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Introduction 

sensitivity can be defined as pain in a tooth Postoperative  

associated with mastication or with sensitivity to hot, cold, and 

e  restoration.sweet stimuli that occurs 1 week or more after 

margin of the restoration is affected by the difference in thermal 

expansion between the restorative material and the tooth, 

polymerization shrinkage, effects of finishing and polishing, 

cavity orientation of enamel prisms, application methods and 

configuration. This influx of bacteria can cause problems including 

postoperative sensitivity, nström has suggested that postoperative 

sensitivity is actually caused by the movement of fluid in the space 

resulting in a change  ,or gap between the tooth and the restoration

in osmotic pressure. This theory is referred to as the 

‘hydrodynamic theory’. Brännström goes on to explain that dentinal 

fluid moves in a coronal or outward direction from the pulp (which 

entine allows the fluid is under pressure), and any opening in the d

out of the tubule. These openings also allow bacteria and other 

substrates to enter the tooth where they can move along the tubule 

into the pulp. 

Postoperative sensitivity following the routine placement of an 

amalgam and composite  restorations continues to be an 

unpredictable problem in restorative dentistry. It is usually 

encountered during the first few days following placement of the 

restoration, although its incidence and severity varies between 

studies. In one study, about one quarter of patients with new 

amalgam restorations experienced postoperative pain while 

elsewhere, half of the study subjects reported postoperative 

sensitivity. Microleakage around the margins of the newly placed 

restoration is believed to be one of the main causes of 



 

 

postoperative pain. The most accepted explanation for tooth 

sensitivity is known as the hydrodynamic theory. According to this 

theory, fluid movement in the dentinal tubules will be interpreted as 

pain by pulpal mechanoreceptors. Corrosion products from dental 

amalgam are believed to produce a gradual reduction of 

postoperative sensitivity through obliteration of the tooth 

restoration interfacial space. However, this may take several 

months to occur, and a variety of bases and liners have been used 

to compensate for the initial period of postoperative sensitivity. 

Cavity varnishes have been routinely used under amalgam 

restorations to act as interim sealers while corrosion products 

form. Traditionally calcium hydroxide was used asa cavity liner, but 

more recently, dentine bonding agents and amalgam bonding have 

gained popularity as cavity liners. The use of glass ionomer 

cements as a base under amalgam restorations has been found to 

reduce sensitivity to cold. Furthermore, disinfection of the cavity 

preparation prior to restoration is gaining wider clinical acceptance. 

Studies have shown that the depth of the cavity is a significant 

factor to be considered in relation to postoperative sensitivity. On 

the other hand, Gordan et al found no clinical difference in 

postoperative sensitivity experienced by patients following 

placement of amalgam restorations in cavities of different depths. 

Many biological variables, treatment factors and restorative 

considerations can potentially have an effect on the outcome of 

restorative treatment. However, few attempts have been made to 

study these variables. In a previous paper, we found that both the 

depth of the lesion and the nature of cavity treatment affected the 

postoperative sensitivity reported by patients. There is little 

published information regarding other factors that may also 

contribute to the occurrence and severity of postoperative 

sensitivity.  

Dentinal sensitivity 

 The main morphological characteristic of dentin is that it is a 

tubular structure, filled with fluid, connecting the pulp to the 

enamel–dentine junction. The lumen of dentinal tubules are 

surrounded by thin cuffs of mineralized tissue, called peritubular 



 

 

dentin. The matrix interposed between this cylindrical structure, the 

intertubular dentin, contains around 30% by volume of mineralized 

collagen type I fibrils perpendicular to the long axis of the tubules. 

Much smaller quantities of collagen (10% by volume) are present 

in peritubular dentin. Dentinal permeability is, therefore, a direct 

consequence of this structural pattern. The closer one gets to the 

pulp, the greater is the value of this porosity) and the diameter of 

the tubules (2.5 µm close to the pulp; 1.2 µm in the intermediate 

region; 0.5 µm at the enamel–dentine junction). This explains the 

increase in dentin permeability in the area close to the pulp 

chamber. The widely accepted hydrodynamic theory proposed by 

Brännström and Ästron in 1964  seeks to explain the painful 

phenomenon that occurs in dentin by the movement of fluid within 

the dentinaltubules after certain stimuli, which causes intratubular 

pressure changes, thus leading to excitation of the pulp nerve 

terminals, producing a sensation of pain . Therefore, due to the 

disposition, size and pattern of dentinal tubules, the type of dentin 

has a direct relationship with dentinal sensitivity. Reduction in fluid 

movements and propagation of molecules through dentin occur 

due to reduction in the tubular openings with the deposition of 

peritubular dentin or the formation of other intratubular material. 

Reparative dentin, in contrast to secondary dentin, does not have 

continuous tubules, thus leading to diminished permeability and 

fluid movement, and this results in a reduction in sensitivity. 

Therefore, teeth with recently cut secondary dentin have a greater 

propensity to develop sensitivity after direct restorations. 

