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Abstract 

 
Objective: This study aimed to evaluate new bone formation by distraction of alveolar periosteum 
using modified design of hyrax device and platelet rich fibrin. 
Material and Methods:  Twelves rabbits w e r e  divided into 2 groups of 6 each according to 
the duration of consolidation period of 4 and 8 weeks. Both groups were divided into 4 
subgroups: sham, PRF, device and device with PRF group to achieve 7mm distraction, 0.5mm 
twice a day. 
Result: Histomorphometric evaluation, new bone formation was observed on the lateral and 
vertical side of the mandible of all groups. The device with PRF group showed highest bone 
formation followed by the device group. 
Conclusion: Periosteal distraction osteogenesis can be an option for vertical ridge augmentation. 
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Introduction 
 

Alveolar ridge height may be lost due to periodontitis or trauma or after dental 
extraction. If socket preservation is not performed immediately after extraction, the alveolus 
narrows and its vertical dimension may often be reduced and the defect may be difficult to 
manage[1]. In some cases alveolar bone loss can be severe. Severe bone loss may cause difficulty 
for the construction with a conventional prosthesis or being restored with dental implants. 
Vertical ridge augmentation remains a challenge in the reconstruction of the atrophic maxilla and 
mandible. Since there is  the need to expand the soft-tissue envelope to  achieve the contour of 
bony architecture [2].  

Alveolar distraction osteogenesis (DO) is a technically challenging operation 
used to increase the bone height and width to gain both the bony contour and soft tissue. The most 
common complications of DO were insufficient bone formation following the consolidation 
period, regression of distraction distance and problems related to the distractor device. The type 
of device used and an augmentation rate of more than 0.5 mm/24 h were significantly related to 
insufficient bone formation and evidence of complications [3]. To avoid this complication and 
difficulties of device application, modified hyrax device to distract the periosteum without the 
need to distract the bone, it has some advantage’s more than other technique, preservation the 
periosteum with need to diminishes the blood supply in periosteum while incision it during the 
operation, gain bone by activating the periosteum and maintain the gap gained between the 
alveolar ridge and periosteum from collapse.  As from literature review,  the Periosteum is a 
specialized connective tissue that forms the fibro-vascular membrane covering the entire surface 
of bone except for its articular cartilage, ligament or tendon insertions and the surface of sesamoid 
bones[4]. It consists of two discrete layers: the outer fibrous layer containing fibroblasts, vessels 
and fibers of Sharpey and the inner cambium layer containing nerves, capillaries, osteoblasts and 
undifferentiated mesenchymal stem cells (MSCs)[5]. In children the cambium layer contributes to 
increasing the diameter of the bone during growth. In adults, the cambium cells may be activated 
after mechanical stimulation (trauma), infection and by some tumors[4], also this layer serves as a 
reservoir of undifferentiated pluripotential mesenchymal cells, able to differentiate into 
chondrogenic and osteoblastic lineages and as a source of growth factors playing important role in 
the healing and remodelling process at the outer surface of the cortical bone[5].  
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Platelet-rich fibrin (PRF) is denfined as an autologous leukocyte- and platelet-
rich fibrin (L-PRF) biomaterial [6]. PRF is a fibrin clot rich in platelets without addition of 
thrombin during preparation [7]. PRF derives from a natural and progressive polymerization 
occurring during centrifugation. A progressive or relatively slow polymerization mode may 
increase incorporation of the circulating cytokines in the fibrin meshes. Blood sample after 
centrifugation was divided into three layers: a base of red blood cells at the bottom, acellular 
plasma on the top, and a clot of PRF in the middle [6].Platelet-derived growth factor and TGF-β 
have been identified in PRF. It is hypothesized that these soluble molecules are trapped in the 
fibrin meshes of the PRF and can be released in a controllable, and relatively long-term effect[8]. 
A blood sample is taken without anticoagulant in 10-mL tubes which are immediately centrifuged 
at 3000 rpm for 10 minutes prior to anaesthesia.[9].The idea behind PRF uses as to serve as a 
growth factor and cytokines in surgical site and promoting the healing process.  

