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EVALUATION OF ALVEOLAR RIDGE AUGMENTATION WITH  
TITANIUM MESH ADAPTED ON 3D MODEL AND BONE  
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ABSTRACT

Objective: to evaluate the alveolar ridge augmentation with titanium mesh adapted on 3D model and bone substitute graft in 
the mandible. Subjects and Methods: A total of 14 patients with mandibular alveolar ridge defects were selected. A preliminary 
CBCT scan was performed to evaluate alveolar residual bone anatomy and to created 3D model then adapted titanium mesh on the 
model before surgery. The deficient bone site was exposed by making a three line pyramidal flap. The recipient site was decorticated 
using diamond round bur. The titanium mesh fixed firstly lingual by 1.5mm diameter micro screws selfdrilling, then applied bone 
graft in the recipient site and adapted by condenser. Then titanium mesh fixed buccally by 1.5mm diameter micro screws. The flaps 
were repositioned and sutured passively with 4-0 vicryl suture. Results: Results revealed that, there was statistically a significantly 
higher value in bone height and width after 4 months of bone augmentation and there was statistically a significantly lower value of 
bone density after 4 months of bone augmentation. Conclusion: The use of titanium mesh in bone augmentation have a protective 
effect to the grafted bone during the healing period. The use of the titanium mesh has disadvantages, for example, the necessity of 
a second surgical step increases the morbidity for the patient and it has a risk of soft tissue dehiscence and membrane exposure. 3D 

model provide more time for adaptation of the titanium mesh during time of surgery.
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INTRODUCTION 

Augmentation  of alveolar ridges for implant 
placement is still a challenging surgical procedure, 
especially in the case of extensive vertical and 
horizontal bone atrophy. If implant stability or 
appropriate positioning cannot be achieved, alveolar 
ridge augmentation is needed. Several bone-
augmentation techniques have been introduced, 

of which autogenous bone grafting is the “gold 
standard (1-5). A major complication of bone grafting 
is bone resorption. Alveolar bone defects may be 
treated with various bone regeneration techniques 
including block bone graft, guided bone regeneration 
(GBR), ridge splitting, and distraction osteogenesis 
(6-9). Titanium meshes have been widely used for oral 
and maxillofacial defect reconstruction in terms of 
guided bone  regeneration (GBR) technique(10-13). 
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GBR is one of the most predictable methods, which 
mostly uses a barrier membrane to separate the 
grafted defect and the surrounding connective tissue 
for successful bone regeneration (7).

Titanium meshes are rigid enough to maintain 
the grafted space and to avoid soft tissue collapse. 
Onlay osseous graft protected by a titanium 
mesh has significantly a demonstrated less bone 
resorption compared with an onlay bone graft 
alone (14). Titanium mesh is also an alternative to a 
resorbable membrane for ridge augmentation (15). 
With its advantages, such as biocompatibility and 
corrosion resistance, substantial bone augmentation 
can be achieved using the titanium construct in 
conjunction with bone grafting (16). 

It has been demonstrated that titanium mesh 
supports the grafted space and prevents soft tissue 
collapse (17). However, the clinical outcome of aug-
mentation depends on many factors one of them is 
the type of preoperative bone defect (18). In addition, 
titanium mesh has a good mechanical strength, and 
it can be shaped readily and fixed with screws or 
pins with resulting potential space (19).

SUBJECTS AND METHODS 

Sample Size: A sample size of 14 has a 80% 
power to detect a difference between means of 0.70 
with a significance level (alpha) of 0.05 (two-tailed).

Patient selection: A total of 14 patients with 
mandibular alveolar ridge defects were selected 
from the from the Out-Patient Clinic of the Oral 
Surgery Department at Faculty of Dental Medicine, 
Cairo-boys, Al-Azhar University, Egypt.

Planning and manufacturing of three-
dimensional model: A preliminary CBCT scan 
onDemand3D software was performed to evaluate 
alveolar residual bone anatomy. The CT scan 
was saved in DICOM format. DICOM file was 
opened in the software program Mimics version 
21.0 (Materialise NV, Leuven, Belgium) then 
thresholding is performed and 3D reformatted scan 
of the deficient ridge is generated.