Lining materials 

Dental lining materials are used during restorations of large 
cavities, and are placed between the remaining tooth structure and 
the restoration material. This purpose of this is to protect 
the dentinal tubules and the sensitive pulp, forming a barrier-like 
structure. After drilling the caries out of the tooth, the dentist 
applies a thin layer (approximately 1/2mm) to the base of the tooth, 
followed by light curing. Another layer might be applied if the cavity 
is very large and deep. 

There are many functions to dental lining materials, some of which 
are listed below: 

https://en.wikipedia.org/wiki/Dentinal_tubules
https://en.wikipedia.org/wiki/Pulp_(tooth)
https://en.wikipedia.org/wiki/Tooth_decay


 

 

 Lining materials protect the weak tooth from post-operative 
hypersensitivity, reducing patient discomfort and allowing the 
tooth to heal at a faster rate after the procedure.  

 Some dental restorative materials such as acrylic monomers in 
resin-based materials and phosphoric acid in silicate materials 
may pose toxic and irritable effects to the pulp. Lining materials 
protect the tooth from the aforementioned irritants.  

 Lining materials serve as an insulating layer to the tooth pulp 
from sudden changes in temperature when the patient takes 
hot or cold food, protecting it from potential pain resulting from 
thermal conductivity.  

 Additionally, lining materials are electrically insulating, 
preventing corrosion by galvanic cell in the event where two 
dissimilar metals (e.g.: gold or amalgam) are placed next to 
each other. 

types 

1-glass inomar cement lining 

2-varnish 

3-calcium hydroxide (dycal) 

4-zinc oxid 

5-zinc phosphate 

6- zinc polycarboxylate 

7-resin bonding 

 

 

GIC 

It is widely believed that postoperative tooth sensitivity after resin 

composite restoration placement is an unpredictable problem 

when a total-etching adhesive is used. Restorative procedures that 

may provide a better seal and reduce postoperative tooth 

sensitivity have been suggested, e.g. application of a glass-

ionomer cement (GIC) lining/base or using a self-etching adhesive. 

However, the benefit of a self etching adhesive is limited based on 

https://en.wikipedia.org/wiki/Phosphoric_acid
https://en.wikipedia.org/wiki/Silicate
https://en.wikipedia.org/wiki/Galvanic_cell
https://en.wikipedia.org/wiki/Amalgam_(dentistry)


 

 

reports from clinical studies that the postoperative sensitivity when 

using a self-etching adhesive is not significantly different from a 

total-etching adhesive. Few clinical studies have investigated the 

benefit of a GIC lining, and the results are controversial. One study 

reported that the postoperative sensitivity was reduced when a 

resin-modified GIC liner was applied over the entire dentin surface 

before using a two-step, total-etching adhesive. In contrast, two 

other studies concluded that using a protective layer (lining) does 

not decrease the postoperative sensitivity. Moreover, a concern 

about the sealing ability of a GIC lining on dentine has been 

raised. 

 Based on the experimental data, it was predicted that a GIC liner 

or the use of a self-etching adhesive rather than a total-etching 

adhesive would not influence postoperative tooth sensitivity 

clinically. This prediction was confirmed in the clinical study. In the 

experimental studies, three inter-related parameters were 

investigated: dentine permeability/fluid flow; adhesion (micro-shear 

bond strength); and gap formation/micro leakage (including micro-

permeability). The logic in selecting these parameters is that 

dentinal fluid may move freely into either a micro-gap or through a 

permeable hybrid/adhesive layer, so that tooth sensitivity may 

result according to the hydrodynamic theory. In the fluid flow 

measurement of cavity-prepared, intact teeth, application of a GIC 

lining or using a two-step, self-etching adhesive did not reduce 

fluid flow after restoration when compared with a total-etching 

adhesive without a lining. It seems that the sealing ability of the 

total-etching adhesive was comparable with that of the GIC lining 

and the two-step, self-etching adhesive; this lack of difference in 

sealing occurred even though dentine permeability significantly 

increased only after acid etching with phosphoric acid, which may 

interfere with bonding. The results correspond with another study 

that showed no significant difference in dentinal seal provided by a 

two-step, total-etching adhesive or a one-step, self-etching 

adhesive when positive pulpal pressure was absent . However, 

dentinal seal of the total-etching adhesive decreased when the 

adhesive was exposed to a positive pulpal pressure, while that of 

the self-etching adhesive did not. Other studies also investigated 



 

 

sealing ability, but dentine permeability/fluid flow was measured 

through the adhesive layer or bonded dentine without a resin 

composite restoration, so that the results are difficult to compare. 

