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 ABSTRACT 

Statement of the Problem: Although various kinds of research have been conducted to 

compare the physical and chemical properties of dentin and enamel in animal and human 

samples, proving the ability of animal dentin material as a good substitute for human spec-

imens is always a challenge for experimental studies. 

Purpose: The aim of the present study is to investigate whether the changes in the dentin 

microhardness of animal samples are similar to those of human samples or not.  

Materials and Method: In this in vitro study, sixty single-rooted human, bovine, and 

ovine teeth (n=20 in each group) were decoronated at CEJ. The remaining roots were em-

bedded in acrylic resin and a cross-section cut was made in the middle of the samples in 

order to achieve dentin disks. All of the 120 samples were randomly assigned to three 

control (n=20 for each group) and three experimental groups (n=20 for each group). In the 

experimental groups, calcium hydroxide with a creamy consistency was prepared and the 

disks were embedded in dishes containing calcium hydroxide. Control groups were em-

bedded in physiological saline. The samples were incubated for seven days at the 37
o
C and 

Vickers microhardness test was performed immediately. The average of three yielded 

values was considered as the final value of microhardness. Data were analyzed using two-

way ANOVA, one-way ANOVA, and Tukey’s post hoc tests. 

Results: In the control group, the human samples showed the highest microhardness value, 

while the bovine teeth had the lowest microhardness value (p< 0.001). In the calcium hy-

droxide group, the human samples showed the highest microhardness value in comparison 

to bovine and ovine to teeth. However, no significant difference was observed between the 

bovine and ovine samples in microhardness value.  

Conclusion: Based on our research, substituting bovine and ovine samples with human 

samples in experimental studies is not recommended. Nevertheless, more studies are need-

ed in this regard. 
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Introduction 

Animal samples are used for in vitro studies since there 

are limitations in accessing human samples. Samples 

obtained from human teeth are preferred for dental re-

search as they could simulate the clinical conditions. 

However, the difficulty in obtaining human teeth with 

acceptable quality, ethical issues, and infection hazards 

have prompted researchers to substitute human samples  
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with animal samples [1-3]. 

Several types of animal teeth have been used as a 

substrate for chemical and physical dental experiments. 

Bovine, ovine, equine, porcine teeth are some examples 

in this regard [4,6-8]. The most important criteria for 

choosing animal teeth as a substitute for human teeth 

are the similarity of their physiochemical structures and 

biological characteristics to those of human teeth [7]. 

Nevertheless, none of these animal samples has the 

same characteristics as human samples. Over the past 30 

years, bovine teeth have been frequently used as a sub-

stitute for human teeth as their collection is easy [9]. 

Although standardizing animal samples based on tooth 

age, diet, and environmental conditions is very difficult, 

it could reduce bias in dental experiments [9]. Some 

studies [5-7] have compared bovine dentin and human 

dentin. They have reported that bovine dentin can be an 

appropriate substitute for human teeth. Castanho et al. 

[10] showed that both human and bovine sclerotic den-

tin have a similar amount of solid tissue although hu-

man sclerotic dentin has a higher microhardness than 

bovine sclerotic dentin. Teruel et al. [11] also reported 

that bovine dentin and enamel had a higher similarity to 

human teeth than porcine and ovine teeth. In another 

research, Tanaka et al. [12] demonstrated that the radio-

graphic density of bovine radicular dentin was lower 

than that of human radicular dentin although this differ-

ence was not significant. 

Due to contradictory data in different papers, it has 

been suggested that the differences in the morphologi-

cal, chemical, and physical characteristics between hu-

man and bovine teeth be considered in interpreting the 

results. Very few studies have used ovine teeth as an 

alternative to human teeth. The main reason for the 

studies in this regard was that the root anatomy of these 

teeth was comparable to that of human incisors [13]. 

Dehghani Nazhvani et al. [7] showed that from ultra-

structural and chemical viewpoints, the enamel and den-

tin of sheep and guinea pigs had the least resemblance 

to human ones, while the enamel and dentin of dogs and 

cats had the highest resemblance to human ones. 