Then it was contoured and smoothened using 
the software 3-Matic version 13.0 (Materialise NV, 
Belgium). These digital structure, provided a 3D 
simulation about the morphology of the alveolar 
bone defect, after which it was saved as an STL file, 
then it printed (by Anycubic i3 Mega printer, China) 
to three-dimensional model, Fig. (1). A titanium 
mesh (thickness: 0.2mm/Hole Size: Φ 1.0mm, Bio 
Materials Korea, Korea) was adapted on the alveolar 
defect on the 3D model, Fig. (2).                   

Surgical procedures: The patients were 
instructed to rinse their mouth with chlorhexidine 
mouthwash for 2 minutes just before surgery. All 
procedures were performed under sterile conditions. 
Local anesthetic solution ARTINIBSA (Inibisa 
Dental, Spain) with vasoconstrictor epinephrine 
1:100000 was injected as inferior alveolar nerve 

FIG. (1): Printing the 3D model

FIG. (2): Titanium mesh adapted on the 3D model
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block and infiltration into operative site for 
anesthesia and hemostasis.

At recipient site:

The deficient bone site was exposed by making 
a three line pyramidal flap. A crestal incision was 
made at the recipient site and vertical incision was 
performed on the buccal side then a full-thickness 
flap was raised to the mucogingival junction. 
After separating the periosteum, the preparation 
of the flap was continued. The lingual and buccal 
subperiosteal tissue was carefully elevated to gain 
adequate visibility of the recipient site without 
applying tension to the ipsilateral mental nerve. The 
recipient site was decorticated using diamond round 
bur (3mm) to increase the vascularity to the bone 
graft. The titanium mesh fixed firstly lingual by 
1.5mm diameter micro screws (micro system, Bio 
Material Korea) self drilling, then applied bone graft 
(xenograft) hypro-oss (natural collagenated bovine 
bone graft, Giessen, Germany) in the recipient site 
and adapted by condenser. Then titanium mesh was 
fixed buccally by 1.5mm diameter micro screws. 
Scoring of the buccal periosteum with no.15 blade 
allowing for tension free closure of the wound with 
maintenance of the periosteal cover of the graft. The 
flaps were repositioned and sutured passively with 
4-0 vicryl suture.

Postoperative evaluation

Clinical evaluation

Postoperative follow-up was carried out every 
week during the first month, and then every month 
for 3 months and clinical parameters were evaluated 
such as examination of the wound, suture breakdown 
or dehiscence and checking for any post-operative 
complication such as: pain, swelling, Bleeding, 
infection, bone graft exposure. After 4 months 
postoperatively the titanium mesh was removed to 
evaluate bone graft and bone integration.                               

Radiographic evaluation:

CBCT onDemand3D software was used to 
evaluate vertical height, horizontal width and bone 
density of mandibular ridge in mm after bone 
augmentation after 4 month postoperatively. Linear 
measurement obtained from 3D images got through 
on Demand 3D software in mm used to evaluated 
and measure the vertical and horizontal lengths. 
Linear measurements obtained at two points in each 
augmented site from above 2mm of inferior alveolar 
nerve to the crest of the augmented ridge after 4 
months postoperatively in the same cuts of CBCT 
and calculate  the mean height of the augmented 
ridge and Linear measurements obtained at two 
points in each augmented site from buccal to lingual 
cortices at the crest of the augmented ridge after 4 
months postoperatively in the same cuts of CBCT 
and calculate the mean width of the augmented ridge.

Statistical analysis:

In this in vitro study all the collected data were 
presented as minimum, maximum, means, mean 
difference and standard deviation (SD) values. 
Comparison between before and after 4 months of 
augmentation regarding bone height, bone width 
and density was performed by using paired t-test.

RESULTS

Clinical evaluation was performed immediate-
ly and every month for four months and revealed, 
there was no infection except after 1 month in only 
3 cases (21.4%), there was pain in all 14cases im-
mediately after the procdure (100%), then pain dis-
appeared. There was no nerve injury in all cases. 
During follow up, there was only 3 cases (21.4%) 
with graft exposure after 1 month only, while re-
grading soft tissue dehiscence there was 3 cases 
(21.4%) after 1 and 2 months and 4 cases (28.5%) 
after 3 and 4 months.

The minimum mean of bone width was (0.49), 
the maximum was (6.54) while the mean ± standard 
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deviation was (3.25 ± 1.16). Regarding bone height 
the minimum was (7.73), the maximum was (10.18), 
while the mean ± standard deviation was (8.98 ± 
0.71). But the minimum density was (1068.75), the 
maximum was (1297.77), while the mean ± standard 
deviation was (1184± 0.52.38) as presented in  
table (1). 

