
The aim of this study was to evaluate the viability of periodontal ligament cells of 
avulsed teeth in three different storage media. Forty-five mature premolars extracted for 
orthodontic therapeutic purposes were randomly and equally divided into three groups 
according to the storage medium: milk (control), rice water and egg white. After placing 
extracted teeth for 30 min in storage media, the scrapings of the periodontal ligament 
(PDL) were collected in Falcon tubes containing collagenase in 2.5 mL of phosphate buffer 
saline and were incubated for 30 min and centrifuged for 5 min at 800 rpm. Cell viability 
was analyzed by Trypan blue exclusion. Rice water had a significantly higher number 
of viable cells compared to egg white and milk. There was no statistically significant 
difference between egg white and milk. Rice water may be able to maintain PDL cell 
viability of avulsed teeth better than egg white or milk.
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Introduction
Avulsion or exarticulation is the complete displacement 

of a tooth from its alveolar socket due to traumatic injury 
(1). It is one of the most complex forms of dental injury, 
which may occur as a result of fight and sports in the 
permanent dentition, while falls against hard objects is a 
frequent cause in the primary dentition (2). Exarticulation 
leads to injury to periodontal ligament tissues along with 
severance of the neurovascular bundle of the dental pulp 
at the apical foramen resulting in pulp necrosis. In such 
condition, the tooth should be maintained in a suitable 
medium until it is replanted by a dentist as soon as possible 
(3). Research has shown that an exarticulated tooth can be 
replanted without complications if it is re-inserted into the 
socket within 20 min when stored dry and within 1 to 3 
h if placed in a suitable storage medium. When the tooth 
is maintained dry for more than 20 min, its periodontal 
ligament cells begin to necrose and once replantated, 
inflammation and resorption develop in proportion to 
the extra-oral dry time (4). Saliva, milk, Hank’s balanced 
salt solution (HBSS), α Minimum essential medium (MEM), 
propolis, Viaspan, soy milk and many more storage media 
have been proposed for storing avulsed teeth (5-7). Among 
them, HBSS is recommended by the American Associations 
of Endodontists (AAE) as a storage medium of choice for 
treatment of avulsed teeth because of its ability to provide 
long-term preservation of PDL cell viability. However, HBSS 
is not commonly available in most places such as school, 
home, camps and sports field settings where traumatic 
events usually occur as children are physically active at 
these places (2). Hence, there is need to identify a medium 
that is readily available and yet equally effective as well. 

This study investigated the capacity of rice water and 

egg white to maintain the viability of periodontal ligament 
cells compared with milk.

Material and Methods
Forty-five non-carious human mature premolars 

with apparently normal periodontium and closed apices, 
extracted for orthodontic therapeutic purposes, were 
included in this study. The random and equal distribution 
of the 45 extracted teeth was done in 3 groups, according 
to the storage medium: milk (control group), rice water 
and egg white. Regular pasteurized milk (Saras Dairy, 
Bhilwara, India) was used at room temperature. Rice water 
was prepared by boiling six cups of water in a vessel over 
medium heat. Once the water boiled, one cup of rice was 
added and stirred frequently. After the rice was cooked, the 
liquid was separated from the rice using a sieve and then 
cooled. For obtaining egg white, egg was cracked on the 
edge of a bowl and then was turned upright. The shell was 
opened into two halves while keeping the yolk in lower half. 
Over the bowl, the content was poured from one half of 
the broken shell into the other, allowing the egg white to 
fall into the bowl, but the yolk was kept intact in the egg 
shell halves. The process was repeated until all the white 
had fallen into the bowl and only yolk was left in the shell.

Following extractions, the teeth were held with forceps 
by the  crown and the coronal 3 mm of periodontal 
ligament (PDL) were scraped with a curette to remove the 
cells damaged during extraction (8). Immediately after this 
procedure, teeth were left in mud for 15 min to simulate 
avulsion injury (9) and then placed in the three storage 
media for 30 min. Following storage in each medium, the 
teeth were held with tweezers by grasping the crown portion 
and the root surface was cleaned by irrigating twice with 
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sterile isotonic saline to remove the storage media residues. 
The cleaned teeth were then placed in a Petri dish and 

the apical two thirds of the root surfaces (as measured from 
the epithelial attachment) were scraped with scalpel blade 
#15 to obtain the PDL cells. The obtained scrapings were 
added to a Falcon tube containing 2.5 mL of phosphate 
buffer. To the above mixture, 0.5 mg of collagenase enzyme 
was added (0.2 mg for every mL of phosphate buffer was 
weighed on a digital scale) and then this mixture was 
incubated for 30 min. 

