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Abstract

Aim: The aim of this study was to assess the success and survival rate of dental implants placed

with simultaneous hard tissue grafting.

Material and methods: All patients treated in Royal Dental Hospital of Melbourne who had

implant placement with and without guided bone regeneration (GBR) procedures were identified.

Seventy-three attended a follow-up appointment. These patients were examined recording probing

depth, bleeding on probing, plaque accumulation and radiographic bone loss by one examiner.

Clinical and radiographic findings were compared in grafted and non-grafted groups and also

analysed for years in function.

Results: Approximately 50% of implants were placed simultaneous guided bone regeneration

technique. In the majority of cases, defects were filled by deproteinized bovine bone mineral and

covered with collagen membrane. The range of time in function was 20–88 months with a mean

34.8 (�1.7). Seventy-nine per cent of the implants placed in anterior maxilla were placed with GBR,

while only 18% in posterior mandible needed grafting procedure. The cumulative implant survival

rates at the time of examination was 97.95% for both GBR and non-GBR group. The mean PPD,

BOP, and Plaque index were not statistically significantly different in GBR vs. non-GBR groups two

to seven years in function. However, bone loss is significantly less in GBR group 2–7 years after

function. The overall success rate was around 90% after 2–7 years in function with the GBR group

slightly less than the non-GBR group, but not statistically significant.

Conclusions: For the subjects included in this retrospective study, the data demonstrate that GBR

is a predictable procedure. The survival and success rates of the implants inserted with

simultaneous GBR were similar, if slightly lower, to the non-grafted implants.

Dental rehabilitation of partially or totally

edentulous patients with oral implants has

become a routine treatment modality, with

reliable long-term results (Albrektsson et al.

1986; Van Steenberghe 1990; Buser et al.

1997; Lindquist et al. 1997). Several clinical

studies have shown that at least 1 mm of

bone width buccal and lingual

to the implant surface is needed to assure

long-term bone coverage and implant success

(Esposito et al. 2003). In spite of this, in many

cases with insufficient bone in the bucco-

lingual dimension, implants can be placed

and implant survival can be achieved. In

these situations, if the implant surface is not

fully covered with bone, the outcome may be

gingival recession, an inadequate aesthetic

appearance and difficulties in maintaining

adequate oral hygiene and consequently an

increased risk of peri-implant infection (Buser

et al. 2009). However, unfavourable local

conditions of the alveolar ridge, due to atro-

phy, periodontal disease, and trauma, may

provide insufficient bone volume, which may

theoretically compromise the long-term sur-

vival of implants and affect function and

aesthetics.

Guided bone regeneration (GBR), a proce-

dure that allows space to be maintained by

barrier membranes to be filled with bone

(Dahlin et al. 1989, 1991; H€ammerle et al.

1996, 2002), has been used to generate bone

over the exposed implant surface at the time

of implant placement. GBR procedures in

case of dehiscence/fenestration defects can be

covered with resorbable or non-resorbable
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membranes, in association with a variety of

graft materials, such as autogenous bone,

allografts, xenografts, and alloplastic materi-

als. Data reported in the literature seem to

demonstrate that GBR procedures are a

reliable means for augmenting bone in cases

of vertical and/or horizontal defects in

partially edentulous patients (H€ammerle

et al. 2002; Beni�c et al. 2009; Jung et al.

2012).

The survival rates of implants placed in con-

junction with GBR are high. For example,

those placed with expanded polytetrafluoro-

ethylene (e-PTFE) membranes and no grafting

ranged from 84.7% to 100% (Dahlin et al.

1995; Lorenzoni et al. 2002; Christensen et al.

2003; Blanco et al. 2005). The survival rate of

implants placed in conjunction with e-PTFE

membranes and deproteinized bovine bone

mineral (DBBM) (Bio-Oss) ranged from 93.8%

to 100% (Zitzmann et al. 2001; Lorenzoni

et al. 2002; De Boever & De Boever 2005).

When used in conjunction with collagenmem-

branes (Bio-Gide) in combination with DBBM,

the survival rate of implants ranged from 95.4

to 100% (Zitzmann et al. 2001; Christensen

et al. 2003; Juodzbalys et al. 2007; Beni�c et al.

2009; Jung et al. 2012). Although survival rates

are high, there are very little data looking at

the success outcomes of implants placed with

simultaneous grafting.

