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ABSTRACT: 

Amalgam is one of the most versatile materials used in dentistry and used as a restorative materials for 

past 150 years.Amalgam has various constituents such as silver,tin,zinc and mercury-a toxic constituent.It 

produces harmful effects in the body,by passing through cell membrane,cross blood brain barrier and enters 

central nervous system and cause immunological and psychological problems.Amalgam tattoo results from 

inadvertent deposition of amalgam within oral mucosa and alveolar bone during dental procedures. Overtime 

,metallic particles from dental amalgam leach into soft tissue causing discolouration. 
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I. INTRODUCTION 

Amalgam is an excellent and versatile restorative materials used in dentistry since 150 years because of 

its durability, bacteriostatic effects, low cost, ease of application, and strength. It contributes to almost 75% of 

all restorative materials used by the dentist. When aesthetics is not a concern it can be used in individuals in all 

ages, poor oral hygiene conditions and also in stress bearing areas.(1). Amalgam has been suggested as a filling 

material since 1819 by Bell, an English chemist. It is widely used because of its strong nature and they provide a 

durable chewing surface. Popularity of amalgam is decreasing nowadays due to aesthetics, health effects and 

environmental pollution.(2). It is due to the concern raised by both doctors and patients about the adverse effects 

that follow amalgam restoration.(1). Mercury present in the amalgam have high volatility and galvanic action, 

has been found to continuously vaporise and release into the body, and people with amalgam are seen to have 

high contents of mercury in their body.(3,4). The high content in amalgam leads to various conditions such as 

mercury toxicity, gingivitis, bone loss, mouth sores, oral lesions, pain and discomfort, burning mouth, sore 

throat, chronic inflammatory response (5). 
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II. HISTORY 

 Dental amalgam was first used by the Chinese.Su Kung in Material Medica.(6). In 1528, Johannes 

stokers recommended amalgam as a filling material(7). In 1578, Li Shihchen recommended a dental mixture of 

100 parts mercury with 45 parts silver and 900 parts tin(6). 

In 1826, Traveau described a “ silver paste filling material” and produced amalgam (8). In 1833, 

Crawcours brothers filled the tooth cavity by removing the diseased tissue in the tooth and placed amalgam on 

occlusal surface without knowing any relation to dental anatomy, and this created “Amalgam War” in 1845 and 

this was considered as a malpractice(6).  In 1877, New departure creed and its leader J. Foster Flagg managed to 

change this attitude towards amalgam by publishing the results of his laboratory test and 5-year clinical 

observation of new alloys with 60% of silver and 40% of tin in 1881.(9,10). The amalgam was universally 

accepted as a restorative material resulted from the investigations of Black in 1895,1896,1908 by combining the 

principles of cavity design, extension of cavity into immune areas and the development of an alloy with the 

composition of 68.5% silver, 22.5% tin,5% gold,1% zinc, so Black advanced amalgam into modern 

times.(11,12). In 1937, Gayler performed extensive studies of setting reactions of dental amalgam and the 

influence of amalgam components on expansion due to formation of gamma-1 phase (Ag-Hg) and contraction 

due to formation of gamma-2 phase(Sn-Hg).(13). In 1959, Dr. Wilmer Eames (14) promoted low mercury to 

alloy mixing ratio. The mercury to amalgam ratio, dropped from 8.5 to 1.1. In 1963, the formula was again 

changed that high copper dispersion alloy was introduced.(15). In 1979, Greener claimed that there is 

misinterpretation of Gayler said that, if Cu was substituted for tin concentration of tin dropped below 25% 

expansion could occur, but if Cu was substituted for silver so that tin concentration was maintained at 27% , no 

excess expansion occurred and this resulted in 25-30 year delay in the development of amalgam resistant to 

corrosion(16). 

 

III. COMPOSITION 

 The composition of amalgam alloy is Silver 40-70%, tin 12-30% and copper 12-24% and also include 

indium 0.4% , Zinc 1%, and palladium 0.5% (17,18,19,20). Silver is used to increase the strength of the alloy 

and also for expansion. Tin lengthens the setting time. Copper increase the strength, reduces corrosion, and 

creep and therefore reduces marginal deterioration. Zinc is added to prevent the oxidation of other metals and it 

is also helps to keep the alloy from turning dark(21). Some researchers believed that zinc containing amalgam is 

contaminated with moisture, it cause delayed expansion(22,23). 

