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In the era of  Regenerative Medicine, where are we from regen-
erating teeth? Patients-especially the partially or completely eden-
tulous-are curiously taken by all hopes and hypes; while dentists, 
mostly the established private practitioners, with excitement in 
the background, are taken by worries from losing their practice. 
Tooth regeneration: How soon? Where are we? And what are we 
still missing? 

Since coined in the 1990s [1], the paradigm of  engineering [back] 
our body tissues has attracted many scientists and researchers. 
Together with the advances in genetics and the mapping of  the 
human genome [2], Tissue Engineering became the highlight of  
a new era in medicine where our lost or diseased body parts are 
hoped to be replaced by genuinely natural parts regarded as “self ” 
by the body with no synthetic material involved and without rejec-
tion. 

For two decades now, it has been a pretty steep learning curve. In 
the attempt to recapitulating or mimicking the natural process of  
healing, research came across to understand stem cells [3], their 
niches, locations, division and proliferation, migration, differen-
tiation and apoptosis; extracellular matrices [4], their biological 
and mechanical signaling cues; together with the flourishing of  
the science of  biomaterials that help scaffold the new tissue con-
structs [5]. Depending on our current understanding about the 
physiology and turnover dynamics of  a certain tissue or organ 
- inversely proportional to its complexity - its regeneration would 
be by the corner if  it has not made it already to the clinic. For 
instance, skin regeneration is currently into practice for treatment 
from burns [6]; and islets of  Langerhans regeneration is offered 
for treatment of  type I diabetes [7]. To a lesser extent, and still 

under research attempts, more complex tissues such as muscle [8]
or bones [9] are still paving their way to clinical application. 

As a combination of  several biologically and mechanically distinct 
tissues, the extremely complex organ of  a tooth is far yet - knowl-
edge wise rather than time wise - near the actual clinical applica-
tion of  offering to a patient a regrown tooth into an edentulous 
space. So far, with their own hopes and challenges, two strategies 
have been attempted for tooth regeneration: the regeneration of  
individual tissues and the recapitulation of  tooth development 
[10, 11]. 

The regeneration of  individual tooth tissues implies studying and 
applying the healing mechanism of  a certain tooth tissue. For 
cementum, cementogenesis is being studied and the attempts 
to cover the root dentin by neo-cementum are promising [12]. 
The periodontal ligament (PDL) is being studied for its harbor-
ing of  mesenchymal stem cells that can regenerate the PDL [13], 
cementum and bone. The dental pulp and dentin are regarded as 
one complex tissue or organ (like bone and marrow), and sev-
eral strategies are currently attempting to “obturate” back a ma-
nipulated or debrided pulp spaces with newly vascularized and 
innervated pulp tissue [14, 15]. Obviously, the hardest challenge is 
regenerating the hardest and most precious tissue we have in our 
body: enamel. Having lost its secreting cells (ameloblasts) upon 
formation (amelogenesis), our tooth enamel is condemned to be 
non-vital and non-regenerating tissue. Regeneration of  enamel-
like tissue, mainly chemically, has been attempted [16]; while some 
less repeatable literature have claimed success the differentiation 
of  mesenchymal cells into ameloblasts to lay down enamel [17].
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To regenerate a whole tissue, the challenges facing the strategy 
of  individual tissue regeneration is the interfaces between the dif-
ferent tissues [9], i.e. the dentinoenamel, cementodentinal junc-
tions, the PDL (hard-soft-hard interface with bridging Sharpey’s 
fibers) and the junctional epithelium. During tooth development 
these interfaces between two or more tissues, biologically and 
mechanically distinct, come into existence as the tooth is devel-
oping occluso-apically, maturing and erupting; rather than fully 
developed tissues getting “glued” together into an interface. The 
process of  tooth development and the development of  its com-
plex interfaces can be compared to the bottom-up 3D printing or 
construction of  a building, where at each layer all the construc-
tion components (bricks, plumbing, electric, etc…) are laid down 
for each floor level rather that concluding the brick skeleton and 
then creating holes for plumbing and electric wiring. Similarly, and 
obviously, “sticking” together two regenerated tissues is far from 
recreating their original wondrous interface. 

The other strategy of  recapitulating tooth development is about 
mimicking its epithelial-mesenchymal interaction, i.e. starting the 
tooth complex as a seed (tooth bud) into the jaw bones to mature 
and erupt as an individual functional tooth. Despite the actual 
process intricacy dwarfing our understanding, the strategy works 
and is promising on the animal research level [18]; however, for 
clinical application, is still hurdled by the following three chal-
lenges: the mechanical factor, the bacteria-laden oral cavity and, 
most important of  all, the crown morphology. 

