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Peri-implant tissue alteration around tissue-level and bone-level 
implants in fresh extraction sockets: a histomorphometric study in 
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Background: To compare tissue alteration in fresh extraction sockets between bone-level and tissue-level 
implants with different neck designs.
Methods: Bilateral premolars of 6 adult Labrador dogs were extracted, and 24 bone-level and tissue-
level implants with two different neck designs were immediately placed. At the same time, buccal bony wall 
thickness in fresh extraction sockets was also recorded. The Straumann® Bone Level (BL) and Standard 
Plus (SP) implants were positioned at two insertion depths: 1mm below and flush with the alveolar crest. All 
animals were sacrificed 6 months after the implant placement. Undecalcified block sections were obtained 
for histological measurement. Vertical bone resorption and biological widths were documented. Statistical 
analysis consisted of two sample t-test and Wilcoxon sign-rank test.
Results: All implants were histologically osseointegrated. There was no significant difference between BL 
implants and SP implants in vertical bone resorption regardless of the insertion depths (P>0.05). Meanwhile, 
significant difference was found in lingual biological width between BL (3.16 mm) and SP (2.43 mm) 
implants when placed 1mm below the alveolar crest (P<0.05).
Conclusions: Within the limits, it seemed that different implant neck designs had little effect on bone 
remodeling in fresh extraction sockets. However, longer biological width was found in bone-level implants.
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Introduction

Over the last three decades, immediate implant placement 
in fresh extraction sockets has become a treatment option in 
daily practice and numerous short- and long-term clinical 
studies have demonstrated that excellent implant survival 
rates could be achieved with its use. However, studies have 
also shown that immediate implant placement failed to 

prevent bone and soft tissue resorption (1).
Research has suggested that along with the neck surface 

and type of connection between the implant and the 
prosthetic, implant neck design can influence surrounding 
tissue when implants are placed in fresh extraction sockets 
in clinical trial and dog model (2-4). Tissue-level implants 
with an expanded neck have been widely used in clinical 
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practice and while marginal bone loss is considered to 
be acceptable in healed alveolar ridges, the expanded 
implant neck configuration can lead to crater-shaped bone 
resorption. However, data on implants designed with a 
smooth expanded coronal collar placed in fresh extraction 
sockets remains scarce. Platform switching design has been 
considered to be effective in reducing bone resorption (5).  
However, whether this design would minimize bone 
resorption after immediate implant placement remains 
unclear. On the other hand, there is little information on 
soft tissue remodeling using different neck designs. Thus, 
more studies are needed to compare the effects on tissue 
remodeling between bone-level implants with platform 
switching design and tissue-level implants with smooth 
expanded neck in fresh extraction sockets.

The relationship between implant insertion depth and 
crest of the alveolar ridge has also been shown to have 
certain influence on tissue alteration. Some studies have 
proposed that implants should be placed below the buccal 
alveolar crest so as to counteract alveolar bone resorption 
(6,7). Moreover, variation in insertion depths may also exert 
some effect on biological width establishment. To date, only 
a few studies have explored the impact of insertion depth 
with bone-level and tissue-level implants on biological 
width establishment in fresh extraction sockets (8).

Therefore, the purpose of our study was to compare 
tissue alteration in fresh extraction sockets between bone-
level and tissue-level implants with different neck designs. 
We speculate that compared to tissue-level implants with 
divergent smooth collars, bone-level implants with platform 
switching might help reduce tissue resorption in immediate 
implant placement. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-8074).

Methods

Implant placement

Six male Labrador dogs (21–22 kg) with a mean age of one 
year were selected for this study. The study was approved 
by the Animal Care and Experiment Committee of the 
hospital affiliated to the Shanghai Ninth People’s Hospital, 
Shanghai Jiao Tong University, School of Medicine and 
Complied with the National Institutes of Health Guide for 
the Care and use of Laboratory animals (NIH Publications 
No. 8023, revised 1978). All efforts were made to minimize 
animal suffering and to reduce the number of animals used 

following the European Commission Directive 86/609/
EEC for animal experiments. All animals were kept in 
kennel cages at the hospital animal research center and 
provided with appropriate veterinary care and free access to 
water and nutritional support throughout the study.

Al l  dogs  were pre-anesthet ized with ketamine 
hydrochloride injection (10 mg/kg i.m.) and procaine 
(procaine 40 mg, adrenaline 0.05 mg, local anesthesia). 
During surgery, full thickness flaps were elevated to 
expose the buccal and lingual bony walls. The mandibular 
premolars selected for extraction bilaterally were then 
split in a buccal-lingual direction at the bifurcation to 
extract each root individually. All extractions were carefully 
performed to keep the remaining bony plates intact. The 
widths of the buccal bony wall were measured with a 
vernier caliper at four different depths: the top edge of 
the buccal wall and 1, 3, and 5 mm below the crest. As the 
first premolar extraction site was considered too small for 
implant, only the remaining premolar sites were used.

Straumann® Bone Level (BL) and Standard Plus (SP) 
implants with SLA (sand-blasted large grit acid-etched) 
surface (Straumann AG, Basel, Switzerland) were used. The 
SP implants were soft tissue level implants with a turned 
shoulder with a neck diameter of 4.8 mm, and the height 
of the turned surface was 1.8 mm. The BL implants used 
were platform switching implants with a horizontal offset of  
0.265 mm. The neck of BL implants was micro-thread 
design. All SP and BL implants used had a diameter of  
3.3 mm and length of 10 mm. All implant placements 
were performed by a surgeon with 5 years of experience in 
clinical practice. For surgery, same 2.2 and 2.8 mm drills 
were used for both BL and SP implants.

