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Abstract

Stem cells are the most interesting cells in cell biology. They have the potential to evolve as one of the most powerful 
technologies in the future. The future refers to an age where it will be used extensively in various fields of medical and 
dental sciences. Researchers have discovered a number of sources from which stem cells can be derived. Craniofacial 
problems are very common and occur at all ages. Stem cells can be used therapeutically in almost every field of health 
science. In fact, many procedures will be reformed after stem cells come into play. This article is an insight into the 
review of the current researches being carried out on stem cells and its use in the field of orthodontics, which is a 
specialized branch of dentistry. Although the future is uncertain, there is a great possibility that stem cells will be used 
extensively in almost all major procedures of orthodontics.
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INTRODUCTION

Nowadays faster orthodontic treatment is one of the 
major demands of the patient population, which is 
not adequately met by the orthodontists. Low friction 
and self‑ligating bracket systems, robot preformed 
arch wires, rapid canine retraction, and alveolar 
corticotomies are some examples of the approaches 
that aim to reduce the time required by orthodontic 
therapy.[1] These procedures have definitely brought 
better results, but they are not the ultimate solution to 
all our problems — newer and better technologies are 
always welcome. Technologies such as stem cell therapy 
hold a great potential and can bring a revolutionary 
change in the field of health science. The knowledge 
of stem cells and its implications will help the 
orthodontists to modify their treatment planning, which 

will be acknowledged by the patient. This article will 
review the literature on the potential clinical use of stem 
cells in craniofacial deformities, with reference to the 
orthodontic field.

STEM CELLS

It was E.D. Wilson who in his classic textbook, “The 
Cell in Development and Inheritance,” first coined 
the phrase ‘stem cell,’ in 1896.[2] Stem cells are 
‘undifferentiated cells that can proliferate and have 
the capacity for self‑renewal and the ability to produce 
one or more highly differentiated progenitors’.[3,4] 
However, this definition is not fully accepted after the 
introduction of concepts like de‑differentiation and 
transdifferentiation. In 2007, Dr. James Thomson, 
in the United States, and Dr. Yamanaka, in Japan, 
simultaneously discovered that adult human cells 
could be reprogrammed back to an embryonic state by 
overexpressing the powerful stem cell genes. These new 
type of stem cells are called induced pluripotent stem 
cells (IPSC).[2,5]

Essentially, stem cells are of two types: Embryonic 
stem cells and Adult stem cells. The embryonic cells 
are pluripotent and can differentiate to all cell lineages 
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in vivo.[6] Human embryonic stem cells are derived 
from the inner cell mass of a blastocyst that has been 
fertilized in vitro.[7,8] They are virtually immortal due 
to their high expression of telomerase, the enzyme 
complex responsible for maintaining telomere lengths 
and chromosomal stability during cellular division.[9] 
However, their growth is difficult to control and they 
are fairly sensitive.[2,10]

An adult stem cell can be defined as a cell residing 
within an adult tissue that divides, either autonomously 
or in response to regulated signals, to produce cells that 
contribute to organismal homeostasis.[11] Adult stem 
cells or extra‑embryonic stem cells are partly specialized 
cells, as they are not capable of forming all types of 
cells. The list of adult tissues containing stem cell 
repositories are growing and include the bone marrow, 
peripheral blood, brain, spinal cord, dental pulp, 
blood vessels, skeletal muscle, epithelia of the skin and 
digestive system, cornea, retina, liver, and pancreas.[11] 
Unfortunately, the isolation of adult stem cells with 
sufficient purity and quantity is still complicated.[12]

