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ABSTRACT

Methods of evaluation of the quality of newly formed
bone following distraction osteogenesis are radiological,
histological, or mechanical. Review of literature revealed
only few studies about the mechanical evaluation, which has
investigated this aspect only in long bones. This study has
discussed the tolerance of new bone; formed by distraction
of rabbit’s mandible; to a gradually increasing compression
force. This was done in relation to the nonoperated contralateral
side as a control. Comparison to bone grafts as an alternative
technique for mandibular reconstruction was also discussed.
48 New-Zealand white rabbits were selected and divided into
2 groups. In the 1st group the specimens were examined 6
weeks post-operatively. In the 2nd group, this was done at 12
weeks. The results showed that the distraction new bone could
tolerate compression forces more than could the bone grafts
did at any of the examination times. The differences were
statistically significant.

INTRODUCTION

Report about mandibular distraction by McCar-
thy et al. (1992) and the wide clinical experience
of Molina and Monasterio (1995). The increased
popularity of that new technique came from its
numerous advantages over the conventional tech-
niques of facial skeletal reconstruction which
utilized mainly bone grafts. This new technique
not only avoided the donor site morbidity of bone
grafts, but it also added new bone that should have
the same structural characters of the original bone.
It also has the advantage of simultaneous growth
of the surrounding functional matrix [48-52]. For
these reasons, the technique has attracted the in-
terest of many research workers and there have
been many experimental studies that investigated
different aspects related to this technique and its

89

application to the facial skeleton, starting from
Snyder et al. [13-33].

There have been many methods for evaluation
of new bone quality after distraction. These includ-
ed radiological [34-40], histological [17,21,41] and
mechanical methods [42]. All of these studies have
proved osteogenesis, after gradual distraction across
the osteotomy gab. However, only few studies
evaluated new bone tolerance to mechanical stress
[42]. This was studied only in long bones by appli-
cation of torsion loads. No previous studies were
found in the literature that evaluated this aspect in
the mandible. By conducting this study, our aim
is to evaluate the mechanical strength of the newly
formed bone after mandibular distraction, in com-
parison to the strength of bone grafts; as an alter-
native treatment modality; at certain postoperative
time.

MATERIAL AND METHODS

In this study, 48 adult male New Zealand white
rabbits were used. The animals were divided ac-
cording to the time of sacrifice into two groups:

The First Group: Was sacrificed at 6 weeks
post operatively (29 animals).

The Second Group: Was sacrificed at 12 weeks
post operatively (19 animals).

Each Animal Group was Further Divided Into Two
Subgroups According to the Surgical Procedure:

Subgroup (1): In which the procedure was the
use of bone graft to reconstruct a created mandib-
ular defect (a total of 22 animals; 14 + 8).

Subgroup (2): In which the procedure was
mandibular lengthening by distraction (a total of
26 animals: 15 + 11).
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Operative Procedures:
Anesthesia: General anesthesia was given as

follows: 20 minutes before the operation, sparine
0.1 ml/kg i.m. [43] or xylazine, 5 mg/kg i.m. [45]
was given as a sedative and analgesic. Then, ket-
amine hydrochloride, 30 mg (0.6ml)/kg i.m. that
could be repeated once during surgery, combined
with sparine 0.1 ml/kg [43]. In some animals; vas-
cular access for I.V. anesthesia was done through
the lateral auricular vein, after an initial i.m. com-
bination of xylazine and ketamine [44-45]. The rate
of I.V. infusion was 1mg/min ketamine and 0.1
mg/min xylazine. Then, endotracheal intubation
was done to save the airway and to assist ventilation
[45,46].

Operation: Subgroup (1): Skin incision about
2-3 cm/length below and parallel to the inferior
border of the mandible was made. The superficial
fascia, platysma were divided. The muscles cover-
ing the inferior border of the mandibular body
were sharply divided. The periosteum was then
incised and elevated to expose the body of the
mandible. Care was taken to preserve the perios-
teum intact during its elevation from the buccal
and then from the lingual surfaces. The site of the
planned osteotomy was marked by a sterile pencil
(Fig. 1-A).

