
Expression of proliferating cell nuclear antigen
in pulp cells of extracted immature teeth
preserved in two different storage media

Tooth avulsion accounts for 0.5–16% of traumatic
injuries in the permanent dentition (1) and for 7–21%
of injuries in the primary dentition (2). Avulsions of
permanent teeth occur most often in 7–10-year old
children, an age when the relatively resilient alveolar
bone provides only minimal resistance to extrusive forces
(1, 2). Tooth avulsion represents severe pulpal and
periodontal injuries (3). The most common complica-
tions after avulsions are necrosis of the pulp and root
resorption (1). The status of the pulp is one decisive
object for periodontal healing. Pulp necrosis and con-
secutive infection cause infection related resorption,
which is related to early tooth loss (4, 5). Pulp necrosis
is predictable in mature teeth, and an endodontic
treatment is strongly recommended. In immature teeth
there is a chance of revascularization. Revascularization
is dependent on the absence of an infection (6–9), on the
diameter of the apical foramen and the length of the root

(10), and on the extraoral storage conditions: The chance
is about 60% after replantation within 1 min after
avulsion but only around 10–30% when the avulsed
teeth are stored for just 5 min in saliva or saline or in dry
conditions before replantation (10).

Avulsed teeth are normally not replanted at the site of
the accident (11). A tooth rescue box had been developed
which contains a special cell culture medium (SCCM). It
is commercially available in Europe since 1995 and in the
USA (Dentosafe�, Dentosafe GmbH, Iserlohn, Ger-
many; EMT Tooth Saver, SmartPractice.com, Phoenix,
AZ, USA). According to in vitro investigations the
medium maintains vitality and viability of PDL cells
(cementoblasts, fibroblasts) for at least 48 h at room
temperature (12, 13). In a clinical long-term study all
avulsed and replanted teeth that had been stored in the
medium within several minutes after avulsion showed
healing with physiologic function (functional healing,
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Abstract – A specially composed medium for storing avulsed teeth has been
developed. In experimental and clinical studies it could be shown that PDL cells
could be kept viable during storage in the medium for up to 53 h. In the present
study the medium was tested on pulp cells. A total of 40 immature unerupted
third molars with open apices were removed surgically and the teeth were stored
in a special cell culture medium (SCCM) or in Hank’s balanced salt solution
(HBSS) at room temperature for 6, 12, 18 or 24 h. Five teeth were assigned to
each group. A total of seven consecutive pulp cross-sections per tooth were
examined, resulting in a total of 280 specimens. Viable cells were marked using
proliferating cell nuclear antigen (PCNA). The pulp was divided in three regions:
apical region (0–0.5 mm), middle region (>0.5–1.5 mm) and coronal region
(>1.5 mm). The labelling index (LI) was calculated for the whole cut (regions 1,
2 and 3) and for each region separately. The statistical evaluation was made
using the One-way anova and Mann–Whitney Test. Pulp cells of all teeth
expressed PCNA. About 110 of 140 specimens in the SCCM and 101 of 140
specimens in the HBSS group showed PCNA-positive cells. The highest LI was
observed within the apical region and decreased with increased distance from the
medium. No marked cells were observed at a distance of more than 1.5 mm. The
LI for both media showed a significant increase with storage intervals
(P < 0.05). The pulp cells of teeth stored in SCCM showed a LI nearly twice as
high compared to pulp cells of teeth stored in HBSS for the apical and middle
region (time interval 6, 18 and 24 h: P < 0.05). The LI for the apical region was
found to be 8.43% for the SCCM and 4.50% for the HBSS after 24 h. For the
middle region the LI was found to be 2.02% for the SCCM and 0.81% for the
HBSS after 24 h. Within the parameters of this study, it appears that the SCCM
is able to maintain pulp cell viability better than HBSS. The use of special cell
culture media in case of tooth avulsion may be beneficial.



also named: favourite healing, normal healing). In that
study all teeth had been endodontically treated before
replantation (5, 14, 15). No data are available on the
viability of pulp cells after storage of immature teeth in
the special tissue culture medium.

The aim of the present study was an immunohisto-
chemical evaluation of cell proliferation, assessed by
proliferating cell nuclear antigen (PCNA) and in the
healthy dental pulp from extracted immature human
teeth.