THE NEED OF STEM CELLS

Worldwide there is a significant percentage of the 
population suffering from oral and craniofacial defects, 
which demand oral and craniofacial tissue engineering. 
Techniques like autografts, allografts, and biomaterial 
are used to repair these defects. Taking these into 
consideration, each of them has some limitations. 
Although autografts are considered as the ‘gold standard’ 
for bone regeneration procedures, yet the failure rate 
is as high as 30%.[13] The allograft has a great potential 
for rejection and infection transfer. Freeze‑drying, 
demineralization, and irradiation to reduce graft 
immunogenicity can also reduce the structural integrity; 
leading to a graft fracture.[14‑16] Bone allografts are not 
osteogenic and there is slower integration in the host 
bed.[17] Besides this, grafting procedures include risks 
such as donor site morbidity, unpredictable resorption, 
limited quantities available, and the need to include 
additional surgical sites.[18] Alloplasts have only an 
osteoconductive property and lack osteoinductive and 
osteogenic properties,[19] therefore, bone formation is 
uncertain in this case. Biomaterials, such as implants, 
and bone substitutes such as bovine and the like, for 
long‑term complications, include, stress shielding, 
loosening, and mechanical or chemical breakdown 
of the material itself.[20] Thus, there is a demand for a 
method or material that is less invasive, reduces the risk 
of morbidity, has the ability to adapt itself along with the 
tissue, and can be in a harmonious relationship with the 
adjacent hard and soft tissues.

Stem cells have three specific properties:[21]

•	 	They	 are	unspecialized	cells	 that	 renew	 themselves	
for long periods through cell division

•	 	Under	certain	conditions	stem	cells	can	be	induced	
to become cells with special functions, with the 
capability of self‑renewal

•	 	Stem	cells	give	rise	to	specialized	cells.

Thus, their properties of differentiating into any kind 
of cells and self‑renewal can pave new pathways for 
treatment.

THE PROMISE OF STEM CELLS TO 
ORTHODONTISTS

With the recent advances in the understanding of stem 
cell biology, certain opportunities can be provided to the 
orthodontist such as:

Shorter treatment time

In a study,[22] embryonic stem cells have been 
differentiated into cartilage cells and implanted on 
artificially created cranial osseous defects. In comparison 
to the control group, the group that received the 
implanted tissue had a significantly faster response. 
It is known that for any damaged tissue to recover 
there should be regeneration of blood vessels in that 
region. Mesenchymal stem cells (MSCs) express 
and secrete stromal cell‑derived factor 1 (SDF‑1), 
the vascular endothelial growth factor (VEGF); 
the basic fibroblast growth factor (bFGF); matrix 
metalloproteinases (MMPs), and other cytokines that 
are important for angiogenesis.[23] Thus, stem cells can 
provide a sufficient substrate for neoangiogenesis. In a 
study, primary marrow‑derived, cultured mesenchymal 
cells that were introduced into ceramic showed a strong 
osteogenic potential, with bone forming in the pore 
regions of the ceramic as early as two weeks after in vivo 
implantation.[24] Stem cells also secrete bioactive factors 
that suppress the local immune system, inhibit fibrosis 
and apoptosis, enhance angiogenesis, and stimulate 
mitosis and differentiation of the tissue intrinsic 
reparative process.[25] From these studies it is clear that 
stem cells can enhance the treatment by increasing the 
rate of healing and regeneration, thereby, reducing the 
treatment time.

Periodontal health consideration

The periodontium is the only supporting system of the 
tooth. Nowadays, many people suffer from periodontal 
disease. Periodontal complications are one of the most 
common side effects linked to orthodontics; they 
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occur in various forms, from gingivitis to periodontitis, 
dehiscence, fenestrations, interdental fold, gingival 
recession or overgrowth, and black triangles.[26] One 
such example — band impingement — may directly 
compromise the local resistance related to subgingival 
pathogens in susceptible patients and result in damage 
to both interproximal gingival tissues and alveolar 
crestal bone.[27] This is the reason why it becomes very 
essential for an orthodontist to maintain the ortho–
perio relationship while carrying out any orthodontic 
procedures. Surprisingly, periodontal ligament stem 
cells (PDSCs) are capable of regenerating the wounded 
periodontium in rats; surpassing the repair capacity 
of embryonic cells.[28] Thus, stem cells can be used to 
regenerate and repair periodontal tissues.

