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ABSTRACT 

 

Dental anthropology was wide ranging implications for the field of anthropology. Teeth 

have become important sources of data about the individual as well as possibly being able to 

identify them. One problem that can arise is the chemical destruction of teeth whether it be 

diagenesis in an archaeological context or deliberately in a forensic context. In terms of 

deliberate destruction of the body several household chemicals are cheap and easily assessable. 

The purpose of this research is to look at how six household chemicals affect both deciduous and 

permanent tooth classes. The six chemicals include, Vinegar (acetic acid), Bleach (sodium 

hypochlorite), Biz (Sodium per carbonate), Lye (Sodium Hydroxide) Ammonia and the control 

(tap water). The teeth were placed in jars containing the chemical for twenty-four hours. Every 

hour the weight and mesial/distal length were measured. Of the six chemicals, vinegar affected 

the teeth the most. 
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CHAPTER ONE 

   INTRODUCTION 

 

Dental Anthropology, as defined by Hillson, is the” study of people (and their close 

relatives) from the evidence provided by their teeth.” ( 1996:1) Dental anthropology covers a 

wide area including variation in living populations, dental paleoanthropology, and forensic 

anthropology. Studies of human teeth in a forensic anthropological context  can vary from those 

of forensic dentistry,  which focuses on bite mark analysis and comparing victims teeth to known 

records. Forensic anthropology often takes over when no such records can be found. In times of 

mass disasters, for example, the teeth of the individual may still give clues to the identity of that 

person and what may have happened to that individual. While the majority of dental 

anthropology research has been done on morphology and tooth development, the wear 

recognition and wear patterns of the teeth is also important. The teeth wear naturally as we age, 

in part due to environmental factors such as diet.  Trauma may also affect the teeth; an example 

would be damage done by stomach acid from the constant vomiting of bulimics, or 

malformations due to work environments.  This paper will focus on a specific type of tooth wear, 

that of chemical damage from household products. (Cope and Dupras 2009),(Hillson 1996 3-4) 

Historically, forensic investigations have faced attempts to mask or obscure a victim’s 

identity in order to disguise the crime. The Romanovs were thought to have been soaked in 

sulfuric acid as were the victims of John George Hughes.(Cope and Dupras 2009:1238) Ubelaker 

and Sperber (1988) studied a case in Nebraska that involving a skeleton that had been found with 

chalky and dull teeth. The effect was similar to decalcification resulting from malnutrition, 

eventually though the scope of the problem pointed to something else. A green substance on 

some of the posterior teeth was observed by Ubelaker and Sperber and lead them to believe that 
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these changes were the not the result of the typical postmortem taphonomic changes. During the 

subsequent trial it came out that the victims had chemicals, possibly lye, poured over them, 

(Ubelaker and Sperber 1988) 

The enamel in teeth is one of the hardest materials in the human body allowing the teeth 

to survive trauma that other parts of the body may not be able too. It is also possible to collect 

DNA from teeth even years after a person dies.(Mazza et al. 2005) Thus it is important to study 

how human dentition is changed as a result of exposure to common chemicals. Household 

chemicals that are easy to get a hold of in large quantities, are the most likely culprits in attempts 

to hide the identity of someone by bathing or submerging the body in the chemical as was the 

situation in the  Ubelaker case study (Cope and Dupras 2009:1238), (Ubelaker and Sperber 

1988). Other chemicals are used by labs to clean bone and it becomes important to understand 

the damage, if any, the chemical can due to teeth.    

 

Statement of Purpose 

The purpose of this research is to identify the trauma done to human dentition due to 

household chemicals and to explore whether tooth class or tooth age has an effect on the amount 

of damage or type of damage that occurs. The teeth will be soaked in chemicals for twenty-four 

hours and then analyzed. Six chemicals, vinegar, bleach, Biz, lye, ammonia and water (the 

control) will be used to soak one of each permanent incisor, canine and molar as well as 

deciduous incisor, molar and canine. 
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  There were three questions that this experiment wanted to answer. First, is there a 

difference in how quickly and how completely the chemicals used destroy the tooth? The null 

hypothesis states that there is no difference in how the chemicals affect the teeth. Secondly, does 

deciduous versus permanent teeth matter in the damage done to them? The null hypothesis would 

be that tooth age does not affect how much damage chemicals cause. Finally, does the tooth class 

(incisor, canine and molar) affect the amount of damage to the tooth? The null hypothesis states 

that tooth class has no effect on how chemicals react with teeth.   

The results from this experiment will assist anthropologists in better understanding tooth 

damage and wear as well as determining if the chemicals used in the lab are safe to use on 

human remains, or will they harm the bones over time.  The expected outcome is that there will 

some damage to the exposed teeth, most likely to the smaller and more fragile deciduous teeth. It 

is also expected that noticeable differences in the damage done to teeth can be linked  with age of 

the tooth, class of tooth and what chemical is used.  

This thesis is organized into chapters. Chapter one is the introduction followed by 

Chapter two which is a brief summary of the relevant information needed to perform the 

experiment. Chapter three is the methodology used to perform the research and chapter four is 

the results of the experiment and chapter five is the discussion of said results along with the 

conclusion.  
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CHAPTER TWO 

BACKGROUND 

Literature Review 

There have been very few studies done on specifically on purposeful chemical damage to 

bones. More studies have been done on occupational damage to teeth and chemical damage 

related to acid regurgitation. By looking at such studies one can get a better understanding of 

what has already been done and what needs further study. One such study was done by Valena 

and Young (2002). They examined acid reflex and vomiting that was caused by bulimia nervosa. 

The test subjects were living patients of the University of Queensland clinic. Twenty-One were 

diagnosed with bulimia and nine had acid reflex. Thirty additional   people were included as a 

control. Valena and Young (2002:114) found that the tooth wear for the control group was 

different than that of the experimental groups. They also found that cervical lesions on the 

lingual face with incisal erosion are a good sign that a person may have bulimia or some type of 

acid reflex disorder (Valena and Yung 2002). This study shows that even natural chemicals, like 

those found in the body, can affect teeth over time.  

A study that is closer to this one was done by Mazza et al.(2005) who presented an 

interesting study on chemical damage as a result of research on the destruction of human cadaver 

from caustic chemicals. They were trying to understand if destroying a cadaver could be done 

and if so how long it would take. First, teeth were submerged into the solutions and observed 

until the entire tooth was destroyed. Hydrochloric acid took only fourteen hours to completely 

destroy the tooth while sulfuric acid never broke down completely even after ninety hours. 

Despite the ability of several of the acids to destroy the teeth, the authors concluded that 
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destroying the entire body would be difficult. Such a large quantity of chemicals would be 

needed and in large doses they can give off toxic fumes. The authors noted (2005:409) that in 

most actual cases the teeth would be protected by surrounding tissue and thus less likely to be 

dissolved completely. This addressed in a later study by Cope and Dupras (Mazza et al. 2005).  

Cope and Dupras (2009) bemoaned the  fact that too few experiments have been study on 

household chemicals and their potential effect on dentition. In their study sixteen teeth were 

selected and placed anatomically in eight different chemicals. Two teeth were placed in each 

chemical, one incisor and one molar. The study did not include any control samples. The teeth 

were examined every hour for the first six hour and then another six hours up to twenty-four. 

Their results showed that hydrochloric acid was the most destructive of the chemicals while 

sodium hydroxide did the least damage. They agreed with Mazza et al. that people looking to 

destroy a body would be more likely to pick hydrochloric or sulfuric acid. Those two acids are 

easy to get in the large quantity needed to destroy a body (Cope and Dupras 2009:1243). 

In 2002 Lang defended a thesis entitled Masking Identity: the use of corrosive and caustic 

agents on bone and dentition.  Lang studied the effects of muriatic and sulfuric acid, potassium 

hydroxide and sodium hydroxide. Four teeth were placed in each solution for eight hours with 

measurements taken every two hours. Lang found that muriatic acid had the greatest effect on the 

teeth. Cope and Dupras continued the work of Lang in their 2009 paper (Lang J. 2002 Honors 

thesis; Cope and Dupras 2009). 

Hartnett et al (2011) studied not only human dentition but bone, hair, nails and the soft 

tissue. The chemicals used were slightly different from those used in the Cope and Dupras study 

(2009). Hartnett et al. looked at hydrochloric and sulfuric acid, but included other products such 
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as bleach and Coca-Cola. The control in this study was tap water. It does not explicably say in 

the paper, but it can be inferred that they used two teeth per chemical, again a incisor and a 

molar, the same as Cope and Dupras. They like previous studies showed that hydrochloric acid 

worked the best at destroying the tooth. The water and organic septic cleaner had no effect at all 

(Hartnett et al. 2011). 

Wang et al. (2006) used much different methodology than the previous mentioned 

studies. In order to study the differences between demineralization in deciduous and permanent 

teeth they cut the teeth, in this case molars, into discs. Titrations of Hydrochloric acid and 

sodium chloride were to the discs. Afterwards the discs were examined under a scanning electron 

microscope. The results were that the deciduous teeth demineralized quicker than permanent 

teeth (Wang et al. 2006). 