Dentine permeability after acid etching of caries-affected dentine 

was markedly lower than that of normal dentine, which is in 

agreement with the results of two other studies, but fluid flow after 

restoration of carious teeth and cavity prepared, intact teeth were 

not significantly different. Thus, a two-step, total-etching adhesive 

could provide a seal on highly permeable`, normal dentine as well 

as on low permeable, caries-affected dentine, with or without a 

GIC lining. Indeed, a GIC lining did not improve the sealing ability 

of the restoration, regardless of carious teeth or cavity-prepared 

intact teeth. The result is in conflict with one other study showing 

that a GIC lining could stop fluid flow after restoration in premolars 

with an occluso proximal cavity. An explanation might be that the 

teeth used in that study were less permeable, as their permeability 

only increased slightly after etching the dentine with phosphoric 

acid. Observation of micro-gap formation showed different results 

among the restorative procedures. Micro-gaps were initially 

detected in restorations with GIC lining to a greater extent than in 

restorations without lining. This finding is supported by the result of 

another study which reported a higher incidence of micro-gap 

formation in restorations with a lining. In restorations bonded with a 

self-etching adhesive, micro-gaps were rarely detected up to 1 

month, and to a lesser extent than that of a total-etching adhesive. 

In restorative dentistry, it is often assumed that laboratory results 

can be extrapolated to clinical outcomes; otherwise the laboratory 

studies will have little predictive value. Hence, a clinical trial was 

conducted to confirm the clinical outcomes that were anticipated 

from the laboratory results, namely that pos t operative tooth 

sensitivity would be not significantly different between restorations 

bonded with or without a GIC lining. This clinical trial was 

conducted following the consort statement and the 

recommendations for the clinical studies in dental restorative 

materials  in an attempt to improve the internal and external 

validity of the study. The investigation was limited to moderate to 

deep occlusal cavities in young adult patients with the greater risk 



 

 

of postoperative sensitivity. Within the limitations of the study, the 

conclusions can be drawn with a high degree of confidence: a) 

postoperative sensitivity in daily regular function after occlusal 

resin composite restoration placement was rare and of low 

intensity/severity; b) a GIC lining did not reduce the postoperative 

sensitivity. The outcome with respect to the resin-based adhesives 

corresponds with other studies that reported no significant 

difference in postoperative sensitivity between the two adhesive 

systems. Two studies specifically investigated occlusal cavities, 

while the other two studies tested an occluso-proximal cavity ( or a 

combination of the two cavity types. Most of the studies used the 

same two-step, self-etching adhesive (Clearfil SE Bond), while the 

two-step, total-etching adhesives varied. In these studies, short-

term postoperative sensitivity to cold stimulation or regular function 

was reported in 5-20% of patients, usually at a low to moderate 

level, and no prevalence of tooth sensitivity to occlusal force was 

observed. A similar trend was found in our clinical trial. It seems 

that postoperative sensitivity occurs occasionally in association 

with posterior resin composite restoration placement, but its level 

is not severe. The negative outcome of the GIC lining is in 

contradiction to the other study that showed a benefit of a GIC liner 

in reducing postoperative sensitivity at 1 week. In that study, a two-

step, total-etching adhesive (acetone-based) was used with or 

without a resin-modified GIC lining. In contrast, the results of GIC 

lining are similar to that reported in two other clinical studies. 

However, various dental adhesives and restorative materials were 

used, and the data were collected from all cavity types in those 

studies, so comparison of outcomes must be made cautiously. In a 

randomized clinical trial in which restorations were placed by 

general practitioners in a faculty clinic, postoperative sensitivity to 

cold water was low and was not different between posterior teeth 

restored with resin composite bonded with a two-step, total-etching 

adhesive and a one-step, self-etching adhesive. However, the 

clinical trial was still in an academic environment even though the 

restorations were placed by general practitioners. 

In conclusion, application of a GIC liner did not improve the sealing 

ability or reduce the postoperative sensitivity in the posterior resin 



 

 

composite restorations. In addition, using a two-step, self-etching 

adhesive might not provide a superior seal or less postoperative 

sensitivity than using a two-step, total-etching adhesive. Further 

investigations should be performed to provide more scientific 

evidence of specific clinical situations on materials where a liner or 

a self-etching adhesive may supply some benefits. 

2-Varnish 

 cavity varnish is used to provide a barrier against the 
passage of irritants from cements or other restorative materials and to 
reduce the penetration of oral fluids at the restoration-tooth interface into the 
underlying dentin. varnishe shelp reduce postoperative sensitivity when 
applied to dentinal surfaces under newly placed restorations. cavity 
varnishes are rapidly being replaced by bonding agents. 
cavity varnish is a solution of one or more resins from natural gums, 
synthetic resins, or rosin. copal and nitrated cellulose are typical examples 
of a natural gum and synthetic resin ,respectively. the solvents that may 
be used to dissolve these materials are chloroform, alcohol ,acetone, 
benzene, toluene, ethyl acetate, andamyl acetate. medicinal 
agents such as chloro butanol ,thymol, and eugenol also have 
been added. the volatile solvents evaporate quickly when the varnish 
is applied to the prepared tooth surface, thus leaving a thin resin film. 
the addition of fluoride to cavity varnish has not beene stablished as 
effective. 

