
273

Abstract: The aim of this paper was to review in 
vitro and in situ studies that directly compared the 
use of bovine teeth as a substitute for human teeth in 
dental experiments. A PubMed search was conducted 
for papers published from 1953 to December 30, 
2010 using the following keywords: “human bovine 
enamel” or “human bovine dentin” or “human bovine 
teeth”. The abstracts of the studies resulting from 
the keyword search were read, and all papers that 
compared human and bovine teeth were fully read. 
Only original articles written in English and directly 
comparing human and bovine substrates were 
included in the review. The search was supplemented 
by manual searches of the reference lists from each 
identified paper. Out of 76 studies initially selected, 
68 fulfilled the selection criteria for inclusion. The 
studies covered seven categories: dental morphology, 
chemical composition, physical properties, dental 
caries, dental erosion/abrasion, bonding/adhesive 
strength, and marginal microleakage. Inconsistent 
data exist regarding whether bovine teeth can be 
considered an appropriate substitute for human teeth 
in dental research. Morphological, chemical composi-
tion and physical property differences between the 
two substrates must be considered when interpreting 
results obtained from any experiment using bovine 
tooth substrate. (J Oral Sci 53, 273-282, 2011)

Keywords: human teeth; bovine teeth; dental caries; 
dental erosion; bonding strength; microle-
akage.

Introduction
Specimens generated from human teeth are preferred 

for in vitro and in situ dental research because they allow 
for testing of the study hypothesis in a more clinically 
relevant substrate. However, some disadvantages and 
limitations with the use of human teeth exist (1). They 
are often difficult to obtain in sufficient quantity and with 
adequate quality, since many are extracted due to exten-
sive caries lesions and other defects (1). It can also be 
challenging to control the source and age of the collected 
human teeth, which may lead to larger variations in the 
outcome measures of the study (2). Furthermore, the 
relatively small and curved surface area of human teeth 
may also be a limitation for specific tests requiring flat 
surfaces of uniform thickness (2). Finally, awareness 
of the infection hazard (3) and ethical issues (4) have 
increased. Therefore, alternative substrates have been 
proposed and used in dental research.

Several types of non-human teeth have been utilized 
as substrates for in vitro and in situ dental experiments. 
Common examples are primate (5), bovine (6), swine 
(7,8), equine (9), and shark teeth (10). However, bovine 
teeth have been the most widely used substitute for 
human teeth in dental studies and their use has dramati-
cally increased in the last 30 years. Bovine teeth are easy 
to obtain in large quantities, in good condition and with 
a more uniform composition than that of human teeth. 
Furthermore, bovine teeth have a relatively large flat 
surface, and do not have caries lesions and other defects 
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that might affect outcomes (1). Although bovine teeth 
have commonly been used, some concerns about the 
application of data obtained from bovine to human teeth 
have been raised, as their chemistry and structure are not 
identical (11-13). Studies comparing both substrates have 
been performed and published in different fields of dental 
research. The aim of this review was to identify these 
studies, including both in vitro and in situ, to compare 
their results, and to verify the validity of using bovine 
teeth as a substitute for human teeth in dental experi-
ments.

Search strategy
PubMed was searched for papers published from 

1953 to December 30, 2010. The search keywords were: 
“human bovine enamel” or “human bovine dentin” 
or “human bovine teeth”. The abstracts of the studies 
resulted from the keyword search were read. Only original 
articles written in English, directly comparing between 
human and bovine substrates were included in the review 
and fully read. The search was supplemented by manual 
searches of the reference lists from each identified paper. 
Interim reports, abstracts, letters, short communications, 
reviews, and chapters in textbooks were excluded from 
the final review.

Search results
Out of 1073 abstracts originally identified, 76 were 

initially selected. Eight papers were excluded after 
evaluation of the full paper (14-21), as they indirectly 
compared human and bovine teeth. Therefore, 68 papers 
were included in the final review. The studies covered 
seven main categories: morphology (5 studies) (22-26), 
chemical composition (11 studies) (27-37), physical 
properties (12 studies) (38-49), dental caries (7 studies) 
(6,9,50-54), dental erosion/abrasion (10 studies) (55-64), 
bonding/adhesive strength (17 studies) (65-81), and 
marginal microleakage (7 studies, with one duplicate 
between bonding strength and marginal microleakage) 
(7,78,82-86).

Micro-morphology studies
Five studies were reviewed (22-26). All of the studies 

used scanning electron microscopy (SEM). Arends and 
Jongebloed (22) studied the average diameter of enamel 
crystallites in human and bovine teeth. Larger diameters 
were found for bovine crystallites, with a bovine: human 
ratio of 1.6:1. Schilke et al. (23) showed no significant 
differences in the number and mean of dentinal tubules 
between bovine coronal dentin and the dentin of human 
primary and permanent molars. Camargo et al. (24) 

found a significantly higher number of dentin tubules 
in bovine teeth compared to human teeth. However, 
the diameter of tubules was the same in both types of 
specimens. Camargo et al. (25) compared the superficial 
morphology of bovine and human sclerotic dentin. No 
significant difference was found in the number of open 
dentin tubules in either species. In contrast, Lopes et al. 
(26) compared the tubular dimensions and distribution 
of human and bovine dentin in superficial, middle and 
deep dentin regions. The authors found that the number 
of tubules per square millimeter, regardless of the region, 
was significantly higher in human dentin than in bovine 
dentin.