In a study,[29] human periodontal cell sheets were 
transplanted into a mesial dehiscence model, in 
athymic rats, where the periodontal ligament‑like 
tissues — which included an acellular cementum‑like 
layer and fibrils anchoring into this layer — were 
identified at their site of placement. Such regeneration 
was not observed in the nontransplanted controls. 
Another in vivo study was conducted using human adult 
PDSCs and transplanted into an athymic rat model, 
and the data showed that human adult PDSCs were 
capable of regenerating elements of bone and collagen 
fibers.[30] However, complete regeneration of the 
periodontal complex was a big challenge to overcome, 
especially in a diseased state with inflammatory 
factors, including cytokines.[31] Human PDLSCs 
were transplanted into surgically created defects in 
the periodontal area of the mandibular molars in 
immunocompromised rats. They were integrated into 
the PDL tissue, which resulted in them homing to the 
surfaces of the alveolar bone and tooth root.[32] When 
the PDLSCs were treated with dentin noncollagenous 
proteins, they showed an increased proliferation and 
adhesion ability.[33] Dental pulp stem cells (DPSCs) 
have the highest osteogenic potential among bone 
marrow mesenchymal stem cells (BMMSCs) and 
periosteal cells, indicating a useful cell source for tissue 
engineered bone around the dental implants.[34] These 
look promising, but there is still a long way to go before 
they enter the clinics.

Lesser root resorption

External apical root resorption is the most common[35] 
and undesirable sequela of orthodontic treatment.[36] 
In most studies of root resorption, treatment factors 
top the list of the ‘usual suspects’.[37] They are probably 
caused on account of the removal of the necrotic tissue 
from areas of the periodontal ligament that have been 

compressed by an orthodontic load.[38] However, root 
resorption is multifactorial, with a complex etiology, but 
the condition appears to result from a combination of 
individual biological variability, genetic predisposition, 
and the effect of a mechanical factor.[39‑41] According 
to recent studies, odontoblasts can be derived from 
mesenchymal stem cells (MSC), stem cells from an 
exfoliated deciduous tooth (SHED), dental pulp stem 
cells (DPSC), and apical papilla stem cells (SCAP), 
while cementoblasts can be derived from mesenchymal 
stem cells (MSC) and dental follicular stem 
cells (DFSC).[42] Thus, these kinds of stem cells may be 
used prior to the treatment, to prevent root resorption 
or post treatment to repair the damage.

Patient benefits

Using stem cell therapy instead of bone graft surgery 
will relieve the patient from the extra major surgical 
procedures and the pain of iliac crest bone grafts. It is 
a minimally invasive technique.[43] Other advantages 
include, less failure cases as the body’s own cells 
are used and there is of course natural regeneration. 
Stem cells can also accelerate the healing process, 
as has been done in a study by Wu et al.[44] It has 
been found that bone marrow mesenchymal stem 
cell (BM‑MSC)–treated wounds exhibit significantly 
accelerated wound closure, with increased 
re‑epithelialization, cellularity, and angiogenesis.

ORTHODONTIC IMPLICATIONS OF STEM 
CELL THERAPY

Repair of the alveolar bone

Unwanted alveolar bony defects are often created after 
orthodontic extractions and repair of these defects 
is needed to avoid the risk of dehiscence and other 
periodontal insults at a later stage, after the teeth have 
been retracted into the extraction site.[45] Resorption of an 
edentulous or partially edentulous alveolar ridge or bone 
loss on account of periodontitis or trauma will require 
alveolar bone augmentation prior to placement of the 
implant.[46] Stem cells can be a potential treatment for 
rehabilitation of these types of defects. For example, in 
an experiment conducted on animal models (rats) with 
traumatic alveolar bone defects on the maxilla, bilaterally, 
it was found that a composition of bone marrow stem 
cells (BMSCs) and fibrin glue (FG) had been suggested as 
a promising method to repair the alveolar bone defect.[47]

In a recent study,[48] the tissue repair cells were grafted 
into the osseous defects of the jaw of 12 patients and 
the biopsies were harvested for analysis at six and 
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twelve weeks. Reconstruction was completed with an 
oral implant therapy and was observed for 12 months 
postoperatively. It was demonstrated clinically, 
radiographically, and histologically that the cell therapy 
accelerated the regenerative response. There was also 
significant reduction in the need for secondary bone 
grafting procedures in this group.