 Dental amalgam are of two types, and they are low copper and high copper amalgam. High copper 

amalgam has high strength, less corrosion, and tarnish and less creep compared to loos copper, and also has less 

chance of marginal failure(21). 

 Modern amalgam are produced from pre proportional or pre capsulated alloy consisting of 42-45% 

mercury by weight. These are convenient to use and provide some assurance that amalgam has not been 

contaminated(24). 
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IV. TOXICITY OF DENTAL AMALGAM 

 When amalgam was first introduced, many dentists were concerned about inserting a highly toxic 

metal into a patients mouth and this controversy was termed as “First amalgam war”. Their concerns were 

quietened later when mercury was said to be safe to use as it stabilizes in the hardened amalgam and didn’t 

come out. Since it was not expensive and are frequently used. The controversy surfaced again in 1926 when a 

German physician showed that mercury escaped from the filling in the form of dangerous vapour and this was 

called “Second amalgam war”. The third amalgam war initiated when they found out that mercury vapour 

escapes from the filling and into the patients mouth, making its use unethical.(5). Exposure to mercury in human 

individuals with amalgam restoration occurs during the placement or removal of dental restorations. Once the 

reaction is complete, less amount of mercury is released, that is far below the current health standard. Exposure 

to mercury from restoration depends on the number and size of restoration, composition, chewing habits, food 

texture, grinding, brushing of teeth, and many other physiological factors. As a vapour, metallic mercury could 

be inhaled and absorbed through the alveoli in the lungs at 80% efficiency. It is the main route of entry of 

mercury into the human body, whereas the absorption of metallic mercury through skin or via the 

gastrointestinal tract is very poor.Mercury does not collect irreversibly in human tissues. The average half life of 

mercury is 55 days for transport through the body to the point of excretion. Thus mercury that came into the 

body years ago may no longer be present in the body(24). Vapours of mercury are released during insertion, 

condensation and the carving of amalgam. It can also be released during further processing and removal. The 

amount of mercury in the restoration can be reduced by about 6-10% by good condensation(5). Toxicity from 

mercury could occur through exposure to organic, inorganic, and elemental forms of mercury. According to 

decreasing toxicity of mercury it is classified as organomercury (methyl and ethyl mercury), mercury vapour, 

and inorganic mercury. Various diagnostic methods exist to detect the level of mercury in body, including tests 

for blood, urine, stool, saliva, hair analysis, and others. These tests may determine if mercury is in the body 

and/or if it is being excreted. A study(25) conducted by measuring the intraoral vapour levels over a 24-hour 

period in patients with at least nine amalgam restorations showed that the average daily dose of inhaled mercury 

vapour was 1.7 μg (range from 0.4 to 4.4 μg), which is approximately 1% of the threshold limit value of 300 to 

500 μg/day established by WHO, based on a maximum allowable environmental level of 50 μg/day in the 

workplace. According to Berdouses et al. mercury exposure from amalgam can be greatly increased by personal 

habits such as, chewing and brushing. Berglund et al in 1993, determined the daily release of mercury vapour 

from amalgam restorations made of alloys of the same types and batches as those used in the in vitro part of the 

study.(26).He carried out a series of measurements on each of eight subjects before and after amalgam therapy 

and found that none of the subjects were occupationally exposed to mercury. The amalgam therapy, that is, from 

3 to 6 occlusal amalgam surfaces and from 3 to 10 surfaces in total-had very little influence on the intraoral 

release of mercury vapour, regardless of amalgam type used, effects was not found on mercury levels in urine 

and saliva(25). 

