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Lecture Objectives

1. Introduction of clinical importance of bone 
regeneration/ healing and current limitations, and 
the goals of treatments

2. Introduction to basic biology of bone, clinical 
relevance of key factors in bone regeneration

3. Introduction of key molecules and cells involved in 
bone repair

4. Introduction to bone regeneration animal models 
and the cell delivery options



Definition: Bone Regeneration

Bone regeneration is a complex interplay     
well-orchestrated physiological process of 
anatomical, biomechanical and biochemical  bone 
formation. 

It is required for recovery bone tissue that lost 
by trauma, fractures, or surgical removal of locally 
invasive pathologies due to tumor or infection.

Rozalia Dimitriou, et al. BMC Medicine 2011, 66(9) 
Bates P, et al. Basic Orthopaedic Sciences. 2007, 123-134.
Cho TJ, et al. J Bone Miner Res. 2002, 17: 513-520. 
Einhorn TA, et al. Clin Orthop Relat Res. 1998, 355 (Suppl): S7-21.



Clinical Importance of Bone 
Regeneration

• Fracture repair 
• Fracture nonunion
• Critical bone defect
• Bone infection
• Primary tumor lesion
• Secondary tumor lesion



Multiple Fragments Fracture:
Case example - Tibia 

A 27-year-old healthy male 
was involved in a motorcycle 
collision, sustaining an 
isolated injury to the left 
lower extremity 

Barei D.  et al. J. Orthopaedic Trauma. 2007,21(8):574-578



Fracture nonunion:
Case example - Subtrochanteric fracture 

A 36-year-old male patient with high subtrochanteric fracture treated with 
long Gamma nail. Ten months after the initial surgery, dynamization was used 
because of deficient callus formation.

Gao et al. Orthop Surg. 2011;,3(2): 83–87



Xin Yu et al.. International Orthopaedics, 2017.41:1851-57

Masquelet Technique

Critical Bone Defect:
Case example – Femoral fracture 



Xin Yu et al.. International Orthopaedics, 2017.41:1851-57
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Xin Yu et al.. International Orthopaedics, 2017.41:1851-57
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The goals of treatments and current 
limitations of bone regeneration

• The goals of fracture treatments are to restore the skeletal function
• Standard approaches widely used in clinical practice to stimulate or augment bone 

regeneration include:
– Distraction osteogenesis and bone transport
– Bone-grafting

• autologous bone grafts, 
• allografts, 
• bone-graft substitutes or growth factors. 

– Two-stage procedure
• Masquelet technique. 
• It is based on the concept of a "biological" membrane, which is induced after 

application of a cement spacer at the first stage and acts as a 'chamber' for 
the insertion of non-vascularised autograft at the second stage. 

– Non-invasive biophysical stimulation
• Low-intensity pulsed ultrasound (LIPUS) 
• Pulsed electromagnetic fields (PEMF) Aronson J, et al.  J Bone Joint Surg Am. 1997, 79 (8): 1243

Green SA, et al. Clin Orthop Relat Re. 1992, 280: 136-142.
Giannoudis PV, et al. Injury. 2005, 36: S20-27.
Giannoudis PV, et al. Injury. 2009, 40: S1-3.



Basic Biology of Bone:
Bone structure

cancellous bone 
structure

SEM



Basic Biology of Bone:
Bone cells

Bone lining cells: (periosteal cells/endosteal cells) 
• Resting inactive osteoblasts or surface osteocytes 

and helps to maintain the matrix, and control the 

ion movement between bone and the body

Osteoblast (4-6%, secretion of bone matrix) 

• Secretion collagen and calcium binding proteins 

of unmineralized bone, osteoid

• Regulate the activity of osteoclasts

• Maintain calcium homeostasis

• Quiescent bone lining cell or osteocyte

Clarke B. Clin. J. Am. Soc. Nephrol. CJASN. 2008, 3: S131–S139

S. C. Miller,  et al. Scanning Microsc., 1989, 3: 953-960

J. D. Currey, et al. Bones: Structure and Mechanics. 2002. 

R. Florencio-Silva, et al. BioMed Res. Int., 2015. 



Basic Biology of Bone:
Bone cells

Osteoclasts (Multinucleated cell) 

• Derived from mononuclear cells

• Resorb damaged bone tissue & matrix 

• Dissolution of crystalline hydroxyapatite. 