Among all the tissue in the body, the mineralized tissues - bones 
and particularly teeth are directly affected by the mechanical load. 
Bone resorbs with lack of  loading forces (like in microgravity ex-
periments) while proper use under physiologic load stimulates its 
turnover [19]. Alveolar bone in particular, together with the perio-
dontium, resorbs with the lack of  biting forces after tooth extrac-
tion. Since occlusal forces are an integrated part of  the tooth and 
the craniofacial development in general, it is not yet completely 
understood how the occlusal load perceived by a developing tooth 
bud through an adult jaw bone will affect its development. 

The second challenge facing the whole tooth development strat-
egy is about the oral environment being a physiologic home for 
bacteria. It is experimented and is of  global consensus that a ster-
ile microenvironment during any body manipulation or surgery, is 
a prerequisite for the success of  the procedure. Operating against 
a bacteria-laden environment such as in the oral cavity, especially 
with floras different from research animals and different among 
individuals [20], is of  a particular challenge for research standardi-
zation especially when tissue regeneration comes into play. 

The third and most interesting hurdle facing tooth bud implanta-
tion is directing the development toward a certain crown mor-
phology [18]: a molar versus an incisor for instance. We have 
already made tremendous strides in understanding tooth mor-
phogenesis genetic signaling [21]. For instance to name a few, 
at the late bud stage homeobox genes at the enamel knots are 
strategically expressed along the epithelium, designing the sulcal 
and cuspal patterns of  the crown [22]; OSR2 gene determines 
the buccolingual distribution of  mammalian teeth in a single row 
across the jaw [23]; and some regulatory homeobox genes depress 
RUNX to keep the PDL part of  the periodontium non mineral-
ized while still surrounded by mineralized cementum and bone 
[24]. Yet, we are still to understand what makes a crown develop 

as molar versus as incisor; how different are the genetic signaling 
in the anterior versus the posterior parts of  the jaw bone; and, 
while implanting a tooth bud into an adult jaw bone, what would 
be the changes in signaling compared to the ones occurring within 
embryonic jaw bone during development. As 21st century dentists, 
researchers and patients, we wait in excitement and awe for how 
the answers of  these questions will unfold. 

In this editorial, I have jotted down, and hopefully clarified, the 
current status of  the field. Seeking beyond conveying informa-
tion or knowledge, and as a dentist researcher who knows how 
hard it is to regenerate a tooth, I would like to bring to the read-
ers, dentists and patients, a single take-home plea: appreciate the 
priceless natural tooth structure. Please don’t take lightly grabbing 
your monster high speed handpiece to shave down the hardest 
and most precious sound enamel tissue, supposed to stay as long 
as we live [25]. Acknowledging that the best replacement of  a lost 
tooth structure is a tooth structure, please make sure the patients 
leaves your chair with better, and more durable, tooth structure 
than what they came with. To date, no artificial material can per-
form as well as and genuinely replace a sound tooth structure. 
Please understand and explain to your patient that a tooth is never 
the same after root canal therapy (RCT). Lingering around but 
dead (a zombie?!), an RCTed tooth, has statistically short “exist-
ing” span than a live one [26] even with - or sometimes because 
of  post RCT full coverage. And finally, unless of  absolute neces-
sity for the patient’s health, please scrap off  extraction from your 
treatment planning options.

And by the way, dentists, don’t freak out from losing your busi-
ness: you will be the ones implanting the “3rd generation” teeth…
eventually. 

References

[1]. Langer R, Vacanti JP. Tissue engineering. Science. 1993 May 
14;260(5110):920-6. PubMed PMID: 8493529. 

[2]. Collins FS. Genome research: the next generation. Cold Spring Harb Symp 
Quant Biol. 2003 Jan 1;68:49-54. 

[3]. Sharpe PT. Dental mesenchymal stem cells. Development. 2016 Jul 
1;143(13):2273-80. doi: 10.1242/dev.134189. PubMed PMID: 27381225.

[4]. Swinehart IT, Badylak SF. Extracellular matrix bioscaffolds in tissue remode-
ling and morphogenesis. Dev Dyn. 2016 Mar;245(3):351-60. doi: 10.1002/
dvdy.24379. PubMed PMID: 26699796. 

[5]. De Witte TM, Fratila-Apachitei LE, Zadpoor AA, Peppas NA. Bone tissue 
engineering via growth factor delivery: from scaffolds to complex matrices. 
Regen Biomater. 2018 Aug;5(4):197-211. doi: 10.1093/rb/rby013. PubMed 
PMID: 30094059. 

