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Objective. The purpose of this study was to use a Collagenase-Dispase assay to investigate the potential of a new
storage media, coconut water, in maintaining viable periodontal ligament (PDL) cells on simulated avulsed teeth.
Study design. Fifty freshly extracted human teeth were divided into 3 experimental groups and 2 control groups. The
positive and negative controls corresponded to 0 minutes and an 8-hour dry time, respectively. The experimental teeth
were stored dry for 30 minutes and then immersed in 1 of the 3 media: coconut water (CW), Hank’s balanced salt
solution (HBSS), and milk. The teeth were then treated with Dispase grade II and Collagenase for 30 minutes. The
number of viable PDL cells were counted with a hemocytometer and analyzed.
Results. Statistical analysis demonstrated that CW kept significantly more PDL cells viable compared to either HBSS or
milk.
Conclusion. Within the parameters of this study, it appears that CW may be better alternative to HBSS or milk in
terms of maintaining PDL cell viability after avulsion and storage. (Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2008;105:e61-e65)

Clinical surveys indicate that traumatic dental injuries
in children and adolescents are a common problem and
studies have shown that prevalence of these injuries is
increasing.1 Avulsion injury, one of the most severe
forms of dental trauma, is characterized by complete
displacement of the tooth from its alveolar socket.
Because of the complexity of this injury, the neurovascular supply is severely compromised and usually results in loss of pulp vitality.
In cases of tooth avulsions, the primary goal is to
preserve the vitality of the periodontal ligament (PDL)
cells attached to the root surface until appropriate treatment can be performed. This may bring about a favorable reattachment of the periodontal ligament. Soder
et al.2 showed that after avulsion, the number of viable
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cells on the root surface decreased with increased drying time and that after 2 hours it was not possible to
demonstrate cell viability. Therefore, the ideal treatment of choice at the time of avulsion is immediate
replantation, thus reestablishing the natural nutrient
supply to the periodontal ligament cells, thereby minimizing further damage and enhancing the healing process. Unfortunately, some situations may occur that
delay immediate replantation. Where such situations
exist, the tooth should be stored in a medium that
maintains periodontal ligament cell viability until definitive dental treatment can be accomplished.
The ability of a storage/transport medium to support
cell viability can be more important than the extraoral
time to prevent ankylosis and replacement resorption.2,3 Various storage media such as tap water, saliva,
saline, milk, culture media, Viaspan, and Hank’s Balanced Salt Solution (HBSS) (marketed as Save-ATooth) have been employed. Dumsha4 and Patil et al.5
suggested storing the avulsed tooth in milk, HBSS, or
saline.
The biologically pure, tender coconut water helps to
replace fluids, electrolytes (potassium, calcium, and magnesium), and sugars lost from the body during heavy
physical exercise. It is used as a blood plasma substitute
as it is sterile and readily accepted by the body.6 Taking
these properties into consideration we hypothesized
that this natural isotonic drink could be a viable storage
medium in the transportation of an avulsed tooth. Currently no studies have suggested using coconut water as
a storage medium.
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Several techniques have been used to determine the
viability of the PDL cells following avulsion; however,
most of the experimental data that are available have
been obtained using techniques in which the cells are
cultured and/or trypsinized for longer periods of time.
As the extracellular matrix has a high content of collagen and other proteins, it seems reasonable that the use
of enzymatic desegregation would provide a greater number of cells within a shorter time frame.7 Pileggi et al.8
used a collagenase dispase assay to compare PDL viability of simulated avulsed teeth after storage in HBSS,
milk, saline, or water. Both collagenase and dispase
enzymes disrupt the extracellular matrix and cause the
release of cells without excessive disruption and destruction of their own membrane. Therefore, these authors suggested that the use of these 2 enzymes may
provide additional data regarding the viability of PDL
cells after avulsion injury. Furthermore, this method may
be more representative of the actual clinical situation
because the cells are not subjected to long processing
times to determine their viability status.
The purpose of this study was to evaluate the efficacy
of a new storage medium, coconut water, in comparison
with other traditional storage media like HBSS and
milk in maintaining the viability of PDL cells using a
collagenase-dispase assay.
MATERIALS AND METHODS
Fifty-five human teeth with closed apices that were
extracted for orthodontic purpose were obtained for this
study. The average age of the patient was 24 years.
Teeth extracted from patients with moderate to severe
periodontal disease or with extensive caries were excluded. Extractions were performed as atraumatically
as possible by an oral surgeon. Following extractions,
the teeth were held with forceps by the coronal region,
and the coronal 3 mm of PDL was scraped with a
curette to remove cells that may have been damaged.
The teeth were then randomly divided into 1 of the 3
experimental storage solution groups: group 1, coconut
water; group 2, HBSS; and group 3, milk. There were
15 samples per group. The positive and the negative
control group consisted of 5 samples each. The teeth in
the experimental groups were dried for 30 minutes
(during which time the coronal PDL cells were curetted), followed by a 45-minute immersion in 1 of the 3
storage solution groups. The positive control teeth were
neither dried nor were they stored in any solution, but
rather they were immediately treated with dispase and
collagenase. The negative control teeth were benchdried for 8 hours, with no follow-up storage solution
time, and then placed in the dispase and collagenase.
Each experimental tooth, after drying and soaking,
was incubated for 30 minutes in 15-mL Falcon tubes

