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ABSTRACT
PURPOSE: To compare bone healing in mandibular vertical body osteotomies (MVBO) after fixation with a resorbable 2.0mm-profile 
fixation system in the first and third postoperative months in rabbits.
METHODS: Twenty hemimandibles of ten rabbits were divided into two groups according to duration of resorbable fixation—one or 
three months. The MVBOs were performed and one four-hole, resorbable, 2.0mm mini-plate fixation system was used on each side. 
The computed tomography (CT) scans, scanning electron microscopy (SEM), and histomorphometric outcomes of groups I and II were 
compared. 
RESULTS: Significant differences were found between the one- and three- month assessments in terms of newly formed bone ratio 
values (p<0.05). There was more new bone formation at the third month on both the CT and histomorphometric examinations. A better 
adaptation of the bone tissues to the resorbable mini-plate and screws was observed on SEM at three months. 
CONCLUSION: The resorbable mini-plates provided a fixation stable enough to allow immediate oral alimentation and callus 
formation in both groups.
Key words: Absorbable Implants. Tomography, X-Ray Computed. Mandibular Fractures. Osteotomy. Microscopy, Electron Scanning. 
Rabbits. 
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Introduction

Resorbable fixation systems are biologically inert, which 
offers great advantages while avoiding the need to remove the 
implanted material. The first use of these materials was in pediatric 
craniofacial surgery, which requires less rigidity1. .Favorable 
fracture healing has also been observed in osteosynthesis 
with biodegradable systems in adults2-5 . They have been used 
in midfacial fractures as well as maxillary and mandibular 
osteotomies in orthognathic surgery6-8 .

The use of resorbable fixation systems for osteosynthesis 
is currently a controversial issue in the literature. Various studies 
have been published regarding the disadvantages of biodegradable 
osteosynthesis materials, varying from less stabilization to more 
difficulty in handling4,9.  However, many reports have shown that 
resorbable osteosynthesis yields comparable results in terms of 
stability and relapse10-13.

Osteosynthesis with resorbable mini-plate systems 
is affected by several factors, including osteotomy technique, 
type of fixation, amount of bony contact, subjected forces to 
the osteotomy line, mechanical strength of plates, and unique 
characteristics of the healing process in the bone that differ with 
time in individual patients. In the current literature, biomechanical 
tests (servohydraulic tests and finite element analyses), clinical 
outcomes (e.g., relapse, inflammation, function), and radiographic 
assessments (pre- and postoperative computed tomography (CT) 
or X-rays) are common methods of assessing resorbable mini-
plate osteosynthesis. However, bone healing in the osteotomy gap 
must be highlighted at the microscopic level, due to its association 
with the biodegradation phenomenon in this region; as such, time 
gains importance in this regard.

To the best of our knowledge, while the effects of different 
types of factors on postoperative osteosynthesis have been well 
studied, there have been no reports regarding the relationships 
among bone healing process, resorbable plate biodegradation, and 
osteosynthesis at particular time-points14,15. Therefore, the aim 
of the present study was to compare bone healing in mandibular 
vertical body osteotomy (MVBO) after fixation with a resorbable 
2.0mm fixation system in the first and third postoperative months 
in rabbits.

Methods

The study protocol was reviewed and approved by the 
Institutional Animal Care and Use Committee of the University 

of Marmara (approval number: 44.2009) in accordance with 
the Council for International Organization of Medical Sciences 
(CIOMS). 

Ten healthy female adult New Zealand rabbits, 6–8 
months of age and weighing 3–3.5 kg, were used as subjects. 

The animals were divided into two groups; all 20 
hemimandibles of the ten rabbits were used. In Group I (n=10), 
histomorphometric and scanning electron microscopy (SEM) 
analyses of the samples and CT scans were obtained in the first 
postoperative month. The same evaluations were made for Group 
II (n=10) in the third postoperative month. 

Surgical procedure

The biodegradable compact plating system CPS® (Inion 
Ltd, Tampere, Finland) was used. This system is composed of 
L-lactide, D,L-lactide, polyglycolide, and trimethylene carbonate 
and 2.0mm-profile four-hole straight mini-plates and 7mm-long 
screws . 

