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Abstract

Background: Resorption of hard and soft tissues following immediate implant insertion is fre-
quently reported. Data regarding the influencing factors on facial tissue thickness are rare.
Purpose: This retrospective study investigated the impact of connective tissue grafting, the oro-
facial angulation and position of immediately inserted and provisionalized implants on the facial
hard and soft tissue thickness in the anterior maxilla within a 1- to 5-year follow-up.

Material and Methods: Implants with the prerequisite of having preoperative and postoperative
cone beam computed tomography (CBCT) and a follow-up of 1 to 5 years were included. Facial
bone deficiencies were grafted flaplessly with autogenous bone in all sites. In a subgroup of
implants additional connective tissue grafting was performed, whereas the remaining implants
were not grafted with soft tissue. The orofacial tooth and implant angulation, the change of hor-
izontal position and the facial bone thickness were measured by CBCT, the facial mucosa thick-
ness by an ultrasonic device.

Results: In total, 76 implants were placed in 55 patients. Sixty-nine sites showed a facial bone
defect. Thirty-eight received a connective tissue graft additionally. All implants were still in func-
tion after a mean follow-up of 36 months. The mean thickness of the facial mucosa was
1.72 mm at 1 mm, 1.63 mm at 4 mm, 1.52 mm at 6 mm, and 1.66 mm at 9 mm apically to muco-
sal margin. The bone thickness was 0.02, 0.25, and 0.36 mm initially and 1.32, 1.26, and
1.11 mm finally at 1, 3, and 6 mm apically to implant shoulder level. Mixed model analysis
revealed an impact of the preoperative bone status on the facial bone increase. The facial soft
tissue thickness was significantly influenced by the gingival biotype.

Conclusions: The results indicate that an initial severe hard tissue defect allows for significant
bone regeneration. The facial soft tissue thickness is primarily influenced by the gingival
biotype.
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1 | INTRODUCTION

In recent years, soft tissue health, prevention of peri-implantitis and
maintenance of peri-implant esthetics have become an important
topic in implant dentistry.! Due to high survival and success rates of
dental implants, the interest of clinicians has shifted toward hard and
soft tissue conditions that can make implants indistinguishable from
natural teeth.? Facial mucosal thickness is essential for an esthetically
pleasing anterior implant restoration and has become of vital impor-
tance for both esthetic and functional success in implant dentistry.
Implant sites with a thick peri-implant mucosa are more resistant to
mechanical irritation and mucosal recession compared to thinner peri-
implant soft tissue.*™® It has been reported that an implant with a
thicker mucosa is also less prone to marginal bone loss.” A thicker
mucosa around implants is able to conceal its titanium or ceramic sur-
face® and provides more tissue volume for prosthetic restoration,
which becomes important when implants are placed in the anterior
zone of the maxilla. Thus, peri-implant mucosal thickness affects
esthetics and functional aspects and is important for implant
rehabilitation.’

It has been reported previously that adding a connective tissue
graft simultaneously at immediate implant insertion and provisionali-
zation increases facial gingival tissue thickness significantly.’® The
improvement of thickness of the facial mucosa at the buccal aspect of
single implants demonstrating alveolar process deficiency was proven
by an ultrasonic device in an exploratory study following connective
tissue grafting.

The necessity of a facial bony wall as a prerequisite for immediate
insertion has been discussed controversially. Some clinical studies
showed that facial bone reconstruction is independent of the dimen-
sion of the extent of the facial bone deficiency.'>*2 On the other
hand, an influence of the extent of the facial bone defect and the
alignment on the resulting facial soft tissue level have been documen-
ted.'* However, most studies postulate an intact facial bony wall for
the procedure of immediate implant insertion.*>*¢

To the best of our knowledge, there is only one study that
explored the relationship between labial tissue thickness and buccolin-
gual implant angulation.t”

Therefore, this retrospective study analyzed the influence of
implant angulation, horizontal position, and connective tissue grafting
on the midfacial mucosal thickness and the thickness of the facial
bony wall at immediately inserted and provisionalized implants in the

anterior maxilla with a follow-up period between 1 and 5 years.

