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Validity of using bovine teeth as a
substitute for human counterparts in
adhesive tests

F. Saleh’ and N. Taymour®
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ABSTRACT Shear and tensile bond strengths of 40 human and 40 bavine teeth were compared. Teeth were
randomily assigned to group |, which received light-cured composite resin, or group ll, which received light-
cured resin-reinforced glass ionomear cemant. The groups were subdivided for shear and tensile bond
strength tests, which were conducted on a universal testing machine installed to a computer transducer.
Statistical analysis revealed a highly significant difference between shear and tensile bond strengths of
human and bovine enamel; however, regression prediction equations support the use of hovine testhas a
reliable substitute to human counterparts in bonding studies of orthodontic adhesion.

Validité de P'utilisation de dents de becuf en remplacement des dents humaines dans les tests
d'adhérence

RESUME On a comparé la résistance au cisaillement et & la traction de 40 dents humaines et 40 dents de
hoeuf. Les dents ont été réparties de maniére aléatoire entre le groupe 1 qui a recu des composites
photopolymérisables et le groupe Il qui a regu des ciments de verre ionomére renforcés par résine photo-
polymérisable. Ces groupes ont é1¢ subdivisés pour les tests de résistance au cisaillement et & la traction qui
ant &té réalisés sur une machine d'essais universelle installée sur un transducteur informatisé. L'analyse
statistique a mis en évidence une différence trés significative entre la résistance au cisailiement et ala
traction de I'émail humain et celle de 'émail bovin ; toutefois, les équations de prédiction cblenues par
régression vont dans le sens de l'utilisation des dents de boeuf comme substituts fiables des dents humaines
dans les études concernant le collaye orthodontique.
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Introduction

Many investigators have used extracted huy-
man teeth to evaluate the adhesive strength
characteristics of dental adhesive and re-
storative materials [7,2]. The widespread
use of the teeth in /n vitro bond strength
studies simulates in vivo situations. How-
ever, because of recent progress in conser-
vative dental treatment, there is great
difficulty in procuring sound, non-carious
human teeth for in vitro bonding studies.
This difficulty is more pronounced in cases
of evaluating the bond strength characteris-
tics of many direct orthodontic brackets
with adhesive materials. Bovine teeth have
been considered as a possible substitute for
human teeth. Indeed, many rescarchers [3 -
9] are already using bovine lower central
incisors because of their similar micro-
structure to human enamel and because of
the ease of obtaining them [/0).

In this context, both human and bovine
teeth are mammalian and they have certain
characteristics of mammalian enamel. The
enamel forms an outer layer covering the
whole or part of the tooth exposed in the
mouth cavity. The enamel is highly calci-
fied and its origin is from ectoderm that
shows a prismatic structure {17].

Several studies have also been conduct-
ed to determine the similarity between hu-
man and bovine dental enamel in terms of
structural and physical properties. In order
to investigate the structure and determine
the crystal defects and impurities in bovine
and human enamel, Spitzer and Bosch [/2]
studied the absorption and scattering of
light in thin sections of sound enamel. They
concluded that there was no substantial dif-
ference between the refractive indices of
human and bovine enamel. In another
study, the polishing properties of human
and bovine enamel were compared and a
positive correlation of 0.99 was found,

which meant there was a highly significant
similarity in the microstructure of both
enamel surfaces [73].

The present study investigated the pos-
sibility of using the enamel of bovine teeth
as a substitute for human counterparts in
orthodontic bonding tests of recently de-
veloped adhesives.

Methods

Forty (40) freshly extracted permanent bo-
vine mandibular incisors were collected
from a local slaughterhouse within a few
hours after slaughiering, Another 40 re-
cently extracted human maxillary central
incisors were collected from the dental
school clinics of the Faculty of Dentistry.

Eighty (80) pre-adjusted metal brackets
(Adenta, Germany) with retentive mesh
back for direct bonding and 13.99 mm?
nominal areas were used. Two different
adhesives were used: light-cured compos-
ite resin [Reliance Light Bond, Orthodontic
Products, Itasca, Illinois, United States of
America (USA)] and light-cured resin-rein-
forced glass ionomer cement {Fuji Ortho
LC, GC Corp., Tokyo, Japan).

