
Early Periimplant Tissue Healing on
1-Piece Implants With a Concave

Transmucosal Design: A
Histomorphometric Study in Dogs

Caroline Bolle, DDS,* Marie-Paule Gustin, DS, PhD,† Didier Fau, DVM, PhD,‡ Patrick Exbrayat, DDS,§
Georges Boivin, PhD,¶ and Brigitte Grosgogeat, DDS, PhDk

T
he achievement of an adequate
mucosal attachment and marginal
bone preservation during early

healing are essential to ensure long-term
aesthetic and functional success for
implant-supported rehabilitations.

Periimplant mucosa is an efficient
protective seal between the oral envi-
ronment and the osseointegrated part of
the implant. The formation and matu-
ration of this soft tissue barrier require 6
to 12 weeks after implant surgery.1

A minimum width of periimplant soft
tissuedcalled biological widthdis
required, and during the healing, bone
lossmay occur to accommodate the soft
tissues until the adequate dimensions

are restored.2 The marginal level of
the mucosa, which is essential for good
aesthetics, also depends on the level of
the underlying bone support. There is
a real interaction between the mucosa,
as a protective seal for osseointegration,
and the marginal periimplant bone sup-
porting the mucosa.

The characteristics of an implant
transmucosal design (connections, plat-
forms, surface properties) are related to
biological width dimensions, marginal
periimplant bone levels, and the amount

of inflammation in the periimplant soft
tissue. For years, 2 design parameters
have been identified as crucial during the
first weeks of healing. First of all,
a microgap at the implant-abutment
interface of 2-part implants creates an
inflammatory process due to micro-
movement and bacterial infiltration,3–5

leading tomarginal bone loss,6–8 biolog-
ical width lengthening, and marginal
recession9 when the implant/abutment
interface was positioned at bone level
or subcrestally. Furthermore, a “smooth”
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Introduction: The purpose of
our study was to investigate the early
healing phase of marginal bone and
soft tissues around unloaded 1-piece
implants with a concave transmu-
cosal design, in a dog model.

Methods: Twenty-four 1-piece
implants with a concave transmu-
cosal neck were inserted 1 mm
subcrestally in the mandibular ridge
of 8 beagle dogs. Four animals were
sacrificed after 3 and 12 weeks of
healing. Histomorphometric analysis
was performed to measure the height
of the periimplant tissues.

Results and Discussion: The
overall height of the periimplant
mucosa was, respectively, 2.67 and
2.52 mm, after 3 and 12 weeks. In
the connective tissue, a soft tissue O-
ring seal was observed in the healing

area provided by the transmucosal
concavity, after 12 weeks. The loca-
tion of the first bone-to-implant con-
tact facing the implant shoulder was
0.00 and +0.18 mm, respectively,
after 3 and 12 weeks of healing.
Some bone apposition occurred on
the implant shoulder during the
healing.

Conclusion: Within the limits of
the present study, a concave trans-
mucosal design in 1-piece implants
was associated with a short vertical
value of biological width and pro-
moted a mechanical interlocking of
the implant body at the connective
tissue and marginal bone levels.
(Implant Dent 2015;24:1–9)
Key Words: narrow transmucosal
design, biological width, histo-
morphometry, dental implant
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surface of the endosseous part of the
implant collar is responsible for early
marginal periimplant bone loss7,10 and
biological width lengthening.9

More recently, the influence of the
transmucosal component design on
periimplant soft tissue integration and
marginal bone remodeling has been
suggested. Conventional flared trans-
mucosal components might compress
and weaken the periimplant mucosa,
whereas concave transmucosal designs
may promote the adhesion, thickness,
and mechanical properties of the con-
nective tissue.11 A narrow transmucosal
design increases the length of the
implant-tissue contact and provides
a horizontal healing space for the con-
nective tissue, which might reduce the
height required for biological width and
subsequently the marginal bone loss
due to soft tissue adaptation.11–13

According to Rompen et al,13 in
a pilot clinical study, a concave trans-
mucosal profile in 2-part implants led to
a better and more predictable soft tissue
stability in the aesthetic zone compared
to the previous published data on im-
plants with a divergent transmucosal
design.

Only 2 histologic studies have been
recently carried out to investigate this
implant design with a supracrestal
implant-abutment interface.14,15 Both
authors reported lower amounts of bone
resorption on concave transmucosal
profiles compared to straight profiles.
However, controversial outcomes were
reported about periimplant mucosa di-
mensions. According to Kim et al,14 the
vertical dimensions of the periimplant
mucosa were similar on concave,
straight, or flared transmucosal 1-piece
implants after 6 months of unloaded
healing in the beagle dog, whereas
Huh et al15 reported that a concave
transmucosal design led to lower bio-
logical width vertical values compared
to straight profiles after 16 weeks of
loaded healing in the beagle dog.

