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Abstract: The toxicity and tissue reactions to dental materials are receiving more attention as a wide variety of materials 

are used and as federal agencies demonstrate more concern in this area. A further indication of the importance of the in-

teraction of materials and tissues is the development of recommended standard practices and tests for the biological inter-

action of materials. 
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INTRODUCTION 

Reactions in the oral soft tissues such as gingival may be 
caused by restorative materials. 

At present, it is not clear to what extent the in vivo cyto-
toxicity observed is caused by the restorative materials and 
to what extent the by products of bacterial plaque that accu-
mulate on teeth and restorations. 

The general conditions that promote retention of plaque, 
such as rough surfaces or open margins, increase the in-
flammatory reactions in gingiva around these materials. 
However, released products of restorative materials also con-
tribute either directly or indirectly to this inflammation, par-
ticularly in areas where the washing effects of saliva are less, 
such as in interproximal areas, in deep gingival pockets, or 
under removable appliances. 

Several studies have documented increased inflammation 
or recession of gingiva adjacent to restorations where plaque 
indexes are low. In these studies, released products from 
materials could cause inflammation in the absence of plaque 
or could inhibit formation of plaque and cause inflammation 
in gingiva [1]. Some basic research has been done in vitro 
that shows, in principle, that components from dental materi-
als and plaque may synergize to enhance inflammatory reac-
tions. 

Some cytotoxicity is exhibited by cements in the recently 
set state, but this declines substantially with time. The buff-
ering and protein-binding effects of saliva acts to mitigate 
against the cytotoxic effects [2].  

In vitro tests have revealed that direct initial contact of 
composites with fibroblasts is very cytotoxic. This cytotoxic-
ity is primarily from un-polymerized components in the air- 
inhibited layer that leach out from the materials [3]. Other in 
vitro studies, which had 'aged' composites in artificial saliva  
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for up to six weeks, have shown that the toxicity diminishes 
in some materials but remains high for others [4]. Controver-
sial data are available on the effects of composite resin resto-
rations on gingival health. Larato et al. reported that com-
posite resin restorations adjacent to subgingival class V cavi-
ties leads to gingival inflammation [5]. Similarly, Willer-
shausen et al. reported a high prevalence of gingival bleed-
ing and an increased PD in association with resin- based res-
torations, as compared with other restorative materials [6]. 

However, van Dijken et al. reported a significantly 
higher rate of gingival inflammation when observing 3–4-
year-old composite resin restorations. This observation was 
explained by the surface deterioration with a consequent 
increase in plaque accumulation that occurs in composite 
resin restorations after in vivo wear, [7].  

Casting alloys have a long history of in vivo use with a 
generally good record of biocompatibility. Some questions 
about the biological liability of elemental release from many 
of the formulations developed in the past 10 years have 
arisen, but there is no clinical evidence that elemental release 
is a problem, aside from hypersensitivity.  

Nickel allergy is a relatively common problem, occurring 
in 10% to 20% of females, and is a significant risk from 
nickel-based alloys because release of nickel ions from these 
alloys is generally higher than for high-noble or noble alloys. 
Palladium sensitivity has also been a concern in some coun-
tries, although the incidence of true palladium allergy is one 
third that of nickel allergy. However, it has been clinically 
documented that patients with palladium allergy are virtually 
always allergic to nickel. The converse is not true however. 
In vitro, there have been numerous articles published on the 
effects of metal ions on cells in the gingival tissues, such as 
epithelial cells, fibroblasts, and macrophages.  

For the most part, the concentrations of metal ions re-
quired to cause problems with these cells in vitro are greater 
than those released from most casting alloys. However, the 
most recent research has shown that prolonged exposures to 
low doses of metal ions may also have biological liabilities. 
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These new data are noteworthy because the low-dose con-
centrations approach those known to be released from some 
alloys.  

The clinical significance of this research is not known, 
however. Immune hypersensitivity reactions of gingiva and 
mucosa have been associated with denture base materials, 
especially methacrylates, (Fig. 1) probably more than any 
other dental material. Dental and laboratory personnel who 
are exposed repeatedly to a variety of unreacted components 
are at greatest risk for hypersensitization. 
 

 

Fig. (1). Immune hypersensitivity reactions tomethacrylates. 

