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INTRODUCTION:
Traumatic fracture of anterior tooth is the most common problem 
amongst different age groups and gender which impede the esthetics 

, 1,2and psychology of the individual . Of all the trauma affecting the 
dental hard tissues, percentage of coronal fractures of permanent 

 3incisors is 18 to 22%; of these, maxillary incisors involve 96% . 
Injuries may be caused by falls, contact sports, automobile accidents 

,4,5and striking of foreign bodies .
                
There are several techniques for restoring the fractured tooth, 
including pin retained restorations, crowns, porcelain veneers, 
orthodontic bands, composite resins, each technique showing some 

6amount of diverse degrees of success.  With the development of 
7adhesive dentistry came the concept of 'fragment reattachment' . 

When the tooth fragment is available with no or minimal violation of 
the biological width, reattachment of the fractured fragment is the most 

8conservative option.  It has several advantages over other techniques 
as it provides good and long- lasting esthetics because the tooth's 
original anatomic form, color, translucency and surface texture are 
maintained. It also restores function, provides a positive psychological 
response, results in harmonious wear of the incisor edge, preserves the 
pulp vitality, economical, less chair side time and is a relatively simple 

,, 9,10,11procedure .
                  
Prognosis of the fragment reattachment depends on the intact retrieval 
of the fragment at the time of injury, time of restoring the fractured part, 
type of storage medium for adequate hydration of the fragment outside 
the mouth, rm attachment and strong bond of the fragment to the tooth 

12and the patient's awareness . As the hydration maintains the vitality 
7and original esthetic appearance of the tooth .

                  
Very few studies have been reported on the type of storage medium for 
the fractured parts of teeth like saliva, water, or normal saline. Storage 

medium were selected based on  natural, readily available and publicly 
accessible materials. Milk is rich in calcium and phosphate which 
harden and stiffen both demineralized and healthy dentin by 

13permeating the surface . Green tea extract has been reported to have 
remarkable antibacterial, anti-inammatory, and anticariogenic 

14effects and it prolong allograft survivals.  Coconut water and oral 
rehydration salt are suitable medium for maintaining the PDL cell 

15viability in simulated avulsed teeth .
                 
Many patients were unaware of storage medium for fracture 
reattachment and they bring the fracture fragment in dry environment, 
Hence the focus of the present in-vitro study was to evaluate the effect 
of storage media on fracture resistance of the reattached tooth 
fragments stored in ve different storage medium: dry environment, 
milk, green tea extract, coconut water and oral rehydration salt. 

MATERIALS AND METHODS:
In the present study, 50 freshly extracted permanent maxillary central 
incisors were selected. All the teeth were free from caries or any other 
structural deformities which were extracted for periodontal reasons. 
Surface of all the extracted teeth were cleaned with curettes and 
ultrasonic tips and were randomly divided into ve groups of 10 teeth 
each. The teeth were marked 3 mm apical to the incisal edge and were 
sectioned using a diamond disk at slow speed (Fig. 1) which were 
stored in already labeled trays having ve storage medium (Fig. 2)  as 
follows:
Group 1 - dry environment 
Group 2 - milk
Group 3 - green tea extract (Healths Harmony Ltd.)
Group 4 - coconut water 
Group 5 - oral rehydration salt (Cipla Ltd.)
               
All the fragments were preserved in the respective storage media and 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Dental Science

ABSTRACT
AIM: The aim of the present study is to evaluate the effect of storage media on fracture resistance of the reattached tooth fragments stored in ve 
different storage medium: dry environment, milk, green tea extract, coconut water and oral rehydration salt.
MATERIAL AND METHODS: Fifty freshly extracted maxillary incisor teeth were divided into 5 groups of 10 each. Teeth were fractured at 
incisal third of crown; the fracture fragments were stored for 2 hours in dry environment (Group 1), milk (Group 2), green tea extract (Group 3), 
coconut water (Group 4) and oral rehydration salt (Group 5). By using simple reattachment technique, fragments were reattached with owable 
composite resin. The fracture resistance was measured by a universal testing machine. Statistical analysis was performed using one way analysis of 
variance (ANOVA) test and Tukey HSD post hoc test.
RESULTS: The maximum mean fracture resistance was seen in milk (Group 2) (314.84 ± 4.398), followed with coconut water (Group 4) (282.45 ± 
40.250), oral rehydration salt (Group 5) (271.62 ± 6.704), green tea extract (Group 3) (268.48 ± 4.889) and the least fracture resistance was seen in 
dry environment (Group 1) (209.16 ± 3.277).
CONCLUSIONS: From the present study it can be concluded that, fractured fragments stored in milk showed maximum fracture resistance and 
dry environment showed least fracture resistance. Oral rehydration salt, coconut water and green tea extract can be considered a viable alternative 
for storage of fractured tooth fragment.

