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Abstract Cryopreservation of teeth before auto-

transplantation may create new possibilities in den-

tistry. The purpose of this study was to examine the

effect of a standardised cryopreservation procedure

on human periodontal ligament (PDL) cell cultures.

Human PDL fibroblasts obtained from immature third

molars of 11 patients were cultured and divided into

two groups. The experimental group was cryopre-

served and cultured after thawing. The control group

was cultured without cryopreservation. A comparison

was made between cryopreserved and control cells.

To evaluate possible differences in the characteristics

of the fibroblasts, the cells in both groups were tested

for viability (membrane integrity), growth capacity

and alkaline phosphatase (ALP) expression. The

Wilcoxon test for paired comparison between cryop-

reserved and non-cryopreserved cells was performed

for each characteristic. The results showed that

membrane integrity of cells was not influenced by

cryopreservation. There was no statistically signifi-

cant difference in growth capacity between cryopre-

served and control cells. Non-cryopreserved cells

were slightly stronger positive for ALP, but the

difference was not statistically significant. From these

experiments it can be concluded that the observed

parameters are not influenced by cryopreservation.
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Introduction

Autotransplantation of teeth with partly formed roots

seems to give better results than other treatment

modalities for substituting missing teeth in a long-

term perspective (Czochrowska et al. 2002; Zachris-

son et al. 2004; Jonsson and Sigurdsson 2004).

Sometimes however, the ideal situation for auto-

transplantation is not always present: for example,

when at the appropriate time of transplantation (root

formation) the recipient site is too small and ortho-

dontic treatment is required to gain space (Andreasen

1992). Another example is a clinical situation where

extractions of premolars for orthodontic purposes are

indicated in a patient with a traumatised incisor with

an uncertain prognosis. In these cases cryopreserva-

tion of teeth may create new possibilities.
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The aim of cryopreservation of living tissues is

‘‘controlled reversibility of the cessation of all

biological functions’’ at an ultra low temperature. It

is essential that no intracellular ice crystals are

created. Shrinkage of cells during slow freezing is a

result of egress of intracellular water, which is

essential for the avoidance of cellular injury during

the freezing process. Cryoprotective agents, such as

dimethylsulfoxide (DMSO) or glycerol, are effective

in counteracting cellular injury caused by freezing by

reducing intracellular ice crystal formation and by

reducing osmolarity stresses to cell membranes

(Andreasen 1992).

Although several investigations concerning cryo-

preservation of teeth have been carried out in the past

(Bartlett and Reade 1972; Price and Cserepfalvi

1972; Schwartz and Andreasen 1983; Schwartz et al.

1985; Schwartz and Rank 1986; Schwartz 1986;

Politis et al. 1995; Laureys et al. 2001; Kawasaki

et al. 2004), some questions remain unanswered

concerning dental tissue reactions following cryo-

preservation. This is probably one of the reasons why

transplantation of cryopreserved teeth is not widely

accepted yet.

Periodontal healing is one of the most important

factors determining success after autotransplantation

(Kristerson 1985). It is generally known that the

presence of a healthy and functional periodontal

ligament (PDL) in immature teeth enhances the

success rate after transplantation. The survival and

function of the periodontal cells seem to be essential

for the healing and prognosis of a tooth autograft

(Melcher 1970; Line et al. 1974; Lindskog et al.

1983; Schwartz and Andreasen 1983; Schwartz et al.

1985; Kristerson 1985).

Cryopreservation does not seem to have a negative

influence on the repair capacity of the PDL: in

combination with a controlled freezing rate, the use

of DMSO guarantees the survival of the majority of

the periodontal cells (Kristerson et al. 1976; Politis

et al. 1995; Schwartz et al. 2002; Oh et al. 2005).

Therefore, the prognosis of autotransplanted cryop-

reserved teeth appears to be similar to that of directly

transplanted and endodontically treated premolars

and canines (Schwartz and Rank 1986; Andreasen

1992). This was confirmed by Kawasaki et al. (2004)

in a study on rats: although the repair process

proceeded slower, periodontal regeneration of cryop-

reserved teeth was substantially similar to that of the

immediately transplanted teeth. There was no pro-

gressive root resorption, indicating that these cryop-

reserved teeth could be applicable for clinical use.