The selected human and bovine teeth
were thoroughly cleaned and washed under
running tap water and all adherent soft tis-
sues were removed. The teeth were stored
in distilled water at room temperature until
the time of testing.

All human and bovine teeth roots were
embedded into an autopolymerizing acrylic
resin formed by a standard size plastic ring
(15 mm height and 25 mm diameter). The
teeth were randomly assigned into two
main groups and four subgroups. Teeth
were then mounted in acrylic blocks with
their labial surfaces in either horizontal
shear mode or vertical tensile mode.
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After mounting and immediately before
bonding procedures, all prepared test spec-
imens were cleaned and polished with a
rubber prophylaxis cup using non-fluori-
dated pumice, then rinsed thoroughly with
fresh tap water.

The labial surfaces were etched using
37% orthophosphoric acid for 30 seconds.
Each tooth was thoroughly washed to re-
move the etching remnants and was lightly
dried with oil-free compressed air for 30
seconds [6]. The light bond composite res-
in adhesive was applied according to the
manufacturer’s instructions. The light
source was then directed to the bracket and
the adhesive material was light-cured for
20 seconds using a visible light-curing unit
(Litex 680, Dentamerica, USA) on each of
the four sides of the bracket (mesial, distal,
incisal and gingival). All test specimens
were stored in distilled water at 37 = | *C
until ready for testing at 24 hours [74].

The shear and tensile bond strength
tests were conducted on a universal me-
chanical testing machine (ELE International
Ltd., United Kingdom) installed to a special
computer/transducer. A special rigid metal
frame was designed to hold the acrylic cyl-
inder carrying the specimen to be tested.
The metal frame 1s composed of two parts:
a lower part and an upper part. The lower
metal frame is made of an outer part which
is rigidly attached to the lower movable
compartment of the shear box, and an inner
part which surrounds a machined slot of
the metallic frame into which the specimen
to be tested is placed.

For the shear bond strength test, the la-
bial surface was horizontally seated in the
acrylic cylinder and held rigidly. The ap-
plied load was directed parallel to the
bracket-enamel interface with a crosshead
speed of 1 mm/min [6]. For the tensile
bond strength test, the labial surface was
placed vertically in the acrylic cylinder and

the tensile load was applied perpendicular
to the bracket-enamel interface with a
crosshead speed of 1 mum/min [6].

All data analyses generated from the
shear and tensile bond strength tests were
transferred to an integrated computer sys-
tem through special transducers utilizing
software packages. The force in newtons
(IN) required to cause bonding failure be-
tween the enamel-bracket interface was
recorded and the shear and tensile bond
strength values were calculated in kg/om?
by converting force values from N to kg
and dividing by the cross-sectional area of
the bracket base. Means and standard devi-
ations were calculated for shear and tensile
bond strength values and statistical analysis
was carried out using the Mann-Whitncy Z
test.

Results

The shear and tensile bond strength values
in kg/em? and in MPa on both human and
bovine teeth using the two orthodontic ad-
hesives—light-cured composite resin and
glass ionomer cement were coltected (Ta-
bles 1 and 2). There was a significant dif-
ference between the shear bond strength
values of human teeth and bovine teeth
with the two adhesive systems, the com-
posite resin group (Z = 3.7839, P =
0.0002) and the glass ionomer cement
group (Z = 3.6312, P = 0.0003) (Table 1).
When comparing the two adhesive groups,
the composite resin group showed signifi-
cant difference of shear bond strength val-
ues than that of the glass ionomer cement
group in both bovine (£ = 3.4042, P =
0.0007) and human teeth (Z = 3.7839, P =
0002).

