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Abstract : BACKGROUND: In prosthodontics, the replacement of teeth becomes difficult in case of large bony defects as a 

result of severe bone resorption, periodontal disease or trauma. Therefore, stem cell and tissue engineering therapies are 

expected to provide a new dimension to regenerate defects. This dimension has even extended to regeneration of salivary 

glands, tongue, craniofacial muscles and TMJ cartilage. 

SUMMARY: Stem cells considerations for dental application include adult mesenchymal cells and pluripotent stem cells. 

However, teeth and salivary glands which are epithelial-mesenchymal interaction products are difficult to derive from 

mesenchymal stem cells(MSCs) hence  embryonal cells(ES) have been introduced which had the capability of organogenesis. 

Induced pluripotent stem cell(iPS) were later introduced that even had the capability to suppress the immune reaction. In 

Prosthodontics, stem cells in the form of bone grafts are being used widely to augment bone for implant placement. However 

with newer technology, and use of dental follicle stem cells, growth of the tooth is also possible which would help in oral 

rehabilitation. Literature also supports regenerative potential of stem cells for other hard andsoft tissues in oral cavity like 

tongue, condyle, salivary glands etc. There are concerns of biosafety for human trials but once unleashed, a new era of oral 

rehabilitation will be on its way.   

CONCLUSION: Current active research is focused on tissue engineering and chair side cellular grafting approaches. With 

the increasing advances and successful animal studies, stem cell regeneration can prove to be a new era in the field of 

prosthodontics and oral rehabilitation. 
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INTRODUCTION 

  In prosthodontics, the replacement of lost structures  becomes difficult in case of large bony defects as a result of severe 

bone resorption, periodontal disease or trauma. Therefore, stem cell and tissue engineering therapies provide a new dimension to 

regenerate defects. This dimension has even extended to regeneration of salivary glands, tongue, craniofacial muscles and TMJ 

cartilage. Stem cells involved in oral tissue regenration for dental application include adult mesenchymal cells and pluripotent stem 

cells. However, teeth and salivary glands which are epithelial-mesenchymal interaction products are difficult to derive from 

Mesenchymal stem cells(MSCs) .Introduction of embryonal cells(ES) has improved the capability of organogenesis. Induced 

pluripotent stem cell(iPS) were later introduced that even had the capability to suppress the immune reaction.[1,2]  

In Prosthodontics, stem cells in the form of bone grafts are being used widely to augment bone for implant placement. With 

newer technology, and use of dental follicle stem cells, growth of the tooth is also possible which would help in oral rehabilitation. 

Patients with condylar osteochondral defect can also be rehabilitated with the help of stem cells as has been successfully done in 

animal study. Also for patients who have undergone hemiglossectomy, tongue regeneration is now possible hence improving the 

overall quality of life. There are concerns of biosafety for human trials but once unleashed, a new era of oral rehabilitation will be 

on its way.  [3,4] 

 

Regenerative techniques applications in dentistry 

Regenerative techniques has already been applied in the periodontics and implantology  along with oral and maxillofacial 

reconstruction in cases of cancer and trauma.. Originally, regenerative periodontal/bone therapy was based on scaffold usage.   

According to the first generation of regenerative approach, osteoconductive materials such as bone graft were utlilised as scaffold 

for cells to migrate into the periodontal tissue to regenerate at an acceptable healing rate. In the second generation, osteoinductive 

materials were used such as growth factors- TGF alpha, IGF etc to stimulate periodontal tissue growth at a faster pace. Therapies 

including these non-viable materials have already been widely used in dentistry as they have easy surgical application. Third 

generation regeneration treatment has only included MSCs/bone therapy in clinical research institutes such as universities or 

hospitals. Fourth generation technology includes cell sheets construction and has only reached the clinical trial stage. Fifth 

generation techniques are anticipated to utilise oral tissue derived iPS cells and genetically modified cells to create a nature identical 

tissues/organs such as bioengineered periodontal tissue /teeth.[5-10] (fig. 1) 
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Figure 1 

Combined approach of including scaffolds, growth factors and stem cells are likely to enhance the efficacy of regenerative therapies 

as compared to traditional tissue engineering concept.[11] 

The degree of clinical acceptance may widely vary between the material based approaches (first and second generation) and stem 

cell based approaches(third and fourth). So, the regenerative dental treatments can be divided into groups based on utilisation of 

stem cells. The two commonly used techniques are scaffold based and tissue based regeneration. This paper gives an overview, of 

successful researches conducted on animal model for the regeneration of mandible, tooth, salivary gland and tongue. 

