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Abstract

Aim & Obijectives: The aim of the present study was to clinically andradiographically evaluate the efficacy of
ridge augmentation procedures using PRF with titanium mesh and screw guided bone regeneration.

Patients and methods: 18 subjects participated in this study. One site in eachsubjects was randomly assigned to
each of the following experimental groups; test group: ridge augmentation with titanium mesh and control
group: ridge augmentation with screw guided bone regeneration. Clinical parameters included the recording of
VAS scores, EHI scores and evaluation of the amount of swelling post operatively. Evaluations of bone gain,
bone fill and bone density was performed after 6 months by using ImageJ® software.

Results: In both the groups there was an increase in bone gain, bone fill and bone density with no statistical
significance between them.

Conclusion: The efficacy of both Titanium mesh and screw was equivalent when used in ridge augmentation
after 6 months of clinical and radiographical evaluation.
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I.  Introduction

The quality and quantity of bone is important as it is essential prerequisite in success of implant
therapy and any presence of alveolar ridge defects may compromise its efficacy. Resorption rate of alveolar
ridge is faster during the initial six months post extraction, with an average of 0.5-1.0% per year. As the
edentulous area continues to resorb, there is reduction in alveolar ridge leading to the loss of both height and
density. To increase the success rate of the implant placement in such an area is challenging and thus require
alveolar ridge augmentation.*

The Titanium mesh technique combines the concept of Guided bone regeneration (GBR) with the
biocompatible properties of titanium. Its stability, rigidity, elasticity and plasticity provides prevention of graft
displacement, space maintenance, prevents collapse, prevents mucosal compression and permits bending,
contouring, and adaptation to any unique bony defect.’

Titanium meshcontain macroporosities, which plays an important role in maintaining bloodsupply and
enhance regeneration by improvingwound stability through tissue integration and allowdiffusion of extracellular
nutrients across the membrane. It also helps in stability of attachment of soft tissues and restricts migration of
epithelial cells. The main disadvantage of Titanium mesh is the need for second surgery for the removal, and the
complication most commonly observed is the exposure of the membrane.®

To obtain a proper integration of a regenerated bone volume on the cortical bone using simple method
of guided bone regeneration is difficult. Thus a specific form of GBR using screws as space maintainers and
regenerative pillars for the protection and orientation of the bone called Screw-Guided Bone Regeneration (S-
GBR) was developed.’
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Both the techniques can utilize ‘sticky bone’ which is a biologically solidified bone graft entrapped in
fibrin network, which prevents soft tissue ingrowth and releases growth factors that enhances bone regeneration
thus helps in improving tissue healing.®

The purpose of this study is to evaluate, clinically and radiographically, the efficacy of ridge
augmentation using titanium mesh and screw guided bone regeneration in Siebert’s class I1I defects.’

1. Patients And Methods
TRIAL DESIGN
The trial was designed as randomized controlled clinical trial, to clinically and radiographically
evaluate the efficacy of Titanium mesh and S-GBR in ridge augmentation.

PARTICIPANTS AND ELIGIBILITY CRITERIA

Subjects for the study were selected from outpatient section of the Department of Periodontology, Sri Venkata
Sai Institute of Dental Sciences, Mahabubnagar, Telangana and were followed up over six months period after
the procedures. Approval from institutional ethical committee (SVSIDS/PERIO/5/2016) was obtained and
informed consent was taken from the patients.

Systemically healthy patients within an age group of 18-50yrs with combined ridge defects (Siebertclass 111), °
in one or more edentulous areas willing for delayed implant placement were included in the study. Medically
compromised patients, patients who underwent radiotherapy or chemotherapy in the past 12 months, patients
having severe periodontal disease and smokers were excluded from the study.

SAMPLE SIZE CALCULATION

Proportional power calculation was used to determine the sample size and according to the analysis, a minimum
9 subjects/ group when the power of the test is 0.80 at a significance level of 0.05 when a difference of 1.5 mm
of bone gain is to be discerned between two groups.

RANDOMIZATION AND BLINDING

Randomization included computerized generation of the allocation sequence in random permuted
blocks (block randomization) and blinding was done by assigning the block sites to study groups according to
the specified sequence by a second operator who coded the two sites selected from every patient by the first
operator into each of the following group. Test (T): Titanium mesh group and Control (C): S-GBR

The blind was not broken until this clinical trial was completely finished. The study was designed as a
single blind, randomized controlled clinical to evaluate the efficacy of titanium mesh and S-GBR used in guided
bone regeneration.