Chemical composition studies
Eleven studies were reviewed (27-37). Bisaz et al. (27) 

showed detectable amounts of inorganic pyrophosphate 
in enamel and dentin of both human and bovine teeth. 
Feagin et al. (28) showed that the Ca/P ratio of the mineral 
removed from the enamel surfaces during demineraliza-
tion, as well as the remineralization characteristics, were 
the same in both human and bovine enamel. Davidson 
et al. (29) found that the calcium content by weight of 
bovine and human tooth enamel was 37.9% and 36.8% 
respectively, and the calcium distribution was more 
homogenous in bovine enamel compared to human 
enamel. Mellberg and Loertscher (30) showed that 
fluoride uptake by sound permanent human and primary 
bovine enamel was different. Gwinnett et al. (31) found 
no significant difference in fluoride uptake between 
etched human and bovine enamel. Sydney-Zax et al. (32) 
showed no significant difference in carbonate content 
between human and bovine enamel at different stages 
of their development. However, the study compared 
primary human teeth to bovine teeth and did not clarify if 
primary or permanent bovine teeth were used. Camargo 
et al. (33) compared the calcium ion release and the pH of 
storage solutions between human and bovine teeth after 
the application of calcium hydroxide pastes with four 
different paste vehicles. The study revealed no signifi-
cant difference between bovine and human teeth in the 
pH measurement, but bovine teeth showed significantly 
higher calcium ion release compared to human teeth.

Fincham (34) found that enamel matrix proteins 
isolated from developing human incisors showed overall 
amino acid composition similar to bovine developing 
enamel. However, some differences in electrophoretic 
patterns of enamel matrix between the two species were 
noted. These results were confirmed later using chromato-
graphic, electrophoretic, and amino acid analyses (35). 
On the other hand, major differences between protein 



275

contents of primary bovine and human enamel were 
found in another study (36). Jameson et al. (37) showed 
that the magnitude of water loss was significantly greater 
for bovine than for human dentin. However, rehydration 
of 99% of the weight of bovine dentin and 100% of the 
weight of human dentin was achieved in the study.

Physical properties studies
Twelve studies were reviewed (38-49). Putt et al. (38) 

found no significant difference in the polishing degree 
rank of seven abrasives for human and bovine enamel. 
Spitzer and Bosch (39) found that the refractive indices 
were not significantly different between human and 
bovine enamel. However, the absorption peak at 270 nm 
in the bovine enamel spectrum was three times higher 
than that in the spectrum of human enamel. The same 
authors indicated no substantial differences between the 
luminescence of human and bovine enamel (40). On the 
other hand, Zijp and ten Bosch (41) revealed differences 
between human and bovine dentin both in scattering and 
anisotropy. Yu et al. (42) showed that mean translucency 
values of 1 mm thick bovine enamel, bovine dentin, 

human enamel and human dentin were 14.7, 15.2, 18.7, 
and 16.4, respectively.

Reeh et al. (43) compared the effect of five different 
lubrication regimens in vitro between human and bovine 
enamel. The authors found high correlations between 
different lubricants on the two enamel substrates. Sano 
et al. (44) found no significant difference between miner-
alized or demineralized dentin of human and bovine 
teeth in either ultimate tensile strength or modulus of 
elasticity. Schmalz et al. (45) observed no significant 
difference between human and bovine dentin in hydraulic 
conductance and diffusional water flux. However, the 
authors found that the variability of the permeability data 
for bovine dentin was about half that of human dentin. 
Soares et al. (46) observed no significant difference in 
fracture strength of composite partial denture that is fixed 
to either human or bovine teeth, regardless of the use of 
fiberglass reinforcement or not.

Tanaka et al. (47) found that the radiographic density 
of bovine enamel and coronal dentin was significantly 
higher than that of human enamel and coronal dentin, 
respectively. However, no significant difference in the 

Table 1   Summary of studies compared directly between human and bovine teeth in dental caries

Author(s) Pertinent aim of the study Type of 
study

Enamel/
dentin

Root/
crown Technique(s) used Pertinent outcome

Anderson et al. 
(50)
(1998)

Compare the local integrated 
mineral loss through small 
areas of the natural surface of 
human and bovine teeth during 
demineralization.

In Vito Enamel Crown Scanning microradiograph No clear distinction in mineral loss was 
found between human and bovine enamel.

Edmunds et al. (9)
(1988)

Compare artificial caries lesions 
created with bacterial challenge 
or acidic gel between human and 
bovine teeth.

In vitro Enamel Crown Polarized light microscopy
SEM

The depth of caries lesion in human 
enamel was half of that in bovine for 
both types of lesion, similar depth ratio 
was seen in SEM, and structure of the 
lesion was the same in human and bovine 
enamel.

Featherstone and 
Mellberg (6)
(1981)

Compare the rates of artificial 
caries lesion production in 
permanent human and bovine 
teeth using two different caries 
production systems.

In vitro Enamel Crown Dye imbibitions
Microhardness tester

Caries lesion progressed 2 times faster 
in bovine enamel compared to human 
enamel.

Hara et al. (52)
(2003)

Compare bovine and human 
teeth in caries progression, 
inhibition and biofilm 
composition.

In situ Dentin Root Microbiological analysis 
Cross sectional 
microhardness
Polarized light microscopy

No significant difference was found 
between human and bovine dentin 
in caries progression, inhibition and 
composition of biofilm formed.

Kielbassa et al. 
(53)
(2006)

Evaluate the effects of 
irradiation and surface 
condition on remineralization 
of dematerialized human and 
bovine enamel.

In situ/
In vitro

Enamel Crown Transverse 
microradiography

Abrasion hampered demineralization 
in irradiated bovine specimens but not 
human specimens.

Souza-Gabrial et 
al. (51)
(2010)

Compare the ability of CO2 laser 
irradiation, fluoride varnish, 
and fluoride gel to inhibit the 
progression of artificial caries 
lesion in human and bovine 
enamel.

In vitro Enamel Crown Cross sectional 
microhardness
SEM

Significantly higher microhardness in 
bovine enamel compared to human 
enamel.
SEM showed no significant qualitative 
difference between bovine and human 
enamel.

Teranaka et al. (54)
(1986)

Compare the protein contents 
of artificially created bovine 
shallow caries lesions exposed to 
the mouth, and natural arrested 
human caries lesion.

