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Abstract: Objective: CBCT was used to investigate the effect of buccal bone thickness on horizontal bone loss at
implant neck following immediate implantation in the aesthetic zone of the anterior maxilla and guided bone re-
generation (GBR). Methods: Selecting CBCT data from patients who received immediate implant placement in the
aesthetic zone with simultaneous GBR between April 2014 and January 2018. 72 patients (with a total of 90 dental
implants) aged 18 to 65 years were selected as subjects. They received CBCT examination on the postoperative day,
at 6th month and at least 12 months after implantation to measure horizontal buccal bone thicknesses at implant
neck. The patients were divided into Groups 1 to 5 according to different thicknesses on the postoperative day (< 2
mm, 2-2.5 mm, 2.5-3 mm, 3-3.5 mm, and > 3.5 mm). Data were statistically analyzed using paired t test, One-way
ANOVA and multiple comparisons of LSD. Results: Comparing the horizontal buccal bone loss rate at 6 months post-
operatively, Group 1 (10.32 + 29.18%) was significantly less than Groups 3 (28.43 + 20.98%), 4 (30.15 + 23.65%)
and 5 (36.15 + 18.06%) (P = 0.021, 0.014 and 0.002, respectively). Greater than 12 months after implantation,
Group 1 (22.53 + 37.36%) was significantly less than Groups 3 (40.89 + 20.57%), 4 (42.50 + 25.73%) and 5 (49.53
+ 15.96%) (P = 0.026, 0.018 and 0.002, respectively), while Group 2 (27.45 + 18.81%) was also less than Group
5 (P = 0.012). Bone loss was more significant in the first six months after implantation than that in the latter six
months (P = 0.013). Conclusion: After immediate implantation in the aesthetic zone with simultaneous GBR, there
were horizontal bone loss at implant neck when the buccal bone thickness was above 3.5 mm.

Keywords: Cone beam computed tomography, aesthetics of the anterior maxilla, bone plate thickness, immediate
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Introduction cal bone resorption [4-6]. Some major aesthet-

ic parameters of implantation and restoration

With the success and predictability of dental
implants and the increasing demands and
expectations of patients, combination of imme-
diate implantation with immediate restoration
has been an increasingly popular approach to
further accelerate the treatment and shorten
the whole therapeutic procedure over the past
decade [1]. Despite of immediate implantation,
high implant success rate , as well as aesthet-
ics could be achieved in the mid-long term (2-5
years) [2] and long term (7 years) [3].

Missing pre-maxnillary teeth usually results in
buccal bone deficiencies because of inflamma-
tion, trauma, congenital factors, and physiologi-

in the anterior maxilla, e.g., the aspect, texture,
morphology and color of the buccal soft tissue,
are closely related to the volume of the sub-
buccal hard tissue [5, 7]. Aesthetically, defec-
tive or thin buccal bone plates bear unfavorably
on restorative effect and usually became the
important cause of occurrence of aesthetic
complications and implantation failure [8]. In
contrast, some scholars proposed that bone
loss decreased significantly and even the fail-
ure rate of implantation also decreased as the
buccal bone thickness approached 1.8 to 2
mm [9]. However, a one-year randomized con-
trolled trial indicated that with delayed provi-
sionalization, immediate implant placement
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showed no significant difference from delayed
implant placement in labial bony defects more
than 5 mm according to change in marginal
bone level [10]. Most research has focused
on the effect of preoperative buccal bone
thickness on the aesthetics, while there hasn’t
been enough evidence on how postoperative
buccal thickness influenced the clinical ma-
nifestation.

