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Autogenous bone has been the ‘gold 
like allogenic bone, xenografts and alloplasts have
autologous bone graft have to satisfy three criteria assured by autogenous bone: osteoge
osteoinduction and osteoconduction. Tissue engineering solutions have found its application in varied 
streams which include skin grafting, stem cell therapy and bone regeneration. There have been 
successful clinical attempts in using tissue engineer
an elaborate account on how injectable tissue engineered bone can be utilized to repair and augment 
bony defects such as cleft of alveolus. 
 
 

 
 
 
 
 
 
 
 
 

INTRODUCTION 
 

The most common congenital craniofacial anomaly is cleft lip 
and palate with a prevalence of about 1 per 700 live births in 
humans (Vanderas, 1987). Seventy five percent of all cleft lip 
and palate variations are accompanied by osseous defects of the 
alveolar bone (Bertz, 1981). Alveolar bone grafting before the 
eruption of permanent canine has become an essential part of 
therapy concept of alveolar cleft (Horswell 
secondary osteoplasty stabilizes the dental arch, creates 
sufficient bone site for the erupting permanent teeth, closes 
oronasal fistulae and supports the surrounding soft tissue and 
the nasal alar base (Bergland et al, 1986). The “gold stand
bone graft material for cleft alveolus has been autogenous bone,
where a homogenous mixture of lamellar and trabecular bone is 
utilized, the most common donor site being iliac crest 
(Freihofer et al, 1993). Common intraoral donor sites are lateral 
zygomatic buttress, mandibular ramus in the retromolar area, 
symphysis but most commonly iliac crest an extraoral site is 
most used. Bone grafts from intraoral donor site offer benefits 
like surgical accessibility, proximity to donor and recipient sites 
and less discomfort and less morbidity as compared to extraoral 
sites (Altiparmak et al, 2015). The disadvantages associated 
with intraoral harvesting are graft resorption (Proussaefs 
2005), soft tissue dehiscence, swelling, wound infection, 
hypoesthesia of mental or infraorbital nerve and sensory 
disturbance of tongue depending on the donor site (Sakkas 
2017). An autograft like iliac crest is associated with 
disadvantages such as donor site morbidity, limited availability, 
additional surgical time and post-operative temporary mobility 
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ABSTRACT 

Autogenous bone has been the ‘gold standard’ graft material for alveolar defects of cleft. Alternatives 
like allogenic bone, xenografts and alloplasts have not shown comparable results. 
autologous bone graft have to satisfy three criteria assured by autogenous bone: osteoge
osteoinduction and osteoconduction. Tissue engineering solutions have found its application in varied 
streams which include skin grafting, stem cell therapy and bone regeneration. There have been 
successful clinical attempts in using tissue engineered bone in cleft alveolus. This article aims to reveal 
an elaborate account on how injectable tissue engineered bone can be utilized to repair and augment 
bony defects such as cleft of alveolus.  

The most common congenital craniofacial anomaly is cleft lip 
a prevalence of about 1 per 700 live births in 

humans (Vanderas, 1987). Seventy five percent of all cleft lip 
and palate variations are accompanied by osseous defects of the 
alveolar bone (Bertz, 1981). Alveolar bone grafting before the 

ent canine has become an essential part of 
therapy concept of alveolar cleft (Horswell et al, 2003). This 
secondary osteoplasty stabilizes the dental arch, creates 
sufficient bone site for the erupting permanent teeth, closes 
oronasal fistulae and supports the surrounding soft tissue and 

The “gold standard” 
bone graft material for cleft alveolus has been autogenous bone, 
where a homogenous mixture of lamellar and trabecular bone is 
utilized, the most common donor site being iliac crest 

, 1993). Common intraoral donor sites are lateral 
omatic buttress, mandibular ramus in the retromolar area, 

symphysis but most commonly iliac crest an extraoral site is 
most used. Bone grafts from intraoral donor site offer benefits 
like surgical accessibility, proximity to donor and recipient sites 

ess discomfort and less morbidity as compared to extraoral 
, 2015). The disadvantages associated 

with intraoral harvesting are graft resorption (Proussaefs et al, 
2005), soft tissue dehiscence, swelling, wound infection, 

of mental or infraorbital nerve and sensory 
disturbance of tongue depending on the donor site (Sakkas et al, 