In situ/ 
In vitro

Enamel Crown Beckman 121-M amino-
acid analyzer

Incorporated organic material in bovine 
early caries lesion changed with time 
from having components dissimilar to 
natural human arrested caries lesion to 
ones similar to it.
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radiographic density was found between bovine and 
human radicular dentin. Fonseca et al. (48) showed no 
significant difference in radiodensity between human and 
bovine enamel or dentin. Fonseca et al. (49) compared 
the radiodensity and hardness of human and bovine 

enamel and dentin of varying age. The study found that 
radiodensity was similar within enamel groups of human 
and bovine teeth. However, bovine dentin presented 
higher radiodensity than human regardless of age of the 
bovine teeth. Furthermore, Knoop hardness was similar 

Table 2   Summary of studies compared directly between human and bovine teeth in dental erosion/abrasion

Authors Pertinent aim of the study Type of
 study

Type of 
tooth

Enamel/
dentin

Root/
crown Technique used Pertinent outcome

Amaechi et al. 
(60)
(1999)

Determine the influence 
of enamel type on the 
development and progression 
of dental erosion.

In vitro Permanent Enamel Crown Microradiography Significant lower mineral loss and lesion depth 
were observed in human permanent enamel and 
human primary enamel compared to bovine 
permanent enamel.

Attin et al. (59)
(2007)

Compare the tooth surface 
loss of human permanent 
and primary teeth with that 
of bovine permanent and 
primary teeth as induced by 
toothbrush abrasion, erosion 
and the combination of 
erosion and abrasion.

In vitro Permanent
Primary

Enamel Crown Profilometry No significantly different in enamel loss between 
the different substrates after abrasion.
Enamel loss of the human primary and 
permanent teeth was significantly lower than 
that in bovine primary and permanent teeth 
respectively, after both erosion and erosion–
abrasion challenges.

Imfield (62)
(2001)

Determined the mechanical 
effects of manual toothbrush 
on standard abrasive on 
human and bovine samples.

In vitro Permanent Dentin Root Relative dentin 
abrasion
Surface roughness 
(profilometry)
Cleaning effect

No significant difference was observed in 
abrasion or surface roughening between human 
and bovine dentin.
Staining was easier to remove from human 
dentin compared to bovine.

Meurman and 
Frank (58)
(1991)

Compare dental erosion 
process qualitatively between 
human and bovine prismatic 
enamel that were immersed 
in acidic soft drinks for 
various time intervals.

In vitro Permanent Enamel Crown SEM No difference was noticed in the progression 
of erosion and in the surface ultrastrucrure of 
erosive lesions between human and bovine 
substrates.

Rios et al. (55)
(2006)

Compare quantitatively the 
behavior of bovine and 
human enamel substrates in 
abrasive lesions.

In situ/
ex vivo

Permanent Enamel Crown Surface 
microhardness
Wear profile

The bovine enamel showed significantly 
less microhardness value and higher wear as 
compared to human enamel.

Rios et al. (56)
(2008)

Evaluate the effect of 
stimulated saliva on the 
enamel surface of bovine and 
human substrates submitted 
to erosion followed 
by brushing abrasion 
immediately or after one 
hour.

In situ Permanent Enamel Crown SEM No differences between human and bovine 
enamel was observed.

Turssi et al. 
(57)
(2010)

Compare human and bovine 
substrates in two dental 
erosion models.

In situ Permanent Enamel
Dentin

Crown
Root

Surface 
microhardness

No significant difference in microhadness 
between human and bovine enamel.
Microhardness was significantly higher in 
human root dentin compared to bovine root 
dentin.

Wegehaupt et 
al. (64)
(2008)

Compare the dentin wear 
caused by erosion-abrasion 
of permanent and primary 
human and bovine teeth.

In vitro Permanent
Primary

Dentin Crown Surface 
profilometry

No significant difference in dentin wear induced 
by abrasion between primary and permanent 
human and bovine dentin respectively.
Dentin wear induced by erosion was 
significantly higher for permanent and primary 
human than for permanent and primary bovine 
dentin respectively.
No significant difference in dentin wear induced 
by abrasion-erosion between permanent human 
and bovine dentin.
Dentin wear induced by abrasion-erosion was 
significantly higher for primary human dentin 
compared to primary bovine dentin.

Wegehaupt et 
al. (63)
(2010)

Compare the tooth surface 
loss of human and bovine 
dentin due to tooth brushing 
with different relative dentin 
abrasivity toothpastes.

In vitro Permanent Dentin Root Contact 
profilometry

No significant differences in the dentin wear 
between human and bovine root dentin.

White et al. 
(61)
(2010)

Compare human and bovine 
erosion over acid-exposure 
times of two seconds to one 
hour.

In vitro Permanent Enamel Crown Nanoindentation
Profilometry

No statistically significant difference in 
nanoindentation softening between both 
substrates at the shortest acid-exposure times 
(2-60 seconds).
Profilometry showed that bovine enamel 
eroding 30% faster than human enamel at longer 
exposure times (1-60 minutes).



277

Table 3   Summary of in vitro studies compared directly between human and bovine teeth in bonding/adhesive strength

Authors Pertinent aim of the study Enamel/
Dentin

Type of 
tooth

Adhesive system(s) 
used

Root/
crown

Type of bond 
strength tested Pertinent outcome

Barkmeier 
and Erickson 
(72)
(1994)

Evaluate the bond strength of 
resin composite bonded to both 
human and bovine teeth.

Enamel
Dentin

Permanent Scotch Bond Multi-
Purpose

Crown Shear bond 
strength

Bond strengths to bovine enamel were 
significantly lower than to human 
enamel.
No significant difference between human 
and bovine dentin bond strength.

Cadwell and 
Johannessen 
(70)
(1971)

Compare the adherence of six 
direct filling materials to human 
and bovine teeth.

Enamel
Dentin

Permanent Did not include the 
brand names

Crown Ring shear test Adherence of the filling materials to 
human enamel and dentin significantly 
higher than that of bovine enamel and 
dentin.