The animals were sedated with 35 mg/kg ketamine 
i.m. (Ketalar; JHP Pharmaceuticals®, Rochester, MI) and 10 
mg/kg xylazine (Rompun; Bayer®, Leverkusen, Germany). 
A submandibular incision (2 cm) and a blunt dissection were 
performed to reach both bodies of the right and left mandibles. 
After completion of the cuts, the biodegradable mini-plates/screws 
were placed using drilling and tapping procedures. In each animal, 
a four-hole straight mini-plate and four screws were placed in a 
manner perpendicular to the upcoming osteotomies on the lateral 
aspects of the right and left mandibular bodies. 

All of the animals were fed their normal diets beginning 
on the second postoperative day. The rabbits were kept in separate 
cages and inspected by a veterinarian. Each animal received 
40,000 IU/kg penicillin G procaine (Eczacıbaşı®, Istanbul, Turkey) 
and 2 mg/kg ketoprofen (Profenid; Eczacıbaşı®, Istanbul, Turkey) 
once a day for five days. After the rabbits were euthanized, the 
mandibles were extracted with care and prepared for CT scan, 
light microscopy (LM), and SEM analysis (Figure 1). The bony 
stumps carrying the mini-plates/screws were prepared for SEM 
analysis, whereas the lingual segments with the osteotomy lines 
were prepared for LM.  
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FIGURE 1 - Hemi-mandible and resorbable mini-plate/screw system af-
ter cleaning off the soft tissues.

CT examinations

Prior to obtaining histological samples from the 
mandibular bodies, CT scans of 0.5mm sections were obtained in 
DICOM format. The data of the two sides from each rabbit were 
evaluated separately. Quantitative assessment and newly formed 
bone volume were quantified by CT density changes (Hounsfield 
units [HU]) in the osteotomy gap. The denser the tissue, the higher 
is the CT number, which ranges from -1000 HU (air) to 1000 HU 
(dense bone) (16). The average HUs of the cortical (1000 HU) 
and spongious (770 HU) parts of the mandibular body of each 
experimental model were defined as the lower and upper limit 
for new bone formation. MIMICS 10.01 software (Materialise, 
Leuven, Belgium) was used to segment the new bone formation in 
the osteotomy gap from the remaining part of the mandibular body 
(Figure 2). HU values between 770 and 1000 were defined as new 
bone; the volume of this region was calculated, and the outcomes 
in the first and third months were compared.  

FIGURE 2 - Measurement of volume of newly formed bone in osteotomy 
gap.

Histomorphometric analysis

The specimens were stained with hematoxylin–eosin 
(HE) and Gomori’s one-step trichrome stain to observe the new 
bone formation. The histological images were captured using a 
light microscope and analyzed with QWin Plus software (Leica®, 
Wetzlar, Germany). The quantity of new bone formation was 
calculated as the percentage fraction of new bone area.

Inflammation intensity, collagen content, and foreign 
body reaction were observed in the prepared slices. Foreign body 
reactions were also determined through the detection of giant cells 
and granulomatosis reactions. 

SEM analysis

The healing patterns between screws–bone and mini-
plates–bone and the bone repair of the osteotomy lines were 
investigated by SEM analysis. The specimens of the SEM group 
were fixated in 2.5% gluteraldehyde for four hours, dried with a 
critical point dryer (Bio-Rad E3000, Hertfordshire, UK) and liquid 
CO2, and covered with gold particles for SEM (Jeol®, Tokyo, 
Japan) analysis. 

Statistical analysis

All measurements and histological observations were 
made blindly, with no knowledge of which images belonged 
to which group. The results were analyzed using the Statistical 
Package for the Social Sciences (SPSS version 12.0; SPSS, 
Chicago, IL). The results were tested statistically using Student’s 
t test. 

Results

CT analyses

Mean newly formed bone volume was 11.2 mm3 at 
one month postoperative and 34.4 mm3 at the third month; the 
difference was statistically significant (p<0.05). Thus, the volume 
of newly formed bone in the osteotomy gap was found to increase 
over time (Table 1).
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TABLE 1 - Volume of newly formed bone in the 
osteotomy gap (mm3).