Human Dentition 

In order to appropriately identify the human dentition, Odentologists and Dental 

anthropologists subdivide the mouth into two dental arcades, one located on the maxilla bone 

and one located on the mandible. These two arcades are comprised of four quadrants each 

containing a certain amount of teeth. (see Figure 1) For the deciduous or baby teeth, each 

quadrant would contain two incisors, one canine, and two molars. For the permanent dentition 

the quadrant would contain two incisors, one canine, two premolars, and three molars (Hillson 

1996:6-7; White et al. 2012:154)  
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Every tooth consists of two main parts, the crown and the root. The crown is the visible 

portion of the tooth above the gum line. The root anchors the tooth into the avelor process. Each 

tooth also has six aspects or views. These include the occlusal aspect which consists of the top of 

the tooth that chews the food. The opposite of this is then the apex or the very tip of the roots 

looking into the tooth. The other aspects are determined by directionality and their position. 

Toward the midline is the mesial surface. Away from the midline runs the distal surface. The 

inner surface is called the labial if it faces the tongue (those in the mandible) or palatal if they 

face the palate (those in the maxillary). Lastly, is the surface of the tooth that faces outward? 

This aspect is called the buccal when the teeth face the cheeks and labial when they face the lips. 

Figure 1 illustrates all six aspects on a maxillary first molar. It also shows the orientation of this 

particular tooth which is a upper left first molar (Hillson 1996:6-7; Scheid and Weiss 2010:16). 

 

Figure 1: Six aspects of a permanent 

molar. (Hillson 1996:10 figure 2.2) 



 

8 
 

Tissues that comprise human dentition 

The root and crown are comprised of the enamel, dentine, pulp chamber and cementum. 

Enamel coats the crown in a hard layer. Where the crown meets the root is the cervix or neck of 

the tooth. The root is covered by cement which helps anchor it to the socket. Inside the tooth is a 

tissue called dentine. Blood and nerves feed into the pulp chamber. (White et al 2012: 104) 

Figure 2 shows the four main parts of the tooth and their location to each other. The figure is of 

an upper canine. Each component is complex and adds to the biochemistry of the tooth. Each 

component will be discussed in this paper.   

 

 

 

 

Figure 2: Parts of a tooth. (Hillson 

1996:11 figure 2.3) 
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Enamel 

Enamel is the hardest calcified substance in the human body. It has a crystalline structure 

that is ninety-six percent inorganic minerals with another four percent water and organic tissue. 

Enamel covers the superior portion of the tooth and in healthy dentition is the only portion that 

can be seen when the tooth is in situ. In permanent teeth the enamel is on average two 

millimeters thick. It is thinner in the deciduous dentition (Hillson 1996). Enamel is an important 

part of mastication and speech and over the tooth’s life time the enamel become worn down 

through attrition, abrasion and erosion. Various patterns of attrition are of interest to Dental 

Anthropologists as they can give insight to the lifestyle of the individual the teeth belonged to 

(Bath-Balogh and Fehrenbach 1997:165). 

The enamel matrix is created by amenoblast cells that generate calcium hydroxyapatite, 

the dominate mineral, into the enamel replacing the proteins and carbohydrates that the matrix 

was initially composed of. This mineralization process continues after the tooth is erupted 

although the inorganic materials left behind at this stage are mostly fluoride and calcium. This 

erupted enamel differs not only in the minerals that make it up, but also by being less porous  and 

harder than the older underlying enamel (Berkovitz et al 2009:115).   While the amenoblasts are 

adding to the matrix they are shaping the crystal structures of the enamel. The resulting 

structures tend to be long rods that are keyhole shaped in cross section. The rods interlock with 

each other giving the enamel it’s strength ( Bath-Balogh and Fehrenbach 1997:166-170).  
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When the enamel is cut longitudinally one can see the striae of Retzius, sometimes called 

the brown striae do to the dye used to see them. These bands show the show each level of new 

enamel that formed during the growth process. A specific line of Retzius is the neonatal line 

which is the line that occurred during the birthing process. The stress of the birth left a slightly 

different line than the others. There have been attempts to use this line to age children in the 

archaeological record since enamel tends to survive even if the other parts of the tooth do not.  

The neonatal line has only been used successfully in a few cases and requires further 

investigation (Berkovitz et al 2009:113 ;Bath-Balogh and Fehrenbach 1997: 171; Hillson 

1996:177). 

Dentine 

Dentine is consists of less minerals and is not as hard as enamel; The same mineral 

Calcium hydroxyapatite  found in enamel also makes up the dentine tissue. What differentiates 

dentine from enamel is that dentine is sensitive in contrast to enamel. Dentine also continues to 

form over the tooth’s lifetime.  Dentine takes up the bulk of the tooth. Although the dentine is 

covered at the crown by the enamel and at the root by cementum, it can be seen through enamel 

appearing as a yellowish color. As the enamel wears down from use the actual dentine is 

exposed. The dentine protects the soft pulp located in the center of the tooth as well as support 

for the enamel. The dentine is more flexible than enamel creating enough give in the tooth that it 

does not shatter during the mastication process (Bath-Balogh and Fehrenbach 

1997:176;Berkovitz et al 2009: 129). 
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Dentine is created during dentinogenesis where by odontoblasts lay down pre-dentin. 

This pre-dentin is non-mineralized unlike the finished product.  As the dentin matures the 

calcium hydroxyapatite creates globules in the organic pre-dentin. At first these globs are close 

together and sort of run together at times. As the mineralization process continues the globs stop 

fusing completely creating a light (complete fusion) and dark (incomplete fusion) pattern under a 

microscope (Bath-Balogh and Fehrenbach 1997:177-178). The lack of fusion seems to occur 

more often in permanent teeth rather than deciduous teeth. What exactly causes it is still 

unknown although theories have suggested environmental factors (Hillson 1996:190). Multiple 

forms of dentine can be found in the tooth. Mantle dentine is the first of the verities to be formed. 

Primary dentine is completed before the roots are completely formed while secondary is the 

dentine that is made afterwards. Tertiary dentine forms specifically if there is trauma to the 

tissue. Other types of dentine form very specific functions in the tooth ( Bath-Balogh and 

Fehrenbach 1997:180-181). 

Like enamel, dentin contains tubes. The dentinal tubules go from the crown to the root 

and contain dental fluid.  A neonatal line is found within dentine as well as a well formed line 

that separates primary from secondary dentine (Bath-Balogh and Fehrenbach 1997:178-179).  

These lines are much fainter than in enamel and thus of less use in aging. Archaeologically 

dentine does not preserve as well as enamel. It becomes either considerably softer or more 

brittle. If the dentine fractures it can cause fracturing of the enamel as well. The exact extent of 

preservation varies wildly from area to area is hard to predict (Hilson 1996:187-189,196). 

 

 



 

12 
 

Cementum 

The cementum is part of the peridontium which also includes the alveolar process and 

ligaments. It anchors the tooth into the maxilla or mandible. The cementum contains lesser 

quantities of calcium hydroxyapatite. Cementum is only sixty-five percent inorganic material 

with twenty-three percent organic and twelve percent water. Less is known about the cementum 

than the other parts of the tooth. Because that its primary function is attachment it is responsive 

to trauma and is involved with repair and regeneration of the tooth ( Bath-Balogh and 

Fehrenbach 1997:189 ;Berkovitz et al 2009:169). 

The formation of cementum occurs throughout life. It originates from cells known as 

cementoblasts that are derived from the dental sac. The cementoblasts converge onto the root 

laying down cementum until fully formed. Calcification occurs maturing the cementum. Two 

types of cementum are produced during the process acellular comes first and forms starting at the 

point where the cementum and dentine meet, the dentinocemental junction and covering the 

entire root. The second, cellular cementum, comes later and only covers the bottom third of the 

root over the acellular (Bath-Balogh and Fehrenbach 1997:190-194). 

Cementum has the ability to repair itself. Damaged cementum is reabsorbed and then new 

material is created. There is a distinct line between the repaired area and the surrounding tissues 

called the reversal line. The repair is not as clean as the original formation. There is les 

mineralization with smaller crystals and sometimes calcium globs. The globs are evidence that 

repair was not even. Unlike bone cementum seems to resist being reabsorbed. The exact reason 

is unknown. The process is also much slower than the repair of other types of bone (Berkovitz et 

al 2009:177) 
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Pulp Chamber and Pulp 

The pulp chamber is the innermost part of the tooth and contains the pulp. Unlike the 

other parts of the tooth it is comprised not of inorganic material, but seventy-five percent water 

and twenty-five percent organic materials. It is a loose connective tissue created by a fibrous 

matrix of cells.  The pulp arises from the same areas as dentine and functions by supplying blood 

to the dentine as well as giving support and nutritional maintenance to the tooth. The pulp is also 

involved in the tooth’s sensory perception. Any type of simulation that the brain receives, 

including temperature, chemical damage, and vibrations, are all perceived as pain (Bath-Balogh 

and Fehrenbach 1997:185). 

Age changes the dental pulp. As the dentine continues to be added the room for the pulp 

becomes smaller.  There is a decrease in the amount of water in the pulp. It becomes more 

fibrous and mineralization can occur producing pulp stones. This does not happen to every 

individual, however (Berkovitz et al 2009:167). Archaeologically teeth may be found where the 

pulp has dried up but the pulp stones still remain loose within the pulp chamber (Hillson 

1996:195). 