Table I. Number of viable cells (M ⫾ SD) for the
various test groups
Groups
CW
HBSS
MLK
PC
NC

Number of
samples

Mean number of
viable cells

SD

15
15
15
5
5

525.00
446.73
185.60
3762.729
38.700

9.51
19.12
12.01
426.018
5.16

CW, coconut water; HBSS, Hank’s balanced salt solution; MLK, milk;
PC, positive control; NC, negative control.

with a 2.5-mL solution of 0.2 mg/mL–1 of collagenase
CLS II (Cooper Biomedical, Malvern, PA) and a 2.4
mg/mL–1 solution of dispase grade II (Gibco, Taastrup,
Denmark) in phosphate-buffered saline (PBS). After
incubation, 50 L of fetal bovine serum (FBS) was
added to each tube. All tubes were then centrifuged for
4 minutes at 110 ⫻ g. The supernatant was then removed with sterile micropipettes, and the cells were
labeled with 0.4% Trypan Blue for determination of
viability, according to Polverini and Leibovich.9 The
number of viable protective least significant difference
(PDL) cells was counted under a light microscope with
a hemocytometer at ⫻20 magnification. Statistical
analysis of the results was done by using Tukey-HSD
multiple range test.
RESULTS
The teeth stored in coconut water demonstrated significantly the highest number of viable PDL cells followed in rank order by HBSS and milk.
There was also a significant difference in the number
of viable PDL cells between HBSS and milk. All experimental solution groups were significantly lower
than positive control and higher than negative control
groups (Table I).
DISCUSSION
Avulsion is a traumatic injury leading to loss of
attachment of periodontal ligament from the alveolar
socket. The treatment of choice in such cases is to
replant the tooth back into the socket. The importance
of PDL cell viability before reimplantation was demonstrated by Hammer to prove that the length of survival of a reimplanted tooth is directly correlated with
amount of viable periodontal membrane.10 One of the
sequelae following replantation of an avulsed tooth
includes inflammatory or replacement resorption.11 The
development of inflammatory root resorption is directly
related to damage of the periodontium at the time of the
accident and the presence of bacteria within the root
canals and dentinal tubules. The development of re-
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placement resorption depends on both the degree of
damage to the periodontium at the time of avulsion12-14
and the extent to which the viability of periodontal
ligament cells remaining on the tooth surface is maintained.15 Hence, the prognosis of an avulsed tooth is
largely dependent on the status of the periodontal ligament cells at replantation. Therefore, the predominant
philosophy derived from the research of Andreasen and
Hjørting-Hansen for the treatment of avulsed teeth is:
Replant the tooth immediately or as quickly as possible
after the avulsion.16 But, certain situations, like presence of more severe injuries needing immediate medical attention or nonavailability of a dental hospital close
by can lead to a delay in immediate replantation of the
avulsed tooth. In such situations the teeth should be
stored in a medium that can maintain the periodontal
ligament cell viability until definite dental treatment is
accomplished.
According to Andreasen and Hjørting-Hansen,16
teeth that were replanted quickly (within 30 minutes)
had a better success rate than those that were extraoral
for longer periods of time before replantation. In the
current investigation, a 30-minute dry time was chosen,
as this seems to be a critical time at which damage has
been done to many PDL cells, yet some cells remain for
assessment. Also, 30 minutes represents a typical clinical scenario during which the avulsed tooth may remain dry before being placed into a storage medium.
Some experimental studies have indicated that storage media is a more critical prognostic factor than the
extra-alveolar period.2,17-19 Physiologic storage media
such as milk, saliva, saline, HBSS, Propolis, and Viaspan have been used for preservation of viability of
periodontal ligament cells.8,20-22
