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How can the tapered implant 
design influence bundle  
bone preservation: An experi-
mental study in American 
Foxhound dogs

Abstract

O b j e c t i v e

The objective of the present study was to evaluate bone–implant contact 
(BIC) in a new implant design after immediate and delayed placement at 
different levels in relation to crestal bone in American Foxhound dogs.

M a t e r i a l s  a n d  m e t h o d s

The second, third and fourth mandibular premolars and first molars of 
6 American Foxhound dogs were extracted bilaterally. At random, 4 
immediate implants were placed in the hemimandibles of each dog in the 
crestal (control group) and subcrestal position (test group). Three dogs 
were allowed a healing period of 8 weeks; the other 3 had a healing period 
of 12 weeks. After the healing periods, histomorphometric analysis of 
the specimens was performed to measure BIC values and bone remod-
eling in crestal and subcrestal implants. 

R e s u l t s

All of the implants healed without incident and were available for histo-
logical analysis. Lower bone resorption was observed in the group of 
implants placed subcrestally in healed bone and immediately post- 
extraction.

C o n c l u s i o n

Our findings suggest that less resorption can be expected when implants 
are inserted 2 mm subcrestally overall for both immediate and deferred 
implants compared with placement at the crestal level. In addition, higher 
BIC values were found at 12 weeks of follow-up in the group of implants 
placed subcrestally in healed bone compared with those placed subcre-
stally immediately.
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Introduction

After loss of a tooth, there is progressive invo-
lution of the alveolar bone in both the horizontal 
and vertical dimensions.4, 5, 17, 18 In addition, the 
most rapid reduction of alveolar bone after 
dental extraction occurs during the first 
months.4, 5

For more than a decade, different clinical 
studies have demonstrated that immediate 
implant placement in fresh extraction sites may 
be an effective therapy not only because it 
reduces the number of surgical procedures,37, 41 
but also because it favors the preservation of 
the ridges’ morphological contours and simpli-
fies clinical techniques. 11, 28, 35, 50, 51 Bone remod-
eling begins directly after the preparation of the 
implant bed, as well as the healing process of 
the bone. Osteoblast adhesion to the implant 
surface and the osseointegration process begins 
approximately 3 weeks after surgery.54 During 
this healing process, bone remodeling occurs.33, 49 
This often results in crestal bone loss.31, 32 How-
ever, findings from experiments in humans and 
dogs have demonstrated that marked reduction 
in the height of the alveolar ridge occurred con-
sistently after tooth extraction4 and that implant 
placement in fresh extraction sockets had no 
effect on the process of bone modeling. 5, 9, 17, 18

Several authors have studied the clinical and 
radiographic changes that occur around dental 
implants inserted at different levels in relation 
to the crestal bone. Clinically, implants are often 
placed subcrestally in esthetic areas to avoid 
exposure to metals and to create sufficient space 
to develop a suitable emergence profile.21 Sub-
crestal placement of implants may have an addi-
tional benefit, as it improves bone–implant con-
tact (BIC) in the neck region of the implant.30, 59

Positioning the implant–abutment junction 
more apically contributes to the maintenance of 
mucosal texture and tonality and favors the 
re-establishment of marginal tissue architec-
ture.27 Thus, different microgap designs result 
in different shapes and sizes of the periimplant 
(dis-shaped) bone defect in submerged implants 
in either equicrestal or subcrestal positions.58 A 
previous animal study evaluated bone remodel-
ing and BIC after immediate placement at dif-
ferent levels in relation to the crestal bone of 
beagle dogs. Cylindrical and tapered implants 
were inserted crestally and 2 mm subcrestally. 
These studies suggested that apical positioning 
of the top of the implant does not jeopardize 
bone crest and periimplant tissue remodeling. 