An autograft like iliac crest is associated with 
disadvantages such as donor site morbidity, limited availability, 

operative temporary mobility 

impairment (Ochs, 1996). Allogeneic bone has been suggested 
for alveolar cleft reconstruction because it overcomes the 
disadvantages of autogenous bone grafts. A
considered to be biocompatible, exhibit go
response, without donor site morbidity (Aghaloo 
Allografts like fresh frozen bone, Freeze dried bone and 
Demineralized freeze dried bone are enriched with growth 
factors and other bioactive material necessary for 
osteoinduction and successful bone healing (Piattelli 
1996). These have the advantage of limiting surgery time, 
providing an abundant quantity of bone, and elimination of 
donor site morbidity but there are risks of infection 
transmission, immune reaction and in
support. Alloplastic grafts like hydroxyapatite and tricalcium 
phosphate have mineral to organic matrix ratio approximating 
to that of bone and when combined with growth factors like 
strontium can result in higher bone mineral density
not recommended to use such synthetic bone substitutes for 
alveolar cleft reconstruction in growing children with unerupted 
teeth near the cleft defect as they impede natural tooth eruption. 
Additionally, alloplastic grafts should be offered f
ridge augmentation only in those adult patients who do not plan 
on future insertion of endosteal implants. Research data and 
clinical experience regarding the use of xenografts in alveolar 
cleft reconstruction is highly controversial and there 
insufficient evidence in the literature. Therefore, their use in 
alveolar cleft reconstruction is not recommended. Recently, the 
use of alloplastic grafts and xenografts has gained much 
popularity in sinus grafting and alveolar grafting for dental 
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autologous bone graft have to satisfy three criteria assured by autogenous bone: osteogenesis, 
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streams which include skin grafting, stem cell therapy and bone regeneration. There have been 
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implants due to their availability, although they are expensive; 
but again there is not enough data about their use alone without 
autogenous bone for alveolar cleft reconstruction (Tadjoedin et 
al, 2003). 
 

These drawbacks have led to the search for alternatives. 
Alternatives to autologous bone graft have to satisfy three 
criteria assured by autogenous bone: osteogenesis or generation 
of bone-forming cells; osteoinduction or production of 
substances stimulating bone formation; osteoconduction or the 
stimulation of endogenous bone-forming cells to migrate into 
the bone defect. Unfortunately, none of the currently available 
bone grafting alternatives intrinsically satisfies all the above 
criteria. Tissue engineering by autogenous cell transplant is one 
of the most promising techniques currently being developed for 
bone regeneration. The aim of tissue engineering is the 
regeneration of tissues through the combined use of 
biomaterials and biologic mediators in order to provide new 
tools for regenerative medicine. Tissue engineered bone grafts 
composed of osteogenic cells, an osteoconductive three-
dimensional scaffold and osteoinductive growth factors have 
yielded predictable results in bone regeneration (Strietzel, 
2006) 
 

Tissue Engineering 
 

Two major kinds of cells can be used- undiffentiated 
mesenchymal stem cells (UMSC) and diffentiated osteoblastic 
precursor cells. Literature suggests that UMSC enhance bone 
formation as compared to the differentiated cells. The use of 
bone marrow stem cells for bone regeneration is currently a 
popular practice. Their multilineage diffentiation potential, their 
relative availability in terms of cell harvesting and their 
capacity to undergo extensive replication without a loss of that 
multipotential capacity make them on attractive cell source for 
cell- based approaches (Lieberman et al, 2002). The various 
sources of cells are listed in Table 1.  
 

Table 1 Various cell sources and scaffolds currently used in 
tissue engineering 

 

Sources of 
cells 

Scaffolds 

Bone 
marrow  
Adipose 
tissue  
Periosteum  
Umbilical 
cord  
Cancellous 
bone  
Dental pulp 

Natural 
Collagen 
Hyaluronic 
acid 
Chitin 
Chitosan 
Alginate 
Agarose 

Mineral 
Based 
Calcium 
Phosphate 
Ceramics 
 

Synthetic 
Polyglycolic acid  
Polylactic acid  
Polydioxanone  
Polycaprolactone  
Pluronics 
[polypropylene + 
polyethylene 

Hybrid 
Polymer 
with non 
crystalline 
apatite 
coating  
 

 

Scaffolds used in tissue engineering must fulfill certain 
standards like- ease of fabrication, ease of cell penetration, 
proliferation and distribution, ability to vascularize once 
implanted, ablity to maintain osteoblastic cell phenotype, 
appropriate biodegradation and the ability to be totally replaced 
by bone. An ideal scaffold material is one that resorbs at the 
same rates new bone formation occurs. If it resorbs too rapidly, 
it causes contraction of grafted site before new bone is formed, 
if it resorbs too slowly, it may delay new bone formation 
(Pradel et al, 2008). Demineralized Bone Matrix has been 
reported to provide osteoinductive BMPs that signal precursor 
cells and stimulate bone formation at the defect site. Alloplastic 
biomaterials such as hydroxyapatite and tricalcium phosphate 
may affect physiological processes such as tooth eruption and 
jaw development in growing individuals (Pradel et al, 2012). 