Therefore, in order to achieve bone augmenta-
tion, bone regeneration in bone defects is inevi-
table. Guided bone regeneration (GBR) has
been proved to be an effective approach [11-
14]. Rainer Lutz et al. analyzed placement of
274 implants in the anterior maxilla with simul-
taneous GBR in a systematic review of 37 arti-
cles, and showed that good bone augmentation
was achieved in the context of adequate soft
tissue healing and that bone augmentation
achieved after two to seven years maintained
good stability [15]. Jensen SS et al. made a sys-
tematic review of efficacy of augmentation with
GBR based on 2,430 abstracts and full-text
articles, and results showed that horizontal
ridge augmentation was 2.9-4.4 mm (mean,
3.6 mm). In addition, after GBR was performed
in patients with different defect types, e.g.,
fenestration-type defects, dehiscence-type de-
fects and insufficient initial height of maxillary
sinus, defect fill was accomplished in 57-97% of
the cases and complete defect fill was accom-
plished in 68.5% of the cases, suggesting that
GBR on restoring the defect was effective but
of limited [14]. However, in clinical practice,
when bone augmentation with GBR was per-
formed in bone defects, limited referable litera-
ture is now available regarding how to control
the grafted bone thickness to minimize the
postoperative bone alteration.

In recent years, CBCT has been successfully
used in stomatological fields [16]. It was well
documented that CBCT could determine both
qualitatively and quantitatively the bone mass
of the buccal bone plate in the maxillary ante-
rior region and its alterations before and after
implantation [17]. It was pointed out in some
literature that diagnostic accuracy of CBCT was
excellent in detecting circumferential-intrabony
and fenestration defects [18]. CBCT has
become an essential auxiliary tool in the
implantation field due to its low dosage, good
imaging quality, easy operation, and feasibility
of three-dimensional reconstruction and tem-
plate making.
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In this study, postoperative alterations were
evaluated after immediate implantation in dif-
ferent buccal bone thicknesses by CBCT during
follow-up, and obtain an appropriate postoper-
ative buccal bone thickness to guide clinical
bone grafting operation.

Materials and methods
Selection of subjects

CBCT data were selected from patients who
received immediate implantation in the aes-
thetic zone (teeth#12, 11, 21, 22) with simulta-
neous GBR at the Department of Dental
Implantation, Stomatology Hospital, Zhejiang
University School of Medicine between April
2014 and January 2018. The dental implant
system used was ITI System (Straumann
Inc., Switzerland). The absorbable membrane
used was Bio-Gide® (Geistlich Pharma AG,
Switzerland). Bio-Oss® Collagen granules (Gei-
stlich Pharma AG, Switzerland) were used as
bone substitute.

The inclusion criteria were met if any subject:
(1) Was in good periodontal condition and had
good oral hygiene habits, without any system-
atic history contraindicated in oral implantolo-
gy. (2) Had intact bone wall or a few bone
defects after flap operation of the anterior max-
illa (teeth#12, 11, 21, 22) and received imme-
diate implantation with simultaneous GBR. (3)
Received secondary operation to replace the
healing cap at six months postoperatively. (4)
Received single crown restoration of each
upper implant and achieved retention by bond-
ing between crown and implant abutment. (5)
Did not have apparent peri-implant inflamma-
tory response following implantation. (6)
Received CBCT and obtained clear and artifact-
free images in our hospital on the postopera-
tive day (T1), at 6 (T2) and at least 12 months
postoperatively (T3), respectively.

Exclusion criteria were: (1) Heavy smokers (>
10/day). (2) Uncontrolled, advanced or aggres-
sive periodontal disease. (3) Uncontrolled dia-
betes, blood disease, heart disease, liver or
kidney dysfunction or other medical history in
which any surgical invention would be contrain-
dicated. (4) Radiation therapy of the cervico-
cephalic region. (5) Previous implant installa-
tion. (6) Unable to achieve initial implant
stability. (7) CBCT data is incomplete, unclear
or there were artifacts in the image.
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Figure 1. A typical case, female, 30 years old, suffered fracture of the maxillary right lateral incisor after biting a hard
object. A and B: Preoperative buccal and occlusal views. C: The residual crown of Tooth 11 is extracted in a minimally
invasive fashion. D and E: An implant is placed. F: Bio-Oss® Collagen granules and Bio-Gide® are administered and
GBR is performed. G: A healing cap is placed, and the gingival flap is approximated and closed with close relaxation

suture. H: An all-ceramic crown restoration is done.

