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ABSTRACT

Introduction: patients with craniofacial deformities resulting from trauma, infection, tumors 
and congenital defects usually require skeletal expansion. Tradition treatment methods, involve 
autogenous bone grafting, which often results in problems including graft resorption, infection and 
donor site morbidity. Distraction osteogenesis has been adopted more and can help overcome these 
problems. 

Aim of the work: the purpose of this study was to compare histologically the effect of bilateral 
distraction osteogenesis of the mandibular body at different rates on the integrity of the condylar 
cartilage in rabbits. 

Material and Methods: This study was performed on 2 groups of twelve healthy rabbits (adult 
male) : (group 1 and group 2) each group (n=6 rabbits, and 12 joints). Two rabbits (4 joints) in each 
subgroup according to the post distraction period (1, 2, and 4 weeks). In group 1, the distraction was 
performed daily at rate of 1 mm for 5 days. In group 2, the distraction was performed twice daily at 
rate of 1.5 mm (3 mm per day) for 5 days.

Results: Animals in both groups (1 and 2) showed changes in condylar head, which seemed 
to be reversible according to the post distraction period. After the first week, condylar layers were 
decreased in thickness with irregular fibrous outline, bone trabeculae were decreased in number and 
invaded by large number of osteoclasts. After the second week, the condylar head showed evidence 
of regeneration of all layers including the disc. After the fourth week, the subchondral area started 
to be refilled with new bone with numerous osteoblast. Group 2 (3 mm per day) showed more bone 
and collagen formation.

Conclusion: this experimental study reported that distraction rates of 1 mm per day and 3 mm 
per day showed degenerative change in the TMJ condylar cartilage in the first post distraction week. 
At the second week, all the condyles showed adaptive and remodeling signs. Regeneration to the 
normal histological structure appeared in the fourth post distraction weeks, in group 2 (3 mm per 
day) more than in group 1 (1 mm per day). 
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INTRODUCTION 

Distraction osteogenesis is the biological pro-
cess of bone formation between pre-existing 
bone segments that are gradually drawn apart by 
controlled traction, which stimulates bone for-
mation. Previous studies reported that distrac-
tion osteogenesis has the benefit of increasing 
bone length and the volume of surrounding soft  
tissues (1, 2). 

Distraction osteogenesis can be applied to 
craniofacial reconstruction including osseous 
and soft tissues deficiencies, cleft lip and palate 
reconstruction, reconstruction of alveolar process 
for dental implant and a new mandibular condyle 
regeneration (3).

Distraction osteogenesis passes by three periods 
which are: 1- Latency period: It is the period 
immediately following corticotomy or osteotomy 
to the onset of distraction, in order to allow callus 
formation over the cut bony surfaces, 2- Distraction 
period: It is the period during which gradual 
traction force is applied to the bony segments,  
3- Consolidation period: It is the period during 
which the newly formed bone is allowed to mature 
and to gain the necessary strength (4).

There are many factors that affect the results of 
distraction osteogenesis on skeletal and non-skeletal 
tissues such as: rate and rhythm of the distraction, 
latency period,  vector of distraction,  gap distance 
and consolidation period and the duration of follow 
up (4).

One of the most complex joints in the body is 
the temporomandibular joint.  The mandibular 
condylar cartilage is a primary growth center which 
responds to mechanical forces. It was considered 
that the mandible and the TMJ are considered as 
a functional unit, hence mechanical loading on 
the distracted mandibles will have an effect on the 
articular cartilage (5, 6). Stelnicki et al., (2001) (4) 
reported that the mandibular distraction osteogenesis 

in transverse dimension was followed by changes: 
flattening, erosion and displacement of the condyle.

The long period required for bone distraction and 
consolidation was considered to be the main disad-
vantage of mandibular distraction osteogenesis. The 
rapid rate of distraction and reducing overall treat-
ment time would decrease the patient discomfort 
during the process. The abundant blood supply of 
the craniofacial bones makes the use of a rapid dis-
traction rate possible (4, 7). 

This study was designed to evaluate histologically 
the effect of different rates of distraction osteogenesis 
of the mandibular body on the integrity of the 
temporomandibular joint in rabbits.

MATERIALS AND METHODS

The experimental study was performed on twelve 
adult healthy male white New Zealand rabbits (2 to 
3 kg) divided into 2 groups, group 1 and group 2. 
Each group (6 rabbits – 12 joints) divided into 3 
subgroups according to the post distraction follow 
up period, (2 rabbits – 4 joints) in each subgroup.   

A custom made stainless steel distraction 
device suitable for rabbits mandibles. The device 
was designed to be fixed extra orally, allowing 
simultaneous unidirectional bilateral distraction of 
the body of the mandible in anterior direction. 

The animals were selected free from any disease. 
The animals were weighed to estimate the amount 
of anaesthetic solution. The animals fasted the night 
before the surgical operation to prevent vomiting 
after anesthesia.

