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ABSTRACT

Purpose: to evaluate the labial bone thickness (LBT) in the esthetic zone of the 
maxilla after insertion of dental implants: immediately, 4-6 weeks, and 3 months after 
tooth extraction, by using cone beam computed tomography (CBCT). Patients and 
methods:  Fifteen cases, who had single non-restorable upper anterior tooth or an ex-
tracted tooth not exceeding 3 months, were involved in the study. The patients were 
divided equally into three groups. In group 1, implants were placed immediately after 
tooth extraction. In group 2, implants were inserted 4-6 weeks after extraction. In group 
3, implants were inserted 3 months following tooth extraction. All implants were cov-
ered by bovine bone graft substitute (BBGS) and platelet rich fibrin (PRF) membrane. 
The LBT was measured immediately after implant insertion, six and 12 months of sur-
gery by using (CBCT). The patients were examined clinically by assessing probing 
depth (PD), sulcus bleeding index (SBI), pink esthetic score (PES), and visual analogue 
score (VAS). Results: Successful osseointegration was observed in all patients, both 
clinically and radiographically. There was insignificant difference in the labial bone 
thickness between the 3 groups; however, the amount of bone resorption was consid-
ered significant only in group 1, at the implant shoulder, during the first interval of the 
follow up (immediate to six months postoperative). Conclusion: Preservation of LBT 
at the labial surface of the dental implants in the esthetic zone of the maxilla appears to 
be independent on the time of implant insertion after tooth extraction.  It was possible to 
create and preserve a stable layer of labial bone over implant surface, by the application 
of BBGS and PRF membrane.
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INTRODUCTION

The most common causes of missing upper an-
terior teeth are trauma, failure of root canal treat-
ment, root resorption, dental caries, and congenital 
missing of lateral incisor. Anterior esthetic zone of 
the maxilla requires very accurate preoperative as-
sessment and planning before implant insertion, to 
achieve adequate esthetic and functional outcomes. 
The upper anterior teeth have a thin labial cortex, 
which has an uneven thickness along the entire 
length of the root, i.e. it is thin at the cemento-enam-
el junction (<1 mm) and becomes thicker more api-
cally (≥2 mm) (1,2). Tooth loss in the esthetic zone 
usually associated with significant bone resorption, 
especially at the labial side (3). For this reason, pres-
ervation of adequate labial mucosa and peri-implant 
bone are important to achieve optimal esthetic re-
sults in this region. Several types of bone grafts are 
widely used in conjunction with dental implants to 
prevent alveolar bone resorption.

Based on the origin of the bone grafts, they are 
classified into four groups; autograft, allograft, xe-
nograft, and alloplastic materials. Xenografts are 
derived from other species as bovine, porcine, and 
equine bone minerals. Bovine bone graft is the most 
commonly used type after being thermally and 
chemically treated to isolate the organic compo-
nents, so the remaining inorganic constituent pro-
vides a natural architectural matrix and adequate 
source of calcium (4). The inorganic component can 
preserve the three dimensions of the augmented re-
gion during the remodeling phase (5). 

Guided bone regeneration is a dental technique 
by which a barrier membrane is used to act as a 
stabilizer for the bone graft and to protect the re-
generated site from non-osteogenic cells such as 
fibroblasts and epithelial cells(6). Platelet rich fibrin 
(PRF) can be employed as a resorbable membrane 
to protect the bone graft in the process of guided 
bone regeneration (7). It protects bone defects from 
non-desirable cells, provides a space for prolifera-
tion of osteogenic and angiogenic cells, and per-

mits blood clot mineralization(8). Furthermore, the 
addition of PRF to bone graft particles reduces the 
volume of needed particulate bone graft substitute, 
improves the vascularity of the regenerated defect 
by promoting angiogenesis, which in turn reduces 
the time needed for healing (9).