varnishes are applied in a thin layer to the cavity preparation and 

on evaporation of the solvent, the remaining solute is the liner 

which seals the tubules. therefore, varnishes can be considered a 

liner. they also fit the definition of a liner in that they seal the 

dentine, but are contraindicated when a resin composite is going to 

be placed.  

a cavity varnish provides a protective barrier against irritants (from 

restorative materials) and from the oral fluids penetrating into the 

dentine. varnishes also protect the tooth from the newly placed 

amalgam. a fresh amalgam shrinks on setting, allowing 

microleakage to occur, and a varnish will seal the cavity‐amalgam 

interface until the amalgam starts to corrode. varnish also keeps 



 

 

the corrosive by‐products from leaching into the enamel and 

staining the tooth.  

even when varnishes are applied in multiple layers, it is possible 

that microscopic openings may form in the varnish and this might 

allow bacteria to penetrate into the dentine. royce et al. have 

concluded that varnishes are not as effective as other materials at 

reducing microleakage. this contradicts a 1998 study which 

concludes that, at least in the short term, varnishes are as effective 

as adhesive liners. cavity varnishes do not possess any 

mechanical strength and they have minimal film thickness, which is 

not adequate for thermal protection, thus making them unsuitable 

for use as a cavity base. 

amalgam remains unchallenged as a posterior restorative material. 

but its inability to bond to the teeth leads to some amount of 

microleakage at the restoration-tooth interface with associated 

problems such as post operative sensitivity, pulpal complications 

etc. varnish used under amalgam will be absorbed after 3-6 

months and product of corrosion seal the tubule after 2years,so in 

this period many dental practitioners use bonding amalgam as a 

liner to reduce microleakage and other problems. amalgam 

restorations with copal varnish have less postoperative sensitivity 

compared to amalgam restorations with no liners .the current 

evidence cannot demonstrate whether lining the dental cavity is 

more effective than using bonded amalgam in reducing 

postoperative sensitivity.. since cavity varnishes are used in very 

thin films, so they are not used as lining material. zinc phosphate 

has low ph and therefore can cause post operative sensitivity. but 

this can be minimized by placing the cavity varnish occluding the 

dentinal tubules and preventing the acid penetration. a small scale 

study by some researchers points out that no amalgam bonding is 

mandatory in sense of restoration survival rate compared to non 

bonded amalgam and post operative sensitivity was not a 

significant factor. there is ample evidence of decreased leakage of 



 

 

fluids when an amalgam bonding system is used compared with 

varnish-coated amalgam cavity walls. 

Calcium Hydroxide 

Calcium hydroxide has a relatively low compressive strength and a 
viscous consistency making them difficult to apply to cavities in 
thick sections, a common technique used to overcome this issue 
would be to apply a thin sub-lining of a calcium hydroxide lining 
and then building up with zinc phosphate prior to amalgam 
condensation. Generates a relatively high ph environment around 
area surrounding the cement due to calcium hydroxide leaking out 
thus making it bactericidal. It also has a unique effect of initiating 
calcification and stimulating the formation of secondary dentine 
due to an irritation effect of the pulp tissues by the cement. It is 
usually supplied as 2 pastes, a glycol salicylate and another paste 
containing zinc oxide with calcium hydroxide. On mixing a chelate 
compounds are formed. Light activated versions are also available 
which contains polymersiation activators, hydroexyethyl 
methacrylate, dimethacrylate which when light activated will result 
in a light activated polymerization reaction of a modified 
methacrylate monomer. 

in a study examining the use of a caoh liner in deep areas of the 
preparation, found no instances of patient-reported hypersensitivity 
at 6 months, 1 year, or 3 years postoperatively in 16 class i 
restorations (39 class ii also included). calcium hydroxide liners, 
however, are a combination of calcium hydroxide with a varnish to 
modify the viscosity and to improve handling. one paste contains 
calcium hydroxide and the other contains salicylate. salicylate is a 
weak acid that is chemically similar to eugenol and reacts with the 
calcium hydroxide. the acid–base reaction between calcium 
hydroxide and a salicylate is responsible for setting, the reaction 
forms an amorphous calcium disalicylate. this form of calcium 
hydroxide materials fit into what was previously described as low-
strength bases, the antimicrobial action of hydroxyl ions on 
microorganisms can be explained by their influence on growth, 
structure, metabolism, and bacterial cell division. the antibacterial 
properties of calcium hydroxide were reported inferior to rmgi 
liners, and stronger than other materials commonly used for lining 
(especially the conventional glass ionomer cement). calcium 
hydroxide liners were also reported to reduce bacterial numbers 
much more effectively than only sealing the cavity. however, 
calcium hydroxide liners show reduced antibacterial activity 



 