Therefore, the aim of the present
study was to investigate the effect of
a concave transmucosal design of 1-
piece implants on periimplant mucosa
maturation, dimensions, collagen fiber
organization, and marginal bone levels
after 3 and 12 weeks of healing in the
beagle dog.

MATERIALS AND METHODS

Animals
The experimental protocol was

approved by the Committee of Ethics
of the National Veterinary School of
Lyon (VetagroSup), and the surgical
procedures were performed at the
Claude Bourgelat Institute, a specific
center for preclinical trials.

Eight young adult beagle dogs (10–
12 months old and approximately 10
kg) were included in this study accord-
ing to the ARRIVE guidelines.16 The
experimental part of the study started
after an adaptation period of 2 weeks.
At the beginning of the study, all ani-
mals exhibited a fully erupted perma-
nent dentition. After tooth scaling,
a plaque control program was initiated,
consisting of cleaning with a soft
toothbrush (Méridol; GABA, Bois
Colombes, France) and 0.20% chlo-
rhexidine gel (Elugel; Pierre Fabre,
Castres, France) 3 times per week dur-
ing the whole experimental period. The
dogs were fed with a soft diet and water
and were housed in cages of 2 for the
entire duration of the experiment.

Implants
A commercially available sand-

blasted Ti-6Al-4V implant (TwinKon
implant, Tekka; Global D, Brignais,
France) was selected according to the
concave configurationof its transmucosal
neck (Fig. 1). This implant has a 1-piece
design with a concave transmucosal col-
lar and an external conical connection
located above the collar. The external
conical connection is protected with
a PEEK plastic ring. The concave trans-
mucosal part is 1.5mmhighand1.73mm
long. The horizontal inward mismatch
between the implant body and the trans-
mucosal component is 0.4 mm. The
selected implantswere 8.5mm long,with
a conicocylindrical screw-type shape
(B3.5 mm). The sandblasted surface
(sprayed with corundum micropowder)
extends to the apical portion (0.20 mm
high) of the transmucosal neck. The cor-
onal portion of the transmucosal neck is
machined (1.3 mm high).

Surgical Procedure
The study was performed in 2

surgical steps. At the beginning of

the experiment, all the mandibular
premolars were carefully extracted after
tooth separation. Following a healing
period of 10 weeks, the surgery for
implant insertion was performed, using
midcrestal incisions and mucoperios-
teal flap elevation. Three implants per
dog were randomly assigned to the
residual mandibular left or right ridge
(Fig. 2, A). The opposite sides of the
mandibular edentulous ridge were used
for another experimental purpose, the
results of which will be reported with
further data. A total of 24 fixtures were
carefully inserted, under profuse irriga-
tion with sterile saline (Versol; Labora-
toire Aguettant, Lyon, France), spacing
the implants at a distance of 10 mm
apart. The implant body shoulder was
positioned with good primary stability
1 mm subcrestally. Implant healing
abutmentswere connected immediately
following implant placement. The flaps
were repositioned and sutured with 4-
0 braided absorbable sutures (Vicryl;
Ethicon Inc., Johnson & Johnson,
New Brunswick, NJ). During the 10
days following each surgery, the tooth-
brushing program (3 times per week)
was replaced by daily spraying with
0.20% chlorhexidine (Eluspray; Pierre
Fabre). Sutures were removed 10 days
after surgery. The animals were divided
into 2 groups, with 4 animals in each
group, according to the healing periods:
3 and 12 weeks.

All surgical procedures were per-
formed under general anesthesia and
sterile conditions. For premedication
purposes, the animals were injected
with a cocktail of benzodiazepine

Fig. 1. TwinKon implant has a 1-piece
design with a concave transmucosal neck.
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(0.5mg/kg;ValiumRoche 5mg;Roche,
Boulogne-Billancourt, France), acepro-
mazine (0.1 mg/kg; Vétranquil; Ceva
Sante Animale, Libourne, France), and
glycopyrrolate (0.01 mg/kg; Robinul;
Vétoquinol, Paris, France). General
anesthesia was induced intravenously
with ketamin (5 mg/kg; Imalgène
1000; Mérial, Lyon, France) and main-
tained using isoflurane inhalation (Vet-
flurane; Virbac, Carros, France). The

