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Abstract

Objectives This study assessed bone height between novel tapered implants at different inter-implant thread peak (TP)
distances, and the impact of TP distance from outer buccal bone (BB) on marginal bone levels (MBL).

Materials and Methods Fully tapered implants with 0.5-mm thread depth and TP diameter 1 mm wider than the shoulder
diameter were placed in healed ridges of minipigs. On one side, four implants were placed with inter-implant TP distances
of 1, 2, or 3 mm corresponding to inter-implant implant shoulder distances of 2, 3, and 4 mm respectively. Three implants
were placed on the other side with TP distances to outer BB of > 1 mm, 0.5-1 mm, or <0.5 mm. After 12 weeks, (a) first
bone-to-implant contact (fBIC), total BIC, bone area-to-total area (BATA), and coronal bone height between implants (Bi /2
max) for inter-implant distance, and (b) fBIC, BIC, and perpendicular crest to implant shoulder (pCIS) for BB were evaluated.
Results No significant differences in bone healing and inter-implant bone height were noted for any of the TP distances. BB resorp-
tion was significant when TP distance to outer BB was < 0.5 mm. However, fBIC was lowest with TP to outer BB of 1.75 mm.
Conclusions Inter-implant bone height between adjacent implants can be maintained even at an inter-implant TP distance as
low as 1 mm. A minimum TP to outer BB distance of 0.75 mm is required for predictable maintenance of MBL.

Clinical relevance Inter-implant distance and BB thickness are clinically relevant and require preclinical research to clarify

concepts.

Keywords Swine - Miniature - Dental arch - Mandible - Dental implantation - Endosseous - Alveolar process - Bone

remodelling

Introduction

Dental implants are a well-established treatment modality
for the rehabilitation of missing teeth. A key measure of
clinical success is maintenance of bone at the shoulder of the
implant [1], which may be influenced by patient, clinician
and implant design factors. Patient factors include bispho-
sphonate treatment [1], uncontrolled diabetes mellitus [2],
and smoking [3-5], as well as local factors such as infections
and periodontal disease [4—7], bone volume and quality, and
attached mucosa volume [4, 8]. Clinician factors include
surgical technique and level of experience [5, §]. Implant-
design factors such as the implant surface material, diameter
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of the implant, implant-abutment connection, and microgap
[4, 9-12] can influence marginal bone levels at implants.

When adjacent implants need to be placed, an additional
factor to consider is the distance between the implants.
When implants are placed too close together, the bone
crest between the implants is reduced [13]. Recommen-
dations currently exist on the minimum distance between
implants when placed adjacent to each other, i.e., at least
3 mm between adjacent implant shoulders at the implant-
abutment level [13, 14]. Furthermore, it has been suggested
that implants should be placed at least 1 to 2 mm away from
the outer edge of the buccal bone in order to maintain buccal
bone height [15-19].

These guidelines were based on traditional implant
designs, where the implant shoulder is the widest part of
the implant. New implant systems have since been devel-
oped that have different designs. One such implant is a novel
fully tapered implant where the diameter of the self-cutting
implant threads is greater than that of the implant shoulder
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(BLX implant®, The Straumann Group, Basel, Switzer-
land) [20]. When measuring the distance between adjacent
implants to be placed, the measurement is usually the dis-
tance from implant shoulder to implant shoulder, since this
is the widest part of the implant for most implant systems.
With the novel implant under investigation, however, the
threads extend beyond the central implant diameter. So
measuring from implant shoulder to implant shoulder may
mean that the thread peak (TP) distance between adjacent
implants is closer than the minimum recommended distance.
It may be speculated that thread proximity may have an
effect on the inter-implant crestal bone level when adjacent
implants of this type are placed. A recent pre-clinical study
using this novel implant design investigated submerged and
transmucosal healing protocols. However, implants were
widely spaced apart and this study could not be used to
assess implant proximity [20].

A further consideration is the proximity of the implant to
the outer surface of the buccal bone. It has been reported that
implants placed too close to the buccal bone wall can have
a detrimental effect on the buccal bone [21-23]. With the
novel implant under investigation, measuring buccal bone
thickness from the implant shoulder to the outer surface
of the buccal bone may not be comparable to traditional
implant designs, since the wider diameter threads will result
in the TP being closer to the outer surface of the bone than
the shoulder, and therefore closer to the outer buccal bone
than the minimum distance recommended.

Currently, there are no data available on the effect of inter-
implant TP distance and TP distance to outer buccal bone with
this novel implant design. The purpose of this study, therefore,
was to assess bone healing and implant bone height between
implants of this novel design when placed at inter-implant TP
distances of 3 mm, 2 mm, or 1 mm, and to also assess the
impact of TP distances of > 1 mm, 0.5-1 mm, or <0.5 mm to
the outer buccal bone wall on maintenance of marginal bone
levels (MBL) after 12 weeks of healing in a porcine model. The
similarities of porcine bone to human bone make it suitable for
investigations in bone regeneration in implant dentistry [24].

Materials and methods

This study was performed in accordance with the Swed-
ish Animal Protection Law (Animal Welfare Act 1988:534)
and EU Directive 2010/63/EU on the protection of animals
used for scientific purposes. The study was approved by the
Ethical Committee of the University of Lund, Sweden (ethi-
cal approval no. M-192-14) and reported according to the
ARRIVE (Animal Research Reporting of In Vivo Experi-
ments) guidelines [25].
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Ten female Gottingen minipigs (Ellegaard Gottingen
minipigs A/S, Dalmose, Denmark), with a mean weight of
34.62 +2.61 kg and a mean age of 20.92 +0.79 months,
were used in the study. The animals were acclimatised for
a minimum of 1 week in standard pens (three or four ani-
mals per pen) under controlled environmental conditions.
A standard soft food diet (# 801,586; Special Diet Services
(SDS), Witham, UK) was given. Nine animals were used
for data collection with one for calibration.

Surgical procedure and terminal procedure

Tooth extraction and implant placement was performed
three months apart in an animal surgery operating suite
under full narcosis and aseptic conditions. The animals
were fasted overnight prior to surgery to prevent vom-
iting. The authors placed all implants and undertook all
measurements.