The present study evaluated the survival

and success of dental implants placed with

concomitant GBR procedure compared with a

non-GBR group.

Materials and methods

Human ethics approval was obtained from

the University of Melbourne (Human

Research Ethics Community, HREC 1034069)

and from the Dental Health Services Victoria.

A retrospective assay of treatment records

was performed. All patients treated with

implants in Royal Dental Hospital of

Melbourne who had the item codes for

implant placement recorded in their course

of care were identified, and letters were sent

out for them to attend for a review appoint-

ment. All examinations were undertaken by

the same clinician (NB).

During the appointment, the following

clinical parameters were recorded for all

implants:

Modified plaque index (Mombelli et al.

1987).

Modified bleeding index (Mombelli et al.

1987).

Pocket probing depth (PPD).

All measurements were performed at six

sites of each implant using a Williams

probe (Hu-Friedy, Chicago, IL, USA).

Distances were rounded up to the nearest

millimetre.

Supportive periodontal/implant therapy

was given following clinical examination as

required. Oral hygiene instruction and rein-

forcement was performed at the end of the

appointment.

A periapical radiograph of the implant site

using a loop film holder (Rinn, DENTSPLY

Australia Pty. Ltd.) was taken using the

long-cone paralleling technique. With the aid

of 209 loupe, the distances in millimetres

between the shoulder of the implant and the

first clear bone-to-implant contact, mesially

and distally, were recorded. Using the radio-

graphs taken soon after the crown insertion,

the length of the implant and the implant

threads distance in different systems, the

amount of mesial and distal bone loss (BL)

was calculated (Beni�c et al. 2009).

The following were also recorded: age,

smoking, medical problems, grafting proce-

dures, SPT attendance, implant system,

length, diameter, timing of placement after

extraction, position in the mouth, and opera-

tor (postgraduate or staff, oral surgeon or peri-

odontist). SPT attendance was scored either

as the patient had attended some or all of

their annual review appointments or had

attended none.

Survival was recorded as the presence of a

dental implant in the mouth following a cer-

tain period of time, whereas success was

absence of technical or biological complica-

tions at any point of time.

The criteria of success set for this study

were chosen according to Karoussis et al.

(2004) and included:

• Absence of mobility.

• Absence of persistent subjective com-

plaints (pain, foreign body sensation, and/

or dysaesthesia).

• No PPD > 5 mm.

• No PPD = 5 mm and bleeding on probing

(BOP).

• Absence of a continuous radiolucency

around the implant (Buser et al. 1990).

• After the first year of service, the annual

vertical bone loss should not exceed

0.2 mm.

According to this threshold, the implant

was characterized as unsuccessful if mesial

or distal annual bone loss was >0.2 mm per

year, or PPD (even at one implant site) was

>5 mm or PPD (even at one implant

site) = 5 mm with BOP. Success character-

ized an implant fulfilling both clinical as

well as radiographic success criteria.

Statistical analysis included descriptive sta-

tistics for all clinical and radiographic param-

eters assessed at implants. The correlation

between those parameters and other variables

such as age, sex, implant system, diameter,

and length was also assessed.

All the statistical analysis was performed

using Minitab software Version 15 (Minitab

Inc., State College, PA, USA).

Results

The patient sample consisted of 73 patients

from 420 invited to take part. There were 22

males and 51 females. The ages ranged from

19 to 76 years of age with a mean of 48

(Table 1). Five of the subjects reported being

a current smoker. However, due to the low

number of smokers in the group, comparison

between these two groups was not performed.

No Diabetes or other relevant systemic

diseases were reported. The review of the

patients’ periodontal charts before the

implant placement showed that none of

them had been diagnosed and treated for

periodontal disease. One hundred and

twenty-three dental implants were clinically

and radiographically examined of which 109

implants could be included in the analyses as

the data related to the other 14 implants

were not complete. The follow-up period

after implant placement ranged from 20 to

88 months, with the mean time of

46.7 month (SD � 1.7). The mean function

time was 34.8 months (SD � 1.7). None of

the implants were associated with pain, sup-

puration, foreign body sensation, mobility, or

infection.