INTERVENTIONS

Presurgical protocol

Each patient was prepared for surgery with an initial phase-1 therapy which included scaling and root planing
(SRP), occlusal adjustment and oral hygiene instructions. On completion of the initial examination and
thorough phase-1 therapy, the patients were reassessed after 1 week for their oral hygiene compliance. The
patients were recalled for the surgical procedure after 2 weeks.

Surgical protocol
Sticky Bone Preparation:

Sticky bone was prepared before surgery. Patient’s venous blood obtained was subjected to centrifugation
as per protocol. The centrifugation time for Autologous Fibrin Glue (AFG) varies from 2-12 mins. To get
higher growth factors, the centrifuge was stopped after 2 min centrifugation. The upper layer formed is AFG
and red blood cells were collected at the bottom of the test tube. The formed upper AFG layer was obtained
with syringe which was mixed with particulate bone graft (Sil-Oss®) and allowed to polymerise for 5-10 mins in
order to produce sticky bone.®

Surgical Procedure:
Titanium mesh:

The surgery was performed under local anaesthesia using 2% lidocaine. Surgical access was attained
through a mid-crestal incision followed by an intrasulcular incision at the adjacent teeth. Full thickness
mucoperiosteal flap was elevated, to expose the alveolar ridge defect. Prepared sticky bone was placed onto the
external defect upon which pre trimmed titanium mesh (Ti-Mesh®, Total Medident Solutions, India) depending
on the size and extent of defect was placed. Mesh was stabilized with the help of stainless steel screws of
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diameter 1.5 cm and length varied depending on the depth of the defect. The flap was carefully released and
sutured without tension. Periodontal dressing was given. (Figure 1)

S-GBR:

Under local anaesthesia using 2% lidocaine, the surgery was performed. Surgical access was through a mid-
crestal incision followed by an intrasulcular incision at the adjacent teeth. Full thickness mucoperiosteal flap
was elevated, to expose the alveolar ridge. 1.5mm X 8mm tenting stainless screw was placed. Prepared sticky
bone was placed onto the external defect upon which collagen membrane (Pro-Tiss®, AzureBio, Spain) was
placed at the site. The flap was carefully released and sutured without tension. Periodontal dressing was given.
(Figure 2)

Follow-up and postsurgical care
Routine postoperative instructions followed by antibiotics (Amoxicillin  500mg + Clavulanic acid 125 mg
twice a day for 5 days and Metronidazole 400mg twice a day for 5 days) and analgesics (Ibuprofen 400 mg
thrice a day for 5 days) were prescribed. Patients were recalled 1 week after surgery. Periodontal dressings and
sutures were removed. Patients were instructed to gently brush the area with a soft-bristled toothbrush. Patients
were monitored for 1 week, 2 weeks, 3 months and 6months. At each of the recall visits, oral hygiene was
assessed. Oral hygiene instructions were reinforced.
Surgical re-entry for titanium mesh removal

The new bone formed was assessed by measuring Bone gain, Bone fill and Bone density using
radiographs after 6months. After assessment, mesh removal was done. On the day of mesh removal, a full
thickness mucoperiosteal flap was raised. The Titanium mesh was removed slowly as it should not disturb the
new bone formed. First, the stainless steel screw was unscrewed followed by lifting up the mesh and thus
complete mesh was removed. Suturing was done to attain the primary closure.

OUTCOMES
Primary outcomes
Radiographic assessment

Preoperative radiographs were standardized using paralleling cone technique, and later compared with
post operative radiographs. The evaluation of bone gain, bone fill and bone density was performed by using
digital sulkétraction technique and morphometric area analysis by using specific tools in two image processing
software.