Cone beam computed tomography (CBCT) has 
many applications in dental implantology as it al-
lows measurement of the available bone height, 
width, and density, as well as identification and 
localization of the surrounding anatomical struc-
tures (10). Furthermore, CBCT has been used to ac-
curately measure the LBT before and after implant 
insertion(11). The assessment of labial bone thick-
ness (LBT) during the follow up period of dental 
implants is of significant importance to predict re-
liability of treatment in the esthetic zone. For ob-
taining and maintaining optimal results in the es-
thetic zone, preservation and establishment of la-
bial mucosa and the supporting labial bone should 
be considered (12). So the aim of this study was to 
evaluate the LBT in the upper anterior esthetic zone 
after placement of implants immediately, 4-6 weeks 
(immediate delayed), and 3 months (delayed) after 
tooth extraction with the application of bovine bone 
graft substitute (BBGS) and PRF membrane.       

PATIENTS AND METHODS

Study Design and Population

To address the purpose of this research, a pro-
spective comparative study was designed and per-
formed. The study population included 15 patients 
who required replacement of a single tooth in the 
esthetic zone. The patients were selected from the 
outpatient clinic of the Department of Oral and 
Maxillofacial Surgery, Faculty of Dental Medicine 
for Girls, Al-Azhar University, between January 
2018 to September 2018. The following inclusion 
criteria included: (1) Patients with a single badly 
destructed upper anterior tooth or extracted tooth 
not exceeding 3 months, (2) patients with adequate 
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mesiodistal width that permits crown restoration, 
(3) free from soft or hard tissue pathology, (4) good 
oral hygiene, (5) nonsmokers, (6) free from any lo-
cal or systemic diseases which may affect the os-
seointegration of dental implants, and (7) patients 
with high motivation and cooperation(13). The exclu-
sion criteria included (1) alcohol or drug abuse, (2) 
pregnant patients, (3) patients with para-functional 
habits such as bruxism and clenching(14). According 
to the time of implant insertion, the patients were 
equally divided into 3 groups; group 1: implants 
were inserted in the same visit immediately after 
extraction, group 2: implants were inserted after 4-6 
weeks of extraction, and group 3: implants were in-
serted after 3 months of extraction. In accordance 
with the Declaration of Helsinki, written informed 
consent was taken from all patients, and the local 
ethics review committee of the Faculty of Dental 
Medicine for Girls at Al Azhar University approved 
the study.

Surgical protocol 

Presurgical preparation

Preoperative CBCT was performed to all pa-
tients to evaluate the implant site and alveolar bone 
dimensions. Dental impressions were taken to make 
study casts at which waxing up and vacuum stent 
was fabricated. Before implant placement, all pa-
tients were asked to take a single dose of prophylac-
tic antibiotic, one hour before surgery (Amoxicllin 
875 mg + Clavulanic acid 125mg).

PRF Preparation

PRF membrane was prepared from collecting 10 
ml of patient’s blood. The blood sample was centri-
fuged in a table centrifuge at 3000 revolutions per 
minute (rpm) for 15 minutes. The centrifuged prod-
uct included three layers: (1) Acellular platelet poor 
plasma (PPP) is the most superficial layer, (2) A clot 
of PRF in the middle, and (3) RBCs at the bottom. 
The PRF was then separated from PPP and RBCs 
layer to be ready for use(15). 

Surgical procedures

All patients were treated under local anesthesia 
using Articaine 4%, 40.00 mg hydrochloride and 
Epinephrine 1:100,000. In group 1, atraumatic tooth 
extraction was performed by periotomes to preserve 
the labial bone. In all patients, crestal and two re-
leasing incisions were done by using blade no 15, 
and then followed by flap reflection and retraction. 
Vacuum stent was used for proper implant position-
ing in relation to the adjacent teeth. The drilling pro-
tocol was performed according to the instructions of 
the manufacturer. The implant was then placed into 
the prepared site. The bovine bone graft substitutes 
(BBGS) which is in the form of cancellous bone, 
free from cortical portion and organic elements (Ti 
Oss, Octabone), was used in this study(16). A 0.25 
gm of the bone graft was mixed with saline to cover 
the labial bone surface and to obliterate the labial 
gap in cases of immediate implant (group 1), and 
finally PRF membrane was placed to cover the bone 
graft(17) as illustrated in figure (1). Wound closure 
was performed by using 3-0 non resorbable hori-
zontal matress sutures. Postoperative analgesics and 
antibiotics were prescribed to reduce the rate of in-
fection and for pain control. The oral hygiene mea-
sures were explained to all patients. During the os-
seointegration phase (first 6 months), patients were 
instructed to use a partial denture without interfer-
ence with the implant site. Following this period, all 
patients were recalled for the second stage loading 
procedures. 