Tooth/root regeneration 

The definitive goal of regeneration of tooth is to develop a fully functional bioengineered teeth to replace lost teeth. Regeneration 

of an entire tooth will be the highest achievement in the  field of dentistry. Many invivo studies to form dental tooth structure have 

been done on mice, rats and swine models.   Sonayama[12]  demonstrated that a root/PDL complex can be constructed using 

periodontal stem cells(PDSCL), stem cell from apical papilla(SCAP) and a Hydroxyapatite Tricalcium phosphate(HA/TCP) 

scaffold. In the pig model, it could support an artificial crown and provide normal tooth function. Cell sheet formation technologies 

using dental follicle cells(DFCs) along with dentin matrix based scaffold have been successfully used for root reformation.[16] 

These novel techniques provide an opportunity to regenerate tooth root and its associated structures such as periodontium for 

treatment of damaged and lost teeth.[12-15] 

Ikeda et al (2009) showed the replacement of a fully functional tooth in a mouse using transplantation of bioengineered tooth 

germ made from epithelial and mesenchymal stem cells in collagen gel in alveolar bone.[17] This bioengineered tooth came into 

occlusion after eruption having the correct structure and hardness of mineralised tissues. It was capable of mastication and responded 

to noxious stimuli such as compressive stresses and pain in cooperation with surrounding associated maxillofacial structures. 

Oshima et al(2011)  demonstrated the invivo reconstruction of bioengineered tooth using the same source of cells in a  murine 

model (Fig. 2). [18] 

 

 

          

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 

  

The bioengineered unit not only comprised of a mature tooth along with periodontal ligament but also alveolar bone formed 

around it. When the unit was transplanted in a vertical alveolar bone defect in a mouse model, the regeneration of the tooth along 

with vertical bone regeneration occurred. The results of this study hold significant value not only for the transplantation of a 
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bioengineered tooth but as well as the whole regenerative therapy as in cases with clinical tooth loss accompanied with bone 

defects.[18]  

The major challenge faced by this clinical application of tooth regeneration approach is the identification of a proper source of 

autologous stem cell in humans.[19] In this context, immunologically modified pluripotent cells may be considered as an ideal stem 

cell source as they can be differentiated into dental epithelial and mesenchymal cells and can be prepared from the same patient.  

Oshima(2014) made a biohybrid implant using dental follicle stem cells inducing vertical bone regeneration in a mouse for a 

three walled bony defect.[20,21] Also Oshima(2011) successfully demonstrated a bioengineered unit integrating into s recipient 

bone which lead to remodeling of extensive bone defect. The recipient alveolar bone’s vertical dimension helped to maintain the 

height of periodontal ligament.[18] (Fig. 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 

Mandible condyle regeneration 

Injury to the TMJ disc or condyle (condylar osteochondral defect) due to trauma or arthritis can cause chronic pain and altered 

masticatory function for patients. Improved Quality of Life(QOL) can be attained by the new tissue regenerative strategy on the 

defect in patients. Yu(2011) conducted an  experiment on a goat model. The combined use of cartilage tissue and cartilage derived 

progenitor cells was carried out in a hydrogel and then distraction osteogenesis was performed .The condylar osteochondral defect 

was successfully reconstructed.[22] In addition, a human shaped mandibular condyle was engineered from chondrogenically and 

osteogenically induce rat Bone marrow Mesenchymal Stem cell (BMSCs) encapsulated in a polymer which is biocompatible.[23,24] 

Regeneration of rabbit mandibular condyle was possible with enhancement using low intensity ultrasound pulse to stimulate BMSCs 

to differentiate into chondrogenic and osteogenic cells.[25] In diseases such as rheumatic arthritis, these researches provide a solid 

base for the concept of stem cell based tissue engineering to regenerate degenerated articular condyles. [26,27] 