However, less resorption was observed when 
implants were placed 2 mm subcrestally. More-
over, higher BIC values were found in implants 
placed subcrestally.38, 39

Bone–implant contact is among the most 
important factors contributing to implant sta-
bility. Thus, many authors have specified the 
factors that influence BIC levels, implant posi-
tion and bone density.23, 24, 26, 46, 56, 57 Experimen-
tal and clinical studies have demonstrated that 
implants designed with a shorter, smooth cor-
onal collar caused no additional bone loss and 
might help reduce the risk of an exposed metal 
implant margin in areas of esthetic concern.3, 29

The anatomy and surface treatment of the 
neck of the implant, together with the type of 
connection between the implant and the pros-
thetic components, have been considered as 
with regard to reducing crestal bone loss.27 
Based on the data revised, it is hypothesized that 
the vertical positioning of the implant platform 
in relation to the crestal bone may influence the 
location of the first BIC. As a consequence, the 
biological width may be established in a more 
coronal position. Therefore, the objective of this 
study was to compare the BIC of implants with 
smooth necks and no microthreads, which rep-
resent a rough surface, placed at crestal and 
subcrestal levels in healed bone and immediately 
post-extraction in dogs.

Materials and methods

Six American Foxhound dogs of approximately 
1 year of age were used in this study. The Ethics 
Committee for Animal Research at the Univer-
sity of Murcia, Murcia, Spain, approved the study 
protocol, which followed guidelines established 
by the European Union Council Directive of Feb-
ruary 2013 (R.D.53/2013). Clinical examination 
determined that all of the animals were in good 
general health; moreover, all of the animals pre-
sented with intact maxillae, without any general 
occlusal trauma or oral viral or fungal lesions.

The choice of this kind of dog was due to 
these being the animals that we have in our 
animal facilities approved for research. The ani-
mals were quarantined for the application of 
rabies vaccines and vitamins. The dogs were 
kept in kennel cages before and after surgery, 
received appropriate veterinary care, and were 
allowed free access to water and standard lab-
oratory nutritional support throughout the trial 
period. After surgery, the animals received 
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antibiotics (enrofloxacin, 5 mg/kg, bid) and anal-
gesics (meloxicam, 0.2 mg/kg, tid) via the sys-
temic route.

S u r g i c a l  p r o c e d u r e

The animals were pre-anesthetized with ace-
promazine (0.12%, 0.25 mg/kg), buprenorphine 
(0.01 mg/kg) and medetomidine (35 μg/kg). The 
mixture was injected intramuscularly into the 
femoral quadriceps. The animals were then 
taken to the operating theater, where, at the 
earliest opportunity, an intravenous catheter 
was inserted (diameter of 22 or 20 G) into the 
cephalic vein, and propofol was infused at a slow, 
constant infusion rate of 0.4 mg/kg/min. Con-
ventional dental infiltration anesthesia (artic-
aine, 40 mg; 1% epinephrine) was administered 
at the surgical sites. These procedures were 
carried out under the supervision of a veterinary 
surgeon. Mandibular premolar and molar 
extractions (P2, P3, P4 and M1) were performed 
bilaterally. The teeth were sectioned in the buc-
colingual direction at the bifurcation using a 
tungsten carbide bur so that the roots could be 
extracted individually without damaging the 
remaining bony walls with a contra-angle hand-
piece (W&H, Bürmoos, Austria). The surgical 
device used for odontosection was the 
Implantmed (W&H). 

Crestal incisions were performed bilaterally 
in the premolar–molar region of the mandible. 
Full-thickness mucoperiosteal flaps were ele-
vated, and recipient sites in the molar regions 
on both sides of the mandible were prepared for 
the present experiment, while the other regions 
were used for different experimental purposes, 
the results of which are reported elsewhere. The 
healed bone was prepared to place cylindrical, 
self-tapping implants with BIONER’s Top DM 
expansive core (BIONER Sistemas Implantológi-
cos, Sant Just Desvern, Spain; 8.0 mm in length, 
3.5 mm in diameter). A total of 48 implants were 
installed, 8 in each dog in healed and post-
extraction bone (Figs. 1a–d). The implants had 
a bioetch surface characterized by a moderate, 
acid-etched without sandblasting, roughness 
along the implant body. 

The crestal or subcrestal positioning of the 
implants and the type of placement (healed bone 
or immediately post-extraction) were deter-
mined randomly by the randomization plan gen-
erator at www.randomization.com. The sub
crestal position was 2 mm below the buccal and 
lingual bone crests. After insertion of the 

implants, the healing abutments were con-
nected to evaluate the periimplant soft tissue. 
The flaps were sutured with 4-0 silk (Lorca 
Marín, Lorca, Spain).