A rectangular block of bone was removed from
the lower half of the mandibular body, about 0.5cm
in dimensions. A small disc-shaped electric saw
was used, with saline irrigation for cooling. The
excised piece of bone was used again as a bone
graft. Above the middle of the defect a bicortical
fine drill hole was made by a 1.5-mm drill. A fine
stainless steel wire was passed through the hole.
The bone graft (the excised piece) was repositioned
to its place and the wire was twisted over it for its
fixation (Fig. 2). The wound was then closed in
layers by 4-0 absorbable sutures.

Subgroup (2): The same method for exposure
of the mandibular body was done as described for
subgroup (1). The site of osteotomy was marked
as a longitudinal line in a site corresponding to
that of bone graft in subgroup (1) (Fig. 1-B). The
osteotomy was done using a side-cutting Lindman
burr applied to a straight hand piece of an electric
motor, with saline irrigation for cooling. At both
sides of osteotomy, bicortical pins were applied
for the distractor (using a hand drill). The pins
were put parallel to each other on a line perpendic-
ular to the osteotomy (Fig. 3). The pins were
serrated 2 mm K-wires. After application of the 2
pins, a fine osteotome was used to complete the
osteotomy. Then, the wound was closed and the

distractor was applied. It is a custom-made distrac-
tor exactly similar to Molina’s baby distractor
produced by Wells Johnson Company (Fig. 4).

Post Operative Care and Follow-up: The ani-
mals were put separately in cages labeled with date
and type of operation. They were allowed to eat
immediately and food consumption was observed.
The suture lines were daily irrigated with antiseptic
solution. Prophylactic antibiotics were given for
6 days. In distraction subgroup, the distraction
began on the 5th post-operative day. The distraction
rate was 1 mm/day (0.5 mm twice daily), for 7
days. The animals were observed during distraction
for occlusal changes and stability of the device.
Pin sites were observed for signs of infection.

Animal Sacrifice and Specimen Preparation:
At the planned time, all living animals of both
subgroups were sacrificed. The mandibles were
harvested and examined grossly by naked eyes.
Then, specimens were prepared for the mechanical
study. Some representative samples of each sub-
group were prepared for histology. These were
taken with the covering periosteum, sectioned
through the symphysis, and put in formaline 10%
solution for few days. The involved part of the
body of the mandible was cut, and the correspond-
ing part of the control side. Then the specimens
were immersed in nitric acid for about one week;
for decalcification; and processed to form paraffin
sections.

Specimen Preparation for the Mechanical
Study: The periosteal remnants were removed, and
the mandibles were preserved by freezing till
arranging with the laboratory. At the time of ex-
amination specimens were cut full thickness from
the parts to be examined, 0.5 cm in dimensions
using an electric saw. The cut surfaces were parallel
to each other and perpendicular to the mandibular
border. The surface area of the cut surface was
measured by the use of its ink impression on a
graphic paper. Then, the specimens were carried
to a special machine for material testing [Universal
Testing Machine, LLOYD Instruments LTD, LR
300 K, its capacity = 30 ton = 300 KN (kilo Neu-
ten)] (Fig. 5). This machine applies gradually
increasing compression forces on the cut surface
of the examined specimen till the break point. The
break point for each specimen was recorded and
a stress-strain curve was drawn. This test was done
in the laboratory of metallurgy, Faculty of Engi-
neering, Ain Shams University. The recorded data
of each sample (maximum applied force, surface
area and maximum stress) were collected and
statistical analysis (student t-test) was done.
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RESULTS

A- Results of Surgical Procedures:
1- First Animal Group:

This included 29 animals which were planned
to be sacrificed at 6 weeks.

a- Subgroup (1): Bone Graft Surgery (14 ani-
mals): All animals started normal feeding few
hours after recovery. Two animals died, at 10 days
and at 6 weeks post-operatively. The first was
excluded. The cause of death was GIT infection.

Naked eye examination of the mandibles (at 6
weeks) revealed that 77% of the samples (10 among
13) showed evidence of good healing. The borders
of bone grafts were nearly not identifiable from
the surrounding bone. Eight samples were prepared
for the mechanical studies. The other samples were
prepared for histology. Healing was not considered
good in three samples (excluded from the mechan-
ical studies). One of them showed excessive white
creamy material. Culture from that material showed
no growth. This was explained to be a reaction to
the wire of fixation (metal allergy) [47].