 
Acrylic and diacrylic monomers, certain curing agents, 

antioxidants, amines, and formaldehyde have been docu-
mented to the hypersensitivity reactions. For the patient, 
however, most of these materials have reacted in the polym-
erization reaction, and the incidence of hypersensitization is 
quite low. In addition to hypersensitivity, visible light-cured 
denture base resins and denture base resin sealants have been 
shown to be cytotoxic to epithelial cells in culture. 

Soft tissue responses to denture liner materials are of 
concern because of the intimate contact between soft denture 
liners and the gingiva. In vivo and in vitro release of plasti-
cizers, which are incorporated into some materials to make 
them soft and flexible leads to soft tissue reactions. Cell cul-
ture tests have shown that some of these materials are ex-
tremely cytotoxic and affect cellular metabolic reactions. In 
animal tests, several of these materials presumably from the 
released plasticizers have caused significant epithelial 
changes.  

In usage, the effects of the released plasticizers are 
probably often masked by the inflammation already present 
in the tissues onto which these materials are placed. Denture 
adhesives have been evaluated in vitro and show severe cyto-
toxic reactions. Several had substantial formaldehyde con-
tent. The adhesives also allowed significant microbial 
growth. Newer formulations that add antifungal or antibacte-
rial agents have not yet been shown to be clinically effica-
cious. 

REACTION OF SOFT TISSUES AND BONE TO IM-
PLANT MATERIALS 

Ceramics, carbon, metals, and polymers (and combina-
tions of the above) are the four basic materials used in im-
plant fabrication: In the past 10 years, the use of implants in 

clinical practice has increased dramatically and hence the 
Interest in the biocompatibility of these implant materials. 
Most successful dental implant materials either promote os-
seointegration (an approximation of bone on the implant 
within 100 A of the implant) or bio-integration (a continuous 
fusion of bone with the implant). 

Reactions to Ceramic Implant Materials 

Most ceramic implant materials are in an oxidized state 
or are corrosion resistant and thus have very low toxic ef-
fects on tissues. As a group, they are non-carcinogenic, non- 
immunogenic and have low toxicity. However, they have 
been used as porous or dense coatings on metals or other 
materials because they are brittle and lack impact and shear 
strength. The implants often become firmly bound to bone 
(through ankylosis or bio-integration), especially if the root 
surface porosities are more than 150 pm in diameter and if 
they are taken out of occlusion for a time. However, the tis-
sue usually forms only fibrous in growth if the porosities are 
smaller. Dense ceramics are also used as root replicas or 
bone screws. Made of either single crystal (sapphire) or 
polycrystalline aluminum oxide, they become bio-integrated 
and provide excellent stability if left unloaded for a time. In 
one study, 60% of them restorations still performed ade-
quately after 6 years in place.  

Hydroxyapatite, a relatively non-resorbable form of cal-
cium phosphate, has been used with some success as a coating 
material for titanium implants and as a ridge augmentation 
material. Studies indicate that the hydroxyapatite increases. 
However, the long-term corrosion of these coatings and the 
stability of the bond of the coating to the substrate are still 
controversial. Retrieval evidence indicates that even these 
"non-resorbable" coatings are resorbed over the long-term.  

Beta-tricalcium phosphate, another form of calcium phos-
phate, has been used in situations where resorption of the ma-
terial is desirable, such as repair of bony defects. Carbon has 
been used as a coating and in bulk forms for implants. Al-
though the biologic response to carbon coatings can be favor-
able, they have been supplanted by titanium, aluminum oxide 
bulk materials, and hydroxyapatite coatings. Finally, bioglass 
forms a surface gel that reacts favorably with connective tis-
sue, allowing bone formation adjacent to it. 

Reactions to Pure Metals and Alloys 

The oldest type of oral implant materials are pure metals 

and alloys and all metal implants share the quality of 
strength. Initially, metallic materials were selected on the 

basis of ease of fabrication. Over time, however, biocom-

patibility with bone and soft tissue and the longevity of the 
implant have become more important. A variety of implant 

materials including stainless steel, chromium-cobalt-

molybdenum, and titanium and its alloys have been used. 
These materials have been used in a variety of forms, includ-

ing root forms and sub-periosteal and trans- osteal implants. 