Besides their advantages, different irrigants and 

medicaments in endodontic treatment might have detri-

mental effects on the mechanical properties of dentin 

[14]. Among these, calcium hydroxide paste is widely 

used in endodontic treatments [15-17] due to its antibac-

terial effects [18-20], tissue-dissolving properties [21-

22], and ability to induce hard tissue barrier formation 

[23-24]. It has also been utilized in vital pulp therapy 

[23], apexification procedures [25], and inflammatory 

root resorption [26]. 

Yoldas et al. [27] reported a significant reduction in 

dentin microhardness following the use of calcium hy-

droxide combinations after 3 and 7 days of exposure. 

Naseri et al. [28] also showed that the application of 

calcium hydroxide in human dentin significantly re-

duced its microhardness, whereas the nano-calcium 

hydroxide did not result in any change in the micro-

hardness value. Zareie et al. [29] indicated that the frac-

ture resistance of human root dentin exposed to calcium 

hydroxide for one week did not change significantly 

compared with that of the control group. Inconsistent 

with previous studies, Kawamoto et al. [30] reported 

that exposure to calcium hydroxide paste increased the 

elastic modulus of dentin and made it more susceptible 

to fracture [30].  

Although various researches have been conducted to 

compare the physical and chemical properties of dentin 

and enamel in animal and human samples, proving the 

ability of animal specimens as a good substitute for hu-

man specimens has always been a challenge. No studies 

have been conducted to show whether the behavioral 

changes of animal samples in the presence of materials 

such as calcium hydroxide are similar to those of human 

samples or not. The aim of the present study was to in-

vestigate whether the changes in the dentin microhard-

ness of animal samples were similar to those of human 

samples or not. 

 

Materials and Method 

Twenty intact single-rooted permanent human teeth 

extracted for orthodontic reasons were collected. The 

patients’ informed consent and the approval of the Eth-

ics in Human Research Committee of Shiraz University 

of Medical Sciences were obtained. This in vitro study 

was approved by the Ethics Committee of Shiraz Uni-

versity of Medical Science (IR.SUMS.DENTAL.REC. 

1399.034). Bovine and ovine mandible incisors (20 of 

each) with similar sizes and shapes and without cracks 

were selected. The teeth were cleaned and stored in 

0.4% thymol solution until the beginning of the experi-

ment. The teeth were decoronated at the CEJ level with 
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a water-cooled diamond saw (Microdont, LDA, Brazil) 

at 1000 rpm. The remaining roots were embedded in an 

acrylic self-cure resin (Acrostone, Dent Product, Egypt). 

Then, a cross-section cut was made in the middle of 

each specimen using a low-speed and water-cooled ro-

tating diamond disk so that the dentin thickness around 

the canal of each specimen was about 3mm. Ultimately, 

the human, bovine, and ovine samples were obtained. 

The samples were polished using water-cooled 500, 

800, 1000, and 1200 grit abrasive papers (Bigo, Dent 

Product, Germany), a felt disk (Microdent, LDA, Bra-

zil), and a 0.1ml alumina suspension (Figure 1). 

All of the 120 samples were randomly assigned to 

three control (n=20 for each group) and three experi-

mental groups (n=20 for each group). In the control 

group, human, bovine, and ovine samples (n=20 in each 

group) were embedded in Petri dishes containing physi-

ological saline. In the experimental groups, calcium 

hydroxide (Merck, Darmstadt, Germany) was prepared 

with a creamy consistency (powder to saline ratio: 3/1) 

and the disks were embedded in dishes containing calci-

um hydroxide.  

During the 7 days of the experiment, the samples 

were incubated at the temperature of 37 ℃ and moisture 

of 100%. At the end of this period, the samples were 

rinsed with physiological saline and Vickers microhard-

ness test was performed immediately. Three indenta-

tions were made on the dentin surface of each cylinder 

at the distance of 1mm from the root canal space. A 

500-gr load was applied to the samples for 10 seconds. 

The average of the three obtained numbers was consid-

ered as the final value of microhardness [5]. The data 

were analyzed using two-way ANOVA, one-way 

ANOVA, and Tukey’s post-hoc tests. Data collected 

and statistically analyzed with IBM
®
 SPSS

®
 Statistics 

Version 25 (SPSS Inc., IBM Corporation, NY, USA). 

