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Implant placement in the esthetic 
zone should preserve the natu-
ral mucogingival appearance at 
the margin of the implant supra-
structure. In responding to this 
challenge, implant placement tech-
niques have met varying degrees of 
success. Immediate implant place-
ment following tooth extraction, 
originally reported by Lazzara,1 has 
advantages such as a short healing 
time, reduced number of surgeries 
(only one generally), and a relatively 
excellent esthetic outcome. On the 
other hand, labial gingival reces-
sion, which is caused by postopera-
tive labial alveolar bone loss, has 
been reported as a drawback to this 
approach.2–4 Araújo and Lindhe5 re-
ported that the average loss of al-
veolar bone in a canine model was 
2.2 mm at 8 weeks following tooth 
extraction. Nevins et al6 reported 
that human extraction sockets dem-
onstrated a loss of more than 20% 
of the buccal alveolar bone without 
ridge preservation. Araújo et al7 
also reported that vertical resorp-
tion of the labial alveolar bone was 
approximately 2.6 mm in cases of 
immediate implant placement into 

This study aimed to evaluate the in!uence of labial alveolar bone thickness 
and the corresponding vertical bone loss on postoperative gingival recessions 
around anterior maxillary dental implants. Using cone beam computed 
tomography (CBCT) scanning, the temporal changes of three-dimensional 
images of alveolar bone were monitored to determine hard and soft tissue 
outcomes of two different implant placement techniques: delayed two-stage 
and immediate placement. Furthermore, for the delayed two-stage placement, 
guided bone regeneration was applied using either nonresorbable or resorbable 
membranes combined with anorganic bovine bone matrix. The comparative 
results suggested that gingival recessions were signi"cantly lower in delayed 
two-stage placement, especially when using a nonresorbable membrane, 
compared to immediate placement, and labial bone thickness, measured 
by CBCT, offered an effectual indicator to assess gingival recession in the 
anterior region. (Int J Periodontics Restorative Dent 2011;31:215–225.)
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the extraction sites. Therefore, they 
suggested that implant placement 
may not be preferentially applied 
to the immediate extraction socket 
because of such predictable bone 
resorption. Botticelli et al8,9 com-
pared the effects between immedi-
ate and delayed implant placement 
on alveolar bone loss using animal 
models as well as human subjects. 
They reported that both vertical and 
horizontal resorption of labial alveo-
lar bone were greater in immediate 
implant placement than delayed 
implant placement. Grunder’s clini-
cal report10 noted that an average 
gingival recession of 0.6 mm oc-
curs on the labial aspect during 
the !rst year after implant place-
ment using the delayed two-stage 
method. Other reports11–15 also 
have indicated gingival recession 
at the labial aspect after comple-
tion of restorative procedures with 
the implant placed by the delayed 
two-stage technique. By evaluat-
ing the delayed two-stage method, 
Grunder et al16 reported that labial 
alveolar bone thickness should be 
at least 2 mm to prevent gingival 
recession. Buser et al17,18 reported 
that early implant placement with 
guided bone regeneration (GBR) 
was able to obtain stable esthetic 
facial soft and hard tissue contours. 
However, for immediate implant 
placement in the esthetic zone, 
no such estimate of alveolar bone 
thickness has been established. 

Changes in labial alveolar bone 
following implant placement19–21 
appear to cause gingival recession 
or changes in the contour of the 
gingivae, which, in turn, can create 

esthetic problems. Therefore, it is 
critical to monitor the temporal 
changes of the labial alveolar bone 
structure after implant placement. 
This can only be accomplished by 
a device that provides a three- 
dimensional view of the hard tissue 
and do so in a noninvasive manner. 
The recently developed cone beam 
computed tomography (CBCT) 
scan for dental imaging meets 
these requirements easily, with the 
added bene!t of decreased x-ray 
exposure. Therefore, using CBCT, 
the present study evaluated the ef-
fects of alveolar bone thickness and 
vertical loss on temporal changes in 
peri-implant soft tissue following 
implant placement in the maxillary 
anterior region by comparing the 
delayed two-stage and immediate 
implant placement techniques. 