After the surgical procedures, the animals 
received antibiotic treatment (amoxicillin, 
500 mg, bid) and analgesics (ibuprofen, 600 mg, 
tid) systemically. In addition, the dogs were fed 
a soft diet for 7 days and plaque control was 
maintained through the application of Sea4 
(Blue Sea Laboratories, Alicante, Spain). The 
wounds were inspected daily for postoperative 
clinical complications. Two weeks after surgery, 
the sutures were removed.

H i s t o l o g i c a l  a n d  
h i s t o m o r p h o m e t r i c  a n a l y s i s

Three animals were sacrificed at 8 weeks and 
the other 3 animals were sacrificed at 12 weeks 
through an overdose of Pentothal Natrium (Lab-
oratorios Abbot, Madrid, Spain) and perfused 
through the carotid arteries with a fixative con-
taining 5% glutaraldehyde and 5% formalde-
hyde. The specimens were washed in saline and 
fixed in 10% buffered formalin. The specimens 
were processed to obtain thin sections of soil 
with the Precise 1 automated system (Assing, 
Rome, Italy). The specimens were dehydrated in 
ascending series with alcohol and embedded in 
a glycol methacrylate resin (Technovit 7200 
VLC, Kulzer, Wehrheim, Germany). After polym-
erization, the specimens were sectioned along 
their longitudinal axes with a high-precision 
diamond disk, at about 150–30 μm. A total of 
2 slides were obtained for each implant. The 
slides were stained with toluidine blue and 
observed under a normal transmitted light 
microscope and a polarized light microscope 
(Leitz, Wetzlar, Germany).

The histological preparation evaluated the 
distance from the top of the implant collar to the 
first contact with buccal and lingual bone (A-Bc 
and A-Lc), as well as the heights of the buccal 
and lingual bone ridges with respect to the neck 
of the implant (Fig. 2). Resorption of the buccal 
bone wall compared with resorption of the lin-
gual bone wall was expressed as a linear mea-
sure. The buccal and lingual bone plates were 
measured from the implant shoulder to the first 
BIC and to the top of the bony crest. The per-
centage of BIC of native bone was also measured 
along the perimeter of the implant between the 
coronal end of osseointegration at the buccal 
and lingual aspects. The apical portion of each 

Figs. 1a & b

Figs. 1c & d

Fig. 2
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Figs. 1a & b

Figs. 1c & d

Fig. 2

implant was excluded from the measurement 
because some implants were inserted into the 
dental nerve. The total amount of bone in con-
tact with the implant was calculated as the sum 
of native bone and newly formed bone (BIC%). 
Histomorphometry of BIC percentages was per-
formed using a light microscope (Laborlux S, 
Leitz) connected to a high-resolution video 
camera (3CCD, JVC KY-F55B,  Yokohama, Japan) 
and connected to a monitor and PC (Intel 

Pentium III 1200 MMX, Intel, Santa Clara, Calif., 
U.S.). This optical system was associated with 
a scanning pad (Matrix Vision, Oppenweiler, Ger-
many) and a software package for histometry 
with image capture capabilities (Image-Pro Plus 
4.5, Media Cybernetics, Immagini & Computer, 
Milan, Italy). The total amount of bone in contact 
with the implants was calculated as the sum of 
native bone and newly formed bone.

Figs. 1a–d
(a) Healed bone. 
(b) Separate flap where  
bone repair was observed 
after 8 weeks of healing. 
(c) Top DM implant. 
(d) Implants with healing 
screws placed at crestal  
and subcrestal levels.

