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ABSTRACT

Background: guided bone regeneration (GBR) is considered a predictable method when used
to treat 3D alveolar defects prior to implant placement. The aim of this study was to compare the
histomorphometric outcomes following GBR of 3D bone defects in the maxilla using a 3D patient
specific milled titanium mesh vs. a 3D patient specific, milled PEEK meshes.

Material and methods: split mouth study was conducted on 8 patients (16 alveolar ridge)
suffering from 3D maxillary alveolar defects. GBR was performed using an equal mixture of
autogenous and xenogenic bone grafts loaded on either patient specific milled Titanium mesh
(control group) or patient specific milled PEEK mesh (test group). Implant placement and core
biopsied was carried out 6 months following alveolar ridge augmentation.

Results: Wound healing was uneventful for all cases except one patient in each group were
the meshes were exposed. There was a statistically significant difference between both groups
(P value = 0.000).

Conclusion: These results showed that patient specific milled Titanium meshes provide a
superior osteoinductive and osteoconductive properties compared to milled PEEK meshes. yet
further studies using larger sample size is needed.
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INTRODUCTION

The Rapid and promising developments in the
fields of dental implants, surgical approaches and
biomaterials have made osseointegrated implants to
be a successful therapeutic procedure with highly
predictable results that are widely used in modern
dentistry inthe oral rehabilitation of patients suffering
from either total or partial tooth loss.! However,
the presence of simultaneous alveolar defect may
render the correct positioning of a prosthetically
driven implant a challenging procedure that may
compromise the optimal phonetic, functional and
aesthetic outcomes.>?

Various surgical manoeuvres have been used
to overcome such defects and facilitate implant
placement. This includes, among others, guided
bone regeneration (GBR) using either resorbable
or non-resorbable barrier membranes that improves
the predictability and long-term stability of newly
formed bone.* The scientific rationale for GBR is
to facilitate the formation of new bone by placing
a mechanical barrier that allows the incorporation
of bone forming cells - osteoblasts - into the defect
area while preventing surrounding connective tissue
from invading the defect, thus excluding undesirable
soft tissue cells from growing into the bony defects.’

Titanium meshes possess
record of success in achieving predictable bone
regeneration, this can be attributed to their rigidity,
ability to conform to the defect’s shape and
maintain its shape overtime.’ On the other hand,

the time required to shape the titanium mesh to fit

a proven track

the defect greatly increases the intraoperative time
which is considered to be a major drawback of its
use, In-order to overcome such problem, Titanimum
mesh can be either preshaped on a sterolithographic
model (STL) of the patient’s jaw or even a custom
made 3D printed titanium devices can be used. *?

Poly-ether-ether-keton (PEEK) - a

performance thermoplastic material-

high-
that was
invented by a group of English scientists in 1978
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and took about a decade to make its way into the
medical field of vertebral surgery.'” PEEK has one
of the best biocompatibility as it is non-allergic and
non-toxic with highly stable chemical and physical
properties.!! These superior properties have enabled
this material to gain a foothold in the field of oral
and maxillofacial reconstruction.

The aim of this study was to compare the his
to morphometric outcomes following GBR of 3D
bone defects in the maxilla using a 3D custom-
made milled titanium mesh vs. a 3D patient specific,
milled PEEK meshes.

PATIENT AND METHODS

Study setting

The authors designed a uni-center randomized
comparative clinical split mouth study that was
conducted on 8 patients who had a bilateral sever
3D alveolar defect in the upper jaw following teeth
loss. The patients’ maxillary alveolar ridge should
be less than 6 mm in height - measured from the
alveolar crest to the basal bone- and less than 2
mm in width in order to be enrolled in this study.
Patients with any systemic or local disease that
may affect normal bone healing and predictable
outcome were excluded from this study. Informed
consents were obtained from all the participants
only after the surgical procedures, risks and benefits
were thoroughly explained to them. The study was
granted the approval of the ethics and research
committee at Cairo University.