Fowler et al. 
(73)
(1992)

Compare both tensile and shear 
bond strength between human 
and bovine teeth. 

Enamel
Dentin

Permanent Scotchbond 2
Ketac-Fil cement

Crown Tensile bond 
strength
Shear bond 
strength

Bond strength measurements obtained 
with human and bovine enamel were 
essentially comparable.
A trend for higher bond strength values 
with bovine than with human dentin was 
observed.

Galhano et al. 
(81)
(2009)

Compare push out strength of 
bovine and human teeth.

Dentin Permanent All Bond 2 Universal 
Adhesive System

Root Push out bond 
strength

Push out bond strength was significantly 
higher in human root dentin compared to 
bovine root dentin.

Kaplan et al. 
(79)
(1996)

Compare bond strength 
between human and bovine 
teeth.

Dentin Permanent 
(human)
Primary 
(bovine)

Scotchbond
Bondlite
Prisma Universal 
Bond
Gluma

Crown Tensile bond 
strength

Bond strength was lower in bovine 
dentin than in human dentin.

Krifka et al. 
(68)
(2008)

Compare the bonding 
performance of four adhesive 
luting agents to dentin and 
enamel of human and bovine 
teeth.

Enamel
Dentin

Primary Syntac Assortment
Adaper Prompt 
L-Pop
iBond Gluma inside
Clearfil Protect Bond

Crown Shear bond 
strength

No significant difference in bond 
strength between human and bovine 
enamel.
No significant difference in bond 
strength between human and bovine 
dentin.

Lopes et al. 
(74)
(2003)

Compare bond strength 
between human and bovine 
substrates using two adhesive 
systems with different actions.

Enamel
Dentin

Permanent Scotchbond Multi-
Purpose
Clearfil Liner Bond 
2V

Crown Shear bond 
strength

No significant difference between human 
and bovine enamel bond strength.
Bond strength was significantly higher in 
bovine dentin when Scotchbond Multi-
Purpose was used.

Muench et al. 
(77)
(2000)

Compare bond strength 
between human and bovine 
substrates using three adhesive 
systems.

Dentin Permanent Prime and Bond 2.1
Single Bond
Etch and Prime 3

Crown Tensile bond 
strength

No significant difference between 
human and bovine dentin bond strength, 
regardless of the adhesive system used.

Nakamichi et 
al. (71)
(1983)

Compare adhesive strength to 
human and bovine teeth using 
various cements and composite 
resins.

Enamel
Dentin

Permanent Carlon
Unident
HY-Bond Carbo-
cement
FuyjpieIIo1n-oFmer
Crown, Bridge & 
Inlay Cem
Adaptic D. Rest
Adaptic Bond. A.
Clearfil Bond Systen 
F

Crown Tensile 
adhesion 
strength

No significant difference between human 
and bovine enamel.
No significant difference between human 
and bovine superficial dentin.

Oesterle et al. 
(66)
(1998)

Compare bond strength with 
orthodontic bonding materials 
between bovine and human 
teeth.

Enamel Permanent\
primary

Orthodontic 
adhesives (did not 
include brand name )

Crown shear/peel 
bond strength

Bond strength to primary and permanent 
bovine enamel was 21% and 44% 
weaker than permanent human enamel.

Reis et al. 
(75)
(2004)

Compare bond strength and 
etched micro-morphology 
between human and bovine 
teeth.

Enamel
Dentin

Permanent Single Bond 
Adhesive System

Crown Tensile bond 
strength
SEM

No significant difference between human 
and bovine enamel.
No significant difference between human 
and bovine dentin.
Similar dentin morphology for human 
and bovine teeth.

Retief et al. 
(78)
(1990)

Compare bond strength 
between human and bovine 
teeth.

Dentin Permanent Scotch Bond 2/ Silux Crown Shear bond 
strength

Shear bond strength significantly greater 
in human dentin compared to bovine 
dentin.

Saleh and 
Tymour (67)
(2003)

Compare bond strength 
between human and bovine 
teeth.

Enamel Permanent Reliance Light Bond
Fuji Ortho LC

Crown Shear bond 
strength
Tensile bond 
strength

Shear and tensile bond strength were 
significantly higher in human teeth 
compared to bovine teeth.

Saunders (76)
(1988)

Compare the bond strengths 
of four dentin-bonding agents 
between human and a bovine 
substrate.

Dentin Permanent Scotchbond VLC
Topaz
Gluma
3M experimental 
agent

Crown Shear impact 
bond strength

No significant difference in bonding 
strength between human and bovine 
dentin.
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in dentin of human and variously aged bovine teeth. 
However, Knoop hardness of human enamel was similar 
to bovine enamel in older age groups (38 and 48 months), 
but significantly higher than that of younger age groups 
(20 and 30 months).

Dental caries studies
Table 1 shows the details of the seven studies reviewed 

(6,9,50-54). There were four in vitro studies (6,9,50,51), 
one in situ study (52), and two in vitro/in situ studies 
(53,54). Only one study in this category compared dentin 
caries between human and bovine teeth (52), whereas the 

remaining studies compared only enamel caries between 
human and bovine teeth (6,9,50-54). Inconsistent data 
was found regarding the use of bovine substrates as an 
alternative to human teeth in dental caries studies.

Dental erosion/abrasion studies
Table 2 illustrates the 10 studies reviewed in this cate-

gory (55-64). There were three in situ studies (55-57), 
and seven in vitro studies (58-64). Two in situ studies 
compared between human and bovine enamel (55,56); 
the other one compared enamel and dentin of human and 
bovine teeth (57). Four in vitro studies compared human 

Authors Pertinent aim of the study Enamel/
Dentin

Type of 
tooth

Adhesive system(s) 
used

Root/
crown

Type of bond 
strength tested Pertinent outcome

Schilke et al. 
(80)
(1999)

Compare bond strength of 
dentin adhesives between 
human and bovine teeth.