KEYWORDS
Reattachment, Fractured Fragments, Dry Environment, Milk, Green Tea Extract, Coconut Water, Oral Rehydration Salt.

ORIGINAL RESEARCH PAPER Volume-9 | Issue-3 | March-2020 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

6 International Journal of Scientific Research



Volume-9 | Issue-3 | March-2020

the apical portions of teeth were stored in distilled water. After 2 hours, 
all the fragments were rinsed and dried. Both the fractured surfaces 
were etched with 37% phosphoric acid (3M ESPE, USA) for 15 
seconds then rinsed with water and dried. After application of bonding 
agent (Single Bond, 3M ESPE, USA), both the etched surfaces were 
dried for 5 seconds by an air syringe to allow solvent evaporation and 
cured with light curing unit (Ivoclar Vivadent). The fragments were 
approximated with their respective apical portion using a owable 
composite (Filtek Flow, 3M ESPE, USA) and held by the gutta percha 
stick and light curing was done for 40 seconds buccally and palatally 
(Fig. 3). Reattached samples were then stored in distilled water. 
              
All the samples were mounted on an acrylic block up to 1 mm apical to 
the cingulum (Fig. 4), and specimens were loaded on the universal 
testing machine (Servo Computerized TUF-C-1000-kN, India). In 
order to evaluate the impact, a crosshead speed of 1mm/minute was 
selected and the compressive load was applied perpendicular on the 
incisal third of teeth specimen using universal testing machine to 
simulate the traumatic impact. 
              
The fracture resistance of each specimen was tested and measured 
Newton. This load represented the fracture resistance of the reattached 
tooth. Collected data were tabulated and statistically analysed.

Fig.1: Tooth sectioned 3 mm from the incisal edge using diamond 
disk.

Fig.2: Tooth fragments of the specimens in respective storage 
media for 2 hours.

Fig.3: Fragment reattachment with respective tooth specimens 
using flowable composite. 

Fig.4: Reattached tooth samples mounted on acrylic blocks

RESULTS:
The results were tabulated and statistically analysed using one way 
analysis of variance (ANOVA) test and Tukey HSD post hoc test using 
statistical package for social sciences (SPSS) for windows, version 
21.0 software (IBM Corp., USA) and condence intervals were set at 
95 % and values of p < 0.05 were interpreted as statistically signicant. 
The values for each group were tabulated, and the mean and standard 
deviation were calculated in Newton for each of the groups (Table 1). 
Statistical tests were then applied. 

The maximum mean fracture resistance was seen in milk (Group 2) 
(314.84 ± 4.398), followed with coconut water (Group 4) (282.45 ± 
40.250), oral rehydration salt (Group 5) (271.62 ± 6.704), green tea 
extract (Group 3) (268.48 ± 4.889) and the least fracture resistance was 
seen in dry environment (Group 1) (209.16 ± 3.277).
               
When ANOVA test was applied, there was a signicant difference in 
fracture resistance among the groups (p = 0.00). 
               
On Tukey HSD post hoc test, it was found, that milk (Group 2) 
demonstrated the maximum fracture resistance values having a 
statistically signicant difference with respect to dry environment 
(Group 1), green tea extract (Group 3), coconut water (Group 4) and 
oral rehydration salt (Group 5). Dry environment (Group 1) shows the 
least fracture resistance values having a statistically signicant 
difference with respect to green tea extract (Group 3), coconut water 
(Group 4) and oral rehydration salt (Group 5). There was no 
statistically signicant difference in fracture resistance values between 
green tea extract (Group 3) with respect to coconut water (Group 4) (p 
= 0.453) and oral rehydration salt (Group 5) (p= 0.995); also coconut 
water (Group 4) and oral rehydration salt (Group 5) (p = 0.689).