To date, the effect of cryopreservation on estab-

lished cell cultures of PDL fibroblasts has not been

studied yet.

The purpose of this research was to examine the

effect of a standard cryopreservation procedure on

human PDL cell cultures. Three variables were tested

(membrane integrity (as an indicator of viability),

growth capacity and alkaline phosphatase expression)

in order to compare cryopreserved and control cells.

Materials and methods

Cell isolation and culture (Fig. 1)

Fibroblasts were obtained from the PDL of healthy

extracted third molars of 11 subjects (between

15–30 years of age). Prior to extraction, informed

consent was obtained. After extraction the teeth were

stored in a carrier medium (DMEM 450 ml, Foetal

Fig. 1 Flow chart of the experimental set-up. (ALP = alkaline

phosphatase; P0–P3 = cell culture passages)
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Calf Serum (FCS) 19 ml, Raid solution (penicillin/

streptomycin 10,000 U/ml, fungizone 5 mg/ml, and

gentamycin 40 mg/ml) 1 ml) at 48C for a maximum

period of 24 h. The PDL attached to the middle third

of the roots was cut from the root surface using a

scalpel knife to avoid incorporation of gingival cells.

After washing several times in phosphate buffered

saline (PBS), the fragments of the PDL of each tooth

were placed as explants in a 24-well culture plate and

incubated with 1.5 ml culture medium (Optimem I

supplemented with Ultroser G 2%, Glutamin 1%,

penicillin/streptomycin 1%, FCS 5%) in a humidified

atmosphere of 10% CO2 in air at 378C. The different

wells (two per patient) were considered as separate

cell lines and all were treated individually. One cell

line was lost due to bacterial contamination, resulting

in a total of 21 cell lines. The culture medium was not

changed until outgrowth of cells was seen. When the

cells surrounding the tissue explants had become

confluent (after a culture period of several weeks)

they were trypsinised using 0.25% trypsine and

0.08% ethylenediamine tetraacetic acid (EDTA),

transferred to a Petri dish (90 mm diameter), and

designated as passage 1 (P1). The cells of P1 showed

a typical fibroblastic shape. When confluence was

reached the fibroblasts of each Petri dish were

trypsinised and divided in two groups A and B

(P2). Half of the cells (group A) was brought into

FCS containing 10% DMSO (Schwartz et al. 1985),

frozen at a slow freezing rate of 18C/min from room

temperature to �808C followed by plunging in liquid

nitrogen at �1968C. After storage in liquid nitrogen

for one day the fibroblasts were rapidly thawed in a

378C water bath, washed twice in Optimem and

grown in Petri dishes. A quarter of the cells (group B)

was immediately passaged to P2, without freezing. In

order to investigate whether the cells were not merely

gingival fibroblasts, the other quarter of cells was

tested for alkaline phosphatase (ALP). ALP is an

enzyme responsible for hard tissue formation present

in most periodontal fibroblasts (Groeneveld et al.

1995), indicating that these cells are able to differ-

entiate into osteoblasts and cementoblasts (Basdra

and Komposch 1997). As most of the cells were

strongly positive for ALP, it was assumed that the

cells were indeed periodontal fibroblasts (Somerman

1988; Arceo et al. 1991; Giannopoulou and Cimasoni

1996; Gao et al. 1999). In order to justify the used

technique, the gingival tissue of three patients was

tested for ALP as a negative control in order to check

the exclusive nature of the harvested periodontal

tissue (Fig. 2).

The cells in groups A and B reached confluence

after 4–5 days of growth. At confluence, they were

trypsinised and used for the experiments.

By using established cell cultures to start with for

the different test settings, problems dealing with

failing initiation of the cell cultures could be

excluded. Hence, it could be anticipated that all the

effects observed with the established cell cultures in

the test conditions could be attributed to the cryo-

preservation procedure.

Experiments

Three variables were tested on the fibroblasts in both

the cryopreserved group and the control group:

viability (membrane integrity), growth capacity and

Fig. 2 Alkaline phosphatase (ALP) expression in fibroblasts of

PDL (A) and gingiva (B). Gingival fibroblasts cultured from

gingival tissue of three of the patients, served as a negative

control. There is a strong contrast in ALP staining between

PDL and gingival tissue. (Original magnification: ·160)
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ALP expression. For each variable a comparison was

made between cryopreserved and non-cryopreserved

cells to find out whether cryopreservation influenced

the quality of human PDL cells. Cultured fibroblasts

(P2) were trypsinised and the cell suspension was

used for the experiments.