Periosteal distraction osteogenesis elevates the periosteum alone without an 
osteotomy and is a more conservative approach [10]. In recent study, the distraction of periosteum 
done on the lateral surface of the mandibular rabbits model with cortical bone perforation, it 
shows that the decortication of the mandibular cortex may induced more bone formation than the 
non-decorticated one, they claim that there will be influx of growth factors and increased 
vascularization in decorticated group and the bone regenerated in this group shows more calcified 
bone because the newly formed bone was more radiopaque in radiographic analysis [11].  

The amount of bone formed by dynamic elevation seems to be unlimited, being 
dependent on the height of the mesh [12], design of the device and the area were the periosteum 
distracted. 

Combination of PDO with autologous growth factor in PRF could enhance 
vertical bone augmentation and there is no study evaluates the effects of PRF in PDO. 

This study aimed to utilize a new technique to distract the periosteum and foster 
bone formation by using PRF. 
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Objective of the Study 
 
General objective:  

Analysis of new bone formation in the gab created by modified design of hyrax 
device in mandibular rabbit. 
 
Specific objective:  
1. To evaluate the modified design of hyrax device in periosteal distraction in superior and lateral 
aspect of mandible in rabbit.  
2. To evaluate the platelet rich fibrin PRF in promoting newly formation of bone in the created 
space in the mandible. 
 
Statement of the problem 

Vertical and horizontal bone augmentation due to bone loss is a challenging in 
dentistry. 
 
Significance of problem 

Obtaining optimum aesthetic result for implant restoration required to gain bony 
architecture and soft tissue contour in defected area after bone loss. 
 
Hypothesis  

New bone formation could be gained in the gap created by distraction of the 
periosteum and may enhanced by PRF application. 
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Materials and Methods 
 
Scope of the study 

Twelves adult male New Zealand white rabbits have been used in this study with 
the mean weight of 3.5kg and approved by the Research committee of the animal care centre in 
Prince of Songkla University, Hatyai, Thailand. Twelves rabbits were divided into 2 groups of 6 
each according to the duration of consolidation period of 4 and 8 weeks. Both groups were 
divided into 4 subgroups: Sham, PRF, Device and Device with PRF group to achieve 7mm 
distraction, 0.5mm twice a day. 

Digital radiograph, micro computed tomography and histomorphometric 
analysis were performed for both consolidation periods of 4 and 8 weeks respectively. The 
result data were evaluated by using One-way ANOVA and Post Hoc test using Tukey HSD test. 
Significant was set at P <0.05. 

 
 

 
 
 
 

12 
Rabbits 

8 weeks group 

(6 Rabbits) 

P Group(3 Rabbits) 

Rt. Device 

Lt. PRF 

P1 

P2 

P3 

S Group(3 Rabbits) 

Rt. Sham 

Lt. Device + PRF 

S1 

S2 

S3 

4 Weeks Group 

(6 Rabbits) 

P Group(3 Rabbits) 

Rt. Device 

Lt. PRF 

P4 

P5 

P6 

S Group(3 Rabbits) 

Rt. Sham 

Lt. Device + PR 

S4 

S5 

S6 



5 
 

Materials 
Hyrax device 

Hyrax device were modified to a modified design by welding a titanium plate in 
one end of the device. The device was rigidly fixed on the lateral aspect of the mandible by using 
a 3 mini titanium screws with 3mm in length. While the other ends, the arms were modified in L 
shape to facilitate distraction of the periosteum. 

 
Figure 1. Modified design of Hyrax device 

  A) Frontal view 
    B) Lateral view 
 
Platelet rich-fibrin (PRF) Preparation: 

Before anaesthesia, 10ml of blood was drawn from central artery of the ear and 
placed into a glass tube, centrifuged immediately at 3000 revolutions/minute for 10 minutes 
using a table centrifuge (PC-02, Process Ltd., Nice, France). The result is the red blood cell 
layer at the bottom and PRF in the middle and platelet poor plasma on the top of the tube and 
the PRF were separated from unwanted blood. 

 

A B 
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Figure 2. PRF preparation Procedure 

 
Surgical procedure 

Under general anaesthesia (25 mg/kg Ketamine and Diazepam 5mg/kg I.V of 
ear’s vein) and local infiltrative anaesthesia (lignocaine 2%). 

The surgical site was shaved and prepared with 10% iodine solution to maintain 
aseptic conditions. A 2-cm incision in the skin along the inferior border of the mandible done. 
Dissection Perform through the subcutaneous and muscle layers. The periosteum was elevated & 
the lateral aspect of the mandibular body was exposed. The mandibular height was measured 
from the lower border of the mandible to the most superior surface height of the mandible; a 2mm 
defect was created from the height of alveolar process with 3mm in width. 