Dexmedetomidine (Dexdomitor, Orion Pharma Animal
Health, FI-02101 Espoo, Finland; 25-35 pg/kg) and tile-
tamine-zolazepam (Zoletil 100 Vet, 06,511 Carros cedex,
France, 50-70 mg/kg) were injected intramuscularly as a
pre-medication anaesthetic. Thereafter, each animal was
individually dosed with Propofol (PropoVet multidose,
Orion Pharma Animal Health, FI-02101 Espoo, Finland)
in the range of 40-100 mg/h to maintain anaesthesia. Pain
relief was given pre-emptively and for up to 4 days post-sur-
gically by means of Carprofen (Rimadyl Vet, Orion Pharma
Animal Health, FI-02101 Espoo, Finland; 4 mg/kg, s.i.d.)
in combination with buprenorphine (Vetergesic Vet, Orion
Pharma Animal Health, FI-02101 Espoo, Finland; 0.03 mg/
kg). Antibiotic prophylaxis was administered by means of a
combination of benzylpenicillin procaine + dihydrostrepto-
mycin (Streptocillin Vet, Boehringer Ingelheim Vetmedica,
Ingelheim am Rhein, Germany) 25 mg/mg and 20 mg/kg
s.i.d. i.m. During anaesthesia the animals were intubated for
ventilator-assisted breathing and vital parameters (pulse oxi-
metry, rectal temperature, blood pressure, CO, levels) were
continuously monitored. Intra-operatively, a local anaes-
thetic, Xylocaine in combination with adrenaline (20 mg/
ml and 12.5 pg/ml respectively, Astra AB, Sodertélje, Swe-
den) was administered (1.8-mL infiltrate injection Astra
AB, Sodertilje, Sweden; 20 mg/ml and 12.5 mg/ml) per
hemi-mandible.

Two surgical interventions were performed in each of
the 10 animals. First, the mandibular premolars (P2—-P4)
and first molar (M 1) were extracted via a flapless approach.
After a 12-week healing period [26], the alveolar ridge was
exposed on both sides of the mandible following incision
and reflection of the muco-periosteal flap. Gentle bone
grinding was performed to flatten the crest of the ridge under
cooled sterile saline irrigation (Fig. 1a—c).
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Fig.1 Surgical procedures. a Hemi-mandible 12 weeks after extrac-
tion of the mandibular premolars (P2-P4) and first molar (M1). b
Elevation of full thickness buccal and lingual muco-periosteal flaps.
¢ Gentle bone grinding was performed to flatten the crest of the ridge
under cooled sterile saline irrigation. d Osteotomy preparation with
implant centres fixed at 7.5 mm, 6.5 mm, and 5.5 mm apart, so that

Implant dimensions

The implants selected for the study were BLX® Roxolid®
SLActive® 4.5 mm X 8 mm implants (The Straumann
Group, Basel, Switzerland) that had a body diameter of
3.5 mm at the shoulder tapering to 1.9 mm at the apex. The
cutting threads commenced 1 mm apical to the shoulder and
terminated at the apex. The outer diameter of the peaks of
the cutting threads was 4.5 mm in the coronal portion of the
implant gradually reducing to 3.6 mm at the apex. Thus, the
depth of the thread was 0.5 mm near the implant shoulder,
gradually increasing to 1.3 mm at the apex. The neck of the
implant consisted of 0.5-mm region of microthreads and a
0.5 mm coronal unthreaded region adjacent to the shoulder.

Inter-implant distance

On one side of the mandible, osteotomies were prepared in
the centre of the ridge using a manufactured drill template,

four implants could be placed with inter-implant thread distances of
3 mm, 2 mm, or | mm. e Implants inserted. f Flap closure. g Osteot-
omy preparation to give implant thread to outer buccal bone distances
of > 1 mm, 0.5-1 mm, and < 0.5 mm. h Resorbable barrier membrane
placed over the implants and the buccal aspect of the ridge prior to
flap closure

with the positions of the implants marked with a needle
drill (@ 1.6 mm; The Straumann Group, Basel, Switzer-
land). The implant centers were fixed at 7.5 mm, 6.5 mm
and 5.5 mm apart, so that four implants could be placed
with inter-implant TP distances of 3 mm, 2 mm, or 1 mm
(Fig. 1d-f). At these TP distances, the corresponding dis-
tances between the shoulder of the implants was 4 mm,
3 mm, and 2 mm respectively. The needle drill was left
in place after the first drill hole so that the drill template
remained in place for the positioning of the other three
implants. Osteotomy creation followed the manufactur-
er’s guidelines for hard bone type (BLX drills @ 2.8 mm,
3.2 mm, 3.7 mm, and 4.2 mm, The Straumann Group,
Basel, Switzerland). Four BLX Roxolid® SLActive®
4.5 mm X 8 mm implants (The Straumann Group, Basel,
Switzerland) were placed at crestal bone level according
to the manufacturer’s instructions. Closure screws were
placed and the soft tissue repositioned and closed with
resorbable sutures.
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Buccal bone thickness

On the left side of the mandible, three implants were
placed with the distance from the outer buccal bone to the
centre of each implant was measured with a periodontal
probe with 0.5-mm increments (HuFriedy PPSG Goldstein
Colorvue Probe, HuFriedyGroup, Chicago IL, USA); the
proposed implant centre was marked with a needle drill
(as for the inter-implant distance above) and distances of
2 mm, 3 mm and 4 mm were measured to give distances
from implant shoulder to outer buccal bone of 0.25 mm,
1.25 mm, and 2.25 mm, and TP to outer buccal bone dis-
tances of < 0.5 mm, 0.5-1 mm, and > 1 mm respectively
(Fig. 1g—i). The implants were placed with a minimum
of 4 mm distance between implant threads. Osteotomy
creation and implant placement followed the same pro-
cedure as for the inter-implant distance protocol above.
Due to the risk of microfractures of the buccal bone plate
in the < 0.5 mm group, a slow resorbing collagen mem-
brane (Straumann® Jason® membrane, Straumann AG,
Basel, Switzerland) was placed over the buccal aspect of
all implants on the left side to serve as a barrier membrane
to protect the bone. No randomization was performed for
either procedure.

The relative dimensions of the implant and maximum
outer thread diameter, as well as the inter-implant dis-
tances and buccal bone thickness are depicted in Fig. 2.
All observations, including measured maximum insertion
torque, as well as the inter-implant distance and buccal
bone thickness measured by means of a periodontal probe,
were recorded and photographs taken from all sites at
implantation and termination.

Fig.2 Schematic representa-
tion of a implant shoulder and
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maximum outer thread diam- outer thread
eters in mm (@), b inter-implant @ 4.5 mm
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and 3 mm at maximum outer

. 5.5mm

thread (ﬁameter, and ¢ buccal Implant
bone thickness of <(0.5 mm, shoulder
0.5-1 mm, and > 1 mm from @ 3.5mm
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b. Inter-implant distance

Post-surgery

The animals were observed until full recovery. They were
housed in pens in groups of at least 3 animals under con-
trolled environmental, and provided with a standard soft
food diet for Minipigs. Twelve weeks after surgery all ani-
mals were sacrificed by intra-cardiac injection of a 20%
solution of pentobarbital (Pentobarbitalnatrium, Apoteket
AB; Stockholm, Sweden), 60 mg/ml.