Microscopically, all the examined specimens
(five) shared in showing mainly osteoid tissue with
minimal amount of bony trabeculae. The junction
between the graft and the normal bone was formed
of bone trabeculae in a fibrous background. No
cartilage was found in any area of the specimen.

b- Subgroup (2): Mandibular distraction (15
animals): The procedure was well tolerated by the
animals. They started to eat normally on the second
to third postoperative day (Fig. 6). Two animals
were completely excluded from the results. One
of them had lost the device, and the other died
immediately postoperative.

Postoperative Fate of the Remaining 13 Animals
was One of 4 Different Patterns:

1- Early death and early device loss: 2 animals.

2- Early death with a stable device: 1 animal.

3- Survival with device loss (early or late): 7
animals.

4- Survival with stable device: 3 animals.

Early death occurred 5-15 days after the dis-
traction stopped. The cause of death was GIT
infection (severe diarrhea). 2 animals had got
device extrusion earlier than 2 weeks of consoli-
dation. 5 animals lost the device later (more than
two weeks consolidation). Progressive occlusal
changes occurred in all animals during the distrac-

tion period. These were mainly lateral cross bite
(toward the non-operated side) (Fig. 7), in some
animals this was associated with class III mal
occlusion (Fig. 7-B). The loss of incisor contact
secondary to the developing mal occlusion resulted
in over eruption of the incisors (Fig. 7-C) which
took about one month to occur. No further inter-
vention was done to the animals after extrusion of
the device after 7 days fixation specially that the
occlusal changes were stable [51].

Naked eye examinations of the mandibles at
the time of sacrifice (6 weeks): With early loss of
the device (2 samples), the length of distraction
gap was < 5 mm (relapse) and the healing was not
complete. The gab was clearly distinguishable from
the bony ends and allowed some degree of mobility.
The material of tissue reaction was minimal. In
animals that lost the device later (5 samples), the
healing varied according to presence of tissue
reaction substance and the length of fixation period.
In all, the amount of bone lengthening was less
than 6mm (relapse): In 3 samples, no tissue reaction
was found. The healing was complete the distraction
gap was filled with bone, its middle was still
distinguishable as a lighter color strip. While, in
the other 2 samples the reaction material was found,
and the healing was not yet completed. There was
still some mobility around the osteotomy. The
distraction gap had bone only near the bony edges
these two incompletely healed samples were not
selected for mechanical studies. With stable device
till the time of sacrifice: The area of distraction
gap was filled with newly formed bone. The pins
were strongly attached to the bone (Fig. 8). The
material of tissue reaction was not found. The
distance between the pin holes was about 6-7 mm
> intra-operative distance. Six samples were se-
lected from the completely healed mandibles for
mechanical studies the other samples were exam-
ined histologically.

Microscopic examination of the distraction
zones of animals died at different postoperative
times helped to show different phases of osteogen-
esis. New bone was formed through endochondral
ossification. Larger amount of cartilage was ob-
served with more unstable fixation or shorter du-
ration of fixation. With proper fixation for longer
times, bony fusion started to occur. On both sides
new bone trabeculae was found to bridge the dis-
traction gap over the central zone parallel to the
direction of distraction vector.

2- Second Animal Group:
This included 19 animals, which were planned

to be sacrificed at 12 weeks.
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a- Subgroup 1: Bone graft surgery: (8 animals).
All animals survived with a good health till the
sacrifice time. Naked eye examination of the man-
dible at 12 weeks showed that the healing was
complete in 6 animals. The white material of tissue
reaction was found in 2 animals among 8. In these
2 animals the borders of the graft were still seen
which indicates incomplete healing. Five mandibles
were devoted to the mechanical studies and the
others were examined histologically.