 

V. HEALTH EFFECTS IN ADULTS DUE TO MERCURY EXPOSURE 

An investigation on 20,000 people in the New Zealand Defence Force between years 1977–1997 was 

done to find out association between amalgam restorations and disorders related with nervous system and 
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kidney. No significant correlation between amalgam restorations and chronic fatigue syndrome or kidney 

disease was observed. A slightly elevated risk for multiple sclerosis was reported, but may have been due to 

confounding variables.(27). In another study, where few patients believed that their amalgam restoration made 

them ill, medical examination including physical examination, electrocardiogram, abdominal sonography, and 

blood chemistry was done. The study concluded that symptoms of the patients were due to psychological 

factors. There was no connection between the mercury levels in the patient's blood, urine, and saliva and their 

symptoms.(28).The association between amalgam and multiple sclerosis was assessed via a systematic review 

and meta-analysis. Three case control studies and one cohort study met their inclusion criteria. The meta-

analysis revealed a slight nonstatistically significant increase between the presence of amalgam restorations and 

multiple sclerosis. The study does not provide evidence for or against an association.(29).Halbach et al  

evaluated the internal exposure to amalgam-related mercury and estimated the amalgam-related absorbed dose 

of mercury. The integrated mercury absorbed from amalgam restorations was estimated at up to 3 μg per day for 

an average number of restorations and 7.4 μg per day for a high amalgam load. The authors concluded that these 

estimates are below the tolerable dose of 30 μg per day established by WHO(30). 

 

VI. HYPERSENSITIVITY REACTIONS 

Amalgam is capable of producing delayed hypersensitivity reactions in some individuals. These 

reactions usually present with dermatological or oral symptoms. The constant exposure to mercury in amalgam 

restorations may sensitize some individuals, making them more susceptible to oral lichenoid lesions. These oral 

lesions are rarely noticed by the affected individuals and cause no discomfort. There is evidence that a certain 

percentage of lichenoid lesions are caused by amalgam restorations, but other restorative materials can also 

cause lichenoid lesions.(31).It was also noted that the restorations associated with lichenoid lesions are poorly 

contoured, corroded and old. Hence corrosion of amalgam restoration or perhaps the biofilm present on such 

restorations may contribute to the development of hypersensitive reaction rather than material itself.(32). 

Symptoms of an amalgam allergy include skin rashes in the oral, head and neck area, itching, swollen lips, 

localized eczema-like lesions in the oral cavity. These clinical signs usually require no treatment and will 

disappear on their own within a few days of exposure. However, in some instances, an amalgam restoration will 

have to be removed and replaced with alternate restorative material. The replacements have led to significant 

improvements.(33). Although mercury allergy is rare but sometimes hypersensitivity to it may lead to dermatitis 

or type IV delayed hypersensitivity reactions most often affecting the skin as a rash(34). 

 

VII. AMALGAM TATTOO 

Amalgam  tattoo  is  an  unintended  sequela  of  dental treatment.  Amalgam  tattoo  results  from  

inadvertent deposition  of  dental  amalgam  within  the  oral  mucosa or  alveolar  bone  during  dental  

procedures.  Over  time, metallic  particles  from  dental  amalgam  leach  into  the soft  tissue,  causing  

discolouration. 
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 Clinically,  amalgam  tattoos  appear  as  blue-black  or blue-gray  asymptomatic  pigmentation,  most  

commonly involving  the  gingival  surfaces.  Radiographically,  they  appear  as radiopaque  particles  at  the  

site  of  the  lesion,  but  in many  cases  these  particles  are  too  small  or  too  diffuse to  be  identified. 

Microscopic  examination  reveals  dark  solid  fragments  or  numerous  fine granules  dispersed  along  

collagen  bundles  and  around blood  vessels,  frequently  surrounded  by  inflammatory 

infiltrate.(35,36,37).Amalgam tattoos are lesions that are caused by traumatic implantation of dental amalgam 

into soft tissue. It is the most common localized pigmented lesion in the mouth. Amalgam debris are able to 

enable immunological adaptive reactions where tissue reaction to amalgam tattoo depends on the amalgam 

particles size and composition. The residual elements of amalgam tattoo develop noxious effects where the 

mercury passes from the tissue fluid into the blood stream and accumulates in the kidneys. Amalgam particles 

can get embedded into the soft tissues of the mouth accidentally, most commonly in the gingiva, during 