Blomlof et al.15,18 has shown storage of avulsed teeth
in tap water and saliva to be damaging to periodontal
ligament cells causing increased root resorption.23,24
Cvek et al.25 found that avulsed teeth that were soaked
in an isotonic saline solution for 30 minutes before
replantation showed less resorption than those that were
stored dry for 15 and 40 minutes. Recent studies have
evaluated the use of 0.9% isotonic saline, milk, HBSS,
and Viaspan as storage media for the preservation of
cell viability.20-22 HBSS was the most effective,20,22
although milk and saline were suitable, provided the
extraoral time did not exceed 2 hours.21
In the dental literature, various techniques have
been used to quantitate the number of viable PDL
cells. Reinholdt et al.26 used a stepwise trypsinization procedure by exposing samples to trypsin 3
consecutive times for 20 minutes each. Soder et al.27
used chromogenic stain to quantitate viable PDL cells.
Patil et al.28 used a stepwise trypsinization procedure
and fluorescein diacetate as a new staining technique
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for determining the viability of PDL cells in simulated
avulsion injuries.
In the current study, to minimize the exposure of
cells to active trypsin and to preserve maximum cell
viability, the root surface was treated with collagenase
and dispase grade II as was performed in the work by
Pileggi et al.29 This procedure allowed rapid cell retrieval and maintained maximum cellular integrity, as
was demonstrated by the positive control samples.
Coconut water has never been tested for its potential
benefits on PDL cells of avulsed teeth. This study
compared coconut water, HBSS, and milk in terms of
PDL cell viability. The coconut water group demonstrated significantly more viable PDL cells than HBSS
and milk, with the HBSS group showing significantly
more viable PDL cells than milk.
Coconut (Cocos nucifera L.), popularly known as
“Tree of Life,” is a natural drink produced biologically
and hermetically packed inside the coconut in a hygienic way without any contamination. The electrolyte
composition of coconut water resembles intracellular
fluid more closely than extracellular plasma. The predominant cations are potassium, calcium, and magnesium. Sodium, chloride, and phosphate are found in
much lower concentrations. It is a hypotonic solution
that is more acidic than plasma, and has a specific
gravity of approximately 1.020, comparable with blood
plasma.30
Coconut water has a high osmolarity because of the
sugars present, which are primarily glucose and fructose. It is also rich in many essential amino acids
including lysine, cystine, phenylalanine, histidine, and
tryptophan.30 Coconut water is readily accepted by the
human body and is a safe means of rehydration particularly in patients suffering from potassium deficiency.31 In
fact, coconut water has been shown to be just as effective as commercial electrolyte solutions in prolonging
survival time in sick patients.32
Superior maintenance of viability of the PDL cells in
the coconut water group may be due to the nutrients
that are present in coconut water such as proteins,
amino acids, vitamins, and minerals, which help in
nourishing the cells and maintaining their viability (Table II). In a study conducted by Majundar,33 coconut
water was found to be sterile and nonhemolytic.
Edirweera6 used coconut water intravenously as a substitute for normal saline.
Blomlof15 showed that the important factor in maintaining the viability is the osmolarity of the transport
medium. Andreasen17 found that, in contrast to tap
water, both physiologic saline and saliva, with their
differences in chemical composition but similar osmolality, were able to decrease the incidence of root resorption. This suggests that the viability of the PDL is
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Table II. Composition of tender coconut water
Minerals, mg/100 mL
Potassium
Sodium
Chlorine
Calcium
Magnesium
Sulphur
Phosphorus
Iron (mg/100g)
Copper