New bone 
formation

Group I Group II p

Mean +/- SD Mean  +/- SD
Histometric 16.74/100 +/- 

5.74 mm3
27.31/100 +/- 

5.67 mm3
<0.005

CT 11.2+/- 2.3 mm3 34.4+/- 3.1 mm3 <0.005

Histomorphometric analyses 

Group I: The newly formed bone tissue did not close the 
gap between bone segments, and intense osteoblast formations 
were seen in the newly formed bone trabeculae in the osteotomy 
line. Fibrovascular areas that included intense angiogenesis were 
observed in the repair areas of the osteotomy line. Adipose cells, 
fibrotic reaction, connective tissue products, and cartilage tissue 
were clearly observed, indicating indirect bone repair. The newly 
formed trabecular bone and the borders of the cartilaginous areas 
were obviously separated from each other. There was no foreign 
body reaction, and no cases of giant cell presence were reported 
(Figure 3).  

FIGURE 3 - Newly formed bone in fibrovascular tissues (arrow heads), 
intense vascular products in bone repair area (**), and newly formed bone 
tissue (double headed arrow) that did not close the gap between bone 
segments (arrows).

Group II: Remodeling in the newly formed bone tissue 
and increasingly dense vascular areas were seen around these 
structures. Osteocytes were clearly distinguished at the inner parts 
of the osteoblasts, and remodeling was observed with the activity 
of osteoclast cells on the newly formed bone tissue. Intense 
osteoblasts were seen in the newly formed bone trabeculae, and 
increased bone marrow activities were observed in the bone repair 
areas (Figure 4).

FIGURE 4 - Remodeling was observed with the activity of osteoclast 
cells on the newly formed bone tissue (**), Small figures increased bone 
marrow activity (*), intense osteoblasts (arrow) were seen in the newly 
formed bone trabeculae.  

The results show significant differences between the one 
month and three months assessments in terms of newly formed 
bone ratio values (p<0.05). The CT examinations revealed that 
there was more new bone formation in the third month (Table 1).

SEM analyses

Group I: Wide areas were observed between screw–bone 
tissue and between bone tissue–resorbable screws. Non-union was 
observed in the bone tissues in the osteotomy line in the area of the 
bone repair between the screws (Figure 5).  

FIGURE 5 - Plates (arrows) and bone tissue (*) between screws. Non-
union was observed in the bone tissues in the osteotomy line.
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Group II: A better adaptation of the bone tissues to the 
resorbable mini-plate and screws were observed in this group. 
Total union was observed in the osteotomy line (Figure 6). 

FIGURE 6 - Bone tissue (*) between screws (arrows); plates (**) 
between screws (arrows). A better adaptation and total union was 
observed in the osteotomy line.

Discussion

Over the past 20 years, there has been an increase in the 
use of bioresorbable fixation for bone healing and for avoiding 
a second operation to reduce the operative risk in maxillofacial 
surgery. Resorbable systems, which provide rigid fixation for 
bone healing, degrade as the fractured bone regains strength. The 
interaction among biodegradation, healing of the gap, and bone 
volume (quantity) in the osteosynthesis region in supporting 
stability have not been well studied in the current literature. 
Stability is generally examined in terms of biomechanical 
stability. Comparisons of metallic plates at particular time-points 
by means of histological, radiological, and functional outcomes 
have been presented in several studies. In the current study, to 
answer the questions of waiting time in resorbable osteosynthesis 
and to evaluate the progression of osteosynthesis, we compared 
histological, radiological, and SEM results at one and three months.

In normal bone healing, it is obvious that formation of new 
bone is expected to increase from day to day; therefore, comparing 
results after one and three months seems like recapitulating 
inevitable data. However, the outcomes of resorbable systems 
have still shown inconsistencies with these expectations in the 
current literature. 