Materials and methods

A total of 40 immature unerupted third molars with open
apices and free of caries were removed surgically for
prophylactic reasons in patients between 12 and 17 years
of age at the Department of Oral Surgery, University of
Giessen, Germany. This provided the investigation of
healthy dental pulps. Immediately after extraction, the
teeth were individually stored in 50 ml tubes containing
30 ml of a cell culture medium, either a specially prepared
cell culture medium (Dentosafe; Dentosafe GmbH, Iser-
lohn, Germany, hereafter named SCCM) or Hank’s
balanced salt solution (HBSS). The teeth were stored at
room temperature for 6, 12, 18 or 24 h. Thus eight groups
were established.Five teethwere assigned to each groupby
drawing lots after tooth removal. Following fixation with
formalin (4%) for 24 h, the width of the apical foramen
was measured. The teeth were then decalcified over a
period of 12 weeks usingEDTA.All specimens underwent
routine histologic processing (paraffin embedding), and
7-l thick longitudinal serial cuts of the teeth were
produced. A total of seven consecutive pulp cross-sections
per tooth were examined, resulting in a total of 280
specimens. The specimens were stained immunohisto-
chemically and the evaluation was performed with a light
microscope at magnifications of 40, 160 and 400. The
visualization of proliferating cells was obtained with the
help of proliferating cell nuclear antigen (PCNA). The
immunohistochemical preparation was performed
according to the APAAP-method (Dianova, Hamburg,
Germany). The monoclonal PC10-antibody (Dianova,
Hamburg, Germany), defining an epitope of PCNA,
served as the primary antibody. Development was per-
formed with neofuchsine, which produces a dark red
colour when reacting.

In every cut, the number of marked cells and the
number of all cells were determined. Quantification was
done by calculating the percentual labelling index (LI),
the relation between the number of marked cells and the
total number of cells. Starting from the tissue present
most apically the pulp was divided in three regions:
apical region (0–0.5 mm), middle region (>0.5–1.5 mm)
and coronal region (>1.5 mm). The LI was calculated
for the whole cut (regions 1, 2 and 3) and for each region
separately. Mean values for each tooth (seven cuts) were
determined and then for each of the eight groups. The
distance from the apex to the marked cell situated most
coronally was measured. The statistical evaluation was
performed at the Institute of Statistics, Ege University,
Izmir, Turkey, using the One-way anova and Mann–
Whitney Test.

Results

In all teeth marked cells were observed. About 110 of 140
specimens in the SCCM group and 101 of 140 specimens
in the Hank’s balanced salt solution (HBSS) group
showed PCNA-positive cells. There was an increase of
PCNA-positive specimens with time in the different
media groups (Table 1). Statistics revealed no significant
differences between the storage groups and time intervals
(P > 0.5).

For both media, the PCNA-marked cells were mostly
seen in the apical region (Figs 1–3). In the middle region
the number of marked cells decreased, and in the coronal
region no marked cells were visible. Independent from
the region investigated no marked cells were observed in
the odontoblastic layer.

Table 1. PCNA-positive specimens for both groups (all time
intervals)

Storage time (h)

PCNA-positive specimens

SCCM HBSS

6 24 (35) 22 (35)

12 26 (35) 24 (35)

18 29 (35) 26 (35)

24 31 (35) 28 (35)

Total 110 (140) 101 (140)

PCNA, proliferating cell nuclear antigen; SCCM, special cell culture medium;

HBSS, Hank’s balanced salt solution.

Fig. 1. PCNA-positive cell in the apical region of the pulp.
Storage in SCCM for 12 h at room temperature (Original
magnification 10·).

Fig. 2. PCNA-positive cell in the apical region of the pulp.
Storage in HBSS for 6 h at room temperature (Original
magnification 160·).
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The maximal distance of marked cells from the apex
was 1.5 mm after storage in SCCM and 1.40 mm after
storage in HBSS. Statistics revealed no significant
differences between the storage groups and time intervals
(P > 0.5).

There was an increase in the LI with time, in the
different media groups (SCCM, HBSS) and in the
different regions (apical, middle). The LI approximately
doubled every 6 h. The differences between the time
groups were significant (One-way anova-Test,
P < 0.05). No statistical significance was found in the
relation 6–12 h in the SCCM group for the middle region
(P = 0.212).