The alveolar cleft is a highly prevalent congenital 
malformation, where 75% of the patients with cleft 
lip and palate display osseous defects of the premaxilla 
alveolar bone.[49] Contemporary treatments of patients 
with alveolar cleft defects involve autologous bone 
grafting at the defect site.[50] These patients often require 
a secondary bone graft procedure, to allow for eruption 
of the anterior teeth and orthodontic treatment.[45] 
However, in 10–36% of the cases there is graft resorption 
and later on surgical procedures are needed.[51,52] Late 
complications such as chronic pain, unesthetic scarring 
at the harvest site, and gait disturbance have often been 
associated.[53,54] Thus, there is a need for an alternative 
to combat these complications so that the orthodontic 
treatment of these patients becomes facile and at the 
same time effectual. In an alveolar cleft osteoplasty of a 
nine‑year‑old female patient, mesenchymal stem cells 
were used instead of bone grafts. After six months the 
cleft bridged with 79.1% of the grafted region and after 
nine months the canine and lateral incisor in the affected 
side erupted in the reconstructed alveolar ridge.[49]

DISTRACTION OSTEOGENESIS

Distraction osteogenesis is a surgical approach 
by which the development of new bone growth 
in an area subjected to gradual tension and stress 
occurs by deliberate separation of the fragments 
by traction.[55] Ischemia is a limiting factor during 
distraction osteogenesis, which can be overcome by 
using stem cells.[56] It has even been suggested that using 
stem cells in distraction osteogenesis may prove to be a 
potential method to accelerate bone regeneration in the 
distraction gap and enhance consolidation.[57]

In a study,[58] 54 New Zealand white rabbits underwent 
osteodistraction of the left mandible and were randomly 
divided into group A, group B, and group C (n = 18 in 
each group). At the end of the distraction, bone marrow 
mesenchymal stem cells (BMMSCs) transfected with 
osterix (OSX), autologous BMMSCs, and physiological 
saline were injected into the distraction gap in groups A, 
B, and C, respectively. It was observed that there was 
excellent bone callus formation in groups A and B. The 
group C animals showed poor bone formation in the 
distracted callus, when compared to groups A and B.

REGENERATION AND REPAIR OF 
TEMPOROMANDIBULAR JOINT DEFECTS

Temporomandibular joint disorders (TMD) 
manifest as pain, myalgia, headaches, and structural 
destruction, collectively known as degenerative joint 
disease.[59] The primary methods used to reconstruct the 
temporomandibular joint (TMJ) include autogenous 
bone grafting, such as, harvesting from the rib or the 
use of alloplastic materials, with neither being ideally 
suited for the task and sometimes leading to unwanted 
adverse effects.[60] The recent advances in stem cell 
technology assure the construction of a bioengineered 
TMJ replacement, which is biocompatible and capable 
of withstanding the physiological loads required for 
this joint.[61] Cells from various sources, including 
articular cartilage cells, fibroblasts, human umbilical 
cord matrix cells, and mesenchymal stem cells, have 
been used in efforts to reconstruct the TMJ.[62,63] In 
many studies, a tissue‑engineered mandibular condyle 
was constructed, with stratified layers of cartilage 
and bone from a single population of BMMSCs, 
which was molded into the shape of a human 
cadaver mandibular condyle, with dimensions of 
11 × 7 × 9 mm (length × width × height).[64‑67]

THE PHASE OF TRANSITION

Stem cells are still controversial and of course their use 
is uneconomical. One requires high skill and knowledge 
to handle and use them. There are also no proper 
studies done on how many stem cells are required to 
treat a defect. Variable results are seen, for example, 
implantation of osteo‑induced rabbit adipose‑derived 
stem cells (ASCs) and gelfoam scaffolds into rabbit 
calvarian defects have not significantly improved bony 
healing when compared with the controls.[68] In contrast 
to this, a study has reported improved calvarial defect 
healing upon implantation of poly lactic‑co‑glycolic acid 
scaffolds seeded with human ASCs maintained in vitro, in 
the presence of osteogenic factors, before implantation.[69] 
There are many records of using different kinds of stem 
cells with different scaffolds, but to date no standard 
cell‑scaffold system exists, which is accepted universally. 
This is a phase of transition and problems will exist, but 
they can only be solved by conducting more detailed 
researches and studies on them.

