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Abstract

Aim: To 3-dimensional radiographically assess the effect of titanium plate in guided

bone regeneration (GBR) for the treatment of peri-implant ridge defects in

esthetic zone.

Material and Methods: Nineteen patients with buccal peri-implant defects in the

maxillary esthetic zone were treated with GBR using xenograft, autogenous bone,

and collagen membrane. Subjects were divided into two groups: control (conven-

tional GBR, 10 patients with 16 implants) and test (GBR with an adjunctive titanium

plate; nine patients with 15 implants). Cone-beam computed tomography (CBCT)

images obtained immediately after and 5–7 months following GBR were used to

assess buccal crestal bone level (BBL) and buccal bone thickness (BBT) at different

implant levels.

Results: Thirty-one implants in 19 patients were evaluated. Titanium plate exposure

occurred in three cases (33.33%) of the test group. After 5–7 months, the mean BBL

was located 1.48 ± 0.71 mm coronal to the platform in the test group and 0.90

± 3.03 mm coronal to the platform in the control group (p = 0.03). The mean over all

BBT (BBT-M) was 4.16 ± 0.48 mm in the test group and 2.38 ± 0.97 mm in the control

group (p < 0.01). More resorption occurred in the control group than in the test group

regarding mean BBL (3.00 ± 3.11 mm vs. 0.78 ± 0.79 mm, respectively; p = 0.04),

BBT-M change (1.87 ± 1.59 mm vs. 0.56 ± 0.33 mm, respectively; p = 0.02), and per-

centage change in BBT-M (40.69 ± 24.01% vs. 11.53 ± 5.86%, respectively; p < 0.01).

Conclusion: In the short-term, titanium plate-enhanced GBR maintained ridge dimen-

sions better than conventional GBR did.

K E YWORD S

alveolar ridge augmentation, bone regeneration, cone-beam computed tomography, dental
implants

What is known

Preserving the ridge morphology created during guided bone regeneration at the implant plat-

form is difficult; various rigid support structures have been used to protect surgical sites, though

exposure of these materials during healing may impair results. This study evaluated applying a

titanium plate for space creation and maintenance to further improve bone regeneration.
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What this study adds

Using titanium plate with GBR for peri-implant defects led to more coronal alveolar crest levels,

thicker buccal plates, and less bone resorption compared with the conventional GBR approach.

1 | INTRODUCTION

Guided bone regeneration (GBR) using particulate bone graft with a

collagen membrane is commonly employed to resolve peri-implant

ridge defects1,2,3 However, the stability of the surgically created ridge

contour at the level of implant platform and along the buccal aspect is

unpredictable; up to 68.9% of horizontal collapse may occur post-

healing especially when absorbable membranes were used,4–7 possi-

bly due to pressure on the surgical site from the perioral muscles that

apically displaces the graft and/or accelerates its absorption.5,8–10

To counteract these muscle forces, rigid support structures—

tenting screws, titanium-reinforced polytetrafluorethylene membrane

(TR-PTFE), and titanium mesh—have been used to safeguard GBR

spaces.11–17 Despite their high clinical success rates, these structures

exhibit some disadvantages: (1) their surgical manipulation is relatively

time-consuming and complicated18; (2) exposure during healing and

subsequent graft infection may undermine regeneration19–26;

(3) extensive flap elevation may be required to remove the device(s);

and (4) some methods cannot be performed concurrently with implant

placement, for example, tenting-screw augmentation.12,17

Merli and his colleagues introduced the fence technique for GBR,

where a titanium osteosynthesis plate, immediately beneath the bar-

rier membrane, was fixed by titanium screw to protect and to prevent

grafted bone substitute from perioral muscle force.27–32 Stability of

vertically augmented areas was therefore observed.28,29,30 However,

the influence of such anchorage on horizontal augmentation was

reported in limited cases,27,31,32 and the fence technique was per-

formed prior to, not with, implant placement.

Our pilot study analyzed morphological ridge changes following

titanium plate-enhanced GBR for peri-implant ridge defects in the

esthetic zone.