Figure (1): Image showing BBGS and PRF membrane over 
the implant
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Clinical and radiographic evaluation

All patients were evaluated clinically by assess-
ing the probing depth (PD) and sulcus bleeding in-
dex (SBI) after six months of implant placement 
(i.e. after implant loading) and after 12 months of 
implant placement (i.e. after six months of implant 
loading). At the end of the follow up period, pink 
esthetic score (PES) (Belser et al., 2009)(18) and pa-
tients’ satisfaction by visual analogue scale (VAS)
(19) were also evaluated. 

CBCT were performed for all patients at three 
time follow up periods: immediately after implant 
insertion, at six and 12 months postoperative. The 
focal planes of all CBCTs were adjusted to the cen-
ter of the buccolingual aspect of the implant as well 
as the mesiodistal aspect. CBCTs were performed by 
using Planmeca Promax 3 D Mid, made in Finland. 
After acquisition, data was imported as DICOM file 
and then downloaded via a Compact Disk (CD) to a 
computer for analysis by using software (Planmeca 
Romxis viewer, launcher 4.6.0.R).

By using the measuring tools of the software, 
LBT was measured (in mm); from the center of 
the labial surface of the implant to the labial bone 
surface at three points; at implant shoulder, 3 and, 
5 mm apical to the shoulder. The amount of bone 
resorption was recorded by calculating the differ-
ence of the LBT records between immediate and 
six months (first interval), and between six and 12 
months (second interval). All measurements were 
taken twice by the same investigator, two weeks 
apart, and the mean of the two records represented 
the final results.

Statistical analysis 

All statistical analysis were performed by com-
puter program IBM SPSS (statistical package for 
the social science; IBM corp, Armonk, NY, USA) 
for windows version 2. 

Data were statistically described as mean ± stan-
dard deviation (SD), percentage, minimum and 

maximum. ANOVA test was used to compare the 
means of the study groups followed by Post Hoc 
test.  Repeated measures ANOVA test followed by 
Mauchly’s Sphericity test were used to compare the 
numerical variables along the study period. Paired 
student (t) test was used with in the same group for 
comparison of numerical variables between two dif-
ferent time intervals. Chi-square (χ2) test was used 
to compare the two or more qualitative data, or be-
tween qualitative and quantitative data. P-values 
below 0.05 were considered statistically significant. 

RESULTS

Fifteen patients (10 females and 5 males) with 
badly decayed or extracted upper anterior teeth 
were included in this study. The mean of patients’ 
age was 35.7 ± 8 years. The implant length was 13 
mm for all implants and the diameter was 3.7 mm 
for central incisor and cuspid tooth (80%) and 3.2 
mm for lateral incisor (20%). Central incisor was 
restored by dental implants in 53.3% of cases, 20% 
for lateral incisor, and 26.7% for cuspid tooth. The 
demographic and clinical data of the three groups 
are shown in tab (1). 

Postoperative clinical evaluation

Surgical procedures were well tolerated by 
all patients without intra- and postoperative com-
plications. The primary mechanical stability was 
achieved in all cases. The postoperative edema was 
minimal and subsided completely within one week. 
The postoperative pain and discomfort were mild 
and they were controlled by analgesics. At the time 
of suture removal, all mucosa had a normal appear-
ance. Successful osseointegration was observed in 
all patients, both clinically and radiographically 
during the follow up period. 

In all groups, PD values increased at the end of 
the follow up when compared to the six months re-
cords. These changes were considered significant 
in group 1 (p value = 0.03) and non-significant in 
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groups 2 and 3 (p value > 0.05). When comparing 
the PD values in the three groups, the changes were 
considered statistically insignificant (p value = 0.3). 
At the 12 months postoperative, SBI values showed 
an improvement; however, the values were consid-
ered non-significant when compared in the three 
groups. In addition, both PES and VAS showed non-
significant difference among the groups. Details of 
PD, SBI, PES, and VAS records are presented in 
Table 2. 