 

overtime. calcium hydroxide has significant drawbacks; the low 
elastic modulus and low compressive strength of calcium 
hydroxide cavity liners restricts their usage to thin layers in specific 
areas, which is not critical to the support of restorations. calcium 
hydroxide liners have low thermal conductivity, but they are usually 
not used in thick enough layers (≤0.5 mm) to provide thermal 
protection; therefore, thermal protection should be provided with a 
separate base. operative dentistry books recommend a calcium 
hydroxide liner if the excavation extends close to the pulpal tissue. 
current concepts on pulp protection define “close to the pulp” as 
the case where the rdt between the floor of the cavity preparation 
and the pulp is ≤0.5 mm. calcium hydroxide liners are reported to 
mediate underlying odontoblasts survival when the rdt is ≤0.5 mm. 
maintaining the health and vitality of the odontoblast cell layer is 
important as it is responsible for the capacity of the dental pulp to 
protect itself by the deposition of tertiary dentine secreted by 
primary odontoblasts. the influx of calcium ions from the 
dissociated material toward the pulp triggers the recruitment and 
proliferation of undifferentiated cells from the pulp and activates 
stem cells. calcium hydroxide has the ability to slightly 
demineralize dentine, and in turn release transforming growth 
factor-β1 from the matrix that signals tertiary dentinogenesis that is 
responsible for repair in dentine pulp complex and, in turn, 
supports the success of much of restorative dentistry 

calcium hydroxide liners do not adhere to dentine or resin-based 
restorative materials. hence, they provide a poor seal. the 
adaptation between dentine and dycal and also between dycal and 
vitrebond (3m espe) was evaluated under scanning electron 
microscope (sem), marked gaps were seen between dycal and 
dentine, on one hand, and between dycal and vitrebond, on the 
other hand. the study attributed the gaps to the lack of adhesion of 
dycal to vitrabond and dentine as well. similar results were also 
reported by another sem study by chen et al, which concluded that 
there was a big gap between dycal and the overlying vitrebond. 
therefore, enough enamel and dentine should be left exposed for 
adhesion of the overlying protective rmgi layer since studies report 
good adaptation and bonding between dentine and vitrebond. due 
to their alkaline nature, they also serve as a protective barrier 
against irritants from other restorative materials; using calcium 
hydroxide liners under rmgi is the best way of avoiding needles 
odontoblast injury that might result from applying rmgi in deep 
cavities 



 

 

Calcium hydroxide is considered to be bactericidal due to its high 

ph, approximately, which is provided by the catalyst. This alkaline 

property can cause cytotoxic effects to both the pulp and any 

bacteria in the preparation. Additionally, the acidic by‐products of 

the bacteria are counteracted by the high ph. This high ph 

continues even after the material has set due, according to 

ferracane, to hydroxyl ions that continue to leach out of the 

material when it comes in contact with the dentinal fluid.  

Calcium hydroxide can also irritate the pulp due to its high alkaline 

nature. This results in the formation of reparative dentine (a 

dentine bridge). This new dentine forms because caoh can 

stimulate growth factors in the dentine matrix, and this process 

may occur more quickly when a resin‐based calcium hydroxide 

formulation is used. Additionally, torneck et al.write that calcium as 

well as hydroxyl ions play an important role on the pulpal healing 

by modifying the environmental ph in the zone of inflammation to 

levels favourable for pulp matrix mineralization. There are 

light‐cured resin‐based versions of calcium hydroxide and such 

formulations are not harmful to the pulp but do not show any 

antibacterial characteristics. They have a demand set and are less 

soluble than the self‐cured products. The high solubility of 

conventional caoh materials requires that clinicians ensure that 

restoration margins are sealed. 

zinc oxide eugenol 

The powder is composed of zinc oxide (70% by weight) with rosin 

added to reduce the brittleness of the set material. The eugenol is 

in the liquid portion, derived from oil of cloves (one of the ‘essential 

oils’). The eugenol is bactericidal on its own, but is more potent 

when combined with zinc oxide. The requirements for ZOE as a 



 

 

base are given in ISO 3107‐2004 (Dentistry – Zinc oxide/eugenol 

and zinc oxide/non‐eugenol cements), under the category of Type 

3.Said to be the least irritating of all dental materials, zinc oxide 

eugenol (ZOE) has been available for over 100 years. Despite 

having a pH of about 7 and having a sedative effect on the pulp, 

the eugenol can be toxic to the pulp, especially when present in 

high concentrations. It is for this reason that ZOE should not be 

placed in direct contact with the pulp. 

Eugenol is released from the mixture by hydrolysis. The wet 

dentine causes enough eugenol to be released to form a 

concentration gradient that kills bacteria, but does not damage the 

pulp. Hume showed that the dentine protects the pulp from 

chemical irritation and as the remaining dentine thickness 

increases, so does the protection.  