2 | MATERIAL AND METHODS

2.1 | Patients

This retrospective study analyzed patients who had received implants
between June 2010 and March 2015.

The inclusion criteria were immediately inserted and provisiona-
lized implant in the anterior maxilla (position 13-23), flapless proce-

dure, facial gap grafting with autogenous bone chips, and a

pretreatment and posttreatment CBCT of the maxilla (at least 1 year
following implant insertion).

Exclusion criteria were ongoing medication that could cause gingi-
val hyperplasia (such as calcium channel blocker or cyclosporine),
known or suspected current malignancy, history of radiation therapy
in the head and neck region, chemotherapy within 5 years before sur-
gery, uncontrolled diabetes mellitus, permanent immunosuppressive
medication, bone modifiers (eg, bisphosphonates or rank ligand inhibi-
tor) medication, and present alcohol and/or drug abuse. Smoking and
severe facial bone deficiencies were not regarded as exclusion criteria.

This study was conducted according to the recommendations of
good clinical practice. Written informed consent was obtained from all
patients before any examination carried out for study purposes. This
study was approved by the Ethical Committee of Rhineland-Palatinate,
Germany (837.186.15 [9954]).

2.2 | Pretreatment examination

At pretreatment examination, a CBCT was recorded to evaluate the
bone volume and the dimensions of the facial bony lamella

(Figures 3a,c and 4a,c).

221 | Surgical technique

The diameters of the implants used were between 3.5 and 5.0 mm
with a length of 13 and 17 mm. The surgical protocol has been
described in detail within previous publications. &7

Concisely, following a traumatic extraction, the site was cleansed
of granulation tissue using a chair-side microscope. The implants were
aligned in contact with the oral lamella of the socket. Insertion depth
was determined by the interproximal and facial soft tissue and bone
height. In all sites, the implants were inserted immediately and flap-
lessly with an autogenous bone graft while a subgroup (n = 38) of
implants received an additional connective tissue graft according to
the tunnel technique described by Allen®® using a microsurgical
approach under a chair-side microscope.

Simultaneous facial gap grafting was performed by condensing
autogenous bone chips to the bottom of the defect for reconstruction
of the facial contour in both groups. Autogenous bone grafts were

harvested at the mandibular ramus.

222 |

Fabrication of the immediate provisionalization and the final restora-
18,19

Immediate and final restorations

tions has also been described in detail previously.

Concisely, the temporary restorations were either manufactured
from acrylic denture teeth to be cemented on top of titanium abut-
ments or individual temporary screw-retained restorations were used,
which were fabricated by a laboratory technician using temporary
abutments. All temporary restorations were inserted at the day of
implant placement, adjusted to clear all contacts and splinted to neigh-
boring teeth for 8 weeks. After a minimum of 3 months, the final res-
toration was fabricated. Zirconia crowns were cemented on top of
zirconia abutments (Atlantis zirconia abutment or ZirDesign; Astra
Tech AB, Mélndal, Sweden).
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FIGURE1 A, Levels for ultrasonic measurement of the mucosal
thickness 1, 4, 6, and 9 mm apical to the midfacial soft tissue margin
and for the radiographic evaluation of the thickness of the facial bony
wall at 1, 3, and 6 mm. B, Ultrasonic measurement of mucosal
thickness. The distance to the mucosal margin was calculated by a
periodontal probe [Color figure can be viewed at
wileyonlinelibrary.com]

23 |
231 |

The facial mucosa thickness was measured using an ultrasonic

Primary outcome parameters

Facial mucosa thickness

device with 20 MHz frequency and a 1540 m/s ultrasonic impulse
velocity (Pirop Biometric Scanner; Echoson, Pulawy, Poland). Four
measurements were performed at a level 1, 4, 6, and 9 mm apical to
the midfacial mucosal margin at the implant site (Figures 1a and b,
3b and 4b). The duration of return from the echo of the ultrasonic
impulse was determined and the distance was calculated and digi-
tally displayed to the nearest 0.01 mm. For each measurement point,
10 calculations were performed and an arithmetic mean was deter-
mined. Minimal pressure was applied to avoid compression of the
mucosa. All measurements were carried out by one blinded and cali-
brated examiner.

