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Introduction

Total avulsion of  teeth, teeth getting completely out of  alveolar 
bone, is a severe teeth trauma in children. As an efficient therapy, 
replantation of  totally avulsed teeth could retain the affected teeth 
transiently, maintain their functions and beauty and reach peri-
odontal ligament healing through replantation in 15-30 minutes 
[1]. However, replantation is often conducted after a long time 
from total avulsion or receiving no proper maintenance clinically. 
After operation, pulpitis as well as degeneration and necrosis of  

parodontium and cementoblast will lead to inflammatory or al-
ternative dental root resorptions, causing replantation failure or 
even early loss of  teeth. The key to replantation success is peri-
odontal ligament activity. In order to improve the replantation 
success rate, related studies have been carried out by many schol-
ars. If  avulsed teeth are stored in moist environment especially 
in biocompatible solution, the survival of  periodontal ligament 
cells can be prolonged. At present, the better preservation solu-
tions are Hank’s balanced salt solution and ViaSpan solution (Du-
Pont Pharmaceuticals Co., Wilmington, Del.) [1-4]. A in-vitro trial 
showed that the prognosis for replantation on dog teeth stored in 
Ero-Collins solution for 8 hours was the same as that for instant 
replantation [5]. However, such solutions are difficult be obtained, 
so the AAE, RCSE and IADT guidelines recommend cool milk 
as stock solution or that the avulsed teeth be placed in patients’ 
saliva for at most 30 minutes [6]. Except for the study of  pre-
serving medium, preventing dental root resorption and obtaining 
reattachment through the treatment of  root surface is the desire 
of  many scholars. AAE suggests that utilizing sodium fluoride 
solution, hydroxyapatite is able to be transported into fluorapatite 
to prevent the dental root resorption [6]. Study of  Beagle teeth 
replantation by Ipbal et al. had verified the positive effect of  Em-
dogin® in promoting periodontal tissue regeneration, which can 
stimulate the proliferation of  activated periodontal ligament cells 
in damaged root surface and teeth socket, so as to cover root sur-
face and further form acellular cementum, periodontal ligament 
and alveolar bone, thus inducing tissue regeneration [7].

With the development of  study on human body tissue engineer-
ing, direct application of  personal or external periodontal ligament 
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cells to improve the success rate of  tooth replantation is also a hot 
[8]. Studies have shown implanting of  myelomonocyte containing 
periodontal ligament cells into periodontal clearance is able to im-
prove the periodontal ligament healing of  replanted teeth in dog 
[9]. There are plenty of  evidences indicating that PDL-derived 
stem/progenitor cells are the best choice for periodontal ligament 
tissue regeneration. Together with the totally avulsed dog teeth, 
the platelet-rich fibrin (PRF) as scaffold and cell sheet fragments 
of  periodontal ligament stem cells (PDLSCs) were given with 
replantation by Yin-Hua Zhao et al. In consequence, the peri-
odontal ligament healing was achieved after 8 weeks; meanwhile, 
the periodontal ligament regeneration tissues were discovered, 
and teeth ankylosis and inflammation was reduced. The author 
considered that PDLSCs/PRF can improve the success rate of  
the periodontal ligament of  replanted teeth [10]. Although stud-
ies in vitro have obtained many results, there also exist problems 
such as ethical issues and uneasy acquisitions for replantation us-
ing periodontal ligament cells. Since tooth replantation success is 
relevant to the activity and proliferation of  periodontal ligament, 
we suspect that the amount and the proliferation ability of  peri-
odontal ligament cells can be increased directly. It has been widely 
known that low-level laser treatment (LLLT) is conducive to the 
proliferation of  mesenchymal cells and periodontal ligament fi-
broblasts [11, 12]. Li Mo and Li Mei found that the proliferation 
of  periodontal ligament fibroblasts could be promoted through 
Nd: YAG laser irradiating at proper energy parameters [13, 14]. 
Impact of  Er:YAG laser irradiation on human periodontal liga-
ment fibroblasts were ever studied by Pourzarandian et al. The 
energy density used in the study was 1.68 - 5.0 J/cm2 and the 
results indicated that compared with the control group without la-
ser irradiation, the cell proliferation rates in laser irradiation group 
were significantly faster, and a statistical difference was found 
[15]. On teeth root and in periodontal clearance of  totally avulsed 
teeth, there are residual periodontal ligament cells which played 
a very important role in the replanted teeth healing process and 
are easily acquired. The hypothesis in this study is that Er:YAG 
laser irradiates directly on the periodontal ligament cells in teeth 
root or periodontal clearance, and the proliferation of  periodontal 
ligament cells could be improved, further improving the success 
rate of  replantation of  avulsed teeth. The objective of  the pre-
sent study is to obtain human periodontal ligament fibroblasts 
cultured in vitro and observe their proliferation changes under the 
Er:YAG laser irradiations of  different energy densities. Thus, the 
mechanism of  Er:YAG laser in impacting periodontal ligament 
cells was preliminarily discussed, and application of  laser in the 
periodontal ligament tissues reconstruction was prospected. This 
study has been checked and approved by Biomedical ethics com-
mittee in Peking University School of  Stomatology, with the Reg-
ister Number PKUSSIRB -201417105.

