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Abstract 

Aim: To compare the fracture resistance of incisor tooth 

fragments stored in four storage media: Dry air, milk, 

coconut water, or normal saline before reattaching them 

with Flowable composite. 

 Materials and Methods: Twenty freshly extracted 

maxillary incisors were divided into four groups. Teeth 

will be then sectioned, and fragments were stored in dry 

air (Group I), milk (Group II), coconut water (Group III), 

and normal saline (Group IV). The fragments were 

reattached using simple reattachment technique and 

fracture resistances of the samples were measured using a 

Universal Testing Machine. 

Results: The highest fracture resistance value was 

demonstrated by Group II(Milk), followed by Group 

III(coconut water), followed by Group IV(normal 

saline)and least fracture resistance values were observed 

in Group I(dry air). 

Significance: The mode of storage of a fragment before its 

reattachment significantly affects the prognosis. Thus, 

there is a need to give awareness to the public about the 

manner of preservation of such fragments such as their 

avulsed counterparts. 

Keywords: Fracture resistance, fragment reattachment, 

Filtek Z350 XT, storage medium. 

Introduction 

 In anterior teeth Coronal fractures represents 18–22% of 

all injuries to dental hard tissues; 96% of them involving 

the maxillary incisors alone1. 

Various techniques have been put forth to reconstruct such 

traumatically injured teeth  

• Resin crowns 
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• Stainless steel crowns 

• Orthodontic bands 

• Ceramic crowns and  

• Composite resin restorations. 

All these interventions may lead to sacrifice a lot of 

healthy natural tissue2. 

Coronal fracture treatment is a considerable challenge for 

the dentist because they have to fulfill the parameters, like 

form and dimension, opacity, and translucence of the 

original tooth to obtain a successful restoration3. Although 

restoration with composite resin is indicated in the 

management of fractured anterior teeth, reattachment is an 

excellent option when the fragment is available. The 

concept of ‘fragment reattachment’ came with the 

development of adhesive dentistry4. Being a highly 

conservative technique reattachment offers the advantages 

of and does not involve any kind of preparation that 

promotes the preservation of natural tooth structure, good 

esthetics, and acceptance by the patient who receives the 

treatment. Fragment reattachment offers several 

advantages compared to conventional techniques, the most 

predominant one being-aesthetics5. It is considered as a 

minimally invasive biological option for managing such 

injuries6. 

Prognosis of the reattached fragment is dictated by   

 firmness of its attachment to the tooth  

 mode of storage immediately following trauma7 

Storage medium acts as one of the key determinants since 

hydration helps to maintain the vitality, esthetic 

appearance, and the bond strength8,9 .  Hydrophilic 

characteristic of adhesive systems also means that 

hydration acts to ensure adequate bond strength4 . 

Hence, the present study was planned to compare the 

fracture resistance of fractured incisor tooth fragments 

stored in four storage media namely, dry air, milk, coconut 

water, or normal saline which were eventually reattached 

using a newer nano-hybrid flowable composite. 

Materials and Methods 

Sixteen freshly extracted permanent maxillary incisors 

extracted due to therapeutic reasons with intact crown 

structures were collected. Teeth with defects such as 

fractures, decalcification, or caries were discarded. 

The selected teeth were randomly divided into four groups 

of four each based on the storage medium used. 

 Group I: Dry storage 

 Group II: Milk as storage medium  

Group III: Coconut water as storage medium  

Group IV: Normal saline as storage medium. 

Intentional fracture of freshly extracted sound teeth: The 

cervicoincisal distance was measured for each of the tooth 

on the labial surface. One-third of this distance was then 

calculated and marked on the labial surface from the 

incisal edge. The tooth was cut on the marked line 

perpendicular to its long axis with a low-speed diamond 

disk 

 
Immediately after fracturing, the fragments were stored in 

separate marked containers with appropriate storage media 

(milk, coconut water, and normal saline) 

 Fragments were reattached after 2 hours by means of 

simple reattachment technique. 