2.3.2 | Thickness of the facial bone wall

The preoperative and postoperative status of the facial bone level
was determined by CBCT data, specifically by the reconstruction
according to the long axis of the teeth/implants. The thickness of the
facial bone wall was measured at 1, 3, and 6 mm apical to the facial
reference level (Figures 1a, 3d, and 4d). This level was defined as a line
at bone level parallel to the connecting line between the oral and ves-
tibular cementoenamel junction and likewise as a plane perpendicular
to the long axis of the implant at the first microthread at implant sites.
The increase in thickness of the facial bone wall was calculated by the
difference between the final and the preoperative thickness of the

facial bone wall.

2.4 | Evaluation of potentially predictive parameters
241 |

The orofacial implant angulation was calculated using posttreatment

Orofacial implant angulation

CBCT scans of the upper jaw. All X-rays were taken with either KaVo
3D eXam or KaVo Pan eXam plus (both KaVo Dental GmbH,
Biberach/Ri3, Germany). Image reconstruction for visual analysis was
performed with Invivo 6 software (Anatomage, San Jose, California).
The implant angulation was defined as the angle between the longitu-
dinal axis of the implant and the palatal plane (connection between

).2* Measurements were performed

spina nasalis anterior and posterior
on sagittal views (Figure 2). All measurements were carried out by one

examiner.

242 |

Following the superimposition of the preoperative and postoperative

Difference between tooth and implant angulation

CBCT using Invivo 6 software, the angulation of the condemned tooth
was determined according to the previous described measurement
technique in relation to the same maxillary plane. The difference

between tooth and implant angulation was calculated (Figure 2).

FIGURE 2 Measurement technique of the tooth and implant
angulation in relation to the palatal plane and the horizontal distance
between facial tooth and implant position on a sagittal view of

the CBCT [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 A, Vertical root fracture of an upper lateral incisor with a mucogingival recession and a fistula. B, Complete coverage of the
mucogingival recession by immediate implant insertion and facial defect grafting by autogenous bone chips and connective tissue graft at 3-year
follow-up examination. C, CBCT at preoperative examination showing the partial loss of the facial bony wall following a vertical root fracture. D,
Complete reconstruction of the buccal bony wall to the level of the implant shoulder at 3-year follow-up examination [Color figure can be viewed

at wileyonlinelibrary.com]

Positive values describe a more protrusive angulation of the implant

in relation to the tooth and vice versa.

243 |
position

Difference between facial tooth and implant

The difference of the horizontal position between facial tooth and
implant neck position was determined by superimposing preoperative

and postoperative CBCTs (Figure 2).

244 |

Additional connective tissue grafting was performed according to the

Connective tissue grafting

technique of Allen?° as described before.

245 |

The gingival biotype was discriminated into a thin or a thick tissue

Gingival biotype

biotype.??

24.6 |

In this study, OsseoSpeed implants with a flat implant shoulder and

Implant neck topography

OsseoSpeed Profile implants with a sloped implant shoulder were

used. The slope of the implant shoulder between the oral and facial
aspect ranged between 1.3 and 1.6 mm depending on the diameter of

the implant.

247 |

The incisors (lateral and central) were discriminated from canines.

Group of teeth

2.5 | Statistical analysis

We fitted linear mixed models with patient identification as random
effects thus taking dependencies within patients into account. We
adjusted for possible confounders by including them as fixed effects
in the model. The reported P values are two-sided. Results were
considered statistically significant at P < .05. No adjustment for mul-
tiple testing was performed, because our main interest was to iden-
tify possibly predictive factors. Therefore, only the local significance
level is controlled. All calculations were carried out using SPSS
22 (SPSS Inc., Chicago, lllinois) or SAS 9.4 (SAS Institute, Cary, North