animals were monitored with an electro-
cardiogram (Dynascope DS 7100; Fu-
kuda Denshi, Tokyo, Japan) during the
procedures. For pain control, the animals
received 3 intravenous injections of
morphine (Morphine chlorohydrate
Lavoisier; LaboratoireChaix etDuMar-
ais, Paris, France): for premedication, at
the end of the procedure, and 4 hours
after the extubation (0.2mg/kg). In addi-
tion, a fentanyl transcutaneous patch
(Durogésic; Janssen-Cilag, Issy-les-
Moulineaux, France) was placed on the
day of surgery (75 mg/h), and meloxi-
cam (Métacam; Boehringer-Ingelheim,
Reims, France) was given to the animals
for 10 days (0.2 mg$kg−1$j−2 the first
day and 0.1 mg$kg−1$j−2 the next 9
days). To prevent any infection, the dogs
received a combination of amoxicillin
and clavulanic acid (Augmentin; Labo-
ratoire GlaxoSmithKline, Marly-le-roi,
France) twice a day for 10 days
(200 mg/50 mg).

At the end of the healing period,
the animals were sacrificed with an over-
dose of pentobarbital (Doléthal; Vétoqui-
nol). The fixtures and surrounding hard
and soft tissues were then carefully har-
vested using a trephine (Stoma; Storz am
Mark GmbH, Emmingen-Liptingen,
Germany) with an inner diameter of 10
mm, under irrigation (Fig. 2, D).

Histological Preparation and Analysis
The samples were immediately

fixed in 2% glutaraldehyde and 2%
paraformaldehyde in a sodium cacody-
late buffer for 1 week. Dehydration was
performed in serial steps of ethanol
concentrations, and the blocks were
finally embedded in methyl methacry-
late (Merck KGaA, Darmstadt,
Germany).

Nondecalcified sections were pre-
pared using a method adapted from
Donath and Breuner.17 The polymer-
ized blocks were cut in the mesiodistal
plane parallel to the long axis of each
implant (Fig. 3, a), using a diamond
wire saw (Well 3242; Well Diamond
Wire Saws Inc., Norcross, GA). One
central mesiodistal section (Fig. 3, c)
was obtained and reduced by micro-
grinding and polishing, starting from
the lingual part of each block, to
a thickness of about 40 mm, using an
Exakt grinding unit (Exakt Advanced
Technologies GmbH, Norderstedt,
Germany). The ground sections were
then superficially stained with a modi-
fied Paragon, and the histomorpho-
metric quantification was performed
at different magnifications, using
a light microscope (Zeiss Axioskop;
Carl Zeiss SMT GmbH, Oberkochen,

Fig. 2. Implants in the left side of the alveolar mandibular ridge: (A) after insertion, (B) after 3
weeks of healing, (C) after 12 weeks of healing, and (D) harvesting with a trephine.

Fig. 3. Sectional drawing used for the his-
tological process: (a) mesiodistal section, (b)
buccolingual section of the buccal remaining
bloc, (c) mesiodistal ground section (modified
Paragon staining), (d) vertical buccal thin
(Goldner trichrome staining) and ultrathin
sections, (e) horizontal proximobuccal thin
section (toluidine blue staining).

Fig. 4. Landmarks used for the histo-
morphometric measurements: IS, fBIC, the
top of the BC, PM, and the aJE.
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Germany) equipped with an imagery
digital software (Bone Morpho
Expert; Explora Nova, La Rochelle,
France).

For each section, the marginal
portion of the mucosa (PM), the apical
extent of the junctional epithelium
(aJE), the first bone-to-implant contact
(fBIC), the implant shoulder (IS), and
the top of the bone crest (BC) were
identified at both the mesial and
the distal sides of the sections and
used for the linear measurements, thus
resulting in 2 measured sites per
implant (Fig. 4). The vertical distances
between the landmarks were deter-
mined in a direction that was parallel
to the long axis of the implant and ex-
pressed in millimeters for PM-aJE,
aJE-fBIC, PM-fBIC, IS-BC, IS-fBIC,
and BC-fBIC. The length of the soft
tissue was also measured according to
the shape of the soft tissue-implant
interface (PM-aJE length, aJE-CLB
length, PM-fBIC length).