Table (1) Demographic and clinical data of the 
study patients

Group 1 Group 2 Group 3 P 
value

Patients number 5 5 5 1

Sex

0.8Male 2 (40) 2 (40) 1 (20)

Female 3 (60) 3 (60) 4 (8)

Age 31.8 ±8.6 37.8 ±7.6 37.6 ± 8.0 0.4

Implant site

0.9

Central incisor 3 (60) 2 (40) 3 (60)

Lateral incisor 0 (0) 2 (40) 1 (20)

Cuspid 2 (40) 1 (20) 1 (20)

Implant diameter

0.33.7 mm 5 (100) 3 (60) 4 (80)

3.2 mm 0 (0) 2 (40) 1 (20)

Ridge width (mm) 5.9 ± 0.5 5.8 ± 0.6 5.7 ± 0.6 0.8

Ridge height (mm) 18.2 ± 1.1 17.8  ±0.8 17.7 ±1.5 0.4

Preoperative bone density

0.8
D2 2 (40) 2 (40) 3 (60)

D3 3 (60) 3 (60) 2 (40)

Data presented as mean ± SD or numbers, with 
percentages in parentheses. 
No statistically significant difference was shown, 
P-value ≤ 0.05

Table 2) PD, SBI, PES, and VAS records 

Group 1 Group 2 Group 3 P value

PD

Six months 
(mm) 2.6 ± 0.2 2.9 ± 0.2 3 ± 0.6 0.3

12 months 
(mm) 3.2 ± 0.4 2.9 ± 0.2 3.3 ± 0.4 0.3

P value 0.03* 1 0.07

SBI

Six months 0.8 ± 0.4 0.6 ± 0.6 0.8 ± 0.4 0.7

12 months 0.6 ± 0.5 0.4 ± 0.5 0.4 ± 0.5 0.8

P value 0.4 0.4 0.2

PES

12 months 10 ± 0.7 11.2 ± 
0.8 10.8 ± 0.09 0.08

VAS

12 months 82 ± 4.5 85 ± 5 85 ± 6.1 0.9

Data presented as mean ± SD.    
* Significant p-value ≤  0.05. 

Radiographic analysis

LBT evaluation

The mean of LBT at the three points during the 
follow up period are presented in table (3) and figure 
(2). In all groups, LBT values decreased at the three 
time follow up periods. However, this decrease in 
the bone thickness has no significant difference be-
tween the three groups. Furthermore, LBT values 
showed non-significant difference within every 
group at the three measured points (p > 0.05).
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Table (3): Comparison of LBT measurements among the study groups 

At shoulder 3mm apically 5mm apically

Immediate 6 
months

12 
months

P- 
value Immediate 6 months 12 

months
P- 

value Immediate 6 
months

12 
months P- 

value

G 1 2.9±0.2 2.5±0.1 2.2±0.1 0.3 3.3±0.2 2.9±0.1 2.6±0.1 0.3 3.5±0.1 3±0.1 2.7±0.2 0.2

G 2 2.8±0.1 2.5±0.1 2.2±0.2 0.3 3.1±0.1 2.8±0.2 2.5±0.1 0.6 3.5±0.1 3.2±0.1 2.7±0.4 0.7

G 3 2.3±0.2 2±0.2 1.8±0.2 0.6 2.5±0.1 2.2±0.1 1.9±0.1 0.7 2.7±0.2 2.4±0.1 2.1±0.2 0.8

P value 0.7 0.9 0.9 0.5 0.3 0.7 0.9 0.4 0.9

Data presented as mean ± SD. Non-significant as all P – values > 0.05

Table 4. Amount of bone resorption in the three groups during the first and second intervals

At shoulder 3 mm apically 5 mm apically

1st interval 2nd interval P value 1st interval 2nd interval P value 1st interval 2nd interval P value