Sample preparation and processing

Block resections of the implant sites were prepared using
an oscillating saw to preserve the soft tissue. The mandi-
bles were fixed in formalin (formaldehyde 4% solution) for
a minimum of 2 weeks prior to transporting for histological
processing. Following immersion in formalin and dehydra-
tion via ascending grades of alcohol and xylene, the bone
samples were infiltrated and embedded in methylmeth-
acrylate for non-decalcified sectioning. Each hemi-mandible
was separated into five blocks by bucco-lingual cuts through
the center of the implant. The inter-implant distances were
determined using the three middle blocks, each of which
contained half an implant and the inter-implant region. Each
block was again cut in a mesio-distal direction through the
centre of the implant. For the calculation of buccal bone
thickness, each implant was also was cut through the implant
centre in the bucco-lingual direction. For both inter-implant
and buccal bone thickness calculations, 500-um-thick sec-
tions were obtained and ground to 30-50 pm, then stained
with Paragon (toluidine blue and basic fuchsin) for micro-
scopic evaluation.

@ 4.5mm
[e=—p >1mm
~4mm
“llllll’kvoﬁlmm
[——>
~3mm
‘ <0.5mm
|e—>
~2mm

c. Buccal wall thickness
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Histomorphometrical analysis

From the stained sections obtained the following parameters
were measured and calculated:
For inter-implant distance measurements:

e Bone area to total area (BATA, Fig. 3a), calculated as the
percentage of bone tissue within the region of interest
(ROI) between implants. This measurement was stand-
ardized between the different groups by drawing a line
between the adjacent implant shoulders and between the
adjacent implant apices since only the residual inter-
implant bone area between two adjacent implants is
described.

e Bone to implant contact (BIC, Fig. 3b), calculated as
the percentage of implant surface in direct contact with
bone. For each inter-implant region BIC was measured
individually and then averaged.

e First bone to Implant contact (fBIC, Fig. 3c), calculated
as the corono-apical distance between the implant shoul-
der and the most coronal contact point between bone and
implant surface. For each inter-implant region, the fBIC
was measured individually and then averaged. Negative
values indicate a position apical to the implant shoulder.

e Coronal bone height at the mid-distance between two
implants (Bi ¥2 max, Fig. 3c), measured parallel to the
implant axes from a reference line drawn between adja-
cent implant shoulders.

For buccal bone thickness measurements:

e fBIC was measured as for the inter-implant distance, but
only the buccal side was measured.

e BIC was measured as for the inter-implant distance, but
only the buccal side was measured.

e Perpendicular crest to implant shoulder (pCIS), meas-
ured as the corono-apical distance between the implant
shoulder and the most coronal bone (perpendicular to the
implant axis), was used to evaluate buccal MBL changes.
Using the knowledge that the stain utilised penetrates

Fig. 3 Histomorphometrical
evaluations for inter-implant
distance: a region of inter-

est (ROI) for bone area to total
area (BATA); b region meas-
ured for total bone-to-implant
contact (BIC); ¢ first bone-to-
implant contact (fBIC) and
interproximal level at the mid-
distance between two implants
(Bi Y2 max)

more easily into newly formed bone than into older resid-
ual bone, the two can be differentiated and therefore be
used to measure two different pCIS values i.e. old ver-
sus new bone. This was considered as the coronal bone
remodelling during the healing process and described as
Delta pCIS.

Statistical analysis

Descriptive statistics (means, SDs, medians, and ranges)
were calculated, and paired comparisons were performed
using the Wilcoxon signed rank test. Associations with each
of the outcomes, adjusted for the effects of the animals, were
examined using multivariable mixed linear regression mod-
els with adjustment for different group effects and multiple
comparisons by the Dunnett-Hsu method.

Results

Recovery from surgery was uneventful in all animals. Of
the ten animals implanted, one was used to test the surgical
procedure and was therefore excluded from the subsequent
analysis. The results from the remaining nine animals were
therefore used for the analysis for inter-implant distances
(Fig. 4a—c) and buccal bone thickness (Fig. Sa—c). There
were no differences between groups for maximum insertion
torque which ranged from 50 to 80 Ncm.

Inter-implant distance

Drill templates were used to ensure correct implant posi-
tioning for inter-implant TP distances of 1 mm, 2 mm, and
3 mm; however, histological measurement showed slight
variations and were recorded as follows:

e 3 mm group: mean TP distance 3.12 +0.39 mm (9 histol-
ogy slides)

e 2 mm group: mean TP distance 2.11 +0.26 mm (9 histol-
ogy slides)

b) c)

Bi 72 max
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Fig.4 Histologic sections of
inter-implant distances of a
3mm, b2 mm, and ¢ 1 mm

e 1 mm group: mean TP distance 1.21 +0.20 mm (9 histol-
ogy slides)

The mean fBIC for each slide was calculated from the
mesial and distal fBIC measurements. The lowest mean fBIC
was found in the 3 mm group (mean — 1420.33 +349.24 um),
followed by the 1 mm group (mean — 1356.18 £671.53 pm)
and the 2 mm group (mean — 1054.71+411.66 um). No
significant differences were observed between the groups.
Figure 6 shows the median, 25th and 75 percentile values,
showing that variation was greater in the 1 mm group,
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despite similar means. Wilcoxon signed rank test p-value
showed no significant differences between the groups.
Likewise, comparisons of the values adjusted for factor
‘animal’ using a mixed linear regression model (Table 1)
also show no significant differences between the groups
for fBIC. The p-value for the overall effect (p =0.2052)
was also not significant, indicating that inter-implant TP
distance has no effect on the fBIC. Percentage of total BIC
was comparable between the groups. The lowest value was
in the 1 mm group (mean 67.91 + 13.77%), followed by the
3 mm group (mean 71.37 +£5.53%) and the 2 mm group
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Fig.5 Histologic sections

of buccal bone distances of
a>1 mm, b 0.5-1 mm, and
¢<0.5 mm (buccal side denoted
by letter B)
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Fig.6 Median (horizontal lines), mean (+), 25th and 75th percentile
(boxes) values for first bone-to-implant contact (fBIC) at adjacent
implants; whiskers show min. and max. values

(mean 73.55 +8.64%). As with fBIC, greater variation was
noted in the 1 mm group (Fig. 7). Neither Wilcoxon signed
rank test p-values nor the mixed linear regression model
for adjusted associations (Table 1) showed any significant
differences between the groups. The p-value for the overall
effect (p=0.5924) demonstrated that inter-implant TP
distance had no effect on the total BIC.