The buccal parts of each block were
cut buccolingually and parallel to the
long axis of the implant (Fig. 3, b) using
a diamond wire saw. The implants were

mechanically removed, and the residual
blocks were re-embedded in methyl
methacrylate fast and cold curing resin
(Technovit 3040; Heraus Kulzer GmbH,
Wehrheim, Germany) and processed to
obtain thin nondecalcified histological
sections (about8mm),usingamicrotome
(Leica SM2500; Leica Biosystems
GmbH, Nussloch, Germany). Vertical
sections were performed parallel to the
long axis of the concave abutment, re-
sulting in buccal thin sections (Fig. 3,
d), and were stained with Goldner tri-
chrome. Horizontal sections were per-
formed perpendicular to the concave
abutment (in the small axis of the
implant) (Fig. 3, e) andwere stainedwith
toluidine blue. These sections were then
observed at different magnifications;
using a light microscope (Zeiss Axio-
skop; Carl Zeiss SMT GmbH) equipped
with an imagery digital software (Bone
Morpho Expert; Explora Nova). Identi-
cal methodological procedures are re-
ported by Boivin and Meunier.18

In the remaining part of the buccal
blocks, ultrathin vertical sections
(approximately 70 nm thick) were
cut in the connective tissue using

a Reichert ultracut E (Leica Micro-
systems GmbH, Wetzlar, Germany)
ultramicrotome (Fig. 3, d). These
sections were mounted on 200 mesh
copper grids coated with 1:1.000
poly-lysine, stabilized for 1 day at
room temperature (RT), and contrasted
with uranyl acetate and lead citrate.
Sections were observed using a Jeol
JEM-1400 (Jeol Ltd., Tokyo, Japan)
transmission electron microscope
operating at 80 kV, equipped with an
Orius-600 camera (Gatan Inc., Pleas-
anton, CA) and with an imagery digital
software (DigitalMicrograph; Gatan
Inc.). Electron micrographs were ob-
tained from the connective tissue in
the 200 mm segment next to the
implant collar surface.

Statistical Method
A power analysis was conducted to

determine the number of dogs required
to detect population differences corre-
sponding to a large Cohen19 effect size
($1) between the 2 healing periods,
whatever the variables. The power
was set at 90% and the significant level
P at 5%. For an adequate implant distri-
bution, 3 implants per animals with 2
replicates (mesial and distal views)
were placed, thus allowing 6 observa-
tions per animal.

To study the healing period effect
on each of the variables, we took into
account the hierarchical data structure
(view/location/dog), and we performed
for each variable a 3-level mixed-
effects model. Only the intercept was
considered random assuming that the
effect of the healing period on the
outcome was independent from the
dog and the location.

A significant level of 5% was
selected. Statistics were performed
using the R language, version 3.0.2.,
available on the http://cran.r-project.
org/ Web site. The function pwr.t.test
of the R package pwr was used for the
power analysis and the function lme of
the R package nlme for the mixed-ef-
fects models. In case of missing data,
they were supposed to be missing com-
pletely at random, and no data imputa-
tion was performed. Data distribution
normality was checked graphically
and using the normality Shapiro-Wilk
test.

Fig. 5. Ground nondecalcified mesiodistal sections. A, B, C (details of B): After 3 weeks of
healing, a nonkeratinized junctional epithelium is observed facing the titanium surface. D, E, F
(details of E): After 12 weeks of healing, the junctional epithelium was in close contact with the
titanium surface, a dense connective tissue was interposed between the apical extent of the
junctional epithelium and the most coronal bone-to-implant contact. Light microscopy,
modified Paragon staining. White arrow indicates the apical extend of the junctional epithelium.

4 EARLY PERIIMPLANT TISSUE HEALING ON 1-PIECE IMPLANTS � BOLLE ET AL

Copyright � 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://cran.r-project.org/
http://cran.r-project.org/


RESULTS

Clinical Observations
The postoperative healing was

uneventful for all implants, and no
complication was noted during the
whole follow-up period. After 3 weeks,
the soft tissue healing process seemed
to be well advanced with good wound
closure (Fig. 2, B). No clinical sign of
periimplant mucosa inflammation
was observed. After 12 weeks, the

periimplant mucosa seemed to be clin-
ically mature. A slight redness of the
mucosa was observed both on the abut-
ments and on the remaining teeth (Fig.
2, C). All 24 implants were clinically
osseointegrated.

Histological Observations

Soft tissue healing. After 3 weeks of
healing, a nonkeratinized epithelium
was formed. The connective tissue

exhibited some signs of organization
with numerous fibroblasts disposed
along the axis of the collagen fibers.
Minor inflammatory infiltrated areas
were observed in the connective tis-
sue along the sulcular epithelium
(Fig. 5, A–C).