Long axis of the implant

/

&

Hor

imp

Pharma AG, Switzerland) were
covered on graft substitutes.
Tension-free suture was per-
formed with non-absorbable
nylon sutures. Postoperatively,
prophylactic antibiotics were

Figure 2. Instrumentation plan. A: Select a sagittal section passing through
the center of the dental implant. B: Buccal bone thickness is bone measure-
ment in a horizontal plane of the neck perpendicular to the long axis of the

implant.

Surgical and restorative procedure

Implantation was completed in the operating
room of dental implantation. The length and
diameter of the implant were selected accord-
ing to patient’s specific condition. The flap was
reflected and retracted under infiltration anes-
thesia with Primacaine™ (1:100,000 epineph-
rine). A vertical relaxing incision was made.
After extracting the tooth and exposing the
alveolar ridge, the surgeon performed sequen-
tial osteotomy and implant insertion according
to the manufacturer’s guidelines (Straumann®
Bone Level Implant Line, Switzerland). The
implant shoulders were placed approximately
1-2 mm below the alveolar ridge and 5 mm
approximately below the gingival margin of the
adjacent teeth according to the manufacturer’s
instructions. For rough implant surface and
bone defects exposed, Bio-Gide® (Geistlich
Pharma AG, Switzerland) was used for graft fill-
ing, and Bio-Oss® Collagen granules (Geistlich
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used, and secondary opera-
tion was performed six mon-
ths later. All patients receive
NewTom 3G CBCT (QR, Italy)
scan on the day of operation,
on the day of secondary oper-
ation, and at least one year
postoperatively. All scanning
parameters were automatically generated and
random. Original data were imported into NNT
Version 4.6 software for reconstruction.
Sagittal plane across the medial axis of the
implant was selected as required. In the same
patient, a CBCT screenshot should be consis-
tent with the position of the dental arch as far
as possible. Contrast and maghnification were
adjusted to make images as clear as possible.
Measuring software was iCAT Vision 1.9.3.13.
All patients received single crown restoration of
each upper implant and achieved retention by
bonding between crown and implant abutment.
Treatment of a typical case is shown | Figure 1.

Measurement

Patients were scanned by NewTom 3G CBCT
(QR SLR, Italy). The original data scanned were
imported into NNT Version 4.6 software. A
series of cross-sectional views were obtained
in secondary reconstruction mode. The slice
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Figure 3. Measurement of the typical patient. A: A sagittal section passing through the center of the residual crown
is selected preoperatively. B: Alveolar bone width of the neck of the preoperative residual crown. C: Sagittal section
passing through the center of the implant is selected. D: The buccal bone thickness of the immediate postoperative
implant neck. E: Buccal bone thickness of the implant neck at 6 months postoperatively. F: Buccal bone thickness
of the implant neck at 12 months postoperatively.

Table 1. Dental implant positions and the male-female ratio

done by multiple compariso-

(teeth) ns of LSD. The level of signi-
Maxilary  Maxilary  Maxillary Maxillary ~ f1cance for all tests was P <

Dental implant position right lateral right central left central left lateral 0.05. Paired t test was em-
incisor incisor incisor incisor ployed to compare ho.rlzontal

Male (38) 2 14 18 4 b;)r;;: alteratlor(lj ?[Lth? :ltrst Ea:;

Female (52) 9 17 19 ; of the year and the latter ha

of year.
Total (90) 11 31 37 11

thickness of the cross section was set at 0.29
mm, the vertical slice width at 50 mm, and both
axial width and slice increment at 0.29. A sagit-
tal section passing through the center of the
dental implant was selected. Bone measure-
ment in a horizontal plane of the neck perpen-
dicular to the long axis of the implant served as
the buccal bone thickness of the implant
(Figure 2). Buccal bone thicknesses on CBCT
were measured on the postoperative day (T1),
at 6 (T2) and at least 12 months postoperative-
ly (T3), respectively. All data were measured by
the same individual. Each measurement was
doneinduplicate. Allmeasurements were avera-
ged to obtain a final value. Measurement of the
typical patient is shown in Figure 3.