Following incubation, the Falcon tubes containing the 
above mixture were centrifuged for 5 min at 800 rpm (8). 
The obtained supernatant liquid was discarded and the 
centrifuged residue was collected. To this, an equal volume 
of 0.4% Trypan blue stain was added and well mixed. Trypan 
blue stain is a vital stain, it stains the nonvital cells blue 
and the vital cells appear colorless or pink (10). Following 
staining, the cells were observed by a hemocytometer under 
optical microscope (11).

Determination of the Number of Cells (Total and 
Viable)

The cells were viewed under microscope at 100× 
magnification. The number of cells (total and non-viable) 
was counted overlying 4 x 1 mm2 areas of the counting 
chamber. The percent number of viable cells was obtained 
as follows (10):

(total cells - stained cells) x 100
total cells   

Means and standard deviation of number of viable cells 
of different storage media were calculated and subjected 
to t-test and one-way analysis of variance for comparison 
among the storage media. Significance level was set at 5%.

Results
Table 1 shows that the teeth stored in rice water 

presented a significantly higher percentage of viable PDL 
cells (85.38%) compared with egg white (75.8%) and milk 
(74.07%) (Fig. 1). Egg white showed higher number of 

viable cells compared with milk, but without statistically 
significant difference. 

Discussion
Favorable healing after an avulsion injury requires quick 

emergency intervention followed by evaluation and possible 
treatment at decisive times during the healing phase. 
Santos et al. (10) have shown that replanting the avulsed 
tooth within 5 min results in much higher reattachment 
and thereby the tooth has the best prognosis. In cases 
where replantation cannot be done immediately, storing 
the tooth in suitable storage medium maintains viability 
of PDL cells on the root surface and decreases incidence 
of root resorption. The fundamental philosophy for the 
storage of avulsed teeth is that they should be stored in a 
medium that most closely replicates the oral environment.

Many of the storage media such as Hank’s Balanced Salt 
Solution, Viaspan and Eagle’s medium may be considered 
ideal because of their cell reconstitution ability (5,6). 
However, the major disadvantages of these media are their 
high cost and unavailability (8). It is fundamental that the 
storage medium be easily available to allow replantation 
of avulsed teeth within time for better prognosis. Hence 
the present study was conducted to evaluate and compare 
the effectiveness of rice water and egg white as alternate 
storage media for avulsed teeth.

Fibroblast function is known to be affected by age, 
trauma and inflammation. Therefore, non-carious mature 
human premolars were selected from young healthy 
individuals without periodontal disease extracted for 
orthodontic therapeutic purposes (12).

Avulsion injury was simulated by extraction of tooth 
and leaving it on mud for at least 15 min. This is the time 
the victim and the attendant take to recover from the 
traumatic event and act appropriately(8). Pohl et al. stated 

Table 1. Mean values and standard deviations of viable, non-viable 
and %viable PDL cells count in control and experimental groups

Storage 
medium

Total Viable cells
Non-
viable 
cells

%Viable 
cells

Milk 135.2 ± 7.8 100.1 ± 7.3 35.1 ± 6.7 74.07%

Rice 
water

130.3 ± 7.4 111.1 ± 8.6 19.2 ± 5.8 85.38%

Egg white 134.5 ± 11.8 101.9 ± 6.3 31.5 ± 6.3 75.8%
Figure 1. Number of viable cells in milk, rice water and egg white.
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that 15 min dry time is the time when PDL cells remain 
in non-compromised state (13). Other investigators have 
shown that at 2 h dry time, no vital PDL cells remain (14). 
A 15 min dry time was chosen in the current investigation, 
as this seems to be a critical time at which damage has 
been done to many PDL cells, yet some cells remain for 
assessment. Following the 15 min dry time, the teeth were 
placed in different storage media for 30 min. This period is 
very important because the periodontal cells are damaged 
during this time. Hence preservation of teeth in the storage 
media may reduce the damage (15). A former study stated 
that if the avulsed tooth is treated with vitamin C before 
replantation it shows more ankylosis and replacement 
resorption than inflammatory resorption (16).

Milk was chosen as the positive control in the present 
study because of its several advantages. It has the 
physiologic osmolality similar to that of serum and contains 
fewer bacteria as compared to saliva. It is one of the most 
frequently used storage media (17).

Rice water was chosen as a storage medium because 
of its ease of availability in India where around 70% of 
the population eats rice. Its low sodium content and 
useful quantities of potassium, Vitamin B, thiamine and 
niacin makes it an extremely healthy food. According to 
Medicinal Book of Malayan Medicine, boiled rice “greens” 
can be used when there is acute inflammation of the inner 
body tissues (18).