Digital Subtraction Technique

The radiograph obtained at 6 months was subtracted from the radiograph taken at the baseline by using
commercially available image processing software (Adobe Photoshop® 6.0, Adobe Systems, San Jose, USA).
To reduce the brightness and contrast variations, both images were adjusted based on the levels and the curves
in the software. Before digital subtraction, both radiographs were moved in appropriate directions as needed, to
reduce geometric distortion. These images were then superimposed and subtracted by selecting the
image>calculation>exclusion> new channel tools. The excluded residual bone height was outlined by using the
polygonal lasso tool and the layer was copied and saved as a separate joint photographic expert group (JPEG)
document at low compression.*

Morphometric Area Analysis

After digital subtraction, the digitized and excluded residual bone height was transferred to open
source software for area calculation (ImageJ®, Research Services Branch, NIH, Bethesda, Maryland, USA) for
area calculation. The layer was converted into a grayscale image and the measurement scale was set to account
for any magnification/reduction of the radiograph. The area of the layer was calculated (in mm?) by initially
enclosing the entire area with the rectangular selection tool and then by using Analyze>Analyze Particles tool."*

Radiographic analysis

Radiographs were taken with digitalized RVG machine (DX 3000, DEXCOWN portable dental X-ray
system) at 60Kvp/2Ma with inactive interface. RVG images were taken at baseline, immediately after the
procedure and after 6months. These RVG images were utilized to evaluate bone mineral density through
Hounsfield units (HU). The results were confirmed as follows: Image]® software (Research Services Branch,
NIH, Bethesda, Maryland, USA) was used to measure bone density values. The values were validated using the
CT Window Level plugin which allows 16-bit DICOM grayscale images to be displayed with Window and
Level specified in Hounsfield units, as is standard for CT scans.
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Secondary outcomes:

(i) Early wound healing index(EHI)* was recorded at 1 and 2 weeks after surgery.

(ii) The swelling was recorded by drawing a line from ala of the nose to the tragus of the ear and from the
canthus of the eye to angle of mandible. It was recorded post operatively at 1 week and 2 weeks.*®

(iii) Visual analogue scale (VAS)™ values for painwere recorded immediately after surgery and also at 1st and 2
weeks after the surgery.

Statistical Analysis

Data was analyzed by Graph Pad Prism software version 6.0 and SAS software version 9.3 versions.
Data was summarized by Mean + SD for continuous data and Median £ IQR (Inter-Quartile Range) for score
data. The comparison between two groups for repeated measures data was done by two way analysis of repeated
analysis test. The comparison within group for repeated measures data was done by one way analysis of
repeated analysis test followed by post hoc test. The comparison between two groups for continuous data/score
data was done by unpaired t-test/Mann Whitney test. The relation between base line to 1 week and base line to 2
weeks was done by paired t-test. All ‘p’ values less than 0.05 were considered as statistically significant.

I11. Results

INTERGROUP COMPARISON
Bone Gain

No significant differences were observed between the two groups in bone gain at the end of 6months.
The mean bone gain at the end of 3 months in test group and control group was 3.8 £ 1.1 mmand 3.3 £ 1.1mm
respectively (p>0.429) and mean bone gain at the end of 6 months in test group and control group was 4.9 +
0.9mm and 5.0 £ 1.0mm respectively( p >0.810)(Tablel).
Bone Fill

No significant differences were observed between the two groups in bone fill at the end of 6months.
The mean bone fill in test group and control group were 10.8 + 3.5mm?and 10.6 + 3.5mm? at the end of 3
months respectively (p 0.895) and mean bone fill in test group and control group were 11.9 + 3.3mm? and 11.1
+ 3.3mm?’ at the end of 6 months respectively ( p >0.619)(Table 1).
Bone Density

No significant differences were observed between the two groups in bone density at the end of
6months. The mean bone density in test group and control group were 134.7 £ 44.0 HU and 125.2 + 36.2 HU at
the end of 3 months respectively (p>0.626) and mean bone density in test group and control group were 727.1 +
180.6 HU and 691.8 £+ 137.4 HU at the end of 6 months respectively ( p> 0.647)(Table 1).
Early wound healing index (EHI)

No significant differences were observed between the two groups for the values of EHI at the end of 1
week (p>0.962) and 2 weeks (p >0.225)(Table 2).
Visual Analogue Scale (VAS)

Significant differences were observed between the two groups at post operatively (p> 0.022) and 1
week (p>0.047) but at 2 weeks no significant difference was found (p >0.359) (Table 2).

