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Introduction
Aberrant healing after replantation of avulsed teeth often 
resulted from irreversible damage to the periodontal ligament 
caused by traumatic injury, long extraoral dry time or microbial 
infection [1-7]. It is suggested that the remaining periodontal 
ligament cells near severely damaged periodontium have the 
potential to populate on the necrotic area of the root surface 
and enhance normal periodontium. We reported that using 
tissue culture, the healthy periodontal ligament cells could 
populate on the area severely damaged by trauma during tooth 
extraction in an animal model [8]. Aberrant healing such as 
root resorption and ankylosis could then be suppressed after 
teeth implantation into the bone cavity [9].

The enamel matrix proteins (EMD) were used to 
commercially develop a product called Emdogain for 
regeneration of injured periodontal tissues. It was reported 
that EMD promoted periodontal ligament cells to populate 
and make new cementum [10-12]. Following application 
of EMD on the root surface of teeth before implantation, 
healthy periodontal ligament cells can populate on the area 
severely damaged by trauma during tooth extraction [13]. In 
2001 and 2003, EMD was suggested for treatment of avulsed 
teeth replanted after 60 min in dry extraoral conditions by the 
International Association of Dental Traumatology (IADT) 
and the American Association of Endodontists [14,15]. For 
advanced effects of EMD, it was recommended that root 
conditioning be performed prior to application of EMD on the 

root surface. Root conditioning is aimed to remove the smear 
layer, demineralize acellular cementum and expose collagen. 
Some studies recommended the use of 36% ortho-phosphoric 
acid [16], 3% citric acid [17], enzymes [18], sodium fluoride 
[19], sodium hypochlorite, and 24% EDTA [20,21] for root 
conditioning. However, some studies do not support the use 
of root conditioning for enhancing the effect of EMD in vivo 
[22]. There has been no study that directly shows the influence 
of root conditioning just before application of EMD on the 
migration, proliferation, attachment and Alkaline Phosphatase 
(ALP) activity of periodontal ligament cells. The purpose of 
this study was to investigate the influence of root conditioning 
on cell proliferation and ALP activity increased by application 
of EMD in vitro. 

Materials and Methods
Preparation of teeth
Thirty maxillary incisors of five beagle dogs (female, 1 year 
old; mean weight, 10.3 kg) were used. This study protocol 
followed the guidelines for care and use of laboratory animals 
of Hokkaido University Graduate School of Medicine. 

The surgical procedures were performed under anesthesia 
by an intramuscular injection of medetomidine hydrochloride 
(5 μg/kg, Domitor®; Meiji Seika, Tokyo, Japan) and ketamine 
hydrochloride (2.9 mg/kg, Ketaral 50®; Sankyo, Tokyo, 
Japan) and local infiltration (xylocaine 2% with 1:80,000 
epinephrine, Xylocaine®; DENTSPLY SANKIN, Tokyo, 
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Japan). The incisors were extracted with forceps and 
elevators. Twenty-seven were immersed in sterile phosphate 
buffer saline containing 30 μg/ml Kanamycin Sulfate and 30 
μg/ml Amphotericin B (Gibco, Grand Island, NY, USA). The 
tooth crown and root apex were removed and the remaining 
root was hemisectioned axially (Figure 1a). The pulp was 
removed. Periodontal ligament and cementum were removed 
from the coronal half of the roots and the root surfaces were 
planed by curettes. Notches were made with a round bur 
bilaterally at the border between root planed coronal half 
and the apical half with remaining periodontal ligament. The 
periodontal ligament in the apical part of the root was retained 
(Figure 1b). 
Root conditioning and periodontal ligament cell culture
In 11 specimens in the EE group and the CE group, root 
conditioning was performed by covering the root planed 
coronal half of the specimens with guaze soaked with 24% 
EDTA (pH 7.4) for 2 minutes so that there is little effect on 
the periodontal remaining on the apical half of the root (Figure 
1c). Immediately after the conditioning, the specimens were 
rinsed with PBS.

In the EE group, 0.5 ml of EMD (STRAUMANN JAPAN, 
Tokyo, Japan) was applied over the entire root planed surface 
(Figure 1d). The teeth were incubated in α-MEM with 120 
μg/ml Kanamycin Sulfate, 3.0 μg/ml Amphotericin B and 
15% fetal bovine serum (Gibco, Grand Island, NY, USA) at 
37°C in a humidified atmosphere of 5% carbon dioxide-95% 
air for 4 weeks, in a dish with their surfaces facing up (Figure 
1e). In the CE group, the specimens were cultured for 4 weeks 
without the application of EMD. In 11 specimens in the EO 
group, root conditioning was performed with 36% ortho-
phosphoric acid for 60 seconds. After the root conditioning, 
EMD was applied to the specimens and cultured for 4weeks. 
In 11 specimens in the E group, EMD was applied on the 
root-planed surface without root conditioning and cultured for 
4 weeks. Ten specimens in the C group were cultured for 4 
weeks without root conditioning and application of EMD as 
control.
ALP activity and proliferation analysis
Alkaline phosphatase activity of cells which migrated and 
proliferated on the root planed surface from the remnants of 
periodontal ligament was determined by using DAKO New 
Fuchsine Substrate System. The specimens were transferred 
into 24 well plates from the culture dish after 4-week 
incubation. Substrate-Chromogen Reagent was filled in the 
wells and the plates were kept at room temperature for half 
an hour. The specimens were fixed by 4% paraformaldehyde 
buffered with phosphoric acid. Those were examined under a 
stereomicroscope and were photographed by a standardized 
set-up at two times magnification. The specimens were also 
stained with Giemsa to observe all cells migrated and attached 
on the root planed surface. These were examined under 
stereomicroscope and were photographed.