Fifty implants were placed without graft-

ing, fifty implants with simultaneous graft-

ing, and nine placed in a staged grafting

procedure (Table 2). Simultaneous GBR had

been performed for the treatment of osseous

defects including dehiscences, fenestrations,

and infrabony defects. The GBR procedure

mainly involved grafting with DBBM

(Bio-Oss, Geistlich, Wolhusen, Switzerland).

The sites were predominantly covered with a

bioresorbable collagen membrane (Bio-Gide,

Geistlich, Wolhusen, Switzerland). Due to

the small number of available cases, implants

that were placed following staged approach

procedure were not included in analysis but

have been included in the tables. The major-

ity of membranes used in GBR procedures

were Bio-Gide, and Bio-Oss was the main bone

substitute material in grafting techniques
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(Tables 3 and 4). The dental implant systems

used were Straumann, Astra, Noble Biocare,

and Biomet 3i. The proportions of the study

implants in each system were 33%, 25%,

13%, and 19%, respectively (Table 5).

Seventy-nine per cent of the implants placed

in anterior maxilla were placed with GBR,

65% simultaneously and 14% staged

approach, while 18% in posterior mandible

needed grafting procedure (Table 6).

Fifty-seven per cent of the implants placed

with GBR application were between 8 mm

and 12 mm, and 59%of the implants had a

width between 3.5 mm and 4.1 mm (Tables 7

and 8).

One implant failed in simultaneously

grafted site because of pain of unknown ori-

gin, and one implant had been explanted in

non-grafted group as it was not restorable due

to an unfavourable position. The cumulative

implant survival rate at the time of exami-

nation reached 97.95% for both GBR and

non-grafted group. The difference was not

statistically significant.

Eighty-six per cent of implants in GBR

group and 90% of implants in non-GBR group

showed at least one site with BOP (Table 9).

The percentage of the implants with at least

one site PPD more than 3 mm in both group

is shown in Table 9. The number of implants

with 5 mm PD and BOP or PD > 5 mm or

annual bone loss more than 0.2 mm after the

first year of placement was ten in simulta-

neous GBR group, and three in non-GBR

group, which gave an overall success rate of

87% and 93% retrospectively or 90% when

both were combined. The mean PPD for GBR

vs. non-GBR groups after 2–7 years is shown

in Table 10. The probing depths were always

slightly higher in the GBR group. However,

bone levels were less in GBR group 2–7 years

after function (Table 11). The GBR group had

higher percentages of sites with plaque and

bleeding (Table 12).

Although the success rate of implants

placed with GBR was slightly less than suc-

cess rate of implants placed without grafting

in each year, after 2–7 years of function, this

difference did not reach the statistical signifi-

cance (Table 13).

Apart from grafting, other implant-related

parameters, such as the length, diameter, oper-

ator, and system, did not show any effect on

the clinical or radiographic outcomes.

Discussion

The results of this study demonstrated that

implants placed with GBR are as successful

as implants placed into sites with pristine

bone. The cumulative survival rates of 98%

were found for the two groups. Success rates

were around 90% for GBR and non-GBR

groups.

Survival rates of implants placed in the

sites augmented with GBR in this study are

consistent with those reported for implants

placed into sites not necessitating bone aug-

mentation procedures (Albrektsson et al.

1986; Van Steenberghe 1990; Buser et al.

1997; Lindquist et al. 1997; Leonhardt et al.

2002; Bergenblock et al. 2012).

The survival rate of implants placed with

simultaneous augmentation varies depending

on the materials used. Those placed using an

ePTFE membrane had a survival rate between

79 and 100% (Buser et al. 1996; Becker et al.

1999; Zitzmann et al. 2001). Using different

membranes, Jung et al. (2012) and Zitzmann

et al. (2001) reported survival rates of 93%

and 95.4%, respectively. With a combination

of non-resorbable membranes (Gore Tex)

combined with autogenous bone grafts or

DFDBA, Blanco et al. (2005) found that the

cumulative survival rate was 96.1%. The sur-

vival rate of implants placed in conjunction

with xenogenic collagen membranes in com-

bination with DBBM ranged from 95.4% to

100% (Christensen et al. 2003; Juodzbalys

et al. 2007). These values are very similar to

the findings presented in this article. The

differences between these studies may reflect

the implant system used, the grafting materi-

als used and the surgical techniques used. It

would appear that the use of simultaneous

Table 1. Demographic data of subjects, n (%)