Statistical analysis

SPSS22.0 software was used to test the ho-
mogeneity of variance. One-way ANOVA was
carried out, and pairwise comparison was
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Ethics committee

The study was conducted in accordance with
the Helsinki Declaration published in 2008.
The study protocol was approved by the local
Ethics Committee (the Ethics Committee
of Stomatology Hospital, School of Medicine,
Zhejiang University, Approval Number: 2018-
003). Informed consent was obtained from all
the patients.

Results
Patient and implant information

Seventy-two patients (30 males and 42
females) aged 18 to 65 (on average, 35.18 *
12.44 years) were screened out, with a total of
90 dental implants. Dental implant position is
shown in Table 1. Implants were distributed on
lateral incisors (22 subjects) and central inci-
sors (68 subjects) in the maxilla. All implants
showed no significant complications during the
evaluation period.
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Table 2. Horizontal buccal bone loss at 6 (T2) and at least 12
months postoperatively (T3) (x £'s, mm)

Group (case)

Buccal bone

Buccal bone loss

Buccal bone loss
loss at 6 months at least 12 months between 6 and 12

following immediate implanta-
tion with simultaneous bone
grafting was more significant
in the first half of the year

postoperatively ~ postoperatively — months postopera- (0.79 £ 0.75 mm) than in the
T1-T2 T1-T3 tively T2-T3 latter half of the year (0.32 +
1(18) 0.19 + 0.49 0.40 + 0.58 0.21 + 0.59 0.63 mm) (P = 0.013), which
2 (16) 0.53 + 0.57 0.61+ 0.44 0.09 + 0.41 were both in normal distribu-
3(20) 0.78 + 0.57 111+ 0.56 0.34 + 0.62 tion (T1-T2: P = 0.20, T2-T3: P
4 (18) 0.97 +0.78 1.36 + 0.83 0.39 + 0.61 =0.06).
5 (18) 1.44 +0.75 2.00 +0.73 0.56 + 0.79 Levene’s test
Total (90) 0.79 £ 0.75 111+ 0.84 0.32 + 0.63

NOTE: T1 represents the postoperative day, T2 represents 6 months postopera-
tively, and T3 represents at least 12 months postoperatively; according to the
buccal bone thickness, < 2 mm, 2-2.5 mm, 2.5-3 mm, 3-3.5 mm, and > 3.5 mm

represent Group 1 to 5, respectively.

Table 3. Horizontal buccal bone loss rate at 6 (T2) and at least 12

months postoperatively (T3) (x = s, %)

Group (case)

buccal bone loss
rate at 6 months
postoperatively months postopera-

buccal bone loss

rate at least 12

buccal bone loss
rate between 6 and
12 months postop-

(T1-T2)/T1 tively (T1-T3)/T1
1(18) 10.32 £ 29.18°  22.53 + 37.36"

2 (16) 23.94+ 2569  27.45+ 18.81*
3(20) 28.43 +20.98  40.89 + 20.57
4 (18) 30.15+23.65  42.50 + 25.73
5 (18) 36.15+18.06  49.53 + 15.96
Total (90) 25.90 £+ 24.76  36.88 + 26.30

Levene tested buccal bone
loss rate at 6 months postop-
eratively (F=0.850, P =0.497)
and 12 months postoperative-
ly (F=1.602, P = 0.181), both
of which met the homogeneity
of variance.

One-way ANOVA analysis

eratively (T2-T3)/T1 Results of one-way ANOVA
12.21 + 43.01 (Table 2) showed whether it
3.51 + 18.01 was z:]t six months. o: twt:alve
12.46 + 22.26 months pgstgperatlvg y, there
12.35 + 19.04 was no significant difference
T among 5 groups in spite of dif-
13.38+18.71 ferent buccal bone thickness
10.98 £ 25.73

on the postoperative day.

NOTE: “represents P < 0.05, this group vs Groups 3, 4 and 5; *represents P <

0.05, this group vs Group 5.

