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ABSTRACT

Purpose: This study was carried out to evaluate both clinically and radiographic-
ly the use of 3D printed computer assisted patient’s specific scaffold seeded with 
ABMMCs in mandibular reconstruction. Materials and methods: The present study 
was conducted on eight patients who needed mandibular reconstruction. All patients in 
this study were subjected to mandibular reconstruction using 3D printed computer as-
sisted patients specific scaffold using PLLA scaffold seeded with ABMMCs combined 
with osteoplastic materials of biological origin as Osteomatrix (LLC Konectbiopharm, 
Russia) which composed of natural collagen and hydroxyapatite with affinity-bound 
sulfated glycosaminoglycan (SGAG). All patients underwent preoperative cranial-
maxillofa cial CT scans, immediate postoperative and after six months for assessment 
of bone density and volume changes. Results:  The reduction in bone density (17.4%) 
and bone volume (14.5%) from immediate to six months was statistically significant. 
There was an increase in bone density in the area near the autogenous bone of the pa-
tient than the area far from the autogenous bone of the patient. Conclusion: Using 3D 
printed computer assisted patient’s specific scaffold seeded with ABMMCs combined 
with Osteoplastic materials of biological origin in mandibular reconstruction is useful 
in small defects.
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INTRODUCTION

Mandibular bone defect is a common problem 
encountered  secondary to tumor, trauma, and 
atrophy(1) . Reconstruction of mandibular defects 
is a difficult and challenging problem and aims to 
maintain the best possible function and esthetic 
outcomes(2,3,4) . 

Mandibular defects are reconstructed either by 
using bone grafting or artificial materials. Several 
methods have been described for mandibular recon-
struction which include (alloplastic biocompatible 
plates, free bone grafts, pedicled bone grafts, partic-
ulate cancellous bone marrow grafts, micro vascular 
free tissues transfer, distraction osteogenesis, bone 
graft substitutes alone or the combination of two or 
more of these techniques (5). Alloplastic reconstruc-
tion plates have disadvantages for reconstruction of 
mandibular bone especially in the anterior aspect 
of the mandible due to insufficient support to the 
overlying soft tissues, which leads to poor esthetic 
outcomes(1). 

Autogenous bone grafts are characterized by 
osteogenic, osteoinductive, and osteoconductive 
properties, but have several drawbacks, including the 
need of bone harvesting, prolonged surgical times, 
and increased biological costs and postoperative 
morbidity for the patient(6) . The allograft is not 
considered an ‘‘ideal’’ option for bone reconstruction 
due to their lack of osteogenic capacity, the risk of 
triggering host immune response and the risk of 
transmission of infectious agents. To overcome 
these shortcomings in bone grafts, scientists  used 
the traditional triad of tissue engineering that include 
sufficient osteocompetent cell transfer, scaffold  that 
maintains space and provides osteoconduction, and 
the application of growth factors that can  induce 
adjacent mesenchymal osteogenesis to develop a 
bone construct (7) . 

Bone tissue engineering aims to regenerate 
osseous tissue using a combination of stem cells, 
biomaterials and bioactive molecules(8). Friedenstein 
et al first identified mesenchymal stem cells in bone 

marrow of human(9) . In bone tissue engineering, the 
bone marrow stem cells are the most widely-used 
seed cells, with a multiple advantages as minimal 
damage to the donor, and good adhesion to a 
biological scaffold(10) .

Regeneration of large volumes of bone needs 
bone active proteins and drugs that are provide cells 
with sufficient stimulus. Simvastatin is one of the 
most popular prescribed drugs for the treatment of 
hypercholesterolemia as it prevents the synthesis 
of cholesterol. It can modulate the process of bone 
regeneration by election of pleiotropic effects at the 
molecular and cellular levels (11). 

Different materials of biological origin are de-
veloped by tissue engineering as substitutes for 
autologous bone(12). The ideal 3D scaffold is com-
posed of a biodegradable, biocompatible materials 
that have mechanical properties  similar to the tissue 
which it is to be implanted in to support cell adhe-
sion, proliferation and differentiation(13) . 

The use of technology of 3-D printing  in 
medicine has grown from diagnosis of diseases 
and educational models for teaching, to medical 
devices and surgical applications for patient specific 
needs(14) . The 3D printing technology depended 
on imaging of computed tomography (CT) and 
magnetic resonance imaging (MRI), the 3D images 
of the bones can be reconstructed, according to 
the anatomy of human, and the software used can 
mimic the 3D images of the bones of the missing 
parts, therefore customized manufactured bone 
prostheses can be implanted into human body. 
Using specialized 3D printing technology custom 
scaffolds for bone repair can be constructed(15) . 