Viability/membrane integrity

Exclusion of trypan blue is a measure of membrane

integrity. An intact membrane is compatible with but

does not guarantee viability of the cell. On the other

hand, injury of the membrane and hence absence of

membrane integrity is not compatible with the normal

functions of a cell, except in the rare situation of

recovery of membrane integrity. Therefore exclusion

of trypan blue has often been associated with cell

viability. The technique has been proposed by

Bartlett and Reade (1972) to evaluate the viability

of cryopreserved teeth. These authors described the

trypan blue exclusion test as a simple and cost-

effective procedure, which allows the detection of

viable cells for subcultivation. Therefore, the trypan

blue exclusion test was used in this study to isolate a

certain amount of viable cells needed to evaluate

growth capacity in the second part of the study.

A sample of the cell suspension was mixed 1:1

with trypan blue and the number of viable (no

colouring) and non-viable (blue colouring) cells was

counted using a Bürker chamber (Brand). The

percentage of viable cells was used to compare

groups A and B for each cell line.

Growth capacity

To define the most reliable initial amount of cells in

the volume, a pilot test was carried out with cultures

with an initial density of 104 and 105 cells. The cells

in both groups were fixated after a certain period of

time. Cell density assessment showed that the Petri

dishes with an initial concentration of 105 cells gave

the most reliable results after the chosen culture

period. Therefore, this initial concentration was used

for comparison between groups A and B.

A volume of cell suspension containing 105 viable

cells was cultured in Petri dishes, for group A as well

as for group B. After an equal period of time, when

cells were subconfluent, the cryopreserved and non-

cryopreserved fibroblasts (Fig. 3) were fixated using

crystal violet (crystal violet 0.5%, formaldehyde 4%,

absolute ethanol 30%, NaCl 0.17%). The Petri dishes

were scanned and after background subtraction, a

computerised cell density assessment was performed.

Based on the number of pixels (as an indication for

the number of cells) in the Petri dishes of groups A

and B, the growth capacity of the cryopreserved and

the control cells was evaluated (Fig. 4).

Alkaline phosphatase expression

Periodontal fibroblasts were scattered on a micro-

scopic slide and Gomori alkaline phosphatase stain

was used in order to quantify the ALP activity. The

cells in groups A and B were scored twice by two

independent and blinded persons. The scores ranged

from 0 (no colouring) to 5 (very strong colouring).

The scores in groups A and B were compared in order

to find a possible influence of cryopreservation on the

ALP activity, which could indicate an effect of

cryopreservation on the differentiation capacity of the

PDL cells.

Statistical analysis

Wilcoxon matched-pairs signed-ranks test was used

for paired comparison between cells in groups A and

B for each variable; association between both groups

was expressed with the Spearman correlation coeffi-

cient. The error of the method was established using

inter- and intra-observer weighted kappa (K) and

intraclass correlation coefficient (ICC).

Fig. 3 Periodontal ligament cells at subconfluence fixed with

crystal violet. (Original magnification: ·160)
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Results

Before dividing the confluent periodontal cells of P1

in groups A and B, they were tested for ALP, in order

to check their true nature. In three patients, gingival

fibroblasts had been tested for ALP as well and

served as control. ALP scores for the gingival and

periodontal fibroblasts were compared within the

same patient. Only in one gingival sample, a very

weak ALP score (score 1) was observed; whereas in

the other two, the score was 0. ALP in periodontal

fibroblasts always reached scores 4 or 5.

Viability (membrane integrity) of cells (Fig. 5)

The cells that had taken up trypan blue and the cells

which excluded trypan blue were counted in order to

define the percentage of viable cells. The mean of

three counts (expressed in percentage) performed by

one observer was used for the comparison between

the cryopreserved and the control group. There was a

weak correlation between both groups (Spearman

correlation coefficient rS = 0.46, P = 0.04). The

Wilcoxon test showed that there was no statistically

significant difference in the percentage of viable cells

(cells which excluded trypan blue) in the cryopre-

served compared with the control group (P = 0.53).