2 | MATERIAL AND METHODS

2.1 | Patient selection

Consecutive patients who underwent GBR with implant placement at

the Department of Oral and Maxillofacial Surgery, Peking University

School and Hospital of Stomatology, Beijing, China, from August 2019

to December 2021 were reviewed. A total of 19 patients, including

10 patients with GBR treated in a traditional manner from August

2019 to October 2020 (control group) and nine patients with tita-

nium plate assisted GBR treated from October 2020 to December

2021 (test group), were included in this retrospective study. All

patients were selected from the consecutive surgeries in both

groups. All treated patients were included in the study no matter if

they have treatment failure or not. Patients meeting the following

inclusion criteria were enrolled: (1) age ≥ 19 years; (2) ≤ 3 consecu-

tive missing teeth in the maxillary esthetic zone, including first pre-

molars; (3) Terheyden type 2/4 alveolar ridge defects33; (4) two

sets of cone-beam computed tomography (CBCT) data available

(immediately after GBR and 5–7 months after GBR); and (5) healthy

status of all teeth. Exclusion criteria included (1) any medical con-

traindication for oral surgery; (2) ongoing immunosuppressant, cor-

ticosteroid, or bisphosphonate therapy; and (3) smoking >10

cigarettes per day.

All patients were informed of the treatment protocol, signed

informed consent, and were treated in accordance with the 1975

Declaration of Helsinki and its revision in 2013. The study protocol

was approved by the Institutional Review Board of Peking University

School and Hospital of Stomatology, Beijing, China (approval number:

PKUSSIRB-202171209). The STROBE guidelines were followed. The

study protocol is summarized in Figure 1.

2.2 | Treatment procedures

After local infiltration anesthesia, a mid-crestal incision was made at

the ridge and vertical releases were placed at the line angles of teeth

1–2 units mesial and distal to the edentulous region. Full-thickness

buccal and palatal mucoperiosteal flaps were raised. The buccolingual

dimension at the alveolar crest was measured with a periodontal

probe (15 UNC, Hu-Friedy, Chicago, IL). Per manufacturer's instruc-

tions, 10 mm-long implants of 3.3 mm or 4.1 mm diameter were

placed in prosthetically driven positions (Bone Level, Straumann,

Basel, Switzerland) and capped with 2 mm-tall healing abutments. A

collagen membrane (Bio-Gide, Geistlich Pharma AG, Wolhusen,

Switzerland) was trimmed, placed buccally, and fixed apically with a

minimum of two titanium tacks. Autogenous particles were harvested

from the adjacent ridge to cover exposed implant surfaces and depro-

teinized bovine bone mineral (DBBM) (Bio-Oss, Geistlich Pharma AG,

Wolhusen, Switzerland) was overlaid over the autograft, up to the

level of healing abutment. The membrane was stretched tightly over

the graft and sutured to the palatal mucosal flap. Additional particu-

late was placed to fill the created space under the membrane. In the

test group, a titanium osteosynthesis plate with a 0.6 mm thickness

and 3.8 mm width (Micro-titanium plate, Cibei Medical, Ningbo,

China) was trimmed at its termini and shaped to parallel the alveolar

ridge contour, then secured to the buccal plate at each terminus with

1–2 titanium micro-screws prior to membrane and graft placement;

the collagen membrane was laid over the titanium plate. Periosteal

releasing incisions were made at the buccal flap to achieve passive pri-

mary wound closure (Figure 2A–H).
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The postoperative regimen included a 5-day antibiotic course

(amoxicillin 1 g BID or, in the case of penicillin allergy, erythromycin

600 mg BID), oral rinsing (0.2% chlorhexidine 15 ml TID) for 1 week,

and analgesics (ibuprofen 600 mg) as needed. After 1–2 weeks,

sutures were removed. Patients were recalled monthly post-GBR to

check healing. Reentry surgery was performed after 5–7 months to

remove fixation devices and place taller healing abutments as needed

(Figure 2I–O). The implants were restored with single screw-retained

zirconia crowns 1–2 months after the implant second stage surgery.

2.3 | Radiographic evaluation

Scans of all implants were performed (FOV diameter, 10 cm; FOV

height, 5.6 cm, acceleration voltage, 90 kV; beam currency, 8.0 mA;

voxel size, 0.2 mm) with a CBCT machine (3DX Accuitomo, Morita,

Kyoto, Japan) immediately following GBR (T1) and 5–7 months after

GBR (T2, immediately prior to reentry surgery) and were exported as

DICOM-format files. To determine morphological changes of the alve-

olar ridge after GBR, volumetric imaging software (Mimics 15.0, Mate-

rialize, Leuven, Belgium) was used.