Male Female Total

Number of patients 22 (30%) 51 (70%) 73 (100%)
Number of implants 38 (30%) 85 (70%) 123 (100%)
Mean Age/STD 48 � 13
Range 19–76

Table 3. Distribution of different membranes,
n (%)

Membrane type
Guided bone
regeneration (GBR)

Bio-Gide 48 (81%)
Bio-Mend 3 (4%)
Goretex 2 (2%)
Unknown 6 (10%)
Total 59 (100%)

Table 4. Distribution of different grafting
materials, n (%)

Graft type
Guided bone
regeneration (GBR)

Bio-Oss 48 (80%)
Autogenous Bone 4 (6%)
Ceramic 2 (4%)
Unknown 5 (8%)
Total 59 (100%)

Table 5. Distribution of different implant systems, n (%)

Implant system

Guided bone regeneration (GBR)

Non-GBR TotalSimultaneously Staged

Straumann 13 (10%) 2 (1%) 25 (21%) 40 (33%)
Astra 17 (14%) 5 (4%) 8 (6%) 30 (25%)
Noble 7 (6%) 0 (0%) 9 (7%) 16 (13%)
3i 13 (11%) 2 (2%) 8 (6%) 23 (19%)

Table 2. Distribution of different placement
techniques, n (%)

Guided bone
regeneration (GBR)

Non-
GBRSimultaneously Staged

Implants 50 (45%) 9 (10%) 50
(45%)

Table 6. Implant position in the mouth, n (%)

Implant position

Guided bone regeneration (GBR)

Non-GBR TotalSimultaneously Staged

Anterior maxilla 30 (65%) 6 (14%) 10 (21%) 46 (100%)
Posterior maxilla 14 (43%) 3 (11%) 15 (46%) 32 (100%)
Anterior mandible 2 (50%) 0 (0%) 2 (50%) 4 (100%)
Posterior mandible 5 (18%) 0 (0%) 22 (82%) 27 (100%)
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DBBM and collagen membrane with implant

placement is a very predictable technique.

In our study, it was demonstrated that the

mean values of PD, BOP, and Plaque accumu-

lation around the implants placed with GBR

procedure were slightly higher than the

implants placed in non-grafted sites. The prob-

ing depths were stable. Clinical monitoring

after 12–114 months revealed negative BOP

scores and mean PD values 0–3 mm for 15 of

16 implants (De Boever & De Boever 2005),

which is in agreement with the present study.

In another study, Juodzbalys et al. (2007) used

simultaneous GBR at dehiscence-type defects

adjacent to implants. Clinical assessment of a

modified bleeding index revealed stable mean

values at 1 and 5 years after prosthesis place-

ment. However, the mean PD values signifi-

cantly increased from 1.43 � 0.51 mm at

baseline to 3.39 � 0.59 mm at 5 years. In our

study, the PD values at the baseline date were

not available, but the probing is still within a

healthy range. By contrast to the present

study, Siciliano et al. (2009) showed that com-

bining transmucosal implant placement with

simultaneous GBR resulted in less favourable

soft tissue outcomes compared with those of

implants placed in healed sites. Statistically

significantly higher (P < 0.05) PPD and CAL

values were recorded around implants placed

in the test sites compared with those placed

in the control sites. This current study found

no difference between submerged and trans-

mucosal implants.

The mean BL in grafted group was always

lower than the non-grafted group. The radio-

graphic examination reported by Jung et al.

(2012) showed an average bone loss over the

mean observation period of 12.5 years was

0.081 mm/year. The estimated radiological

bone level after 12.5 years resulted in

2.36 mm for the control group, 2.4 mm for

the Bio-Gide group, and 2.53 mm for the

e-PTFE group. Those figures were not statisti-

cally significantly different, while the mean

bone level change in GBR group was stati-

cally less than the bone loss in non-GBR

group in our study. Similar to our outcomes,

Jung et al. (2012) found that the probing depth

was not different among the GBR and

non-GBR group. A retrospective cross-

sectional study reported marginal bone levels

of 1.9 � 0.9 mm for the group without GBR

Table 7. Distribution of implant lengths, n (%)

Implant length (mm)

Guided bone regeneration (GBR)

Non-GBR TotalSimultaneously Staged

Short (<10) 4 (27%) 2 (17%) 11 (61%) 17 (100%)
Regular (10–12) 37 (50%) 5 (7%) 31 (43%) 73 (100%)
Long (>12) 9 (47%) 2 (10%) 8 (42%) 19 (100%)

Table 8. Distribution of implant diameters, n (%)

Implant diameter

GBR

Non-GBR TotalSimultaneously Staged

NP 7 (33%) 2 (10%) 12 (57%) 21 (100%)
RP 33 (49%) 6 (10%) 27 (41%) 66 (100%)
WP 10 (45%) 1 (5%) 11 (50%) 22 (100%)

GBR, guided bone regeneration; NP, narrow platform; RP, regular platform; WP, wide platform.

