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Innovative Potential of Periodontal Ligament Cell  
Sheet Engineering in Functional Implant Therapy

Introduction

Currently, dental implant therapy is considered as one of 
the most important procedures in dentistry. Especially osseo-
integrated implants, which were established by Branemark et 
al. [1], have been used worldwide as a reliable and consistent 
procedure. However, recent surveys revealed that peri-implantitis 
was considered as a major and growing problem in implantology 
[2-4]. They reported that peri-implantitis occurred in 28-56% 
of subjects after 5-10 years of use. As one of the causes of peri-
implantitis, it has been suggested that peri-implant soft tissue may 
have an impaired defense capacity against exogenous irritation 
due to lack of periodontal supra-crestal ligaments [5]. Dental 
researchers are now asked to solve this problem. Giannobile [6] has 
suggested that the presence of a periodontal ligament (PDL) allows 
for a more dynamic role beyond the ankylosed dental implants. 
Implants with periodontal ligament may improve the function of 
ankylosed implants by providing various biological characteristics 
of periodontium, such as durability against bacterial challenge and 
acting as a buffer and sensor of biting force. 

Previous efforts to create a new PDL formation around 
implants

The possibility of new ligament formation around implants 
has been investigated. In 1990, Buser et al. [7] found accidentally  

 
the formation of PDL around titanium implants at 12 months after 
implantation in monkeys. Closing to the retained root, PDL was 
formed around a large portion of the adjacent implant. This initial 
observation suggested the possibility to achieve and anchorage 
of dental implant with periodontal ligament. Subsequently, Choi 
[8] reported that at 3 months after implantation with cultured 
autogenous PDL cells, a layer of cementum-like tissue with inserting 
collagen fibers has been observed on some implant surfaces. In 
addition, various efforts have been performed to form periodontal 
tissues around titanium implants using an orthodontic technique 
[9] or dentin chamber model [10]. A cell culture method around the 
implant utilizing a bio-engineering approach was investigated. In 
2010, Gault et al. [11] demonstrated that a tissue-engineered PDL 
around implants promoted the formation of a biological interface 
between the implant and PDL cells. They used a bioreactor to 
culture the PDL cells on a titanium implant and then transplanted 
them to the osseous defect. They claimed that the regenerated 
tissues were arranged similarly to naturally occurring PDL. This 
report was the first to successfully demonstrate ligament implant 
integration. In 2011, Lin et al. [12] reported that autologous PDL 
progenitor cells formed organized periodontal tissues on titanium 
implants in rats. They used the Matrigel as a scaffold to create a 
closed contact of cells to the titanium surface. They reported that 
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Abstract

Implant therapy is now one of the important dental treatments for reconstruction of oral function. Recently, increasing attention has been paid 
to several complications related to implant treatment, including inflammatory peri-implantitis. To solve these implant complications and restore 
missing functions of dental implants as compared to the natural tooth, several efforts have been performed to construct periodontal tissues around 
the implant, mimicking the anatomical structure of a natural tooth. In this mini review, we will first overview the previously reported studies to form 
periodontal tissues around the dental implant. Secondly, we will demonstrate our recent trial to construct a periodontium-based implant using cell 
sheet engineering. We succeeded in the formation of cementum- and periodontal ligament-like tissue around a titanium implant by transplanting a 
periodontal ligament cell sheet with a surface-modified implant in dogs. Finally, as future directions, some considerations that may be useful to obtain 
more stable periodontal apparatus structures around implants will be discussed, including artificial formation of the cementum on the titanium surface. 
This mini review aims to summarize previous trials and recent progress in the formation of implants with periodontium and to provide further insights 
for innovative implant therapy.
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Matrigel coated implants exhibited periodontal regeneration with 
a thin layer of cementum-like tissue. Oshima et al. [13] reported 
that hydroxyapatite (HA)-coated dental implants enveloped with 
embryonic dental follicle were transplanted into the mandible in 
rats. They found a novel fibrous connection to the implant. Recently, 
Nakajima et al. [14] showed a novel bio-engineering method for a 
functional bio-hybrid implant in mice. HA-coated titanium implants 
were at first implanted into bony holes. Approximately one month 
later, the implants were extracted with the surrounding alveolar 
bone tissue. The bone-attached implants were wrapped with two 
or three pieces of PDL tissue and then transplanted again into 
bony holes of the mice. They concluded that the functional bio-
hybrid implant had potential for clinical use. Reliable procedures 
for obtaining close and stable interfaces between the implant and 
PDL cells or tissues have been explored, but practical periodontal 
attachments on the implant surface, which can be applied in clinical 
settings, have not been established.

Cell sheet engineering 

Okano et al. developed a novel innovative tissue culture dish 
using surface-grafted temperature-responsive polymers. The 
polymer-grafted surface can control cell adhesion through changes 
in culture temperature [15]. Cultured cells are harvested from the 
dishes as a sheet accompanied with intact extracellular matrix 
without any disturbance to the cells [16]. They named this unique 
cell sheet formation technique as “cell sheet engineering”. Since 
then, cell sheet engineering has been applied to a wide variety of 
regenerative therapies in humans, such as cartilage, esophagus, 

lung, heart, eye, and periodontal tissues [17-22]. All of these studies 
demonstrated that cell sheet engineering is a powerful tool for cell 
transplantation, and now the temperature-responsive culture dish 
is one of the most widely used methods for cell transplantation in 
regenerative studies. 

