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Abstract
Distraction osteogenesis (DO) is a surgical procedure used to generate large 

volumes of new bone for limb lengthening. 

 In this animal experimental study, a 30% lengthening of the left 
tibia (mean distraction distance: 60.8 mm) was performed in ten adult male dogs by callus 

postoperative day seven with a distraction rate of 0.5 mm twice per day and carried out at 
a rate of 1.5 mm per day until the end of the study. Autologous bone marrow mesenchy-
mal stem cells (BM-MSCs) and platelet-rich plasma (PRP) as the treatment group (n=5) 
or PRP alone (control group, n=5) were injected into the distracted callus at the middle 
and end of the distraction period. At the end of the consolidation period, the dogs were 

were performed.     
 Radiographic evaluationsrevealed that the amount and quality of callus for-

mations were significantly higher in the treatment group (P<0.05). As measured by 
CT scan, the healing parametersin dogs of the treatment group were significantly 
greater (P<0.05). New bone formation in the treatment group was significantly higher 
(P<0.05).       

The present study showed that the transplantation of BM-MSCs positively 
affects early bony consolidation in DO. The use of MSCs might allow a shortened period 
of consolidation and therefore permit earlier device removal. 
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Introduction

procedure by which controlled displacement of 
bone fragments is used to induce the generation 

not gain wide acceptance until the physiological 
and mechanical aspects required for the success

is usually separated into three phases: i. the latency 

to graft autologous can cellous bone (the current 

be mentioned that the use of this method has some 

made to promote bone formation by increasing the 
distraction rate and shortening the consolidation 

sue engineering in combination with osteogenic 
cells such as stem cells has been accepted as a pos

of bone defects both in animal models and humans 

generation by two ways: differentiation into tissue 
cells in order to restore lost morphology as well 
as function and secretion of a wide spectrum of 

ronment by possessing immunoregulatory func

increased distraction rate and decreased consolida

Materials and Methods
Animals

Mesenchymal stem cells isolation
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cell fraction of the marrow was enriched by gradi

Differentiation potential

blood withdrawn from each dog was initially cen

Ilizarov application
The lengthening procedure was performed by 

animal. All frames were identical and consisted of 

anesthesia and sterile conditions a distractor was 

distal portion of the tibia. The distractor was placed 

wires. All wires were tensioned with a tensioner. In 

the tibial length fromits distal aspect by use of the 

of the limbs was permitted immediately after sur

tency) as necessary for the formation of the primary 
callus and soft tissue healing.

Distraction process and mesenchymal stem cells 
transplantation

were applied in the treatment group to the primary 
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ond session of distraction was carried out at rate of 

The second transplantation was performed at the 

in its place.

Radiography and computerized tomography 

there after we obtained radiographs of the left 

callus (immature bone) and mature bone tis

tact tibia. The critical outcomes (healing param

was blinded to the group assignment of the ani

the same manner. 

Table 1:

ScoreDescription

No callus density

Table 2:

ScoreDescription

Table 3:

ScoreDescription

No callus formation

Beginning of callus formation

Table 4:

ScoreDescription

No callus formation

Beginning of the callus formation

Intercortical formation of callus and its recognition from 

Intercortical formation of callus and possibility of 

The distraction area was sectioned from the central 

gaps in four areas that were equally cut from the cent
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bone) on the photomicrographs of the control and 

tistical analysis. 

Statistical Analysis

data were compared between control and treatment 

Results

Mesenchymal stem cells culture and differentia
tion potential

Fig.1: A
B C

D
E

A B

C D

E
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amount and density of periosteal bone increased 

which at that time periosteal bone had merged with 

quality of callus formation in the treatment group 

urements of the healing parameters (critical outcomes) 
Fig.2:

Table 5:

Formation of intercortical 
callus

Formation of external 
callus

Elimination of the gapCallus densityGroup

aaTreatment

a

Table 6:

Formation of intercortical 
callus

Formation of external 
callus

Elimination of the gapCallus densityGroup

aaTreatment

a
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intense remodeling process and the presence of 

distraction area and merged with bone tissue in the 
margin of the gap. The setrabeculae are indicated 

tion. A mesenchymal soft tissue layer located be

and bridged the gap completely. Bone formation 

tilaginous callus remnants or endochondral bone 
formation at the distraction sites. In the treatment 

the formed trabeculae were more prominent in all 

Fig.3: A
B

C

A B

C
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Discussion

bone defects and require the transplantation of 
bone tissue or bone substitutes to restore physi

should be mentioned that one of the most impor

tions during limb lengthening procedures increase 

Although the current gold standard is the use of 

resulting in more bone formation and less bone 

pears to impact the speed of bone regeneration and 

to promote bone regeneration during the lengthen

shorten the period of lengthening and accelerate 
the osteogenesis quality along the gap of osteoto

that can be used to facilitate fracture healing by 

more clinically acceptable because they are rela
in 

vitro
multiple cell types in vivo
cation seems to be safe and without complications 

is reported to be related to higher amount of newly 
formed bone compared to the adipose tissue de

cell transplantation in bone healing is important to 

gous osteogenic stem cells combined with porous 

not be able to form a natural bone tissue due to 

Among different types of carriers and scaffolds 

been used successfully as a scaffold for bone for

when used in conjunction with autologous bone 

in combination with autologous cancellous graft 

compared to isolated application of autologous 
cancellous graft in an in vivo
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formation and bone resorption and possibly increase 

that a rapid distraction rate causes the disruption of 

four times a day) resulted in acceptable new bone for

day has been shown to result in premature consoli

mentioned that this rate could be changed depending 
on the status of the callus and tension within the soft 

autologous cell therapy for bone regeneration by a 

cable in the repair of bone defects and can be a use

clinical applications.

Conclusion

shortened period of consolidation and therefore 
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