Method and materials

Study subjects and procedures 

A total of 31 implants were placed 
in the maxillary anterior regions of 
18 subjects (8 men, 10 women) 
whose ages ranged from 22 to 72 
years. All subjects signed an in-
formed consent form prior to the 
start of clinical procedures. The 
dem ographic characteristics of the 
patients are shown in Table 1. Acid-
etched surface titanium implants  
(n = 27; Osseotite, Biomet 3i) and 
phosphate-enriched titanium ox-
ide surface implants (n = 4; Nobel-
Replace, Nobel Biocare) were 
used. One of the following three 
surgical approaches was applied to 

each implant: (1) group 1 = delayed 
two-stage technique using non-
resorbable GBR membrane with a 
mixture of anorganic bovine bone 
matrix (ABBM; Bio-Oss, Geistlich) 
and freeze-dried bone allograft 
(FDBA; OraGRAFT, LifeNet Health), 
(2) group 2 = delayed two-stage 
technique using resorbable GBR 
membrane with the same graft ma-
terials as group 1, and (3) group 3 = 
immediate implant placement tech-
nique accompanied by autogenous 
bone graft (Figs 1 and 2). The abut-
ments and implants were placed at 
the same time without occlusal 
loading.

Timing for de"nitive restoration 

To promote ef!cient hard and soft 
tissue wound healing suf!ciently 
for immediate implant placement, 
impressions for the de!nitive resto-
rations were taken using a custom 
temporary impression coping 3 to 
6 months after surgery. In patients 
who underwent two-stage implant 
placement, impressions for the 
de!nitive restorations were tak-
en 2 to 4 months after stage-two 
surgery. The de!nitive restoration 
was achieved by placing ceramic 
crowns on top of zirconia or alumi-
num oxide abutments.
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Table 1 Demographic data and clinical outcomes of patients

Time since
Width of labial alveolar bone (mm)

Vertical bone Gingival
Implant 

no.
Age,
sex

Tooth 
no.*

setting 
abutment (mos) Cervical section

Middle
section

resorption 
(mm)

recession 
(mm)

G
ro

up
 1

 1 49, M 11 17 2.53 2.14 0.00 0.00
 2 46, M 11 28 2.07 2.46 0.00 0.00
 3 46, M 12 28 2.74 2.13 0.00 0.00
 4 46, M 11 48 1.94 3.09 0.00 0.00
 5 36, F 12 48 2.30 3.73 0.00 0.00
 6 36, F 13 48 2.13 3.03 0.00 0.00
 7 40, F 11 10 3.26 3.33 0.00 0.00
 8 47, M 11 17 4.18 4.03 0.00 0.00
 9 56, F 12 25 1.46 2.29 0.00 0.00
10 56, F 21 25 2.88 2.88 0.00 0.00
11 56, F 22 25 1.63 2.19 0.00 0.00
12 68, M 21 40 1.85 1.79 0.00 0.00
13 69, F 11 21 2.30 3.45 0.00 0.00
14 69, F 21 21 2.21 3.09 0.00 0.00
15 69, F 13 21 0.80 1.35 1.12 1.00
16 38, F 12 12 1.25 3.15 1.00 0.00
Mean ± SD! 27.12 ± 12.46 2.22 ± 0.81 2.76 ± 0.74 0.13 ± 0.36 0.06 ± 0.25 

G
ro

up
 2

17 45, F 22 14 1.18 1.74 0.00 0.00
18 45, F 21 14 2.29 3.02 0.00 0.00
19 53, F 11 6 1.74 2.14 0.00 0.00
20 53, F 21 6 1.79 2.35 0.00 0.00
21 66, F 13 18 1.01 1.13 1.26 1.00
22 66, F 11 18 0.00 2.75 1.86 1.00
23 66, F 21 18 1.18 1.74 0.00 1.00
24 66, F 23 18 0.00 1.75 2.50 1.00
Mean ± SD! 14.00 ± 5.24 1.15 ± 0.82 2.08 ± 0.62 0.70 ± 1.02 0.50 ± 0.53 

G
ro

up
 3

25 38, F 12 36 0.00 1.86 2.23 1.00
26 24, M 21 53 0.00 1.18 4.25 1.00
27 48, M 11 51 1.74 1.43 0.00 0.00
28 36, M 21 50 0.00 0.00 13.13 2.00
29 34, F 21 57 0.00 0.95 3.15 1.50
30 34, F 12 57 0.88 1.60 0.00 0.00
31 51, F 11 25 0.71 1.29 0.00 0.50
Mean ± SD 47.00 ± 12.01 0.48 ± 0.67 1.19 ± 0.60 3.25 ± 4.68 0.85 ± 0.75 

Overall mean ± SD 28.22 ± 15.80 1.55 ± 1.06 2.23 ± 0.92 0.98 ± 2.51 0.35 ± 0.57

M = male; F = female; SD = standard deviation.
*FDI tooth-numbering system.
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Dental CBCT 