BATA was also comparable between the groups,
with mean values of 72.06 +8.10%, 78.61 +5.98%, and
7498 +7.71% for the 1 mm, 2 mm, and 3 mm groups,
respectively. Figure 8 shows the median, 25th and 75th
percentile values. No significant differences were observed
using the Wilcoxon signed rank test or with adjusted
comparisons using the mixed linear regression model
(Table 1), and the p-value for the overall effect (p =0.2358)
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Fig.7 Median (horizontal lines), mean (+), 25th and 75th percen-
tile (boxes) values for total bone-to-implant contact (BIC) at adjacent
implants; whiskers show min. and max. values
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Fig.8 Median (horizontal lines), mean (+), 25th and 75 percen-
tile (boxes) values for bone area to total area (BATA) at adjacent
implants; whiskers show min. and max. values

showed that inter-implant TP distance has no effect on inter-
implant BATA.

Mean Bi Y2 max values were — 38.31 +483.78 um,
156.06 +£355.94 um, and 94.76 +515.12 pm for the 1 mm,
2 mm, and 3 mm groups, respectively. Median, 25th and 75th
percentile values are shown in Fig. 9. Differences between
the groups were not significant using the Wilcoxon signed
rank test or the mixed linear regression model (Table 1).
The p-value for the overall effect (p =0.5031) indicated that
inter-implant TP distance has no effect on Bi 2 max.

Buccal bone thickness

The distance from the implant shoulder to the outer buccal
bone was confirmed at implant placement using a periodon-
tal probe to the closest 0.5 mm, where the implant centre was
marked with a needle drill based on freehand measurements

1000 _
'E 5004 |
=
s ool Al =
E 1 T
-
m -5004 I I
-1000 T T T
3 mm 2mm 1 mm

Fig.9 Median (horizontal lines), mean (+4), 25th and 75th percentile
(boxes) values for coronal height at the mid-distance between two
implants (Bi ¥2 max); whiskers show min. and max. values. The dot-
ted line represents the crestal bone level at implant placement

with the probe. The buccal bone thickness measured as the
distance from implant shoulder to outer buccal bone was
0.25+0.27 mm (range 0 to 0.5 mm), 1.0+0.26 mm (range
0.5 to 1 mm), and 1.93 +£0.18 mm (range 1.5 to 2.0 mm) for
the < 0.5 mm, 0.5-1.0 mm, and > 1 mm groups respectively.
The mean histological distance from TP to outer buccal bone
by group was as follows:

e <0.5 mm group: mean distance 0.08 +0.13 mm; range
0-0.25 mm (9 histology slides)

e (0.5-1.0 mm group: mean distance 0.75+0.13 mm; range
0.5-1.0 mm (8 histology slides)

e > mm group: mean distance 1.75+0.22 mm; range
1.25 to 2.0 mm (10 histology slides)

Values for fBIC decreased as the buccal bone thickness
increased. The lowest fBIC was observed in the <0.5 mm
group (—2703.08 + 1244.92 um), followed by the 0.5-1 mm
group (—1911.99 +823.32 pm) and the>1 mm group
(—1562.18 +464.08 um). The < 0.5 mm group showed
the greatest variation in values (Fig. 10). The Wilcoxon
signed rank test showed borderline significance between
the < 0.5 mm and the > 1 mm groups (p=0.0547; Table 2),
while the mixed linear regression model showed a significant
difference for fBIC between the < 0.5 mm and the > 1 mm
groups (p=0.0179). The p-value for the overall effect was
0.0286, indicating that buccal bone thickness has a signifi-
cant effect on fBIC. The same trend was not observed for
total BIC, which showed similar values between the groups:
mean percentage BIC was 61.00+15.92%, 67.81 + 14.40%,
and 68.08 + 14.13% for the < 0.5 mm, 0.5-1 mm, and > 1 mm
groups, respectively. Figure 11 shows the median, 25th and
75th percentile values. No significant differences between
the groups were observed using the Wilcoxon signed rank
test or the mixed linear regression model, and the p-value
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Fig. 10 Median (horizontal lines), mean (+), 25" and 75 percentile
(boxes) values for first bone-to-implant contact (fBIC) for implants at
buccal bone sites; whiskers show min. and max. values. The dotted
line represents the crestal bone level at implant placement

of 0.5295 for the overall effect indicated that buccal bone
thickness had no effect on total BIC.

Significant differences between groups were found for
MBL, as measured by pCIS; new bone growth was dis-
criminated from residual bone by measuring new pCIS
and old pCIS, and the difference between the two was
described as delta pCIS. Values for new pCIS decreased
as the buccal bone thickness increased, indicating better
MBL maintenance with increased bone thickness. There
was a significant difference between the 0.5-1 mm group
(mean — 507.72 +£489.20 um) and the < 0.5 mm group
(mean — 1397.18 + 1204.65 um) by Wilcoxon signed rank
test (p=0.0391), while the mixed linear regression model
showed no significant difference between these groups
(p=0.0630; Table 2). The difference between the > 1 mm
group (mean —455.26 +455.49 pm) and the < 0.5 mm
group was borderline significant by Wilcoxon signed rank
test (p =0.0547) and significant by mixed linear regression
(p=0.0368; Table 2). Values for old pCIS also decreased as
the buccal bone thickness increased. This indicated that ini-
tial marginal bone resorption following surgery and implant
placement increased as buccal bone thickness decreased.
The < 0.5 mm group (mean —3275.71+1051.12 um)
was significantly different from both the 0.5-1 mm group
(mean — 1434.98 +264.19 ym) and the>1 mm group
(mean — 1256.88 +332.64 um) by both the Wilcoxon signed
rank test (p=0.0156 and p =0.0039, respectively) and the
mixed linear regression model (p <0.0001 for both differ-
ences; Table 2). The same pattern was observed for delta
pCIS, i.e., the < 0.5 mm group (mean 1878.52 + 1041.64 um)
was significantly different from the 0.5-1 mm group
(mean 927.265+515.75 pm) and the>1 mm group
(mean 801.61 +534.51 um) by Wilcoxon signed rank test
(»=0.0234 and p=0.0195, respectively) and mixed linear
regression model (p =0.0210 and p=0.0031, respectively;

@ Springer

Table 2). The p-values for the overall effects for new
pCIS (p=0.0385), old pCIS (p <0.0001), and delta pCIS
(p=0.0043) indicated that buccal bone thickness has a sig-
nificant effect on maintenance of buccal MBL.