The pulp cells of teeth stored in the SCCM showed an
IL nearly twice as high compared to pulp cells of teeth
stored in HBSS in all time intervals and regions. The
geometrical mean values and their corresponding 95%
confidence intervals are shown in (Figs 4 and 5, Tables 2
and 3). The differences were significant (anova-Test,
apical region, for 6-, 18- and 24-h time intervals:
P < 0.01; middle region, for 6-, 18- and 24-h time
intervals: P < 0.05). Statistics revealed no significant
differences for the 12-h time interval for both regions
(P > 0.1).

The minimal width of the apical foramen was 1.6 mm
in all teeth, the median was 2.3 mm in teeth stored in
SCCM and 2.4 mm in teeth stored in HBSS. Statistics
revealed no significant differences between the storage
groups (P > 0.5).

Discussion

Avulsion is a serious injury to teeth. The PDL is
damaged, predominantly due to inadequate storage until
replantation. The pulp tissues undergo necrosis. In
replanted immature teeth with a wide-open apical
foramen and short roots, there is a chance of revascu-
larization (1, 4, 10, 16). However the risk of a persistend
pulp necrosis and a consecutive infection is high.
Endodontic treatment is necessary but very demanding
especially in immature teeth. Apexification with long-
term use of calcium hydroxide is related to a very high
incidence of cervical root fractures (17, 18). Infection
related resorption – an endodontic problem – is observed
in 37% of replanted immature teeth (19). An extraoral

Fig. 3. Proliferating cells at the apical pulp wound. Storage in
SCCM for 24 h at room temperature. Immunohistochemical
staining with PCNA (Original magnification 160·).

Fig. 4. Boxplot of LI values for apical region (Geometrical
mean values and their corresponding 95% confidence intervals
for apical region).

Fig. 5. Boxplot of LI values for middle region (Geometrical
mean values and their corresponding 95% confidence intervals
for middle region).
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endodontic treatment prevents these complications but is
limited to teeth with round or oval-round root canals (5).
A higher incidence of revascularization in teeth replanted
without extraoral endodontic treatment would be bene-
ficial: repair usually occurs by an ingrowth of new blood
vessels and the replacement of necrotic pulp tissue by
new tissue elements (20). Successful revitalization of
teeth may lead to continued root development and
usually results in the deposition of calcified tissue within
the root canal, which may strengthen the existing root
structures (21). This increases the potential for long-term
retention of the teeth (6, 9).

Factors influencing the revascularization that can be
affected are extraoral storage conditions and the topical
use of antibiotics. In animal experiments the rate of
revascularization increased from 18 to 41% after storage
of the isolated teeth in saline or saliva for 1 h when
doxycycline was applicated topically (6). Topical appli-
cation of minocycline seems to enhance these results (8).
In a clinical study even short storage in unphysiologic
conditions – i.e. in dry conditions or in saline or saliva –
decreased the rate of revascularization to 10–30% while
it was 60% after immediate replantation (10). Dry
storage and media like saline and saliva are known to
be detrimental to vital tissues and result in cell damage
and fast cell death. Cell culture media maintain vitality
and viability of cells. A medium specially composed for
the storage of avulsed teeth had been developed. In vitro
it maintained the viability of PDL cells as measured by
autoradiography and in cell cultures, but pulp cells were

not investigated (12, 13, 22). With longer storage periods
(from 6 to 48 h) the IL of PDL cells increased (12, 22). In
a clinical long-term study all avulsed teeth that were
stored within few minutes in the medium exhibited
functional healing after replantation. However all the
teeth in that study had been immediately treated
endodontically (5, 14, 15) and no conclusion can be
drawn for the maintenance of dental pulp cells.

This medium was also used for the present investiga-
tion. As observed for PDL cells the LI of pulp cells
increased with time. Following wounding tissue regen-
eration is initiated but takes some time for up-regulation.
A prerequisite for cell proliferation is that the cells feel
‘comfort’ and are equipped with nutrients. This could be
ensured by the special culture medium and – on a lower
level – by HBSS. However this supply can only be
afforded by diffusion in isolated teeth and is therefore
restricted to areas that have a local relation to the
medium. The highest LI was observed within a narrow
region of 0.5 mm width and decreased with increased
distance from the medium. No marked cells were
observed at a distance of more than 1.5 mm. Whether
the cells at a higher distance from the medium could be
kept vital (without demonstrating viability) was not
investigated.