Even though ZOE does not bond to the tooth, it does afford an 

excellent marginal seal, which is better when a lower powder:liquid 

ratio is used. The advantage of this seal is the prevention of 

diet‐derived substrate from reaching the micro‐organisms found 

below the restoration. This results in the reduction of both acid 

production and of the formation of secondary caries. Essentially, 

ZOE inhibits bacterial cell metabolism, the end result being a low 

incidence of postoperative sensitivity. As the powder:liquid ratio is 

increased, the mix becomes drier and less tacky. The resultant 

mixture is easier to work with and contains less free eugenol (as it 

is combined in the material) to irritate the pulp. 

 

Zinc phosphate 



 

 

ZOE, it has two components, a powder and a liquid. There are 

several advantages of ZOP. These include a long history of clinical 

success, it is easily mixed and is to an extent strong. 

Unfortunately, it is brittle, lacks adhesion, is soluble in the mouth, 

and exothermic on setting, is thought to be an irritant to the pulp 

and lacks any antibacterial properties (except for the copper‐based 

products). When ZOP is to be used as a base, it should be mixed 

to a thick, dry, putty‐like consistency. Doing so will result in a 

strong, hard base and a short setting time. A ZOP base will 

provide a thermal and chemical barrier, allowing the final 

restoration to be placed at the same visit. An additional result of a 

thick mix will be less free liquid available to act as an irritant. it was 

thought that ZOP, due to its acidic nature, was a cause of 

postoperative sensitivity, but this has since been shown not be 

true. For those who wish to prevent any affect that ZOP has on the 

tooth, a layer of copal varnish can be placed on the cavity 

preparation to seal the dentine, prior to the zinc phosphate. 

 

Zinc polycarboxylate 

A material that is similar to ZOP is zinc polycarboxylate (ZPC), 

also known as zinc polyacrylate. As with ZOP, the powder is 

composed of zinc oxide and magnesium oxide. It resembles ZOP 

in strength and ZOE in biocompatibility. The pH of the liquid is 

about 1.7, and upon mixing, the free acid is quickly neutralized. 

Available in powder‐liquid formulations, ZPC bonds ionically to 

tooth structure via the negatively charged carboxyl ions from the 

liquid and the positively charged calcium ions from the tooth 

structure. The bond to enamel is stronger than that to dentine. 

Both ZOP and ZPC have close adaptation to the cavity preparation 



 

 

because both are acidic therefore have irritant effect on pulp and 

help remove the smear layer .in spite of low ph of ZPC it is not a 

irritant to pulp because large polyacrylic molecules that limit 

diffusion through dentinal tubules. Hodash has shown that when 

potassium nitrate is added, ZPC becomes an effective liner and 

does not have an adverse effect on the vitality of the pulp. Good 

biocompatibility exists because the polyacrylic molecules are large 

and cannot diffuse into the dentine, the pH rises rapidly after 

mixing and minimal dentinal fluid movement occurs in response to 

the ZPC. In a study comparing both ZOP and ZPC in deep cavity 

preparation, it was shown that there was no significant irritating 

effect on the pulp. It was concluded that any irritation was due to 

the bacteria that remained in the preparation. PC has many 

advantages which include its biocompatibility, adhesion to tooth 

structure, easy manipulation and strength. 

 

Resin‐based materials 

The final materials that can be used as either a liner or a base are 

those that are resin‐based. These can be categorized in two 

different ways: either by filler content (unfilled or filled), or by how 

they are cured (either self‐, light‐ or dual‐cured). hen resin‐based 

products are used, manufacturers either include the bonding 

system in the package or recommend a separate purchase of one 

of their own. The bonding systems are usually composed of a 

primer (wetting agent) and/or a bonding agent (unfilled resin). he 

acidic nature of the primer dissolves the smear layer and the 

surface hydroxyapatite, which allows for the adhesive component 

of the primer to infiltrate the exposed dentinal collagen. This 

results in the formation of the so‐called ‘hybrid layer’ and a zone of 



 

 

occluded dentinal tubules, and the solvent (either acetone, alcohol 

or water) then evaporates. Complete penetration of the primer 

monomers into the collagen is essential to create strong adhesion 

as well as an optimum seal. The occluded tubules reduce the 

amount of microleakage. Bonding systems can be divided into 

‘etch‐and‐rinse’ systems and ‘self‐etching primer’ systems 

(available in one‐ or two‐bottle versions). With respect to 

microleakage, a study published in 2006 concluded that the 

etch‐and‐rinse products were associated with less microleakage 

than self‐etching systems. The self‐etching systems are more 

acidic because of carboxylic acid. Originally developed to be 

easier for the clinician to use (due to less steps), self‐etching 

systems were shown not to produce improved results when 

compared to total etch products.  

Clinicians should also be aware that prior to placement of a 

bonding material, the tooth needs to be clean and free from all 

water, saliva and blood. Contamination can interfere with adhesion 

and can result in the dentine tubules being left open, leading to 

postoperative sensitivity. Water or any moisture that is in the 

bonding agent can: (1) inhibit polymerization of the bonding agent; 

(2) produce these so‐called ‘water channels’ that increase the 

porosity; and (3) soften the resin. All these will cause the adhesive 

to weaken over time and also reduce the bond strength. 