Patient grouping and randomization

The patients were recruited from the outpatient
clinic of the Oral and Maxillofacial Surgery
Department — Cairo University. Patients were
randomly divided into two equal groups who
underwent 3D ridge augmentation using either
a patient specific milled titanium mesh (control

group) or a patient specific milled peek mesh (study
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group) utilizing a 50:50 mixture of autogenous
bone harvested from the anterior iliac crest of
each individual patient and xenogenic bone (Bio-
Oss, Geistlich Pharma, Switzerland). The choice
of whether the alveolar defect (left or right)
would be included in the study or control group
was determined randomly using special computer
software. Patients who participated in the study
were provided with a total of 32 dental implants
during the second stage surgery.

Preoperative Preparation

The patients’ medical and dental histories were
briefly checked, followed by clinical examination of
all patients. Clinical measurements were performed
both visually and with calipers to ensure the
patient met the initial inclusion criteria before any
further investigations (figure 1). The alveolar ridge
measurements were evaluated radiographically
using CBCT (figure 2) after excluding the existence
of any lesions in them via a Periapical radiographs.

Virtual Planning and Manufacturing Techniques

DICOM files of all patients were imported in
specialized software (mimics 19, Materialize NV,
Belgium). A 2 mm thick perforated meshes of PEEk
(for the study group) or Titanium (for the control
group) were designed to cover all alveolar bone

surfaces (buccal, crestal, and palatal) while leaving

Fig. (1) Preoperative photo showing the presence of bilateral
maxillary alveolar defects
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Fig. (2) showing pre-operative CBCT
the required space for the planned particulate graft
site between the defective alveolar bone and the inner
aspect of the designed mesh (Figure 3). Fabrication
method was done using five axis milling machine

from medically grade PEEK and titanium blocks to
manufacture the final form of the customized mesh.

Titanium meshes were sterilized via autoclave;
on the other hand, 2.4% glutaraldehyde (Cidex,
Johnson & Johnson Co., Washington, DC) was used
for PEEK grids applying cold sterilization technique.

Intraoperative Surgical Procedures (Both Groups)

All surgical procedures were carried out under
general anaesthesia by a two teams approach. A
Bovidine-lodine surgical scrub (Betadine, Purdue
Products L.P., Washington, DC) was used to scrub
and drape the patients in the standard manner.
Autologous particulate spongy bone harvesting was
performed by the first team from the anterior iliac
crest using trap door technique. A resorbable vicryl
suture material was used to close the donor site in a
layered fashion.

Intra-orally, the second team  worked

simultaneously to prepare the recipient site. Firstly,
adequate haemostasis was achieved by injecting
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Fig. (3) Showing the smoothness of the outer and fitting surfaces of the milled Ti mesh and PEEK mesh

local anaesthesia (articaine 4%, septodont, France),
then a full thickness labial and palatal mucoperiosteal
flap was performed. The flap design included a para-
crestal incision and then depending on defect size
and location either a one or two vertical releasing
incisions were used. Regardless of flap design, flap
reflection was done until the entire facial cortical
plate of the alveolar bone was exposed (Figure 4).
Afterwards a small rounded surgical bur was used to
induce bleeding points (decortication) to expose the
underlying marrow to facilitate graft consolidation.

For both groups, the patient specific milled
titanium and PEEK meshes were fixed on the palatal
side of the defect in the control and test groups

respectively using 3-4 micro titanium screws. The
50:50 mixture bone graft was then applied in the
gap between the fitting surfaces of the meshes and
the facial surface of the alveolar defect (Figure 5),
the meshes in both groups were then covered by
Collagen membrane (Bio-Gide, Geistlich Pharma,
Switzerland). In-order to ensure a tension free
closure of the flap, a sharp 15 C surgical blade was
used to perform periosteal scoring on its inner side.
Flap closure was carried out by single interrupted
sutures using prolene 4-0 (Ethicon US LLC,
Washington, D.C). A week after surgery, patients
were called to remove the suture. The wounds were
carefully examined for any sign of inflammation or
infection.

Fig. (4) Exposure of the entire facial and palatal aspects of the

bilateral alveolar defects

Fig. (5) 3D Customized Ti and Peek meshes fixed in place using
3-4 micro titanium screws with the bone graft filling the
gap between them and the alveolar defects
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Second-stage surgery (after 6 months)

A transcortical bone biopsies were collected from
the grafted alveolar defects using a 3mm diameter
trephine bur followed by implant placement (figure
6). Biopsy samples were fixed immediately in 10%
buffered formalin.