CONCLUSION

Nowadays stem cell therapy is one of the most favored 
areas of research in craniofacial tissue engineering. 
However, the fact is that our exposure to this technology 
remains limited, as it is extremely expensive. Isolation 
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and storage requires a lot of experience, as also high 
storage and good transport facilities. Stem cell therapy 
is a multidisciplinary approach. Support from the 
regulatory bodies, funding agencies, advocacy bodies, 
ethic bodies, and manufacturing agencies is also needed 
to make it easily acceptable in our clinical conditions. It 
will be really fascinating to see craniofacial orthodontists 
using this therapy on a daily basis to treat patients.

REFERENCES

1. Oliveira DD, Oliveira BF, Soares RV. Alveolar corticotomies 
in orthodontics: Indications and effects on tooth movement. 
Dental Press J Orthod 2010;15:144‑57.

2. Svendsen CN, Ebert AD. Encyclopedia of  Stem Cell Research. 
13th ed, Vol. 1 and 2. Thousand Oaks, California: Sage 
Publications Inc; 2008.

3. Daruwala N, Mahadevia S, Paneriya PR. Stem cells: The future 
of  dentistry. JADCH 2010;1:12‑17.

4. Polak JM, Bishop AE. Stem cells and tissue engineering: Past, 
present and future. Ann N Y Acad Sci 2006;1068:352‑66.

5. Takahashi K, Yamanaka S. Induction of  pluripotent stem cells 
from	mouse	embryonic	and	adult	fibroblast	cultures	by	defined	
factors. Cell 2006;126:663‑76.

6. Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz RE, Keene CD, 
Ortiz‑Gonzalez XR, et al. Pluripotency of  mesenchymal stem 
cells derived from adult marrow. Nature 2002;418:41‑9.

7. Strem BM, Hicok KC, Zhu M, Wulur I, Alfonso Z, 
Schreiber RE, et al. Multipotential differentiation of  adipose 
tissue‑derived stem cells. Keio J Med 2005;54:132‑41.

8. Odorico JS, Kaufman DS, Thomson JA. Multilineage 
differentiation from human embryonic stem cell lines. Stem 
Cells 2001;19:193‑204.

9. Wright WE, Piatyszek MA, Rainey WE, Byrd W, Shay JW. 
Telomerase activity in human germline and embryonic tissues 
and cells. Dev Genet 1996;18:173‑9.

10. Wu DC, Boyd AS, Wood KJ. Embryonic stem cell 
transplantation: Potential applicability in cell replacement 
therapy and regenerative medicine. Front Biosci 
2007;12:4525‑35.

11. Xie T, Spradling A. The drosophila ovary: An in vivo stem cell 
system. In: Marshak DR, Gardner RL, Gottlieb D, editors. Stem 
Cell Biology. Cold Spring Harbor, NY: Cold Spring Harbor 
Laboratory Press; 2001. p. 129‑48.

12. Conrad C, Huss R. Adult stem cell lines in regenerative medicine 
and reconstructive surgery. J Surg Res 2005;124:201‑8.

13. Jackson IT, Helden G, Marx R. Skullbone grafts in maxillofacial 
and craniofacial surgery. J Oral Maxillofac Surg 1986;44:949‑55.

14. Kumar GP, Hussain SN, Gomes PS, Lopes MA, Fernandes MH, 
Santos JD. Calcium phosphate ceramics in periodontal 
regeneration. In Current Trends on Glass and Ceramic Materials. 
Nandyala SH, Santos JD, editors. UAE/USA: Bentham Science 
Publishers; 2012. p. 116‑41.

15. Hamer AJ, Strachan JR, Black MM, Ibbotson CJ, Stockley I, 
Elson RA. Biomechanical properties of  cortical allograft bone 
using a new method of  bone strength measurement. J Bone 
Joint Surg Br 1996;78:363‑8.

16. Gitelis S, Cole BJ. The use of  allografts in orthopaedic surgery. 
Instr Course Lect 2002;51:507‑20.

17. Albert A, Leemrijse T, Druez V, Delloye C, Cornu O. Are bone 
autografts still necessary in 2006? A three year retrospective 

study of  bone grafting. Acta Orthop Belg 2006;72:734‑40.
18. Jensen SS, Terheyden H. Bone Augmentation Procedures in 

localized defects in the alveolar ridge: Clinical results with 
different bone grafts and bone‑substitute materials. Int J Oral 
Maxillofac Implants 2009;24 Suppl :218‑36.