Discussion

This study aimed to determine whether placing adjacent
implants of a novel design at varying inter-implant TP
distances can have an influence on bone healing and inter-
implant bone height. The secondary objective was to assess
whether the implants can have an effect on maintenance of
MBL if placed with TP closer to the outer edge of the buccal
bone than the recommended 1 to 2 mm minimum [19]. The
results indicated that inter-implant TP distance has no sig-
nificant effect on bone healing when the implants are placed
at TP distances of 3 mm, 2 mm, and 1 mm between adjacent
implants, which corresponds to the distances between the
shoulder of the implants of 4 mm, 3 mm, and 2 mm respec-
tively. The 1 mm group had TP distance of 1 mm and an
inter-implant shoulder distance of 2 mm, which were less
than the original 3 mm recommendation of Tarnow and co-
workers [13]. The authors based their recommendation on
implants designed with an external hexagon connection in
which an average MBL of 1.2 mm could be anticipated in
the first year of function [27] accompanied by a V-shaped
pattern of bone resorption at the neck of the implant, also
referred to as crater- [28] or saucer-shaped defects [29]. If
considering the implant shoulder as the reference for inter-
implant distance, the findings of the present study are con-
sistent with studies of contemporary implants which incor-
porate internal tapered abutment connections (ITAC) that
offset the microgap at the implant-abutment interface from
the implant shoulder. Implants with this design have been
shown to have significantly less MBL than implants that did
not offset the implant-abutment junction from the implant
shoulder [30], and had less tendency to form a crater-shaped
marginal defect [26]. Preclinical studies have shown that
these implants can be placed 2 mm apart without com-
promising histologic and radiographic inter-implant MBL
in a minipig model [31, 32] as well as in a canine model
[33-36]. Recent clinical studies have confirmed the preclini-
cal reports. For example, Koutouzis and colleagues evalu-
ated 30 patients who had adjacent internal tapered abutment
connection implants placed either 2 mm, 3 mm, or>4 mm
apart [37]. No differences in radiographic marginal or mid-
proximal bone loss were seen in any of the groups at up to
2 years follow-up. However, unlike the novel implant used
in the present study, the TP of these implants did not extend
beyond the widest diameter of the implant body. In other
words, the shoulder and threads of these implants were
at least 2 mm apart. The findings of the present study are



3271

Clinical Oral Investigations (2023) 27:3261-3274

Joprnoys juedwr o3 35210 re[norpuadiad §7Hd ‘10108) B UM uosLredwod Y} J0J [9A] JOUIYY f2y

suostredwod sdnnuw 10§ pasnfpy

109§ WOPUEI © S& [9POWL dY} UT PAONPONUL SEA [RWIUE J0JOB) Y]

Jou  1€00°0 L8Y9CI—£SCST 0L'8SL 0 wwi<

L¥0L'0 01200 17 CeS1-0r 62y 16'086 LEBY'O0  LB'60E ILceee wi=¢o0

£¥00°0 1€00°0 Jou 96'10¥7C—80°SSE1 ¢S8L81 91000  0T96C LT86I1T wwe (o>
0€10°0  LL'8ET 0L'8SL - 1deorayug [wri] 10d B

Jo¥ 1000 > 8C' €18 ——C6'9691 — STl — 0 wwui<

828L'0 1000 > ¢S'SY6 ——6v'8C61 — 10°LEVT — L66S0  T1°60¢€ SLIST — w =60

1000°0> 1000°0> Jou 81'CI8C——€T6ELE — ILsLee—  1000°>  ¥S¥6C 9'0c0c— ww e o>
€0000  SE€'80T  ST'SSTI— - 1dodrayuy [wn] s10d PIO

Jod  89¢0°0 6€'LL~C6'L86— 9T SSY— 0 wwui<

2986'0  0€90°0 18°L8¥Ce011 — CL'LOS — 1168°0 689LE Syes — w =60

68€0°0 TLEDO Jou CL'GE8 ——69'8S61 — 61°L6E] — 10200 80°59¢ ¢6'1Iv6— wwgo>
9,010 9TIST 9T SS— - 1deoreyug [wri] STOd moN

Jou  €T6v°0 20'8L—G1'8S 018089 0 wui<

6866'0 61550 26'8L-69°9¢ 0508°L9 88960  €TEO'L 8C0— w =60

S6CS0 1L6¥°0 Jou 8¥'1L-¢5°0S 110019 6€1¢'0 81189 80'L— wWwgo>
1000°>  7889'¥ 80°89 - 1dooraiug [%] 10e3u09 Jueldwr 0} Quog

Jou  6L10°0 €8°6S6——11'L91C— L' €9S1 — 0 wup<

6019°0  9SCI°0 S8 TVl ——68°LLST— 8¢0l6l — €eor'o  ¥Teor 06'9v¢ — w [=¢0

98200 I810°0 Jou 8LTLOT——LECEEE — 80°¢0LT— 96000 S8°L8E 19°'6€I1— WWw g Q> Ssauyduy) suog
90000 SLY¥8T  LYE9ST— - 1deoroyuy  [wn] 1981u00 Juejduir 0) duoq 18It
(10108} anpea-d 3(150)-7)
ot JO 19450 (MOSH-neuUNq  UedwW paisnlpe ay) 10 [D %66 Ueow mwuum:.ﬂﬂi onfea-d qS QrewInsSy
[[BI2A0 21} I0J)

anpea-d suosLiedwos sydnnur 10§ sxejewered (paysnlpy s1o1owered uoISsaIZoY anep 10108 QwoonQ

S[OpPOW UOISSAISAI JEQUI] PAXIW SUISN SJUSWINSEAW SSOUSDIY) dUOQ [BIIN] J0J SAW0IN0 pAsn(py ¢ 3|qer

pringer

a's



3272 Clinical Oral Investigations (2023) 27:3261-3274
100 The results also showed that MBL was similar for the
0.5-1.0 mm and > 1 mm groups, with both groups show-

80- T T ] ing significantly better maintenance of MBL compared to

| — I the < 0.5 mm group. For the 0.5-1.0 mm group, the buccal

o\'? 60- = ' bone width was 1 mm at the implant shoulder and the mean
= J_ TP to outer buccal bone distance was 0.75 mm. The findings
% 40- are interesting, as it suggests that under the conditions of this
— — study, implant threads that are wider than the body diameter

204 of the implant may not have a detrimental effect on buccal
bone height maintenance, provided the thread tips are at least