The following outcome variables at each implant site were mea-

sured on the coronal view (Figure 3):

1. Titanium plate level (TPL), which was vertical distance from the

apical rim of the titanium plate to the implant platform. Taken at

T1 in test group.

2. Planned buccal bone thickness (BBT-P), which was the lateral dis-

tance from the apical rim of the titanium plate to the buccal

implant surface. Taken at T1 and T2 in test group.

3. Augmented buccal bone thickness (BBT-A), which was the bone

graft/bone thickness buccal to the implant surface at the level of

apical rim of the titanium plate. Taken at T1 and T2 in test group.

4. Buccal bone thickness (BBT-0 to BBT-10), which was the bone

graft/bone thickness buccal to the implant surface at levels 0, 2,

4, 6, 8, and 10 mm apical to the implant platform. Taken at T1 and

T2 in both groups. BBT-M was defined as mean buccal bone thick-

ness of all implant levels.

5. Buccal bone level (BBL), which was the vertical distance from the

implant platform to the alveolar crest. This measurement was given

a negative value if the alveolar crest was apical to the implant plat-

form. Taken at T1 and T2 in both groups.

All CBCT measurements were performed by a single calibrated exam-

iner (DHD). Intra-examiner repeatability was assessed using intra-class

correlation coefficients of 10 pairs of randomly selected recordings.34

The coefficients of intra-examiner repeatability for BBT and BBL were

at least 0.95.

2.4 | Statistical evaluation

Data management and analysis were performed using STATA (V.16.0,

StataCorp LLC, Texas) software. Results of the descriptive analyses

were expressed as the mean ± SD. The difference of age and gender

between the control and test group was tested with independent

samples t-test and Chi square test, respectively. To address the statis-

tical issues of clustered data (i.e., a patient contains more than one

implant) and small sample size in this study, multi-level mixed-effects

linear regression was applied for statistical test.35 For all tests, a

p value <0.05 was considered significantly.

3 | RESULTS

A total of 19 patients with 31 implants placed in the esthetic zone,

including 10 patients with 16 implants in the control group and nine

patients with 15 implants in the test group, were included in this ret-

rospective study. The overall mean age was 45.3 ± 12.5 years, ranging

from 29 to 61 years. Females comprised 63.16% of the study

F IGURE 1 Study flow diagram [Correction added on 20 October 2022, after first online publication: Figure 1 was corrected in this version.]
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population. No significant differences in age or gender were found

between the test and control groups (p > 0.05). In the test group,

implant sites included 12 incisors, 2 canines, and 1 first premolar;

in the control group, implant sites included 14 incisors, 1 canine,

and 1 first premolar. The mean initial alveolar ridge width at implant

level was 4.30 ± 0.99 mm in the test group and 4.97 ± 0.75 mm in

F IGURE 2 Titanium plate-enhanced guided bone regeneration (GBR). The presurgical ridge is seen (A). The alveolar ridge defect is showed
after implant site preparation (B). A titanium plate was trimmed, reshaped, and anchored at the buccal ridge to create a wide space paralleling the
alveolar contour (C–E). The space was filled with particulate xenograft, and a collagen membrane was laid over both titanium plate and graft
(F, G). Primary wound closure was obtained (H). Immediately prior to reentry (4 months after GBR surgery), healing without exposure of the
titanium plate was noted (I, J). Upon reentry, the bone graft integrated well with layers of fibrous tissue beneath the titanium plate (K–N). A taller
healing abutment was secured onto the implant (O).

DUAN ET AL. 795
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the control group; no significant difference between groups was pre-

sent (p = 0.13).

Uneventful soft tissue healing occurred in all cases except for

three test group patients (33.3%) (Figure 4). One patient presented

with exposure of a titanium micro-screw at the cutting end (terminus)

of the plate 3 months after GBR. One patient presented with expo-

sure of a titanium micro-screw at the cutting end of the plate and of

an adjacent plate ring, infiltrated with mucosa, 2 months after GBR.

One patient presented with exposure of three adjacent terminal

plate rings, infiltrated with mucosa, 3 months after GBR. No obvious

signs of infection were identified in these cases, and no treatment

other than thorough oral hygiene was administered. At reentry

(T2, 5–7 months after GBR surgery), all implants had osseo-

integrated and were immobile under torque of 35 N-cm. In all test

group cases, fibrous tissue formation under the titanium plates was

detected (Figure 3K–N). Compared with non-exposed sites, exposed

sites demonstrated more fibrous tissue and less graft maturation (eg,

more soft bone appearance).