Fig. 2
The histological preparation 
evaluated the distance from 
the top of the implant collar to 
the first contact with buccal 
and lingual bone (A-Bc and 
A-Lc), as well as the heights of 
the buccal and lingual bone 
ridges with respect to the neck 
of the implant.

a

c

b

d
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S t a t i s t i c a l  a n a l y s i s

Mean values and standard deviations were cal-
culated using a BIC descriptive test and bone 
resorption measurements. The Wilcoxon test 
was applied to the comparison of mean averages 
and to quantify relationships between differ-
ences. Brunner and Langer nonparametric tests 
were applied to the mean values for crestal and 
subcrestal implants and for periimplant mucosa 
measurement. All histomorphometric parame-
ters were analyzed using descriptive methods 
(IBM SPSS Statistics for Windows version 19.0, 
IBM Corp., Armonk, N.Y., U.S.). For all of the tests 
performed, the significance level chosen was 
5% (p < 0.05).

Results

When buccal, lingual, mesial and distal dimen-
sions of the entrance to the fresh extraction 
sockets were measured before implant place-
ment, mean alveolar ridge measurements of the 
extraction sockets were 5.3 ± 0.6 mm (2P2), 
5.7 ± 0.2 mm (3P3), 5.9 ± 0.2 mm (4P4) and 
8.9 ± 0.5 mm (1M1).

H i s t o l o g i c a l  e v a l u a t i o n

Healing was uneventful for all of the animals and 
no implants were lost. Operative surgical sites 
healed without incident. All of the implants were 
available for histological analysis. The gaps 
between all of the implants and the bony walls 
disappeared as a result of bone filling and 
resorption of the alveolar crest in both groups 
(control and test). Direct contact between the 
living bone with slight vestibular resorption was 
observed, with stable soft tissue at 8 weeks for 
the crestal position and with a thicker gingiva in 
implants placed at the subcrestal level. Bone 
remodeling in the region of the marginal defect 
was accompanied by marked decreases in the 
dimensions of the buccal and lingual bone walls 
at 12 weeks at crestal and subcrestal levels 
(Figs. 3 & 4). For all of the implants, the kerati-
nized oral epithelium was continuous with the 
junctional epithelium along the implants and the 
healing screws. Underlying connective tissue 
was observed with a dense network of collagen 
fibers around the implants placed in subcrestal 
healed bone, improving the quality of the periim-
plant gingiva (Fig. 5) compared with crestally 
placed implants.

After evaluation of all of the measurements, the 
distance from the top of the implant neck to the 
first BIC at the buccal aspect (A-Bc) showed 
statistically significant differences at 12 weeks 
in the test group compared with the control 
group (Figs. 6 & 7). In addition, the distance from 
the top of the implant collar to the lingual bone 
crest (A-Lc) showed significant differences 
between the crestal group and the subcrestal 
group after the healing period of 8 weeks. The 
A-Lc measure (distance between the implant 
collar top and the first BIC in the lingual aspect) 
was statistically significant after the healing 
period of 12 weeks in the subcrestal group. 

Total BIC values were higher for implants of 
the test group at 8 weeks with subcrestal place-
ment and even higher in this group of implants 
after 12 weeks of healing compared with the 
crestal placement group (Table 1). The values of 
the BIC lingual aspect are described in Table 2. 
These were higher for the subcrestal group, and 
values increased from 8 to 12 weeks. The direct 
contact surface between the implant and the 
bone was larger for the test implants, with no 
statistically significant differences. Subcrestal 
placement always showed higher BIC values at 
8 and 12 weeks (Figs. 5 & 8).

Table 3 shows that the analysis of the periim-
plant mucosa and buccal implant shoulder 
(PM-IS BC) presented higher values for the 
implants placed crestally at 8 and 12 weeks com-
pared with subcrestal placement, with statisti-
cally significantly different values at 12 weeks.

Discussion

The removal of single teeth followed by immedi-
ate placement of an implant results in marked 
alterations to buccal ridge dimensions (30–43%) 
and the horizontal (63–80%) and vertical 
(65–69%) gaps between the implant and bone 
walls.46 The present investigation showed 
marked alterations after a healing period of 
8 weeks that affected both the buccal and lingual 
bone walls. A-Bc and A-Lc values were lower for 
implants placed in healed bone at the subcrestal 
level than for those placed at the crestal level In 
addition, resorption was more pronounced, which 
is in agreement with studies previously published 
by our group.23 The present study revealed a 
greater depth of crestal bone resorption in the 
buccal bone than in the lingual crest. This bone 
dehiscence after implant placement corroborates 
the previously reported findings.4, 5, 23, 25, 52
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Implant placement 
(healing period)