0 : : : 0.75 mm and the buccal bone width at the implant shoulder

<0.5mm 0.5-1mm >1 mm

Fig. 11 Median (horizontal lines), mean (+), 25th and 75th per-
centile (boxes) values for total bone-to-implant contact (BIC) for
implants at buccal b sites; whiskers show min. and max. values

therefore unique, as this is the first report indicating that
bone healing may not be adversely affected at an inter-
implant shoulder distance of 2 mm and TP distance of 1 mm.
In this regard, it is interesting to speculate whether the major
factor influencing bone healing with this novel implant is
the inter-implant TP distance or the inter-implant shoulder
distance, and whether smaller inter-implant TP distances
could influence healing outcomes. It was noted in the present
study that the results for the 1 mm group did show greater
variability for fBIC and %BIC suggesting that TP proximity
of 1 mm may influence these parameters. A scanning elec-
tron microscope study of loaded dental implants in a canine
model showed the presence of an intricate vascular network
adjacent to the implant surface that was located within bone
canals 10 to 70 um in diameter. This vascular network was
connected to the adjacent marrow tissues [38]. A study in a
canine model found that the vascularity of the bone between
implants was significantly less for inter-implant distance of
2 mm compared to 3 mm [39]. It is plausible, therefore, that
the reduced marrow volume associated with TP proximity
of 1 mm in the present study may adversely influence the
vascularity of the inter-implant bone, and explain the vari-
ability in fBIC and %BIC observed in the 1 mm group. Fur-
ther studies with the same implant body diameter but wider
thread diameters and smaller inter-implant TP distances
would be needed to clarify this.

For buccal bone thickness, the results of the present study
showed that fBIC was significantly closer to the implant
shoulder in the > 1 mm group compared to the <0.5 mm
group. For the > 1 mm group, the mean buccal bone thick-
ness at the implant shoulder was 1.93 +0.18 mm and mean
TP to outer bone distance was 1.75+0.22 mm. This suggests
that for this novel implant, a minimum TP to outer buccal
bone thickness of 1.75 mm is required to minimize the dis-
tance fBIC to the implant shoulder.

@ Springer

is 1.0 mm. These findings are at odds with published clinical
and preclinical studies which suggest that greater bone thick-
ness of 1.5 mm to 2 mm is needed to maintain bone height.
In a recently published pre-clinical study, implants were
placed in canine mandibles in either thick (> 1.5 mm) or
thin (< 1.5 mm) buccal bone. There was significantly greater
peri-implant bone loss with a thinner buccal bone [40]. In
a large prospective clinical study, 2685 implants that were
placed in patients at 30 centres were evaluated [15]. It was
found that implants with a buccal bone thickness of 1.8 to
2 mm at the time of placement had less corono-apical crestal
bone loss at the surgical uncovering 6 months later than
implants with buccal bone less than 1.8 mm in width. Indi-
rect evidence for minimum buccal bone thickness may also
be derived from clinical studies reporting on peri-implant
soft tissue stability. In a recent clinical study, sites with ini-
tially > 1.5 mm buccal bone thickness demonstrated coronal
growth of soft tissues, compared to sites with < 1.5 mm of
buccal bone thickness which recorded 0.64 to 1.22 mm of
mucosal recession 3 years after implant placement [40, 41].
The reasons for the difference between the published litera-
ture and the present study in relation to the minimum buccal
bone thickness are unclear, but may relate to differences in
the study design (clinical vs. preclinical) and the preclinical
models used (canine vs porcine), the limitation in manual
measurements of intraoperative buccal bone thickness, or
may be attributable to the novel design of the implant itself.
Comparative studies would be required to shed further light
in this. This study was designed with a submerged healing
protocol. A transmucosal comparison was deemed unneces-
sary due to the results of a previous study using the same
implant design and the same pre-clinical model which dem-
onstrated no difference in the bone response between sub-
merged and transmucosal healing [20].

As with all experimental studies, the authors note certain
limitations in this study. In terms of study design, the aim
was to perform an effective evaluation of the test situation
ethically, using as few animals as possible, this does mean
that there was (a) no randomization, since the implant posi-
tioning was exactly the same in each animal, and (b) no
control group using a more standard implant design, i.e., one
where the implant shoulder is the widest part of the implant.
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In addition, while the results of this study suggest that the
BLX implant can be placed with the TP 1 mm apart and as
close as 0.5 to 1 mm to the outer surface of the buccal bone,
these findings may not be directly translatable to the clinical
setting and should be interpreted cautiously. In particular,
implants placed too close together may have negative conse-
quences in terms of access for maintenance and homecare in
a clinical setting. Clinical studies designed to evaluate these
parameters are required.

Conclusions

The results from this preclinical study suggest that the inter-
implant bone levels between adjacent BLX implants can be
maintained even when the distance between TP is as low
as 1 mm. A minimum TP to outer buccal bone distance of
0.75 mm, which corresponds to buccal bone thickness of
1 mm at the implant shoulder, is required for predictable
maintenance of buccal MBL. However, fBIC distance to the
implant shoulder was lowest with TP to outer buccal bone
distance of 1.75 mm corresponding to buccal bone thickness
of 2 mm at the implant shoulder.

Acknowledgements The authors would like to acknowledge the Study
Director, Benjamin Pippenger (Straumann Group, Basel, Switzerland),
who supervised the surgery, and Deputy Study Director Benjamin
Bell6n (Straumann Group, Basel, Switzerland). Rebecca Sandgren
(Lund University, Lund, Sweden) provided veterinary supervision.
Histology and histomorphometry processing were provided by Klaus
Weber (AnaPath Services, Liestal, Switzerland) and paid for by the
Straumann Group. Medical writing support was provided by RAPID
Consulting GmbH (Hausen am Albis, Switzerland) and paid for by
the authors.

Author contribution Both authors designed the study, undertook the
surgery, analyzed the data, and prepared the manuscript equally.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions This study was supported by the Straumann
Group, but the authors received no payment.

Declarations
Competing interests The authors declare no competing interests.

Ethics approval The study was approved by the Ethical Committee of
the University of Lund, Sweden (ethical approval no. M-192-14) for
the use of the minipigs in this study.