Dentin Permanent Syntac Bonding 
system

Root/
Crown

Shear bond 
strength

No significant difference between human 
and bovine coronal dentin.
Bonding strength of bovine root dentin 
was significantly higher than that of 
human coronal dentin.

Shahabi et al. 
(65)
(1997)

Compare bond strength to 
enamel of human and bovine 
teeth.

Enamel Permanent Scotchbond 
MultiPurpose

Crown Shear bond 
strength

No significant difference in enamel bond 
strength between human and bovine 
enamel.

Titley et al. 
(69)
(2006)

Compare bond strength over 
seven and 180 day period 
of two polyacid modified 
composite resins bonded to 
both human and bovine primary 
teeth.

Enamel 

Dentin

Primary Dyract AP Etched 
and Non Etched
F2000 Etched and 
Non Etched

Crown Shear bond 
strength

No significant difference between human 
and bovine enamel bond strength was 
observed irrespective of the storage 
period.
Bond strength of bovine primary dentin 
was significantly lower than that of 
human primary dentin, when dentin was 
etched with 37% H3PO4.

Table 4   Summary of in vitro studies compared directly between human and bovine teeth in microleakage

Authors Pertinent aim of the study Enamel/
Dentin

Type of 
tooth

Adhesive system(s) 
used Technique used Pertinent outcome

Abuabara et 
al. (7)
(2004)

Evaluate the marginal 
microleakage of human and 
bovine teeth restored with 
composite and glass inomer.

Enamel 
margins

Permanent Single Bond Spectrophotometer Microleakage was significantly higher in 
bovine teeth compared to human teeth.

Almeida et al. 
(85)
(2009)

Analyze the influence of human 
and bovine substrates on 
marginal microleakage.

Enamel 
margins

Permanent Prime & Bond 2.1
Adhese

Stereomicroscope No significant difference between human 
and bovine substrates.

Camargo et 
al. (86)
(2007)

Compare the pulp chamber 
penetration of hydrogen 
peroxide between humane and 
bovine teeth.

Pulp 
chamber
wall

Permanent Composite resin
Glass ionomer 
cement
Resin modified glass 
ionomer

Spectrophotometer Significant higher peroxide penetration 
into pulp chamber in human teeth 
compared to bovine teeth.

Fitchie et al. 
(84)
(1995)

Compare the microleakage of 
bovine and human teeth using 
one adhesive system and two 
different types of composite 
resin.

Enamel 
margins
Dentin 
margins

Permanent Synatc 45Ca radioisotope No significant difference between human 
and bovine substrates.

Lopes et al. 
(82)
(2009)

Compare the microleakage 
pattern between bovine and 
human teeth.

Dentin 
margins

Permanent Clearfil SE Bond
Scotchbond 1

Confocal microscopy Bovine teeth showed significantly higher 
percentage of leakage compared to 
human teeth.

Reeves et al. 
(83)
(1995)

Compare the microleakage 
behavior of 3 bonding systems 
in human and bovine teeth.

Enamel 
margins
Dentin 
margins

Permanent Scotchbond Multi-
Purpose
All Bond 2
Universal Bond 3

45Ca radioisotope No significant difference between human 
and bovine substrates.

Retief et al. 
(78)
(1990)

Evaluate the quantitative 
microleakage of human versus 
bovine substrates.

Dentin 
margins

Permanent Scotchbond 2 Spectrophotometer Microleakage was significantly greater in 
bovine teeth than in human teeth.

Table 3, continuation
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and bovine enamel (58-61), whereas, the remaining three 
in vitro studies compared between human and bovine 
dentin (62-64). Inconsistent outcomes were suggested 
regarding the use of bovine substrate as an alternative to 
human substrate in dental erosion/abrasion studies.

Bonding/adhesive strength studies
Table 3 depicts the 17 in vitro studies reviewed in this 

category (65-81). Three studies tested only human and 
bovine enamel (65-67). Eight studies compared both 
enamel and dentin of human and bovine teeth (68-75). 
The remaining six studies compared only dentin bond 
strength between human and bovine teeth (76-81). 
Inconsistent recommendations were proposed regarding 
the use of bovine substrate as an alternative to human 
substrate in bonding/adhesive strength studies.

Microleakage studies
Table 4 illustrates seven in vitro studies reviewed in 

this category (7,78,82-86). Three of the seven studies 
found that microleakage values were higher in bovine 
compared to human substrates, both in enamel (7) and 
dentin (78,82). On the other hand, three studies found 
no significant differences in marginal microleakage 
between human and bovine teeth, both in enamel (83-85) 
and dentin (83,84). Camargo et al. (86) showed that the 
penetration of 38% hydrogen peroxide bleaching agent 
into pulp chambers was higher in human teeth compared 
to bovine teeth, regardless of the restorative material 
used.

Based on the findings of 68 selected articles in this 
review, inconsistent data exist regarding whether bovine 
teeth can be considered appropriate substitute for human 
teeth, in the reviewed fields of dental research. Morpho-
logical, chemical composition and physical property 
differences between human and bovine teeth must be 
considered when interpreting results obtained from any 
experiment with bovine teeth substrate.

References
 1.  Mellberg JR (1992) Hard-tissue substrates for 

evaluation of cariogenic and anti-cariogenic 
activity in situ. J Dent Res 71, 913-919.

 2.  Zero DT (1995) In situ caries models. Adv Dent 
Res 9, 214-230.

 3.  Rueggeberg FA (1991) Substrate for adhesion 
testing to tooth structure - review of the literature. 
Dent Mater 7, 2-10.

 4.  Skene L (2002) Ownership of human tissue and the 
law. Nat Rev Genet 3, 145-148.

 5.  Poole DF, Shellis RP, Tyler JE (1981) Rates of 

formation in vitro of dental caries-like enamel 
lesions in man and some non-human primates. 
Arch Oral Biol 26, 413-417.