Morphology 

Another important factor to understanding the effect household chemicals have on teeth 

is the shape and size variations of the various classes of teeth. The differences of the various 

classes may result in different susceptibilities to the chemicals the teeth are exposed too. A 

summary of the four classes of teeth are listed here below.  
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Incisor 

Incisors are the most mesial of teeth. There are four in the maxillary bone and four in the 

mandible.  They tend to look blade-like in shape with a crown that is relatively thin in the 

buccal/lingual orientation. The crown looks like a triangle when viewed from the side, either 

mesially or distally (Berkovitz et al 2009:14). On the lingual face there is a bulge called the 

tuberculum located at the cervix. Most incisors have three small cusps called mamelons although 

some have up to five. There is usually just one root on incisors. This root tend to be flattened 

mesial/distally. The root may slant slightly to the distal side (Hillson 1996:20-21;Schaefer et.al. 

2009:72-73) 

Deciduous incisors are smaller than their permanent counterparts. The roots tend to be 

slimmer as well. Proportionally, however, the roots are longer than the permanent root. This 

makes the short deciduous crowns look more rounded in appearance. Like all deciduous teeth the 

enamel is thinner. This means that they wear much faster than permanent teeth. It is not unusual 

to have incisors with no mamelons left and the dentine exposed( Baker et al 2005:56). 

Canines 

Canines are situated lateral to the incisors. There are four canines; a right and left upper 

canine and a right and left lower canine. The crown of the canine comes to a single point or cusp. 

The canine also has a tuberculum, but theirs tends to be larger making the tooth look thicker than 

the incisors. Both their crowns and roots are longer than those of the incisor making them larger 

over all. Like the incisor, the canine only has one root that curves distally though theirs is 

rounder with a sharper point (Baker et al 2005:54). 
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Deciduous canines are again smaller with a root/crown ratio that is larger than the 

permanent teeth. The crown cervix is thicker making the crown look rounder and shorter. Overall 

the appearance is similar to the adult form. The wear patterns are the same as well. Both sets of 

canines show a diamond pattern as they lose enamel ( Schaefer et al. 2009:73;White et al 

2012:112-113) 

 

Premolars 

There are no premolars in the deciduous dentition. In the permanent dentition there are 

two premolars in each quadrant. Dentists and anthropologists call them the first and second 

premolars, but in a paleontology context these are actually the third and fourth premolars. 

Humans have lost the first two during the evolutionary process. To prevent confusion the historic 

names continue to be used (Hillson 1996:7). 

Premolars most commonly have multiple cusps on the crown; one on the buccal side and 

one on the lingual side. The buccal cusp tends to be larger than the lingual cusp. Premolars are an 

intermediate between the canines and incisors and the molars. Premolars may also have multiple 

roots located mesiobuccal and distobuccal. In general they tend to only have one. The upper 

premolars are more likely to have a double root than lower premolars (Hillson 1996:38,43 ; 

Baker et al 2005:54). 
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Molars 

In the permanent dentition humans have three molars in each quadrant. The third molar 

may become compacted and never actually erupt. It is also not unheard of for the third molars to 

be congenitally absent. Molar crown are generally the largest crowns in the mouth due to their 

job in grinding food. The bigger crown requires more complex roots. Molars in the maxillary 

will have three roots (two that are buccal and one that is palatal) while those in the mandible will 

have two (one that is mesial and one that’s distal). There is more variation in the molars than in 

the other teeth. Some molars have three cusps others may have more than five. The mandibular 

crowns tend to have a greater number of cusps than the maxillary. The shape of the molar crown 

may vary as well (Bakere et al 2005:54; Scheuer and Black 2000:). 

The two deciduous molars are smaller than their equivalents in the permanent dentition. 

The crown appears more bulbous due to the enamel margin of the cervix being more prominent. 

First molars have a tubercle on their mesiobuccal face. The roots are not as large. They tend to 

curve more than permanent teeth with a greater distance between each root. This allows space for 

the growing premolars. Figure 3 is a comparison of deciduous incisors, canines and molars to 

their permanent counterpart. Two different views, the labial/buccal and the mesial side are 

shown (Schaefer et al. 2009:75; White et al 2012:112-114). 
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 Figure 3: Comparison of deciduous 

teeth to permanent. (Baker et al 

2005:66 Figure 5.16) 
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Growth and Development 

Lastly is the discussion of the growth and development of both the permanent and 

deciduous dentition. Teeth proceed in a set process of growth and then degeneration. This 

process should be discussed in order to better understand the susceptibility the teeth have to 

household chemicals and how it relates to the age of the teeth. 

Tooth development is a very complex process that starts in utero around the six weeks 

mark.(Figure 4) It consists of three stages Initiation, Apposition and Maturation. Initiation 

consists of four phases starting with Induction where the ectoderm gives rise to the necessary 

cells needed to produce a tooth. The second stage is where the cells converge into a bud shape 

(which is why it is called the bud stage) that penetrates into the developing mandible and 

maxilla. Next is the Cap stage where the pre-enamel organs emerge as a cap onto the bud. The 

last stage of Initiation is the bell stage. Here the cells start differentiation into the specific cells 

needed to produce each type of tissue. This occurs around the twelfth week of development 

(Bath-Balogh and Fehrenbach 1997:6; Scheuer and Black 2000:154) Figure 4 shows the 

formation of the tooth in the incisor, canine and molar. It starts with the tops of the cusps and 

grows till the roots are fully formed. 
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Figure 4: The stages of tooth 

formation.(Schaefer et al.  2009:86) 
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An apposition stage comes after the Initiation stage and is different for each tissue. The 

particulars of this stage are explained more in the morphology section of each tissue. It is at this 

stage when the matrix is secreted. Afterwards the tooth moves into the “maturation stage”. At 

this point all the tissues are fully formed and the mineralization is at peak levels (Bath-Balogh 

and Fehrenbach 1997:63). 

The crown comes before the root does. The cusps form first with calcification increasing 

as matrix layers till all cusps are formed and united. The sides of the crown form in narrower 

bands till the cervix of the crown is reached and enamel formation ends. At the same time as the 

enamel walls forming, the pulp chamber is also forming as pre-dentine is laid down. Only after 

the crown is complete does the root form. The dentine is shaped to form with a single root is 

simply tampers to a point with multi-root teeth it fold in and then tapers to each individual tooth 

(Hillson 1996:119,121). 

The first deciduous tooth to take its proper shape would be the first incisors between 

fourteen and sixteen weeks. Canines form shortly after and second molars are the last to form. 

Toward the very end of pregnancy, around twenty-eight to thirty-two weeks the first permanent 

molars start to take shape. Usually just the mesiolingual cusp is formed before birth. A longer 

gestation may see the distobuccal cusp appear as well (Hillson 1996:121-122; Bath-Balogh and 

Fehrenbach 1997:81). 
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At birth the most completed of the teeth are the first incisors with eighty percent of the 

crowns finished. On average only the cusps barley joined exist of the maxillary second molars. 

The teeth continue to develop postnatal. At three to four months the incisors finish the initiation 

stage of development with the canines again following shortly thereafter. It is not until the one 

year mark that the deciduous crowns are complete. By this time the incisors have started erupt. 

More of the permanent teeth have started forming as well (Hillson1996:124-125). 

The eruption of the deciduous teeth seems to differ in males and females. For females the 

eruption occurs, on average, earlier by a few months.  The emergence follows the pattern of 

development with incisors emerging first followed by canines and lastly molars. The deciduous 

teeth emerge during the first couple years of life finishing by around the third year (Bath-Balogh 

and Fehrenbach 1997:80; Scheuer 2000:152). Figure 5 shows the development and eruption of 

the deciduous dentition. The eruption pattern was studied by Ubelaker in Native Americans has 

become a standard in biological anthropology.  

After the complete eruption of the deciduous teeth the permanent teeth continue to 

develop taking up more of the shared cavity. To provide room the cementum and dentine of the 

deciduous root is reabsorbed.  This is not a smooth process because, as mentioned before, 

cementum does not absorb as nicely as bone does. The tooth may even try to repair itself causing 

a loose tooth to become tighter again. Eventually the absorption overcomes the repair and the 

tooth is lost (Berkovitz et al 2009:36-362). 
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Figure 5 Growth and eruption of 

deciduous teeth.( Ubelaker 

1978:66.) 
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It is not unusual for the permanent teeth to erupt before the deciduous teeth are 

exfoliated. This can lead to crowding issues and the permanent tooth not coming in at the correct 

spot ( Bath-Balogh and Fehrenbach 1997:83). Unlike deciduous teeth the first tooth to emerge is 

the first molars at six to seven years of age. The molars are then followed by the incisors at seven 

to eight years. The last tooth, the third molars will not erupt until late teen to early twenties if 

they erupt at all. Sometimes third molars, or wisdom teeth, become impacted in the bone tissue 

(American Dental Association 2013). The complete timing of the permanent tooth eruption is 

shown in figure 6.  