Amino acids, % of total protein
291
42
75
44
10
58
9.20
06
26

Alanine
Arginine
Aspartic acid
Cystine
Glutamic acid
Histidine
Leucine
Lysine
Proline
Phenylalanine
Serine
Tyrosine

more closely linked to the osmolarity of the solution
than to its chemical composition. The water permeability of a cell is high, and therefore, in a hypotonic
solution, the cells will swell and rupture, whereas in a
hypertonic solution they will shrink because of water
movement out of the cell. It has been reported that cell
growth can occur at a range of 230 to 400 mOsm/L.34
When measured in an osmometer, the osmolarity of
the HBSS, milk, and coconut water was found to be
295 mOsm/L, 232 mOsm/L, and 372 mOsm/L, respectively. Blomlof15 found that HBSS was slightly
better for maintaining the cell integrity than milk, saliva, or saline. This was mainly because of its physiologic osmolarity. Milk was found to have the lowest
osmolarity among the 3 but also within the range, but
the inability of the cells to multiply and divide might be
the reason that there was a drastic decrease in number
of viable cells. The osmolarity of coconut water was
found to be to be the highest and this might have
enabled the superior maintenance of cell viability.
CONCLUSION
Within the parameters of this study, it appears that
the ability of coconut water to maintain PDL cell viability is statistically superior to HBSS and milk.
REFERENCES
1. Gassner R, Bosch R, Tarkan T, Rudiger E. Prevalence of dental
trauma in 600 patients with facial injuries. Implication for Prevention. Oral Surg Oral Med Oral Path Endod 1999;87:27-33.
2. Soder P-O, Otteskog P, Andreasen JO, Modeer T. Effect of
drying on viability of periodontal membrane. Scand J Dent Res
1977;85:164-8.
3. Lindskog S, Blomlof L. Influence of osmolality and composition
of storage media on human periodontal cells. Acta Odontol
Scand 1982;40:435-41.
4. Dumsha TC. Management of avulsions. Dent Clin North Am
1992;36:425-37.
5. Patil S, Dumsha TC, Sydiskis RJ. Determining periodontal ligament (PDL) cell vitality. J Endod 1992;18:189.
6. Edirweera ND. King coconut. Cord 1996;12:43-7.

2.41
10.75
3.60
0.97-1.17
9.76-14.5
1.95-2.05
1.95-4.18
1.95-4.57
1.21-4.12
1.23
0.59-0.91
2.83-3.00

Vitamins, value in g/mL
Nicotinic acid
Pantothenic acid
Biotin
Riboflavin
Folic acid
Thiamine
Pyridoxine

