [0 Denzal materials; fixed prosthetics;
in vitro deformation
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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 tecth, 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
(3).

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

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), Brumfieid (7, 8), 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,
for 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 (Coltene A.G.,
Altstitten). 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 III (A-D C-guld, J.
Sjoding & 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.
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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 24 mm, a width of
7 mm, and a height of 2 mm. 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 = 0.5 Q for all the gauges except nos.
4 and 5, which had a resistance of 120.0 =
0.2 Q. 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, EMI 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 k2 was substituted for one
having a resistance of 20 kL.

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

With a load increase of 196 N/min the
models were loaded in compression for
150 sec—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 = 0.5°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 (II) 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
(Coltene A.G.), which was allowed to set
for 30 min at a load of 245N, and another
set of experiments was performed on this
final model (III).

Studies of some possible errors of the
method

A. The temperature dependence of the
gauges was provided individually by 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 20 ue between the gauge factors and
apparent strains in the temperature range
20-37°C.
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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 60 min. No changes could be detected
during these experiments.

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):
&~ &

Tan?28 = %ffl_______’
€3 — €

(1]

where 6 denotes the angle between the
direction of the principal strain line and that
of the long axis of gauge 3, and ey, ¢;, and
e, 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 (é,.c) and mini-
mum {&y;) strains at the point of the bridge
beneath the centre of the rosette gauge were
calculated by the following formula (15, 16):

Emax = % (€3 + €2)

+3V(es e + (Ze1-es-e) [

and

Emin = 3 (€3 + €2)

- %\/ (63 - 62)2 - (261 — €3 62)2 [3]

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
calculated principal strain lines for the dif-



ACTA ODONTOL SCAND 42 (1984}

lantz et al.

—~
T

244 p.-0. (

o588 0 I8 111 666 L'IT LSO1 §11 1201 87C7¢ L&~ ¢ 0f 6¢6 it S st 011 0L Tey
o168 0 06L 0 L9 L11 €0l L'L1 666 97TC SZ— 6L1 9T 906 vLT 89 LIT  ¥L  BIL  Ivp
o£'88 11 €LL 0 L¥6 6'L1 8B0OT ¥'6  LL6. TSI 66— ¢€1C TC TL8 $9T 89 TIT vL 969  T6e
5088 0 L TIL Sl6 060 ¥vL6 TIT 9¥6 O9vl Tg— Q11 €1 48 €97 €L €07 801 09 ¢€pe
6'L8 0 9L 0 988 LT1 L6 ¥TT 88 ¢1I1 ZI- 96 L1 8¢8 LST 08 6l 0 0¥9  ¥er
o8L8 S'I1 00L €%l 98L 0 S8 v6 LEB TE 91— 96 LT 16L SeT ¥L Tl 96 Y9 SvT
oL'L8 S'IT 999  TOr 60L 96 88 SIL  LLL 9P 1ZT— €1T TC L8 €I 96  ¥SI 90l 0SS 961
o£'98 811 119 T'6 LZ9 L'TI1 veL vT1 ¥69 T6 99— €IC SS9 8% 11z  vL 0EL 96 ¥8v Lyl
0$'S8 0 LIS T'6 08 S0 9vs 6°L1 ¢€€6 To6 L01— €1IC LOT TOF 8ST 96 18 08 €68 86
o£'68 06l OI¥ T6 668 96 Lttt 0 0Ze 9¥%T 78— 90T € v8 96 §or 18 €01 80T 6F
(1eq as uesy ds UBSN (S UBSIN (S UBIN dS UBSN (S UBN S UBSN dS UBdN (S UBIN DEO]

3y jo sixe Fuof oYy 01

UonealI Ul ¢ pue ‘7 ‘1 g 98nen 8 28nen L 98nen 9 9%nen) G 98nen t 28nen ¢ 98nen 7 98nen 1 93nen

sofned 1epun) urens

redound jo suonosng ureng

(uonoenUOd 910UP s3NEA UrRNS dal1ESou pue UONEIUO[S S10UIP SAN[eA UIRX)S 2ANISOJ) (6D-TD) $98ned urens outu £q paprooar se (O] = u)
fepow I1oiserd 1o e uo (N) Surpeoy [edsnoIsul Jo S[PAI] snoliea Je 93puq Iengipuew paxy e ui urens fedourid jo uonoddlp pue (31 oniy) ueng "7 diqel

9'L8 68 9¢T L9 V9T TL 067 68 ove 0 80E- ¥€L 09— 061 TIZT L'L €91 89 0Ly l6¥
o87L8 0 ol¢ 0 LeT 0 T ¢L 0ce 99 06C- vel 8- ¢6  T61 €9 TSI £'8 144 447
.0'88 €L el U8 LIT TL T 0 162 99 92— L8 pL— 9L UL 0 Il £'8 €8¢ T6t
o588 €L ST 18 661 0 € 0 8¢ 8L evl—- TL  LL— 0 TIsT €9 6t L0l 9 e
o588 €L 651 0 8.1 88 Lol 0 9Z¢ 0 6lc— TL 89— 9L 1€ €9 Il €8 80  ¥6C
oC'88 6'8  9¢l 0 81 88 €91 0 ¥61 99 ¥61- 0 99— 9L 1T €9 101 ] T S¥C
o£'68 €L Ol T8 &Cl 0 vl 0 91 0 91— 0 8- ¢6 06 0 ¥8 £'8 L1e 961
o588 €L ¥8 '8 66 88 901 0 61 99 61— 88 68— €6 VL LL 9 L0or  ¢91 Ll
o588 €L 19 '8 89 88 ¥L L 8 99 66— 88 97— 0 0s 0 ¥ €8 PIL 86
o6'E8 0 8t 0 0¢ 0 T 0 (14 99 Iy— 88 Or— 0 ¢¢ €9 Ll 0 4
(1eq ds ued]N (OS UBIN (S UBSIA  dS UmAN (S UBOIN  dS UBS]N S UBSN (S UBIN (S UBIN peOT