V-L  
(mean ± SD)

A-B  
(mean ± SD)

A-Bc  
(mean ± SD)

A-L  
(mean ± SD)

A-Lc  
(mean ± SD)

Crestal (8 weeks) 0.58 ± 0.30 1.83 ± 0.40 1.33 ± 0.50 0.45 ± 0.70 1.24 ± 0.70

Subcrestal (8 weeks) 0.64 ± 0.50 1.44 ± 0.90 1.22 ± 0.70 0.67 ± 0.70 1.52 ± 0.50

Crestal (12 weeks) 0.83 ± 0.30 1.26 ± 0.70 1.69 ± 0.30 0.88 ± 0.80 1.22 ± 0.70

Subcrestal (12 weeks) 0.84 ± 0.10 1.31 ± 0.50 1.57 ± 0.10 0.33 ± 0.80 0.98 ± 0.90

p value 0.7219 0.0345 0.1281 0.0235 0.0122

Level of significance p > 0.05 p < 0.05* p < 0.05* p < 0.05* p < 0.05*

V-L = difference between the buccal bone crest and the lingual bone crest;
SD = standard deviation;
A-B = distance from the top of the implant neck to the buccal bone crest;
A-Bc =  distance from the top of the implant collar to the first BIC  

at the buccal aspect;

A-L = distance between the top of the implant collar and the lingual bone crest;
A-Lc =  distance from the top of the implant collar to the first BIC  

at the lingual aspect;
* indicates statistical significance. 

Fig. 3
Biopsy at 8 weeks of an implant 
placed at the crestal level. 
Slight  resorption of the  
vestibular wall was observed, 
with stable and thick soft 
tissue.

Fig. 4
Biopsy at 8 weeks of an implant 
placed at the subcrestal level. 
Slight resorption of the 
vestibular wall with neoformed 
bone was observed around  
the implant neck, with stable 
and thick soft tissue.

Fig. 5
Bone–implant contact at 12 
weeks in unloaded bone. The 
bone was in intimate contact 
with the BIOETCH surface.

Fig. 6
Biopsy at 12 weeks of an 
implant placed at the crestal 
level. Remodeling of the buccal 
and lingual walls with 
neoformed bone around the 
implant neck was observed.

Fig. 7
Biopsy at 12 weeks of an 
implant placed at the 
subcrestal level. Remodeling  
of the vestibular and lingual 
walls with a large amount of 
neoformed bone protecting the 
implant neck was observed.

Fig. 8
Bone–implant contact at 8 
weeks in healed bone. The 
bone was in intimate contact 
with the BIOETCH surface.

Table 1
Mean values (mm) ± standard 
deviation mm for the Brunner 
and Langer test (nonpara-
metric analysis of repeated 
measures). Description  
of the data in healed bone.

Figs. 3 & 4

Figs. 5 & 6

Figs. 7 & 8

Table 1
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Moreover, the delicate marginal portion of the 
buccal bone wall frequently contains proportion-
ally larger amounts of bundle bone than the lin-
gual wall does.11 Bundle bone is a tooth- related 
tissue that, after tooth loss, will model and even-
tually disappear.4, 5

In the present study, BIC values decreased in 
the subcrestal group from the healing period of 
8 weeks to the 12-week healing period in implants 
placed in healed bone. This finding corroborates 
that of Araújo et al.6, 7 The authors concluded that 
the BIC established during the early healing phase 
after implant insertion was partially lost when 
the buccal bone wall was resorbed. The gaps 
between the implant and the walls of the alveoli 
for immediate post- extraction implants were 
filled with bone tissue after the 8-week healing 
period. In the present study, a more coronal BIC 
was obtained in the test group (subcrestal). The 
total BIC revealed higher values in the subcrestal 
group. The higher BIC values of the test group 
after 8 and 12 weeks of healing suggest that bone 
regeneration may be more favorable for implants 
placed subcrestally, which is in agreement with 
results reported by other authors.55 Therefore, 
subcrestal insertion of dental implants may facil-
itate anterior BIC at the implant neck. It was also 
observed that a comparatively larger portion of 
the implant surface was in direct contact with 
the bone within the defect area after a period of 
12-week wound healing for the control and test 
implants compared with the 8-week healing 

period. This is in accordance with previous arti-
cles published by other authors.55 They con-
cluded that higher BIC values were found after 3 
months of healing, compared with results after 
1 month of healing.