Immediate postoperative buccal bone thick-
nesses

To facilitate CBCT image recognition, measure-
ment and clinical operation, immediate postop-
erative buccal bone thicknesses at implant
shoulder level was divided into five groups (< 2
mm, 2-2.5 mm, 2.5-3 mm, 3-3.5mm, and > 3.5
mm, with a 0.5 mm interval for each group). In
these 5 groups, number of implants was 18,
16, 20, 18, and 18 respectively.

Horizontal bone alterations

Results of horizontal boccal bone loss of differ-
ent groups is shown in Table 2. In this study of
90 dental implants at the implant shoulder
level, horizontal buccal bone loss ranged from
-1.05 mm to 3.1 mm six months postoperative-
ly and from -0.65 mm to 3.5 mm at least 12
months postoperatively. Horizontal bone loss
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However, there was a signifi-
cant intergroup difference in
buccal bone loss rate at 6
months postoperatively (F = 3.012, P = 0.022)
and that there was a significant intergroup dif-
ference in buccal bone loss rate at 12 months
postoperatively (F = 3.592, P = 0.009).

Multiple comparisons of LSD

Further pairwise comparison was performed
by multiple comparisons of LSD (Table 3).
Regarding buccal bone loss rate at 6 months
postoperatively, Group 1 (< 2 mm) differed sig-
nificantly from Group 3 (2.5-3 mm) (P = 0.021),
Group 4 (3-3.5 mm) (P = 0.014) and Group 5 (>
3.5 mm) (P = 0.002). Regarding buccal bone
loss rate at least 12 months postoperatively,
Group 1 (< 2 mm) differed significantly from
Group 3 (2.5-3 mm) (P = 0.026), Group 4 (3-3.5

m) (P = 0.018) and Group 5 (> 3.5 mm) (P =
0.002), and Group 2 (2-2.5 mm) differed signifi-
cantly from Group 5 (> 3.5 mm) (P = 0.012).

Int J Clin Exp Med 2019;12(9):11563-11570
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There was no other statistical difference among
groups.

Discussion

This study included 72 patients who required
implant restoration of missing teeth in the ante-
rior maxilla and a total of 90 dental implants.
With the statistical analysis of the data at these
three time points, buccal bone alterations were
examined immediately postoperatively, as well
as at 6 and at least 12 months postoperatively
and thus clarified the effect of postoperative
buccal bone thickness at implant shoulder level
on horizontal bone change, providing some ref-
erences for clinical practice. In order to further
refine and clarify the data, immediate postop-
erative buccal bone thicknesses at implant
shoulder level were divided into five groups (< 2
mm, 2-2.5 mm, 2.5-3 mm, 3-3.5 mm, and > 3.5
mm, with a 0.5 mm interval for each group),
which facilitated CBCT image recognition, mea-
surement, and clinical operation. Such group-
ing model has not been reported in available
literature.

This research suggested that horizontal bone
loss occurred at the buccal implant shoulder 6
(-1.05 mm~3.12 mm) and at least 12 months
(-0.65 mm~3.5 mm) after implantation in the
anterior maxilla with simultaneous GBR. A total
of 15 cases presented no bone loss or even
presented increasing buccal bone thickness in
the first half year, while 7 cases were of the
same result in the first year. Reduce of buccal
bone thickness was partially related to physio-
logical bone loss in extraction sockets, result-
ing in destruction of dimensional integrity of
soft and hard tissues around the extraction
sockets [19]. A meta-analysis indicated that the
alveolar ridge width reduced from 4.56 mm to
2.6 mm significantly at least three months after
tooth extraction in non-molar regions [20].
Similar measurements were also reported in a
recent CBCT-based, randomized controlled,
clinical study, which investigated 80 permanent
dental prostheses after implant placement in
the aesthetic zone and concluded that buccal
bone thickness varied from 0.79 mm to 2.12
mm at 1 month and from 0.71 mm to 2.04 mm
at 1 year [17]. It was also reported that mar-
ginal bone loss was -0.80 mm-1.31 mm on
average at 1-year follow-up for low-risk patients
with a single immediate implant in the aesthet-
ic zone, which was similar to our findings [21].
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In addition, resorption was partly contributed
by bone substitute materials. An in vitro CBCT
study by Mir-Mari et al. indicated that wound
closure induced apparent displacement of the
bone substitute resulting in a partial collapse of
the collagen membrane, and that the volume of
the buccal coronal portion of the implant (at the
implant shoulder level) was especially the most
unstable and the collapse tended to be the
most evident [22]. There are three potential
reasons for the collapse. First, it was attribut-
able to the indirect pressure of the upper lip
when patients spoke and chewed postopera-
tively. Second, it was attributable to the direct
pressure of the soft tissue flap during wound
closure. Third, it was attributable to the insuffi-
cient mechanical support performance of
DBBM granules for periosteum.