Conclusion 

. postoperative sensitivity is strongly influenced by cavity depth. 

cavity type and size might also be important factors. postoperative 

sensitivity was more frequently detected in occluso-proximal 

cavities than occlusal cavities. moreover, the larger the size of the 

cavity, the higher the prevalence of postoperative sensitivity that is 

anticipated: three-surfaces > two-surfaces > one-surface. the 



 

 

restorations were placed under optimal conditions. the prevalence 

of postoperative sensitivity in teeth with occlusal and occluso-

proximal resin composite restorations placed by final-year 

undergraduate students was also low (10%) and comparable to 

our study.the lining materials has littile effecte in reducing  

postoperative sensitivity and most clinical postoperative sensitivity 

occure due to contamination of cavity due to improper isulation of 

prepered area and wrong preparation technique. 
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Postoperative sensitivity can be defined as pain in a tooth 
associated with mastication or with sensitivity to hot, cold, 

and sweet stimuli that occurs 1 week or more after 
restoratin.

 

Postoperative sensitivity following the routine placement 
of an amalgam and composite  restorations continues to be 

an unpredictable problem in restorative dentistry. It is 
usually encountered during the first few days following 
placement of the restoration, although its incidence and 

severity varies between studies.



suggested that postoperative sensitivity is actually caused 

by the movement of fluid in the space or gap between the 

tooth and the restoration, resulting in a change in osmotic 

pressure. This theory is referred to as the ‘hydrodynamic 

theory’.

the painful phenomenon that occurs in dentin by the 

movement of fluid within the dentinaltubules after certain 

stimuli, which causes intratubular pressure changes, thus 

leading to excitation of the pulp nerve terminals, 

producing a sensation of pain . 



Brännström and Ästron in 1964  seeks to explain the 
painful phenomenon that occurs in dentin by the 

movement of fluid within the dentinal tubules after certain 
stimuli, which causes intra tubular pressure changes, thus 

leading to excitation of the pulp nerve terminals, 
producing a sensation of pain . Therefore, due to the 

disposition, size and pattern of dentinal tubules, the type 
of dentin has a direct relationship with dentinal sensitivity. 

Reduction in fluid movements and propagation of 
molecules through dentin occur due to reduction in the 

tubular openings with the deposition of peri tubular dentin 
or the formation of other intra tubular material.



Reparative dentin, in contrast to secondary dentin, does

not have continuous tubules, thus leading to diminished 

permeability and fluid movement, and this results in a 

reduction in sensitivity.



Lining materials

Dental lining materials are used during restorations of 

large cavities, and are placed between the remaining tooth 

structure and the restoration material. This purpose of this 

, pulpand the sensitivedentinal tubulesis to protect the

forming a barrier-like structure. 

https://en.wikipedia.org/wiki/Pulp_(tooth)
https://en.wikipedia.org/wiki/Dentinal_tubules




It is widely believed that postoperative tooth sensitivity 

after resin composite restoration placement is an 

unpredictable problem when a total-etching adhesive is 

used. Restorative procedures that may provide a better 

seal and reduce postoperative tooth sensitivity have been 

suggested, e.g. application of a glass-ionomer cement 

(GIC) lining



One study reported that the postoperative sensitivity was 

reduced when a resin-modified GIC liner was applied over 

the entire dentin surface before using a two-step, total-

etching adhesive. In contrast, two other studies concluded 

that using a protective layer (lining) does not decrease the 

postoperative sensitivity.





cavity varnish is used to provide a barrier against the 

passage of irritants from cements or other restorative 

materials and to reduce the penetration of oral fluids at the 

restoration-tooth interface into the underlying dentin. 

Varnishe shelp reduce postoperative sensitivity when 

applied to dentinal surfaces under newly placed 

restorations.



Varnishes also protect the tooth from the newly placed 

amalgam. A fresh amalgam shrinks on setting, allowing 

microleakage to occur, and a varnish will seal the 

cavity‐amalgam interface until the amalgam starts to 

corrode. Varnish also keeps the corrosive by‐products 

from leaching into the enamel and staining the tooth. 



. Amalgam restorations with copal varnish have less 

postoperative sensitivity compared to amalgam 

restorations with no liners .The current evidence cannot 

demonstrate whether lining the dental cavity is more 

effective than using bonded amalgam in reducing 

postoperative sensitivity.