A modified palatal expansion screw was used as periosteal distraction device and 
connected with chrome-cobalt plate with 3 holes to fix it in the buccal cortex with mini-screw, 
and the length of each screw is 3mm. 

1-Rabbit in restraint cage 
2-Moisture with alcohol swab to 
clarify the anatomy 3-Blood drawing 

4-10ml of blood 5-centerfuge  
3000 prm  for 10 min 

6-PRF immediately after 
centrifugation 

7-PRF 
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 The long arms of the distraction device were placed over the ridge of alveolar 
process and inserted by making 2 stab incisions over the skin. The wound was closed in layers, 
using 4-0 Vicryl sutures (Ethicon, Coated VICRYL). 
 

 
 
Figure 3. (a) Modified design of Hyrax device 

  (b) Scheme for planned surgical defected site 
  (c) Rigid Fixatin of the device on the lateral sapect of the mandible 

             
 
 
 

a b c 
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Figure 4. Surgical procedure 

 

 1-Povidone-Iodine Scrubto surgical site. 
 2-Local anesthetic injection to surgical site 

3-Flap raising until reach to lateral  aspect of 
the mandible 

4-Gutta percha application on both end site 
of surgical defect 

5-Application of the device 6-Device fixation 

7-Suturing of the surgical site. 
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Digital radiography 
Digital radiograph were taken by portable x-ray device (NOMAD, Aribex Inc, 

USA) (Figure 5-A.B) using digital sensor size 0 attached to digital sensor holder (XCP-DS, Rinn, 
Densply, IL, USA) (Figure 5-C)  for controlling the vertical distance of 8cm. the exposure were 
set at 60kVp, 2.3mA and 0.3 sec. 

Images were captured on receptor (Sopix CMOS, Instrumentarium Dental, 
Tuusula, Finland). 

The mean of distracted area in pixels was calculated and analysed by using 
Image Pro Plus 7.0 software (Media Cybernetics Inc., Silver Spring, MD, USA). 

 

 
Figure 5. A.B-portable x-ray device, C-digital sensor 

 
Specimen processing 

The total width of the defect created in the free alveolus of the rabbits mandible 
was 7mm, however ,  the total defected area  was divided into two half’s and underwent for 
cutting procedure 3.5mm each. 

After the cutting procedure, one half (distal half) underwent for 
histomorphometric analysis while the other half (mesial half) underwent for micro-CT analysis. 
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.  
 
Figure 6. Mid-coronal cutting of the defected surgical site 
 
Histology Processing 

Distal halves were decalcified (by 10% formic acid) and stained with 
haematoxylin and eosin. 

Hematoxylin and eosin (H&E) stains have been used for this study as this stains 
are still essential for recognizing various tissue types (figure 7). Hematoxylin has a deep blue-
purple colour and stains nucleic acids. Eosin is pink and stains proteins non-specifically. In a 
typical tissue, nuclei are stained blue, whereas the cytoplasm and extracellular matrix have 
varying degrees of pink staining [13].  

 

 
 

Figure 7. Microscopic slide of the distal half of mandibular rabbit's stained with Haematoxylin 
and eosin stain. 
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Histomorphometric analysis 
All prepared histological slides from the distal half of the mandibles underwent 

for histological slide scanning using Aperios ScanScope System in Siriraj hospital, Mahidol 
University, Bangkok.  

Computerized Measurements were achieved for all scanned slides using image 
scope program (Aperio ImageScope 2006, Inc.UK.). 

The new bone formed were been recognized from the adjacent bone by 
identifying the defected line (DL) that has been done during the surgery. 

The new formed bone (NB) outlined and the mean percentage of new bone 
estimated by dividing the percentage of newly formed bone over the total surface area. 

 

 
Figure 8. Aperios ScanScope 

 
Micro-CT analysis 

Each specimen underwent for scanning using the Micor-CT (Micro-CT80, 
Scanco, Medica, AG, Basseerdorf, Swistzerland). 

After the scanning completed, 10 slides images (represented the best view of the 
defected region with a new bone formation) was selected.  