 

Results 

The two-way ANOVA test demonstrated an interaction 
 

 
a   b   c 
 

Figure 1a: Human sample, b: Bovine sample, c: Ovine sample 

 
 

Figure 2: Evaluation of interaction effect of normal saline 

(NS), and calcium hydroxide (CH) 
 

effect between different teeth groups (human, bovine, 

and ovine) (Figure 2). Table 1 shows the mean value of 

microhardness in each group. 

The results showed that using calcium hydroxide 

significantly decreased the microhardness of human and 

ovine dentin (p= 0.019 and p< 0.0001, respectively), alt-

hough it was not significant for bovine teeth (p= 0.072). 

In the control group, the microhardness values of the 

human and animal samples were significantly different 

from each other so that the human teeth had the greatest 

microhardness value and the bovine teeth showed the 

lowest microhardness value (p< 0.001). 

In the calcium hydroxide groups, the microhardness 

value of the human samples was significantly higher 

than that of bovine and ovine samples. However, no sig-

nificant difference was observed between the microhar-

dness values of bovine and ovine samples (p= 0.062). 

 

Discussion 

The purpose of this research was to examine the possi-

ble deleterious effects of calcium hydroxide on human 

bovine and ovine root dentin and to compare these dent-

in structures to each other in order to determine if bovine 
 

Table 1: comparison of the microhardness in all experi-

mental groups after 7-day medicament exposure 
 

Variables Human Bovine Ovine p** 

Normal 

Saline 
51.83±2.55a 35.57±2.97b 44.47±5.21c <0.001 

Calcium 

Hydroxide 
48.80±.96a 35.98±2.42b 36.56±2.49c <0.062 

p** 0.019 0.072 <0.001  
 

p*: independent T test 
p**: one way ANOVA F test 

In each column mean values with different letters were statistically 

significant (Tukey’s post-hoc test) 
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and ovine teeth could be appropriate substitutes for hu-

man dentin. 

The present study showed that the microhardness 

value of human dentin was significantly higher than that 

of bovine and ovine teeth, both in the control and calci-

um hydroxide groups. The microhardness value of 

ovine teeth was significantly higher than that of bovine 

teeth in the control groups. The higher microhardness 

value of human dentin compared to bovine dentin has 

been confirmed by previous studies [10,31-32]. Teruel 

et al. [11] and Cochrane et al. [32] both reported that the 

microhardness value of human dentin was higher than 

that of bovine dentin. Another study also showed that 

human radicular dentin was more radiodense than bo-

vine radicular dentin [12]. This phenomenon and the 

higher microhardness value of human samples com-

pared to bovine ones could be explained by the higher 

degree of mineralization in human dentin. Thus, Cas-

tanho et al. [10] suggested using bovine sclerotic dentin 

instead of human sclerotic dentin because they have a 

similar amount of solid tissue.  

The present study showed that the dentin micro-

hardness of ovine teeth was more similar to the dentin 

microhardness of human teeth than that of bovine teeth. 

In their studies, Dehghani Nazhvani et al. [7] and Oritz-

Ruiz et al. [6] showed that there were differences in the 

organic and inorganic contents of human and other ani-

mal samples. From the ultrastructural and chemical as-

pects, Dehghani Nazhvani et al. [7] reported that dog 

human dentin and enamel had the greatest resemblance 

to human ones and sheep and guinea pigs had the least 

resemblance to human ones. 

Teruel et al. [11] also reported the greater micro-

hardness value of human dentin compared to ovine den-

tin, which is due to the higher degree of mineralization 

in human dentin. Although Altai et al. [33] suggested 

ovine samples as a good substitute for human samples 

in revascularization procedures, this suggestion arose 

from the similarity of these samples in their dimensions 

and anatomic characteristics rather than the similarity of 

their compositions as well as physical and chemical cha-

racteristics. The contradictory results in different studies 

could be attributed to the differences in the age and diet 

of the animal samples as well as the different kinds of 

chemical and physical tests, which were performed. 