Microscopic examination showed more mature
and remodeled bone with cortical bone outside
continuous with the original cortex and normal
bone marrow inside. The osteoid tissue was still
found. The amount of bone trabeculae was less
than the control side, which indicates resorption.

b- Subgroup 2: Mandibular distraction, (11
animals) Mortality rate was 0%. Device extrusion
during the course of distraction occurred only in
one animal. There were five animals of the other
10 had the device stable in place for a complete
consolidation period of 4 weeks. In the remaining
five spontaneous device extrusion occurred after
a period ranged from a week to 2 weeks from the
end of distraction. The occlusal changes were the
same.

Naked eye examination at 12 weeks showed
that with stable device for 4 weeks, there was bone
lengthening of the distracted side by about 7mm.
The area of distraction was filled with newly formed
well-remodeled bone, not distinguishable from the
rest of mandibular bone. In the animals that showed
premature spontaneous device extrusion, remnants
of the material of tissue reaction was found in
variable amounts. The healing was not properly
completed. Six samples were selected for the me-
chanical studies. The others were for histological
assessment.

Microscopic examination showed that no car-
tilage was seen any more with stable fixation. The
new bone had been differentiated into a cortex and
marrow space. In that time, the structure is very
similar to the non-operated control side. However,
some samples from animals that had premature
device extrusion were still showing islands of
cartilage in the central area.

B- Results of Mechanical Studies:

These are the results of application of gradually
increasing compression forces on 14 bone graft
samples and the corresponding controls; 8 of 1st

group and 6 of 2nd group, and 11 distraction sam-
ples and the corresponding controls: 5 of 1st group

and 6 of 2nd group. The maximum stress that could
be tolerated by the sample till the fracture point
was expressed in N/mm2. (Neuoten/square milli-
meter). This is the force exerted for fracture of the
sample per/unit surface area exposed to that force.
For the samples from bone grafts at 6 weeks, the
mean of this stress was 12.6 N/mm2 (SD±5.7). The
control samples had mean maximum stress of 21.3
N/mm2 (SD±6.5). The difference between experi-
mental and control values is statistically significant
(p < 0.05 by student t-test). Samples from distrac-
tion zones at the same post operative time could
tolerate a mean maximum stress of 57.5 N/mm2

(SD±2.2). Their controls tolerated a mean of 12.2
N/mm2 (SD±3.3). This difference is highly signif-
icant (p < 0.001). Distraction samples at this post-
operative time showed deformation (flattening)
rather than fracture under the effect of mechanical
stress that was a different reaction from that shown
by bone graft or nonoperated control. This might
be explained by the presence of cartilage in the
distraction zone, which enabled it to withstand
greater amount of stress without fracture. In contrast
to bone graft which appeared to be fragile and
rather brittle as compared to the control. At 12
weeks post operatively, bone graft samples tolerated
stress with a mean of 21.3 N/mm2 (SD±2.8). The
control value was 24.5 N/mm2 (SD±2.1). This
difference is statistically non-significant (p >
0.05)/Distraction samples at that time tolerated a
mean of 31.3 N/mm2 (SD±5.8) with a control value
of 20.1 N/mm2 (SD±2.1). This difference is statis-
tically significant (p < 0.05). These data are sum-
marized in Table (1).
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Table (1): Mean and standard deviation of the maximum
tolerable stress, surface area and applied force for
samples of different groups comparing experimen-
tal to control samples.

Statistical
groups

1- (b.g. at 6 wks)

2- (d. at 6 wks)

3- (b.g. at 12 wks)

4- (d. at 12 wks)

Experimental
Mean ± SD

= 12.6±5.7
= 33.2±12.6
= 363.8±96.5

= 57.5±2.2
= 34±11.5
= 1941.3±587.3

= 21.3±2.8
= 31.7±6.5
= 684±223

= 31.3±5.8
= 42±5.3
= 1327.8±410.5

S
SA
F

S
SA
F

S
SA
F

S
SA
F

Control
Mean ± SD

21.3±6.5
32.5±9.9
591.1±73.1

12.2±3.3
20.7±1.2
254.2±82.9

24.5±2.1
29.7±6.5
721.6±120.5

20.1±2.1
29.3±2.3
589.8±79.4

Sig.