The new bone (BV) was calculated dividing the mean percentage of the new 
bone formed and the total bone volume for each slide selected. 
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Figure 9. Micro-CT80  
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Results 
 
Clinical observations 

All animals tolerated surgery and recovered well but two animals encountered 
dislodgement of the devices due to scratching to the device. Neck collar was later applied 3 days 
postoperatively to secure the device from animal scratching.  
 
Gross specimen observation 

Specimens were harvested at 4 and 8 weeks respectively.  At 4 and 8 weeks 
group, PRF and Sham group showed normal contour at surgical defected side with firm 
consistency while the Device and Device with PRF group showed bulging of the distracted 
surgical defected side in lateral and superior side with firm consistency. 
In all specimens there was no sign of laceration or dehiscence. 
 

 
 
 

 

 
 
Figure 1. Gross evaluation of the 8 weeks group specimen 

    A) Device with PRF group, bulging of the distracted surgical defected site 
                  B) Sham group, Normal contour of the surgical defected site 
                  C) PRF group, Normal contour of the surgical defected site 
                  D) Device group, bulging of the distracted surgical defected site 

C D 

C: PRF 8 week’s Group          D: Device 8 week’s group 

A B

A: Device with PRF 8 week’s Group            B: Sham 8 week’s group 
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Digital Radiographic Evaluation 
In all groups, Device with PRF, Device, PRF, and sham, digital image was done 

from tow views, Lateral-oblique view and lateral view. 
In lateral view, all groups showed bone formation at the surgical defected side. 

Reference points (gutta percha) obvious noticed. 
In Lateral-oblique view, Device with PRF and Device group showed lateral bone 

formation and has been analysed in term of pixels while the PRF and Sham group there was no 
bone can be noticed on the lateral aspect. 

 
 

  

  
 

Figure 2. Lateral view of mandibular radiograph in 4 weeks group 
      A) Device group  

    B) PRF group 
    C) Sham group 
    D) Device with PRF group 

 
 

A B

C D 
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Figure 3. Lateral view of mandibular radiograph in 8 weeks group  

    A) Device group  
    B) PRF group 
    C) Sham group 

                  D) Device with PRF group 
 
 
 
 
 
 

A B

C D 
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Figure 4. Lateral-oblique view of mandibular radiograph in 4 weeks group 
       A) Device group                    

    B) PRF group 
       C) Sham group 
                  D) Device with PRF group 
 

 
 

Figure 5. Lateral-oblique view of mandibular radiograph in 8 weeks group 
         A) Device group                     

    B) PRF group 
        C) Sham group  
                  D) Device with PRF group 

  A B C D 

A B C D 
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Radiographic analysis 
The mean of distracted area in radiographic analysis were been evaluated in the 

Device with PRF and Device group  only while the PRF and Sham groups there was no bone 
detected from Lateral-oblique view in x-ray evaluation. 

The mean of distracted area in pixel for the Device with PRF group in 4 weeks 
consolidation period is (2.24×102) while in Device group is (2.63×102). Device with PRF 
significantly different from the Device group only, (p-value =0.039). 

In 8 weeks consolidation period, the mean of distracted area in pixel for the 
Device with PRF is (2.84×102) and in Device group is (8.49 ×102). Device with PRF significantly 
different from Device group only, (p-value= 0.030). 
Table 1. Radiographic analysis data of the distracted surface in Device and Device with PRF group 

Group 4 weeks-Bone Surface -Pixels  8 weeks-Bone surface- Pixels 
Device with PRF 6.63×102  8.49×102 
Device  2.24×102 2.84×102 
P Value 0.039 0.030 

 

 
Figure 6. Distracted area by radiograph in the Device with PRF and Device groups 
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Histological evaluation 
All groups showed an increase of new bone over the created defect particularly 

in the groups of device either with or without PRF. 
The Device group both with and without PRF showed more bone formation when compared with 
PRF or Sham group in both consolidation periods of 4 and 8 weeks. Some collapse was observed 
in 8-week group. 
 
Device group 

Increase in the width of the new bone formed in the defected area as well as the 
space gained from distraction of the periosteum. 

 In 4 week’s consolidation period group; mature bone observed and thick cortical 
bone and more fatty tissue between the tooth root and the cortical bone when compared to the 8 
weeks group. 

In 8 week’s consolidation periods group; less fatty tissue observed between the 
tooth root and the cortical bone, denser and thicker cortical bone when compared to 4 weeks 
consolidation period. 
 