G1 -0.4±0.07 -0.3±0.06 0.02* -0.3±0.1 -0.3±0.07 0.8 -0.4±0.1 -0.3±0.09 0.09

G2 -0.3±0.1 -0.3±0.04 0.5 -0.3±0.04 -0.2±0.04 0.054 -0.3±0.05 -0.3±0.08 0.3

G3 -0.2±0.03 -0.3±0.05 0.3 -0.3±0.03 -0.3±0.07 0.8 -0.3±0.06 -0.3±0.08 0.9

P value 0.003* 0.5 0.3 0.3 0.07 0.9

Data expressed as mean ± SD.    * Significant p-value ≤  0.05

Amount of bone resorption

At the first and second time intervals, the amount 
of bone resorption was calculated and analyzed in 
Table 4. At the implant shoulder, the amount of 
bone resortpion was considered to be significant 
when compared between the three groups during the 
first interval period (immediate to six months), this 
representing more bone loss in the group 1 at this 
point (P =0.003). At the second interval, the amount 
of bone loss was non-significant among the three 

groups. When comparing between the first and sec-
ond intervals in every group, there was a significant 
bone loss at the implant shoulder site (P =0.02) only 
in group 1, while the difference between the two in-
tervals was non-significant in groups 2 and 3. The 
amount of bone loss at 3 mm and 5 mm apical to 
the shoulder were considered to be non-significant 
among the three groups. In addition, the difference 
between the two intervals was also non-significant 
in every group.  
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DISCUSSION

Esthetic restoration of a single anterior tooth with 
implant is considered a challenging procedure in 
dental practice. Alveolar bone resorption following 
anterior teeth loss usually endangers gingival tissue 
levels, thus compromising the esthetic outcomes of 
the implant restoration. In the last decade, creation 
of an implant borne restoration to be indistinguish-
able from the surrounding natural teeth in the es-
thetic zone is as important as the implant survival 
rates. For successful implant therapy in the anterior 
esthetic zone of the maxilla, the implant should be 
placed in a proper 3 dimensional position within 
the available alveolar bone. In cases of insufficient 
bone, simultaneous or delayed bone augmentation 
are usually considered mandatory to allow implant 
insertion in a proper position; however,  hard tissue 
may undergo resorption and in turn causes soft tis-
sue changes which affect esthetic outcomes(20).

Creation and preservation of adequate labial 
bone (21) in the esthetic zone is of great importance, 
because it has a significant role in supporting the 
peri-implant gingival tissue which in turn should be 
continuous with the adjacent soft tissues to achieve 
excellent esthetics (22). Many authors reported that 

insertion of dental implants in the esthetic zone of 
the maxilla usually requires GBR to avoid gingival 
recession which caused by alveolar bone resorption 
following tooth extraction(23), this soft tissue reces-
sion can be decreased if the LBT is more than 2mm.
(24) Autogenous bone grafts have been reported to 
be the most successful material in bone regenera-
tion procedures in dental implantology(25). However, 
several limitations have been encountered including 
restricted donor sites, unpredictable available bone 
volume especially from intraoral bone grafts, and 
possible donor site morbidity such as infection, pro-
longed wound drainage, and large hematomas (26). 
Therefore, in the present study BBGS was used as 
an adjunct to autogenous bone in all patients. Many 
authors (27) reported that the effect of both autograft 
and xenograft appears to be comparable in bone 
augmentation. Bovine bone graft has a chemical 
components and architectural skeleton similar to 
that of the bone of the human being. In addition, 
bovine bone stimulates new bone formation to be 
continuous with the graft (28). 

It has been reported that, BBGS is usually as-
sociated with very slow degradation rate, up to 3 to 
4 years, so the healing in the grafted defects is usu-
ally characterized the presence of the graft remnants 