In dentistry, titanium alloys are currently the most com-
monly used metallic implant materials. Initially when first 
cast, titanium is a pure metal. The surface forms a thin film 
of various titanium oxides in less than a second which is 
corrosion resistant and allows bone to osseo-integrate. Diffi-
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culty in casting is the major disadvantage of this metal. It has 
been wrought into endosteal blades and root forms, but this 
process introduces metallic impurities into the surface that 
may adversely affect bony response unless extreme care is 
taken during manufacturing. Titanium implants have been 
used with success asroot forms that are left unloaded under 
the mucosa for several months before they are used to sup-
port a prosthesis. With frequent recall and good oral hygiene, 
the implants have been maintained in healthy tissue for up to 
2 decades.  

Titanium-aluminum-vanadium alloys (Ti6A14V) have 
been used successful in this regard as well, but questions 
remain about the liability of released aluminum and vana-
dium. Clinical studies have been positive. Although titanium 
and titanium alloy implants have corrosion rates that are 
markedly less than other metallic implants, they do release 
titanium into the body. 

In the soft tissues, the bond which the epithelium forms 
with titanium is morphologically similar to that formed with 
the tooth, but this interface has not been fully characterized. 
Connective tissue apparently does not bond to the titanium, 
but does form a tight seal that seems to limit ingress of bacte-
ria and bacterial products. Techniques are being developed to 
limit down growth of the epithelium and loss of bone height 
around the implant, which ultimately cause implant failure. 

A well-documented disease around implants is peri-
implantitis and it involves many of the same bacteria as pe-
riodontitis. The role of the implant material or its released 
components in the progression of peri-implantitis is not 
known [8].  

The Effects of Guttapercha on Periodontium 

The use of techniques which use vertical condensation of 
warm gutta-percha during the obturation phase offer a higher 
probability of closure of the lateral and accessory canals [9]. 
At the same time however, warm vertical compaction tech-
niques also result in a greater risk of the obturation material 
being extruded into peri-radicular tissues [10]. Authors have 
reported significant cytotoxicity of both commonly used 
cements, and gutta-percha following research studies carried 
out in vitro with SEM (scanning electron microscope) [11]. 
This cytotoxicity can induce peri-radicular inflammation, or 
necrosis of the periodontal ligament, and for this reason 
over-filling should be avoided as much as possible because it 
can lead to failure of short term treatment or a negative long 
term prognosis [12]. 

Over-instrumentation, in particular, may extrude infected 
material contained in the canals beyond the apex, interfering, 
or impeding the healing process of the periapical tissue. Gut-
tapercha cones which had been extruded past the apices and 
subsequently examined under a scanning electron micro-
scope, have demonstrated the presence of a “biofilm” on the 
cones [11]. This “biofilm” allows undisturbed growth of the 
bacteria and renders them particularly resistant to the de-
fences of the host, and may be responsible for foreign body 
reactions. The consequences of overfilling can, therefore, 
result in infective periapical periodontitis caused by the 
transport of bacteria beyond the apex and an incomplete 
cleansing; foreign body reactions; and pain symptoms which 
are ascribable to irritative stimuli, even in the absence of 
radiological evidence [13]. 

The Effect of Eugenol on Periodontium 

For over a century oil of cloves (eugenol in its unrefined 
form) has been a popular remedy for toothache. Its therapeu-
tic uses and its mixture with zinc oxide to form a plastic 
mass were described by Chisholm in 1873. It has antibacte-
rial properties as well as sedative and anodyne effects 
[14,15]. Eugenol is found as a major ingredient in a variety 
of dental materials such as impression materials, filling ma-
terials, dental cements, endodontic sealers, periodontal dress-
ing materials and dry socket dressings.  

These materials rely on a setting reaction between zinc 
oxide and eugenol, which produces zinc eugenolate. This 
substance however is not stable in the presence of water. The 
surface of the set material readily undergoes hydrolysis with 
the release of free eugenol. This release is initially rapid and 
then decreases exponentially, as all the surface eugenol is 
hydrolysed. 

Eugenol- containing materials are not used in conjunction 
with composite luting cements or resin composite restorative 
materials as the free eugenol can interact with other dental 
materials [16]. Free eugenol can also be harmful to human 
soft tissues (Fig. 2). Adverse effects of eugenol in the oral 
cavity have been reported in association with its use in surgi-
cal and periodontal packs [17], root canal sealers [18], mouth 
rinses [19], and in impression pastes [20]. Adverse reactions 
to eugenol amongst dental personnel have also been reported 
ranging from localised irritation of the skin to allergic con-
tact dermatitis [21]. 
 

 

Fig. (2). Erythema and ulceration on the inner surface of the upper 

lip and around the gingival margincaused by Eugenol. 