TABLE (1): Total count, minimum, maximum, 
mean, and standard deviation of bone height, width 
and density before ridge augmentation:  

Before N Min. Max. M. SD. 

Bone width 14.00 0.49 6.54 3.25 1.16 

Bone height  14.00 7.73 10.18 8.98 0.71 

Density  14.00 1068.75 1297.77 1184.00 52.38 

N; total count     Min; minimum 
Max; maximum    M; mean  SD; standard deviation 

The minimum mean of bone width was (3.20), 
the maximum was (6.42) while the mean ± standard 
deviation was (5.17 ± 0.78). Regarding bone height 
the minimum was (9.97), the maximum was (10.44), 
while the mean ± standard deviation was (10.14 
± 0.12). But the minimum density was (991.31), 
the maximum was (1133.87), while the mean ± 
standard deviation was (1049± 38.18) as presented 
in table (2).

TABLE (2): Total count, minimum, maximum, 
mean, and standard deviation of bone height, width, 
and density after 4 months of ridge augmentation:  

After 4 months N Min. Max. M. SD. 

Bone width 14.00 3.20 6.42 5.17 0.78 

Bone height  14.00 9.97 10.44 10.14 0.12 

Density  14.00 991.31 1133.87 1049.00 38.18 

N; total count       Min; minimum 
Max; maximum    M; mean  SD; standard deviation 

The bone width before augmentation was (3.25 
± 1.16), while after 4 months was (5.17 ± 0.78) with 

59.07% of changes, comparison was performed 
between mean bone width before and after 4 
months of augmentation by using Paired t-test 
which revealed significant difference (P<0.05) as 
presented in table (3)

TABLE (3): Changes in bone width after 4 months 
of augmentation:

Before After
P value

% of 
changesM SD M SD

Bone 
width

3.25 1.16 5.17 0.78 0.001* 59.07%

M; mean  SD; standard deviation

P: probability level %: percentage of changes

The bone height before augmentation was (8.98 
± 0.71), while after 4 months was (10.14 ± 0.12) 
with 12.9% of changes, comparison was performed 
between mean bone height before and after 4 
months of augmentation by using Paired t-test 
which revealed significant difference (P<0.05) as 
presented in table (4).

TABLE (4): Changes in bone height after 4 months 
of augmentation:

Before After
P value

% of 
changesM SD M SD

Bone 
height

8.98 0.71 10.14 0.12 0.001* 12.91%

M; mean  SD; standard deviation

P: probability level %: percentage of changes

The bone density before augmentation was 
(1184 ± 52.38), while after 4 months was (1049 
± 38.18) with 11.4% of changes, comparison was 
performed between mean bone density before and 
after 4 months of augmentation by using Paired 
t-test which revealed significant difference (P<0.05) 
as presented in table (5)
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TABLE (5): Changes in bone density after 4 months 
of augmentation:

Before After P 
value

% of 
changesM SD M SD

Bone 
Density

1184.00 52.38 1049.00 38.18 0.001* 11.4%

M; mean  SD; standard deviation
P: probability level %: percentage of changes

DISCUSSION 

Currently, there are many studies on the 
augmentation methods and materials that have been 
developed and also the ability to reconstruct the 
maxillary and mandibular alveolar bone and soft 
tissue regeneration with subsequent placement of 
implant and prosthesis. In vertical and horizontal 
bone loss or if there is no implant stability in the 
alveolar bone or have no appropriate positioning, 
so the alveolar ridge needs to be augmented(20). 
The purpose of this clinical trial was to evaluate 
the alveolar ridge augmentation with titanium 
mesh adapted on 3D model and bone substitute 
graft in the mandible. To do this, result from linear 
measurement of vertical height and horizontal width 
of the posterior alveolar ridge after augmentation 
with xenograft bone and by using titanium mesh 
were compared with the linear measurement of 
vertical height and horizontal width before bone 
augmentation. These measurements were obtained 
from on Demand 3D software CBCT scans. Fourteen 
patients were selected for assessment the height and 
width of the atrophied posterior alveolar ridge of the 
mandible after augmentation with xenograft bone 
in comparison to before augmentation, without 
presence of infection in the site of augmentation 
because that may interfere with bone healing. A 
preliminary CBCT scan on Demand 3D software 
was performed to evaluate alveolar residual bone 
anatomy. The C.T scan was saved in DICOM format. 
DICOM file was opened in the software program 
Mimics version 21.0 then thresholding is performed 
and 3D reformatted scan of the deficient ridge is 

generated. Then it was contoured and smoothened 
using the software 3-Matic version 13.0.