Carolina).
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FIGURE4 A, Vertical root fracture at a lateral incisor with acute infection and submucosal swelling. B, At 5 years, the buccal aspect of the
implant restoration is demonstrating a slight alveolar process deficiency. C, CBCT at preoperative examination showing the dehiscence defect of
the facial bony wall at the left lateral incisor. D, At 3.5 years, the complete reconstruction of the facial bony wall was documented by CBCT

[Color figure can be viewed at wileyonlinelibrary.com]

3 | RESULTS

3.1 | Implant follow-up and implant survival

A total of 76 implants were placed in 55 patients. The average age
of this population (33 women, 22 men) was 53 years (range:
18-78 years). Forty-three patients were nonsmokers and 12 were
smokers. Seven (9.2%) extraction sockets showed a pristine facial
bone wall (between 0 and 1 mm facial bone loss), 48 (63.2%) sites
had partial bony defects (between 1 and 7.5 mm facial bone loss),
and 21 (27.6%) sites presented a total loss of the facial bone wall
(between 7.5 and 15 mm facial bone loss). All implants were still in
function after a mean follow-up of 36.4 &+ 16.4 months (range:
12-65 months).

3.2 | Facial mucosa thickness

The mean thickness of the facial mucosa was 1.72 + 0.61 mm at
1 mm, 1.63 £ 0.63 mm at 4 mm, 1.52 + 049 mm at 6 mm, and
1.66 + 0.68 mm at 9 mm apically to midfacial mucosal margin. The
mean thickness of the facial mucosa for implants with and without

connective tissue grafting was described in Table 1, respectively.

Without adjusting for any confounders, we found the thickness
of the mucosa to be higher at soft tissue grafted implant sites at
4 mm in comparison to the nongrafted sites. The facial mucosa thick-

ness differed little between smokers and nonsmokers at all levels.

3.3 | Thickness of facial bone wall

Preoperative and postoperative dimensions of the facial bone wall as
well as the amount of changes at the levels 1, 3, and 6 mm are dis-
played in Table 2. The dimension of the facial bony lamella showed a
significant increase in thickness following treatment. The amount of
increase differed little between implants with and without connective

tissue grafting.

TABLE 1 Facial soft tissue thickness at implants in the anterior zone
at 1,4, 6,and 9 mm distance apical to mucosal margin (mean + SD)

Level All No connective Connective tissue
(mm) 76 implants  tissue (n = 38) graft (n = 38)

1 172 +£061 1.74+0.64 1.71 £ 0.57

4 1.63+0.63 148+ 0.57 1.78 +£ 0.67

6 1.53+ 049 146 +042 1.59 +0.56

9 1.65+0.68 1.52 +0.54 1.79 £ 0.78
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TABLE2 Mean facial bone thickness changes at 1, 3, and 6 mm apical to reference level from time of preoperative examination to final

follow-up (mean 4 SD)

Level (mm) Preoperative
0.02 +£0.13
0.25 +0.39
0.36 + 0.40
0.02 +£0.12
0.31 £ 0.44
0.45 + 0.45
0.02 +£0.15
0.18 +0.32

0.27 £0.32

All 76 implants

No connective tissue graft

Connective tissue graft

N WP, 0w, N W

Postoperative Mean change P

1.32+0.76 1.30 +£0.77 <.001
1.26 +0.75 1.01 +£0.79 <.001
1.11+£0.71 0.75 +£0.82 <.001
1.36 +0.82 1.34 +0.83 <.001
1.29 +0.79 0.98 +0.80 <.001
1.09 +0.80 0.64 +0.88 <.001
1.29 +0.70 127 +£0.71 <.001
1.22 4+ 0.71 1.03 +0.80 <.001
1.134+0.61 0.86 +£0.75 <.001

3.4 | Orofacial implant angulation

The mean angulation of the implants in relation to the palatal plane
was 108.3 &+ 6.5° (range: 96.1-125.0°). The angulation for incisor
implants (109.8 + 6.0°; range: 97.4-122.5°) was significantly higher
than for canine implants (105.2 4 6.5°; range: 96.1-125.0°; P = .02).