Osteoprogenitor cells (Endosteum+periosteum)

• Mitotically active stem cells

• differentiate into bone lining cells or osteoblasts

Osteocytes (90-95%) 

• Embedded in the bone matrix with lacunae

• Canalicular network connect them to osteoblasts, 

other osteocytes and bone surface lining cells

• Mechanosensors transform mechanical load into 

chemical signals, which cause bone resorption by 

osteoclasts or bone formation by osteoblasts.

R. Florencio-Silva, et al. BioMed Res. Int., 2015. 

E. J. Mackie, Int. J. Biochem. Cell Biol. 2003, 35: 1301 

J. Klein-Nulend,  et al. Bone. 2013, 54: 182

H. K. Väänänen, et al. J. Cell Sci., 2000, 113:377



Basic Biology of Bone:
Periosteum

FH. Glorieux, JCI. 2005



Basic Biology of Bone:
Periosteum



Zuscik MJ , O’Keefe RJ, JCI  2008

Basic Biology of Bone:
Periosteum-during fracture repair



Basic Biology of Bone:
Extracellular matrix- collagens in bone

K. Henriksen, M.A. Karsdal. 2019



Basic Biology of Bone: 
Bone matrix & collagens

Type Genes Structure Representative Tissues Disorders
I COL1A1, A2 Fibrils Skin, bone, tendon, dentin, etc. Osteogenesis imperfecta, Ehlers-Danlos syndrome

II COL2A1 Fibrils Hyaline cartilage, vitreous body
Collagenopathy, types II and XI, spondyloepiphyseal 
dysplasia (SED)

III COL3A1 Fibrils Skin, vessels Ehlers-Danlos syndrome (EDS)

IV
COL4A1, A2, A3, A4, 
A5, A6 Meshwork Basement membranes Alport's syndrome, porencephaly, Goodpasture's syndrome

V COL5A1, A2, A3 Fibrils
Hamster lung cell cultures, fetal membranes, skin, bone, placenta, 
synovial membranes Ehlers-Danlos syndrome (classic type)

VI COL6A1, A2, A3 Short chain Vessels, skin, intervertebral disc, placenta, heart Ulrich myopathy, Bethlem myopathy
VII COL7A1 Long chain Dermo-epidermal junction EDS, epidermolysis bullosa
VIII COL8A1, A2 Short chain Descemet membrane, endothelial cells Corneal dystrophies
IX COL9A1, A2, A3 Short chain Cartilage specific hyaline cartilage, vitreous humor Multiple epiphyseal dysplasia, Stickler syndrome
X COL10A1 Short chain Cartilage specific growth plate (hypertrophic cartilage) Schmidt's metaphyseal dysplasia
XI COL11A1, A2 Fibrils Hyaline cartilage Collagenopathy, types II and XI, Stickler syndrome
XII COL12A1 ? Embryonic skin and tendon, periodontal ligament ?
XIII COL13A1 Short chain Endothelial cells, fibroblast, blood vessels ?
XIV COL14A1 Glycoprotein Fetal skin and tendon ?

XV COL15A1
Interrupted 
collagen Embryonic organs ?

XVI COL16A1 FACIT ? ?
XVII COL17A1 Transmembrane Basement membrane Epidermolysis bullosa
XVIII COL18A1 Multiplexin Vasculature Knobloch's syndrome
XIX COL19A1 FACIT
XX COL20A1 Short chain Cornea
XXI COL21A1 FACIT Skeletal muscle and heart
XXII COL22A1 FACIT Tissue junctions
XXIII COL23A1 Transmembrane ? ?
XXIV COL24A1 ? Bone, retina (Marks embryonic bone formation)

XXV COL25A1 Fibril Brain specific
Alzheimer amyloid plaque component (senile Alzheimer's 
disease)