 6.  Featherstone JD, Mellberg JR (1981) Relative rates 
of progress of artificial carious lesions in bovine, 
ovine and human enamel. Caries Res 15, 109-114.

 7.  Abuabara A, Santos AJ, Aguiar FH, Lovadino 
JR (2004) Evaluation of microleakage in human, 
bovine and swine enamels. Braz Oral Res 18, 
312-316.

 8.  Lopes FM, Markarian RA, Sendyk CL, Duarte CP, 
Arana-Chavez VE (2006) Swine teeth as potential 
substitutes for in vitro studies in tooth adhesion: a 
SEM observation. Arch Oral Biol 51, 548-551.

 9.  Edmunds DH, Whittaker DK, Green RM (1988) 
Suitability of human, bovine, equine, and ovine 
tooth enamel for studies of artificial bacterial 
carious lesions. Caries Res 22, 327-336.

10.  Takagi S, Liao H, Chow LC (2000) Effect of 
tooth-bound fluoride on enamel demineralization/ 
remineralization in vitro. Caries Res 34, 281-288.

11.  Titley KC, Torneck CD, Smith DC, Adibfar A 
(1988) Adhesion of composite resin to bleached 
and unbleached bovine enamel. J Dent Res 67, 
1523-1528.

12.  Wennberg A, Orstavik D (1990) Adhesion of root 
canal sealers to bovine dentine and gutta-percha. 
Int Endod J 23, 13-19.

13.  Arends J, Christoffersen J, Ruben J, Jongebloed 
WL (1989) Remineralization of bovine dentine in 
vitro. The influence of the F content in solution on 
mineral distribution. Caries Res 23, 309-314.

14.  Dutra-Correa M, Anauate-Netto C, Arana-Chavez 
VE (2007) Density and diameter of dentinal 
tubules in etched and non-etched bovine dentine 
examined by scanning electron microscopy. Arch 
Oral Biol 52, 850-855.

15. Sanches RP, Otani C, Damião AJ, Miyakawa W 
(2009) AFM characterization of bovine enamel and 
dentine after acid-etching. Micron 40, 502-506.

16.  Tagami J, Tao L, Pashley DH, Horner JA (1989) 
The permeability of dentine from bovine incisors 
in vitro. Arch Oral Biol 34, 773-777.

17.  Sobral MA, Lachowski KM, de Rossi W, Braga 
SR, Ramalho KM (2009) Effect of Nd:YAG laser 
and acidulated phosphate fluoride on bovine and 
human enamel submitted to erosion/abrasion 
or erosion only: an in vitro preliminary study. 
Photomed Laser Surg 27, 709-713.

18.  Levinkind M, Vandernoot TJ, Elliott JC (1990) 
Electrochemical impedance characterization of 



280

human and bovine enamel. J Dent Res 69, 1806-
1811.

19.  Feagin F, Patel PR, Koulourides T, Pigman W 
(1971) Study of the effect of calcium, phosphate, 
fluoride and hydrogen ion concentrations on the 
remineralization of partially demineralized human 
and bovine enamel surfaces. Arch Oral Biol 16, 
535-548.

20.  Shearer TR, Johnson JR, DeSart DJ (1980) 
Cadmium gradient in human and bovine enamel. J 
Dent Res 59,1072.

21.  Arends J, Schuthof J, Jongebloed WG (1980) 
Lesion depth and microhardness indentations 
on artificial white spot lesions. Caries Res 14, 
190-195.

22.  Arends J, Jongebloed WL (1978) Crystallites 
dimensions of enamel. J Biol Buccale 6, 161-171.

23. Schilke R, Lisson JA, Bauß O, Geurtsen W (2000) 
Comparison of the number and diameter of dentinal 
tubules in human and bovine dentine by scanning 
electron microscopic investigation. Arch Oral Biol 
45, 355-361.

24.  Camargo CH, Siviero M, Camargo SE, de Oliveira 
SH, Carvalho CA, Valera MC (2007) Topograph-
ical, diametral, and quantitative analysis of dentin 
tubules in the root canals of human and bovine 
teeth. J Endod 33, 422-426.

25.  Camargo MA, Marques MM, de Cara AA (2008) 
Morphological analysis of human and bovine 
dentine by scanning electron microscope investi-
gation. Arch Oral Biol 53, 105-108.

26.  Lopes MB, Sinhoreti MA, Gonini Jünior A, 
Consani S, McCabe JF (2009) Comparative study 
of tubular diameter and quantity for human and 
bovine dentin at different depths. Braz Dent J 20, 
279-283.

27.  Bisaz S, Russell RG, Fleisch H (1968) Isolation of 
inorganic pyrophosphate from bovine and human 
teeth. Arch Oral Biol 13, 683-696.

28.  Feagin F, Koulourides T, Pigman W (1969) The 
characterization of enamel surface demineraliza-
tion, remineralization, and associated hardness 
changes in human and bovine material. Arch Oral 
Biol 14, 1407-1417.

29.  Davidson CL, Boom G, Arends J (1973) Calcium 
distribution in human and bovine surface enamel. 
Caries Res 7, 349-359.

30.  Mellberg JR, Loertscher KL (1973) Fluoride 
acquisition in vitro by etched enamel from acidu-
lated phosphate-fluoride preparations. J Dent Res 
52, 447-450.

31.  Gwinnett AJ, Buonocore MG, Sheykholeslam Z 
(1972) Effect of fluoride on etched human and 
bovine tooth enamel surfaces as demonstrated by 
scanning electron microscopy. Arch Oral Biol 17, 
271-278.

32.  Sydney-Zax M, Mayer I, Deutsch D (1991) 
Carbonate content in developing human and 
bovine enamel. J Dent Res 70, 913-916.

33.  Camargo CH, Bernardineli N, Valera MC, de 
Carvalho CA, de Oliveira LD, Menezes MM, 
Afonso SE, Mancini MN (2006) Vehicle influence 
on calcium hydroxide pastes diffusion in human 
and bovine teeth. Dent Traumatol 22, 302-306.