Anthropologists can use the sequence of dental development and eruption to determine 

the age of an individual although mostly those under the age of about twenty. After the third 

molars are fully erupted aging is much more difficult and relies more on wear patterns. Most rely 

on the Ubelaker charts developed in 1979. Those are the ones used in this paper. There are other 

aging methods some based on root reabsorption or on the height or weight of the tooth, but these 

are not always accurate. Also different methods on the same individual may give different 

results. This may be due to the populations used to come up with the different techniques. One 

study is thought to have been done on terminally ill children whose malnutrition and disease may 

have affected eruption timing. Due to this all ages that result from these techniques should be 

considered approximations and not absolutes (Hillson 1996:146). 
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Figure 6: Growth and eruption of 

permanent dentition.( Ubelaker 

1978:66.) 
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CHAPTER THREE 

MATERIALS AND METHODS 

Materials 

Letters were sent out to a dozen dental offices around Wichita as well as two in Salina 

asking for permanent teeth. Two offices responded, Dr. Gagnon from Wichita State Dental 

School donated twenty-five. The teeth donated from Dr. Gagnon had been part of his teaching 

collection and had been collected some unknown time ago. The teeth had been preserved in 

Listerine turning the teeth a green color Plate 1) Dr. Cole from the Oral and Maxillofacial 

surgery donated thirty recently extracted teeth. One incisor was donated by the author’s father, 

also recently extracted, making the total fifty-six. The majority of the teeth were molars and 

premolars. Only seven canine teeth were donated, one of which was broken, making them the 

limiting factor. Eighteen teeth were chosen for the experiment based on the overall condition of 

each tooth. Any tooth that was cracking or falling apart was discarded. Six incisors, six canines 

and six molars were chosen as the tooth classes to be studied.  
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The dentists that consulted in the present study reported that deciduous teeth are extracted 

much less frequently than permanent teeth. Due to this naturally lost teeth were used. 

Consequently the roots of all the donated deciduous teeth were reabsorbed and thus not available 

for this study. Deciduous teeth were donated by the author’s friends and family. Fifty-four whole 

teeth were collected as were approximately sixty-seven fragments. Eighteen deciduous teeth 

were selected for the experiment including six incisors, six canines and six molars the same as 

the permanent teeth. The teeth had been collected from individuals who are now between the 

ages of eighteen to twenty-five. The teeth themselves had been exfoliated during the natural 

process of replacing deciduous teeth with permanent teeth around age six beginning with the 

mandibular central incisors and usually completing with the maxillary second molars between 

the ages of twelve and fifteen (Scheid and Weiss 2010:172). Most of the teeth had been kept in 

boxes with cotton, but some had been stored in plastic bags while still others were kept in a 

plastic container.  

Plate 1: Green coloring from Listerine on 

pre-molar (Specimen courtesy of Dr. 

Gagnon. 
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Five chemicals will be used in the experiment, plus the control which will be water.(table 

1) Because hydrochloric and sulfuric acid have been studied previously this study will look at 

other household chemicals. These chemicals include: Vinegar (acetic acid C2H4O2) a naturally 

occurring monoprotic acid that is created by the oxidation of ethanol, Clorox Bleach (sodium 

hypochlorite CINaO) which is a bleaching agent used to clean, Household Ammonia 

(Ammonium hydroxide H5NO), a cleaner, Pure Lye drain cleaner (Sodium Hydroxide HNaO) an 

alkaline chemical, and Biz ( Sodium Percarbonate C2H6Na4O12) a cleaner.(NCBI 2009a-e) Tap 

water will be the control.  

Biz was picked specifically because it is used to clean bones at WSU-BAL. Vinegar and 

Clorox Bleach are easy to find in large quantities for a reasonable price. A Google search brings 

them up as common caustic chemicals found in the average household making these chemicals a 

logical choice for people wanting to destroy a body. The ammonia used is household ammonia 

that has been added to water. Ammonia is very common in the work force; used in agriculture 

and in manufacturing. Thus ammonia poisoning can be accidental in these cases. Ammonia may 

also be used to purposefully harm someone. It is therefore possible that it may be used to hide a 

victim’s identity. Either way it is important to note how ammonia exposure affects teeth.(New 

York Department of Health 2004) A number of drain cleaners are a cheap source of lye. The 

chemical is also used to neutralize acids and can create salts from its chemical reactions. Lye, 

while fairly common in the household, is known to destroy soft tissue if spilt (NCBI 2009c). The 

use of  lye to obscure identity has been documented in several cases in the past thus studying the 

effects of lye on dentition is important as it has been known to be used in this context. All of the 

chemicals can be found at a store such as Wal-Mart or Target. Lye can be found at some 

hardware stores or online. 
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Table 1: PH Level of Chemicals used in Experiment 

Chemical Ph level 

Vinegar 2 

Clorox Bleach 12 

Biz 9 

Lye 13 

Ammonia 11 

Water(Control) 7 

 

Methods 

Because the teeth were donated from different places they were in various stages of green 

to dry condition. The moisture content of the teeth varied based on where the tooth came from. 

Those teeth that had been freshly extracted were to have been dehydrated using a water and 

alcohol solution. However, because some of the teeth were already dry, this method was 

discarded. Also, initial experiments using the alcohol solution caused the deciduous teeth to 

break apart after a short amount of time. In order to dry the teeth out without cracking them, the 

teeth were placed in the fume hood of Wichita State University Biological Anthropology Lab 

(WSU-BAL) on wet paper towels for a week and careful observations was taken so that the teeth 

would not become to dried out and fall apart. This method would have still left variations in the 

moisture content of individual teeth, but less wide-ranging as the alcohol treatment. 

The experiment was split into two parts; permanent teeth done one day and deciduous 

teeth done another. Three ounces of one chemical was placed in one of six, four ounce, 
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containers that can be seen in plate 2. The lye came in pellet form about thirty-nine grams 

(roughly 1/8
th

 cup) were dissolved in three ounces of hot water. The water was allowed to cool 

before any teeth were placed in the chemical. Biz came as a powder. Nine grams of Biz was 

dissolved in water. The numbers reflect a scaled down version of the quantities used by the 

directions from the box. 

Three teeth were placed in a four ounce glass container. These teeth include one each of 

every tooth type, incisor, canine, and molar. Due to the fact that the deciduous teeth did not have 

roots, the teeth were not placed in anatomical position, but simply placed in the liquid. The teeth 

were observed for twenty-four hours. The changes were documented every hour for the twenty-

four hours. The measurement period averaged approximately 10 minutes so the total time the 

teeth were in the bath is actually slightly less than twenty-four hours.  

Plate 2: Glass Jars with the chemicals and teeth 

during hour one. 
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The teeth were photographed as a group ( all the  vinegar teeth, then all the Bleach teeth 

and so on) at each stage. Any noticeable changes were photographed more closely. These photos 

were then compared to initial photographs that were taken of each individual tooth before the 

experiment started. During initial photographs the occlusal, labial/buccal, lingual/palatal, mesial 

and distal views were taken. For the deciduous teeth the inferior view where the pulp chamber 

would have been was also documented.  Once the twenty-four hours has been reached they will 

be taken out of the chemical bath and examined for discoloration and damage to the various parts 

of the tooth. Final photographs were taken at this as well with the same views as the initial 

photographs.  

Measurements were taken and recorded before the experiment started as well as every 

hour of the experiment and at the end of twenty-four hours. These measurements include the 

weight of the tooth taken in grams. Two different scales were used as the first one was unable to 

accurately weigh some of the smaller deciduous teeth. The first scale measured to the nearest 

tenth of a gram and the second one measured to the nearest thousandth of a gram. This does 

make the second one more accurate, but do to the size of the permanent teeth the first scale was 

enough to weigh them.  

One other measurement was taken with sliding calipers. mesiodistal length of the crown 

was measured. The mesiodistal length is the greatest diameter of the crown and is taken at the 

point parallel to the occlusal as well as the labial/buccal surfaces. It was decided that the crown 

height would not be taken as the deciduous teeth and some of the permanent teeth show a great 

deal of occlusal wear to them. The measurement requires the mesiobuccal cusp to be present and 



 

31 
 

without that cusp the measurement is not very precise (Kieser 1990:4-6).  There is a level of 

error with these measurements that must be noted (Hillson 1996:70-71). There are intra-observer 

errors that come from not always placing the calipers in the exact point every time. The teeth are 

no longer in a person’s mouth. The exact orientation can only be presumed from textbook 

examples. There are irregularities and variation among individual teeth and how they fit in 

someone’s mouth that needs to be considered.  This does not mean the measurements cannot be 

used, it just means there is some error that should be noted. To lessen the error, only one person 

took measurements (Hillson 1996:71 
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CHAPTER FOUR 

RESULTS 

Introduction 

The measurements taken were rounded to the nearest thousands of a gram for weight and 

tenth of a millimeter for mesial/distal. The weight was taken using two electronic scales. The 

mesial/distal was taken using electronic sliding calipers. If the tooth broke into two pieces the 

two pieces were recorded together when it came to weight, but separately when it came to the 

mesial/distal length. If the tooth broke into more than three pieces during the experiment the 

mesial/distal length was no longer recorded due to the possible inaccuracy that would arise from 

any of the subsequent  measurements. 