The area of populated cells stained by ALP staining and 
Giemsa staining on the root planed surface was analyzed by 
NIH image. The length of migration of ALP-positive cells 
(LALP) was determined by dividing the area of the stained 
cells migrating by the mesio-distal width of each specimen at 
the coronal margin of the remaining periodontal ligament. The 
length of all cells migrating on the root planed surface (LM) 

was also determined by dividing the area of cells migrating by 
the width of each specimen as above. 

Statistical analysis of the values of LALP or LM of each 
experimental group was analyzed by the Kruskal-Wallis test. 

SEM observation
Specimens of 5 mm × 5 mm were prepared from three 

incisors by a diamond disk and periodontal ligament and 
cementum was removed with curettes. The specimens were 
divided into three groups based on the treatment; specimens 
were conditioned with 36% ortho-phosphoric acid for 
60 seconds, with 24% EDTA (pH 7.4) for 2 minutes and 
without root conditioning, and then EMD was applied to 
each specimen. The specimens were subsequently fixed with 
2.5% glutaraldehyde in 0.1M sodium cacodylate buffer (pH 
7.4) overnight at 4°C, and then rinsed in a 0.1M sodium 
cacodylate buffer 3 times for 1 min per rinse, followed by 
dehydration in a graded series of ethanol for 10 min. Each 
specimen was desiccator-dried and then sputter-coated with 
Pd-Pt (Ion sputter E-1030, Hitachi Ltd., Tokyo, Japan) and 
observed using SEM (S-4000, Hitachi Ltd.). 

Results
SEM observation
The precipitated aggregates of EMD on the root surface 
had the form of spheres or short rods (Figure 2). In the root 
conditioning groups, EMD had been observed not only on the 
root surface directly but also like beads linked together on 
the exposed collagen fibers. The amount of EMD between the 
group treated with 36% ortho-phosphoric acid and the group 
treated with 24% EDTA was similar.
ALP activity and proliferation
During four weeks incubation, fibroblastic cells proliferated 
and migrated from the remaining periodontal ligament to the 
coronal root planed surface (Figure 3). The area where cells 
were recognized on the root planed surface appeared as a band 
along the border of the remaining periodontal membrane in all 
specimens. In the area close to the border of the remnant, cells 
were attached so close together that each cell could not be 
distinguished individually under stereomicroscope. The cell 
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Figure 1. Schematic illustration of methods in the EE group.
a) The incisors were extracted. b) Periodontal ligament and 

cementum from 4 mm coronal part of the root were removed by root 
planing. Periodontal ligament at the apical part of the tooth was 

retained. c) Root conditioning was performed by covering the root 
planed coronal half of the specimens with guaze soaked with 24% 
EDTA. d) EMD was applied over the entire root planed surface. e) 
Teeth were placed in a dish with distal sides up and were cultured. 
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density seemed to decrease from the border to coronal part.
Means of LMs in the Group E, EO, and EE were 

significantly higher than in the CE group and the C group 
(Table 1). There were no significant differences among the 
three groups with root conditioning. Mean LM in the CE 
group was larger than in the C group but it was insignificant.

The area in which cells were stained with DAKO New 
Fuchsin Substrate System appeared as a narrower band 
continuously to the border of the remaining periodontal 
ligament. Mean LALP in the EE group was highest of all 
experimental groups, and was significantly higher than in the 
Group EO, E, CE and Control. Mean LALP in the E group 
was second highest, and was significantly higher than the 

Group EO, CE and C. The values in the Groups EO and CE 
did not show significant difference with the control group.

Discussion
In this study, the influence of root conditioning beforehand 
application of EMD on cell proliferation and ALP activity 
was examined histologically in vitro. The cell culture in this 
study was performed using previously published techniques 
[8]. These cells populating from remnants of periodontal 
ligament had formed a single layer on the root planed surface 
initially and changed into multilayer with time. Cells staining 
positive for Proliferating Cell Nuclear Antigen (PCNA) were 
markedly observed not only in the remaining periodontal 

Figure 2. SEM observation of root surface
a) Root surface in the EMD-application without root conditioning group. b) Root surface in the EMD-application with EDTA conditioning group. 

c) Root surface in the EMD-application with phosphoric acid conditioning group.