These digital structure, provided a 3D simulation 
about the morphology of the alveolar bone defect, 
after which it was saved as An Stl file then it printed 
to three-dimensional model. In accordance with Pel-
tola (21)  and Rengier, et al. (22) 3D printing is a meth-
odology using three-dimensional CAD data sets for 
producing 3D haptic physical model. 3D model pro-
vide more time during time of surgery by adaptation 
of titanium mesh on the model before surgery (23). In 
comparison, although stereolithography is widely 
considered to be the “gold standard” for medical RP 
applications and is typically the more efficient pro-
cess for larger parts, it is significantly more labor 
intensive and costly. The 3DP models while argu-
ably less compelling, are more quickly and easily 
produced and the cost is approximately one-third 
that of stereolithography models. In our study we 
use that 3DP models. Titanium is an excellent bio-
compatible material so the titanium mesh has been 
used in various surgical applications such as GBR 
and reconstruction of bony defects. Titanium mesh 
is also easily to be handled and allow three dimen-
sional reconstruction of the deficient alveolar ridge 
(24). Pores in the titanium meshes allow blood sup-
ply to reach the grafted bone from the surrounding 
soft tissues, enabling nutrition to the grafted bone 
(25). Collapse of the soft tissues was prevented by 
the rigidity of the titanium meshes which help in 
maintaining space for grafted bone (26). Non-resorb-
able membrane barriers such as titanium mesh when 
they exposed in the oral cavity after GBR, infection 
may occur and that can jeopardize the result. On the 
contrary, exposure of the titanium mesh did not ap-
pear to affect the final outcome of the augmented 
ridge. This is in accordance with von Arx et al. (27), 
Proussaefs et al. (28), and Roccuzzo & Wilson(29), the 
mesh exposure not seemed to be the cause of severe 
bone resorption, and it could tolerate infection. In 
our study, the titanium mesh exposed in early weeks 
(first month) in three cases and infection occurs in 
the grafted bone directly and bone graft is exposed 
and we removed the mesh. The others eleven cases 
had exposure for mesh but after a lot of weeks of 
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healing; three cases after two months , four cases 
after three months and last four cases after four 
months before the time of second surgery, did not 
cause significant bone resorption and mesh seemed 
to tolerate infection. And with care of good oral hy-
giene measurement and brushing well. In our study 
we use one type of bone substitutes, which is xe-
nograft. Bone substitutes ideally should be able to 
form new bone and be biocompatible, completely 
resorbable, non-antigenic, non-carcinogenic, inex-
pensive, and pose no risk of disease transmission. 
The use of xenografts for bone grafting was report-
ed in 1889 by Senn (30). Xenografts are tissue grafts 
obtained from a species other than the host species. 
The representative xenograft materials are natural 
hydroxyapatite (HA) and deorganified bovine bone 
(anorganic bone matrix or ABM). Natural hydroxy-
apatite is extracted from animal bones. It has the 
three-dimensional microstructure of natural bone 
and is highly biocompatible to adjacent hard and 
soft tissues. ABM is an inorganic bone of bovine 
origin. It is a carbonate containing apatite with crys-
talline architecture and a calcium/phosphate ratio 
similar to that of natural bone mineral in humans. 
With time, ABM graft material becomes integrated 
into the human bone and is slowly replaced by new-
ly formed bone (31). Xenografts are considered to be 
biocompatible and osteoconductive. Grafted bovine 
bone particles once embedded in mineralized bone, 
and as long as no special stimuli occurs, act simi-
larly to host bone, which often undergoes remodel-
ing process(32). In our study we use only xenograft, 
without autogenous bone to avoid doing other sur-
gery to the patients in another area of oral cavity or 
extra oral.

CONCLUSION 

The use of titanium mesh in bone augmentation 
have a protective effect to the grafted bone during 
the healing period. The use of the titanium mesh has 
disadvantages, for example, the necessity of a second 
surgical step increases the morbidity for the patient 
and it has a risk of soft tissue dehiscence and mem-
brane exposure. 3D model provide more time for ad-
aptation of the titanium mesh during time of surgery.
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