 Salivary gland regeneration 
 In head and neck oncology  and surgery, often due to unavoidable radiotherapy, salivary glands are functionally impaired and lead 

to xerostomia. Regeneration of salivary glands by stem cell transplantation is an important research. There are two approaches- One 

is to use tissue engineering technologies to develop artificial salivary glands and the other is to apply  stem cells to the impaired 

salivary gland.[28-30]Kojma et al(2011) conducted a study in a murine model, where adipose derived Mesenchymal stem 

cells(adMSCs) were transplanted into radiated submandibular glands to restore the salivary function.[31] Sumita et al 

(2011)demonstrated the repair of function of irradiated glands also took place due to transplantation of BMSCs in mouse tail 

vein.[32] 

Lombaert et al(2008) and Nanduri et al (2011) transplanted  primitive salivary gland stem cells  isolated from mice model into the 

gland leading to successful repair of  the function of irradiated salivary glands .[33,34] These research findings  suggest that stem 

cell transplantation may be used to functionally repair damaged salivary glands. The mechanism of regeneration needs to be 

specified in these studies as it is  because of repair of damaged host cells through replacement or by active turn over of the host 

cells. (Fig.  4) 
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                                                        Figure 4 

 Tongue regeneration 

 The role of tongue in speech, deglutition and airway protection is well known. The loss of tongue structure either due to trauma or 

surgical resection can significantly affect the Quality of Life .(QOL) One of the greatest challenge in dentistry is the reconstruction 

of tongue due to presence of skeletal muscle fibres, taste buds in mucosa and nervous tissues as well. Luxameechanporn(2006) and 

Brunaprasert (2003) demonstrated cell based reconstruction of tongue structure in a murine model where myoblast progenitor cells 

are carried into collagen gel and transplanted into hemiglossectomised tongue, to regenerate muscle .[35,36]  Egusa et al. proved in 

his study that applying cyclic strain to Bone Marrow Stem cells  greatly increased the rate of  in vitro skeletal myogenesis to achieve 

aligned myotube structures, thus showing that alignment of the cells is very important for creating physiologically related 

environments to harbour skeletal muscle. The recent development in stem cell biology as well as tissue engineering techniques may 

allow the reconstruction of a completed damaged and resected tongue within the normal functioning physiologically. [37] 

CONCLUSION 

The definitive goal of prosthodontic treatment should be the complete replacement of missing  structures by a fully functional 

regenerated tissues. The future of stem cell research is of value to prosthodontics as it can bud into another specialty of regenerative 

prosthodontics. With the advancement in technology and successful researches, it might be possible in the future to replace a missing 

tooth/tissue with a complete physiologic analogue. Either a bioengineered tooth which is regenerated from stem cell or biohybrid 

implants which have integration with bone with true PDL fibers could be the future of replacement of tooth.As well as, complete 

replacement of tissues/organs like mandibular condyle, salivary gland etc will open a new door in our field of prosthodontics. 

REFERENCES 

1. Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined 

factors. Cell 2006;126:663–76. 

2. Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K, et al. Induction of pluripotent stem cells from adult 

human fibroblasts by defined factors. Cell 2007;131:861–72. 

3. Egusa H et al. Stem cells in dentistry part I:Stem cell sources. Journal of Prosthodontic Research.2012;56: 151–165 

4. Egusa H et al. Stem cells in dentistry Part II: clinical application. Journal of Prosthodontic Research.2012;56:229-248 

5. Iwasaki A, Matsumoto T, Tazaki G, Tsuruta H, Egusa H, Miyajima H, et al. Mass fabrication of small cell spheroids by using 

micro-patterned tissue culture plate. Adv Eng Mater 2009;11:801–4 

6. Sasaki J, Asoh TA, Matsumoto T, Egusa H, Sohmura T, Alsberg E, et al. Fabrication of three-dimensional cell constructs using 

temperature-responsive hydrogel. Tissue Eng Part A 2010;16:2497–504 

7. Sasaki JI, Matsumoto T, Egusa H, Nakano T, Ishimoto T, Sohmura T, et al. In vitro engineering of transitional tissue by 

patterning and functional control of cells in fibrin gel. Soft Matter 2010;6:1662–7 

http://www.ijsdr.org/


ISSN: 2455-2631   October 2022 IJSDR | Volume 7 Issue 10 

IJSDR2210060 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  343 

 