S
NS
HS

HS
NS
HS

NS
NS
NS

S
HS
S

p

< 0.05
> 0.05
< 0.01

< 0.001
> 0.05
< 0.01

> 0.05
> 0.05
> 0.05

< 0.05
< 0.01
< 0.05

b.g.
d.
S
SA
F

= Bone graft.
= Distraction.
= Stress.
= Surface area
= Force.

P
Sig.
S
NS
HS

= Probability of error.
= Statistical significance.
= Significant.
= Non-significant.
= Highly significant.
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Fig. (1-B): For distraction: notice the sites of application of
pins.

Fig. (2): In situ fixation of the bone graft, an intra-operative
view.

Fig. (3): Osteotomy and pins applied parallel to each other
on a vector perpendicular to the osteotomy, an intra-
operative view.

Fig. (4): Skin closed and the distractor in place.

Fig. (5): The universal testing machine.

Fig. (6): An animal of distraction, returned to normal feeding
behavior, 2 days postoperative.

Fig. (1): Planning of the osteotomy lines marked on a dry
specimen:

Fig. (1-A): For bone graft: notice the site of the drill-hole
above the graft site.



DISCUSSION

Few reports exist concerning the mechanical
evaluation of distracted bones. A similar method
using tortion loads was previously described in
long bone lengthening [42]. However, no previous
studies were found that compared the strength of
the newly formed bone after distraction to the
strength of bone grafts at a certain postoperative
time. This has been done in the present study. This
study was also the first to evaluate such aspect in
distracted mandibles, and presented a successful
new method for mechanical evaluation of distracted
bone that tested the bone tolerance to compression
stress. The compression force, rather than torsion
or traction loads was selected as it was found to
be similar to the natural forces applied to the
mandible.

The present study compared the mechanical
properties of the distracted bone to an in-situ bone
graft, using the same animal as control. By the use
of this pattern of bone graft in which the alveolar
continuity was preserved, the occlusion was not
changed, and the needed stability for bone graft
fixation was allowed. Thus optimum conditions
for bone graft healing were available. This is also
because it is the best matched graft to the recipient
defect. These conditions make it the best bone
graft (best potential for healing). This method also
saves the animal an additional surgical trauma of
harvesting the graft from a distant site. Naked eye
examination of samples at the sacrifice times
showed complete healing in more than 75% of
bone graft samples. However, the mechanical eval-
uation showed that it could not tolerate the com-
pression stress that was normally tolerated by the
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Fig. (7): The occlusal changes in the animals of distraction
subgroups.

Fig. (8): Distracted mandible 6 weeks postoperatively, with
stable fixation till the sacrifice time. Notice the
difference in length between the two sides.

Fig. (7-A): Lateral cross bite (shift towards the non-operated
side).

Fig. (7-B): Lateral cross bite and class 3 malocclusion.

Fig. (7-C): Over eruption of the incisors → loss of one of the
lower.



non-operated controls in all the examined samples,
even after allowing a longer time (12 weeks) in
the 2nd group. Yet, the differences between test
and control at 12 weeks were statistically non-
significant. This is in contrast to the distraction
samples, that showed high tolerance to compression
without fracture, more than their control. This was
explained to some extent by presence of cartilage
in the course of healing of distraction samples with
different mechanical properties. For that reason,
these differences were more evident (statistically
highly significant) in samples of the 1st group (6
weeks postoperative) which had more cartilage
content, as proved by the histologic examination.
When healing became more complete (at 12 weeks),
with decreased cartilage content, the mechanical
properties became nearer to the control than at 6
weeks. However, the differences were still statis-
tically significant.

The presence of variable amounts of cartilage
as noticed from the histologic examination of
specimens from distraction gaps indicates endoch-
ondral ossification. This is in agreement with the
previous works [21,41] who studied this in rabbits.
The amount of cartilage formation could be corre-
lated to the stability of fixation which also goes in
agreement with the other findings [8,21].

From these results we could conclude that the
new bone formed as a result of gradual distraction
could resist compression forces more than bone
grafts at the same postoperative time. Thus, its
quality could be considered better. It has similar
mechanical characters; if not better than that of
the original (old) bone.
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