Quantitative Results 

 Weight 

 The following are summaries of the data at certain intervals from the twenty-four hour 

period. Table 2 is documents the weight in grams for each permanent tooth including the incisor 

canine and molar. They are arranged by the chemical in which they were immerged in. Table 2  

consists of the chemical name separated into each of the three tooth types and then 

measurements at the zero, one, four, eight,  twelve, sixteen, twenty and twenty-four hour are 

noted. Each chemical is then broken down and graphed.  
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 Table 2: Permanent dentition weight change over time 

 

Tooth 

Zero 

Hour 

One 

hour 

Four 

hours 

Eight 

hours 

Twelve 

hours 

Sixteen 

hours 

Twenty 

Hours 

Twenty-four 

hours 

Vinegar 

Incisor 

.7 .8 .6 .7 .7 .7 .6 .7 

Vinegar 

Canine 

1.1 1.0 1.1 1.1 1.1 1.1 1.0 1.0 

Vinegar Molar 2.6 2.7 2.7 2.7 2.7 2.6 2.6 2.6 

Bleach Incisor .6 .7 .6 .5 .5 .7 .6 .5 

Bleach Canine 1.7 1.8 1.7 1.8 1.8 1.9 1.8 1.8 

Bleach Molar 2.5 2.6 2.6 2.5 2.6 2.7 2.6 2.6 

Biz Incisor .4 .4 .5 .5 .5 .5 .5 .4 

Biz Canine 1.1 1.2 1.1 1.1 1.1 1.2 1.1 1.1 

Biz Molar 1.5 1.5 1.6 1.5 1.5 1.5 1.4 1.5 

Lye Incisor .8 .7 .8 .8 .8 .8 .8 .8 

Lye Canine 1.0 1.0 1.0 1.0 .9 1.0 .9 1.0 

Lye Molar 1.9 1.9 1.8 1.9 1.9 1.9 1.9 1.9 

Ammonia 

Incisor 

.6 .7 .6 .6 .7 .7 .7 .6 

Ammonia 

Canine 

.8 .9 .9 1.0 .9 .8 .9 1.0 

Ammonia 

Molar 

1.8 1.9 2.0 1.9 1.9 2.0 1.9 1.9 

Control Incisor .5 .4 .5 .5 .4 .4 .5 .5 

Control Canine .9 .9 1.0 1.0 1.0 1.0 .9 .9 

Control Molar 3.1 3.2 3.2 3.2 3.1 3.2 3.2 3.1 
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There were very few changes observed from Table 2 in the weight changes of the teeth 

specimens over the twenty-four hours they were exposed to the household chemicals. In every 

case the individual teeth show an oscillating pattern to the measurements. They may show very 

small increases and decrease throughout the experiment period, but the weight changes do not 

appear to actually reflect variations or any significant alterations to the teeth.  

Table 3 is records the weight for each deciduous tooth including the incisor canine and 

molar similar to the permanent teeth recorded in Table 2. They are arranged by which chemical 

they were placed in during the experiment. Table 3  consists of the chemical name separated into 

each of the three tooth types and then measurements at the zero, one, four, eight,  twelve, sixteen, 

twenty and twenty-four hour are noted.  An asterisk symbolizes that the tooth broke apart and the 

recorded weight is the combined weight 
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Table 3: Deciduous dentition weight change over time 

Tooth Zero 

Hour 

One hour Four 

hours 

Eight 

hours 

Twelve 

hours 

Sixteen 

hours 

Twenty 

Hours 

Twenty-

four 

hours 

Vinegar 

Incisor 

.178 .189 .194 .181 .175 .167 .159 .159 

Vinegar 

Canine 

.201 .209 .205 .199 .191 .182 .175 .174 

Vinegar 

Molar 

.349 .362 .353 .344 .334 .323 .306 .303 

Bleach 

Incisor 

.129 .137 .130 .134 .137 .131 .131 .135 

Bleach 

Canine 

.239 .251 .245* .238* .240* .237* .235* .240* 

Bleach 

Molar 

.694 .710 .719 .712 .709 .706 .702 .701 

Biz 

Incisor 

.070 .072 .077 .076 .071 .073 .069 .070 

Biz 

Canine 

.199 .206 .208 .202 .204 .202 .198 .200 

Biz 

Molar 

.346 .362 .369 .360 .354 .356 .350 .351 

Lye 

Incisor 

.076 .078* .077* .076* .076* .075* .074* .075* 

Lye 

Canine 

.305 .325 .323 .316 .316 .314 .307* .308* 

Lye 

Molar 

.633 .669 .654 .656* .654* .654* .642* .649* 

Ammoni

a Incisor 

.120 .124 .121 .125 .124 .121 .123 .126 

Ammoni

a Canine 

.229 .236 .236 .238 .240 .234 .234 .241 

Ammoni

a Molar 

.534 .552 .548 .549 .554 .542 .538 .543 

Control 

Incisor 

.164 .164 .167 .168* .170* .171* .164* .167* 

Control 

Canine 

.208 .206 .206 .209 .208 .210 .209 .208 

Control 

Molar 

.667 .672 .672 .675 .680* .676* .678* .679* 

* indicates that the tooth broke apart and this is the combined weights of the pieces 



 

36 
 

There were only a few changes observed in the weight changes of the teeth specimens 

over the twenty-four hours they were exposed to the household chemicals. In most cases the 

individual teeth show an oscillating pattern to the measurements. They may show very small 

increases and decrease throughout the experiment period, but the weight changes do not appear 

to actually reflect variations or any significant alterations to the teeth.  There were some teeth 

that appear to have noticeable differences in weight. All three teeth soaked in vinegar show a 

reduction in tooth weight. Ammonia, on the other hand, caused the three teeth placed in it to 

increase slightly in dental weight.  

The three permanent teeth that were placed in Vinegar(Acetic Acid) showed a similar 

pattern of change in weight over the twenty-four hour period as shown in figure 7.  The Three 

deciduous teeth show a minute downward curve on the figure although the deciduous incisor is 

hidden by the deciduous canine. 

 

Figure 7: Weight of Teeth Placed in Vinegar 
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The slight fluctuations of the permanent teeth were attributed to errors in the scale 

readings. Permanent teeth fluctuated approximately .1grams to .2grams from the mean of each 

tooth.  The deciduous teeth fluctuated approximately .03 grams to .06. grams 

The three permanent teeth and the three deciduous teeth that were placed in 

Bleach(sodium hypochlorite) showed a similar pattern of change in weight over the twenty-four 

hour period as shown in figure 8. 

 

Figure 8: Weight of Teeth Placed in Bleach 
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Again any fluctuations of the recorded data was attributed to the scales used. Permanent 

teeth all had oscillations within the data with a range of .2 grams. The deciduous teeth had 

fluctuations that were anywhere from .06 to .25. Despite the wide range of variation in the data 

all three of the deciduous teeth look like nearly straight lines on figure. The three permanent 

teeth that were immersed in Bleach(Sodium Hypochlorite) appear to fluctuate more than the 

deciduous teeth but that is due to the scale not showing the much slighter range of the deciduous. 

The variations  of the permanent teeth are in tens of a gram and the those of the of the deciduous 

teeth are in hundredths of a gram due to the use of two different scales which was necessary due 

to technical difficulties of the original scale. There was no significant change to either the 

permanent teeth or the deciduous teeth weight. There was significant change to the deciduous 

canine as a whole in terms of appearance. At the hour mark the tooth split in half. The combined 

weight of the two halves, which is shown on the graph, did not significantly change. 

The three permanent teeth and the three deciduous teeth that were placed in Biz ( sodium 

per carbonate) displayed a similar pattern of change in weight over the twenty-four hour period. 

This can be seen in figure 9. There was not a visible level of change recorded. 
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Figure 9: Weight of Teeth Placed in Biz 

None of the teeth showed significant change in weight due to Biz (sodium per carbonate). 

The fluctuations were due to errors in the scales. The fluctuations seen here are nearly consistent 

for all the permanent teeth with a range of variation of .1grams to .2 grams. The deciduous teeth 

had a greater range from .08 grams to .22 grams.  

The three permanent teeth and the two of deciduous teeth that were placed in 

Lye(Sodium Hydroxide) showed a comparable amount of alteration in weight over the twenty-

four hour period as shown in figure 10 . The recorded measurements for most of the teeth were 

close together with a small range. The deciduous molar was the only on that showed a marked 

difference, increasing slightly. 
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Figure 10: Weight of Teeth Placed in Lye 

The incisor broke into two parts at the one hour mark. The canine broke into three pieces 

at the twenty-one hour mark and the molar broke into half at the seven hour mark. The combined 

weight of the incisor and the canine stayed consistent throughout the experiment while the molar 

showed a minute increase in weight. The permanent teeth oscillated only by .1 grams. The 

deciduous teeth oscillated as little as .03 grams to as much as .23 grams.  

The three permanent teeth that were placed in Ammonia showed a very similar pattern of 

modification in weight over the twenty-four hour period as shown in figure 11. The deciduous 

teeth showed more variation, but all were increasing to some extent.  
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Figure 11: Weight of Teeth Placed in Ammonia 

Permanent teeth exposed to ammonia did not show significant change in weight. All the 

fluctuations are consistent between different tooth classes staying within a .2 grams range for 

permanent teeth.  The deciduous exhibited minor change. The deciduous teeth.06 to .20  

gramswas the range for the deciduous teeth.  

The three permanent teeth and the three of deciduous teeth that were placed in the 

control(water) indicated a similar pattern of variation in the weight  measured over the twenty-

four hour period. Figure 12 displays the measurements taken. 
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Figure 12: Weight of Teeth Placed in Control(Water) 

The Control(Water) had no significant effect on the weight of the teeth. The deciduous 

incisor spilt into three pieces at approximately eight hours. The deciduous molar broke into two 

parts at roughly eleven hours. Despite this the total weight of the teeth did not diminish. The 

fluctuations of the deciduous teeth are the smallest of the six chemicals; changing only .01 

grams. The permanent teeth had the same amount of variation as the deciduous teeth.  