In agreement with the present study, several studies  

have shown that the short-term use of calcium hydrox-

ide reduces the microhardness of dentin and even in-

creases the elastic modulus of dentin, making it more 

susceptible to fracture [22,27,30]. On the other hand, 

some other studies have shown that the short-term use 

of calcium hydroxide for seven days [28-29,34] or thirty 

days [33] does not have an adverse effect on the micro-

hardness of dentin. These contradictory results could be 

attributed to the different types and concentrations of 

calcium hydroxide used in these studies, different tests 

(Knoop or Vickers test) used to evaluate the microhard-

ness, different preparations of dentin samples, and even 

the age of the teeth. All these factors could greatly affect 

the results. Other studies which evaluated the effect of 

calcium hydroxide on animal samples also showed con-

tradictory results [13,30,34-35].  

Many studies have used animal samples as a substi-

tute for human samples to evaluate the effects of differ-

ent irrigants and medicaments on the mechanical prop-

erties of dentin [5, 13, 30]. The current study was de-

signed to evaluate the effects of calcium hydroxide on 

the microhardness of bovine, ovine, and human samples 

to determine whether these animal samples showed the 

same characteristics and changes as human samples in 

the presence of calcium hydroxide. There are significant 

differences between the anatomical, physical, and chem-

ical properties of human and animal dentin samples [7]. 

In addition to these differences, this study emphasized 

the behavioral changes of these samples in the presence 

of calcium hydroxide. Many studies [5, 27, 29-30] have 

confirmed that calcium hydroxide, by its nature, could 

reduce the microhardness of dentin. The results of the 

present study showed the different behaviors of animal 

dentin samples compared with the human ones in the 

presence of calcium hydroxide. The more reduction in 

the microhardness values of ovine and bovine dentin in 

the presence of calcium hydroxide compared to human 

dentin samples does not make animal samples good 

candidates for substitution in microhardness studies.  

On the other hand, Kahler et al. [25] and Hawkins et 

al. [36] suggested that calcium hydroxide was not asso-

ciated with a reduction in the fracture resistance of 

ovine teeth. Instead, the thin and fragile roots of ovine 

teeth in different developmental stages could be the cau-

se of fracture. These contradictory results arise from the 

differences in the tests performed in different studies. 
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Some studies have evaluated flexural strength [5], 

some have investigated the modulus of elasticity [30], 

and some have tested microhardness [27]. Even the type 

of microhardness test is different in each paper. The 

differences in the concentration of calcium hydroxide 

paste, the number of experiment days, and other varia-

bles in these studies have led to these differences.  

 

Conclusion 

According to the results of the present study and regard-

ing the contradictory results of other studies, it seems 

that bovine and ovine teeth could not be considered as 

good substitutes for human teeth unless human samples 

are not available. On the other hand, the short-term use 

of calcium hydroxide could have a detrimental effect on 

human and ovine teeth; therefore, it should be applied 

cautiously. Further testing is required to examine the 

other mechanical properties of dentin samples as well as 

determining the clinical relevance of these findings. 

 

Acknowledgements 

The authors thank the Vice-Chancellery of Shiraz Uni-

versity of Medical Sciences for supporting this research 

(Grant# 21490). This manuscript is based on the thesis 

by Dr. Negar Mahmoodi. 

 

Conflict of Interests  

All authors declare that they have no competing inter-

ests. 

 

References 

[1] Ferreira LN, Puppin-Rontani RM, Pascon FM. Effect of 

Intracanal Medicaments and Irrigants on the Release of 

Transforming Growth Factor Beta 1 and Vascular Endo-

thelial Growth Factor from Cervical Root Dentin. J En-

dod. 2020; 46: 1616-1622. 

[2] Valverde ME, Baca P, Ceballos L, Fuentes MV, Ruiz-

Linares M, Ferrer-Luque CM. Antibacterial efficacy of 

several intracanal medicaments for endodontic therapy. 

Dent Mater J. 2017:2016-102. 

[3] Moazami F, Sahebi S, Sobhnamayan F, Alipour A. Suc-

cess rate of nonsurgical endodontic treatment of nonvital 

teeth with variable periradicular lesions. Iran Endod J. 

2011; 6: 119. 