Calcium hydroxide is considered to be bactericidal due to 

its high pH, approximately, which is provided by the 

catalyst. This alkaline property can cause cytotoxic effects 

to both the pulp and any bacteria in the preparation. 



in a study examining the use of a CaOH liner in deep areas of the 
preparation, found no instances of patient-reported hypersensitivity at 6 
months, 1 year, or 3 years postoperatively in 16 Class I restorations (39 

Class II also included). Calcium hydroxide liners, however, are a 
combination of calcium hydroxide with a varnish to modify the viscosity 

and to improve handling. Calcium hydroxide can also irritate the pulp due to 
its high alkaline nature. This results in the formation of reparative dentine (a 

dentine bridge). This new dentine forms because CaOH can stimulate 
growth factors in the dentine matrix, and this process may occur more 

quickly when a resin‐based calcium hydroxide formulation is 
used. Additionally, Torneck et al.write that calcium as well as hydroxyl ions 

play an important role on the pulpal healing by modifying the 
environmental pH in the zone of inflammation to levels favourable for pulp 
matrix mineralization. There are light‐cured resin‐based versions of calcium 

hydroxide and such formulations are not harmful to the pulp but do not 
show any antibacterial characteristics.  





Said to be the least irritating of all dental materials 

Despite having a pH of about 7 and having a sedative 

effect on the pulp, the eugenol can be toxic to the pulp, 

especially when present in high concentrations. It is for 

this reason that ZOE should not be placed in direct contact 

with the pulp.



Even though ZOE does not bond to the tooth, it does 

afford an excellent marginal seal, which is better when a 

lower powder:liquid ratio is used. The advantage of this 

seal is the prevention of diet‐derived substrate from 

reaching the micro‐organisms found below the restoration. 

This results in the reduction of both acid production and 

of the formation of secondary caries. Essentially, ZOE 

inhibits bacterial cell metabolism, the end result being a 

low incidence of postoperative sensitivity.





 Zinc phosphate

ZOE, it has two components, a powder and a liquid.

Unfortunately, it is brittle, lacks adhesion, is soluble in the 

mouth, and exothermic on setting, is thought to be an 

irritant to the pulp and lacks any antibacterial properties 



. A ZOP base will provide a thermal and chemical barrier, 

allowing the final restoration to be placed at the same 

visit. An additional result of a thick mix will be less free 

liquid available to act as an irritant. it was thought that 

ZOP, due to its acidic nature, was a cause of 

postoperative sensitivity, but this has since been shown 

not be true.



A material that is similar to ZOP is zinc polycarboxylate

(ZPC), also known as zinc polyacrylate. 

The bond to enamel is stronger than that to dentine. Both 

ZOP and ZPC have close adaptation to the cavity 

preparation because both are acidic therefore have irritant 

effect on pulp and help remove the smear layer .in spite of 

low ph of ZPC it is not a irritant to pulp because large 

polyacrylic molecules that limit diffusion through dentinal 

tubules.



Good biocompatibility exists because the polyacrylic

molecules are large and cannot diffuse into the dentine, 

the pH rises rapidly after mixing and minimal dentinal 

fluid movement occurs in response to the ZPC. In a study 

comparing both ZOP and ZPC in deep cavity preparation, 

it was shown that there was no significant irritating effect 

on the pulp. It was concluded that any irritation was due to 

the bacteria that remained in the preparation. PC has many 

advantages which include its biocompatibility, adhesion to 

tooth structure, easy manipulation and strength.





A material that is similar to ZOP is zinc poly carb oxylate

(ZPC), also known as zinc poly a crylate. As with ZOP, 

the powder is composed of zinc oxide and magnesium 

oxide.

. Both ZOP and ZPC have close adaptation to the cavity 

preparation because both are acidic therefore have irritant 

effect on pulp and help remove the smear layer .in spite of 

low ph of ZPC it is not a irritant to pulp because large 

poly acrylic molecules that limit diffusion through 

dentinal tubules.



. Good biocompatibility exists because the polyacrylic

molecules are large and cannot diffuse into the dentine, 

the pH rises rapidly after mixing and minimal dentinal 

fluid movement occurs in response to the ZPC. In a study 

comparing both ZOP and ZPC in deep cavity preparation, 

it was shown that there was no significant irritating effect 

on the pulp. It was concluded that any irritation was due to 

the bacteria that remained in the preparation.





The bonding systems are usually composed of a primer 

(wetting agent) and/or a bonding agent (unfilled resin). he 

acidic nature of the primer dissolves the smear layer and 

the surface hydroxyapatite, which allows for the adhesive 

component of the primer to infiltrate the exposed dentinal 

collagen. This results in the formation of the so‐called 

‘hybrid layer’ and a zone of occluded dentinal tubules, and 

the solvent (either acetone, alcohol or water) then 

evaporates. Complete penetration of the primer monomers 

into the collagen is essential to create strong adhesion as 

well as an optimum seal.



a study published in 2006 concluded that the 

etch‐and‐rinse products were associated with less 

microleakage than self‐etching systems. The self‐etching 

systems are more acidic because of carboxylic acid. 



Clinicians should also be aware that prior to placement of 

a bonding material, the tooth needs to be clean and free 

from all water, saliva and blood. Contamination can 

interfere with adhesion and can result in the dentine 

tubules being left open, leading to postoperative 

sensitivity. 