EMD only EDTA + EMD ortho-phosphoric acid + EMD

Figure 3. Proliferated cells and ALP positive cells on the planed root surface. 
a) Giemsa staining in the C group. b) Giemsa staining in the CE group. c) Giemsa staining in the E group. d) Giemsa staining in the EO group. 

e) Giemsa staining in the EE group. f) ALP staining in the C group. g) ALP staining in the CE group. h) ALP staining in the E group. i) ALP 
staining in the EO group. j) ALP staining in the EE group.
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ligament near the border of the root planed surface but also 
in a single layer on the coronal root planed surface [8]. Herr 
et al. reported that periodontal ligament fibroblasts in the 
coronal portion of the remaining periodontal ligament close 
to wounds proliferated actively along the root surface and 
formed fibrous connective tissue using Bromodeoxyuridine 
(BrdU) labeling in beagle dogs [23]. These findings seemed 
similar to the present culture system. However, the findings 
in this study need to be distinguished from reactions in 
vivo because this culture system lacked vascular formation 
and interaction of the periodontal ligament cells with the 
surrounding tissue. So the data from this study cannot be used 
clinically. However, it is an advantage that this culture system 
provides a very effective way to visually evaluate the distance 
of cell populating/migration from the remaining periodontal 
ligament. We investigated the association between root 
conditioning and the effect of EMD using this culture system 
in this study.

The precipitated aggregates of EMD on the root surface 
had the form of spheres or short rods. In the root conditioning 
groups, EMD had been observed not only on the root surface 
directly but also like beads linked together on the exposed 
collagen fibers. This finding was in agreement with the findings 
of a previous report which suggested that EMD adsorbed both 
to hydroxyapatite and collagen [24]. The amount of adsorbed 
EMD in the root conditioning groups seemed greater than the 
groups without root conditioning. The amount of adsorbed 
EMD seemed similar between root conditioning with 36% 
ortho-phosphoric acid and root conditioning with 24% EDTA. 

In this study, EMD stimulated migration/proliferation 
of the periodontal ligament cells. These findings supported 
the previous reports that the adsorbed EMD enhanced the 
proliferation of periodontal ligament cells [10,11]. However, 
a previous study reported that the increase of adsorbed EMD 
by root conditioning did not affect the proliferation rate of 
periodontal ligament cells [20-22]. These findings suggest 
that root conditioning could not supplement the effect of 
EMD application. 

A high ALP level is one of the characteristics of 
periodontal ligament cells. The increase in cells expressed 
ALP activity by EMD was in agreement with previous reports 
[11]. Tokiyasu reported that the proliferation of cementoblasts 
was EMD concentration-dependent [25]. In the EE group, the 
increase of adsorbed EMD on the root planed surface with 
conditioning of 24% EDTA might promote the proliferation 
of cementoblasts and change them into osteoblastic cells. On 
the other hand, 36% ortho-phosphoric acid might affect the 
remnants of periodontal ligament and decrease of proliferation 
of cells expressed ALP activity. The mechanism of the effect 
on periodontal ligament by root conditioning treatment is not 
fully clear and further investigations are required. The EMD 
on the root planed surface conditioned with 24% EDTA might 
promote the proliferation of cells expressed ALP activity 
on the root surface with damaged periodontal ligament. 
These cells may prevent or delay replacement osseous root 
resorption. 

Some studies reported that EMD therapy does not depend 
on the use of EDTA gel root conditioning. However, the 
findings in this study showed Emdogain in combination with 
24% EDTA could enhance the outcome in terms of population 
of cells on expressed ALP activity the root surface compared 
with application of EMD alone. 

Conclusion
This study demonstrated that EMD in combination with 24% 
EDTA showed additional benefit in terms of population of 
cells expressed ALP activity on the root surface compared 
with application of EMD alone.
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Parameter C group (n=10) CE group (n=11) E group (n=11) EO group (n=11) EE group (n=11)
Cell Proliferation 2.55 ± 0.54 3.98 ± 0.41a 5.38 ± 0.24ab 5.39 ± 0.49ab 5.32 ± 0.34ab

ALP activity 0.31 ± 0.13cd 0.42 ± 0.29cd 1.35 ± 0.42e 0.08 ± 0.34cd 3.13 ± 1.04

Table 1. Cell proliferation and ALP activity (Group mean ± SD in mm).

SD = standard Deviation; n = number of sites; P value by Kruskal-Wallis test.
aSignificantly different from C group (P<0.01).
bSignificantly different from CE group (P<0.01).
c Significantly different from E group (P<0.01).
dSignificantly different from EE group (P<0.01).
eSignificantly different from EE group (P<0.05).
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