Mesial/Distal Length 

Table 4 is records the mesial/distal length in millimeters for each permanent tooth 

including the incisor canine and molar. They are arranged by which chemical that they have been 

submerged in. Table 4 consists of the chemical name that is then  separated into each of the three 

tooth types, incisor canine and molar, and then  the measurements taken at the zero, one, four, 

eight,  twelve, sixteen, twenty and twenty-four hour are noted.  
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 Table 4: Mesial/Distal Length  in Millimeters of the Permanent Dentition 

Tooth Zero 

Hour 

One hour Four 

hours 

Eight 

hours 

Twelve 

hours 

Sixteen 

hours 

Twenty 

Hours 

Twenty-

four 

hours 

Vinegar 

Incisor 

5.8 5.7 5.9 6.0 6.0 5.7 6.0 5.9 

Vinegar 

Canine 

7.0 6.8 7.1 7.2 7.0 7.0 7.0 7.0 

Vinegar 

Molar 

10.0 10.0 9.9 10.0 10.0 9.8 9.8 9.8 

Bleach 

Incisor 

6.7 6.6 6.4 5.6 5.1 5.6 5.6 5.6 

Bleach 

Canine 

7.5 7.6 7.9 7.8 7.9 7.9 7.9 7.9 

Bleach 

Molar 

9.5 8.8 9.3 9.3 9.5 9.3 9.3 9.3 

Biz 

Incisor 

5.3 5.2 4.9 5.3 5.2 5.1 4.8 5.2 

Biz 

Canine 

7.7 7.4 7.5 7.6 7.8 7.8 7.4 7.8 

Biz 

Molar 

8.0 7.9 7.7 7.7 7.5 7.5 7.7 7.6 

Lye 

Incisor 

5.6 5.5 5.5 6.6 6.6 6.6 6.5 6.6 

Lye 

Canine 

6.5 6.5 6.9 6.7 6.8 6.7 6.9 6.5 

Lye 

Molar 

10.1 10.6 10.6 10.2 10.6 10.5 10.6 10.7 

Ammoni

a Incisor 

5.8 5.8 6.0 5.7 5.9 6.0 5.9 5.9 

Ammoni

a Canine 

6.0 5.8 6.0 5.9 6.0 5.8 5.9 6.0 

Ammoni

a Molar 

10.7 10.8 10.8 10.6 10.5 10.6 10.7 10.9 

Control 

Incisor 

5.2 5.0 4.8 5.0 5.0 4.9 4.9 4.9 

Control 

Canine 

7.1 6.9 7.0 7.1 7.2 6.9 6.8 7.2 

Control 

Molar 

13.9 14.1 13.7 13.4 13.7 13.6 13.8 13.7 
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There were very few changes observed in the mesial/distal length of the teeth specimens 

over the twenty-four hours they were exposed to the household chemicals. Most individual teeth 

demonstrate fluctuations to the measurements. They may show very small increases and decrease 

throughout the experiment period, but the weight changes do not appear to actually reflect 

variations or any significant alterations to the teeth. There are two exceptions. One is the bleach 

incisor which exhibited small decreases in mesial/distal length. The other is the lye incisor which 

showed an increase in mesial/distal length.  

Table 5 is records the mesial/distal length for each of the deciduous tooth including the 

incisor canine and molar. This is done similarly to the Table 4. The table is organized by which 

chemical they have been placed in. The chemical name is separated into each of the three tooth 

types, incisor canine and molar. The measurements taken at the zero, one, four, eight,  twelve, 

sixteen, twenty and twenty-four hour are reported. 

 

 

 

 

 

 

 

 

 

 

 

 



 

45 
 

Table 5: Mesial/Distal Length in Millimeters of the Deciduous Dentition  

Tooth Zero 

Hour 

One hour Four 

hours 

Eight 

hours 

Twelve 

hours 

Sixteen 

hours 

Twenty 

Hours 

Twenty-

four 

hours 

Vinegar 

Incisor 

5.9 5.7 5.8 6.0 6.1 6.0 6.1 6.1 

Vinegar 

Canine 

5.5 5.5 5.5 5.5 5.4 5.6 5.6 5.6 

Vinegar 

Molar 

8.5 8.9 8.8 8.4 8.6 8.8 8.2 8.1 

Bleach 

Incisor 

4.9 4.7 4.5 4.6 4.9 4.9 4.8 4.6 

Bleach 

Canine 

6.9 7.1 4.1/3.7 3.6/3.7 N/A N/A N/A N/A 

Bleach 

Molar 

9.4 9.0 9.9 9.3 9.1 9.8 9.9 9.5 

Biz 

Incisor 

3.3 3.2 3.4 3.2 3.5 3.6 3.5 3.4 

Biz 

Canine 

5.3 5.1 5.1 5.3 5.5 5.2 5.1 5.2 

Biz 

Molar 

7.9 7.7 8.1 7.8 7.8 7.8 8.2 8.0 

Lye 

Incisor 

3.8 2.4/1.4 2.5/1.5 2.6/1.5 2.3/1.4 2.7/1.6 2.4/1.5 2.6/1.6 

Lye 

Canine 

7.2 7.5 7.4 7.2 7.1 7.1 N/A N/A 

Lye 

Molar 

9.9 9.5 8.4/2.5 7.3/2.5 6.9/2.4 6.7/2.3 8.6/2.5 8.6/2.3 

Ammoni

a Incisor 

4.4 4.4 4.5 4.7 4.5 4.4 4.6 4.6 

Ammoni

a Canine 

5.9 5.6 5.9 5.8 5.8 5.8 5.8 6.1 

Ammoni

a Molar 

9.5 9.5 9.8 9.6 9.7 9.7 9.7 9.7 

Control 

Incisor 

6.1 6.1 6.3 N/A N/A N/A N/A N/A 

Control 

Canine 

5.8 5.6 6.3 5.8 5.8 5.9 5.9 5.6 

Control 

Molar 

8.8 9.7 9.5 9.5 N/A N/A N/A N/A 
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After a tooth broke into three pieces measurements were no longer taken and are reflected 

in the table by N/A. If the tooth only broke in half the lengths of both pieces are noted on the 

graph. There was little in the way of changes observed in the mesial/distal length of the teeth 

specimens during the twenty-four hours that they were exposed to the household chemicals. 

Most individual teeth demonstrate oscillations to the measurements. They may show very small 

increases and decrease throughout the experiment period, but the weight changes do not appear. 

The three permanent teeth as well as the three deciduous teeth that were placed in the 

Vinegar (Acetic Acid) showed a similar pattern of change in their mesial/distal length over the  

course of the twenty-four hour period as shown in figure  13. 

 

Figure 13: Mesial /Distal Length  in Millimeters of Teeth Placed in Vinegar. 
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There was no significant change in the width of the tooth due to being emerged in 

Vinegar. Any possible enamel lost was to minute to measure with the calipers used which 

measured to the tenth millimeter. The results are consistent with all six teeth.  

Two of the permanent teeth that were placed in Bleach or sodium hypochlorite showed a 

very similar pattern of variation in mesial/distal length over the twenty-four hour period as 

shown in figure 14. The third permanent tooth, the incisor indicated a reduction in the 

mesial/distal length of the enamel. The three deciduous teeth show no visible signs of change to 

their mesial/distal length.  

 

Figure 14: Mesial/Distal Length in Millimeters of Teeth Placed in Bleach. 
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The Deciduous canine broke into two pieces, but that, unfortunately, cannot be shown on 

the graph. The mesial/distal width was taken for the deciduous canine until it broke again at hour 

nine. The recorded measurements for hours zero, one, four, and eight, can be seen in table five. 

The deciduous teeth demonstrated a range of .3mm to .9mm. The decrease of the permanent 

incisor’s length can be seen in the figure. The permanent teeth had a range of variation between 

.4mm and 1.1mm.  

All three of the permanent teeth and all three of the deciduous teeth that were placed in 

Biz (sodium per carbonate) showed a very similar pattern of variation in mesial/distal length over 

the twenty-four hour period as shown in figure 15. There was no visible change in mesial/distal 

length.  

 

Figure 15: Mesial/Distal Length in Millimeters of the Teeth Placed in Biz. 
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None of the teeth soaked in Biz showed significant signs of loss of enamel on the 

mesial/distal plane. The teeth all showed similar patterns of variation. The permanent teeth 

oscillated between .4 and .5 millimeters while the deciduous teeth oscillated about .3mm to 

.5mm.  

Two of the permanent teeth that were placed in Lye showed similar patterns of change in 

the mesial/distal length measurements that were taken over the twenty-four hour period as shown 

in figure 16. The third permanent tooth, the incisor showed an increase in the mesial/distal length 

of the enamel. The three deciduous teeth show no visible signs of change to their mesial/distal 

length.  

 

Figure 16: Mesial Distal Length in Millimeters of the Teeth Placed in Lye.  
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Lye did not cause any significant change to the length of the permanent canine or molar. 