amalgam removal(5). This is also another way in which amalgam tattoos are formed. Amalgam  tattoos  often  

do  not  require  treatment, as  the  mercury  present  in  dental  amalgam  is  not  in  a free  state  and  does  not  

pose  a  health  hazard.  However, amalgam  tattoos  in  an  esthetic  region  can  be  of  cosmetic  concern,  

especially  for  patients  with  a  high  smile line.  Various  techniques  have  been  described  to  treat amalgam  

tattoos  depending  on  their  size,  location  and complexity.The  management  of  large  lesions is  challenging  

when  there  is  limited  availability  of  donor tissue.  This  deficiency  could  be  overcome  by  utilising 

allografts  such  as  acellular  dermal  matrix. The  incidence  of  amalgam  tattoo  has  been  reported  to be  

around 8% in previously surveyed samples .Amalgam tattoos can  be  of  esthetic  concern,  especially  when  

located  in the  maxillary  anterior  region.  Various  techniques  have been described  for  the management of  

amalgam tattoos depending on their size, location  and complexity(38,39,40). Small  superficial  lesions  can  be  

removed using rotary instruments  (round  or  diamond  bur)  in  the  form  of  a localized  gingivoplasty.  

However,  large  lesions  require advanced  management.  Kissel  and  Hanratty  described a  two-stage  surgical  

treatment  in  which  a  connective tissue  graft  was  placed  deep  to  the  pigmented  area  followed  by  

gingivoplasty  of  the  overlying  tissue  (41).  Although  this  technique  results  in a  favourable  outcome  with  

minimal  scarring  and  good color  match,  the  limitation  in  availability  of  donor  tissue can  be  

disadvantageous.  Shiloah  et  al.  utilised  an  epithelialized  free  soft  tissue  graft  to  treat  amalgam  

tattoos.(40).  The  epithelialized  free  soft  tissue graft  was  placed  over  the  curetted  bone  in  the  maxillary 

anterior  region;  however,  this  technique  has  a  significant risk  for  scarring  and  poor  color  match.  

Furthermore, Griffin  et  al.  utilized  acellular  dermal  matrix  as  an  onlay graft  over  the  completely  excised  

amalgam  tattoo  (38).  In  this  study,  the  full  thickness  of  the  soft tissue  outlining  the  amalgam  tattoo  

was  excised  before the  acellular  dermal  matrix  was  placed  over  the  surgical site.  The  authors  suggest  

that  acellular  dermal  matrix  is  a viable  option  in  treating  large  amalgam tattoos,  which are otherwise  

very  difficult  to  treat  with  autogenous  grafts. However, previous studies have reported that uncovered 

acellular  dermal  matrix  may  not  increase  the  zone  of keratinized  tissue  as  predictably  as  an  autologous  

soft tissue  graft,  which  is  of  importance  in  the  esthetic  zone (41) Shah  et  al.  utilized  an  alexandrite  

laser  to  remove amalgam  tattoo  on  the  buccal  mucosa  and  gingiva  over the  course  of  three  treatments  

at  8-week  intervals  (39). Mercury released  into  the  oral  cavity  by  laser  ablation  may  elicit an  intense  

inflammatory  response  and  may  also  play  a role  in  triggering  oral  neuropathy   and  lichen  planus  

(42,43,44)  Furthermore,  when  ablating  relatively  thin  soft tissues  (e.g.,  facial  gingival  and  alveolar  
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mucosa)  using lasers  without  irrigation,  there  is  an  apparent  risk  of irreversible  bone  damage  due  to  the  

excessive  heat generated by lasers.  A two-stage  surgical  approach  can be used to remove amalgam  tattoos,  

beginning  with  a  subepithelial  connective tissue  graft  and  acellular  dermal  matrix  to  increase  tissue 

thickness  and  allow  removal  of  amalgam  fragments  in bone,  followed  by  gingivoplasty  of  the  surface  

tissue.  In conclusion,  clinicians  need  to  be  aware  of  various  treatment  strategies  for  amalgam  tattoos  in  

esthetic  zones that result in esthetically appealing outcomes(40). 
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