[4] Poole D, Shellis R, Tyler J. Rates of formation in vitro of 

dental caries-like enamel lesions in man and some non-h- 

uman primates. Arch Oral Biol. 1981; 26: 413-417. 

[5] Moazami F, Sahebi S, Jamshidi D, Alavi A. The long-

term effect of calcium hydroxide, calcium-enriched mix-

ture cement and mineral trioxide aggregate on dentin 

strength. Iran Endod J. 2014; 9: 185. 

[6] Ortiz-Ruiz AJ, de Dios Teruel-Fernández J, Alcolea-

Rubio LA, Hernández-Fernández A, Martínez-Beneyto 

Y, Gispert-Guirado F. Structural differences in enamel 

and dentin in human, bovine, porcine, and ovine teeth. 

Ann Anat. 2018; 218: 7-17. 

[7] Nazhvani AD, Haddadi P. Ultrastructural and chemical 

composition of dentin and enamel in lab animals. J Dent. 

2019; 20: 178. 

[8] Skene L. Ownership of human tissue and the law. Nat 

Rev Genet. 2002; 3: 145-148. 

[9] Soares F, Follak A, Da Rosa L, Montagner A, Lenzi T, 

Rocha R. Bovine tooth is a substitute for human tooth on 

bond strength studies: a systematic review and meta-

analysis of in vitro studies. Dent Mater J. 2016; 32: 1385-

1393. 

[10] Castanho GM, Marques MM, Marques JB, Camargo 

MA, Cara AAD. Micromorphological and hardness anal-

yses of human and bovine sclerotic dentin: a comparative 

study. Braz Oral Res. 2011; 25: 274-279. 

[11] de Dios Teruel J, Alcolea A, Hernández A, Ruiz AJO. 

Comparison of chemical composition of enamel and den-

tine in human, bovine, porcine and ovine teeth. Arch Oral 

Biol. 2015; 60: 768-775. 

[12] Tanaka JLO, Medici Filho E, Salgado JAP, Salgado 

MAC, Moraes LCd, Moraes MELd, et al. Comparative 

analysis of human and bovine teeth: radiographic density. 

Braz Oral Res. 2008; 22: 346-351. 

[13] Andreasen JO, Farik B, Munksgaard EC. Long‐term 

calcium hydroxide as a root canal dressing may increase 

risk of root fracture. Dent Traumatol. 2002; 18: 134-137. 

[14] Dotto L, Onofre RS, Bacchi A, Pereira GKR. Effect of 

Root Canal Irrigants on the Mechanical Properties of En-

dodontically Treated Teeth: A Scoping Review. J Endod. 

2020; 46: 596-604. 

[15] Arruda ME, Neves MA, Diogenes A, Mdala I, Guilherme 

BP, Siqueira Jr JF, et al. Infection control in teeth with 

apical periodontitis using a triple antibiotic solution or 

calcium hydroxide with chlorhexidine: a randomized 

clinical trial. J Endod. 2018; 44: 1474-1479. 

[16] de Almeida MB, de Oliveira KV, dos Santos VR, da 

Silva WJ, Tomazinho FSF, Baratto-Filho F, et al. Effect 



Animal teeth substitute for human teeth                  Sahebi S, et al 

10.30476/dentjods.2022.94500.1792 

137 

of vehicle and agitation Methods on the penetration of 

calcium hydroxide paste in the dentinal tubules. J Endod. 

2020; 46: 980-986. 

[17] Donnermeyer D, Wyrsch H, Bürklein S, Schäfer E. Re-

moval of calcium hydroxide from artificial grooves in 

straight root canals: sonic activation using EDDY versus 

passive ultrasonic irrigation and XPendo Finisher. J En-

dod. 2019; 45: 322-326. 

[18] Sjögren U, Figdor D, Spångberg L, Sundqvist G. The 

antimicrobial effect of calcium hydroxide as a short‐term 

intracanal dressing. Int Endod J.1991; 24: 119-125. 

[19] Samiei M, Torab A, Hosseini O, Abbasi T, Abdollahi 

AA, Divband B. Antibacterial effect of two nano zinc ox-

ide gel preparations compared to calcium hydroxide and 

chlorhexidine mixture. Iran Endod J. 2018; 13: 305. 