After 12 weeks, the tissue matura-
tion and collagen bundle organization
were achieved. The junctional epithe-
lium was mature and in close contact
with the titanium surface. The extent of
the junctional epithelium was located
in the coronal part of the concave
abutment below the PEEK ring. Areas
of inflammation were regularly de-
tected in the connective tissue adjacent
to the junctional epithelium extending
as far as the implant-PEEK apical
junction. A dense connective tissue in
close contact with the titanium surface
in the collar concavity was interposed
between the apical extent of the junc-
tional epithelium and the marginal
bone (Fig. 5, D–F). This connective
compartment was devoid of inflamma-
tory infiltrate.

Collagen fiber orientation in the con-
nective tissue after 12 weeks. The
connective tissue was rich in fibroblasts
and collagen fibers that were inserted
into the crestal bone and running toward
the abutment in a horizontal and con-
vergent direction (Fig. 6, A).

Closer to the implant collar, in the
thin histological horizontal sections,
a circular organization of the collagen
fibers was detected in the horizontal
healing space provided by the trans-
mucosal concavity, with a width of
about 500 mm (from the implant collar
toward the periphery) in the transversal
(horizontal) plane (Fig. 6, B). The thin
and ultrathin vertical sections showed
collagen fibers cut transversely,
suggesting a parallel circumferential
arrangement of the collagen fibers
around the concave collar (Fig. 6, C
and D).

Marginal bone remodeling. After 3
weeks of healing, intense bone apposi-
tion on the implant surface and crestal
bone remodeling were ongoing. The
first bone-to-implant contact was
located at the implant shoulder. Woven
bonewas detectable on the old bone bed
at the marginal level but away from the

Fig. 6. Organization of collagen fibers within the connective tissue after 12 weeks of healing.
A, In the connective tissue located outside the implant concavity, collagen fibers are inserted
into the crestal bone and run perpendicularly to the abutment (light polarized microscopy,
modified Paragon staining, ground nondecalcified vertical mesiodistal section). IS indicates
implant shoulder; B, periimplant marginal bone. B, Closer to the implant surface, a concentric
organization of the collagen fibers was observed with a width of about 500 mm in the
transversal (horizontal) plane around the concave part (light microscopy, thin proximobuccal
horizontal section, toluidine blue staining). IC (r) indicates implant collar removed. C, In the
implant collar concavity, thin vertical buccal sections showed collagen fibers cut transversely in
the connective tissue (light polarized microscopy, Goldner trichrome staining). CT indicates
connective tissue; IS (r), implant shoulder removed; JE, junctional epithelium. D, In the con-
nective tissue close to the implant collar, ultrathin vertical buccal section showed collagen
fibers cut transversely (electron micrograph). CO indicates collagen fiber; FB, fibroblast.
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implant shoulder (Fig. 7, A). The first
pitch of the implant thread was still in
contact with the old bone bed.

After 12 weeks, the crestal remod-
eling and osseointegration processes
were completed. New bone had estab-
lished the most coronal contact with the
implant body (Fig. 7, B).

Histomorphometrical Measurements
A sample of 4 dogs per group was

determined to have sufficient power.
Each of the 8 dogs was sampled
according to a healing period (3 or 12
weeks). For each dog, 3 locations on
the arch were selected (anterior, mid-
dle, and posterior), and for each

location, 2 measurements were repli-
cated on each view (mesial/distal), thus
providing 48 observations for 9 varia-
bles (PM-aJE, aJE-fBIC, PM-fBIC, IS-
BC, IS-fBIC, BC-fBIC, PM-aJE
length, aJE-CLB length, and PM-fBIC
length). Three observations were miss-
ing for 6 variables. Data for the histo-
morphometric measurements are
summarized in Table 1.

Dimensional changes of the periim-
plant mucosa. The PM-aJE was much
longer after 12 weeks of healing (1.87
vs 1.36mm after 3 weeks), the decrease
of aJE-fBIC was statistically significant
(P ¼ 0.01) with 1.42 and 0.65 mm at 3
and 12 weeks of healing, respectively,
and the PM-fBIC was shorter after 12
weeks of healing (2.78 and 2.52mmat 3
and 12 weeks, respectively); however,
the difference was not significant.

The relationship between the epi-
thelium and the connective tissue,
components of the biological width,
are presented in Figure 8. After 3 weeks
of healing, the epithelial barrier repre-
sented about 49% of the transmucosal
interface, whereas after 12 weeks of
healing, the epithelial compartment
represented 74% of the transmucosal
vertical dimensions.