Evaluations of labial alveolar bone 
thickness and corresponding verti-
cal resorption were performed at 
least 6 months after setting the 
abutment using a dental CBCT 
scanner (3DX multi-image micro-
CT; 3D Accuitomo, Morita). The 
time between setting the abutment 
and evaluation with the CBCT scan-
ner ranged from 6 to 57 months 
(mean, 28.2 months). The focal 
planes of all CBCTs were adjusted 

to the center of the buccolingual 
aspect of the implant, as well as the 
mesiodistal (longitudinal) aspect. 
Then, the thickness of the labial 
bone was measured to within 1/100 
mm, perpendicular to the implant 
surface at 1.5 mm (cervical width) 
and 5.0 mm (middle section width) 
from the implant platform on the 
image display of the CBCT using 
the distance measurement tool. 
Vertical bone resorption was mea-
sured from the implant platform to 
the alveolar ledge.  

Fig 1a  A 34-year-old woman underwent immediate implant place-
ment at the maxillary left central incisor and right lateral incisor sites. 
An autogenous bone graft was placed into 2.0-mm and 1.0-mm 
gaps, respectively.  

Fig 1b  Four years after receiving the de"nitive restorations, the 
abutment at the left central incisor site was exposed, a result of 
gingival recession.

Fig 1c  Concurrent CBCT scan 
demonstrated vertical bone resorp-
tion of the labial bone (3.15 mm).

Fig 1  Patient 1.

3.15 mm

0.95 mm

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 31, Number 3, 2011

219

Fig 2a  A 45-year-old man underwent extraction of his maxillary 
right central incisor because of root fracture. Implant placement was 
performed 6 weeks after extraction to allow for soft tissue healing.

Fig 2b  GBR was performed using a 7:3 mixture of ABBM and FDBA 
combined with a nonresorbable titanium-reinforced membrane. 

Fig 2c  Suf"cient horizontal augmentation of the labial alveolar 
bone (balcony) was observed.

Fig 2d  An excellent esthetic outcome was obtained right after 
treatment.

Fig 2e (right)  Radiograph taken 2.5 years 
after stage-two surgery.

Fig 2f  CBCT taken 2.5 years after stage-
two surgery. Labial alveolar bone thickness 
was suf"cient, while its height was main-
tained at the level of the implant platform.

Fig 2  Patient 2.

2.14 mm

2.53 mm
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Labial gingival recession 

Labial gingival recession was mea-
sured using a digital camera at 0.5-
mm rounding intervals, calculating 
the distance on the computer dis-
play in comparison to the actual 

crown length. These data were 
analyzed based on the immediate 
and delayed techniques. Different 
membrane types—nonresorbable 
and resorbable—were also investi-
gated (Fig 3).

Fig 3  (a to c) Group 1: Typical postoperative CBCT images. This method reliably creates 
thick labial bone because a titanium-reinforced membrane demarcates space for bone for-
mation. (d to f) Group 2: These CBCT images represent prevalent results using a resorbable 
membrane. This method is less reliable for creating space for thick labial bone, since the 
softer collagen membrane can collapse easily from pressure exerted by soft tissue. Labial 
bone thickness is typically less than that in group 1. Vertical bone resorption or the risk of 
its future occurrence is therefore greater. (g to i) Group 3: Typical postoperative CBCT im-
ages. Labial bone thickness is much less and vertical bone resorption is signi"cantly greater 
compared to group 1.

3.15 mm

0.95 mm

a

d

g

b

e

h

c

f

i

3.09 mm
2.21 mm 3.33 mm

3.26 mm

3.45 mm

2.30 mm
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2.29 mm

2.75 mm

1.86 mm

1.75 mm

2.50 mm

1.18 mm
4.25 mm 1.86 mm

2.23 mm

© 2011 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.. 
NO PART OF MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 31, Number 3, 2011

221

Results

The measurements of individual 
subjects’ cervical width, middle 
section width, vertical bone loss, 
and gingival recession, as well as 
the means of these measurements 
in each group, are shown in Table 1 
and Fig 4, respectively. Group 1 
maintained the most suf!cient es-
thetic mucogingival conditions 
based on minimal gingival reces-
sion supported by ample alveolar 
bone with little vertical bone loss 
(see Table 1). On the other hand, in 
group 2, 50% of sites showed mea-
surable gingival recession and corre-
sponding vertical bone loss, as well 
as decreased labial alveolar bone 