XXVI COL26A1 Multiplexin Uterus ?
XXVII COL27A1 Fibril Brain, lung
XXVIII COL28A1 FACIT Lung
XXIX COL29A1 FACIT Skin, lung



Basic Biology of Bone:
Normal Collagen structure



Basic Biology of Bone: 
Intra- and extracellular collagen synthesis



Basic Biology of Bone: 
Blood supply

Robert F. Wideman, et al.  
Front. Endocrinol., 2013 

http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=RobertWideman&UID=73537


Basic Biology of Bone:
Bone formation and remodeling



Basic Biology of Bone:
Intramembranous bone formation

• Ossification center formation
• Calcification
• Trabeculae formation
• Periosteum development



Basic Biology of Bone:
Fracture healing stages

Marrow 
cavity

hematoma

Compact 
bone



Einhorn T A, Gerstenfeld L C. Nature Reviews Rheumatology, 2015, 11(1): 45.

Basic Biology of Bone:
Stages of Fracture Healing



Key Molecules & Cells involved in 
Bone Regeneration

Induction of bone formation:
• Activation of inducers
• Addition of inducers
• Addition of osteoregenerative

cells with or w/t biomaterial

Inhibition of bone 
resorption: 
• Inhibition of 

inducers

Bone 
defects

Long bone fractures
(delayed union, non-

union)

Degenerative 
bone deceases



Clinical relevance of 
Key factors in bone repair



Key molecules and cells 
Involved in bone repair



Key molecules and cells 
Involved in bone repair



Key molecules and cells 
Involved in bone repair



Bone remodeling after fracture



Bone Regeneration:
Animal models & the cell delivery options

• Fracture
– Tibial 
– Femoral 

• Graft
– Isograft
– Autograft
– Allograft



Xie C, et al. AJP 2009

Animal models�
Fracture- New bone and vascularity



Animal models�
Fracture- New bone and vascularity
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Animal models�
Fracture- New bone and vascularity

Xie C, et al. AJP 2009
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Animal models�
Fracture- New bone and vascularity

Xie C, et al. AJP 2009



Animal models�
Fracture- New bone and vascularity

Xie C, et al. AJP 2009



Animal models�
Bone grafting

Recipient Donor
Rosa 26A

Post-transplantation 

Analyzing donor 
periosteal stem cell fate 

and cell dependent 
healing
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Characterization of Donor Periosteal Progenitor 
Cell Differentiation in Femoral Isograft Model 

Zhang XP,  Xie C. et al. JBMR 2005
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Histomorphometric Quantification of Donor Cell 
Contribution to Osteogenesis in 

Live Isograft Healing

Graft side Host side



The Growth & Viability of C9 Cells on 
Scaffold or Bone

Xie C, et al. Tissue Engineering 2007

Control                                SIS                    Bovine Bone Wafer          Bone Allograft



The Bio-integration & Survival of C9 Cells After 
Their Transplantation on Coated Allografts In Vivo

Xie C, et al. Tissue Engineering 2007

H&E Beta-Gal/ALP



Induction of Periosteal-like New Bone Callus 
in C9-Coated Allografts

Xie C, et al. 
Tissue Engineering 2007



3-D Micro-CT Imaging Confirmed Histological 
Findings of New Bone Formation on
BMP2-Coated Allografts

Xie C, et al. Tissue Engineering 2007



A Significante Increase in Bone Formation & 
Biomechanics in BMP2-Allografted Femurs

Xie C, et al. Tissue Engineering 2007
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Summary

1. A high demand for bone regeneration/ healing in 
clinical application

2. There are still vast limitations of bone regeneration to 
achieve the goals of treatments needed

3. Understand the basic biology of bone and its clinical 
relevance of critical factors are the foundation of 
translational research

4. The key molecules and cells that involved in bone 
repair, combined with animal models and the cell 
delivery options are the only way to transfer research 
outcomes from bench to bed. 



www.highestbridges.com/wiki

Thank You

Beipanjiang Bridge
World's Highest Bridge

(Duge Elevation)