[20] Siqueira Jr J, Lopes H. Mechanisms of antimicrobial 

activity of calcium hydroxide: a critical review. Int En-

dod J. 1999; 32: 361-369. 

[21] Türkün M, Cengiz T. The effects of sodium hypochlorite 

and calcium hydroxide on tissue dissolution and root ca-

nal cleanliness. Int Endod J. 1997; 30: 335-342. 

[22] Kawashima N, Wadachi R, Suda H, Yeng T, Parashos P. 

Root canal medicaments. Int Endod J. 2009; 59: 5-11. 

[23] Suhag K, Duhan J, Tewari S, Sangwan P. Success of 

direct pulp capping using mineral trioxide aggregate and 

calcium hydroxide in mature permanent molars with 

pulps exposed during carious tissue removal: 1-year fol-

low-up. J Endod. 2019; 45: 840-847. 

[24] Chen L, Zheng L, Jiang J, Gui J, Zhang L, Huang Y, et 

al Calcium Hydroxide-induced Proliferation, Migration, 

Osteogenic Differentiation, and Mineralization via the 

Mitogen-activated Protein Kinase Pathway in Human 

Dental Pulp Stem Cells. J Endod. 2016; 42: 1355-1361. 

[25] Kahler B, Rossi-Fedele G, Chugal N, Lin LM. An evi-

dence-based review of the efficacy of treatment ap-

proaches for immature permanent teeth with pulp necro-

sis. J Endod. 2017; 43:1052-1057. 

[26] Saoud TMA, Mistry S, Kahler B, Sigurdsson A, Lin LM. 

Regenerative endodontic procedures for traumatized teeth 

after horizontal root fracture, avulsion, and perforating  

root resorption. J Endod. 2016; 42: 1476-1482. 

[27] Yoldaş O, Doǧan C, Seydaoǧlu G. The effect of two 

different calcium hydroxide combinations on root dentine 

microhardness. Int Endod J. 2004; 37: 828-831. 

[28] Naseri M, Eftekhar L, Gholami F, Atai M, Dianat O. The 

effect of calcium hydroxide and nano–calcium hydroxide 

on microhardness and superficial chemical structure of 

root canal dentin: an ex vivo study. J Endod. 2019; 45: 

1148-1154. 

[29] Zarei M, Afkhami F, Malek Poor Z. Fracture resistance 

of human root dentin exposed to calcium hydroxide in-

tervisit medication at various time periods: an in vitro 

study. Dent Traumatol. 2013; 29: 156-160. 

[30] Kawamoto R, Kurokawa H, Takubo C, Shimamura Y, 

Yoshida T, Miyazaki M. Change in elastic modulus of 

bovine dentine with exposure to a calcium hydroxide 

paste. J Dent. 2008; 36: 959-964. 

[31] Hara A, Queiroz C, Leme AP, Serra MdC, Cury JA. 

Caries progression and inhibition in human and bovine 

root dentine in situ. Caries Res. 2003; 37: 339-344. 

[32] Cochrane S, Burrow M, Parashos P. Effect on the mecha-

nical properties of human and bovine dentine of intracan-

al medicaments and irrigants. Aust Dent J. 2019; 64: 35-

42. 

[33] Altaii M, Broberg M, Cathro P, Richards L. Standardisa-

tion of sheep model for endodontic regeneration/ revitali-

sation research. Arch Oral Biol. 2016; 65: 87-94. 

[34] Yassen G, Platt J. The effect of nonsetting calcium hy-

droxide on root fracture and mechanical properties of 

radicular dentine: a systematic reviewInt. Endod J. 2013; 

46: 112-118. 

[35] Sahebi S, Nabavizadeh M, Dolatkhah V, Jamshidi D. 

Short term effect of calcium hydroxide, mineral trioxide 

aggregate and calcium-enriched mixture cement on the 

strength of bovine root dentin. Iran Endod J. 2012; 7: 68. 

[36] Hawkins JJ, Torabinejad M, Li Y, Retamozo B. Effect of 

three calcium hydroxide formulations on fracture re-

sistance of dentin over time. Dent Traumatol. 2015; 31: 

380-384. 

 

 