The tensile bond strength values fol-
lowed a similar result pattern to the shear
bond strength data (Table 2). The human
teeth used in this study showed significant-
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Table 1 Statistical analysis of the shear bond strength values of composite
resin and glass ionomer cement on human and bovine teeth

Setial shiear bond strength in kgfem?® (MPa)
Composite resin Glass ionomer cement
Bovineteeth Humanteeth Bovineteeth Human teeth

1 5330(522) 103.70{10.46) 36.00(3.53) 52.60(5.15)
2 54,70{5.36) 105.90(10.38) 239.20(3.34) 74.20(7.27)
3 54.80(5.37) 108.00{10.59) 40B0D{3.58) 79.70(7.81}
4 59.00(5.78) 111.70{10.95) 43.50(4.26) 80.0{(7.84)
5 62.50(6.12) 114.50{11.22)  4470(4.28)  81.40(7.98)
6 62.70(6.14)  116.7(11.44)  46.00(4.51)  82.20(8.06)
7 64.20(6.29) 117.40(11.51) 4750(4.65}  85.70(8.40)
8 64.20(6.29) 120.00(19.65) 5340(5.23) 88.60(8.68)
9 54,60(5.35) 105.90(10.38) 57.00(5.58) 92.20(9.04}
10 64.30(6.30) 117.40(11.51} 44.70(4.38)  81.40(7.98}
Mean 59.43(5.82) 113.02(11.08) 45.26(4.43) 79.80(7.82)
s 4.65 7.64 6.03 10.79

Mann=-Whitney £

Mann-Whitney Z

between materials

3.7839, P=0.0002

3.4042, P=0.0007

3.6312, P=0.0003

3.7839, P=0.0002

s = standard deviation.

1y higher tensile bond strength values than
their respective bovine counterparts for
both the composite resin group (Z =
37934, P = 0.0001) and the glass ionomer
cement group (Z = 3.7041, P = 0.0002).
When comparing the two adhesive systems
to each other, the composite resin group
showed significantly higher tensile bond
strength values than that of the glass iono-
mer cement group in the human test groups
(Z = 3.4838, P = 0.0005) whereas no sta-
tistically significant difference was found
between the two adhesive systems in the
bovine test groups (Z = 1.366032, P =
0.172).

There was a correlation (Pearson’s co-
efficient) between human and bovine teeth
for the respective shear and tensile bond

strength values using the two orthodontic
adhesives (Table 3). A statistically signifi-
cant Pearson’s coefficient (P < 0.05) was
fonnd hetween human and bovine teeth for
the shear and tensile bond strengths param-
eters using glass ionomer cement. With the
composite resin adhesive, a significant cor-
relation (P < 0.05) was found between hu-
man and bovine teeth for the shear bond
strength parameter, whereas no significant
correlation (P > 0.05) was found for the
tensile bond strength parameter.

From the Pearson coefficients in Table
3 regression prediction equations were set
up. These equations supported the use of
bovine teeth as a substitute for human teeth
in both shear and tensile bond strength tests
in cases of direct orthodontic bonding,
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Table 2 Statistical analysls of the tensile bond strength values of composite
resin and glass lonomer cement on human and bovine teeth

Serial Tensile bond strength in kg/em? (MPa)
Composite resin Glass ionomer cement
Bovineteeth Human teeth Bovineteeth Human teeth

1 13.60(1.33) 26.70(2.61) 10.60(1.03) 18.50(1.81}
2 14.40(1.41) 93.00(3.82) 10.80(1.05) 19.20(1.88)
3 16.00 {1.56) 30.60(3.00) 11.20(1.09)  20.20(1.98)
4 16.80(1.84) 33.60(3.29) 13.00(1.27) 20.70(2.03)
5 19.50 (1.91) 37.50(3.67} 13.20(1.29) 21.60({2.11)
6 13.60(1.33) 26.70(261) 15.20(1.49) 23.00(2.25)
7 14.40(1.41) 39.00(3.82) 16.50(1.61) 24.50(2.40)
8 16.00(1.56) 30.60(3.00) 16.60(1.62) 25.20(2.47)
9 16.80(1.64) 33.60(3.29) 18.00(1.76) 27.40(2.868}
10 19.50(1.81) 37.50(3.87) 18.70(1.83) 27.80(2.79)
Mean 18.06 {1.57) 33.48(3.28) 14.38(1.41) 22.81(2.23)
s 217 474 3.03 332

Mann-whitney Z

Mann-Whitney Z
between materials

3.7939, F=0.0001

1.3632, P=0.172

3.7041, P =0.0002

3.4838, P=0.0002

s = standard deviation.