19. Ogunsalu C. Bone substitutes and validation. In: Turkyilmaz I, 
editor. Implant Dentistry‑The Most Promising Discipline of  
Dentistry. New York, USA: InTech; 2011. p. 129‑72.

20. Yaszemski MJ, Payne RG, Hayes WC, Langer R, Mikos AG. 
Evolution of  bone transplantation: Molecular, cellular and tissue 
strategies to engineer human bone. Biomaterials 1996;17:175‑85.

21. Kelly EB. Stem Cells. 1st ed. Westport, Connecticut, London: 
Greenwood Publishing Group; 2007. p. 3‑6.

22. Doan L, Kelley C, Luong H, English J, Gomez H, Johnson E, 
et al. Engineered cartilage heals skull defects. Am J Orthod 
Dentofacial Orthop 2010;137:162‑3.e1‑9.

23. Semedo P, Burgos‑Silva M, Donizetti‑Oliveira C, 
Camara NO. How do mesenchymal stem cells repair? In: 
Gholamrezanezhad A, editor. Stem Cells in Clinic and Research. 
Brazil: InTech; 2011. p. 83‑104.

24. Goshima J, Goldberg VM, Caplan AI. The osteogenic potential 
of  culture‑expanded rat marrow mesenchymal cells assayed 
in vivo in calcium phosphate ceramic blocks. Clin Orthop Relat 
Res 1991;262:298‑311.

25. Caplan AI, Dennis JE. Mesenchymal stem cells as trophic 
mediators. J Cell Biochem 2006;98:1076‑84.

26. Preoteasa CT, Ionescu E, Proteasa E. Risks and complications 
associated with orthodontic treatment. In: Bourzgui F, editor. 
Orthodontics‑Basic Aspects and Clinical Considerations. Rijeka, 
Crotia: InTech; 2012. p. 403‑28.

27. Vinod K, Reddy YG, Reddy VP, Nandan H, Sharma M. 
Orthodontic‑periodontics interdisciplinary approach. J Indian 
soc Periodontal 2012;16:11‑5.

28. Nayak BN, Wiltshire WA, Ganss B, Tenenbaum H, 
McCulloch CA, Lekic C. Healing of  periodontal tissues 
following transplantation of  cells in a rat orthodontic tooth 
movement model. Angle Orthod 2008;78:826‑31.

29. Yamato M, Okano T. Cell sheet engineering. In: Yamato M, 
Okano T, editors. Materials Today. Vol. 7. UK: Elsevier Ltd.; 
2004. p. 42‑7.

30. Grimm WD, Dannan A, Becher S, Gassmann G, Arnold W, 
Varga G, et al. The ability of  human periodontium‑derived 
stem cells to regenerate periodontal tissues: A preliminary 
in vivo investigation. Int J Periodontics Restorative Dent 
2011;31:e94‑101.

31. Mudda JA, Bajaj M. Stem cell therapy: A challenge to 
periodontist. Indian J Dent Res 2011;22:132‑9.

32. Seo BM, Miura M, Gronthos S, Bartold PM, Batouli S, Brahim J, 
et al. Investigation of  multipotent postnatal stem cells from 
human periodontal ligament. Lancet 2004;364:149‑55.

33. Ma Z, Li S, Song Y, Tang L, Ma D, Liu B, et al. The biological 
effect	 of 	 dentin	 noncollagenous	 proteins	 (DNCPs)	 on	 the	
human	periodontal	 ligament	 stem	cells	 (HPDLSCs) in vitro and 
in vivo. Tissue Eng Part A 2008;14:2059‑68.

34. Ito K, Yamada Y, Nakamura S, Ueda M. Osteogenic potential 
of  effective bone engineering using dental pulp stem cells, bone 
marrow stem cells, and periosteal cells for osseointegration of  
dental implants. Int J Oral Maxillofac Implants 2011;26:947‑54.

35. Pizzo G, Licata ME, Guiglia R, Giuliana G. Root resorption 
and orthodontic treatment. Review of  the literature. Minerva 
Stomatol 2007;56:31‑44.