3.5 | Difference between tooth and implant
angulation

The difference between tooth and implant angulation was 3.3 & 6.3°
(ranged from -17.7° to 17.4°). This angle difference was 3.1 & 6.0°
for incisors and 3.9 + 6.8° for canines without a significant differ-
ence (P = .66).

3.6 | Difference between facial tooth and implant
position

The average implant position was 1.8 &= 0.6 mm posterior to the

tooth position (range between 0.5 and 3 mm).

3.7 | Connective tissue grafting

In 38 implants, additional connective tissue grafting was performed
according to the technique described above, whereas the remaining

38 implants were not grafted with soft tissue.

3.8 | Gingival biotype

The gingival biotype was thin at 23 implant sites and thick at

53 implant sites.

3.9 | Implant neck topography

Forty-eight OsseoSpeed implants with a flat implant shoulder and
28 OsseoSpeed Profile implants (Astra Tech Implant System, Dentsply
Sirona Implants, MdélIndal, Sweden) with a sloped implant shoulder

were used.

3.10 | Group of teeth

There were 51 implants replacing a central or lateral incisor and

25 replacing canines.

3.11 | Results of fitted mixed model

We adjusted for the following possible confounders as fixed effects in
the model: the tooth group (incisors vs canines), the connective tissue
grafting, flat or sloped implant design, gingival biotype, preoperative
bone thickness at the corresponding level, the implant angle as well
the change in tooth versus implant angulation and the change in facial
tooth versus implant position (Table 3).

Based on this mixed models analysis, there was a significant cor-
relation for the facial bone increase on the facial aspect at level 3 and
6 mm and the preoperative status at the corresponding level. This
implies that in cases of small initial bone thickness comparatively large
bone regeneration is possible.

In addition, there was a tendency for an increased facial bone
thickness at 3 mm for implants with a more protrusive angulation in
relation to the tooth and for implants, which were positioned more
palatally with the shoulder in relation to the tooth.

The facial soft tissue thickness at level 1 and 4 mm was signifi-
cantly influenced by the gingival biotype but not by the grafting with
connective tissue or the implant angulation.

There was no correlation between implant shoulder configuration

and the hard and soft tissue thickness.

4 | DISCUSSION

This study analyzed the relationship between hard and soft tissue
thickness and several possible impacting factors, such as soft tissue
grafting, implant angulation, and positioning at immediately provisio-
nalized implants. The statistical analysis showed no significant correla-
tion between facial mucosa or bone thickness and the orofacial
angulation and positioning of the implants. However, an increased
thickness of the facial mucosa was observed in patients with a thick
gingival morphotype. The amount of improvement of the thickness of
the facial bony wall was dependent on the preoperative deficiency.
This implies that a severe defect allows for a significant bigger amount
of regeneration by immediate and flapless reconstruction with
autogenous bone.

There is no gold standard measuring technique for the determina-
tion of oral soft tissue thickness, although ultrasonic devices are a

11,23

well-documented convenient solution particularly suitable for

anterior teeth.?* The ultrasonic device used in this study to assess
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TABLE 3 Results of fitting linear mixed models adjusting for possible confounders by including tooth region, flat or sloped implant design, soft tissue biotype, preoperative bone thickness, change in tooth

versus implant angulation, and the change in facial tooth versus implant position as fixed effects in addition to the main covariate of interest, the connective tissue grafting

Difference tooth
versus implant

position

Difference tooth
versus implant

angle

Preoperative buccal bone
thickness at corresponding

Flat versus Thin versus

CTG versus

Incisors

Implant angle

thick biotype bone level

sloped implant

without CTG

versus canines

Intercept

Depending variable

Facial bone thickness at level

.68)
.09)

0.06 (P
0.26 (P

0.02 (P = .18)

0.03 (P
0.008 (P = .56)

.37)
.76)

002 ((P=.1

0.01 (P
0.005 (P

=.87)

0.12 (P

.31)

52)

0.24 (P
0.13 (P

49)
.83)
.62)

0.15 (P =

-0.04 (P
-0.09 (P

.84)
.79)
.87)

-0.04 (P =

0.05 (P
0.03 (P

=.25)