IV. Discussion

Adequate amount of alveolar bone is important for both esthetic outcomes and also for the
biomechanical support of the prosthesis as severe alveolar deficiencies can prevent an ideal implant
placement.®**1°

Resorbable membranes mainly collapse due to lack of rigidity and stability which can be attained by
using Titanium mesh. Boyne was first to introduce titanium mesh for reconstruction of large osseous defects.
Von Arx et al introduced titanium micromesh for reconstructive implant surgery with simultaneous procedure
for implant placement. ' Titanium mesh has excellent biocompatibility and handling properties that allow their
application for three dimensional reconstruction of alveolar bone defects. The thickness of Titanium mesh
ranged from 0.1 to 0.3 mm. The most commonly used is 0.2mm thick, which gives the flap sufficient retention
to prevent dehiscence. It acts as a protective matrix to contain graft material, maintain space and facilitate bone
growth, but it is not cell occlusive.The advantages of the Titanium mesh are its rigid structure that provides
secured space for new bone formation and its porous structure to allow for better blood supply and thus prevents
bone resorption during healing.*®

Titanium mesh or S-GBR™ procedure may be used in conjunction with various types of bone grafts
and different studies were observed to compare vertical gain obtained using different graft materials. Sticky
bone contains a fibrin network that entraps platelets and leukocytes to release growth factors, so that bone
regeneration is accelerated when titanium mesh was used along with stickybone, the bone gain was
comparatively higher than the other graft materials.?*?
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Studies done by Proussaefs et al.,”> on combined inorganic bovine bone mineral and autogenous bone graft
under Titanium mesh, yielded a mean 2.86mm increase in vertical ridge height. In another studyPieri et al.,?
used anorganic bovine bone mineral and autogenous bone which were mixed in a ratio of 30:70, the mean
vertical gain was 3.71 mm.In contrast, a study performed by Artzi et al.,?* using bovine bone graft supported by
a Ti-mesh resulted in 5.2mm mean vertical bone gain after 9 months. In another study, Roccuzzo et al.,
observed a mean vertical gain of 4.8 mm when Titanium mesh was coupled with autogenous block graft. These
studies showed slightly higher and equivalent bone gain respectively compared to that of sticky bone with
titanium mesh. To know the efficiency of both Titanium mesh and S-GBR, sticky bone was used commonly in
both the groups in our study. In intergroup comparison, there was no significant differences observed when
bone gain was compared among the two groups at the end of 6 months. The bone gain measured in test group
and control group were 4.9 + 0.9mm and 5.0 £ 1.0mm at the end of 6 months respectively. Thus Titanium mesh
and S-GBR when compared both showed equivalent results in terms of bone gain.

To evaluate their efficacy, two other radiographic parameters i.e., bone fill measured in mm?and bone
density measured in Hounsfield Units (HU) were considered. In a study conducted by Schneider et al.,?*%" the
mean vertical bone fill achieved by the test membrane (polyglycolide acid/ PLGA) amounted to 5.1 mm?,
whereas the control membrane(a titanium-reinforced expanded polytetrafluorethylene (ePTFE) ) revealed a
mean vertical bone fill of 6.9 mm? with no significant differences between the test group and control group. In
case of our study, on intergroup comparison, there were no significant differences observed between the two
groups at the end of 6months. The bone fill in test group and control group were 11.9 + 3.3mm? and 11.1
3.3mm? at the end of 6 months respectively.

Lumetti et al.,®® compared the outcome of fresh-frozen versus autologous bone block grafts for ridge
augmentation The mean initial density of homologous bone grafts was 708 £ 335 HU and it was significantly
lower than the density of autologous bone grafts 998 + 232 HU. FFB (Fresh Frozen Bone) grafts with a density
>800 HU are clinically preferable to less dense grafts, due to their lower degree of resorption. Thus higher
density graft materials resorb less.similarly in the present study, on intergroup comparison, no significant
differences were observed between the two groups in terms of bone density at the end of 6months in case of test
and control group which were 727.1 + 180.6 HU and 691.8 + 137.4 HU respectively.