Materials and Methods

Main reagents and apparatus

Cell culture reagents: αMEM culture medium (GIBOCO, 
America), 15% Fetal calt serum (Hyclone, America), Penicillin 
and Streptomycin (GIBOCO, America), Dispase enzyme (Sigma, 
America), Type I collagenase (Sigma, America) and CCK-8 (DO-
JINDO, Japan).

Immunohistochemical reagents: Anti-human vimentin anti-
body (Boster, China), Anti-human keratin antibody (Boster, Chi-
na), DAB developing reagent kit (Boster, China) and ready-to-use 

SABC-POD reagent kit (Boster, China).

Main apparatus: Super clean bench (Thermo Formal, America), 
CO2 incubator (Thermo Formal, America) and Inverted phase 
contrast microscope (Nikon, America).

Er:YAG laser (DEKA Smart 2940D) ( Electronic Engineering, It-
aly) providing pulse Er:YAG laser at 2940 nm, 5-20 Hz frequency 
rage, with the lowest energy of  50 mJ/pulse, the largest energy of  
700 mJ/pulse and the largest pulse width of  450 μs. Phone light 
mouth was sapphire glass window, with 1 mm phone output spot, 
light guide articulated arm as optical transmission system and the 
phone equipped with compressed air and sprinkler system. Diode 
laser was the guide laser, with 680 nm wave length.

hPDLF primary culture

Two first premolars removed due to orthodontic treatment in 
maxillofacial surgery clinics in Peking University School of  Stom-
atology were obtained. The removed teeth were put immediately 
into sterile α MEM medium with penicillin and streptomycin, 
stored at 4°C and used on the same day. 1/3 of  periodontium tis-
sues of  in-vitro teeth root were scraped in the Super Clean Bench, 
avoiding scraping root tip or cement-enamel junction tissues. 
Primary culture was performed with the combination of  enzyme 
digestion and tissue block method. When cells grew until they 
occupied 80% of  bottom wall area of  culture dish, passage was 
conducted by 1:3, while culture solution was changed every 2-3 
days. The cells of  the fifth passage were taken for the following 
experiments.

Cell source identification on hPDLF

Aseptic round cover glass was placed into 24-well plate, and 
3×10^3 cells were inoculated into each well. 95% ethyl alcohol 
was used for fixation. According to conventional ABC method, 
staining for vimentin and keratin antibody was conducted. Then, 
cytoplasm staining was observed with the help of  an inverted mi-
croscope after hematoxylin redyeing to ascertain cell source.

Laser irradiation on hPDLF

The fifth generation of  hPDLF cells was taken and placed into 
a centrifuge tube. Laser irradiations were performed after cen-
trifuging. More specific, the control group did not receive laser 
irradiation and was set as group A. According to output energy 
50 mJ, 100 mJ, 150 mJ and 200 mJ, experimental groups were 
took as group B, C, D and E respectively, with 1s radiation time, 
10 Hz frequency and corresponding energy power of  0.5 W, 1W, 
1.5 W and 2 W, respectively. After laser source and the laser han-
dle were placed on the right above centrifuge tube for fixation in 
the center, irradiation was performed in Super Clean Bench, with 
11.5 cm irradiation distance. hPDLF was inoculated into a 96-well 
plate (6×10^4 per/ml, 100μl/well).

Impact on hPDLF proliferation

24 h after inoculating, CCK-8 experiments were conducted on 
Day 1, 3, 5, 7 and 9, respectively. hPDLF was detected and the 
data were recorded.

Statistical analyses
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SPSS 21.0 software was adopted. One-way ANOVA analysis was 
used for the obtained experiment data. P < 0.05 was considered 
as statistically significant.