Additionally alloplasts persist at the defect site and delay or 
hinder new bone formation. Non resorbable calcium phosphate 
ceramics disturb tooth eruption and tooth development by 
initiating a dense cellular fibrous network at the grafted site 
(Feinberg et al, 1989). A resorbable matrix scaffold is thus 
preferred. Various scaffolds used in tissue engineered bone are 
listed in Table 1.  
 

The role of growth factors in tissue engineered grafts is to 
provide osteogenic signals and induct osteoprogenitor cells at 
the defect site. A number of studies have used rhBMP-2 with or 
without scaffold or cells and have found high rate of success 
(Khojasteh et al, 2015). The best result in bone regeneration at 
cleft defect was reported with the use of rhBMP-2 but the high 
cost of rhBMP-2 has discouraged its widespread clinical use 
(Dickenson et al, 2008). Platelet rich blood substances which 
are autologous and much cheaper substitute to BMP, have 
shown to provide various growth factors like platelet derived 
growth factor, vascular endothelial growth factor, transforming 
growth factor, insulin-like growth factor, epithelial growth 
factor and recombinant human basic fibroblast growth factor. 
Literature shows successful bone formation in cleft defects with 
the use of platelet rich blood products (Khojasteh et al, 2015). 
Table 2 lists the various growth factors used in tissue 
engineering.  

 

Table 2 Growth factors used in tissue engineering 
 

Osteoinductive Osteoconductive  Osteogenic  

Demineralized 
freeze-dried bone 
Bone morphogenetic 
protein 2,4,7,9 

Freeze-dried bone 
Ceramics 
Bioglass 
Coral-derived 
Polylactic and 
polyglycolic acid 

Mesenchymal 
stem cells 
Marrow 
Platelet rich 
plasma 
Gene therapy 
Fibroblast growth 
factors 
Platelet derived 
growth factors 

 

Injectable bone 
 

The crucial issue in fabricating a tissue engineered bone graft 
for cleft alveolus is to provide a perfect combination of 
morphologic adaptation and sustained osteogenic activity. The 
cleft alveolar defects vary in size and shape and are additionally 
compromised with amount of soft tissue available after lip and 
palate surgeries for closure over graft site. Block grafts whether 
autologous, allogenic or 3-D printed have the disadvantage of 
inadequate morphologic adaptation to the cleft defect. 
Additionally, non-osteogenic blocks lack angiogenesis along 
the length and breadth of the graft significantly retarding 
integration with host tissue. Grafts of particulate nature are 
considered more favourable as they adapt well to the complex 
defect shape and additionally provide sufficient surface area for 
angiogenic and osteogenic activity. Osteogenesis in a cleft 
defect is complex and can be considered as ectopic bone 
formation because osseous tissue formation is expected in an 
area where bone is congenitally missing or deficient, requiring 
combinations of growth factors at specific moments during 
bone formation along with a strong dependence on 
angiogenesis. Besides the facilitated transport of nutrients, 
oxygen, and minerals, blood vessels stimulate bone 
morphogenesis due to the osteogenic effects of vascular cells. 
This association has necessitated the incorporation of 
angiogenic growth factors into bone tissue engineering models. 
A tissue engineered injectable hydrogel would be a perfect 
solution for these morphological and biological problems due to 
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the combination of bioadaptability and sustained osteogenic 
activity. 
 

The first clinical attempt to use the osteogenic bone marrow 
stem cell in human was in 1980 when Quatro et al. reported the 
successful use of expanded autologous mesenchymal stem cells 
seeded on macroporous hydroxyapatite scaffolds in 
combination with external fixation, in treatment of three 
patients with large segmental bone defects. Pioneering work in 
field of cleft alveolus has been done by Hibi et al (2006) who 
treated a 9-yr old female patient with unilateral cleft alveolus 
with Injectable Tissue-engineered bone. He used Mesenchymal 
Stem Cells isolated from the patient’s iliac crest marrow 
aspirates combined with Platelet-Rich Plasma prepared from 
the patient’s blood to obtain a graft with gel-like consistency. 
This was injected at the cleft defect and bone formation could 
be demonstrated 3 months postoperatively. By 9 months the 
bony bridge formed could support the natural eruption of two 
teeth in the area. This work was a significant contribution 
towards eliminating donor site morbidity related to autogenous 
bone-graft harvest and to provide comprehensive oral 
rehabilitation therapies superior to current synthetic implant 
materials.  
 

CONCLUSION 
 

Tissue engineered bone grafts are a promising development 
towards restoring bony continuity in cleft alveolus. Further 
research is necessary to establish standardized techniques and 
enable clinicians worldwide to adopt injectable tissue 
engineered bone as an alternative to autografts.  
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