(see Table 1). In group 3, 71% of pa-
tients showed remarkable gingival 
recession (see Table 1). Thickness of 
labial alveolar bone at the cervical 
area of the implant (cervical width) 
for group 1 was signi!cantly higher 
than that for groups 2 and 3 (P < .05, 
Tukey-Kramer multiple comparison 
test), whereas the difference be-
tween groups 2 and 3 did not meet 
the threshold of statistical signi!-
cance (group 1, 2.22 ± 0.81 mm; 
group 2, 1.15 ± 0.82 mm; group 3, 
0.48 ± 0.67 mm) (Fig 4a). Thickness 
of labial alveolar bone at the mid-
point of the implant (middle section 
width) for group 3 was signi!cantly 
lower than that for groups 1 and 2  
(P < .05; group 1, 2.76 ± 0.74 mm; 

group 2, 2.08 ± 0.62 mm; group 3, 
1.19 ± 0.60 mm) (Fig 4b). These re-
sults indicate that resorption of la-
bial alveolar bone during the 
postoperative period appears to 
progress in an increasing order: 
group 1 " group 2 " group 3.

The level of vertical bone loss 
was signi!cantly greater in group 3 
than group 1 (Fig 4c). There was no 
signi!cant difference in vertical bone 
loss between group 2 and groups 
1 or 3 (group 1, 0.13 ± 0.36 mm; 
group 2, 0.70 ± 1.02 mm; group 3, 
3.25 ± 4.68 mm). Very interestingly, 
gingival recession follows a simi-
lar overall pattern (group 1, 0.06 ± 
0.25 mm; group 2, 0.50 ± 0.53 mm; 
group 3, 0.85 ± 0.75 mm) (Fig 4d). 
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Fig 4  Comparison of the levels of (a) cer-
vical and (b) middle section labial alveolar 
bone width, (c) vertical bone loss (VBL), 
and (d) gingival recession (GR) among the 
different groups. *P < .01, **P < .05; Tukey-
Kramer multiple comparison test.
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There was a negative, but sig-
ni!cant, correlation between verti-
cal bone loss and cervical width, as 
well as middle section width (Table 
2). Both cervical width and middle 
section width also showed a signi!-
cant negative correlation to gingival 
recession (Table 2). Accordingly, as 
expected, vertical bone loss and 
gingival recession showed a signi!-
cant positive correlation (Table 2). 
These data suggest that gingival 
recession that occurs after implant 
placement in the anterior region 
could be negatively associated with 

alveolar bone thickness as well as 
the level of alveolar bone loss at the 
labial aspect. 

To evaluate the ef!ciency of 
CBCT scanning in the detection of 
gingival recessions, both the sensi-
tivity and speci!city of three differ-
ent measurements (cervical width, 
cut-off level: 1.2 mm; middle section 
width, cut-off level: 2.0 mm; and ver-
tical bone loss, cut-off level: 1.0 mm) 
were calculated and are shown in  
Table 3. Both sensitivity and speci-
!city according to cervical width 
(100% and 90.5%, respectively), 

were higher than those of middle 
section width (90.0% and 81.0%, re-
spectively). While speci!city of ver-
tical bone loss (95.2%) was higher 
than cervical width (90.5%), sensitiv-
ity was lower (80.0% and 100.0%, 
respectively). Overall, the measure-
ment of cervical width using CBCT 
appeared to best detect gingival 
recessions. In other words, after im-
plant placement in the anterior re-
gion, gingival recession seemed to 
be mitigated by a labial bone thick-
ness of more than 1.2 mm at the 
cervical area of the implant.  

Table 3 Sensitivity and speci!city of three di"erent measurements to detect gingival 
recession

Test Cut-o" point Sensitivity Speci!city

Cervical width < 1.2 mm [10 / (10 + 0)] x 100 = 100.0% [19 / (19 + 2)] x 100 = 90.5%

Middle section width < 2.0 mm [9 / (9 + 1)] x 100 = 90.0% [17 / (17 + 4)] x 100 = 81.0%

VBL " 1.0 mm [8 / (8 + 2)] x 100 = 80.0% [20 / (20 + 1)] x 100 = 95.2%

VBL = vertical bone loss.