0.22 (P

0.68

1 mm

.09)

0.35 (P = .14)
-0.07 (P = .77)

-0.17 (P = .42)
-0.19 (P = .33)

0.07
-1.48

Facial bone thickness increase at level

3 mm

0.21 (P = .16)

6)

0.13 (P = .49)

6 mm

0.02 (P = .18) 0.06 (P = .68)

0.01 (P =.37)
0.005 (P = .76)

-0.88 (P = .25)

0.24 (P = .31)
0.13 (P

0.15 (P = .49)
-0.04 (P = .83)

-0.04 (P = .84)

0.22 (P = .25)
-0.17 (P = .42)
-0.19 (P = .33)

-0.68
0.07
-1.48

Facial soft tissue thickness at level

1 mm

0.26 (P = .09)
0.21 (P

0.03 (P = .09)
0.008 (P = .56)

-0.65% (P = .01)

=.52)

0.05 (P =.79)

3 mm

.15)

6)

0.02(P=.1

-0.09 (P = .62) 0.13 (P = .49) -1.072 (P = .0001)

0.03 (P = .87)

6 mm

=.36)

-0.11 (P

.79)

-0.003 (P
001(P=.
-0.01 (P

.90)
.90)
.50)
.70)

0.002 (P

.05)
.03)
.09)
.09)

0.35% (P

.26)

-0.19 (P

0.11 (P = .50)
-0.16 (P

0.04 (P
-0.12 (P

.65)
.23)
.10)
.06)

-0.07 (P
-0.17 (P
-0.21 (P
-0.31 (P

63
64
03
94

1 mm

0.14 (P=.19)

57)

0.00 (P
-0.01 (P
-0.01 (P

-0.91 (P = .14)
-0.02 (P

0.45% (P

-0.27 (P = .13)
0.09 (P
0.00 (P

.28)
.78)
49)

4 mm

A47)
.36)

0.06 (P
-0.11 (P

.21)

.87)

0.27 (P
0.36 (P

.52)
.99)

2.

6 mm

0.00 (P = .11)

= = -0.06 (P = .11)

2.

9 mm

Regression coefficients and corresponding P values are presented.

ap < .05.

mucosal thickness has been previously validated. Its accuracy was
determined by comparing ultrasonic measurements with invasive
bone sounding where investigations revealed that both methods led
to equivalent results.?> Another ultrasonic device for measuring
mucosal tissue thickness at implant sites was validated by micro-CT
measurements showing a significant underrating by the ultrasonic
device by 0.13 mm.*?

There is a paucity of data for mucosal thickness around dental

implants26-28

and there are only a few studies, which focus on gingival
thickness around teeth. Most of the studies, however, only differenti-
ate between thin and thick biotype by visual assessment and do not
give metric values. In a systematic review, the reported mean gingival
thickness at teeth ranged between 0.63 mm and 1.79 mm with overall
thinner values for canines (range: 0.63-1.24 mm).?’ One study com-
paring the thickness of facial mucosa at implants and corresponding
natural teeth by ultrasound reported thicker soft tissues at implants.*°

When placing an immediate implant tissue biotype of the implant
site needs to be considered. Limited esthetic results with progressive
facial gingival recession were witnessed in subjects with thin bio-
type.3! To establish a thick mucosal biotype in these cases, it is sug-
gested to place a connective tissue graft.3>3° The methods of soft
tissue grafting using autogenous subepithelial connective tissue grafts
are successful to improve soft tissue volume and can be used at natu-
ral teeth as well as at implants sites in different treatment stages.
Grafting can be performed before implant insertion, simultaneously to
implant insertion, at second stage surgery or within the prosthetic res-
toration or in the follow-up period.t1:26:27:34

In a study using an ultrasonic device for measuring mucosal thick-
ness at soft tissue grafted implant sites, the gain was 0.83 mm at
9 months post grafting.!* The gain in this study was 0.3 mm at 4 mm
distance apical to mucosal margin comparing the grafted and non-
grafted implants sites at a mean follow-up of 3 years indicating that
an early improvement might be reduced over time.