After 3 weeks, the PM-fBIC length
was 3.20 mm with a PM-aJE length of
1.58 mm and a aJE-fBIC length of
1.62 mm. After 12 weeks, the PM-fBIC
length was 3.07 mm with a PM-aJE
length of 2.38 mm and an aJE-
fBIC length of 0.69 mm. The difference
between the length of the epithelium
and the connective tissue recorded at
the 2 periods was statistically signifi-
cant (P ¼ 0.02 and P ¼ 0.01).

The difference between the length
and height of the epithelial tissue,
connective tissue, and biological width
after 3 and 12 weeks were statistically
significant (respectively,P¼ 0.00,P¼
0.04, and P¼ 0.05). After 3 weeks, the
difference between the length and
height of the biological width was
0.42mm, whereas it was 0.55mm after
12 weeks.

Marginal and crestal bone levels. The
BC-fBIC was −0.93 mm after 3 weeks
of healing and −0.72 mm after 12
weeks. A crestal bone remodeling

Fig. 7. Marginal bone healing. A, After 3 weeks, the first pitch of the implant thread was in
contact with the old bone bed (light pink). Woven bone (dark pink) was observed along the old
bone bed. B, After 12 weeks, the new bone had established the most coronal contact with the
implant body. Light microscopy, modified Paragon staining, mesiodistal nondecalcified
ground sections. Arrow indicates old bone bed, and asterisk indicates woven bone.

Table 1. Results From the Histomorphometric Measurements of the Epithelial Tissue
(PM-aJE), Connective Tissue (aJE-fBIC), Biological Width (PM-fBIC), Periimplant
Crestal and Marginal Bone Levels (IS-fBIC, BC-fBIC, and IS-BC)

Implant Group n IS-fBIC BC-fBIC IS-BC

3 wk 24 0.00 (0.43) −0.93 (0.61) 0.93 (0.64)
12 wk 24 0.18 (0.12) −0.72 (0.44) 0.89 (0.47)

Implant Group n PM-aJE aJE-fBIC PM-fBIC

3 wk 21 1.36 (0.42) 1.42 (0.50)h 2.78 (0.57)
12 wk 24 1.87 (0.51) 0.65 (0.14) 2.52 (0.47)

Implant Group n PM-aJE Length aJE-fBIC Length PM-fBIC Length

3 wk 21 1.58 (0.53)h 1.62 (0.62)h 3.20 (0.59)
12 wk 24 2.38 (0.53) 0.69 (0.15) 3.07 (0.48)

Implant Group n d (L/h) PM-aJE d (L/h) aJE-fBIC d (L/h) PM-fBIC

3 wk 21 0.22 (0.18)h 0.20 (0.19)h 0.42 (0.19)h12 wk 24 0.51 (0.07) 0.05 (0.03) 0.55 (0.09)

Data are expressed in millimeters, as average and standard deviation; n indicates number of measured sites, 4P # 0.05.
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occurred during the healing. After 12
weeks, the location of the first bone-to-
implant contact was 0.18 mm. The
marginal bone was located above the
implant shoulder in 96% of the sec-
tions. Some bone apposition occurred
on the implant shoulder during the
healing.

The marginal bone level was
located more coronally after 12 weeks
of healing compared to the 3-week
period (average: 0.18 vs 0.00 mm),
but the difference was not statistically
significant.

DISCUSSION

This experimental study evaluated
the influence of a concave transmucosal
design of 1-piece implants on soft tissue
maturation, dimensions, collagen fibers
organization, and periimplant marginal
bone levels after 3 and 12 weeks of
healing in the beagle dog.

In the present investigation, after 3
weeks, the mucosa healing was still
ongoing, a nonkeratinized junctional
epithelium was formed, and a connec-
tive tissue was interposed between the
apical extent of the junctional epithe-
lium and the crestal bone. An epithelial
downgrowth and a decrease of the con-
nective tissue compartment occurred
during the healing. After 12 weeks,
tissue maturation and collagen bundle
organization were completed. The

periimplant mucosa dimensions were
similar after 3 and 12 weeks. The
healing dynamics were similar to the
dynamics reported on 1-piece implants
with flared profiles by Berglundh et al.1

These authors reported that the height
of the periimplant mucosa varied from
3.1 to 3.5 mm between 2 and 12 weeks
of healing, thus remaining almost the
same. A junctional epithelium started
to form after 2 weeks and extended in
an apical direction until 6weeks of heal-
ing, whereas the connective tissue com-
partment decreased. According to these
authors, soft tissue maturation required
6 to 8 weeks of healing. During our
study, we observed that the healing
was completed after 12 weeks. How-
ever, according to the results published
in the literature,1 it is possible that the
healing was completed before this
delay, even though no observation
was recorded between 3 and 12 weeks,
which would have allowed to check
and/or confirm the data.