The area of tissues engineering that has received 
the most attention for the craniomaxillofacial 
region is bone regeneration depending on cellular 
techniques, replacement of biomaterials, or using 
of signaling molecule. This study was conducted to 
investigate the application of 3D printed patient’s 
specific scaffold in regeneration of mandibular 
bony defect. 
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SUBJECTS AND METHODS

This study included eight patients who needed 
reconstruction of mandibular bone. They were 
selected from the Outpatient Clinic of the Oral 
and Maxillofacial Surgery Department, Faculty of 
Dental Medicine for Girls, Al-Azhar University and 
from El Zahraa University Hospital. This study was 
approved by the ethical committee of the Faculty 
of Dental Medicine for Girls, Al-Azhar University.  
Indications, goals of treatment, risks and benefits 
associated with this treatment were explained to all 
patients. A written informed consent was obtained 
from all the patients. Patients suffering from active 
infections, immunosuppression, metastatic disease, 
malignant tumor and had other systemic conditions 
associated with bone health like hyperparathyroidism 
were excluded from this study. 

Patient Management Protocol: 

All patients were subjected to clinical and ra-
diographic examination, clinical examination in-
clude general examination, extraoral examination 
and intraoral examination. During the history tak-
ing, note any facial asymmetries, lesions or scars. 
Radiographic examination, Preoperative orthopan-
tomogram (OPGs) and multislice CT scans were 
taken for all the patients: For the assessment of size, 
shape of the defect and to evaluate the reconstruc-
tion plate (in case of delayed reconstruction), CT 
scans with a slice thickness of 0.5 mm were used to 
establish treatment plan and for construction of the 
patient’s specific scaffold and surgical models for 
pre adaptation of reconstruction plates. Immediate 
postoperative multislice CT scans and postoperative 
multislice CT scans were taken after 6 months for 
all the patients to evaluate bone density and volume.

Surgical Procedure: 

All the patients enrolled in the present study were 
operated on at AL Zahraa University Hospital. After 
admission, lab investigation, and anesthesiology 

consultations were done. Preoperative instruction 
were given at the day before surgery. At the day 
of surgery patients were brought to the operating 
theater. Intra and extra oral antiseptic procedures 
and draping were done.

 Marking the incision and subcutaneous injection 
of vasoconstrictor adrenaline (1ampoule/200ml 
saline) for hemostasis. Submandibular incision was 
done (skin, subcutaneous tissues) to the level of the 
platysma muscle and undermining the skin with 
scissor dissection to facilitate closure. The platysma 
muscle was then undermined with the scissors deep 
to the muscle and the scalpel was used to incise 
the muscle from one end of the skin incision to the 
other. Dissection was done through superficial layer 
of deep cervical fascia with care to preserve the 
facial artery and vein. Exposure of resected area of 
the mandible and refreshment of the edges.

 Seeding the cells on the scaffold: The isolated 
bone marrow mononuclear cells were seeded on 
synthetic bone Block with a 5ml syringe with a gauge 
14 needle obtained from a cannula set. The PLLA 
scaffolds were packed into the mandibular defect 
and fixed by ligature wires to the reconstruction 
plate (Fig. 1).

Figure (1):  A photograph showing reconstruction of mandible 
by PLLA scaffold and fixation with ligature wires.
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Assessment of bone volume: 

After multislice CT scans were done immediate 
and after 6 months, The DICOM files were imported 
to Medical 19.0 software (Materialise NV, Leuven, 
Belgium) and calculation of 3D to compare the 
volumetric changes.

 Assessment of bone density: 

After the multislice CT scans were done. The DI-
COM files were imported to software (OnDemand-
3DApp) for fusion of all cuts (axial, coronal, and 
sagittal). Assessment of bone density was carried 
out: immediate postoperative and after 6 months.

RESULTS 

Clinical Evaluation

 The present study showed no infection, wound 
dehiscence, pus formation and graft exposure. 
However, Post-operative edema continued until 
six months postoperative in seven cases. One case 
suffered from severe extra oral swelling with pus 

Table (1): Comparison between the immediate and after 6 months responses after reconstruction among 
studied patients according to bone density and bone volume: 

P valuePaired t testMean difference 
(percent change)

After 6 months
Mean±SD

Immediate
Mean±SDVariable

0.005**4.237-115.9 (17.4%)550.4±80.3666.3±61.4Bone density

0.001**5.575-651.8 (14.5%)3836.7±442.34488.5±526.3Bone volume

**statistically highly difference p<0.01  

formation and wound dehiscence due to history of 
exposure to trauma on the side of grafting.