Discussion

In order to find a substitute for human teeth
in adhesion tests of orthodontic brackets,
the bond strength to bovine tecth was com-
pared with that of human teeth using two
types of orthodontic adhesive materials.
Human maxillary central incisors were
chosen for the bond strength tests in this
study. These teeth are considered ideal for
bonding studies because they have a nearly
flat bonding surface, which helps in the fit-
ting of a bracket base. Permanent bovine
mandibular incisors were used in the
present study because of the ease of ob-
taining them and because these teeth are
closer to the size of maxillary central inci-
SOrIS.

The present study found some differ-
ences in the bond strengths between hu-
man and bovine teeth although they appear
to be very similar on a histochemical and
anatomic basis [ /7], The adhesion to enam-
el showed a statistically significant ditfer-
ence between human and bovine teeth with
the two types of orthodontic adhesives
used. The strength of the bond to bovine
ename] was statistically weaker than to hu-
man enamel. Mariwaki et al. reported that
the large crystal gramns and the lattice de-
fects found in bovine enamel were the re-
sults of the rapid development of bovine
teeth during tooth formation before and af-
ter eruption [/J5]. Moreover, the lower
ename! bond strengths reported for bovine
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Table 3 Pearson coefficient correfation between human and
bovine shear and tensile bond strengths using composite resin

and glass ionomer ¢cement

Parameter Compositeresin  Glass ionomer cement
Shear bond strength 0.8897 0.8434"
Tensile bond strength 0.472 0.9864"

P < 0.05.

teeth in this stndy may be attributed to the
difference between the critical surface ten-
sion of bovine and human enamel. This
finding was consistent with the results of
Yu and Chang who reported a lower critical
surface tension for bovine teeth than for
human teeth [76].

Despite the differences between human
and bovine teeth in the orthodontic adhe-
sion tests of the present study, bovine
enamel may still be a reliable substitute for
human enamel in bonding studies designed
for orthodontic adhesions. Regression pre-
diction equations of the results of the
present study supported the use of bovine
teeth as a substitute for human teeth in
bonding studies designed for orthodontic
adhesion. The present results agreed with
the findings of Nakamichi et al. [77] who
reported that bovine teeth could be used as
a substitute for human teeth in adhesion
tests to enamel although mean values were
lower with bovine teeth. The present study
also agreed with the results obtained by
Barkmier and Erickson who used adhesives
designed for restorative dentistry and
found that enamel bonded to bovine teeth
was significantly weaker than to human
teeth [78]. The resuits of the present study
were also consistent with those obtained by
Oesterle et al. wha found that bovine lower

incisors could be successfully uscd to
study enamel bond strength with orthodon-
tic bonding materials although the bond
was 21%—44% weaker to bovinc than to
human enamel [/0]. Moreover, the shear
and tensile bond strengths to both human
and bovine enamel increased or decrcased
simultaneously in the present study, an indi-
cation that both human and bovine teeth act
in a similar manner and follow a similar pat-
tern of behaviour.

Conclusions

The shear and tensile bond strengths to
enamel showed statistically significant dif-
ferences between human and bovine teeth
with the two types of orthodontic adhesive
materials used. Bond strengths to human
enamel were superior than to bovine teeth.
Regression prediction equations used in
this study support the use of bovine teeth
as substitutes for human teeth in both shear
and tensile bond strength tests for direct
orthodontic bonding procedures. Further
studies are needed to evaluate the use of
bovine teeth as substitutes for human teeth
in adhesion tests designed for restorative
dentistry as well as other dental purposes.
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