The present study demonstrated that, 
regardless of the vertical positioning, subcrestal 
placement (test group) and crestal placement 
(control group) showed similar outcomes and 
bone resorption patterns, with minor differences 
between them. 

The buccal and lingual BIC values were always 
higher for the subcrestal implants. Therefore, for 
these measurements, more favorable results 
should be obtained with subcrestal placement of 
implants. Clinically, implants are often inserted 
at crestal bone level.13, 14 However, implants can 
be inserted subcrestally in esthetic areas to min-
imize the risk of exposure to metals and to allow 
sufficient space in the vertical dimension to 
develop an adequate emergence profile.24, 38, 39 
The modeling in the marginal defect region was 
accompanied by marked attenuation of the 
dimensions of both the delicate buccal and the 
wider lingual bone walls. At the buccal aspect, 
this resulted in some marginal loss of osseointe-
gration.6, 7 In this regard, Caneva et al. suggested 
that implants should be placed 1 mm subcrestally 
to reduce or eliminate exposure of the rough por-
tion of the implant above the alveolar ridge.24 In 
addition, subcrestal placement of an implant may 
facilitate BIC earlier at the implant neck.

 
Crestal Subcrestal

Mean ± SD p value Significance Mean ± SD p value Significance

8 weeks 35.22 ± 0.87 0.4333 p > 0.05 47.22 ± 0.87 0.324 p < 0.05*

12 weeks 41.52 ± 0.11 0.0231 p > 0.05* 54.87 ± 0.23 0.012 p < 0.05*

Implant 
placement 

(healing period)

PM-IS BC PM-IS LC IS BC IS-LC BC-LC

Mean ± SD Median Mean ± SD Median Mean ± SD Median Mean ± SD Median Mean ± SD Median

Crestal  
(8 weeks) 3.20 ± 0.12* 3.2 2.92 ± 0.46* 2.9 2.17 ± 0.90 2.1 1.78 ± 0.80 1.7 1.61 ± 0.80 1.6

Subcrestal  
(8 weeks) 2.10 ± 0.16* 2.0 2.88 ± 0.90* 2.8 1.80 ± 0.40 1.7 1.60 ± 0.10 1.6 1.40 ± 0.90 1.4

Crestal  
(12 weeks) 2.70 ± 0.82* 2.7 3.12 ± 0.18* 3.0 1.99 ± 0.60 1.9 1.72 ± 0.30 1.7 1.61 ± 0.60 1.6

PM-IS BC = distance from the periimplant mucosa to the buccal bone crest; 
PM-IS LC = distance from the periimplant mucosa to the lingual bone crest;
IS-BC = distance from the top of the implant shoulder to the first BIC at the buccal aspect;

IS-LC =  distance from the top of the implant shoulder to the lingual bone crest;
BL-LC = difference between buccal bone crest and lingual bone crest;
SD = standard deviation; * indicates statistical significance.

Table 2
Mean values of BIC % ± 
standard deviation at the 
different time periods. 
Description of the data in 
healed bone.

Table 3
Brunner and Langer test (non- 
parametric repeated measures 
analysis of variance) applied  
to mean values ± standard 
deviation and median values 
(mm) related to implants 
placed subcrestally. The level 
of significance was set at  
p < 0.05.

Table 2

Table 3
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Conclusion

Our findings suggest that less resorption can be 
expected when implants are inserted 2 mm sub-
crestally for both immediate and deferred 
implants compared with placement at the crestal 
level. In addition, higher BIC values were found 
at 12 weeks of follow-up in the group of implants 
placed subcrestally in healed bone compared 
with those placed subcrestally immediately. The 

design of an implant with a smooth neck without 
microthreads and with a surface highly receptive 
to osteoblasts improves osseo integration in the 
initial stages, which a posteriori increases.
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