36. McNab S, Battistutta D, Taverne A, Symons AL. External apical 



Mohanty, et al.: Reforming orthodontics via stem cell therapy

Journal of International Society of Preventive and Community Dentistry    18January-February 2015, Vol. 5, No. 1

root resorption following orthodontic treatment. Angle Orthod 
2000;70:227‑32.

37. Sameshima GT, Sinclair PM. Predicting and preventing root 
resorption: Part II. Treatment factors. Am J Orthod Dentofacial 
Orthop 2001;119:511‑5.

38. Brudvik P, Rygh P. Root resorption beneath the main hyalinized 
zone. Eur J Orthod 1994;16:249‑63.

39. Bartley N, Türk 
T,	 Colak	 C,	 Elekdağ‑Türk	 S,	 Jones	 A,	 Petocz	 P,	 et al. Physical 
properties of  root cementum: Part 17. Root resorption after the 
application of  2.5° and 15° of  buccal root torque for 4 weeks: 
A microcomputed tomography study. Am J Orthod Dentofacial 
Orthop 2011;139:e353‑60.

40. Weltman B, Vig KW, Fields HW, Shankar S, Kaizar EE. Root 
resorption associated with orthodontic tooth movement: 
A systematic review. Am J Orthod Dentofacial Orthop 
2010;137:462‑76; discussion 12A.

41. Zahrowski J, Jeske A. Apical root resorption is associated with 
comprehensive orthodontic treatment but not clearly dependent 
on prior tooth characteristics or orthodontic techniques. J Am 
Dent Assoc 2011;142:66‑8.

42. Bluteau G, Luder HU, De Bari C, Mitsiadis TA. Stem cells for 
tissue engineering. Eur Cells Mater 2008;16:1‑9.

43. Lee KB, Hui JH, Song IC, Ardany L, Lee EH. Injectible 
mesenchymal stem cell therapy for large cartilage defects‑‑a 
porcine model. Stem Cells 2007;25:2964‑71.

44. Wu Y, Chen L, Scott PG, Tredget EE. Mesenchymal stem 
cells enhance wound healing through differentiation and 
angiogenesis. Stem Cells 2007;25:2648‑59.

45. Wong RK, Hägg EU, Rabie AB, Lau DW. Bone induction 
in clinical orthodontics: A review. Int J Adult Orthodon 
Orthognath Surg 2002;17:140‑9.

46. Buser D, Martin W, Belser UC. Optimizing esthetics for 
implant restorations in anterior maxilla: Anatomic and 
surgical considerations. Int J Oral Maxillofac Implants 
2004;19 Suppl :43‑61.

47. Zhang L, Wang P, Mei S, Li C, Cai C, Ding Y. In vivo alveolar 
bone	 regeneration	 by	 bone	 marrow	 stem	 cells/fibrin	 glue	
composition. Arch Oral Biol 2012;57:238‑44.

48. Kaigler D, Pagni G, Park CH, Braun TM, Holman LA, Yi E, 
et al. Stem cell therapy for craniofacial bone regeneration: 
A randomized, controlled feasibility trial. Cell Transplant 
2013;22:767‑77.

49. Waite PD, Waite DE. Bone grafting for the alveolar cleft defect. 
Semin Orthod 1996;2:192‑6.

50. Mikoya T, Inoue N, Matsuzawa Y, Totsuku Y, Kajii TS, 
Hirosawa T. Monocortical mandibular bone grafting for 
reconstruction of  alveolar cleft. Cleft Palate Craniofac J 
2010;47:454‑68.

51. Hibi H, Yamada Y, Ueda M, Endo Y. Alveolar cleft osteoplasty 
using tissue‑engineered osteogenic material. Int J Oral 
Maxillofac surg 2006;35:551‑5.

52. Bayerlein T, Proff  P, Heinrich A, Kaduk W, Hosten N, 
Gedrange T. Evaluation of  bone availability in the cleft area 
following secondary osteoplasty. J Craniomaxillofac Surg 
2006;34(Suppl	2):57‑61.