 
                                   (I)                      (II)                      (III) 
 
Figure 7. Histological slide of Device group in 4 weeks consolidation period; NB New Bone;  
                 DL Defect Line; TR Tooth Root 
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(IV)            (V)            (VI) 

 
Figure 8. Histological slide of Device group in 8 weeks consolidation period; NB New Bone;  
                 DL  Defect Line; TR Tooth Root 
 
Device with PRF group 

In 4 week’s consolidation period group, thick cortical bone observed and more 
fatty tissue in-between the tooth root and the cortical bone. 

In 8 week’s consolidation period group, a thick cortical bone formed same as 4 
weeks consolidation period, more trabecular bone observed in the fatty space in-between the tooth 
root and the cortical bone when compared to the 4 weeks consolidation period. 

 

 
(VII)            (VIII)            (IX) 

 
Figure 9. Histological slide of Device with PRF group in 4 weeks consolidation period; NB New 

Bone; DL Defect Line; TR Tooth Root 
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(X)            (XI)            (XII) 

 
Figure 10. Histological slide of Device with PRF group in 8 weeks consolidation period; NB New 

Bone; DL Defect Line; TR Tooth Root 
 

PRF group 
In 4 week’s consolidation period group; a bony contour formed in the defect 

created with a thick cortical bone. 
In 8 week’s consolidation period group; new bone formed in the defect space 

created and gained normal contour but thicker and denser cortical bone when compared to 4 
weeks consolidation period group.  
 

 
(XIII)            (XIV)            (XV) 

 
Figure 11. Histological slide of PRF group in 4 weeks consolidation period, NB New Bone; DL 

Defect Line; TR Tooth Root 
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(XVI)            (XVII)            (XVIII) 

 
Figure 12. Histological slide of PRF group in 8 weeks consolidation period; NB New Bone; DL 

Defect Line; TR Tooth Root 
 
Sham group 

In 4 week’s consolidation period; a new bone formed in the defected space and 
gained normal contour of the alveolus. 

In 8 week’s consolidation period group; a denser cortical bone formed when 
compared to 4 weeks group 

 

 
(XIX)            (XX)            (XXI) 

 
Figure 13. Histological slide of Sham group in 4 weeks consolidation period; NB New Bone; DL 

Defect Line; TR Tooth Root 
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                            (XXII)            (XXIII)            (XXIV) 

 
Figure 14. Histological slide of Sham group in 8 weeks consolidation period; NB New Bone; DL 

Defect Line; TR Tooth Root 
 
Histomorphometric analysis 

Histomorphometric measurements of the mean percentage of the new bone (NB) 
formed and total surface areas, separated by the defect line (DL), were done. All groups gained 
new bone formation. Significant bone formation (p<.01) were seen in the device with PRF and 
device alone when compared with PRF or Shame group. 
Table 2. Histomorphometric value analysis of the bone surface area in both consolidation periods 

Group 4 weeks-Bone Surface -mm
2  8 weeks-Bone surface-mm

2 
Device 33.22a 23.24b 
Device with PRF 41.36b 55.46d 
PRF 12.26 13.77 
Sham 14.72 13.16 

a   Device group significantly different p<0.05 than PRF and Sham group in 4 weeks consolidation 
period                                        

b  Device group significantly different p<0.05 than PRF and Sham group in 8 weeks 
consolidation period 

c   Device with PRF group significantly different p<0.05 than PRF and Sham group in 4 weeks 
     consolidation period  
d  Device with PRF significantly different p<0.05 than PRF and Sham group in 8 weeks 

consolidation period 
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Figure 15. Histogram of the Mean percentage of distracted area in hypnological section 
a  Device group significantly different p<0.05 than PRF and Sham group in 4 weeks consolidation 

period                                        
b  Device group significantly different p<0.05 than PRF and Sham group in 8 weeks 

consolidation period 
c  Device with PRF group significantly different p<0.05 than PRF and Sham group in 4 weeks 
       consolidation period  
d  Device with PRF significantly different p<0.05 than PRF and Sham group in 8 weeks 

consolidation period 
 

Micro-CT analysis  
The bone surface area in squared millimetre evaluated by calculating the new 

bone formed from the total surface area (BV/TV).  
In 4 weeks consolidation period, significant bone volume showed in Device and 

Device with PRF group when compared to PRF or Sham group. 
There is no significant difference between Device and Device with PRF group. 