Growth capacity (Fig. 6)

The computerised cell density assessments were

repeated in three differently defined areas within the

same Petri dish. The ICC between the assessments

was very high (ICC = 0.99). The paired Wilcoxon

test revealed that there was no statistically significant

difference in growth capacity between cryopreserved

and control cells (P = 0.96). The Spearman correla-

tion coefficient between the measurements of A and

B was rS = 0.57 (P = 0.01).

Alkaline phosphatase expression (Fig. 7)

ALP staining was scored twice by two different

observers. The inter and intraclass correlation coef-

ficients and the weighted K (Table 1) according to

Landis and Koch (1977) and Fleiss (1981) were

assessed. The weighted K values ranged between

0.659 and 0.714 whereas the ICC varied between

0.877 and 0.935. There was a strong correlation

Fig. 4 The Petri dishes were scanned and after background

subtraction a computerised cell density assessment was

performed. Based on the number of pixels (as an indication

for the number of cells) present in the Petri dishes of groups A

and B, growth capacity of the cryopreserved and the non-

cryopreserved cells was evaluated. (U1 = fixated cryopreserved

PDL cells; U2 = fixated non-cryopreserved PDL cells;

U3 = empty Petri dish used as reference (B1 = background

subtraction))

Fig. 5 Scatter diagram illustrating the correlation between the

percentage of viable cells after culturing with and without

cryopreservation
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between cryopreserved and control cells (rS = 0.70,

P = 0.001). Although non-cryopreserved cells were

slightly more positive for ALP, this difference was

not statistically significant (P = 0.76).

Discussion

The regeneration process after transplantation is

complex, so it is difficult to draw conclusions about

the influence of cryopreservation on the cell type

involved. Schwartz et al. (1985) stated that the in vivo

replantation technique precludes further extensive

investigations into the optimisation of the cryoprofile

of mature teeth. They concluded that it would be

desirable to develop a simpler and more sensitive

in vitro test system which would allow a more detailed

study of cooling and freezing rates and the effect of

cryoprotective agents on the cells involved. There-

fore, the aim of this investigation was to examine the

effect of a standardised cryopreservation procedure on

periodontal fibroblasts in vitro.

Concerning viability, no statistically significant

difference was found in the percentage of cells, which

excluded trypan blue, in the cryopreserved group

compared to the control group. Assessment of PDL

cell viability after cryopreservation, using trypan

blue, was already performed by Bartlett and Reade

(1972). According to these authors it appeared that

cryopreservation carried out under controlled condi-

tions left the intricate intracytoplasmatic functions of

the cells either undamaged or amenable to recovery.

Kristerson et al. (1976) proved cell viability on the

root surface of teeth by demonstrating that the cells

could be detached from the teeth using trypsin after

cryopreservation and a cultivation period. These

findings also indicated that cryopreservation has no

negative effect on the viability of PDL cells. Oh et al.

(2005) came to the same conclusion in a study where

MTT and Tunel assay were performed to examine the

viability and apoptotic death of PDL cells on frozen

and control PDL tissue. These authors also remarked

that some cellular functions may remain transiently

active in damaged cells (Stevenson et al. 2004) and

consequently, the presence of viable cells does not

ensure that cells are not damaged at all. In fact,

Fig. 6 Scatter diagram illustrating the correlation between the

growth capacity after culturing with and without cryopreser-

vation

Fig. 7 Scatter diagram illustrating the correlation between the

alkaline phosphatase (ALP) expression after culturing with and

without cryopreservation. Point bins are used for the coinciding

points by the adaptation of the diameter of the symbol

Table 1 Weighted Kappa (K) according to Landis and Koch

(1977) and Fleiss (1981) and intraclass correlation coefficient

(ICC) for alkaline phosphatase scores

Weighted K ICC

Inter-observer 0.659 0.935

Intra-observer 1 0.679 0.877

Intra-observer 2 0.714 0.929
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membrane integrity testing of cells reveals the

‘‘status presens’’ of PDL cells at a certain moment

of time. It does not offer an insight in the potential

longitudinal properties of these cells. In order to

study the effects of cryopreservation on PDL cells on

the long term, it is more appropriate to assess the

growth capacity of these cells.