Results

Identification of  human periodontal ligament fibroblasts

After immunohistochemical staining, the tissues were observed 
under a microscope. The results showed positive staining for 
vimentin (blue karyon and dark cytoplasm) (Figure. 1), negative 
staining for keratin (blue karyon, no positive staining in cytoplasm 
(Figure. 2). Mixed epithelial cells were excluded and no positive 
staining results were seen in the control group. This suggested 
that the cultured cells were mesoblast-derived fibroblasts.

Impacts of  Er:YAG laser irradiation on the proliferation of  
human periodontal ligament fibroblasts

Growth curve obtained after cell counting (Figure.3) was shaped 
as “S”. Cell count peaked on day 7 and then decreased, which 
conformed to cell growth rhythm. As shown in Table 1, after 
Er:YAG laser irradiation, the proliferation of  periodontal liga-
ment fibroblasts was quickened, and the values in experimental 
groups were higher than those in the control group. In cellular 
proliferative stage, group C at 1w, group D at 1.5 w and group E 
at 2 w, there were statistical differences between each experimen-

tal group and the control group (P < 0.05).

Discussion

Effects of  laser on tissues include photothermal effect, photo-
chemical effect, electromagnetic effect, pressure effect, biostimu-
lation effect of  weak laser. For those characteristics, the effects 
of  laser on tissues are different from those of  traditional mobile 
phones or scalpel on tissues. Therefore, laser has a wide prospect 
in clinical practice.

Er:YAG laser, with a wave length of  2940 nm, is able to be ab-
sorbed by water and hydroxyapatite. The moisture in teeth tissues 
and soft tissues could absorb Er:YAG laser to generate micro ex-
plosion for tissue ablation. Meanwhile, the energy is transformed 
into kinetic energy, which cause very little thermal damage, and 
Er:YAG laser penetrates slightly into the tissues. Therefore, it has 
a little effect on the surrounding tissues. Besides, Er:YAG laser 
can play a sterilization and disinfection role, comfort the patients 
and cause slight postoperative reactions. Currently, Er:YAG laser 
has a wide application in removing necrotic tissues, cavity prepa-
ration, pit and fissure sealing, endodontic treatment, periodontal 
treatment, dental trauma, soft tissue surgery, etc [16-23].

In periodontal ligament, hPDLF is the largest in the number and 
the most important in the function. hPDLF belongs to mesenchy-
mal cell, whose principal function is to synthetize new collagen 

Figure 1. Positive vimentin staining blue nucleus, darking staining of  cytoplasm.

Figure 2. Negative keratin staining blue nucleus, no staining of  cytoplasm.

Figure 3. The growth curve of  hPDLF after radiation.
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and degrade old collagen fibers. This is closely related to the peri-
odontal ligament reconstruction and remodeling.
Attention is paid to the impact of  laser on cell activity and pro-
liferation. Low-power laser is able to promote cell metabolism, 
improve gene expression and strengthen the enzyme activity. 
Among them, one function manifests as promoting cell prolifera-
tion. Low-intensity lasers have the ability to promote fibroblasts 
proliferation, mainly reflecting in acceleration of  wound healing 
and regeneration of  transplanted tissues [24].

In this study, the cultured human periodontal ligament fibroblasts 
were irradiated by Er:YAG laser in groups, and the cell growth 
of  experimental groups and the control groups were detected by 
CCK-8 method on Day 1, 3, 5, 7 and 9, respectively. The results 
showed that growth curves in experimental groups were consist-
ent with that in the control group, indicating that the growth cy-
cle of  periodontal ligament cells was not changed after Er:YAG 
laser irradiation. As shown in Table 1, compared with the control 
group, the cell proliferations in experimental groups showed dif-
ferent degrees of  increase. On Day 1, 3, 5 and 7, the higher the 
energy was, the more obvious the differences were, and statistical 
differences existed between the control group and group C, D, E 
(P < 0.05). However, there was no obvious change in cell form 
after irradiation. These suggested that within the setting range of  
the parameter, Er:YAG laser could promote the periodontal liga-
ment fibroblasts proliferation and improve cell activity. The inter-
group comparison showed statistical differences between group 
E and group B with group C on Day 3, 5, 7 and 9, but no statisti-
cal difference between group E and group D. In addition, by com-
paring experimental groups and the control group, we found that 
proliferation effect in group E had the longest during. Therefore, 
we speculated that, within a certain energy range, the higher the 
energy was, the longer the laser effect lasted.