In 8 weeks group, significant bone volume occurred in Device and Device with PRF when 
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compared to PRF or Sham group. No significant difference between the Device and Device with 
PRF. 
Table 3. Micro-CT value analysis of the bone surface area in both consolidation periods 

Group 4 weeks-Bone Surface –mm3  8 weeks-Bone surface-mm3 
Device 33.00a 30.00b 
Device with PRF 56.67c 49.00d 
PRF 12.67 10.33 
Sham 15.00 14.50 

a  Device group significantly different p<0.05 than PRF and Sham group in 4 weeks 
consolidation period                                        

b  Device group significantly different p<0.05 than PRF and Sham group in 8 weeks 
consolidation period 

c  Device with PRF group significantly different p<0.05 than PRF and Sham group in 4 weeks 
consolidation period  

d  Device with PRF significantly different p<0.05 than PRF and Sham group in 8 weeks 
consolidation period 

 
 

Figure 16. Histogram of the mean bone surface area in micro-CT analysis 
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a  Device group significantly different p<0.05 than PRF and Sham group in 4 weeks 
consolidation period                                        

b  Device group significantly different p<0.05 than PRF and Sham group in 8 weeks 
consolidation period 

c    Device with PRF group significantly different p<0.05 than PRF and Sham group in 4 weeks 
        consolidation period  
d  Device with PRF significantly different p<0.05 than PRF and Sham group in 8 weeks 

consolidation period 
 

 
 
Figure 17.  Micro-CT images of PRF group in 4 weeks consolidation period; BV Bone Volume;   
                  TV Total Volume 
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Figure 18.  Micro-CT images of Device group in 4 weeks consolidation period; BV Bone  
                  Volume; TV Total Volume 
 

 
Figure 19.  Micro-CT images of Device with PRF group in 4 weeks consolidation period; BV     
                   Bone Volume; TV Total Volume 
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Figure 20. Micro-CT images of Sham group in 4 weeks consolidation period; BV Bone Volume; 

TV Total Volume 

 

 
 

Figure 21. Micro-CT images of PRF group in 8 weeks consolidation period; BV Bone Volume; 
TV Total Volume 
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Figure 22. Micro-CT images of Device group in 8 weeks consolidation period; BV Bone Volume; 

TV Total Volume 

 

 

 

 
Figure 23. Micro-CT images of Sham group in 8 weeks consolidation period; BV Bone Volume; 

TV Total Volume 
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Figure 24. Micro-CT images of Device and PRF group in 8 weeks consolidation period; BV Bone 

Volume, TV Total Volume 
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Discussions 
 

Severe bone loss in alveolar bone may cause difficulty to reconstruct with a 
conventional prosthesis or restored with dental implants. Ridge augmentation remains a challenge 
in the reconstruction of the atrophic maxilla and mandible. Since there is  the need to expand the 
soft-tissue envelope to  achieve the contour of bony architecture [2] either with block or particulate 
graft with guided bone regeneration. Alveolar distraction osteogenesis (DO) is a technically 
challenging operation used to increase bone height and width to gain both the bony contour and 
soft tissue. The most common complications of DO were insufficient bone formation following 
the consolidation period, regression of distraction distance and problems related to the distractor 
device.    

Periosteal distraction osteogenesis (PDO) is a combination method of tissue 
expansion, distraction osteogenesis (DO) and guided tissue regeneration and when compared with 
other techniques it represents advantages over the other techniques. Unlike distraction 
osteogenesis where it need cut of bone in segments, therefore, no risk of teeth injuries, nerves 
damage, bone segment fractures and no donor site morbidity [14]. The amount of bone formation is 
seems directly proportion with space created by the elevation of the periosteum, therefor, the 
amount of bone is unlimited [15]. In addition, no bone resorption as seen in autologous bone 
grafting technique [16, 17] and the bone formed after distraction of the periosteum results in three 
dimensional bone formations. 

Periosteal distraction osteogenesis (PDO) is widely accepted procedure for 
maxillofacial skeleton [18-20]. 

To avoid this complication and difficulties of device application, the hyrax 
device was modified to distract the periosteum without bone distraction and gain bone by 
activating the periosteum and maintain the gap gained with the device. 