The egg white was chosen due to its nutritive 
constituents. Egg white from a single egg contains 4.7 g 
of 40 different proteins, 0.3 g of carbohydrate, 62 mg of 
sodium and the remaining being water (19).

Ragnarsson’s (20) and Doyle’s (21) methods are 
extensively quoted in literature to evaluate the efficacy 
of the different storage media in preserving the viability 
of dental fibroblasts. In Ragnarsson’s method (20), the 
fibroblasts are first removed from the root surfaces and 
added to the storage media for culturing. The viability of 
cells was evaluated at different time intervals and counted.  
In Doyle’s method (21) the extracted tooth is directly placed 
in storage medium. After a pre-determined time, the tooth 
is removed from the medium and PDL cells are isolated to 
evaluate cell viability. In the present study, Doyle’s method 
was followed because it more closely replicates the actual 
clinical scenario.

The root surfaces were treated with collagenase type 
1 as was performed by Pillegi et al. (15) to quantify the 
number of viable PDL cells and to preserve maximum cell 
viability. This procedure allowed rapid cell retrieval and 
maintained maximum cellular integrity (22,23).

Trypan blue exclusion staining technique was used as 
it is quick, easily performed and distinctively differentiates 
nonviable cells from viable cells. The reactivity of Trypan 

blue is based on the fact that the chromophore on the 
cell membrane is negatively charged and does not take up 
the stain unless the membrane is damaged. Therefore, all 
the cells that exclude the dye are viable (10). Trypan blue 
stain used in the study assessed only the viability of cells 
but not their actual physiological health and metabolic 
capabilities (8).

The result shows that the maximum percentage of 
viable cells was found in rice water (85.38%) followed by 
egg white (75.8%) and least in milk (74.07%). 

Rice water maintained the highest number of viable 
cells. This could be explained by the fact that it has low 
sodium content, useful quantities of potassium, Vitamin 
B, thiamine and niacin. It also has anti-inflammatory 
properties. The iron and zinc in its composition help in the 
synthesis of collagen (8).

Egg white maintained less number of viable cells than 
rice water. This may be attributed to the high pH (9.38) 
and also to the large amount of proteins in egg white that 
may act as a foreign body. 

In the present study, milk storage preserved the smallest 
number of viable cells (74.04%). This small number of viable 
cells could be due to various enzymes present in the milk, 
which could be potentially harmful to the fibroblasts of 
the periodontal ligament. According to Gamsen et al. (8), 
milk does not have ability to reconstitute depleted cell 
metabolites and restore viability of periodontal ligament 
cells, and cells stored in the milk lack the cell energy and 
ions to permit the repopulation of the periodontal ligament. 
Blomlof et al. (24) found that milk was a compatible storage 
medium only when it was cold and fresh.

It may be concluded that immediate replantation is the 
best treatment for an exarticulated tooth, provided the 
tooth has viable PDL cells at the time of replantation. If 
immediate replantation is not possible, a storage medium 
should best preserve the viability of PDL cells until the 
tooth is replanted. Under the conditions of this study, rice 
water may be able to maintain PDL cell viability better if 
compared to egg white or milk. Further research, included 
in the form of in vivo studies is needed to investigate for 
more precise results and comparison, and whether rice water 
if maintained at lower temperature or at extended extra 
oral dry time can maintain viability of PDL cells.

Resumo
O objetivo deste estudo foi avaliar a viabilidade das células do ligamento 
periodontal de dentes avulsionados armazenados em três diferentes 
meios. Quarenta e cinco pré-molares com formação radicular completa 
extraídos por razões terapêuticas foram aleatoriamente distribuídos em 
três grupos, de acordo com o meio de armazenagem: leite (controle), água 
de arroz e clara de ovo). Após armazenar os dentes avulsionados por 30 
min no meio, raspas do ligamento periodontal (LPD) foram coletadas em 
tubos Falcon contendo 2,5 mL de solução tamponada de soro fosfatado, 
incubadas por 30 min e a seguir centrifugadas por 5 min a 800 rpm. A 
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viabilidade celular foi analisada pelo método de exclusão do Azul de 
Trypan. A água de arroz teve um número significativamente maior de 
células viáveis em comparação com o leite e a clara de ovo. Não houve 
diferença estatisticamente significativa entre o leite e a clara de ovo. A 
água de arroz pode ser capaz de manter a viabilidade das células do PDL 
de dentes avulsionados, melhor que o leite ou a clara de ovo.
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