Conflict of Interest There authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are

included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bornstein MM, Cionca N, Mombelli A (2009) Systemic condi-
tions and treatments as risks for implant therapy. Int J Oral Maxil-
lofac Implants 24(Suppl):12-27

2. Naujokat H, Kunzendorf B, Wiltfang J (2016) Dental implants
and diabetes mellitus-a systematic review. Int J Implant Dent 2:5.
https://doi.org/10.1186/s40729-016-0038-2

3. Heitz-Mayfield LJ, Huynh-Ba G (2009) History of treated peri-
odontitis and smoking as risks for implant therapy. Int J Oral Max-
illofac Implants 24(Suppl):39-68

4. Romanos GE, Delgado-Ruiz R, Sculean A (2000) Concepts for
prevention of complications in implant therapy. Periodontol 81:7—
17. https://doi.org/10.1111/prd.12278

5. Ting M, Tenaglia MS, Jones GH, Suzuki JB (2017) Surgical and
Patient Factors Affecting Marginal Bone Levels Around Dental
Implants: A Comprehensive Overview of Systematic Reviews.
Implant Dent 26:303-315. https://doi.org/10.1097/1D.0000000000
000565

6. Marcantonio C, Nicoli LG, Marcantonio Junior E, Zandim-
Barcelos DL (2015) Prevalence and possible risk factors of peri-
implantitis: a concept review. ] Contemp Dent Pract 16:750-757.
https://doi.org/10.5005/jp-journals-10024-1752

7. Rosing CK, Fiorini T, Haas AN, Muniz F, Oppermann RV, Susin
C (2019) The impact of maintenance on peri-implant health. Braz
Oral Res 33:e074. https://doi.org/10.1590/1807-3107bor-2019.
vol33.0074

8. Porter JA, von Fraunhofer JA (2005) Success or failure of dental
implants? A literature review with treatment considerations. Gen
Dent 53:423-32 (quiz 433, 446)

9. De Bruyn H, Christiaens V, Doornewaard R, Jacobsson M, Cosyn
J, Jacquet W (2000) Vervaeke S (2017) Implant surface roughness
and patient factors on long-term peri-implant bone loss. Periodon-
tol 73:218-227. https://doi.org/10.1111/prd.12177

10 Grisar K, Sinha D, Schoenaers J, Dormaar T, Politis C (2017)
Retrospective Analysis of Dental Implants Placed Between 2012
and 2014: Indications, risk factors, and early survival. Int J Oral
Maxillofac Implants 32:649-654. https://doi.org/10.11607/jomi.
5332

11. Heinemann F, Hasan I, Bourauel C, Biffar R, Mundt T (2015)
Bone stability around dental implants: Treatment related factors.
Ann Anat 199:3-8. https://doi.org/10.1016/j.aanat.2015.02.004

12. Raikar S, Talukdar P, Kumari S, Panda SK, Oommen VM, Prasad
A (2017) Factors affecting the survival rate of dental implants: a
retrospective study. J Int Soc Prev Community Dent 7:351-355.
https://doi.org/10.4103/jispcd JISPCD_380_17

13. Tarnow DP, Cho SC, Wallace SS (2000) The effect of inter-
implant distance on the height of inter-implant bone crest. J Peri-
odontol 71:546-549

14. Buser D, Martin W, Belser UC (2004) Optimizing esthet-
ics for implant restorations in the anterior maxilla: anatomic
and surgical considerations. Int J Oral Maxillofac Implants
19(Suppl):43-61

15. Spray JR, Black CG, Morris HF, Ochi S (2000) The influence of
bone thickness on facial marginal bone response: stage 1 place-
ment through stage 2 uncovering. Ann Periodontol 5:119-128

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1186/s40729-016-0038-2
https://doi.org/10.1111/prd.12278
https://doi.org/10.1097/ID.0000000000000565
https://doi.org/10.1097/ID.0000000000000565
https://doi.org/10.5005/jp-journals-10024-1752
https://doi.org/10.1590/1807-3107bor-2019.vol33.0074
https://doi.org/10.1590/1807-3107bor-2019.vol33.0074
https://doi.org/10.1111/prd.12177
https://doi.org/10.11607/jomi.5332
https://doi.org/10.11607/jomi.5332
https://doi.org/10.1016/j.aanat.2015.02.004
https://doi.org/10.4103/jispcd.JISPCD_380_17

3274

Clinical Oral Investigations (2023) 27:3261-3274

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Buser, D., Martin, W., & Belser, U. C. (2007). Achieving optimal
esthetic results: Surgical considerations with regard to single-
tooth implants in the esthetic zone. In: Buser D, Belser U, Wis-
meijer D (eds) ITI Treatment Guide Vol 1: Implant Therapy in
the Esthetic Zone for Single-Tooth Replacements, vol. 1. Quintes-
sence Publishing Co. Ltd, Berlin, pp 26-37

Belser UC, Bernard JP, Buser D (2008) Implant placement in the
esthetic zone. In: Lindhe J, Lang NP, Karring T (eds) Clinical
periodontology and implant dentistry, S5th edn. Wiley-Blackwell,
p55

Qahash M, Susin C, Polimeni G, Hall J, Wikesjo UM (2008)
Bone healing dynamics at buccal peri-implant sites. Clin Oral
Implants Res 19:166-172. https://doi.org/10.1111/j.1600-0501.
2007.01428.x

Merheb J, Quirynen M, Teughels W (2000) Critical buccal bone
dimensions along implants. Periodontol 66:97-105. https://doi.
org/10.1111/prd.12042

Francisco H, Finelle G, Bornert F, Sandgren R, Herber V, War-
fving N, Pippenger BE (2021) Peri-implant bone preservation
of a novel, self-cutting, and fully tapered implant in the healed
crestal ridge of minipigs: submerged vs. transgingival heal-
ing. Clin Oral Investig 25:6821-6832. https://doi.org/10.1007/
s00784-021-03970-0

Caneva M, Botticelli D, Rossi F, Cardoso LC, Pantani F, Lang NP
(2012) Influence of implants with different sizes and configurations
installed immediately into extraction sockets on peri-implant hard
and soft tissues: an experimental study in dogs. Clin Oral Implants
Res 23:396-401. https://doi.org/10.1111/j.1600-0501.2011.02310.x
Lopez-Jarana P, Diaz-Castro CM, Falcao A, Falcao C, Rios-San-
tos JV, Herrero-Climent M (2018) Thickness of the buccal bone
wall and root angulation in the maxilla and mandible: an approach
to cone beam computed tomography. BMC Oral Health 18:194.
https://doi.org/10.1186/s12903-018-0652-x

Omori Y, lezzi G, Perrotti V, Piattelli A, Ferri M, Nakajima Y,
Botticelli D (2018) Influence of the buccal bone crest width on
peri-implant hard and soft tissues dimensions: a histomorphomet-
ric study in humans. Implant Dent 27:415-423. https://doi.org/10.
1097/1D.0000000000000772

Herring SW, Rafferty KL, Liu ZJ, Lemme M (2011) Mastication
and the postorbital ligament: dynamic strain in soft tissues. Integr
Comp Biol 51:297-306. https://doi.org/10.1093/icb/icr023
Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DG
(2010) Improving bioscience research reporting: the ARRIVE
guidelines for reporting animal research. PLoS Biol 8:¢1000412.
https://doi.org/10.1371/journal.pbio.1000412

Heitz-Mayfield LJ, Darby I, Heitz F, Chen S (2013) Preserva-
tion of crestal bone by implant design. A comparative study in
minipigs. Clin Oral Implants Res 24:243-249. https://doi.org/10.
1111/.1600-0501.2012.02513.x

Albrektsson T, Zarb GA, Worthington P, Eriksson AR (1986) The
long-term efficacy of currently used dental implants. A review and
proposed criteria for success. Int J Oral Maxillofac Implants 1:11-25
Mombelli A, Lang NP (1998) The diagnosis and treatment of
peri-implantitis. Periodontol 2000 17:63-76. https://doi.org/10.
1111/5.1600-0757.1998.tb00124.x

Oh TJ, Yoon J, Misch CE, Wang HL (2002) The causes of early
implant bone loss: myth or science? J Periodontol 73:322-333.
https://doi.org/10.1902/jop.2002.73.3.322

@ Springer

30.