Table 9. Success data split by grafting, n (%)

Implant number

Guided bone regeneration
(GBR)

Non-GBRSimultaneously Staged

At least one site with Pocket probing depth (PPD)>3 mm 21 (42%) 2 (22%) 18 (36%)
At least one site with PPD = 5 mm and BOP 8 (16%) 0 (0%) 3 (6%)
At least one site with PPD > 5 mm 0 (0%) 0 (0%) 3 (6%)
At least one site with BL > 1 mm 6 (12%) 0 (0%) 16 (32%)
At least one site with BOP positive 45 (90%) 8 (88%) 43 (86%)
Bone loss more than 0.2 mm/year 2 (4%) 0 (0%) 8 (16%)
Bone loss more than 0.2 mm/year and PPD = 5 mm+BOP
or PPD > 5 mm

1 (2%) 0 (0%) 1 (2%)

At least one site with Plaque positive 40 (80%) 8 (88%) 39 (78%)

Table 10. Mean pocket probing depth by years in function

Year Number

Guided bone regeneration (GBR) Non-GBR

Mean (mm � SD) Median Range 95% CI Mean (mm � SD) Median Range 95% CI

2 109 2.65 � 0.49 2.5 1.67–3.83 1.67–3.63 2.48 � 0.62 2.0 1.5–4 1.24 –3.72
3 92 2.72 � 0.49 2.67 2–3.83 1.74–3.7 2.47 � 0.62 2.17 1.5–4 1.23–3.71
4 68 2.71 � 0.45 2.58 2–3.83 1.81–3.61 2.52 � 0.62 2.17 1.5–4 1.28–3.76
5 49 2.87 � 0.49 2.67 2.33–3.83 1.89–3.85 2.59 � 0.64 2.5 1.5–4 1.31–3.87
6 33 2.88 � 0.43 2.67 2.33–3.83 2.02–3.74 2.58 � 0.63 2.5 2–4 1.32–3.84
7 9 2.50 2.5 2.5 2.5 2.48 � 0.24 2.17 2–4 2–2.96

Table 11. Mean bone levels by years in function (millimetres)

Year Number

GBR Non-GBR

Mean � SD Median Range 95% CI Mean � SD Median Range 95% CI

2 109 0.25 � 0.45 0 0–1.75 0–1.15 0.75 � 1.00 0.105 0–4 0–2.75
3 92 0.25 � 0.47 0 0–1.75 0–1.19 0.73 � 1.00 0.21 0–4 0–2.73
4 68 0.29 � 0.41 0 0–1.5 0–1.11 0.63 � 0.95 0 0–3.15 0–2.53
5 49 0.24 � 0.40 0 0–1.3 0–1.04 0.68 � 0.92 0.11 0–3.15 0–2.52
6 33 0.16 � 0.28 0 0–0.88 0–0.72 0.76 � 1.00 0.11 0–3.15 0–2.76
7 9 0.00 0 0 0 0.56 � 0.28 0.11 0–2 0–1.12
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procedures and 1.3 � 0.5 mm for the test

group with bone augmentation after 5 years

(Beni�c et al. 2009). The difference did not

reach significance. All implants were

machined surface implants, and the mean

bone loss during the function time did not

reported. In a controlled study, a mean radio-

graphic bone loss of 0.6 mm for control and

0.7 mm for test implants was observed 23–

27 months following incorporation of func-

tion (Mayfield et al. 1998). The differences

between these studies and our study may

reflect the inclusion of machined and moder-

ately rough implants from a number of sys-

tems. Interestingly, in this current study,

there were no differences between implant

systems in outcomes.