0.64
0.52
0.02
0.01
0.003
Trace
Trace

7. Martin MP, Pileggi R. A quantitative analysis of Propolis: a
promising new storage media following avulsion. Dent Traumatol 2004;20:85-9.
8. Pileggi R, Dumsha TC, Nor JE. Assessment of post traumatic
PDL cell viability by a novel collagenase assay. Dent Traumatol
2002;18:186-9.
9. Polverini PJ, Leibovich SJ. Induction of neovascularization in
vivo and endothelial proliferation in vitro by tumor associated
macrophages. Lab Invest 1984;51:635-42.
10. Hammer H. Replantation and implantation of teeth. Int Dent J
1955;5:439-57.
11. Andreasen JO, Hjørting-Hansen E. Replantation of teeth: I. Radiographic and clinical study of 110 human teeth replanted after
accidental loss. Acta Odontol Scand 1966;24:263-86.
12. Andreasen JO. Exarticualtion in “traumatic injuries of the teeth.”
2nd ed. Copenhagen, Denmark: Mungsgaard; 1981.
13. Andreasen JO, Kristersson I. The effect of limited drying or
removal of the periodontal ligament. Periodontal healing after
replantation of mature permanent incisors in monkeys. Acta
Odontal Scand 1981;39:1-13.
14. Tronstad L. Root resportion, etiology, terminology and clinical
manifestations. Endod Dent Traumatol 1988;4:241-52.
15. Blomlof L. Milk and saliva as possible storage media for traumatically exarticulated teeth prior to replantation. Swed Dent J
1981;(suppl 8):1-26.
16. Andreasen JO, HiØrting-Hansen E. Replantation of teeth: II.
Histological study of 22 replanted anterior teeth in human. Acta
Odontol Scand 1966;24:287-306.
17. Andreasen JO. The effect of extra-alveolar period and storage
media upon periodontal and pulpal healing after replantation of
mature permanent incisors in monkeys. Int J Oral Surg 1981;
10:43-5.
18. Blomlof L, Lindskog S, Hammarstorm L. Periodontal healing of
the exarticulated monkey teeth stored in milk or saliva. Scand J
Dent Res 1989;88:251-9.
19. Lindskog S, Blomlof L. Influence of osmolality and composition
of storage media on human periodontal cells. Acta Odontol
Scand 1982;40:435-41.
20. Hiltz J, Trope M. Vitality of human lip fibroblasts in milk, Hanks
balance salt solution and Viaspan storage media. Endod Dent
Traumatol 1991;7:69-72.
21. Patil S, Dumsha TC, Sydiskis RJ. Determining periodontal ligament (PDL) cell viability from exarticulated teeth stored in
saline or milk using fluorescein diacetate. Int Endod J 1994:
27:1-5.
22. Trope M, Friedman S. Periodontal healing of replanted dog teeth

OOOOE
Volume 105, Number 2

23.

24.
25.

26.

27.

28.
29.

stored in Viaspan, milk and Hank’s balanced salt solution. Endod
Dent Traumatol 1992;8:183-8.
Andreasen I, Bodin I, Sorensen S. Progression of root resorption
following replantation of human teeth after extended extra oral
storage. Endod Dent Traumatol 1989;5:38-47.
Van Hassel HJ, Oswald GW, Harrington RJ. Replantation 2. The
role of the periodontal ligament. J Endod 1989;6:506-8.
Cvek M, Granath IF, Hollender L. Treatment of nonvital permanent incisors with calcium hydroxide. III. Variations of occurrence of ankylosis of reimplanted teeth with duration of extraalveolar period and storage environment. Odentol Revy 1974;
25:43-56.
Reinholdt J, Andreasen JO, Soder PO, Otteskog P, Dybdahl R,
Riis I. Cultivation of periodontal ligament fibroblasts on extracted monkey incisors. A histological study of three culturing
methods. Int J Oral Surg 1977;6:215-25.
Soder PO, Otteskog P, Anderasen JO, Modeer T. Effect of drying
on vitality of periodontal membrane. Scand J Dent Res 1977;
85:164-8.
Patil S, Dumsha TC, Sydiskis RJ. Determining periodontal ligament (PDL) cell vitality. J Endod 1992;18:189.
Pileggi R, Dumsha TC, Nor JE. Assesment of post-traumatic
PDL cell viability by a novel collagenase assay. Dent Traumatol
2002;18:186-9.

Gopikrishna et al. e65
30. Campbell-Falck D, Thomas T, Falck TM, Tutuo N, Clem K. The
intravenous use of coconut water. Am J Emerg Med
2000;18(1):188-91.
31. Anzaldo FE, Kintanar QL, Recio PM, Velasco RU, de la Cruz F,
Jacalne A. Coconut waters as intravenous fluid. Philipp J Pediatr
1975;24(4):143-66.
32. Ludan AC. Modified coconut water for oral rehydration. Philipp
J Pediatr 1980;29(5):344-51.
33. Majundar NG. Intravenous use of green coconut water in paediatric practice. J Ind Med Assoc 1951;20:211-12.
34. Waymouth C. Osmolality of mammalian blood and media for
culture of mammalian cells. In Vitro 1970;6:109-27.
Reprint requests:
Velayutham Gopikrishna, MDS
Reader
Department of Conservative Dentistry and Endodontics
Meenakshi Ammal Dental College
Alapakkam Main Road
Maduravoyal
Chennai – 600 095
India
hi_gopikrishna@hotmail.com