This research also revealed that horizontal
bone loss following implantation with simulta-
neous bone grafting was more apparent in the
first half of the year than in the latter half of the
year, suggesting that horizontal bone loss
mainly occurred in the 6-month healing period
postoperatively. Bone loss stabilized gradually
after 6 months, which was benefit for the long-
term stability of the implant. In our study, how-
ever, there were 34 implants (34/90) which
exhibited no bone loss and even became thick-
er (new bone formed) during the latter half year.
A recent clinical and radiographic study evalu-
ated the hard tissue volume stability of 28 sin-
gle maxillary incisors during the 6-month heal-
ing stage in the anterior maxilla and concluded
that augmented bone ridge underwent volume
reduction at different vertical levels of the
implant [23], suggestive of bone stabilization,
which was close to our findings.

This study showed that the buccal bone altera-
tion rate was low when the postoperative buc-
cal bone thickness was less than 2 mm. But it
was reported that initial stability could not be
guaranteed unless buccal bone thickness in
the anterior maxilla was more than 2 mm [24-
26]. In view of long-term outcome, the study
included patients with a buccal bone thickness
of less than 2 mm, primarily providing analysis
and comparison of alterations in buccal bone
thickness among groups. It was also reported
that, allowing for the volume stability sufficient
for bone augmentation region, compensation
for the bone loss in healing procedure after
GBR could be achieved by excessive augmenta-
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tion of bone graft on a small scale in bone
defects. However, “excessive augmentation on
a small scale” had not been quantified [27]. As
a result it this study it can be concluded that
although there was no significant difference of
horizontal buccal bone loss at the implant neck
level and the immediate postoperative buccal
bone thicknesses increase, bone loss rate
increased remarkably when the immediate
postoperative buccal bone thickness was
above 3.5 mm. The possible reasons are as fol-
lows: (1) overweight bone substitute materials,
led to collapse or displacement under the pres-
sure of the buccal soft tissue flap or the upper
lip, (2) excessive graft materials resulted in
increased tension in suture, thereby increasing
the probability of dehiscence, (3) excessively
thick hard tissues turning out that bone substi-
tute materials and collagen membranes on the
very surface were too far from the periosteum
available for blood supply, resulting in insuffi-
cient blood supply and thus resorption, and
(4) fast absorption of collagen membranes.
Therefore, these results indicate that excessive
buccal bone thickness at implant neck follow-
ing immediate implantation in the aesthetic
zone could lead to higher rate of horizontal
bone alterations, which should be considered
clinically.

There are still some limitations. First, a refer-
able immediate post-GBR thickness to reduce
postoperative horizontal bone alteration rela-
tively was obtained, but preoperative buccal
bone thickness and absolute amount of bone
grafts are unknown. It was shown that aesthet-
ic outcome at two years postoperatively was
not significantly related to the preoperative
buccal bone thickness if there was a > 2 mm
gap between the implant and the inner surface
of the buccal bone plate and bone substitute
materials were filled during implant placement
[28]. Second, due to a short follow-up period,
long-term outcome studies are still needed to
increase the sample size and prolong the fol-
low-up period.
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