34.  Fincham AG (1980) Changing amino acid profiles 
of developing dental enamel in individual human 
teeth and the comparison of the protein matrix of 
developing human and bovine enamel. Arch Oral 
Biol 25, 669-674.

35.  Fincham AG, Belcourt AB, Lyaruu DM, Termine 
JD (1982) Comparative protein biochemistry 
of developing dental enamel matrix from five 
mammalian species. Calcif Tissue Int 34, 182-189.

36.  Robinson C, Lowe NR, Weatherell JA (1975) 
Amino acid composition, distribution and origin of 
“tuft” protein in human and bovine dental enamel. 
Arch Oral Biol 20, 29-42.

37.  Jameson MW, Tidmarsh BG, Hood JA (1994) 
Effect of storage media on subsequent water loss 
and regain by human and bovine dentine and on 
mechanical properties of human dentine in vitro. 
Arch Oral Biol 39, 759-767.

38.  Putt MS, Kleber CJ, Muhler JC (1980) A compar-
ison of the polishing properties of human and 
bovine enamel. J Dent Res 59, 1177.

39.  Spitzer D, Bosch JT (1975) The absorption and 
scattering of light in bovine and human dental 
enamel. Calcif Tissue Res 17, 129-137.

40.  Spitzer D, Bosch JJ (1976) The total luminescence 
of bovine and human dental enamel. Calcif Tissue 
Res 20, 201-208.

41.  Zijp JR, ten Bosch JJ (1991) Angular dependence 
of HeNe-laser light scattering by bovine and 
human dentine. Arch Oral Biol 36, 283-289.

42.  Yu B, Ahn JS, Lee YK (2009) Measurement of 
translucency of tooth enamel and dentin. Acta 
Odontol Scand 67, 57-64.

43.  Reeh ES, Douglas WH, Levine MJ (1995) Lubri-
cation of human and bovine enamel compared in 
an artificial mouth. Arch Oral Biol 40, 1063-1072.

44.  Sano H, Ciucchi B, Matthews WG, Pashley DH 
(1994) Tensile properties of mineralized and 



281

demineralized human and bovine dentin. J Dent 
Res 73, 1205-1211.

45.  Schmalz G, Hiller KA, Nunez LJ, Stoll J, Weis K 
(2001) Permeability characteristics of bovine and 
human dentin under different pretreatment condi-
tions. J Endod 27, 23-30.

46.  Soares CJ, Barbosa LM, Santana FR, Soares PB, 
Mota AS, Silva GR (2010) Fracture strength of 
composite fixed partial denture using bovine teeth 
as a substitute for human teeth with or without 
fiber-reinforcement. Braz Dent J 21, 235-240.

47.  Tanaka JL, Medici Filho E, Salgado JA, Salgado 
MA, Moraes LC, Moraes ME, Castilho JC (2008) 
Comparative analysis of human and bovine teeth: 
radiographic density. Braz Oral Res 22, 346-351.

48.  Fonseca RB, Haiter-Neto F, Fernandes-Neto AJ, 
Barbosa GA, Soares CJ (2004) Radiodensity of 
enamel and dentin of human, bovine and swine 
teeth. Arch Oral Biol 49, 919-922. 

49.  Fonseca RB, Haiter-Neto F, Carlo HL, Soares 
CJ, Sinhoreti MA, Puppin-Rontani RM, Correr-
Sobrinho L (2008) Radiodensity and hardness of 
enamel and dentin of human and bovine teeth, 
varying bovine teeth age. Arch Oral Biol 53, 1023-
1029.

50.  Anderson P, Levinkind M, Elliot JC (1998) Scan-
ning microradiographic studies of rates of in vitro 
demineralization in human and bovine dental 
enamel. Arch Oral Biol 43, 649-656.

51.  Souza-Gabriel AE, Colucci V, Turssi CP, Serra 
MC, Corona SA (2010) Microhardness and SEM 
after CO(2) laser irradiation or fluoride treatment 
in human and bovine enamel. Microsc Res Tech 
73, 1030-1035.

52.  Hara AT, Queiroz CS, Paes Leme AF, Serra MC, 
Cury JA (2003) Caries progression and inhibition 
in human and bovine root dentine in situ. Caries 
Res 37, 339-344.

53.  Kielbassa AM, Hellwig E, Meyer-Lueckel H (2006) 
Effects of irradiation on in situ remineralization of 
human and bovine enamel demineralized in vitro. 
Caries Res 40, 130-135.

54.  Teranaka T, Koulourides T, Butler WT (1986) 
Protein content and amino-acid content of consoli-
dated carious lesions in human enamel and of 
experimental lesions in bovine enamel exposed to 
the human mouth. Arch Oral Biol 31, 405-410.

55.  Rios D, Honório HM, Magalhães AC, Delbem 
AC, Machado MA, Silva SM, Buzalaf MA (2006) 
Effect of salivary stimulation on erosion of human 
and bovine enamel subjected or not to subsequent 

abrasion: an in situ/ex vivo study. Caries Res 40, 
218-223. 

56.  Rios D, Honório HM, Magalhães AC, Silva SM, 
Delbem AC, Machado MA, Buzalaf MA (2008) 
Scanning electron microscopic study of the in situ 
effect of salivary stimulation on erosion and abra-
sion in human and bovine enamel. Braz Oral Res 
22, 132-138.

57.  Turssi CP, Messias DF, Corona SM, Serra MC 
(2010) Viability of using enamel and dentin from 
bovine origin as a substitute for human counter-
parts in an intraoral erosion model. Braz Dent J 21, 
332-336.

58.  Meurman JH, Frank RM (1991) Progression and 
surface ultrastructure of in vitro caused erosive 
lesions in human and bovine enamel. Caries Res 
25, 81-87.