Figure (2) CBCTs showing the LBT in G1, G2, and G3 respectively at 12 months follow up.
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which invaded the newly formed bone, instead of 
being completely replaced with the regenerated 
bone. In this study, the BBGS was formed from 
bovine cancellous bone which is more porous than 
the granules of the bovine cortical bone. According 
to Venkataraman et al.,(29), the higher the porosity, 
the great will be the osteoconductivity of the bone 
graft, becuase it stimulates faster bone formation 
around the implants. Miron et al(30) reported that  
PRF membrane is considered as a valuable alterna-
tive to non-resorbable and resorbable membranes. 
In this study, it was observed that PRF membrane in 
combination with BBGS is an adequate method for 
labial bone augmentation and gingival tissue pres-
ervation that achieved good functional and esthetic 
outcomes. Similar observations were also reported 
by another study (31). Furthermore, the results of the 
current study revealed that simultaneous placement 
of BBGS and PRF with dental implants resulted in 
lower rate of bone resorption which has a great role 
in the successful clinical stability and osseointegra-
tion that were achieved in all cases, proving that the 
survival rate of dental implant is not affected by the 
time of implant placement after tooth extraction. 
Similar findings are also reported by many authors 
(32,33). 

In this study, it was noted that the value of LBT 
was comparable in the three groups during the fol-
low up period, meaning that it was possible to pre-
serve the labial bone over the implant defects with 
the use of BBGS and PRF membrane, even if the 
original labial bone had been resorbed and this aug-
mented bone functioned as a stable new labial bone 
for 12 months. These results are in line with the 
findings of many authors (34). Furthermore, the mean 
value of the LBT in the three groups was compa-
rable with that observed by other studies (35,36)  who 
reported that the mean value of LBT was 3 mm and 
2.12 mm, respectively.  On contrary, Meijer et al., 
(37) observed in their study much less LBT, which 
is around 1mm. All these studies were conducted 
on immediate dental implants. In another study (38) 
the LBT of the natural incisors was 0.6 - 0.8 mm in 

the cervical, 4 mm in apical direction. The LBT in 
the current study was observed to be thicker than 
that at natural teeth. This may be due to the palatal 
insertion of the implants, the application of BBGS 
with PRF membrane on the labial bone surface, and 
filling the buccal space that was present between 
the immediate implant and the labial wall of the 
extracted socket. Those procedures resulted in an 
adequate formation and preservation of labial bone 
for 12 months. This explanation was also stated by 
Slagter et al.(34) 

Despite the LBT had insignificant difference 
among the three groups at the three different points; 
in group 1, the amount of bone resorption at the 
implant shoulder showed significant difference 
when compared to the other two groups (P value 
=0.003), only during the first interval (immediate 
to six months), and without any significant changes 
in the second interval (six to 12 months), denoting 
that immediate implant placement cannot prevent 
the normal bone resorption that usually occurs im-
mediately after tooth extraction, even with the use 
of PRF and BBGS as approved by Degidi et al (36). 
The same results were also recorded by many in-
vestigators (39,40)  who observed that immediate im-
plant placement was accompanied by labial bone 
loss in both height and width within the first mil-
limeters along the implant axis within six months. 
Furthermore, many other studies on immediate im-
plant insertion in the esthetic zone of the maxilla, 
with long term  follow-up, observed extreme differ-
ence in LBT, as well as complete resorption of the 
labial bone (23,41,42).

Clinical soft tissue outcomes revealed compa-
rable PD and SBI values in all groups. In addition, 
esthetic appearance which is evaluated with PES, 
showed high scores without a significant differ-
ence between the three groups, which means that 
timing of implant placement, did not affect the es-
thetic outcomes as also concluded by many authors 
(22,43) who observed that comparable esthetic results 
of the surrounding soft tissue can be achieved with 
all treatment  timing protocols of implant placement 
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in the anterior maxilla. These adequate clinical fea-
tures were achieved because of the preservation 
of labial bone layer  over the implant in all groups 
for 12 months, as it provides support to the gingi-
val tissues. On contrary, in another study (44) it was 
observed that irrespective of the timing of dental 
implant placement in the anterior esthetic zone of 
maxilla, esthetic failures were more common and 
only a few cases showed perfect results. 

CONCLUSION

Preservation of LBT at dental implants in the es-
thetic zone of the maxilla appears to be independent 
on the time of implant insertion after tooth extrac-
tion.  It was possible to develop and maintain a sta-
ble labial bone layer over the implant surface, for 12 
months, with the use of BBGS and PRF membrane.
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