In the present experimental study,
vertical values of periimplant mucosa
were less than3mmafter 3 and12weeks
(respectively, 2.78 and 2.52 mm). These
values were lower compared to previous
findings on 1-piece implants.

Indeed, Hermann et al9 reported
that the dimensions of the periimplant
mucosa on 1-piece cylindrical implants
was 3.57 mm when the rough/smooth
border was located 1 mm subcrestally,
and 2.84 mm when the rough/smooth
border was located at bone crest level
after 6 months of unloaded healing.
Kimet al14 reported no difference in soft
tissue vertical values on concave,
straight, or flared transmucosal profiles
after 6 months of unloaded healing,
with the following values of 2.72
(straight), 2.91 (narrow), and 3.04 mm
(flared). However, Huh et al15 reported
lower periimplant mucosa heights on
concave transmucosal profiles (2.36
mm) compared to straight transmucosal
profiles (2.88 mm) after 16 weeks of
healing, but the results were not statis-
tically significant. These propensities
are in accordance with the present
findings.

In the same way, Finelle et al,20 in
a beagle dog model, compared the bone
appositionon the implant shoulder of im-
plants with narrow and wide abutments,

using amicro-CT analysis. According to
the authors, narrow abutments provide
more space to accommodate the biolog-
ical width, thus reducing the marginal
bone remodeling.

Furthermore, after 12 weeks of
healing, the inwardly narrowed profile
led to a length of mucosa/implant
interface of 3.07 mm with a reduced
vertical value of 2.52mm.The length of
3.07 mm is close to previous vertical
values of biological width reported on
1-piece implantswith a straight orflared
transmucosal part.9

Finally, our findings, when com-
pared to the data published in the
literature, suggest that the horizontal
area of a concave transmucosal design
increases the length and the surface area
of contact at the tissue-implant interface
and thus reduces the vertical area
required for the biological width.

In the present study, after 12 weeks
of healing, the height of the epithelial
tissue in the soft tissue interface was
increased compared to previously re-
ported data (Berglundh et al1). The epi-
thelial compartment represented 74% of
the transmucosal vertical dimensions,
whereas it was about 60% in the study
by Berglundh et al1 and about 55%
(recalculated datum) in the study by
Hermann et al9 on 1-piece cylindrical
implants with the rough/smooth border
located at bone level or 1 mm subcres-
tally. Looking closer, after 12 weeks of
healing, the vertical value for the con-
nective tissue compartment was short
compared to previously reported data:
0.65 mm versus about 1 to 1.5 mm in
the literature, whereas the height of the
epithelium compartment was closer to
previous findings (1.87 vs 1.5–2 mm).

The concave transmucosal abut-
ment may possibly lead to a reduction
of the connective tissue compartment in
relation with the concavity, thus result-
ing in a modification of the vertical
distribution of epithelial and connective
tissues, components of the biological
width. Therefore, the old paradigm
about the need for a sufficient height of
implant/connective tissue contact to pre-
vent bacterial invasion, epithelial
downgrowth, or mucosa mechanical
breakdown might be jeopardized. Using
a transmucosal concave design may
change our way of thinking in terms of

Fig. 8. Histogram representing the vertical
distribution of the tissue above the implant
shoulder after 3 and 12 weeks of healing.
Epithelial (red) and connective (blue) tissues,
dimensions expressed in millimeters.
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surface of contact rather than height of
contact. Clinically, the rules for coro-
noapical positioning of the implants
could be simplified. The opportunity to
have a reduced biological width with
lower connective tissue vertical values
might allow a reduced depth positioning
of the implant shoulder without the bone
remodeling associated with biological
width reformation.

According to our findings, collagen
fibers in the connective tissue run per-
pendicular to theabutmentandformasoft
tissue O-ring seal in the horizontal heal-
ing area provided by the transmucosal
concavity, after 12weeks,with awidth of
about 500 mm in the transversal plane.

The presence of a circular organi-
zation of the collagen fibers around the
transmucosal component has been re-
ported in the literature for years, but the
exact location of these fibers in relation
to the abutment and the influence of the
transmucosal design still remain unclear.
Considering the previous studies on
circular collagen bundle organization
in the periimplant connective tissue,
Buser et al21 described a 50 to 100 mm
wide zone of dense circular fibers close
to the implant surface on cylindrical 1-
part implants after 3 months of unloaded
healing. Ruggeri et al22 introduced the
concept of a periimplant “circular liga-
ment” and reported the presence of cir-
cular collagen bundles in close contact
with the implant neck of 1-piece loaded
implants in the monkey model.
Rodriguez et al,23 in a preliminary histo-
logical study, described collagen fibers
in the connective tissue compartment
that were oriented perpendicularly to
the abutment and were organized cir-
cumferentially close to the implant sur-
face on platform-switched implants.
Degidi et al24 described, in a human his-
tologic case report on 3 loaded implants
with a Morse taper connection, collagen
bundles that were oriented perpendicu-
larly to the abutment surface up to 200
mmaway from the titanium interface and
then form a tridimensional network
around the abutment.