[6]. Esteban-Vives R, Corcos A, Choi MS, Young MT, Over P, Ziembicki J, 
et al. Cell-spray auto-grafting technology for deep partial-thickness burns: 
Problems and solutions during clinical implementation. Burns. 2018 
May;44(3):549-559. doi: 10.1016/j.burns.2017.10.008. PubMed PMID: 
29183637. 

[7]. Sordi V, Pellegrini S, Krampera M, Marchetti P, Pessina A, Ciardelli G, et al. 
Stem cells to restore insulin production and cure diabetes. Nutr Metab Car-
diovasc Dis. 2017 Jul;27(7):583-600. doi: 10.1016/j.numecd.2017.02.004. 
PubMed PMID: 28545927. 

[8]. Mudera C, Torii R, Hodgson D, Velliou R. Modelling multi-scale cell-tissue 
interaction of tissue-engineered muscle constructs. J Tissue Eng. 2018 Aug 
13;9:2041731418787141. doi: 10.1177/2041731418787141. PubMed 
PMID: 30128109. 

[9]. Zaky SH, Cancedda R. Engineering craniofacial structures: fac-
ing the challenge. J Dent Res. 2009 Dec;88(12):1077-91. doi: 
10.1177/0022034509349926. PubMed PMID: 19897785. 

[10]. Volponi AA, Sharpe PT. The tooth–a treasure chest of stem cells. Br Dent 
J. 2013 Oct;215(7):353-8. doi: 10.1038/sj.bdj.2013.959. PubMed PMID: 
24113958. 

[11]. Smith EE, Angstadt S, Monteiro N, Zhang W, Khademhosseini A, Yelick 

http://scidoc.org/IJDOS.php
https://www.ncbi.nlm.nih.gov/pubmed/8493529
https://www.ncbi.nlm.nih.gov/pubmed/8493529
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=Genome+research%3A+the+next+generation.+&btnG=#d=gs_cit&p=&u=%2Fscholar%3Fq%3Dinfo%3A29X5KgaKvnEJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://scholar.google.co.in/scholar?hl=en&as_sdt=0%2C5&q=Genome+research%3A+the+next+generation.+&btnG=#d=gs_cit&p=&u=%2Fscholar%3Fq%3Dinfo%3A29X5KgaKvnEJ%3Ascholar.google.com%2F%26output%3Dcite%26scirp%3D0%26hl%3Den
https://www.ncbi.nlm.nih.gov/pubmed/27381225
https://www.ncbi.nlm.nih.gov/pubmed/27381225
https://www.ncbi.nlm.nih.gov/pubmed/26699796
https://www.ncbi.nlm.nih.gov/pubmed/26699796
https://www.ncbi.nlm.nih.gov/pubmed/26699796
https://www.ncbi.nlm.nih.gov/pubmed/30094059
https://www.ncbi.nlm.nih.gov/pubmed/30094059
https://www.ncbi.nlm.nih.gov/pubmed/30094059
https://www.ncbi.nlm.nih.gov/pubmed/30094059
https://www.ncbi.nlm.nih.gov/pubmed/29183637
https://www.ncbi.nlm.nih.gov/pubmed/29183637
https://www.ncbi.nlm.nih.gov/pubmed/29183637
https://www.ncbi.nlm.nih.gov/pubmed/29183637
https://www.ncbi.nlm.nih.gov/pubmed/29183637
https://www.ncbi.nlm.nih.gov/pubmed/28545927
https://www.ncbi.nlm.nih.gov/pubmed/28545927
https://www.ncbi.nlm.nih.gov/pubmed/28545927
https://www.ncbi.nlm.nih.gov/pubmed/28545927
https://www.ncbi.nlm.nih.gov/pubmed/30128109
https://www.ncbi.nlm.nih.gov/pubmed/30128109
https://www.ncbi.nlm.nih.gov/pubmed/30128109
https://www.ncbi.nlm.nih.gov/pubmed/30128109
https://www.ncbi.nlm.nih.gov/pubmed/19897785
https://www.ncbi.nlm.nih.gov/pubmed/19897785
https://www.ncbi.nlm.nih.gov/pubmed/19897785
https://www.ncbi.nlm.nih.gov/pubmed/24113958
https://www.ncbi.nlm.nih.gov/pubmed/24113958
https://www.ncbi.nlm.nih.gov/pubmed/24113958
https://www.ncbi.nlm.nih.gov/pubmed/29879370


Samer Zaky. Tooth Regeneration…Any Time Soon?. Int J Dentistry Oral Sci. 2018;5(1e):1-3..

