Distraction Histogenesis: From
Biology to Novel Applications
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Hong Kong: Buddha Mountain
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Skeletal tissues are formed spontaneously during
distraction histogenesis (DH). DH is a most cost-effective
form of functional tissue engineering.
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Distraction osteogenesis- History

Alessandro C.ﬂd;mlla,.MD | sl ary, Rizzoli

Director, Rizzoli Orthopaedic Institute, Bologna, Italy (1899-1912)

Codivilla A. (1905) On the means of lengthening in the lower limbs, the

muscles and tissues which are shortened through deformity. Am. J.
Orthop. Surg., 2:353-369.




Distraction osteogenesis- History

Ilizarov, G.A. -- Tension-Stress Principles
Clin Orthop, 238 & 239, 1989

Mechanical
A stimulation can
| promote and
ﬁgﬁ maintain skeletal
m. fissues’ regenerating |
L potentials.

L1 g%
.

Prof. G.A. Tlizarov |
1921-1992
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September 1991, Dr. Ilizarov in Beijing 301
_Hospital with Prof. Lu Shi-Bi
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Ii Gang

Ew-;«my 41st Department of Surgery
The General Hospital of PLA

Wu-Ee-Song Road
Beijing
P.R.China

Dear Dr. Ii Gang,

I would like to express my gratitude for your attention to me

and also for the photo you sent to me.

Please find enclosed two of my publications and Course
programmes. As you know we run ‘10-day Courses on various

problems developed at our Centre.

Dr. ”izarOV and me Please inform us which of the Course you'd like to attend and
September, 199 1’ as soon ae the group for the topic is formed you will be

Beijing, 301 Hospital Yours sincerely, | 7
foi—"

Prof. G.A.Tlizarov

AM USSR Academy of Sciences

General Director

All-Union Kurgan Scientific Centre for

Restorative Traumatology and Orthopaedics 9
Kurgan USSR



' Visiting Doctor 1993; D Phil
. (1994-1997); The Lord Nuffield
Scholarship 1998 at Univ. Oxford
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What is distraction osteogenesis (DO)

L

1. Osteomoty
2. External Fixation
3. Gradual Traction (lengthening)



The definition of the zones in the regenerate
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Li, et al. JOR 1997;15:765-72.
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Effect of lengthening rate on cell proliferation

Li, et al. JOR 1997; 15:765-72,1997. [+ ' o
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. Rate: 0.7 mlfl/day
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Angiogenesis in Distraction Osteogenesis

» Angiogenesis plays a key role in DO.

inlerzone

Medullary cavity

Angiography showing new
vessels in the regenerate.
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Li, et al. J Orthop Res 1999; 17:362-7.
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Possible Biological Mechanisms of DO

/ Bone Regeneration
1]

Bone Remodelling

Bone Cell Proliferation

and Differentiation
+ - +
/ ) l ‘ ) \
+

(g:l(l);iastilg) <+—— Angiogenesis ——> BMPs Activation

Sl */

System Responses

‘J,

Distraction (Straln)

G Li, Current Opinion in Orthopaedics, 2004; 15: 325-30.




Rat DO Model
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0 after op 7 afterop 3 after 8 after 5 after finish
distract distract distraction

3 weeks in consolidation period (safranin O staining, Tibia)



Primary Result of Microarray

Up- Down-

Groups regulated regulated Total
—Distraction vs Control 74 20 100
Fracture vs Control 25 13 38
Fracture vs Distraction 10 56 66

- rno-miR-133b-3p T 16.7 fold-change MyoD myogenesis (muscle-specific)
SDF1/CXCR4 osteogenesis?