To evaluate growth capacity, the technique used in

this study was based on the technique to measure

colony forming capacity (CFC). A fixed number of

cells of a biopsy or at a certain passage is cultured

using the current culture conditions. Colonies are

fixed approximately 10 days later, stained with crystal

violet and scored under a microscope. CFC values are

expressed as the ratio of the number of colonies to the

number of inoculated cells. In this study, colonies

were not formed but cells were equally spread over the

culture dish. Therefore it was decided to scan the

plates and measure the density by means of the

software program Quantity One (Bio-Rad).

Results show that there was no statistically signif-

icant difference in cell density between cryopreserved

and control cells. These findings indicate that the

procedure of freezing and thawing has no negative

influence on the growth capacity of periodontal cells.

According to Basdra and Komposch (1997),

cultured human PDL fibroblasts show an intense

staining for ALP. This suggests that these cells have

the potential to differentiate into osteoblasts and/or

cementoblasts. In most of the investigations on PDL

cultures in vitro, periodontal fibroblasts seemed to

express ALP activity at a much higher level com-

pared with gingival fibroblasts (Somerman et al.

1988; Arceo et al. 1991; Ogata et al. 1995; Giannop-

oulou and Cimasoni 1996; Gao et al. 1999; Kawasaki

et al. 2004). However, some authors have found that

gingival fibroblasts can express ALP activity,

although to a lesser extent than PDL fibroblasts

(Groeneveld et al. 1995; Carnes et al. 1997; Lallier

et al. 2005). In the present study before comparing

ALP staining between cryopreserved and non-cryop-

reserved cells (see materials and methods), gingival

tissue was used as a negative control for ALP expres-

sion and compared to PDL in the same patients. The

gingival fibroblasts in the present study were negative

for ALP, except in one patient where ALP staining

remained very weak compared to the PDL fibroblasts.

This contrast in ALP scores between the cells

obtained from both tissues, gave an indication that

there was no incorporation of gingival cells in the

cultures.

Quantification of the ALP staining was carried out

in cryopreserved and control cells and evaluated by

an intraclass correlation coefficient and a weighted K

(Table 1). According to Landis and Koch (1977)

values of K between 0.61 and 0.80 can be interpreted

as substantial. According to Fleiss (1981) values of K

between 0.41 and 0.75 can be interpreted as fair to

good. In this study, the agreement between and within

the observers can be expressed as good. The Wilco-

xon test showed that non-cryopreserved cells were

slightly stronger positive for alkaline phosphatase,

but the difference was not statistically significant.

Oh et al. (2005) performed immunohistochemical

staining for ALP to detect the differentiation capa-

bility of PDL cells after freezing and thawing. They

showed ALP-positive cells in the PDL of control and

cryopreserved teeth, without establishing a quantifi-

cation of ALP activity in both groups. Kawasaki et al.

(2004) observed, in their study on rats, that ALP

activity in the PDL of cryopreserved teeth was still

weak 2 weeks after transplantation. In this study, no

statistically significant differences in ALP staining

could be shown between cryopreserved and non-

cryopreserved cells. It can be concluded that ALP

activity of periodontal cells is not influenced by

cryopreservation.

Every cryoprofile may be different to some extent.

In a study on monkeys, Schwartz and colleagues

(1985) showed that the best cryoprotectant was DMSO

at a concentration of 10%, which was also used in the

present study. For all the variables (membrane integ-

rity, growth capacity and ALP expression) investi-

gated, there was no difference between cryopreserved

and control cells. The animal experiment of Kawasaki

et al. (2004), and the in vitro investigation of Oh et al.

(2005), using slightly different cryoprofiles, came to

the same conclusion. Therefore, it seems that under

controlled conditions, some small variations in the

procedure of cryopreservation do not give different

results. There seems to be no need to optimise the

cryoprofile that has been used in this study.

Conclusion

According to the findings of this study there seems to

be no difference in membrane integrity, growth

Cell Tissue Banking (2008) 9:11–18 17
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capacity and ALP expression between cryopreserved

and control periodontal cells. It can be concluded that

cryopreservation under controlled conditions does not

influence the viability nor the proliferation and

differentiation capacity of human PDL cells in vitro.

The standardised procedure used for cryopreservation

meets the expectations and needs no further optimi-

sation. Further studies are needed to find out whether

or not other cell types are influenced by the

cryopreservation procedure.
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