The fluctuations went from .1mm to 1.0mm. All three of the deciduous teeth broke apart during 

the experiment. The incisor and canine broke in three pieces and the molar into two. Once again 

do to the breakage the results could be graphed. The deciduous incisor broke early enough in the 

experiment that it does not appear on the chart at all.  

The three permanent teeth along with the three deciduous teeth that were placed in 

Ammonia had a very similar pattern of alteration in mesial/distal length over the twenty-four 

hour period as shown in figure. 

 

Figure 17: Mesial/Distal Length in Millimeters of Teeth Placed in Ammonia. 

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6
6.5

7
7.5

8
8.5

9
9.5
10

10.5
11

11.5

0 2 4 6 8 10 12 14 16 18 20 22 24

Le
gn

th
 in

 M
ill

im
e

te
rs

 

Time in Hours 

Mesial /Distal :Ammonia 

Permanent Incisor

Permanent Canine

Permanent Molar

Deciduous Incisor

Deciduous Canine

Deciduous Molar



 

51 
 

There are no significant changes to the mesial/distal length due to ammonia. The 

variation is very slight on all six of the teeth leading to the least amount of variation of the six 

chemicals. The permanent incisor, permanent canine and deciduous canine are all very close in 

their measurements throughout the experiment.  

The three permanent teeth along with the three deciduous teeth that were placed in the 

control(water) exhibited similar patterns of alteration to the  mesial/distal length over the twenty-

four hour period as shown in figure. 

 

Figure 18: Mesial/Distal Length  in Millimeters of Teeth Placed in Control (Water) 
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The results of the control, which was tap water, showed no significant changes to the mesial 

distal length. The permanent teeth oscillated around .4mm to .7mm.  The deciduous incisor did 

break into several pieces and the deciduous molar did break into two pieces but the combined 

weight of each of their fragments did not deviate if you look at table five. The fluctuations stayed 

within .2m to .9mm. 

Qualitative Results 

Vinegar 

All six teeth underwent color changes over the twenty-four hours. The vinegar turned the 

enamel a bright white when originally the enamel was slightly yellow in color. The end result 

was a tooth that looked like it had been dipped in whiteout. The enamel also felt sticky. An 

example of a before and after can be seen with the deciduous molar in Plate 3.   The permanent 

canine which had been colored green through soaking it in Listerine had the green colored 

leached out of them. At the end of the twenty-four hour the tooth was only slightly green and the 

natural color of the cementum could be seen. The canine and the incisor also had transparent 

roots to where the pulp chamber could be seen. The permanent canine also appears to have lost a 

minor amount of enamel at the site of a dental carry located on the labial face. The total weight 

of the tooth did not change. The dentine in the permanent canine has shrunk back from the 

enamel where it had been exposed at the start of the experiment. The deciduous canine broke in 

half vertically during the final photographs at the twenty-four hour mark. The deciduous incisor 

showed signs of cracking starting at the occlusal surface and running vertically almost 

completely through the enamel.       
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Bleach 

The permanent canine turned almost completely black within an hour of being submerged in 

Clorox bleach and started giving off bubbles. It became completely black within a couple of 

hours and stayed that color for the duration of the experiment although the bubbles stopped about 

eight hours in. A month later and the canine is approximately half black and half green. The 

permanent canine also lost a small amount of enamel during the experiment. The weight, 

however, was not significantly changed. The deciduous canine cracked in half vertically at the 

fourth hour and cracked again at the tenth hour.  

Plate 3: A Comparison of the deciduous molar before 

it was placed in Vinegar (Left) and after twenty-four 

hours. (Right) 
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Biz 

There were no color changes in any of the teeth that were bathed in Biz. The permanent 

incisor had a slight transparency of the cementum and dentine showing the pulp chamber. The 

pulp chamber of the deciduous molar did become cleaner after the twenty-four hours. 

Lye 

The lye caused color changes in the three permanent teeth that were immersed in it.  The 

color change was surface level only and caused by the slight amount of dried white lye on their 

roots that appeared starting at approximately the four hour mark. This can be seen in plate 5.This 

small amount of lye did not change the weight of the teeth in a significant way. The deciduous 

teeth all broke apart. The deciduous incisor was broken into two pieces at the second hour. The 

molar broke during the fourth hour. The molar did not break into half like previous discussed 

teeth. A small section of the tooth two millimeters wide came off the lingual side. The deciduous 

Plate 4: The color change to the permanent 

incisor submerged in bleach. 
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canine broke in half at the seventeenth hour and then fragmented again at hour nineteenth for a 

total of three pieces. 

 

 

Ammonia 

The ammonia turned the permanent canine and incisor, which was a green, into a more 

yellowish color. The roots of these two teeth became more translucent during the experiment 

allowing the pulp chamber to be seen.  The molar had not been soaked in Listerine and did not 

undergo any color changes. All of the deciduous teeth stayed intact. The molar did have a crack 

along an already existing fissure line on the buccal face.  

Plate Five: Lye build up on the permanent teeth that had 

been immersed in the chemical. 
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Control(Water) 

The roots of the permanent teeth became more translucent the longer they stayed in the 

water till the pulp chamber could be seen. The canine ended up with a crack on the labial face. It 

appeared to be surface only. The deciduous incisor broke into four pieces at the eight hour mark. 

The four pieces were nearly equal. At fourteen hours the teeth fragments weighed in at 

.050,.042,.041 and .032 with a combined weight of .165 grams. The molar fragmented at eleven 

hours. It did not break in half, but instead broke along a dental filling.  

 

 

 

 

 

 

 

Plate 6:  The broken deciduous 

incisor from the Control group. 
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Summary 

Nine teeth showed signs of color change. Six of those were permanent teeth, two were 

incisors, three were canines and one was a molar. The other three were deciduous teeth 

consisting of one incisor, one canine, and one molar. Eight deciduous teeth broke completely. 

This included two incisors, three canines, and two molars broke during the duration of the 

experiment. Seven permanent teeth showed transparency of the root as a result of the submersion 

in the chemicals. This includes three incisors, three canines and one molar.  
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CHAPTER FIVE 

DISCUSSION AND CONCLUSION 

Introduction 

The purpose in studying the effect of household chemicals and the pattern of tissue 

damage that they may cause (if they cause any) is to better understand the relationship between 

the two. Teeth are one of the hardest tissues found in the human body.  In a prehistoric 

archaeological context teeth generally preserve better than other parts of the body making the 

teeth an ideal area of study for several areas of archaeology such as changes in growth and 

development which may indicate changes in things like subsistence. Teeth found in a more 

modern context like that of the crime scene can be very important to the  identification of a 

potential murder victim.  In both situations, prehistoric and modern, teeth can come into contact 

with all sorts of caustic chemicals, both natural and synthetic which can lead to a breakdown of 

the tooth tissue. 

Archaeologically teeth can be affected by diagenesis. Diagenesis reflects changes to the 

bone and teeth due to being buried and the reactions they may have with the soil. Natural 

chemicals in the soil may interact with the teeth. Decomposition itself may have an effect on the 

bones and teeth. There is also the possibility that the body has been purposefully modified to 

cover up a crime or hide an identity. In all these cases chemicals may come into contact with 

teeth.  Thus studying the way teeth react with chemicals becomes important in order to 

understand what exactly is going on whether it be in an archaeological context or a modern crime 

scene.  
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In this study the potential effect of certain chemicals commonly found in the home on 

deciduous and permanent teeth after the teeth had been exposed to those chemicals for twenty-

four hours. In the past couple of chapters the relevant background, methodology and results have 

been presented. All of the previous chapters helped to better understand the three questions asked 

in the introduction of this paper. Now that the foundation has been built the questions can be 

asked again this time with a better chance of answering them. 

Summary data by chemical 

The first question that was asked was Is there a difference in how quickly and how 

completely the chemicals used, destroy the teeth? To answer the six chemicals were compared to 

each other quantitatively for example in terms of enamel loss as well as qualitatively such as in 

terms of color changes.  

All showed little change to either the weight nor the mesial/distal length during the time 

of the experiment. With few exceptions most showed variation across all the documented time 

intervals that could be explained by the limitations of the equipment used. The plastic calipers 

measured to the tenth of a millimeter. A more precise instrument may have registered more 

minute changes to the tooth that were less than a tenth of a millimeter. Two scales were used in 

this experiment. One scale was used to measure the permanent teeth, but it was found to not be 

sensitive enough to measure the deciduous teeth so a second scale that could measure in 

thousandths of a gram was procured. The first scale measured to the tenth of a gram. Because the 

permanent teeth were weighed using the less sensitive scale it is possible that any minute 

changes in weight would not register with the scale. From table two it is evident that some of the 

deciduous teeth lost a couple hundredths of a gram. That was not, however, statistically 
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significant.  It is possible if the same scale had been used for the permanent teeth the same 

patterns of change would be displayed.  

Those teeth that did show changes in weight or mesial/distal length only showed a slight 

variation over the span of the experiment.  The permanent incisor placed in lye showed an 

increase in the mesial/distal length. The permanent canine showed a decrease in the mesial/distal 

length. It is interesting that all three deciduous teeth placed in vinegar decrease in dental weight 

while all of the deciduous teeth in ammonia increased in dental weight. How much this is 

actually a result of the chemicals and not a level of error in the scale is not known. Figures 7 

through 18 did not visually represent the variation in the weight or mesial/distal length. All of the 

figures were extremely similar to each other. Most of the deciduous teeth looked like straight 

lines on the various figures. The figures do show the oscillation that can be found in the 

permanent teeth, but the overall slight increases and decreases cannot be seen.  