53. Gimbel M, Ashley RK, Sisodia M, Gabbay JS, Wasson KL, 
Heller J, et al. Repair of  alveolar cleft defects: Reduced morbidity 
with bone marrow stem cells in a resorbable matrix. J Craniofac 
Surg 2007;18:895‑901.

54. Moreu JL, Caccamese JF, Coletti DP, Sauk JJ, Fisher JP. Tissue 

engineering solutions for cleft palates. J Oral Maxillofac Surg 
2007;65:2503‑11.

55. Dheeraj K, Rastogi N, Singh M. Modern practice in 
orthognathic and reconstructive surgery‑ craniofacial distraction 
osteogenesis. J Public Health Epidemiol 2011;3:129‑37.

56. Cetrulo CL Jr, Knox KR, Brown DJ, Ashinoff  RL, 
Dobryansky M, Ceradini DJ, et al. Stem cells and distraction 
osteogenesis: Endothelial progenitor cells home to the ischemic 
generate in activation and consolidation. Plast Reconstr Surg 
2005;116:1053‑67.

57. Qi M, Hu J, Zou S, Zhou H, Han L. Mandibular distraction 
osteogenesis enhanced by bone marrow mesenchymal stem cells 
in rats. J Craniomaxillofac Surg 2006;34:283‑9.

58. Lai QG, Yaun KF, Xu X, Li DR, Li GJ, Wei FL, et al. 
Transcription	 factor	 osterix	 modified	 bone	 marrow	
mesenchymal stem cells enhance callus formation during 
distraction osteogenesis. Oral Surg Med Oral Pathol Oral Radiol 
Endod 2011;111:412‑9.

59. Okeson JP. Orofacial Pain: Guidelines for Assessment, 
Diagnosis and Management. 3rd ed. Carol Stream, IL: 
Quintessence Publishing Co. Inc.; 1996. p. 1‑15.

60. Ta LE, Phero JC, Pillemer SR, Hale‑Donze H, 
McCartney‑Francis N, Kingman A, et al. Clinical evaluation 
of  patients with temporomandibular joint implants. J Oral 
Maxillofac Surg 2002;60:1389‑99.

61. Yaun K, Lee T, Huang J. Temporomandibular joint 
reconstruction: From alloplastic prosthesis to bioengineering 
tissue. J Med Biol Eng 2010;30:65‑72.

62. Bailey MM, Wang L, Bode CJ, Mitchell KE, Detamore MS. 
A comparison of  human umbilical cord matrix stem cells and 
temporomandibular joint condylar chondrocytes for tissue 
engineering temporomandibular joint condylar cartilage. Tissue 
Eng 2007;13:2003‑10.

63. Schek RM, Taboas JM, Hollister SJ, Krebsbach PH. Tissue 
engineering osteochondral implants for temporomandibular 
joint repair. Orthod Craniofac Res 2005;8:313‑9.

64. Alhadlaq A, Mao JJ. Tissue‑engineered neogenesis of  
human‑shaped mandibular condyle from rat mesenchymal stem 
cells. J Dent Res 2003;82:951‑6.

65. Alhadlaq A, Mao JJ. Tissue‑engineered osteochondral constructs 
in the shape of  an articular condyle. J Bone Joint Surg Am 
2005;87:936‑44.

66. 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.

67. Mao JJ. Calvarial development: Cells and mechanics. Curr Opin 
Orthop 2005;16:331‑7.

68. Dudas JR, Marra KG, Cooper GM, Penascino VM, Mooney MP, 
Jiang S, et al. The osteogenic potential of  adipose‑derived stem 
cells for the repair of  rabbit calvarial defects. Ann Plast Surg 
2006;56:543‑8.

69. Yoon E, Dhar S, Chun DE, Gharibjanian NA, Evans GR. In vivo 
osteogenic potential of  human adipose‑derived stem cells/poly 
lactide‑co‑glycolic acid constructs for bone regeneration in a rat 
critical‑sized calvarial defect model. Tissue Eng 2007;13:619‑27.

How to cite this article: Mohanty P, Prasad N, Sahoo N, Kumar G, 
Mohanty D, Sah S. Reforming craniofacial orthodontics via stem 

cells. J Int Soc Prevent Communit Dent 2015;5:13-8.
 Source of Support: Nil, Conflict of Interest: None declared.