The rabbit model was chosen because of its versatility 
and the feasibility of the animal based on our previous studies17. It 
is known that the rabbit metabolism is three times faster than that 
of humans18. Thus, the healing periods of four and 12 weeks were 
chosen for the comparisons because they were long enough to see 
the effects of the resorbable system on bone formation, such as 
bone incorporation, resorption of materials, bone remodeling, and 
amount of bone regeneration.  

Biodegradation and inflammatory response to the 
resorbable screw did not directly contact or interact with the bone 
healing process. The plate material should be biocompatible with 
the recipient environment and cause minimal local inflammatory 
reactions. It is claimed that the materials lose most of their strength 
between 18 and 36 weeks. There is a 42% bulk resorption at 40 
weeks and complete resorption by two to four years. Choi et al.19 
reported that resorbable plates may not provide enough vertical 
stability in the maxillary position due to muscle force after six 
months. Therefore, healing in the osteotomy gap, is not sufficient 
to stand functional forces, even after 24 weeks. Resorbable 
osteosynthesis systems keep their strength for 18 weeks, which 
is enough for new bone formation. Therefore, to achieve a better 
bone healing pattern, there is no need to prevent the fixation 
system from functioning via intermaxillary fixation immediately 
after surgery. 

To date, there is still no consensus regarding the exact 
time for the fixation system to function. Li et al.20 suggested that 
dental arch stabilization should accompany resorbable mini-plates 
in order to obtain good stabilization for mandibular fractures in 
children. Resorbable mini-plates are used to align bone fragments 
in the proper position and to offer semi-rigid fixation when 
additional stabilization is required. In our study, bone formation in 
the osteotomy gap was greater at three months both histologically 
and radiographically, but we did not compare their resistance to 
functional forces. However, there was no dental arch stabilization 
or functional limitation during healing. 

 No adverse inflammatory foreign body reactions or 
osteolytic lesions occurred in the present study. In the animal 
experiments reported by Luhr21 and Niederdellmann et al.22, it was 
concluded that direct bone healing pattern was the pattern that has 
to be accomplished histologically in the mandible. Contrary to 
these theoretical expectations, both direct and indirect bone repair 
patterns were observed in our study. Woven bone, which filled an 
extensive part of the osteotomy area with small osseous trabeculae 
and a large quantity of osteocytes of diverse maturity rates, was 
observed in Group I. No chronic or acute inflammatory reactions 
were observed in the osteotomy area, consistent with Hochuli-
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Vieira et al.23. We found woven bone within the osteotomy line in 
the presence of endosteal and periosteal callus in the histological 
evaluation 12 weeks after surgery. We surmised that the resorbable 
mini-plate acts like a membrane over the osteotomy line and 
prevents soft tissue invasion through the osteotomy gap. 

SEM cannot be regarded as a true quantitative instrument 
yet, particularly with regard to the contrast and nanoscale level 
of the resulting image. However, SEM is an ideal observational 
device for evaluating the adaptation and the interactions among 
the plate, screws, and bone. Kosaka et al. evaluated fractured 
biodegradable plates and screws with SEM24. In our study, we 
evaluated bone–plate interface with SEM. After three months, 
union of the gap and closer contact between the resorbable plates 
and the screws were observed. 

CT scans have been used to evaluate postoperative stability 
and the clinical success of resorbable mini-plate osteosynthesis 
in clinical studies25,26. Shapurian et al.16 reported that knowledge 
of the Hounsfield value as a quantitative measurement of bone 
density can be helpful as a diagnostic     tool. Gonzales-Garcia 
and Monje27 conducted a study on the reliability of cone-beam 
computed tomography (CBCT) for evaluating radiographic bone 
density. They claimed that CBCT has a strong positive correlation 
with micro-CT and is a reliable tool for determining bone density. 
In our study, we compared new bone formation using a standard 
Hounsfield interval for all samples, and we found a greater volume 
of new bone formation after three months.

Conclusions

Resorbable mini-plates for the fixation of mandibular 
body osteotomy in rabbits accomplished the main goals in the 
treatment of mandibular osteotomies. The results show significant 
differences between the one month and three months assessments 
in the favor of three months in terms of newly formed bone ratio 
values and newly formed bone volumes.
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