No significant differences of facial mucosa thickness were found
when smokers and nonsmokers were compared. This is in line with
results from a recent investigation using ultrasound for gingival thick-
ness around natural teeth.3®> Thus, the results for the facial mucosal
thickness at implants in this study confirm and expand existing
knowledge.

No correlation was found in this study between implant angula-
tion and mucosa thickness. This is in contrast to the literature, which
suggests that the more an implant is angulated toward the oral aspect,
the thicker the facial tissue measures.'” In contrast to this study, these
authors assessed implant angulation by the position of the screw
access hole in the provisional restoration dividing the angulation in
cingulum, incisal, or labial instead of analyzing CBCT scans and calcu-
lating an angle. Similarly, the crestal tissue thickness was measured
with a caliper on study casts 4 months after implant placement, which
means the total hard and soft tissue volume was calculated. In this
study, ultrasonic measurement techniques and CBCT technology was
used to calculate tissue thickness at least 1 year after implant inser-
tion. An influence of the implant angulation on facial bone, bone
regeneration, or soft tissue thickness was not found in this study.

A proper three-dimensional implant placement is a key factor for

implant success in the esthetic zone.333¢%7 Although there are well-
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defined guidelines and clinical recommendations for mesio-distal and
apico-coronal implant positions, there are no guidelines relating to the
orofacial angle of an implant in the esthetic zone.®**® Angular analysis
has been performed in only a few studies and mainly focuses on mar-
ginal bone resorption or prosthetic rehabilitation and clinical
outcome.*?"#! However, one retrospective study examined the rela-
tionship between buccopalatal angulation and marginal bone loss on
CBCT images*® using the same reference planes (palatine vault and
longitudinal axis) as in this study. These authors described a positive
impact on marginal bone maintenance when an implant was placed
with an angulation toward the palatal aspect. The present study is in
line with previous publications showing that flapless bone reconstruc-
tion of facial bone deficiencies simultaneous to immediate implant
placement is possible and successful.1>13181% However, the amount
of reconstruction was not correlated to the orofacial implant angula-
tion and not further improved by adding a connective tissue graft; it
was influenced by the extension of the preoperative defect. This
implies that a severe initial bony defect allows for more bone regener-
ation when applying this technique.

Based on the findings and the retrospective design of the present
study, it is not possible to recommend an implant angle that provides
predictably sufficient hard and soft tissue volume. Nevertheless, clini-
cians should carefully take into consideration that an implant, which is
tilted or positioned toward the facial aspect, might be more prone to a
thinner facial mucosa or recession.

In present retrospective study design, the data for the distance
between facial implant shoulder and facial tooth contour at implant
insertion were calculated by CBCT superimposition. The success of
flapless bone reconstruction is obviously not influenced by the
implant angle but maybe, even there is just a statistical trend visible,
by the facial space within the alveolar contour for regeneration. Par-
ticularly when implants are placed with guided surgery and CBCT
images are available prior to surgery, the palatine vault as a reference
plane and the facial alveolar contour can provide orientation and
assistance for accurate positioning of the implant.

The thickness of facial soft tissue is not correlated to the implant
angulation, position, or connective tissue grafting in mid-term obser-
vation, which is in contrast with the literature.’®?® The thickness of
the facial mucosa at immediately inserted implants is influenced by
the individual gingival biotype.

Further prospective studies are needed to examine the impact of
implant angulation, positioning, connective tissue grafting, and other

cofactors on hard and soft tissue thickness around dental implants.

5 | CONCLUSION

This retrospective study indicates that a palatal angulation or position
of immediately inserted and provisionalized implants in the anterior
zone of the maxilla was not associated with an increased facial hard
and soft tissue thickness. Adding a connective tissue graft simulta-
neously to implant insertion did not significantly increase the facial
soft tissue thickness in midterm observation. The facial soft tissue
thickness is primarily influenced by the gingival biotype. Furthermore,

the results indicate that an initial severe facial bone defect allows for

significant more bone regeneration when applying simultaneous and

flapless autogenous bone reconstruction.
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