3

 OPEN ACCESS                                                                                                                                                                               https://scidoc.org/IJDOS.php

PC. Bioengineered Tooth Buds Exhibit Features of Natural Tooth Buds. J 
Dent Res. 2018 Sep;97(10):1144-1151. doi: 10.1177/0022034518779075. 
PubMed PMID: 29879370. 

[12]. Zhao M, Jin Q, Berry JE, Nociti Jr FH, Giannobile WV, Somerman MJ. Ce-
mentoblast delivery for periodontal tissue engineering. J Periodontol. 2004 
Jan;75(1):154-61. PubMed PMID: 15025227. 

[13]. Vaquette C, Pilipchuk SP, Bartold PM, Hutmacher DW, Giannobile WV, 
Ivanovski S. Tissue Engineered Constructs for Periodontal Regeneration: 
Current Status and Future Perspectives. Adv Healthc Mater. 2018 Aug 
26:e1800457. doi: 10.1002/adhm.201800457. PubMed PMID: 30146758.

[14]. Xuan K, Li B, Guo H, Sun W, Kou X, He X, et al. Deciduous autologous 
tooth stem cells regenerate dental pulp after implantation into injured teeth. 
Sci Transl Med. 2018 Aug 22;10(455). pii: eaaf3227. doi: 10.1126/scitrans-
lmed.aaf3227. PubMed PMID: 30135248. 

[15]. Alqahtani Q, Zaky SH, Patil A, Beniash E, Ray H, Sfeir C. Decellularized 
Swine Dental Pulp Tissue for Regenerative Root Canal Therapy. J Dent Res. 
2018 Aug 1:22034518785124. doi: 10.1177/0022034518785124. Pub-
Med PMID: 30067420. 

[16]. Chen H, Clarkson BH, Sun K, Mansfield JF. Self-assembly of synthetic hy-
droxyapatite nanorods into an enamel prism-like structure. J Colloid Inter-
face Sci. 2005 Aug 1;288(1):97-103. PubMed PMID: 15927567. 

[17]. Hu B, Unda F, Bopp-Kuchler S, Jimenez L, Wang XJ, Haikel Y, et al. 
Bone marrow cells can give rise to ameloblast-like cells. J Dent Res. 2006 
May;85(5):416-21. PubMed PMID: 16632753. 

[18]. Ikeda E, Morita R, Nakao K, Ishida K, Nakamura T, Takano-Yamamoto T, 
et al. Fully functional bioengineered tooth replacement as an organ replace-
ment therapy. Proc Natl Acad Sci U S A. 2009 Aug 11;106(32):13475-80. 
doi: 10.1073/pnas.0902944106. PubMed PMID: 19666587. 

[19]. Nagaraja MP, Jo H. The role of mechanical stimulation in recovery of bone 
loss-high versus low magnitude and frequency of force. Life (Basel). 2014 
Apr 2;4(2):117-30. doi: 10.3390/life4020117. PubMed PMID: 25370188.

[20]. Rajpoot M, Sharma AK, Sharma A, Gupta GK. Understanding the micro-
biome: emerging biomarkers for exploiting the microbiota for personalized 
medicine against cancer. Semin Cancer Biol. 2018 Feb 6. doi: 10.1016/j.
semcancer.2018.02.003. PubMed PMID: 29425888. 

[21]. Thesleff I. Epithelial-mesenchymal signalling regulating tooth morphogen-
esis. J Cell Sci. 2003 May 1;116(Pt 9):1647-8. PubMed PMID: 12665545.

[22]. Jowett AK, Vainio S, Ferguson MW, Sharpe PT, Thesleff I. Epithelial-mesen-
chymal interactions are required for msx 1 and msx 2 gene expression in the 
developing murine molar tooth. Development. 1993 Feb;117(2):461-70. 
PubMed PMID: 8101167. 

[23]. Cobourne MT, Sharpe PT. Making up the numbers: the molecular control 
of mammalian dental formula. Semin Cell Dev Biol. 2010 May;21(3):314-
24. doi: 10.1016/j.semcdb.2010.01.007. PubMed PMID: 20080198. 

[24]. Fleischmannova J, Matalova E, Sharpe PT, Misek I, Radlanski RJ. Forma-
tion of the tooth-bone interface. J Dent Res. 2010 Feb;89(2):108-15. doi: 
10.1177/0022034509355440. PubMed PMID: 20042740. 