31.

32.

33.

34.

35.

36.

37

38.

39.

40

41.

Atieh MA, Ibrahim HM, Atieh AH (2010) Platform switching for
marginal bone preservation around dental implants: a systematic
review and meta-analysis. J Periodontol 81:1350-1366. https://
doi.org/10.1902/jop.2010.100232

Elian N, Bloom M, Dard M, Cho SC, Trushkowsky RD, Tarnow D
(2011) Effect of interimplant distance (2 and 3 mm) on the height
of interimplant bone crest: a histomorphometric evaluation. J Peri-
odontol 82:1749-1756. https://doi.org/10.1902/jop.2011.100661
Elian N, Bloom M, Dard M, Cho SC, Trushkowsky RD, Tarnow
D (2014) Radiological and micro-computed tomography analysis
of the bone at dental implants inserted 2, 3 and 4 mm apart in a
minipig model with platform switching incorporated. Clin Oral
Implants Res 25:e22—29. https://doi.org/10.1111/clr.12037
Novaes AB Jr, Barros RR, Muglia VA, Borges GJ (2009) Influ-
ence of interimplant distances and placement depth on papilla
formation and crestal resorption: a clinical and radiographic study
in dogs. J Oral Implantol 35:18-27. https://doi.org/10.1563/1548-
1336-35.1.18

Novaes AB Jr, de Oliveira RR, Muglia VA, Papalexiou V, Taba M
(2006) The effects of interimplant distances on papilla formation
and crestal resorption in implants with a morse cone connection
and a platform switch: a histomorphometric study in dogs. J Peri-
odontol 77:1839-1849

Papalexiou V, Novaes AB Jr, Ribeiro RF, Muglia V, Oliveira
RR (2006) Influence of the interimplant distance on crestal bone
resorption and bone density: a histomorphometric study in dogs. J
Periodontol 77:614-621. https://doi.org/10.1902/jop.2006.050172
Nevins M, Nevins M, Gobbato L, Lee HJ, Wang CW, Kim DM
(2013) Maintaining interimplant crestal bone height via a com-
bined platform-switched, Laser-Lok implant/abutment system: a
proof-of-principle canine study. Int J Periodontics Restor Dent
33:261-7. https://doi.org/10.11607/prd.1773

Koutouzis T, Neiva R, Lipton D, Lundgren T (2015) The Effect of
Interimplant distance on peri-implant bone and soft tissue dimen-
sional changes: a nonrandomized, prospective, 2-year follow-up
study. Int J Oral Maxillofac Implants 30:900-8. https://doi.org/10.
11607/jomi.4040

Traini T, Assenza B, San Roman F, Thams U, Caputi S, Piattelli A
(2006) Bone microvascular pattern around loaded dental implants
in a canine model. Clin Oral Investig 10:151-156. https://doi.org/
10.1007/s00784-006-0043-6

Traini T, Novaes AB, Piattelli A, Papalexiou V, Muglia VA (2010)
The relationship between interimplant distances and vasculariza-
tion of the interimplant bone. Clin Oral Implants Res 21:822-829.
https://doi.org/10.1111/j.1600-0501.2010.01926.x

Monje A, Chappuis V, Monje F, Munoz F, Wang HL, Urban IA,
Buser D (2019) The Critical peri-implant buccal bone wall thick-
ness revisited: an experimental study in the beagle dog. Int J Oral
Maxillofac Implants 34:1328-1336. https://doi.org/10.11607/
jomi.7657

Farronato D, Pasini PM, Orsina AA, Manfredini M, Azzi L, Far-
ronato M (2020) Correlation between Buccal Bone thickness at
implant placement in healed sites and Buccal Soft Tissue Matu-
ration pattern: a prospective three-year study. Materials (Basel)
13(3). https://doi.org/10.3390/ma13030511

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1111/j.1600-0501.2007.01428.x
https://doi.org/10.1111/j.1600-0501.2007.01428.x
https://doi.org/10.1111/prd.12042
https://doi.org/10.1111/prd.12042
https://doi.org/10.1007/s00784-021-03970-0
https://doi.org/10.1007/s00784-021-03970-0
https://doi.org/10.1111/j.1600-0501.2011.02310.x
https://doi.org/10.1186/s12903-018-0652-x
https://doi.org/10.1097/ID.0000000000000772
https://doi.org/10.1097/ID.0000000000000772
https://doi.org/10.1093/icb/icr023
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1111/j.1600-0501.2012.02513.x
https://doi.org/10.1111/j.1600-0501.2012.02513.x
https://doi.org/10.1111/j.1600-0757.1998.tb00124.x
https://doi.org/10.1111/j.1600-0757.1998.tb00124.x
https://doi.org/10.1902/jop.2002.73.3.322
https://doi.org/10.1902/jop.2010.100232
https://doi.org/10.1902/jop.2010.100232
https://doi.org/10.1902/jop.2011.100661
https://doi.org/10.1111/clr.12037
https://doi.org/10.1563/1548-1336-35.1.18
https://doi.org/10.1563/1548-1336-35.1.18
https://doi.org/10.1902/jop.2006.050172
https://doi.org/10.11607/prd.1773
https://doi.org/10.11607/jomi.4040
https://doi.org/10.11607/jomi.4040
https://doi.org/10.1007/s00784-006-0043-6
https://doi.org/10.1007/s00784-006-0043-6
https://doi.org/10.1111/j.1600-0501.2010.01926.x
https://doi.org/10.11607/jomi.7657
https://doi.org/10.11607/jomi.7657
https://doi.org/10.3390/ma13030511

	Inter-implant distance and buccal bone thickness for a novel implant design: a preclinical study
	Abstract
	Objectives 
	Materials and Methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Surgical procedure and terminal procedure
	Implant dimensions
	Inter-implant distance
	Buccal bone thickness

	Post-surgery
	Sample preparation and processing
	Histomorphometrical analysis
	Statistical analysis

	Results
	Inter-implant distance
	Buccal bone thickness

	Discussion
	Conclusions
	Acknowledgements 
	References