Table 2 Correlation between alveolar bone width and VBL or GR

Correlation coe#cient P

Cervical width vs VBL –0.548 < .01

Middle section width vs VBL –0.582 < .001

Cervical width vs GR –0.760 < .001

Middle section width vs GR –0.686 < .001

VBL vs GR 0.784 < .001

VBL = vertical bone loss; GR = gingival recession.
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Discussion

The thickness of the labial alveolar 
bone and its corresponding level of 
vertical resorption were measured 
in patients who underwent implant 
placement in the maxillary anterior 
region, using either an immediate 
or delayed two-stage placement, 
by CBCT, and the relationship be-
tween each measurement and 
gingival recession was analyzed. 
Gingival recession was minimal 
in sites where the labial alveolar 
bone thickness at the cervical area 
of the implant was approximately 
1.2 mm or more at the postopera-
tive measurement. Therefore, if the 
assumed threshold of 1.2 mm ob-
tained at least 6 months after im-
plant placement, as determined by 
CBCT, is added to the approximate 
0.7 mm, which is the average bone 
resorption level concomitant to 
removal of the periosteum during 
the operation,22 then the criterion 
of 2.0 mm appears to be satis!ed  
(0.7 mm + 1.2 mm = 1.9 mm). 

Because the periodontal liga-
ment provides an adequate blood 
supply, the labial alveolar bone of 
natural teeth remains stable for a 
number of years, even when it is 
less than 1 mm wide.23,24 Even in 
implants that lack periodontal liga-
ment tissue, alveolar bone that has 
developed around the implant will 
supply enough blood as long as it 
is composed of cancellous bone 
containing a relatively large num-
ber of blood vessels. It is estimated 
that a labial alveolar bone width of 
more than 1.2 mm is required to in-
duce cancellous bone beneath cor-

tical bone, which, in turn, maintains 
long-term tissue stability. 

Grunder et al16 stated that the 
majority of esthetic implant cases 
required GBR to avoid gingival re-
cession caused by alveolar bone 
resorption. Resorption of the al-
veolar ridge and changes in the 
position of the marginal gingiva 
may occur unless the labial alveo-
lar bone thickness is approximately 
2.0 mm. If the labial alveolar bone 
thickness is approximately 2.0 mm 
at the time of implant placement, 
approximately 0.7 mm of bone re-
sorption will occur when removing 
the periosteum.23 Therefore, the 
use of GBR should be based on a 
criterion that labial alveolar bone 
thickness is # 2 mm at the time of 
implant placement. It is noted that 
GBR should be performed in many 
cases to maintain adequate labial 
alveolar bone height and the posi-
tion of the marginal gingiva.

In the present study, immedi-
ate implant placement (group 3) 
was applied to sites showing intact 
labial bone. However, postopera-
tive CBCT scans showed an aver-
age 3.25 mm of vertical bone 
resorption among the seven sites 
receiving immediate placement. 
The amount of vertical bone re-
sorption may be suf!cient to effect 
soft tissue esthetics. These results 
suggest that immediate implant 
placement may require technical 
modi!cations so that healthy hard 
tissue can be preserved, maintain-
ing 2 mm of labial bone thickness 
after completion of restorative 
treatment. 
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A total of 24 implants were 
placed in the two groups under-
going two-stage delayed implant 
placement with GBR and the same 
graft materials (groups 1 and 2), 
and a trend of increased labial alve-
olar bone resorption was observed 
in group 2 compared to group 1 
(Fig 4). These results indicate that 
the long-term stability of the peri-
implant tissue was suf!ciently re-
tained by the technique using a 
combination of a nonresorbable 
membrane and ABBM + FDBA. 
Many studies have used only ABBM 
for bone grafting,6,25 and this ma-
terial clearly contributes to long-
term hard tissue stability around 
the implant.26 However, based on 
previous clinical experience using 
ABBM as the sole grafting mate-
rial, residual ABBM granules were 
observed in patients after removal 
of their membranes at the 6-month 
recall, suggesting incomplete bone 
replacement. Therefore, to pro-
mote bone regeneration, a mixture 
of ABBM and FDBA, which has a 
swift absorption property and pro-
motes bone replacement capac-
ity, was employed in this study. 
Indeed, excellent results were ob-
tained, showing that alveolar bone 
became suf!ciently hard at the 
6-month recall upon removal of the 
membrane. 

Conclusion

The present study demonstrated 
that gingival recession was sig-
ni!cantly lower using a delayed 
two-stage placement method com-
pared to immediate placement, 
and vertical bone resorption and 
the resulting gingival recession can 
be mitigated if # 2.0 mm of labial 
bone thickness is maintained in the 
anterior region for both implant 
placement methods (immediate 
and delayed). Most importantly, 
such minute measurement of al-
veolar bone width could only be 
achieved through CBCT, as applied 
in this study. Since these data were 
obtained from a relatively small 
number of subjects, clinical studies 
using a larger number of partici-
pants are required in the future.  
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