59.  Attin T, Wegehaupt F, Gries D, Wiegand A (2007) 
The potential of deciduous and permanent bovine 
enamel as substitute for deciduous and permanent 
human enamel: erosion-abrasion experiments. J 
Dent 35, 773-777.

60.  Amaechi BT, Higham SM, Edgar WM (1999) 
Factors influencing the development of dental 
erosion in vitro: enamel type, temperature and 
exposure time. J Oral Rehabil 26, 624-630.

61.  White AJ, Yorath C, ten Hengel V, Leary SD, 
Huysmans MC, Barbour ME (2010) Human and 
bovine enamel erosion under ‘single-drink’ condi-
tions. Eur J Oral Sci 118, 604-609.

62.  Imfeld T (2001) Comparison of the mechanical 
effects of a toothbrush and standard abrasive on 
human and bovine dentine in vitro. J Clin Dent 12, 
92-96.

63.  Wegehaupt FJ, Widmer R, Attin T (2010) Is bovine 
dentine an appropriate substitute in abrasion 
studies? Clin Oral Investig 14, 201-205.

64.  Wegehaupt F, Gries D, Wiegand A, Attin T (2008) 
Is bovine dentine an appropriate substitute for 
human dentine in erosion/abrasion tests? J Oral 
Rehabil 35, 390-394.

65.  Shahabi S, Brockhurst PJ, Walsh LJ (1997) Effect 
of tooth-related factors on the shear bond strengths 
obtained with CO2 laser conditioning of enamel. 
Aust Dent J 42, 81-84.

66.  Oesterle LJ, Shellhart WC, Belanger GK (1998) 
The use of bovine enamel in bonding studies. Am 
J Orthod Dentofacial Orthop 114, 514-519.

67. Saleh F, Taymour N (2003) Validity of using bovine 
teeth as a substitute for human counterparts in 
adhesive tests. East Mediterr Health J 9, 201-207.



282

68.  Krifka S, Börzsönyi A, Koch A, Hiller KA, 
Schmalz G, Friedl KH (2008) Bond strength of 
adhesive systems to dentin and enamel – human 
vs. bovine primary teeth in vitro. Dent Mater 24, 
888-894.

69.  Titley KC, Childers S, Kulkarni G (2006) An in 
vitro comparison of short and long term bond 
strengths of polyacid modified composite resins 
to primary human and bovine enamel and dentine. 
Eur Arch Paediatr Dent 7, 246-252.

70.  Cadwell DE, Johannessen B (1971) Adhesion of 
restorative materials to teeth. J Dent Res 50, 1517-
1525.

71.  Nakamichi I, Iwaku M, Fusayama T (1983) Bovine 
teeth as possible substitutes in the adhesion test. J 
Dent Res 62, 1076-1081.

72.  Barkmeier WW, Erickson RL (1994) Shear bond 
strength of composite to enamel and dentin using 
Scotchbond Multi-Purpose. Am J Dent 7, 175-179.

73.  Fowler CS, Swartz ML, Moore BK, Rhodes BF 
(1992) Influence of selected variables on adhesion 
testing. Dent Mater 8, 265-269.

74.  Lopes MB, Sinhoreti MA, Correr Sobrinho L, 
Consani S (2003) Comparative study of the dental 
substrate used in shear bond strength tests. Pesqui 
Odontol Bras 17, 171-175.

75.  Reis AF, Giannini M, Kavaguchi A, Soares CJ, 
Line SR (2004) Comparison of microtensile bond 
strength to enamel and dentin of human, bovine, 
and porcine teeth. J Adhes Dent 6, 117-121.

76.  Saunders WP (1988) The shear impact retentive 
strengths of four dentine bonding agents to human 
and bovine dentine. J Dent 16, 233-238.

77.  Muench A, da Silva EM, Ballester RY (2000) 
Influence of different dentinal substrates on the 
tensile bond strength of three adhesive systems. J 
Adhes Dent 2, 209-212.

78.  Retief DH, Mandras RS, Russell CM, Denys FR 
(1990) Extracted human versus bovine teeth in 
laboratory studies. Am J Dent 3, 253-258.

79.  Kaplan AE, Ubios AM, Beigelis AA (1996) Suit-
ability of different substrates for reliable bond 
strength tests. Acta Odontol Latinoam 9, 3-12.

80.  Schilke R, Bauß O, Lisson JA, Schuckar M, 
Geurtsen W (1999) Bovine dentin as a substitute 
for human dentin in shear bond strength measure-
ments. Am J Dent 12, 92-96.

81.  Galhano G, de Melo RM, Valandro LF, Bottino 
MA (2009) Comparison of resin push-out strength 
to root dentin of bovine- and human-teeth. Indian J 
Dent Res 20, 332-336.

82.  Lopes MB, Consani S, Gonini- Júnior A, Moura 
SK, McCabe JF (2009) Comparison of micro-
leakage in human and bovine substrates using 
confocal microscopy. Bull Tokyo Dent Coll 50, 
111-116.

83.  Reeves GW, Fitchie JG, Hembree JH Jr, Puckett 
AD (1995) Microleakage of new dentin bonding 
systems using human and bovine teeth. Oper Dent 
20, 230-235.

84.  Fitchie JG, Puckett AD, Reeves GW, Hembree 
JH (1995) Microleakage of a new dental adhesive 
comparing microfilled and hybrid resin compos-
ites. Quintessence Int 26, 505-510.

85.  Almeida KG, Scheibe KG, Oliveira AE, Alves CM, 
Costa JF (2009) Influence of human and bovine 
substrate on the microleakage of two adhesive 
systems. J Appl Oral Sci 17, 92-96.

86.  Camargo SE, Valera MC, Camargo CH, Gasparoto 
Mancini MN, Menezes MM (2007) Penetration of 
38% hydrogen peroxide into the pulp chamber in 
bovine and human teeth submitted to office bleach 
technique. J Endod 33, 1074-1077.