Table 1 details buccal dimensions relative to the apical rim of the

titanium plate at implant level. Immediately following GBR (T1, imme-

diately after GBR surgery), the titanium plates were fixed to the buc-

cal ridge with their apical rims at a mean 2.35 ± 1.55 mm apical to the

implant platform. The alveolar ridge at this level was labially over-

augmented with bone graft by a mean of 0.61 ± 0.68 mm (p < 0.01),

or by 15.85 ± 18.44%. At reentry, BBT-A was less than BBT-P

by �0.26 ± 0.36 mm (p < 0.01), or by �5.55 ± 7.67%. From T1 to T2,

the augmented buccal bone thickness (BBT-A) shrunk significantly by

a mean of 0.91 ± 0.56 mm (p < 0.01), equivalent to a 17.79 ± 11.02%

decrease.

Table 2 details buccal dimensions relative to the implant platform at

implant level. Immediately following GBR (T1), there was no difference

between control and test groups except in BBT-4 and BBT-6 (p < 0.05)

(Table 2). At reentry (T2), significant mean and all individual-level differ-

ences of BBT were observed between the groups. The test group had a

significantly thicker mean alveolar ridge (BBT-M of 4.16 ± 0.48 mm)

than the control group (BBT-M of 2.38 ± 0.97 mm) (p < 0.01). From T1

to T2, greater mean bone graft resorption occurred in the control group

than in the test group. The BBT-M change was 0.56 ± 0.33 mm for the

test group and 1.87 ± 1.59 mm for the control group and was signifi-

cantly different between groups (p = 0.02). The mean percentage of

change in BBT of the control group (40.69 ± 24.01%) was nearly four

times that of the test group (11.53 ± 5.86%) (p < 0.01).

Table 3 summarizes the crestal bone level dimensions buccally. At

T1, no difference in BBL between the test and control group was

F IGURE 3 Measured cone-beam computed tomographic parameters. Immediately after GBR, the augmented buccal bone thickness (BBT-A),
planned buccal bone thickness (BBT-P), and titanium plate level (TPL) were measured (A, B). At reentry, the buccal bone thickness (BBT) at levels
0, 2, 4, 6, 8, and 10 mm apical to the implant platform (BBT-0 to BBT-10) were calculated (C).

F IGURE 4 Exposure of the titanium plate in 3 cases. One patient had an exposed titanium screw at the cutting end 3 months post-GBR (A).
Another patient had an exposed terminal titanium screw and an adjacent plate ring 2 months post-surgically (B). A third patient had exposure of
three adjacent plate rings at the cutting end 3 months post-surgically (C).
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present (p = 0.92). At T2, a significant difference between groups was

seen (p = 0.03), with the test group BBL located 1.48 ± 0.71 mm cor-

onal to the implant platform and the control group BBL located 0.90

± 3.03 mm coronal to the platform. From T1 to T2, more vertical

resorption occurred in the control group (3.00 ± 3.11 mm) than in the

test group (0.78 ± 0.79 mm) (p = 0.04).

4 | DISCUSSION

Space maintenance is a requisite for predictable GBR “PASS” princi-

ple.36 Placing particulate bone graft in the space created by a mem-

brane37 helps to buttress the barrier, providing an environment

conducive to regeneration. However, displacement and premature

absorption of the membrane and graft can occur, even after “tension-
free” closure, from perioral muscle traction that shifts materials api-

cally8–10,38; this issue is especially problematic in the esthetic zone.

Our results suggest that using a titanium plate rigid support structure

in GBR may better preserve space and reduce collapse vertically and

buccally, especially at implant platform level. At reentry, the mean

crestal BBL in the titanium plate test group was 2.38 mm more coro-

nal to that of the no titanium plate control group (1.48 ± 0.71 mm

vs. �0.90 ± 3.03 mm, respectively; p = 0.03), respectively. The mean

buccal bone thickness (BBT-M) achieved in the test group was nearly

three times that of the control group (4.16 ± 0.48 mm vs. 2.38

± 0.97 mm). The control group demonstrated almost three to four

TABLE 1 Buccal bone thickness at the apical rim of the titanium plate in test group

T1 T2 Change from T1 to T2 p valuea
Percentage change

from T1 to T2

BBT-P 4.63 ± 1.09 4.59 ± 1.07 �0.04 ± 0.05 0.75 0.81 ± 1.01%

BBT-A 5.24 ± 0.96 4.34 ± 1.08 0.91 ± 0.56 <0.01 17.79 ± 11.02%

Difference between BBT-P and BBT-A 0.61 ± 0.68 �0.26 ± 0.36

p valuea <0.01 <0.01

Percentage difference between BBT-P and BBT-A 15.85 ± 18.44% �5.55 ± 7.67%

Note: Values are in mm unless otherwise noted.