Lack of bone marrow cells may play a role in the occurrence of fatty tissue [21]. 
Periosteal distraction with decortication might be effective in promoting bone formation [11]; in 
this study cortical bone defect was performed to facilitate access of the bone marrow cells into the 
distracted site. Stimulatory forces may affect the maturity of the newly formed bone [22-24]; 
however, the mandibular bone receives masticatory forces, and this may affect the quality of new 
bone. 
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Periosteal Distraction Osteogenesis PDO can be applied in the maxillofacial area 
to treat small bone defects with minimal trauma compared to Distraction Osteogenesis DO [25]. 
On the other study, an Osteogenesis done by gradually expanding the interface between bone 
surface and periosteum in rabbit models. Mesenchymal stem cells were administered into the gap, 
the bone volume, height, bone mineral density, and bone mineral content increased significantly 
in newly formed bone tissue [26]. 
 
Animal model selection 

Several advantages for choosing the rabbits model in this study such as,  the size 
of Hyrax device commercially available and the rabbit’s mandible size that can be easy to attach 
the device in the lateral aspect of the mandible and on other hand, handling of the animal is 
relatively easy pre and post-operative. The bone maturity of the rabbits is quite similar to those in 
humans. Cost and availability of the animal relatively low when compared to other animals.  
Housing and postoperative cost considered to be relatively low. Existing knowledge and 
experience for this kind of animal.  

Two times interval of consolidation period of 4 and 8 weeks respectively were 
selected in this study to evaluate the bone generated in different period of time. Use of platelet-
rich fibrin has several advantages. Platelet-rich fibrin does not use bovine thrombin or other 
exogenous activators in the preparation process. It forms a liquid-like matrix that comprises high 
concentrations of non-activated, functional, intact platelets, contained within a fibrin matrix, that 
release, a concentration of growth factors that is relatively constant over a 7 days period. In 
membrane form, it can be employed as fibrin bandage acting as a matrix to accelerate the healing 
of defects created. Additionally, PRF is autologous in nature making it relatively cheap as no 
additional expenses for synthetic membranes are added to patients. The chair side PRF 
preparation is also quite easy, fast and simple. 

 
Radiographic analysis 

Digital radiographic evaluation involved two dimensions analysis, therefor; some 
bone on the third vector of space cannot be seen or evaluated. In this study the bone on the lateral-
oblique view for Sham or PRF groups did not show bone formation. 

On the lateral view, all defected mandible regenerated among all groups. 
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Histological analysis 
The histological evaluation confirmed that the surgical defected mandible healed 

in all groups, Device, Device with PRF, PRF, and Sham groups for both consolidation periods. 
 Two animals encountered dislodgement of the devices due to scratching to the 

device. Neck collar was later applied 3 days postoperatively to secure the device from animal 
scratching. In histomorphometric analysis the in four weeks group, the device group showed more 
bone formation than the Device with PRF group while in the eight weeks group, the Device with 
PRF group showed more bone formation than the device only and this is due to neck collar 
applied for other animal and prevented the animal from scratching. The amount of bone formed 
among two groups in both consolidation period of four and eight weeks is not significantly 
different. 

Histomorphometric analysis revealed that the quantity of newly formed bone in 
8weeks group was greater than in 4 weeks group and this was in accordance with the results 
reported by Sencimen et al. 

On a study evaluate the quantity of newly formed bone by PDO in 60-day 
specimens was greater than in 15 or 30 day specimens [21, 27, 28].  

No differences were observed between the newly formed bone and the native 
bone from the 15 to 60 days of PDO experimental groups [27]. The distraction area was rich in 
interstitial fatty tissues [21].  

Continuous stimulation must be applied to mature newly formed bone in a 
particular direction [29, 30]. 
 
Micro-CT analysis 

In micro-CT evaluation, the amount of newly formed bone from of the total 
surface area in both groups of Device and Device with PRF significantly different from the PRF 
or Sham group in both consolidation periods. The result supported the histomorphometric 
analysis. 

The device with PRF showed more bone formation than the Device group only 
in both consolidation periods and not significantly different for the Device with PRF or the 
Devise only. 
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Conclusions 
 

Distraction of the periosteum using modified design of Hyrax device with PRF is 
a promising method to gain bone formation in alveolar reconstruction particularly vertical bone 
augmentation. The device should further developed to gain effective and more predictable result 
to be used clinically. 
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