8. Egusa H, Okita K, Kayashima H, Yu G, Fukuyasu S, Saeki M, et al. Gingival fibroblasts as a promising source of induced 

pluripotent stem cells. PLoS One 2010;5:e12743 

9. Tamaoki N, Takahashi K, Tanaka T, Ichisaka T, Aoki H, Takeda- Kawaguchi T, et al. Dental pulp cells for induced pluripotent 

stem cell banking. J Dent Res 2010;89:773–8 

10. Yan X, Qin H, Qu C, Tuan RS, Shi S, Huang GT. iPS cells reprogrammed from mesenchymal-like stem/progenitor cells of 

dental tissue origin. Stem Cells Dev 2010;19:469–80 

11. Langer R, Vacanti JP. Tissue engineering. Science 1993;260:920–6 

12. Sonoyama W, Liu Y, Fang D, Yamaza T, Seo BM, Zhang C, et al. Mesenchymal stem cell-mediated functional tooth 

regeneration in swine. PLoS One 2006;1:e79 

13. Ohazama A, Modino SA, Miletich I, Sharpe PT. Stem-cell-based tissue engineering of murine teeth. J Dent Res 2004;83:518–

22 

14. Ikeda E, Morita R, Nakao K, Ishida K, Nakamura T, Takano-Yamamoto T, et al. Fully functional bioengineered tooth 

replacement as an organ replacement therapy. Proc Natl Acad Sci U S A 2009;106:13475–80 

15. Oshima M, Mizuno M, Imamura A, Ogawa M, Yasukawa M, Yamazaki H, et al. Functional tooth regeneration using a 

bioengineered tooth unit as a mature organ replacement regenerative therapy. PLoS One 2011;6:e21531 

16. Yang B, Chen G, Li J, Zou Q, Xie D, Chen Y, et al. Tooth root regeneration using dental follicle cell sheets in combination 

with a dentin matrix-based scaffold. Biomaterials 2012;33:2449–61 

17. Ikeda E, Morita R, Nakao K, Ishida K, Nakamura T, Takano-Yamamoto T, et al. Fully functional bioengineered tooth 

replacement as an organ replacement therapy. Proc Natl Acad Sci U S A 2009;106:13475–80 

18. Oshima M, Mizuno M, Imamura A, Ogawa M, Yasukawa M, Yamazaki H, et al. Functional tooth regeneration using a 

bioengineered tooth unit as a mature organ replacement regenerative therapy. PLoS One 2011;6:e21531Tsuji T.Organ 

Regeneration Based on Developmental biology.Springer.2017 

19. Tsuji T.Organ Regeneration Based on Developmental biology.Springer.2017 

20. K. Niibe, et al., Challenges for stem cell-based “regenerative prosthodontics”, J Prosthodont Res .2016:1-3 

21. Oshima M, Inoue K, Nakajima K, Tachikawa T, Yamazaki H, Isobe T, et al. Functional tooth restoration by next-generation 

bio-hybrid implant as a bio-hybrid artificial organ replacement therapy. Sci Rep 2014;4:6044 

22. Yu H, Yang X, Cheng J, Wang X, Shen SG. Distraction osteogenesis combined with tissue-engineered cartilage in the 

reconstruction of condylar osteochondral defect. J Oral Maxillofac Surg 2011;69:558–64 

23. Alhadlaq A, Elisseeff JH, Hong L, Williams CG, Caplan AI, Sharma B, et al. Adult stem cell driven genesis of human-shaped 

articular condyle. Ann Biomed Eng 2004;32:911–23 

24. Alhadlaq A, Mao JJ. Tissue-engineered neogenesis of human-shaped mandibular condyle from rat mesenchymal stem cells. J 

Dent Res 2003;82:951–6 

25. El-Bialy T, Uludag H, Jomha N, Badylak SF. In vivo ultrasound-assisted tissue-engineered mandibular condyle: a pilot study 

in rabbits. Tissue Eng Part C Methods 2010;16:1315–23 

26. Gomez M,Wittig O, Diaz Solano D,Cardier JE.Mesenchymal Stromal Cell Transplantation Induces Regeneration of Large and 

Full-Thickness Cartilage Defect of the Temporomandibular Joint.Cartilage.00(0).2020:1-8.194760352092671(sagejournals) 

27. Tarafder et al. Micro-precise spatiotemporal delivery system embedded in 3D printing for complex tissue 

regeneration.Biofabrication 8(2016)025003(IOP publishing) 

28. Joraku A, Sullivan CA, Yoo JJ, Atala A. Tissue engineering of functional salivary gland tissue. Laryngoscope 2005;115:244–