Radiographic Evaluation: 

Bone Density

The bone density measured immediately after 
surgery was higher than after 6 months with mean 
of 666.3(61.4) vs 550.4(80.3) respectively (Table 
1). The difference between immediate and after 6 
months bone density was statistically significant 
(p<0.01) 

Bone volume

The bone volume measured immediately after 
surgery was higher than after 6 months with mean 
of 4488.5(526.3) vs 3836.7(442.3) (Table 1). The 
difference between immediate and after 6 months 
bone volume is statistically significant (p<0.01). 
The difference between immediate and after 6 
months either in bone density or in bone volume is 
considered statistically significant (p<0.01) (Fig. 2)

Figure (2): A bar chart showing the mean values 
of bone density and bone volume com-
paring between immediate and after 6 
months.
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DISCUSSION

Reconstruction of mandibular defects represent 
a difficult and challenging problem. Different 
techniques for reconstruction of critical size defects 
of bony of the mandible include autologous bone 
grafts, vascularized bone grafts, and vascularized 
free flaps. But these techniques have some 
disadvantages as donor-site morbidity and more 
time to shape the graft to the complex 3D defect 
configuration(16).

Currently, bone tissue engineering has tremen-
dous  advantage in mandibular reconstruction as an 
alternative bone source(17). In this study, patient’s 
specific PLLA scaffold was used. PLLA has been 
widely used for bone regeneration as it is a biode-
gradable and biocompatible but, there were several 
aspects of PLLA that remain problematic with re-
spect to its application in biomedical fields, includ-
ing hydrophobicity, lack of bioactivity, and may 
cause inflammation due to release of acidic degra-
dation by-products when implanted in vivo (18). 

The present study has shown that the inflamma-
tory reaction occurred in the form of swelling in all 
cases, only one case suffered from the presence of 
infection and pus formation but this patient had a 
history of exposure to trauma after surgery, this is in 
agreement with the study that reported that non-spe-
cific foreign-body reactive swelling was observed 
during PLLA degradation 3–5 years after fixation 
of zygomatic fracture with PLLA plates (19). On the 
other side, another study showed that no delayed 
swelling was observed in any patient after using a 
poly (L-lactide) mesh combined with autogenous 
particulate cancellous bone and marrow in man-
dibular reconstruction. This could be attributed to 
the larger contact area between the tissue and the 
surface of the PLLA mesh compared to the PLLA 
plate, which would maintain the balance between 
fragmentation and absorption of the mesh by the 
surrounding tissue (20). Another study reported that 
no complications including (infection, swelling, 
nonunion, malunion) occurred after fixation of zy-

gomatic fractures by using thin flat-type bioresorb-
able plate system composed of a monopolymer of 
PLLA (21).

In the current study, mandibular reconstruction 
using PLLA scaffold seeded with ABBMCs com-
bined with osteoplastic materials of biological ori-
gin and simvastatin as osteoinductive material was 
evaluated clinically and radio graphically.

 Clinically; this technique provides excellent 
adaptation to the recipient site, easy application of 
the graft, excellent restoration of the esthetic curve 
of the mandible, reducing the surgery time as not 
need two teams and postoperative complications re-
lated to donor sites as the conventional bone graft 
harvest approach but, there were signs of inflam-
matory reaction in all cases as discussed before. 
Radiographically; bone density and volumetric dif-
ference that significantly decreased from immedi-
ate to six months postoperative, the bone density 
measured immediately after surgery was higher 
than that measured after 6 months with mean of 
666.3±61.4 vs 550.4±803 respectively and the bone 
volume measured immediately after surgery was 
higher than that measured after 6 months with mean 
of 4488.5±526.3 vs 3836.7±442.3.

 There was a reduction in bone density by 17.4% 
and bone volume by 14.5% which is similar to the 
normal bone remodeling process. Some authors 
found that the bone density is at its lowest level within  
6 months postoperatively after non-vascularized 
iliac bone grafting and new bone formation is 
latent due to active bone resorption and remodeling 
according to the theory of creeping substitution, 
which is characterized by the initial resorption 
of bone grafts, followed by bone regeneration(22) 
. Histologic and histomorphometric analysis of 
regeneration of bone with bovine grafting material 
have reported that ABBMM presents a markedly 
faster resorption in the initial period (3/6 months) 
after graft insertion (23). Bone remodeling was 
very active in all grafts(24). Other authors reported 
that a volume reduction of the initial augmented a 
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xenogeneic bone substitute material in split-mouth 
sinus augmentations after six months while, the bone 
density increased significantly and reached higher 
values than the referenced zygomatic bone(25).

In the present study, the bone density of the graft 
was 550.4±80.3 after 6 months, and classified as D3 
(350–850 HU) according to Misch classification 
(D1, D2, D3, and D4) based on Hounsfield units 
(HU). D1 (>1250 HU) is dense cortical bone; D2 
(850–1250 HU) is thick, porous cortical bone with 
coarse trabeculae; D3 (350–850 HU) is thin , porous 
cortical bone with fine trabeculae; and D4 (150– 
350 HU) is fine trabecular bone (26).

CONCLUSION 

Within the limitations and findings of the present 
study it could be concluded that: clinical application 
of tissue engineering in bone reconstruction using 
3D printed computer assisted patients specific 
scaffold seeded with autologous bone marrow 
mononuclear cells combined with Osteomatrix in 
mandibular reconstruction is useful in small defects.
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