Abbreviations: BBT-A, augmented buccal bone thickness; BBT-P, planned buccal bone thickness; T1, immediately after guided bone regeneration surgery;

T2, immediately prior to reentry.
aMulti-level mixed-effects linear regression with individual level correlations was considered.

TABLE 2 Buccal bone thickness at levels apical to the implant platform

BBT-0 BBT-2 BBT-4 BBT-6 BBT-8 BBT-10 BBT-M

At T1

Test group (n = 15) 3.89 ± 0.72 5.21 ± 0.87 5.61 ± 0.65 5.46 ± 0.63 4.67 ± 0.99 3.47 ± 1.23 4.72 ± 0.63

Control group (n = 16) 3.68 ± 1.03 4.44 ± 0.95 4.66 ± 1.05 4.50 ± 0.98 4.30 ± 0.98 3.90 ± 1.21 4.25 ± 0.93

p valuea 0.70 0.08 <0.01 <0.01 0.27 0.37 0.15

At T2

Test group (n = 15) 3.36 ± 0.73 4.03 ± 0.73 4.81 ± 0.90 4.87 ± 0.78 4.27 ± 0.83 3.60 ± 0.80 4.16 ± 0.48

Control group (n = 16) 1.13 ± 1.27 1.94 ± 1.31 2.50 ± 1.28 2.85 ± 1.24 3.01 ± 1.03 2.87 ± 0.83 2.38 ± 0.97

p valuea <0.01 <0.01 <0.01 <0.01 <0.01 0.01 <0.01

Change from T1 to T2

Test group (n = 15) 0.53 ± 0.84 1.19 ± 0.64 0.80 ± 0.64 0.59 ± 0.42 0.39 ± 0.38 0.00 ± 0.96 0.56 ± 0.33

Control group (n = 16) 2.55 ± 1.31 2.51 ± 1.74 2.16 ± 1.98 1.65 ± 1.94 1.29 ± 1.72 1.03 ± 1.56 1.87 ± 1.59

p valuea <0.01 0.04 0.08 0.13 0.16 0.03 0.02

Percentage of change from T1 to T2

Test group (n = 15) 12.08 ± 17.66 22.33 ± 10.23 14.55 ± 12.37 10.93 ± 7.73 7.74 ± 7.70 �12.00 ± 29.30 11.53 ± 5.86

Control group (n = 16) 69.59 ± 28.19 54.26 ± 26.77 42.82 ± 28.67 32.04 ± 30.62 24.91 ± 30.92 20.91 ± 28.27 40.69 ± 24.01

p valuea <0.01 <0.01 0.02 0.05 0.11 <0.01 <0.01

Note: Values are in mm unless otherwise noted.

Abbreviations: BBT-0, buccal bone thickness 0 mm apical to the implant platform; BBT-10, buccal bone thickness 10 mm apical to the implant platform;

BBT-2, buccal bone thickness 2 mm apical to the implant platform; BBT-4, buccal bone thickness 4 mm apical to the implant platform; BBT-6, buccal bone

thickness 6 mm apical to the implant platform; BBT-8, buccal bone thickness 8 mm apical to the implant platform; BBT-M, mean buccal bone thickness of

all implant levels; T1, immediately after guided bone regeneration surgery; T2, immediately prior to reentry.
aMulti-level mixed-effects linear regression with individual level correlations was considered.
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times more buccal resorption than the test group based on BBT-M

change (1.87 ± 1.59 mm vs. 0.56 ± 0.33 mm) and percentage of

BBT-M change (40.69 ± 24.01% vs. 11.53 ± 5.86%).