These data are in agreement with
our results. Concave transmucosal pro-
files may increase the thickness of the
circular periimplant network, thus re-
inforcing the connective tissue adhe-
sion to the titanium implant.

In the present study, after 12 weeks,
the crestal remodeling and osseointegra-
tion processes were completed. New
bone had established the most coronal
contact with the implant body. These
data are in agreementwith those found in
the literature. The osseointegration
speed is closely related to the implant
surface properties.25 In a histological
study performed on the beagle dog,
Berglundh et al26 observe that after 8 to
12weeksofhealing, theperiimplant bone
is mature around sandblasted, large-grit
and acid-etched (SLA Straumann) im-
plants. For sandblasted implants, a 12-
week healing period allows to obtain an
adequate osseointegration.27,28

With regards to periimplant mar-
ginal bone levels, our results show that
the first bone-to-implant contact was
located at the implant shoulder after 3
weeks, and 0.18 mm above after 12
weeks. Bone apposition occurred on the
implant shoulder during the healing
period up to the coronal limit of the
sandblasted surface. These findings are
in agreement with previous results after
12 weeks of healing. According to
Hermann et al,7,10 the first bone-to-
implant contact on 1-piece implants
was positioned at the level of the rough/
smoothborder.Kimet al14 reported afirst
bone-to-implant contact located 0.03
mm under the implant shoulder on 1-
piece implants with a concave transmu-
cosal profile. Huh et al15 reported
a reduced amount of bone resorption on
concave transmucosal profiles compared
to straight profiles: 0.60 versus 1.44 mm
below the implant shoulder.

The BC-fBIC was −0.93 mm after 3
weeks of healing and −0.72 mm after 12
weeks.Thevertical distancesbetween the
top of the bone crest and thefirst bone-to-
implant contact were related to the posi-
tioning depth of the rough/smooth border
(about 1mm). According to the results of
numerous studies, a subcrestal placement
of the implant shoulder was associated
with crestal bone remodeling.29,30

Thus, the concave transmucosal
design allowed for bone integration on
the implant shoulder without any bone
loss due to biological width reforma-
tion. It may also promote the conver-
gence of the collagen bundle toward the
implant collar and the formation of
a thick circular collagen O-ring within

the abutment concavity. This mechan-
ical interlocking of the implant at the
connective tissue level might improve
the mechanical resistance of the con-
nective adhesion to the titanium. The
clinical implication of these findings is
the following: good integration of the
periimplant tissues during early healing
is a key factor for success, to achieve
long-term healthy mucosa and stable
mucosa dimensions, thus preventing
periimplantitis and aesthetic failures.

CONCLUSION

The main observations collected
from the present study on periimplant
marginal tissue healing around 1-piece
implants with a concave transmucosal
profile are the following:

1. After 3 weeks, the mucosal and
periimplant bone healing was still
ongoing, whereas at 12 weeks,
epithelium, connective tissue,
and bone were mature.

2. Vertical values of biological
width were shorter on concave
transmucosal implants compared
to existing data after 3 and 12
weeks of healing.

3. A soft tissue O-ring seal in the
horizontal healing area provided
by the transmucosal concavity
was observed in the connective
tissue compartment after 12
weeks of healing.

4. Some bone apposition occurred
on the implant shoulder during
the healing.

Further studies are needed to cor-
roborate the present findings. The
absence of a control group does not
allow us to draw a final conclusion. It
might be interesting to set up a compar-
ative study between 1-part implants
with straight, concave, and flared trans-
mucosal designs with various position-
ing depths in relation to the bone crest,
to confirm these results. Other parame-
ters may also be considered, such as
modified surface properties and micro-
grooves on the transmucosal part of the
implant, which, according to the litera-
ture, seem to provide a strong connec-
tive tissue adhesion to the titanium
surface.
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Within the limits of the present
study, a concave transmucosal design
was associated with a short vertical
value of biological width and promoted
a mechanical interlocking of the
implant body at the connective tissue
and marginal bone levels.
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