  About 37% phosphoric acid was applied to the 

fragment and the tooth for 15 s, rinsed for 10 s 

followed by air drying for 5 s. 
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 Bonding agent (Te-Econom Bond , Ivoclar Vivadent) 

was applied in two consecutive coats 

 surfaces were dried for 5 s using an air syringe to 

allow solvent evaporation.  

 The bonding agent was then light cured for 20 s in the 

fractured fragment and 20 s in the tooth remnant. 

 
 Nanohybrid flowable composite (Filtek Z350 XT) was 

applied on the surface of the fragment and tooth 

remnant.  

 The fragment was then positioned back to the tooth 

remnant by means of a sticky wax (to carry the 

fractured fragment).  

 After ascertaining the correct position, light curing 

was carried out:  40 s labial half , 40 s lingual half 

 
 Each sample was then embedded in a self-cure acrylic 

resin block such that only the coronal portion of the 

tooth was exposed 

 Fracture resistance of the samples were measured 

using a Universal Testing Machine 

 The rod of universal testing machine was held 

perpendicular to the long axis of the tooth at the 

incisal third of the crown near the bonding line on the 

labial surface. 

 
 The load was applied at a crosshead speed of 1 

mm/min.  

 The load was increased progressively and the value at 

which the reattached fragment debonded was recorded 

in kilograms and converted into Newton (N) using the 

relationship, 1 kg = 9.81 N. 

This load represented the fracture resistance of the 

reattached tooth. 

Results 

 

 
The highest fracture resistance value was demonstrated by 

Group II(Milk), followed by Group III(coconut water), 
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followed by Group IV(normal saline)and least fracture 

resistance values were observed in Group I(dry air). 

Discussion  

Central incisors of maxillary arch were selected for the 

study because of the high incidence and prevalence of 

trauma in this region.10,11  Bond strength evaluation  of 

reattached fragment is relevant because most often 

reattachment failures occur due to repeated trauma.12 

Bond strength can be enhanced by storing the fragment in 

various storage media.  

One of the factors that play a significant role in the 

outcome of fragment reattachment is the type of storage 

media used for the storage of fragment following trauma. 

If the coronal fragment has been allowed to dry out prior 

to reattachment, the fragment will dry and in vitro tests 

have shown decreased bond strength of such reattached 

fragment.  Fragment storage in a moist environment 

ensured that there is no or minimal collapse of the 

collagen fibers in the dentin leading to a better bond 

strength. It prevents the drying of the fragment which can 

be detrimental to the esthetics.6 Farik et al13 showed that 

drying for more than 1 hour prior to bonding of the 

fragment resulted in declined fracture strength. 

 In this study, the fracture resistance value for Group II 

was recorded as the highest being statistically 

significant over Group I and Group IV. 

 The teeth were cut in a standardized manner using a 

low-speed diamond disk, as the aim was to evaluate 

the storage media.  

 Dehydration of human dentin has demonstrated a 

brittle behavior 

 It can be attributed to the isotonicity of milk with high 

water content which allowed adequate rewetting of the 

dentinal tubules  

 Coconut water has higher osmolality than milk. 

 The water content of coconut water might have 

allowed better wetting of the dentin preventing the 

collapse of the collagen fibers which play a role in 

resin tag formation. 

 The difference between the fracture resistance 

values between Group II and Group III were not 

statistically significant. 

Considering the Indian situation for the problem in 

question, there is a greater probability of coconut water 

being readily available at the site of trauma such as a 

typical school playground14. Hence, this study has the 

potential to realise the fact that the mode of storage of a 

fragment before its reattachment significantly affects the 

prognosis. Thus, there is a need to give awareness to 

public about the manner of preservation of such fragments 

such as their avulsed counterparts. 

Conclusion 

Within the limitations of this study, it can be concluded 

that:  

• Hydration of the fragment does improve its fracture 

resistance significantly 

• Milk offers the highest fracture resistance values 

among the tested media 

• Coconut water can also be considered a viable 

alternative. 
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