Table 1: Mean fracture resistance and the standard deviation 
among the groups

Table 2: Level of significance on intergroup comparison using 
Tukey HSD post hoc test

* The mean difference is signicant at the 0.05 level.
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n Mean(in Newton) Std. Deviation

Group 1 - Dry environment 10 209.1600 3.27794
Group 2 - Milk 10 314.8400 4.39854

Group 3 - Green tea extract 10 268.4800 4.88985

Group 4 - Coconut water 10 282.4500 40.25067

Group 5 - Oral rehydration salt 10 271.6200 6.70403

(I) Group (J) Group Mean Difference (I-J) p

Group 1- Dry 
environment

Group 2 - Milk -105.68000* 0.000
Group 3 - Green tea 
extract

-59.32000* 0.000

Group 4 - Coconut 
water

-73.29000* 0.000

Group 5 - Oral 
rehydration salt

-62.46000* 0.000

Group 2 - Milk Group 1- Dry 
environment

105.68000* 0.000

Group 3 - Green tea 
extract

46.36000* 0.000

Group 4 - Coconut 
water

32.39000* 0.003

Group 5 - Oral 
rehydration salt

43.22000* 0.000

Group 3 - Green 
tea extract

Group 1- Dry 
environment

59.32000* 0.000

Group 2 - Milk - 46.36000* 0.000

Group 4 - Coconut 
water

-13.97000 0.453

Group - 5 Oral 
rehydration salt

-3.14000 0.995

Group 4 - 
Coconut water

Group 1- Dry 
environment

10.83000 0.689

Group 2 - Milk -32.39000* .003

Group 3 - Green tea 
extract

13.97000 .453

Group 5 - Oral 
rehydration salt

10.83000 .689

Group 5 - Oral 
rehydration salt

Group 1- Dry 
environment

62.46000* .000

Group 2 - Milk -43.22000* .000

Group 3 - Green tea 
extract

3.14000 .995

Group 4 - Coconut 
water

-10.83000 .689
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DISCUSSION:
Due to the changing lifestyle in the modern era, episodes of dental 
trauma of anterior teeth more commonly coronal fractures are being 

11increasingly reported . The current generation wants an esthetically 
very pleasing and natural remedy for such traumatic injuries. Fragment 
reattachment can be considered a biologically viable option which not 

16just meets the current expectations but is minimally invasive as well . 
17The philosophy behind this approach dates back to the early 1960's . 

However, the interest in this concept got renewed after it was found 
that, the mode of fragment storage following trauma was a key 

18prognostic determinant.
                     

19According to Farik et al,  additional drying of fractured fragment 
beyond 1 hour decreases the fracture resistance signicantly, thus it is 
important to keep the fragment in some storage medium. Hence, the 
focus of the present in - vitro study was to evaluate the effect of storage 
media on fracture resistance of the reattached tooth fragments stored in 
ve different storage medium viz., dry environment, milk, green tea 
extract, coconut water and oral rehydration salt. 
                  
In the present study, permanent maxillary central incisors extracted for 
periodontal reasons were selected because of the high incidence and 

, 20,21prevalence of trauma in this region in natural conditions .                    
                 
Commonly used storage media for extracted and sectioned teeth are 
0.9% saline, 5.25% sodium hypochlorite solution, distilled water, and 

18 22formalin . According to Lee et al,  residual chlorine from normal 
saline and sodium hypochlorite can negatively inuence the bond 
strengths when used as storage medium. Hence in this study, distilled 
water was used as the universal storage medium for freshly extracted 
teeth because it has a neutral pH and does not contain any 
contaminants.
                  
In this study, all the teeth were sectioned in a standardized manner with 
a diamond disc rather than fractured, as the aim was to evaluate the 
storage media. The tting between the fragment and the tooth was not 
always perfect. However, fracturing a tooth in-vitro has its own 
disadvantages as the fractured fragments produced could be of uneven 
dimensions. As a result, the amount of material required for 
reattachment will vary and give inconclusive results. Hence, with this 
limitation to simulate the natural fracture forces, this procedure of 
sectioning using a diamond disk was followed as it allows the 
standardization of the fragment size. Similar standardization protocol 

18was adapted by Sharmin et al in their study .
               