Specimen processing

Specimen decalcification was performed by
suspension in EDTA 10% solution for one week
with regular change of the solution on daily
base. The specimens were then dehydrated using
ascending alcohol, followed by clearing in xylol.
Then, it was embedded in paraffin wax to form a
blocks that were sectioned longitudinally into a 5
micron thick sections using microtome. Sections
were stained using Masson Trichrome stain for
histomorphometric analysis.

Histomorphometric analysis

An image analyzer computer system (using
software Leica QWin 500) was used to perform
histomorphometric analysis. Newly formed bone
areas and bone substitute remnants were measured
as a percentage of the total area at a 40X power field.

Statistical analysis

SPSS12 (Statistical Package for the Social
Sciences - IBM Corp., Armonk, NY) was used

(719)

to perform the statistical analysis. Data were
represented as mean + standard deviation. Variables
between the two groups were compared with each
other using Student’s t-test. If the p-value was
less than 0.05, the results were considered to be
statistically significant.

RESULTS

This split mouth study was conducted on 8
patients suffering from bilateral alveolar defects. A
3D correction of the alveolar defects were carried
out using patient specific milled titanium mesh (for
the control group) and patient specific milled PEEK
mesh (study group). For both groups, the alveolar
defects were grafted with an equal mixture of
xenograft and autogenous bone.

Clinical results

None of the patients in either group reported any
complications during the recovery period and the
6-month follow-up period except for one patient in
each group who showed mesh exposure 16 and 30
days after surgery in the control group and the test
group respectively (figure 7), however, both patients
showed favourable response to saline irrigation and
were completely cured by secondary intention.
Implant insertion and core biopsies harvesting were
carried out 6 months after defects augmentation
which was confirmed by obtain a CBCT scan.

Fig. (6) Showing post-operative condition of the alveolar ridge both clinically and radiographiclly .
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Fig. (8) Microscopic picture of core biopsy taken from Ti group

showing trabeculae of lamellar bone with interfering
bone marrow (magnification 40X)

Histological results

Type and quality of formed bone

The histological examination of the core biopsies
obtained from both groups shows a noticeable
difference in the bone quality between them. Mature
and organized lamellar bone was detected in the
control group (figure 8) while on the other hand the
test group showed a less mature woven bone with
interfering xenograft particles. (Figure 9)
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Bone area percentage

The histomorphometric analysis of the samples
(table 1) showed that the percentage of newly
formed bone was higher in the Ti (control) group
compared to that of the PEEK (study) group (26.25
+ 4.35 vs. 19.5 + 2.38) (figure 10). The difference
between the two groups was statistically significant
(P value 0.000)

Fig. (9) microscopic picture of core biopsy taken from
PEEK group showing trabeculae of woven bone with
interfering xenograft particles (magnification 40X)
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Fig. (10) Bar chart showing the mean of bone area percentage
gained in both groups

TABLE (1): descriptive statistics and comparison between groups for bone area percentage (student’s t-test)

Percentage of mature bone Mean SD SE 95% confidence interval P value
Study 28.53+5.92° 1.87 (-24.06,-14.75) 0.000*
Control 47.93+3.48° 1.10

Significance level P<0.05, *significant

Means with different superscript letters are significantly different
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DISCUSSION

Despite the fact that short implants can be used in
the case of atrophic alveolar ridge, yet this approach
usually fails to meet the criteria of the successful
prosthetically driven implants that aim to restore
the function and aesthetics of missing dentition.!>!4
This explains the surgeons’ ongoing search for
different clinical solutions to overcome the obstacle
of having inadequate alveolar bone through various
surgical approaches that include, but not limited to,
distraction osteogensis, bone grafting procedures,
guided bone regeneration (GBR) and the use of
oseoinductive biomedical materials such as bone
morphogenic protein and stem cells. !>

The limitations of distraction osteogensis '’
and the limited applicability of the osteoinductive
approach in reconstructing alveolar defects '*
renders GBR with or without bone grafting to be
the most commonly used technique to restore an
adequate alveolar bone volume with a high rate of
success.'”?! The success of GBR depends on the
presence of several properties in the used barriers
such as: (1) biocompatibility, (2) cell occlusiveness,
(3) ease of handling and (4) the ability to create and
maintain space.?