8 

29. Tran SD, Wang J, Bandyopadhyay BC, Redman RS, Dutra A, Pak E, et al. Primary culture of polarized human salivary 

epithelial cells for using in developing an artificial salivary gland. Tissue Eng 2005;11:172–81 

30. Miyajima H, Matsumoto T, Sakai T, Yamaguchi S, An SH, Abe M, et al. Hydrogel-based biomimetic environment for in vitro 

modulation of branching morphogenesis. Biomaterials 2011;32:6754–63 

31. Kojima T, Kanemaru S, Hirano S, Tateya I, Ohno S, Nakamura T, et al. Regeneration of radiation damaged salivary glands 

with adipose-derived stromal cells. Laryngoscope 2011;121:1864–9 

32. Sumita Y, Liu Y, Khalili S, Maria OM, Xia D, Key S, et al. Bone marrowderived cells rescue salivary gland function in mice 

with head and neck irradiation. Int J Biochem Cell Biol 2011;43:80–7 

33. Lombaert IM, Brunsting JF, Wierenga PK, Faber H, Stokman MA, Kok T, et al. Rescue of salivary gland function after stem 

cell transplantation in irradiated glands. PLoS One 2008;3:e2063 

34. Nanduri LS, Maimets M, Pringle SA, van der Zwaag M, van Os RP, Coppes RP. Regeneration of irradiated salivary glands 

with stem cell marker expressing cells. Radiother Oncol 2011;99:367–72 

35. Luxameechanporn T, Hadlock T, Shyu J, Cowan D, Faquin W, Varvares M. Successful myoblast transplantation in rat tongue 

reconstruction. Head Neck 2006;28:517–24 

36. Bunaprasert T, Hadlock T, Marler J, Kobler J, Cowan D, Faquin W, et al. Tissue engineered muscle implantation for tongue 

reconstruction: a preliminary report. Laryngoscope 2003;113:1792–7 

37. Egusa H, Kobayashi M, Matsumoto T, Sasaki JI, Uraguchi S, Yatani H. Application of cyclic strain for accelerated skeletal 

myogenic differentiation of mouse bone marrow-derived mesenchymal stromal cells with cell alignment. Tissue Eng Part A, 

http://dx.doi.org/10.1089/ten. tea.2012.0164, in press 

38. Okawa H, Kayashima H, Sasaki J, Miura J, Kamano Y, Kosaka Y, et al. Scaffold-free fabrication of osteoinductive cellular 

constructs using mouse gingiva-derived induced pluripotent stem cells. Stem Cells Int 2016;2016:6240794 

Figure captions 

http://www.ijsdr.org/
http://dx.doi.org/10.1089/ten


ISSN: 2455-2631   October 2022 IJSDR | Volume 7 Issue 10 

IJSDR2210060 www.ijsdr.orgInternational Journal of Scientific Development and Research (IJSDR)  343 

 

Figure 1: Progress in tissue regenerative technologies. Technologies from 1st to 4th generation have already reached the 

clinics. (Adapted from Egusa H et al. Stem cells in dentistry Part II: clinical application. Journal of Prosthodontic 

Research.2012;56:229-248) 

Figure 2: Schematic representation of the current regenerative processes for mature  

tooth/organ replacement. (Adapted from Oshima M, Mizuno M, Imamura A, Ogawa M, Yasukawa M, Yamazaki H, et al. 

Functional tooth regeneration using a bioengineered tooth unit as a mature organ replacement regenerative therapy. PLoS One 

2011;6:e21531) 

Figure 3: Future prosthodontic treatment for tooth and bone loss as expected. Bio hybrid implants and bioengineered teeth 

are good alternatives to osseointegrated implants. The possible sources of stem cells are BMSCs and iPSCs.( Adapted from 

K. Niibe, et al., Challenges for stem cell-based “regenerative prosthodontics”, J Prosthodont Res .2016:1-3) 

Figure 4: Regeneration of salivary gland organ by using hSMGSCs(human Submandibular gland stem cell) transplanted 

into mice subrenal capsule. HE staining in lower right image.( Adapted from Sui Y et al. Generation of functional salivary gland 

tissue from human submandibular gland stem/progenitor cells.Stem cell research and therapy.2020;11(27):1-13) 
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