Lizio et al.,”® reported in a study when titanium mesh and particulate graft (70/30 autogenous
bone/anorganic bovine bone) was used, the pain lasted for 4 weeks and later subsided.Conversely, Pieri et al.,®
reported that when titanium mesh was used along with the autogenous bone particles mixed with anorganic
bovine bone mineral in a 70:30 mixture, there was no postoperative pain at the end of 2 weeks. Similarly, Pain
assessment was evaluated by using Visual Analogue Scale (VAS) in the present study, where,there was a
significant increase in pain postoperatively which gradually decreased at the end of 2 weeks in both the groups.
The mlgin benefit of using VAS score is, it is sensitive to change, repeatable and easy to use for experimental
study.

In a study conducted by Lizio et al.,”® no postoperative swelling was observed when titanium mesh was
used.similarly, in the present study also,no swelling was observed between the two groups at the end of 1 week
and 2 weeks.

The most important factor limiting the bone formation capability seems to be exposure of the titanium
mesh, in terms of the extent and timing.*Lathif et al.,* in a study when observed initial healing was uneventful
within normal limits but after 3 months of healing, titanium mesh exposure (3 mm x 3 mm) was observed and
the patient was given oral hygiene instructions. In a study conducted by Lizio et al.,* observed that exposure of
the mesh during healing in 12 out of 15 augmented sites (80%). Seven sites (46.6%) were exposed early (within
the first 4 to 6 weeks postoperatively) with no superimposed infection of the graft.In the present study also,
healing observed was uneventful and no diverse discrepancies were observed. But at the end of 3 months, 2
cases out of 9 were found with membrane exposure. So, mesh was removed immediately and carefully without
disturbing the woven bone underneath the mesh. Conversely, titanium mesh exposure did not appear to affect
the final outcome,>#332%

To conclude, a comparative clinical and radiographical study was done to evaluate the efficacy of
Titanium mesh and S-GBR using PRF in ridge augmentation. Following, conclusions were made with reference
to the observations in this study: (1) Radiographically, both Titanium mesh and S-GBR showed similar
outcomes regarding the bone gain, bone fill and bone density.(2) Titanium mesh did not show any added
advantage over S-GBR when various clinical parameters like wound healing, post operative pain and swelling
were compared.
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Table 1: Intergroup Comparison of Bone Gain, Bone Fill and Bone Density at Different Time Intervals

Using Unpaired t-Test

Parameter Interval Group Mean + SD p value
Baseline- 3months Test 38+1.1 0.429"

Bone gain Control 33+12
Baseline- 6 months Test 49+0.9 0.810"
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Control 50+£1.0

Baseline- 3months Test 10.8 +3.5 0.895

Bone fill Control 10.6 £3.5

Baseline- 6months Test 11.9+3.3 0.619"
Control 11.1+£33

Baseline-3months Test 134.7+44.0 0.6267

Bone density Control 125.2 £ 36.2

Baseline- 6months Test 727.1 +180.6 0.6477

Control 691.8+137.4

T Not Significant

Table 2: Intergroup Comparison of Clinical Parameters- EHI and Pain at Different Time Intervals Using
Unpaired t-Test

Parameter Intervals Group Median IQR p value
Early wound healing index | 1 week Test 2 3t015 0.962°
(EHI) Control 2 3to2
2 weeks Test 1 3tol 0.225
Control 1 15t01
Pain (VAS) Post operative Test 1 ltol 0.022*
Control 2 2tol
1 week Test 2 3tol5 0.047*
Control 1 2tol
2 weeks Test 0 05100 0.359°
Control 0 1 to
0
*Significant
+ Not Significant

Figure 1: (i) pre operative image. (ii) A full thickness mucoperiosteal flap was raised. (iii) extraction of the
compromised teeth was done.(iv) Titanium mesh was trimmed according todefectsize and secured with
stainless steelscrew(1.5mmx8mm). sticky bone was placed underneath titanium mesh.(v) suturing was done
using 3-0 silk to attain primary closure.(vi) Immediate postoperative.  (vii)3monthspost
operative(viii)6émonthspost operative
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Figure 2: (i) preoperativeimage(ii) Afull thickness mucoperiosteal flap was raised. (iii) extraction of the
compromised teeth was done. (iv) stainless steel screws of size (1.5mmx8mm) along with stickybone was
placed (v) stabilization of PRO-TISS®membrane with 5-0 silk sutures to attain primary closure. (vi) Immediate
post operative. (vii) 3months post operative(viii) 6months post operative
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