Other investigations have observed BBT-0 and BBT-2 to be

0.58–1.31 mm and 1.90–2.02 mm, respectively, immediately follow-

ing GBR with collagen membrane and bone particulate.4,7 After heal-

ing, BBT-0 and BBT-2 decreased by 1.05–1.68 mm and

0.71–1.70 mm, respectively,4,7 and the crestal bone level at the buc-

cal was found to be 0.35–0.77 mm apical to the implant plat-

form.13,15 However, greater ridge volume has been obtained using

adjunctive titanium mesh or TR-PTFE, with BBL at reentry ranging

from �0.22 to 1.44 mm coronal to the implant platform13,15,39,40;

BBT-0 and BBT-2 at reentry of 2.0–3.01 mm13,39–41 and

2.74–2.86 mm,39,40 respectively; and losses in BBT-0 and BBT-2

from initial surgery to reentry of 0.14–0.30 mm13,40 and 0.29 mm,40

respectively.

Our results align with or slightly surpass those figures; at reentry,

BBL of the test group was 1.48 mm coronal to the implant platform,

whereas that of the control group was 0.90 mm coronal to the plat-

form. In the test group, the losses in BBT-0 and BBT-2 from initial sur-

gery to reentry were 0.53 and1.19 mm, respectively. In contrast, the

control group had the losses in BBT-0 and BBT-2 from initial surgery

to reentry were 2.55 and 2.51 mm, respectively. Utilizing a titanium

plate may afford a more favorable alveolar contour compared with

applying a membrane only or even titanium mesh or TR-PTFE. Our

superior results may be due to formation of a larger space at the alve-

olar crest via more rigid tenting of the titanium plate that was

anchored near the implant platform, thus buffering that vital area from

muscle pull.

We fixed the apical rims of the titanium plates to the ridge a

mean 2.35 mm apical to the implant platform. Lateral resorption was

noted 2 mm apical to the platform, with a mean loss of 1.19 mm,

equivalent to 22.33% resorption, from initial surgery to reentry. As we

over-augmented the graft, layering it labial to the titanium plate,

unshielded material may have been vulnerable to muscle compression

and apically displaced. At the apical rim of the titanium plate, a mean

BBT loss (BBT-P minus BBT-A at T2) of 0.26 mm occurred over time,

equivalent to a 5.55% decrease, which was consistent with a 0.33 mm

deviation reported in a GBR study on three-dimensional printed tita-

nium mesh.42

Titanium plate exposure occurred in 33.3% of our test patients, a

figure higher than the 23.9% reported by a meta-analysis reviewing

GBR with titanium mesh and absorbable membranes.23 The possible

explanation for the high titanium plate exposure may be attributed to

the learning curve since all these three exposures occurred in the early

stages of the study. In addition, mesh exposure frequently develops in

a regeneratively important location.26 However, plates were exposed

at their lateral termini, relatively far away from the augmented region,

and any major impact on peri-implant bone was avoided. Compared

with other rigid support structures, a titanium plate is more easily

shaped to parallel the curved alveolar ridge and more easily removed;

these advantages, along with its better GBR stabilization at reentry,

make it a viable alternative to titanium mesh, especially in a three-

dimensional-printed form.

As our study was retrospective and non-randomized with a small

number of patients, short follow-up period, and no post-reentry eval-

uation, results should be interpreted with caution. Future study with

larger sample size and longer follow-up are needed to understand if

titanium plate-enhanced GBR can generate new bone, treat extensive

defects, and preserve ridge contours or esthetics over time. At this

moment, we are continuing to follow the patients enrolled in this ini-

tial pilot study.

5 | CONCLUSIONS

Titanium plate-enhanced GBR for peri-implant ridge defects in the

esthetic zone may confer greater hard tissue volume stability than

GBR with only collagen membrane and graft. Long-term data follow-

ing functional loading are required before recommending this tech-

nique for daily practice.
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TABLE 3 Correlation analysis of
buccal bone level and the use of a
titanium plate

Test group (n = 9) Control group (n = 10) p valuea

T1 2.26 ± 0.52 2.10 ± 0.98 0.92

T2 1.48 ± 0.71 �0.90 ± 3.03 0.03

Change from T1 to T2 0.78 ± 0.79 3.00 ± 3.11 0.04

Note: Values are in mm unless otherwise noted.

Abbreviations: T1, immediately after guided bone regeneration surgery; T2, immediately prior to reentry.
aMulti-level mixed-effects linear regression with individual level correlations was considered.
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