Ti mesh is one of the most commonly used
barriers in GBR, although It took about two decades
after its introduction in reconstructing large bony
defects to find a foothold in the augmentation of
maxillary and mandibular defects.**** The superior
mechanical properties of the Ti mesh represented
in its rigidity prevents its collapse and enables it to
preserve the created space which provide excellent
stability of the grafted bone which in turn increases
the predictability of using Ti mesh in GBR.®7

According to the traditional method, Ti mesh
was cut and shaped intra-operatively to correspond
to the planned reconstructed alveolar ridge, this not
only consumes a great deal of time but also results
in sharp margins and edges that increase the risk of
tissue injury. The latter — along with Ti stiffness-

(81)

explains the high incidence of Ti mesh exposure
that may theoretically jeopardize the formation of
new bone.”% However the smooth surface of the
Ti mesh renders it less susceptible for bacterial
infection.”

Several attempts were made to overcome these
drawbacks of Ti through pre-fitting the Ti mesh on
a 3D stereolithographic model prior to the surgical
procedure. Such approach showed a significant
reduction in intraoperative time, yet Ti exposure
remained a common occurrence even when this
technique was applied. 2%

In this study, we proposed a new method for
shaping Ti mesh by building a 3D custom made
mesh rather than shaping it on a 3D model. Again this
resulted in a marked reduction in the intraoperative
time; however Ti mesh exposure was still noticed in
one patient from the Ti GROUP that was managed
conservatively via daily saline irrigation and strict
oral hygiene instructions. This incidence did not
affect the final outcome as new bone formation
was confirmed and dental implant was inserted in
as planned. This confirms the findings of previous
studies in which Ti mesh exposure was managed
conservatively without the need for mesh removal
owing to the smooth surface of the Ti mesh that
makes bacterial infection less liable to occur.®?” The
occurrence of mesh exposure even while utilizing
a 3d custom made mesh could be explained by the
fact that although creating a 3D custom made Ti
mesh may have overcome the sharp margins, yet the
inherited stiffness of Ti mesh is a still a factor that
cannot be overlooked while dealing with causes of
Ti mesh exposure. 3!

Having a modulus of elasticity that is very close
to that of the human cortical bone enabled PEEK
to avoid stress shielding and ensure better healing
of native bone compared to titanium. This feature
along with its biocompatibility, and stability — both
chemically and physically-has made PEEK an ideal
material to be widely used in various medical fields
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such as orthopedics, spinal surgery, trauma, dental
implants and maxillofacial reconstruction.’?

In this study, a 3D custom made PEEK mesh
was evaluated as a barrier in GBR procedure for
the correction of alveolar defect. Mesh exposure
was recorded in one patient that occurred 30 days
postoperatively, however, this complication did
not affect the final outcome as it was successfully
managed conservatively-as in the Ti group- via daily
saline irrigation and strict oral hygiene measures.
This favourable response can be attributed to the
smoothness of the external surface of the milled
PEEK mesh.*

On comparing the percentage of newly formed
bone areas in both the Ti and Peek group, the
results showed a significant difference between
both groups for the favour of the Ti group. This
is consistent with the results of Ragni et al ** in
which they reported superior osteoinductive and
osteoconductive properties of Ti spinal cages
compared to those of Peek cages. The superior
osteogenic properties observed in the Ti group can
be contributed to Ti macroporosity which enables
it to allow the diffusion of extracelluar nutrients
through the membrane .2’ In their study, Ragani et
al ** noticed a marked reduction in cell proliferation
in the peek cage group which he attributed this to
the formation of a biofilm layer that prevents bony
growth into the cages.

CONCLUSION

These results showed that patient specific milled
Titanium meshes provide a superior osteoinductive
and osteoconductive properties compared to milled
PEEK meshes. Yet further studies using larger
sample size is needed.
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