The number of implants with 5 mm PD

and BOP or PD > 5 mm or annual bone loss

more than 0.2 mm after the first year of place-

ment was nine in simultaneous GBR group,

and thirteen in non-GBR group. Following the

Karoussis et al. (2004) criteria, the overall suc-

cess rate of implants placed with GBR proce-

dure in our study is 90%. Interestingly,

implant placed with simultaneous GBR had

higher numbers of deeper probing depths, but

fewer with >0.2 mm bone loss per than when

compared with the non-GBR group, as evi-

denced by the significant difference in bone

levels. Karoussis et al. (2004) criteria were fol-

lowed; as to our knowledge, there are few pub-

lished studies that have calculated the

success rate considering both soft and hard

tissue clinical futures. Based on the mean ver-

tical bone loss after the first year in function

and annual bone loss in subsequent years in

function, Jung et al. (2012) concluded that the

success rate for all implants was 90%. Only

two (10%) implant sites had bone levels

exceeding the criteria of success according

to Albrektsson et al. (1986) criteria. Our

results showed that the success rate of den-

tal implants placed with GBR was between

86 and 90%, which is in the range reported

in the systemic review by Clementini et al.

(2012), where the success rate of implants

placed in GBR augmented ridges ranged

from 61.5% to 100%. Juodzbalys et al.

(2007) showed the success rate for all

pooled implants was also 90%. Ninety per

cent of all sites (18/20) presented stable

crestal bone levels. The mean vertical bone

loss for all implant sites was 1.33 mm after

1 year of function. Five years later, the

mean vertical bone loss was 2.01 mm.

Although the PD alterations have been

reported, they were not considered to calcu-

late the success rate. The placement of

implants with simultaneous grafting appears

to be highly successful.

The majority (79%) of the implants placed

in anterior maxilla were placed with GBR,

65% simultaneously and 14% staged

approach, while only 18% in posterior man-

dible needed grafting procedure. This would

suggest that simultaneous grafting should be

expected at the time of implant placement in

the anterior maxilla.

Only 17% of patients were able to be

recalled, which is noticeably <80% recalled

rate quoted by Jung et al. (2012). The recall

rate is also less than another long-term study

verifying 84.2% of recalled patients after

17–19 years (Bergenblock et al. 2012). Ano-

ther clinical long-term study included 72% of

the original study group after 10–16 years

(Simonis et al. 2010). However, the sample

size is consisted of over 70 subjects with 123

implants assessed. It should be noted that

there were no patients with a history of peri-

odontal disease in the population examined.

Some patients had more than one implant,

and it is acknowledged that this may add

some bias to the results.

In this study, periapical radiographs of the

implant site using a loop film holder were

taken using the long-cone paralleling tech-

nique. This type of assessment has some lim-

itations: intraoral X-rays can only assess

bone level mesial and distal to each implant,

and they are not able to show any variation

of the regenerated tissue on the buccal

aspects of implants, which is an important

factor to be observed after the GBR

procedures. The only means available for

assessing the buccal bone alterations are

CBCT or re-entry. The first option, however,

is costly both economically and biologically

and difficult to be proposed as a routine

method for measuring stability over time of

the regenerated bone. The second option is

also difficult to apply due to the difficulty in

justifying an invasive procedure to control

results.

In conclusion, for the subjects included in

this retrospective study, the data demonstrate

that GBR is a predictable procedure. The sur-

vival and success rates of the implants

inserted with simultaneous GBR were simi-

lar, if slightly lower, to the non-grafted

implants.
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Table 13. Percentage of successful implants by years after placement and grafting in grafted vs.
non-grafted implants

Year Number Overall success (%) Success with GBR (%) Success without GBR (%)

2 109 90 87 93
3 92 89 84 92
4 68 88 82 91
5 49 87 80 89
6 33 86 80 89
7 9 89 100 88

Table 12. Percentage of sites with plaque and bleeding on probing with SD by years in function

Year Number

Plaque (%�SD) BOP (%�SD)

GBR No GBR GBR No GBR

2 109 83 � 37 77 � 42 94 � 23 86 � 34
3 92 89 � 32 78 � 41 98 � 15 85 � 35
4 68 86 � 35 74 � 44 96 � 18 83 � 38
5 49 100 80 � 40 100 90 � 30
6 33 100 80 � 41 100 85 � 36
7 9 100 62 100 75

GBR, guided bone regeneration; BOP, bleeding on probing.
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