All rabbits received general anesthesia using 
intramuscular ketamine (50 mg/kg) and xylazine 
(10mg/kg). In addition 1.0 ml of local anesthesia 
(2% Lidocain/epinephrine 1:100.000) was injected 
into the surgical site before beginning the operation 
to control bleeding. 

The skin was shaved over inferior mandibular 
borders (left and right) and sterilized with Betadine. 
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Two skin incisions were made from the mandibular 
angle to the anterior region. A vertical corticotomy 
on both sides (buccally and lingually) was made 
between the premolar teeth and mental foramen 
using a tapered carbide fissure bur under copious 
irrigation using saline. Caution was taken to 
preserve the vascular bundle. 

Titanium screws were used to fix the distraction 
device (Fig. 1). The periosteum and skin were 
sutured using 3-0 vicryl and black silk (Fig. 2).

After the surgical procedure intramascular 
injection of Gentamicin (5mg/Kg) will be given 
daily for one week to prevent infection. Ketoprofen 
analgesic medication (1mg/kg) was given for three 
days to control postoperative pain. The animals will 

be kept under observation till complete recovery in 
a hygienic environment. Glucose water was given 
to the animals on the first postoperative day. Then 
the rabbits were kept on soft diet consisting of bread 
all the postoperative period.

Daily postoperative examination was performed 
to evaluate wound healing, progress of distraction, 
ability to eat and drink, deviation of the mandible 
and any arising complication including signs of 
infection or edema. Care of the wound was carried 
out daily with iodine solution and application of 
topical antibiotic spray.

After a latency period of 4 days, distraction was 
performed:

-	 Group 1: distraction was performed daily at a 
rate of 1 mm for 5 days (total elongation was 
5mm).

-	 Group 2: distraction was performed twice daily 
at a rate of 1.5 mm (total 3 mm per day) for 5 
days (total elongation was 15 mm).

Two animal of each group were sacrificed at the 
end of the 1st, 2nd and 4th post distraction weeks. 

RESULTS 

All the animals tolerated the surgical procedure 
very well and completed the study in good health. 
There were no postoperative infections. The soft 
tissues were intact and normal in appearance in the 
area of surgery. The distraction devices remained 
stable without loosening. During distraction, the 
device was easily activated and there was no 
problem with activation of the screw, with no need 
for sedation of the animals.

Examining the animals at the time of sacrifice 
showed elongation of the mandible due to the 
distraction.

Fig. (1): Fixation of the distraction device after corticotomy of 
the mandibular cortex.

Fig. (2): Suture of the skin.
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After the first post distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condylar head showed various signs of 
degenerative changes of its structures involving 
all layers, including irregularities and resorption of 
the fibrous layer (F) leading to irregular condylar 
outline, proliferative layer (P) and cartilaginous 
layer (C). The cartilaginous layer was absent 
in some areas, and decreased number of bone 
trabeculae (B) was seen obviously. 

The condylar head showed various signs of 
atrophy and resorption involving the articulating 
cartilage. The condylar layers were decreased in 
their thickness showing generation with irregular 
fibrous outline, bone trabeculae were decreased 
in number exhibiting reversal (RL) and scalloped 
outline indicating osteoclasts (OC) activities and 
obvious bone resorption, proliferative zone was 
abscent in some areas.

After the second post distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condylar head showed evidence of regeneration 
in the fibrous layer nearly regular outline, with 
pronounced proliferative and cartilaginous layers. 
Endochondral ossification was enhanced and new 
bone trabeculae are present.

Head of the condyle showed regeneration of all 
layers including the disc (D), and bone hypertrophy 
was seen in some areas specially in proliferative 
zone with regular fibrous outline seen in most 
areas (F). endochondral ossification and large bone 
trabeculae are present (EC).

HISTOLOGICAL EVALUATION 
A- HEMATOXYLIN AND EOSIN STAIN
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After the fourth post-distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condyle showed regeneration in all layers 
appearing nearly normal and nearly returned to its 
pre-distraction thickness. 

Head of the condyle showed regeneration of all 
layers (fibrous, proliferative and cartilagenous) 
together with bone trabeculae. Osteoblastic activity 
was observed. The arrangement of bone trabeculae 
were about to be normally in appearance.

B- Trichrome stain

After the first post distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condylar head showed degeneration in the 
fibrous layer, obvious resorption of proliferative layer 
and cartilaginous layer, the areas of degeneration 
and resorption were invaded by large number of 
inflammatory cells, with increased vascularity.

The condylar head showed resorption and atrophy 
of all layers including the disc with irregular fibrous 
outline.
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After the second post distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condylar head showed irregular fibrous (F) outline 
in some areas with regeneration of the fibrous layer and 
proliferative layer (F). Hypertrophy of chondroblasts 
in the cartilaginous (C) layer was evident with marked 
endochondral ossification. New bone trabeculae (B) 
were developed with numerous osteoblasts traced on 
its surface.  Reversal lines and osteoclasts were seen 
on bone surface in some areas.