[25]. Espinosa HD, Soler-Crespo R. Materials science: Lessons from tooth enam-
el. Nature. 2017 Mar 1;543(7643):42-43. doi: 10.1038/543042a. PubMed 
PMID: 28252073. 

[26]. Al‐Nuaimi N, Patel S, Austin RS, Mannocci F. A prospective study assessing 
the effect of coronal tooth structure loss on the outcome of root canal retreat-
ment. Int Endod J. 2017 Dec;50(12):1143-1157. doi: 10.1111/iej.12760. 
PubMed PMID: 28294354. 

http://scidoc.org/IJDOS.php
https://www.ncbi.nlm.nih.gov/pubmed/29879370
https://www.ncbi.nlm.nih.gov/pubmed/29879370
https://www.ncbi.nlm.nih.gov/pubmed/29879370
https://www.ncbi.nlm.nih.gov/pubmed/15025227
https://www.ncbi.nlm.nih.gov/pubmed/15025227
https://www.ncbi.nlm.nih.gov/pubmed/15025227
https://www.ncbi.nlm.nih.gov/pubmed/30146758
https://www.ncbi.nlm.nih.gov/pubmed/30146758
https://www.ncbi.nlm.nih.gov/pubmed/30146758
https://www.ncbi.nlm.nih.gov/pubmed/30146758
https://www.ncbi.nlm.nih.gov/pubmed/30135248
https://www.ncbi.nlm.nih.gov/pubmed/30135248
https://www.ncbi.nlm.nih.gov/pubmed/30135248
https://www.ncbi.nlm.nih.gov/pubmed/30135248
https://www.ncbi.nlm.nih.gov/pubmed/30067420
https://www.ncbi.nlm.nih.gov/pubmed/30067420
https://www.ncbi.nlm.nih.gov/pubmed/30067420
https://www.ncbi.nlm.nih.gov/pubmed/30067420
https://www.ncbi.nlm.nih.gov/pubmed/15927567
https://www.ncbi.nlm.nih.gov/pubmed/15927567
https://www.ncbi.nlm.nih.gov/pubmed/15927567
https://www.ncbi.nlm.nih.gov/pubmed/16632753
https://www.ncbi.nlm.nih.gov/pubmed/16632753
https://www.ncbi.nlm.nih.gov/pubmed/16632753
https://www.ncbi.nlm.nih.gov/pubmed/19666587
https://www.ncbi.nlm.nih.gov/pubmed/19666587
https://www.ncbi.nlm.nih.gov/pubmed/19666587
https://www.ncbi.nlm.nih.gov/pubmed/19666587
https://www.ncbi.nlm.nih.gov/pubmed/25370188
https://www.ncbi.nlm.nih.gov/pubmed/25370188
https://www.ncbi.nlm.nih.gov/pubmed/25370188
https://www.ncbi.nlm.nih.gov/pubmed/29425888
https://www.ncbi.nlm.nih.gov/pubmed/29425888
https://www.ncbi.nlm.nih.gov/pubmed/29425888
https://www.ncbi.nlm.nih.gov/pubmed/29425888
https://www.ncbi.nlm.nih.gov/pubmed/12665545
https://www.ncbi.nlm.nih.gov/pubmed/12665545
https://www.ncbi.nlm.nih.gov/pubmed/8101167
https://www.ncbi.nlm.nih.gov/pubmed/8101167
https://www.ncbi.nlm.nih.gov/pubmed/8101167
https://www.ncbi.nlm.nih.gov/pubmed/8101167
https://www.ncbi.nlm.nih.gov/pubmed/20080198
https://www.ncbi.nlm.nih.gov/pubmed/20080198
https://www.ncbi.nlm.nih.gov/pubmed/20080198
https://www.ncbi.nlm.nih.gov/pubmed/20042740
https://www.ncbi.nlm.nih.gov/pubmed/20042740
https://www.ncbi.nlm.nih.gov/pubmed/20042740
https://www.ncbi.nlm.nih.gov/pubmed/28252073
https://www.ncbi.nlm.nih.gov/pubmed/28252073
https://www.ncbi.nlm.nih.gov/pubmed/28252073
https://www.ncbi.nlm.nih.gov/pubmed/28294354
https://www.ncbi.nlm.nih.gov/pubmed/28294354
https://www.ncbi.nlm.nih.gov/pubmed/28294354
https://www.ncbi.nlm.nih.gov/pubmed/28294354

	Abstract
	Abbreviations