In vivo periodontium formation around titanium 
implants using cell sheet engineering

Recently, we successfully produced cementum and PDL on 
the implant surface using cell sheet engineering in canines [23]. 
We used PDL-derived cells as the cell source and produced a PDL-
derived cell sheet by culturing with osteo-inductive medium on the 
temperature-responsive culture dishes. As an implant material, we 
used the titanium implant, which was treated with an acid etching, 
blasting and a calcium phosphate (CaP) coating to strengthen cell 
attachment. The implants with enrolled canine PDL-derived cell 
sheets were transplanted to the canine mandibular bone. After 
an 11-week transplantation, histological observation showed 
cementum-like tissue and PDL-like tissue formation on the implant 
surface. The PDL-like fibrous tissue was perpendicularly oriented 
to the implant surface, which was similar to native PDL (Figure 1). 
Titanium implants were transplanted with PDL cell sheet in bone 
defects. Histological images of peri-implant tissues 11 month after 
implantation. The magnified image of boxed area in A is shown 
in B. Note that periodontal tissue with cementoid-like tissue was 
found on the titanium implant surface and PDL space, which was 
filled with PDL-like collagen fibers and blood vessels, between the 
implant and newly formed bone.

Figure 1: Formation of periodontal tissues around implant.

Ti: Titanium Implant; P: PDL-Like Tissue; CO: Cementoid-Like Tissue; BV: Blood Vessels; NB: New Bone. Figure 6A and B from Washio K 
et al. [23]. “In vivo periodontium formation around titanium implants using periodontal ligament cell sheet.” Tissue Engineering Part A 24: 
1273-1282 2018 with permission of Mary Ann Liebert, Inc., New Rochell, NY, USA. 
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The reasons we obtained favorable results are as follows. 
First, we used cell sheet engineering, which allowed us to harvest 
PDL-derived cell sheets with the extracellular matrix including 
type I collagen, integrin beta I, and fibronectin [24]. Second, 
immobilization of the PDL-derived cell sheet on the modified surface 
of the titanium implant was effectively performed. We could confirm 
that the CaP-coated titanium implant accelerates cell adhesion 
to the titanium surface. The effect of CaP coating on titanium for 
periodontal formation was supported by a previous report [25]. 
Our in vivo study suggested that the cell sheet engineering and 
surface modifications to strengthen cell attachment of the implant 
were useful for the construction of an implant with periodontium, 
although improvements are still necessary in these procedures. 

Cementum formation on implant as a future direction

As mentioned, a fully functional implant with ample 
periodontal tissues that can replace conventional dental implants 
has yet to be achieved. Cementum formation on an implant is 
necessary to achieve an implant with periodontium, because the 
cementum with the insertion of collagen bundles of PDL (also 
called “Sharpey’s fiber”) is the essential attachment structure of 
periodontium. However, it seems to be a challenging task to induce 
cementogenesis on the titanium surface artificially, because the 
differentiation mechanisms of cementoblasts, cementum forming 
cells, are unknown. 

Many studies about cementoblast differentiation have 
been reported both in vitro and in vivo. Komaki et al. [26] have 
demonstrated that expression of CEMP-1, putative cementoblast 
marker, was diminished by osteoblastic differentiation 
induction (combination of ascorbic acid/ dexamethasone/ beta-
glycerophosphate. Gauthier et al. [27] also demonstrated the 
same results and found enhancement of CEMP-1 by ascorbic acid 
treatment in PDL cells. These results suggested that the induction 
of osteoblast differentiation decreases the cementoblast marker 
expression and it is increased by the stimulation of ascorbic acid 
alone.

Additionally, in vivo experiments have been performed using 
genetically modified mouse models. Wnt is one of the signaling 
molecules thought to be involved in cementogenesis. Lim et 
al. [28] have found thin cementum, reduced bone mineral, and 
wide periodontal space, in mice with Wnt deletion specifically 
in osteoblasts and odontoblasts. In mice with stabilized Wnt 
signaling in osteoblasts and cementoblasts using the osteocalcin 
promoter, Kim et al. [29] demonstrated an increase in cementoblast 
differentiation and thickness of the cementum. Moreover, it 
has also been reported that cells from Hertwig’s epithelial root 
sheath and epithelial cell rests of Malassez, important regulator 
of cementogenesis and homeostasis, produced Wnt3a [30]. These 
data suggested the positive regulation of Wnt on cementogenesis 
and it is conceivable that Wnt signaling molecules, as well as 
ascorbic acid, could be an inducer of cementogenesis. To construct 
functional implants with periodontium, this cementum inducing 
molecules and signaling may be useful. 

Future clinical application and conclusion

As described in the section “Cell sheet engineering,” cell sheet 
engineering is now safely applied to regenerative treatments in 
various fields. Furthermore, the efficacy and safety of the use of 
autologous cells and cell sheet engineering have been evaluated 
in two separate clinical studies for periodontal regeneration 
[22,31,32]. These studies strongly suggested the wide range of 
applicability of cell sheet engineering in periodontal regenerative 
treatment.

Furthermore, regenerative therapy using autologous cells is a 
safer method for clinical application in terms of immune rejection 
compared with the use of allogenic cells and artificial materials. 
However, there are still matters to be solved, such as contamination 
during the culture process. In Japan, government regulates cell 
therapy in order to ensure the safety and efficacy of treatments 
[33]. This mini review outlined the novel dental implant that can 
avoid some complications of conventional osteointegrated implants 
by utilizing the surrounding periodontal tissues, mimicking the 
natural structure of the tooth. Using cell sheet engineering, we 
provided a novel tissue engineering method for periodontal 
formation around implant. Although many unanswered questions 
remain in the methodology, this new concept can initiate fully or 
partially functional implant therapy. With further improvements in 
the procedures, it may be possible to establish a reliable implant 
system that more closely resembles the natural tooth in structure 
and function in the future.
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