Runx2 osteogenesis(C2C12cellline)|

rno-miR-134-5p + 18 fold-change brain-specific (neurogenesis)

rno-miR-455-3p T 1.5 fold-change Salll  VEGF-A (angiogenesis)
——




N hi
o stretching 30 circles / min, 4h

In vitro tensile loading to promote tendogenic differentiation (unpublished data)

Fold change of microRNAs in stretched
and static rBEMSCs

fold change of microRNAs
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206 455 503 144 133 134 877 31a 335 542 22



0OA model

: ; Rats were sacrificed at the end
synovial fluid of 14 days, formalin fixation

SDF-1 Protein
Detected by
ELISA

X-ray and |

OA model OA+ non-Distraction OA-+ Distraction

23
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Distraction Fixation

Joint distraction significantly
reduced subchondral bone
density and reduced
inflammatory cytokines.
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Enhancement Bone Formation During DO

*  Physical stimulation Physical stimulation

—  Weight-bearing exercise —  Ultrasound

Control L[P-Zmin LIPUS-40min

Y  /

Chan, et al. Dose-depent effect of low-intensity pulsed
ultrasound on callus formation during rapid DO. J Orthop Res
2006; 24:2072-9.



Non- Buffer ACS/ ACS/ Buffer/
Enhancement Bone treat inject Saline rhBMP-2 rhBMP-2

Formation During DO

Molecular Therapy
rhBMP-2

A latency period 7 days

Tibiae lengthened 2 cm over
a period of 10 days

Rhythm: 2 increments/day

rhBMP-2 (75 ng) was
administrated to the gap

Placebo controls

Li, et al. rhBMP-2 in Distraction
Osteogenesis. JOR 2002; 20: 658-67.




Thrombin-related peptide TP508 enhanced bone consolidation

TPS508 300 pg
injection twice

Dextran gel
Inject Control

g

A s B e oo TN s =

-

Dextran gel with
microspheres
300 pg TP508
injection once

Li, et al . JOR2005; 23: 196-20_.



Novel application of HA-TCP biomaterials in distraction osteogenesis
shortened the lengthening time and promoted bone consolidation

Day 0 Day12 Day17 Day27 Day 37

Journal of Orthopaedic Research 2009



Intact Bone




Distraction Osteogensis with Biomaterials
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New Clinical Applications of
Distraction Osteogenesis Techniques

» Larger bone defect corredtion

o\

 Cosmetic lengthening ~ =

. Spme deformlty correctlﬁ,;n
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Large Bone defect (20 cm) during
to osteomyelitis
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External skeletal
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Beijing Institute of External skeletal Fixatlon Technology




Beijing Institute of External skeletal Fixatlon Technology
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Limb-reconstruction
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5.-Cils'e.:Report and Retrospective Studies /Analysis for more than 1,500 cases in Beijing.
Planned publications in N. Eng. J. Medicine; Lancet; Science-Translational Medicine, JBJS, etc.



Case 1

Male. 21 years, height 1.20 m. bilateral tibial
lengthening for 18 cm.

PV E: 1. RETAML 2. 2-42E K Hix-Zeifi, S7ERTRIT HIX-28
ERL




After First Treatment
18 cm tibial lengthening

Before Treatment

After 2"¢ 8 cm femoral lengthening



. - S
Barcelona, Word Congress of External Fixation and
ASAMI International Meeting, 20-22 October 2010
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New Clinical Apj
Spine Deformity

raph taken at Russian Kurga ov:.@ntre, with permission, by Dr. G Li



New Clinical Application

Hip Def([ ity Correction

arov Centre, with permission, by Dr. G Li
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New Clinical Applications of DO
Treatment of Cerebrovascular Disease / Stroke

Photograph taken at Russian Kurgan Ilizarov Centre, with permission, Prof. G Li



Apply skull distraction
above the stoked areas
will enhance blood supply
and lead to rapid
functional recovery.

Neurosurgeons need join
hand with orthopaedic
surgeons and engineering
to explore this
revolutionary, cost-
effective novel treatment
strategy.



New Clinical Applications of DO

Treatment of Peripheral Vascular Disease




llizarov’s grandson in Beijing,
2012.04

1991.09

Dr. Sivetlana llizarov in Beijing,
2012 04




Summary: Changes of Concepts of DO

Ilizarov Era (1940s-1990s): Distraction osteogenesis; tension-stress
principles; deeper understanding of the role of mechanical stimuli in

skeletal tissue regeneration and repair.

Modern Era (1990s-present): Distraction histogenesis; insights of molecular,
genetic and cellular mechanisms; extension of new applications into other

fields for functional tissue engineering and rehabilitation.

The future: More clinical and basic research lead to new, effective and cost-

effective treatments for more challenging conditions and diseases.
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