It cannot concluded from this study whether the
maintenance of viability (or vitality) of pulp cells is
advantageous for a revascularization. However when
cells are a vital these have to be actively resorbed before
healing can take place. In a clinical study the rate of

Table 2. LI values for both groups for the apical region (all time intervals)

Storage time (h) n Mean SD SE

95% confidence interval for mean

Minimum MaximumLower bound Upper bound

SCCM group 6 5 0.79 0.14 0.06 0.61 0.98 0.67 1.04

12 5 1.79 0.36 0.16 1.33 2.24 1.48 2.29

18 5 3.70 0.41 0.18 3.18 4.22 3.24 4.16

24 5 8.42 0.58 0.26 7.69 9.15 7.60 9.23

Total 5 3.68 3.03 0.67 2.26 5.10 0.67 9.23

HBSS group 6 5 0.46 0.07 0.03 0.36 0.55 0.35 0.56

12 5 1.24 0.34 0.15 0.81 1.66 0.87 1.63

18 5 2.31 0.24 0.10 2.01 2.61 2.03 2.60

24 5 4.49 0.36 0.16 4.04 4.95 4.13 5.06

Total 5 2.12 1.57 0.35 1.39 2.86 0.35 5.06

SCCM, special cell culture medium; HBSS, Hank’s balanced salt solution.

Table 3. LI values for both groups for the middle region (all time intervals)

Storage time (h) n Mean SD SE

95% confidence interval for mean

Minimum MaximumLower bound Upper bound

SCCM group 6 5 0.27 0.04 0.02 0.21 0.33 0.19 0.32

12 5 0.44 0.15 0.06 0.25 0.63 0.21 0.63

18 5 0.81 0.19 0.08 0.57 1.05 0.57 1.10

24 5 0.01 0.33 0.14 1.60 2.43 1.73 2.42

Total 5 0.88 0.72 0.16 0.54 1.22 0.19 2.42

HBSS group 6 5 0.15 0.04 0.01 0.10 0.20 0.10 0.21

12 5 0.26 0.04 0.02 0.20 0.32 0.22 0.33

18 5 0.44 0.08 0.04 0.33 0.55 0.34 0.59

24 5 0.81 0.11 0.05 0.66 0.95 0.68 0.96

Total 5 0.41 0.26 0.05 0.29 0.54 0.10 0.96
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revascularization decreased rapidly when the teeth were
stored for even very short periods in inadequate media,
which are known to be detrimental for cell vitality (23).
In drawing a reversal conclusion the maintenance of cell
vitality or viability should be helpful for revasculariza-
tion. On the other hand also microorganisms may profit
from a good nutrition as offered by cell culture media.
To hinder unlimited growth of microorganisms the
SCCM contains a preservative, and no complications
related to a bacterial overgrowth were observed in the
periodontal healing of avulsed teeth that had been stored
in the medium for up to 53 h (14). However, after
replantation, the PDL and adhering microorganisms can
be easily accessed by defence mechanisms while the
anatomic situation of the pulp is different and makes a
successful defence reaction more difficult.

The depth of diffusion that is obviously achieved has
an implication for the maintenance of the PDL that is
adhering to the root of an avulsed or otherwise isolated
tooth. The PDL has a normal width of 0.2 mm, and it is
normally ruptured in the middle by extraction (and
presumably by avulsion). Thus it can obviously com-
pletely provided with nutrients by diffusion. Accordingly
it could be shown that cells in the cementoblastic layer
prepared for cell dublication after storage for up to 48 h
in the medium (12, 22). Clinically, teeth showed func-
tional healing predictably after storage for up to 53 h in
the medium when they were stored in the rescue box
soon after avulsion (14). Thus a sufficient long-term
maintenance must have been afforded by the medium.

The LI after storage in SCCM was nearly twice as
high when compared to HBSS. The special medium
seems to better promote the cells with nutrients. HBSS is
a pure salt solution while the special medium also
contains aminoacids, vitamins, glucosis. Whether this
has any implication for revascularization after replanta-
tion cannot be concluded from this study.
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