 
The type and extent of oral soft tissue reactions to eugenol 

differ, but can be of in three ways: 1. Eugenolhas an adverse 
effect on fibroblasts and osteoblast-like cells and is generally 
cytotoxic at high concentrations [22]. Thus it produces necro-
sis and reduced healing at high concentrations. This effect will 
possibly affect all patients and is dose related. 2. Eugenol can 
act as a contact allergen evoking a localised delayed hypersen-
sitivity reaction in lower concentrations, [23]. 3. When placed 
in the mouth, eugenolcan sometimes cause a more significant 
generalised allergic response [24]. 
 
Chlorhexidine 

Chlorhexidine (CHX), is a cationic bisbiguanide which 
has a broad antimicrobial spectrum. It has been proven as the 
most effective agent against plaque many times. It is used 
alone or as an adjunct to mechanical cleaning procedures. Its 
effectiveness for control of gingivitis was also shown in 
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long-term studies. The major advantage of CHX over most 
other compounds lies in its substantivity. After application of 
a formulation, it binds to soft and hard tissues in the mouth, 
enabling it to act over a long period [25]. After single rinse 
bacterial counts in saliva consistently drop to between 10% 
and 20% of baseline and remain at this level for 7 hours 
[26] and probably >12 hours [27]. Therefore, CHX is con-
sidered as the gold standard and is used as a positive control 
in many clinical trials of new mouth rinse formulations. 

Continuous use of products containing chlorhexidine for 
longer periods can cause stains on teeth, tongue, and gingiva 
and also on silicate and resin restorations; persistent use can 
also reduce the bitter and salt taste sensations – this latter 
symptom can be reversed by stopping the use of chlorhexi-
dine [28]. The brownish discoloration of teeth and tongue is 
because of the disintegration of bacterial membranes, leading 
to the denaturation of bacterial proteins [29]. At the same 
time, disulfide functions are reduced to thiol functions [30] 
that form dark complexes with iron ions found in the saliva.  

Mouthwashes containing chlorhexidinethat stain teeth 
less than the classic solution have been developed, many of 
which comprise chelated zinc [31]. According to some stud-
ies, chlorhexidinegluconate has not been proven to reduce 
subgingival calculus and in some studies actually increased 
the deposits. A synergistic effect has been observed to en-
hance efficacy when chlorhexidine is combined with xylitol, 
[32]. Common toothpaste additives such as sodium lauryl 
sulfate and sodium monofluorophosphate neutralize chlor-
hexidine. Although data are limited, it may be best to keep 
more than a 30-minute interval between brushing and using 
the mouthwash, cautiously close to 2 hours after brushing to 
maximize the effectiveness of chlorhexidine [33].  

Surface etching by various chemical products with toxic 
properties may result in mucosal reactions including reac-
tions of the gingiva. Chlorhexidine induced mucosal des-
quamation (Fig. 3) [34] acetylsalicylic acid burn [35], co-
caine burn [36], and slough due to dentifrice detergentsare 
examples of such reactions [37]. These lesions are reversible 
and resolve after quitting the toxic influence. Improper use 
of caustics by the dentist causes chemical injury to the gingi-
val tissues. If the cavity sealing is insufficient, paraformal-
dehyde used for pulp mummification may give rise to in-
flammation and necrosis of the gingival tissues [38]. Gener-
ally, the diagnosis is evident from the clinical findings and 
patient history. 
 

 

Fig. (3). Chlorhexidine-induced mucosal desquamation. This is a 

reversible type of lesion, which is completely normalized after 

stopping chlorhexidineuse. 

CONCLUSION 

The biocompatibility of dental material depends on its 
location, composition, and interactions with the oral cavity. 
Metal, ceramic, and polymer materials elicit different bio-
logical responses because of their differences in composi-
tion. Furthermore, varied biological responses to these mate-
rials are determined by the release of their components and 
whether these components at their released concentrations 
are toxic, immunogenic, or mutagenic. The biocompatibility 
of a material is partially determined by its location in the oral 
cavity. Materials that appear biocompatible when in contact 
with the oral mucosal surface may cause adverse reactions if 
they are implanted beneath it. Features of a material's surface 
that promote or discourage the attachment of bacteria, host 
cells, or biological molecules determine whether the material 
will promote plaque retention, integrate with bone, or adhere 
to dentin.  
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