Head of the condyle showed evidence of 
regeneration of all layers together with bone 
formation, hypertrophy was seen in some areas 
specially in fibrous and proliferative zone. 
Cartilage formation (C), Bone trabeculae (BT).

After the fourth post-distraction week

Group 1 (1 mm per day) Group 2 (3 mm per day)

The condylar head appeared with regular outline 
(F). All of its layers were about to be reformed and 
undergoing regeneration still numerous small bone 
trabeculae are present.  

Head of the condyle showed regeneration of all 
layers including disc fibers which appeared normally, 
endochondral ossification was enhanced and the 
subchondral area started to be refilled with new bone 
trabeculae with numerous osteoblasts traced on bone 
surface.
ECH: endochondral, F: fibrous layer, P: proliferative 
zone, B: Bone, Ob: Osteoblast
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DISCUSSION

Mandibular distraction produced unusual forces 
by distraction procedures and stretched masticatory 
muscles (8, 9).

The histological results of the present study in both 
groups 1 and 2 showed that in the first post-distraction 
week, the condylar head showed various signs of 
degenerative changes of its structures involving 
all layers, including irregularities and resorption 
of the fibrous layer leading to irregular condylar 
outline, proliferative layer. The cartilaginous layer 
are absent in some areas, the areas of degeneration 
and resorption were invaded by large number of 
inflammatory cells, with increased vascularity. There 
was decrease in bone trabeculae. 

In our study, the results were in agreement with 
experimental data from investigations in rabbits and 
sheeps which have shown changes in TMJ condylar 
morphology and anteroposterior dimension, surface 
contour irregularities and the diameter of the 
articular cartilage was reduced in the main pressure 
zone (8, 10). 

These results were also supported by previous 
studies that reported degenerative changes in the 
TMJ as a result of mandibular distraction, including 
reduction of cartilage thickness, and irregularities of 
articular surface contour (11-13).

Mandibular distraction in another previous studies 
in a rate model revealed decreased density, and 
altered orientation of the condyle (14, 15). A reduction 
in condylar size, due to an erosive process, has also 
been reported by Hatcher et al (1997) (16).

The results of our study are in contrast to other 
authors reports that the thickness of cartilage tissue 
increased in regions under elevated pressure (17). 
Hyperplasia of cartilage in regions under elevated 
pressure has been reported in a variety of other 
experimental studies (18-20). Luz et al (1991) (18) 

showed that indirect trauma to the rate TMJ caused 
thickening of the articular surface.

The degenerative changes after the second 
week were partially reduced by remodeling, the 
condylar head showed regular fibrous outline in 
some areas with regeneration of the fibrous layer 
and proliferative layer. After the fourth week, the 
condylar head appearing nearly normal. All of its 
layers were about to be reformed and regenerated 
to its normal histological structure appearance. The 
arrangement of bone trabeculae were about to be 
normally in appearance, that was showed in group 
2 (3 mm per day) more than in group 1 (1 mm per 
day).

The results of this study were parallel to the 
results of pervious experimental study performed by 
Zhou et al (2005) (21) on dogs to investigate the effect 
of bilateral mandibular distraction osteogenesis at a 
rate of 1 mm per day on the condyles. They found 
various degrees of irregularities and erosion in 
fibrocartilage of the condyle and damage in fibrous 
layer, but the changes were reversible.

The results of this study were parallel to the 
results Elgazzar et al (2008) (22) who evaluated the 
distraction osteogenesis of the mandibular body and 
its effect on the condylar cartilage in rabbits using 3 
mm of distraction per day, and concluded that there 
was degenerative stage followed by remodeling or 
regenerative stage.

The distraction rate is a critical factor in the deter-
mination of a desirable outcome (23-28). In this study, 
there was no difference between group 1 (1 mm per 
day) and group 2 (3 mm per day) after the first and 
second post-distraction weeks. After the fourth week 
there were collagen formation, the arrangement of 
bone trabeculae were about to be normally in appear-
ance and the regeneration to its normal histological 
structural appearance that evidences were noticed 
more in group 2 (3 mm per day) than in group 1  
(1 mm per day). 
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CONCLUSIONS

Distraction at rates of 1 mm per day and 3 
mm per day causing degenerative changes in the 
TMJ condylar cartilage and articular disc in the 
first post-distraction week. However, most of the 
rabbits showed adaptive and remodeling signs 
in the following second and fourth weeks which 
reflect the adaptive capacity of the condylar 
cartilage and disc. The regeneration to the normal 
histological structural appearance was showed in 
group 2 (3 mm per day). The distraction at rate of 3 
mm per day was considered to be preferable than at 
rate of 1 mm per day due to the short time required 
for bone distraction and consolidation. Reducing 
the overall treatment time would alleviate patients 
discomfort during the distraction processes.
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