2y} jo sixe 3uoj 2y} 03 :
yoneal Ul ¢ pue ‘7' § 98nen { 28nen , 98nen 9 28ne0n) ¢ 98nen  98nen € 9%nen 7 98nen 1 98nen
sagned sopun) ureils e

redound jo suondaiig uieng

(UoNENUOY 210U SAN{EA UIRNS 2A1RToU pUR UONRBUOIS 3)0Usp San[ea UIRIIS 2ANISO]) “(6D-10) s98ned urens autu Aq papiosal se (] = )
fepour 101581d prjos 7 uo (N7} SuIpro] [RASNOIANUI JO §]949] SNOUIRA 18 5TPUQ fE[NQIPUBW PAXY ® Ul urens fedputid jo uondanp pue (31 anay) ue




ACTA ODONTOL SCAND 42 (1984) In vitro strain in a fixed bridge 245

ferent gauges and among the three experi-

22| EgE8 mental situations. Thus, it is obvious that on
cE| 2955 the cutting of the stone model (II), the
zE | B 2 I deformation of the bridge shifted from a
% g% -&,; m o ROy mmocan fairly uniform and simple pilttern—shown,
Zu| 829§ CERREEEE eSS for example, by the almost 90° angle between
28|85 the principal strain line and the long axis of
3| £ E “‘.E the bridge, with approximately linear
- e stress/strain relationships for all the gauges
g% RN B P R BN (Fig. 2)—to a complex strain pattern with
zg | 0t © 5 O e e o e non-linear stress/strain relationships, espe-
o0 & & g AEAERESHAD cially at lower stress levels (Fig. 3).
52 T When an intermediate silicone layer was
2% w | Q|22 wvesvvw incorporated between the model compo-
ER g |7 |PrESwemxes nents (III), an even more complex stress/
3 El 5 Elogzresscen strain relationship and straining pattern was
g S | OVRSS oD T observed (Fig.d4). vels faily
ol At increased stress levels fairly linear
o & ~ || RReddseraen stress/strain relationships were achieved in
g & - - model situations II and ITI. This indicated
Yo § §leesgsagany that in these experimental situations the
g8 =~ R At composite models had shifted to mechani-
E b almovoaaamaa cally less complex ones, probably through
L o | P |CRIERRReE S deformation in the models themselves.
o E El S | i on s e 0 O om0 1 The differences between the data of Fig.
58 © g ESI0RE8BARI 2 and Figs. 3 and 4 indicate that, in the
§E® experimental situation used, the recorded
E E R B BV VNN NN P strain was markedly influenced by the design
ECRERE- 1IN PP and mechanical properties of the models.
EC S| 8 2 AR ENE SRR R TR Biological systems in which dental bridges
§ %‘ are incorporated clinically are extrfemely
bl x complex from the mechanical point of view
; @ Zaﬂ and I;)of less inherent rigidity than stone
g8 éé . g)g)(;lels. Thﬁ tisslues bSliEpofmng den_ttal
53 & bridges are themselves both of a composite
'é iﬂ Al eomamnooas ‘§ and anisotropilc nature and ofteMn exhibit
g D% |osoa-moawmo~ | ¥ gross morphologic variations. Moreover,
é:‘”) g*;‘) - - - ; tghe direction of thp fuqctional load can never
5 E SIS |FRRNRA8822 (= be fully standardized in a model situation.
£z = | Toanmenne 2 Even though masticatory systems are
j§ 3 Alneene oo E known to be mechanically complex and
£ o|P|errerorrod o model systems II and III were found to have
=R . £ complex stress/strain relationships, it has not
sa O3 |FLCRI["QF2LY | ¥ been demonstrated that either or both of
ic = P11 T 18 these two models were more relevant than
3 W Alwe 0o wn 5 model system I in comparison with the clin-
=& EO P | ®roowRE XSS | 2 o] sjtuation.
é% é T E _ In this study the strain gauges were pos-
DE| 1712 |BRESTREER & wioned iy e o the brdge comructon
“ g $ where clinic
?; g ?é FETEIRTSTS e mechanical failures appear (17). Through
w1

explorative use of a strain lacquer it would
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Fig. 2. Strain (true pe)
in a fixed mandibular
bridge at various levels
of intercuspal loading
(N) on a solid plaster
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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 (1) 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
to 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

model as recorded by
300

nine strain gauges (G1-
G9).

500

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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Fig. 3. Strain (true pe) in a fixed mandibular bridge at various levels of intercuspal loading (N) on a cut plaster

model as recorded by nine strain gauges (G1-G9).

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 pe) 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 (G1-G3 and G5-G9).
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