Several of the teeth showed visible signs of enamel loss. A test showed that pieces of 

enamel about one millimeter in length did not register on the scale. It took a piece of tooth 

approximately 3.5 millimeters in order to be large enough that the scale could read it and then it 

was only .013 grams. Most of the enamel pieces that were lost from the teeth were less than three 

millimeters and so any difference in weight would not have shown up. Most of the breakage and 

cracks centered around dental carries, some of which had fillings. These were obviously 

weakened parts of the enamel and it makes sense for the enamel to break there.  

Qualitatively the results do show differences in how the chemicals react with the teeth. 

Vinegar showed the greatest reaction turning all the teeth the bright white. The color does not 

come off when scraped with a nail and it looks as if the enamel itself has been changed in some 
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way. The crown has a stickiness that is still there a month later. The overall changes were quite 

dramatic. 

Biz showed the least amount of change visually. The teeth looked a bit cleaner, for 

example the deciduous molar had blood and tissue left over from when it was exfoliated. At the 

end of the experiment that was no longer there. This is a good thing as Biz is used at WSU-BAL 

in order to clean bone. This experiment showed that bones and teeth left for twenty-four hours 

should not harm the bones or change them in any significant way, but will clean them.  

The rest of the chemicals fell in between the two.  The canine that had been submerged in 

bleach turned black almost immediately, but it is most likely a reaction to the Listerine that the 

tooth had been soaked in rather than to the tooth itself. The other five teeth that were also in 

bleach did not show this color change and they had not been dipped in Listerine. This supports 

the findings of Hartnett et all (2011) who also found that bleach does not change teeth even after 

a month. Instead the other permanent teeth showed whitening of the roots, but not the enamel. 

This meant that the cementum and the dentine, but have reacted more than the enamel. The 

dentine is not as hard and is more porous which means that it can soak up more of the bleach. 

That is possibly why the roots were affected and the crown was not. A slightly different reaction 

occurred when the ammonia and the Listerine mixed. There the Listerine leeched the green color 

of the Listerine out of the dentine and cementum. The roots turned yellowish, or the natural color 

of dentine. They were also slightly translucent.  

The lye reacted somewhat differently than the other chemicals. The lye in the solution 

became solid and coalesced with the teeth. It did not change the weight due to the fact that the 

lye was only a thin layer and the amount that was left, while visible, would not way much of 
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anything. An attempt was made to scrape the lye off to weigh and it turned into a powder that did 

not register on the scale. Hartnett et al looked at lye and its effect on teeth and they also found 

nothing.(Hartnett et al 2011:955-956)  Further research showed that one major difference 

between this experiment and people trying to destroy a body is heat. Drug cartels in Mexico heat 

lye to three hundred degrees Fahrenheit. It was reported to take only three hours to dissolve the 

body. (Palmer, 2009) The deciduous teeth did break into smaller pieces then most of the other 

teeth that broke during the experiment. 

The control (tap water) was surprising. It did more damage to the teeth especially the 

deciduous ones, than some of the other chemicals such as Biz and ammonia.  The permanent 

canine cracked. The deciduous molar broke into two pieces and the deciduous incisor just fell to 

pieces. It broke into four pieces early on in the experiment. Water is discouraged as a cleaning 

agent for teeth as the teeth soak in the water and then dried can crack.(Williams 1991:21) In this 

experiment the teeth were taken out every hour for seven to ten minutes each time. This may 

have left enough time to dry and then the tooth would have been immersed again and the cycle 

repeats. This is possibly the reason that three of the teeth broke or were cracked and that they 

cracked in more pieces than other teeth.  
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So Is there a difference in how quickly and how completely the chemicals used, destroy 

the teeth.? Qualitatively, it can be said that there is a difference in how the chemicals reacted to 

the teeth. None of the chemicals destroyed the teeth, but vinegar changed the enamel and water 

broke the teeth apart. The deciduous teeth from the vinegar may have lost enamel weight while 

the opposite happened to ammonia. The results do not support the null hypothesis and it is 

rejected in favor of the alternative hypothesis.  

Summary of Tooth Age 

The second question to be asked was does being deciduous versus permanent dentition 

affect the amount of damage done by the chemicals? This looks at the two sets of dentition and 

sees if the differences effect how the chemicals react to the individual tooth.  

Neither the weight nor the mesial/distal showed that tooth age made a difference in the 

amount of damage a tooth had. While some of the deciduous teeth gained or lost weight while 

the permanent did not, the actual amount lost was very small. The same thing occurred with the 

mesial/distal measurement where one permanent showed increase and one showed decrease. The 

significance of the data is not known. Figures 13 through 18 document the mesial/distal length of 

the teeth.  Because several of the deciduous teeth broke apart the figures cannot accurately show 

any changes to the mesial/distal length. For example, Figure 16 shows the mesial/distal length of 

teeth placed in lye. The deciduous incisor is not even represented on the figure due to the fact 

that it broke within the first hour. The figures then are not a good representation of the data. 
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Qualitatively there were some differences. The permanent teeth were much more likely to 

show color changes than deciduous teeth; eight permanent to the three deciduous. However, five 

of the eight color changes occurred on the roots which the deciduous teeth did not have. The 

same issue comes up with the transparent roots found in several of the permanent teeth. It cannot 

be observed in the deciduous dentition.  

The other major difference was that eight of the deciduous teeth broke completely. While 

a couple of the permanent teeth cracked none of them broke apart. There are several possible 

reasons for this. One is, again, the fact that they have no roots. The deciduous teeth have been 

naturally exfoliated so the roots were reabsorbed and the pulp is no longer present. Where the 

pulp chamber was originally is now exposed dentine. The dentine is a structural element of the 

tooth and when it has been compromised the enamel will also be compromised. In the permanent 

teeth there is an extra protection of the cementum. This might explain why the teeth break 

vertically. Considering the structure of the teeth one would expect the teeth to break horizontally, 

but all the teeth broke vertically. The missing roots and pulp leave a hole in the center of the 

tooth weakening the middle so that it splits there and not elsewhere.  

Related to the compromised dentine is a moisture change. Dentine is susceptible to rapid 

moisture changes. Bones and teeth are stored at around forty-five to sixty-five percent humidity. 

The permanent teeth that were donated were kept in a moist environment. The deciduous teeth 

that were donated were often kept in drawers, closets in residential homes where the humidity is 

not that high. The tooth became dried out. They were then brought to the lab which is kept at 

forty-five percent humidity or higher and then submerged into chemicals. This change in 

humidity most likely weakened the dentine and then the enamel.  Once a crack begins the 

process is speeded up.(Williams 1991:21-23) 
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Does being deciduous versus permanent dentition affect the amount of damage done by 

the chemicals?  The differences between permanent and deciduous teeth t can be explained by a 

difference of root versus no root. There is not enough evidence to reject the null hypothesis. 

Until further research is done it appears that tooth age does not affect how much damage 

chemicals cause. 

Summary of tooth class 

The third and last question is, does the tooth class (incisor, canine and molar) affect the 

amount of damage to the tooth? Quantitatively or qualitatively can a difference be seen in how 

the tooth class reacts to the chemicals? 

Quantitatively neither the weight nor the mesial/distal showed that tooth class made a 

difference in the amount of damage a tooth had.  The three classes showed no significant 

changes. The amount of variation was similar in all three. Qualitatively there was not much 

difference either. The incisors and canines had a few more teeth that exhibited ether color change 

or transparency. Three canines and three incisors were noted to have color changes. The same 

number was found to have transparent roots. Two molars displayed color changes and one 

became transparent. That is not a great deal of difference. Deciduous dentition showed less of a 

difference. The canine only had one greater tooth break than the incisor and molars each had. 

Three versus two.  

Does the tooth class (incisor, canine and molar) affect the amount of damage to the tooth? 

There is not enough evidence to reject the null hypothesis. A greater sample size might help to 

answer this question. 
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Conclusion 

The goal of this research and experimentation was to understand the destruction done to 

human dentition due to certain household chemicals as well as explore whether tooth class or 

tooth age changes how the chemical affects the tooth. It was shown that the type of chemical 

does determine what kind and how much trauma a tooth undergoes. Vinegar was the best out of 

the six at altering the teeth.  Biz was deemed safe to use in the lab for under twenty-four hours. 

Any longer than that needs to be studied further. It was determined that there was not enough 

information to tell if tooth class or tooth age affects the chemical in any way.  

If deciduous teeth could be found with the root still intact it would be interesting to do 

this study again to better compare the deciduous to the permanent teeth. Another possible avenue 

of study is the ph level of the chemical and how it affects the teeth. Most of the chemicals in this 

experiment were bases. The one acid, vinegar or acetic acid, caused the most alterations. Studies 

done by others like Cope and Dupras revealed that acids such as hydrochloric acid destroyed the 

tooth in a relatively short amount of time. (Cope and Dupras 2009:1241) Perhaps the lower the 

ph the more destructive it is. If chemicals with higher a ph take longer to break down the tooth, 

how long would they take? The experiment done here could be extended to forty- eight hours or 

even a week. A longer time in the solution may lead to greater changes in the weight or length 

and width of the tooth.  
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