The success of fragment reattachment depends on the type of storage  
media used after trauma. Storing the fragment in a moist environment  
prevents the drying of the fragment, ensured no or minimal collapse of  

18the collagen bers in the dentin and preserves the esthetics . Hence in 
the present study, storage medium were selected based on publicly 
accessible materials and cost effective like milk, green tea extract,  
coconut water and oral rehydration salt for restoring the fractured 
fragment.
               

13According to Shirani et al , milk is rich in calcium and phosphate 
which harden and stiffen both demineralized and healthy dentin by 
permeating the surface and results in enhanced bond strength of 
reattached fragment. Calcium and phosphate sedimentation affects the 
surface topography of dentin and the degree of its dissolution during 
acid etching results in better bond strength. Hence the best storage 
environments, as observed in this study is milk as it is isotonic with 
high water content which allowed adequate rewetting of the dentinal 
tubules, little osmotic and dimensional changes happen in the dentin 
surface and a stronger bond strength is achieved. This is in accordance 

24to the previous studies . 
                
Followed by milk, coconut water showed better result as compared to 
oral rehydration salt, green tea extract and dry environment. It can be 
hypothesized that water content of coconut water being greater, 
allowed better wetting of the dentin preventing the collapse of the 

16collagen bres and helps in resin tag formation . Similarly, 
25Gopikrishna et al  found that, coconut water kept PDL cells 

signicantly more viable than HBSS or milk in simulated avulsed 
teeth. 
                
Oral rehydration salt is a glucose and electrolyte solution consists of 
essential cell nutrients which maintains the optimal osmolality as well 

26as pH.  Green tea extract has been reported to have remarkable 

antibacterial, anti-inammatory, and anticariogenic effects and it 
14prolong allograft survivals . In the present study both these storage 

medium showed better results after coconut water and milk, and can be 
used as an alternative storage medium for fractured tooth . 
               
The storage time was taken as 2 hours to simulate a clinical scenario 
wherein the reattachment procedure is carried out in the same 
appointment. The technique of simple reattachment was followed as 
the point of contention here was the hydration media. Dehydration of 

27human dentin has demonstrated a brittle behavior . Hence, at no point 
in the entire study was the samples allowed to dry except for the 
fragments of Group 1. 
              
Various techniques can be used for fragment reattachment, out of 
which a simple reattachment technique was used in this study. An 
adhesive agent is used as it keeps the union of tooth and the fragment 
intact, has enough fracture toughness to bear the masticatory load, less 

18time-consuming and simple procedure .

All of the samples were tested within 48–72 hours of their extraction to 
prevent from any major variation occurring in the values between the 
samples. The direction of load application for fracturing the reattached 
teeth simulated a clinical scenario wherein a tooth restored using 
fragment reattachment encounters the second episode of trauma. 
However, one potential drawback of this study was the amount of load 
which was applied using the universal testing machine at a crosshead 
speed of 1 mm/min did not simulate a natural traumatic scenario. 

13Similar settings were adopted by Shirani et al in their study .
              
The overall knowledge of dental emergencies and their management 

28seems to be unsatisfactory both among lay people and care giver . 
Despite crown fractures, higher frequency, knowledge regarding tooth 
fracture management seems to be relatively lower than tooth 

29avulsion . Education regarding the management of dental injuries is 
usually based on tooth avulsions and indicates the proper storage 

13media and condition for keeping the avulsed tooth . However, it may 
be possible to advise keeping other dental tissues obtained at an 
accident (such as tooth fragments) in a storage medium until reaching a 
dentist. Having a unied protocol for the management of the 
traumatized tooth (in case of both tooth avulsion and crown fractures) 
would help keep the protocols as simple as possible, which could 
eventually lead to an easier and more rapid spread of information.

CONCLUSIONS:
From the present study it can be concluded that, fractured fragments 
stored in milk showed maximum fracture resistance and dry 
environment showed least fracture resistance. Oral rehydration salt, 
coconut water and green tea extract can be considered a viable 
alternative for storage of fractured tooth fragment.
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