Er:YAG laser has 15000 times the absorption rate of  Nd:YAG 
laser in water [25], while the depth of  tissue penetration is also 
less than that by Nd: YAG laser. With very little energy, the tis-
sues containing much water can be removed, and the thermal side 
effects can be minimized. So, the laser at appropriate parameters 
and lower energy and power would lead to small thermal damage 
to cells and can improve cell activity. It was reported that when 
Nd:YAG laser irradiated onto human periodontal ligament cells, 
even at less than 0.5w, the cell activity was decreased, which was 
associated with thermal damage and deeper penetration of  Nd: 
YAG laser [26]. The photothermal effect of  Er:YAG laser may 
enhance the catalytic activity of  intracellular enzyme, improve cell 
functions and result in lower thermal effects and temperature rise 
without damage to cells.

The molecular mechanism of  laser in promoting cell prolifera-
tion effects has been controversial. One of  the classical theories 

is that the laser energy is absorbed by intracellular chromophore 
and converted into metabolic energy, which is consistent with the 
improvement of  the intracellular ATP levels after laser irradia-
tion [27]. Experiments in vitro confirmed that laser irradiation was 
able to increase the proton electrochemical potential and ATP 
synthesis [28, 29]. APT can not only regulate the DNA, RNA 
and protein synthesis, but also regulate cell oxygen consumption 
and mitochondrial membrane potential [30]. Under the transmis-
sion electron microscopy, the same phenomenon has been also 
observed by Pourzarandian [15]. After laser irradiation, rough en-
doplasmic reticulum, golgi apparatus and mitochondria in cells 
become more prominent. The possible mechanism is that laser 
has the ability to increase the production of  reactive oxygen, alter 
the redox potential of  cells and induce the generation of  redox 
state-regulated transcription factors [31].

In this study, laser irradiation adopted one-time shock dose which 
was consistent with that clinically. Moreover, cells were placed in 
the centrifuge tube and then inoculated into 96-well plate after 
irradiation, which was distinct from the majority of  experiments 
using direct irradiation after placed into 96-well plate or culture 
dishes. This avoided damage to the surface structure of  the 96-
well plate or culture dishes, thus affecting the attachment and pro-
liferation of  periodontal ligament fibroblasts. As it was difficult to 
perform the laser irradiating in super clean bench due to smaller 
well in the 96-well plate, the operation difficulty and error were 
reduced to a certain extent by using this experimental method.

In this experiment, the previous hypothesis that Er:YAG laser 
was available for promoting the proliferation of  human perio-
dontal ligament fibroblasts was confirmed and a certain improve-
ment was made in experimental methods. However, there still are 
some limitations. The oral environment for survival of  human 
periodontal ligament fibroblasts is more complex compared with 
the environment of  culture medium in-vitro in this experiment. 
Therefore, animal experiments are still needed to explore the op-
timal laser parameters before clinical use and to investigate the 
impact of  laser irradiation of  the totally luxated teeth root surface 
or the periodontal ligament cells in teeth socket on success rate of  
replantation of  totally luxated teeth.

Conclusion

The results of  this study have confirmed that Er:YAG laser irra-
diation at appropriate parameters are able to improve the activity 
and accelerate the growth rate of  human periodontal membrane 
fibroblasts. Thus, we speculate that Er:YAG laser irradiation can 
accelerate the proliferation of  the periodontal ligament fibroblasts 
and promote new attachment formation of  periodontal tissues. In 
order to determine whether the success rate of  tooth replantation 
can be improved by Er:YAG laser irradiation, however, animal 

Table 1. Comparison of  proliferation among 5 groups (mean ± standard deviation).

Group Day 1 Day 3 Day 5 Day 7 Day 9
A 0.469±0.014 1.077±0.072 1.205±0.033 1.641±0.045 1.367±0.046
B 0.522±0.024 1.135±0.081 1.292±0.072* 1.657±0.073 1.367±0.078
C 0.600±0.059* 1.167±0.04* 1.292±0.045* 1.685±0.074 1.449±0.016
D 0.654±0.07* 1.143±0.038 1.309±0.048* 1.806±0.064* 1.436±0.057
E 0.594±0.03* 1.245±0.036* 1.321±0.051* 1.769±0.026* 1.492±0.07*

Data: OD(450), *compared with group A, P < 0.05
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experiments and further researches are still needed.
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