A total of 24 implants were placed with each dog 
receiving four implants which included two SP implants 
and two BL implants. These were randomly placed 
immediately in the six extraction sockets (Figure 1, Table 1).  
The SP implants were placed either crestally or 1 mm 
subcrestally with reference to the SLA surface and the BL 
implants were placed at 0 mm (the shoulder of the implant 
flush with the alveolar crest), and −1 mm (1 mm below the 
alveolar crest). The healing abutments were screwed onto 
the implants. The size of the healing caps was 5.5 mm ×  
2 mm for tissue level implants and 3.6 mm × 3.5 mm for 
bone level implants, and the wound margins were stabilized 
with 4-0 Vicryl absorbable sutures (Johnson & Johnson, 
Ethicon, Livingston, UK). For both BL and SP implants, 
flaps were sutured to allow a non-submerged healing.

Antibiotic prophylaxis of penicillin (800,000 U/day) was 
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administered to the dogs during the first 3 days following 
the surgery. Plaque control and hygiene practice were 
maintained once per week during the healing period under 
general anesthesia and the uncovered implant healing caps 
were cleaned with a toothbrush.

All implants healed without prosthetic appliance and 
specimens were harvested after 6 months of total healing 
time.

Histological preparation

The specimens containing implants and surrounding 
soft and hard tissue were fixed in 10% formalin solution. 
All specimens were dehydrated with increasing alcohol 
concentration from 50% to 100% then infiltrated in a 
glycol-methacrylate resin. Specimens were then sectioned 
in the buccal-lingual direction using the slicing system 
(Leica SP1600 Saw Microtome, Leica, Germany) and all 
implants were sectioned through the center of the implant 
screw. Subsequently, specimens were fixated to the Plexiglas 
and ground to the final thickness of about 70 μm.

Sections were stained by the Van Gieson staining method 
and observed under an Olympus BX 51 microscope (Tokyo, 
Japan). All images were then captured using an Olympus 
DP 71 digital camera and transferred to the computer. 
Landmarks were identified and marked on the images on 

both buccal and lingual sides.
Perpendicular lines were made parallel to the longitudinal 

axis of the implant and the following linear measurements 
were calculated through image processing software (Image-
Pro Plus Version 6.0.0.260) (Figure 2): (PM) free mucosal 
margin; (IS) implant shoulder; (BIC) most coronal bone-
to-implant contact point; (aBE) most apical border of the 
barrier junctional epithelium. The following distances were 
then measured:

(I) PM-aBE, the length of the epithelia;
(II) aBE-BIC, the length of the connective tissue;
(III) BW: the biologic width was equal to the sum of 

PM-aBE and aBE-BIC;
(IV) IS-BIC: the vertical bone resorption was also 

measured as the distance of IS-BIC minus the pre-
designed insertion depth. For SP implants, the 
additional 1.8 mm was deducted.

Statistical analysis

Statistical analysis was completed using the SPSS statistics 
program (IBM SPSS statistics version 19.00, IBM, USA) 
and reviewed by an independent statistician. A descriptive 
statistic was taken for each of the variables including means, 
standard deviations, and medians. Values are presented as 
mean ± SD (standard deviations) and median.

Figure 1 Surgical procedures used in the experiment. (A) The full mucoperiosteum has been elevated to the buccal side to expose the four 
premolars; (B) all the roots of the mandibular premolars have been separated and extracted and the buccal bony wall was intact; (C) the 
different types of implant were inserted into the sockets in different depth according to the plan; (D) a thin buccal wall can be seen.

A B

C D
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The Levene homogeneity of variance test was performed 
before the comparison and the two sample t-test was 
used to compare the differences between implant types 
and insertion depths when the P value of the Levene 
homogeneity of variance test did not reach the significance 
level. When it did, the non-parametric Wilcoxon sign-
rank test was performed. The level of significance was set at 
α=0.05 for all statistical analysis.

Results

Clinical observations

Healing was uneventful. The mucosa adjacent to the 

implants appeared to be relatively healthy without 
suppuration or visible inflammation and all implants were 
osseointegrated. The widths of the buccal bone plate at 
different depths are presented in Table 2 and no significant 
differences were found among the four sites.

Comparison between SP and BL implants

Table 3 shows the alteration of vertical bone height and 
biologic width around SP and BL implants. The number of 
each unit was six.

When the implants were placed flush with the buccal 
bone crest, the mean loss of buccal bone height was 
3.15±0.52 mm in the SP group and 2.70±0.52 mm in the 
BL group while the lingual bone loss was 1.68±0.38 mm in 
the SP group and 1.68±0.37 mm in the BL group. When 
the implants were placed 1 mm below the buccal bone crest, 
the mean loss of buccal bone height was 2.55±0.41 mm  
in the SP group and 2.99±0.21 mm in the BL group, 
while the lingual bone loss was 1.47±0.18 mm in the SP 
group and 1.56±0.19 mm in the BL group. No significant 
difference was found between the two groups regardless of 
the insertion depth.

When the implants were placed flush with the buccal 
bone crest,  the mean buccal biologic widths were  
3.34±0.66 mm in the SP group and 3.44±1.11 mm in the BL 
group, while the lingual biologic widths were 2.43±0.25 mm  
in the SP group and 3.00±0.58 mm in the BL group. When 
the implants were placed 1mm below the buccal bone crest, 
the mean buccal biologic widths were 3.35±0.42 mm in 
the SP group and 3.57±0.57 mm in the BL group, while 
the lingual biologic widths were 2.43±0.42 mm in the SP 
group and 3.16±0.36 mm in the BL group. A statistically 
significant difference of biologic widths was found only at 
the lingual side when the implants were placed 1mm below 
the buccal alveolar ridge (P=0.009).

Figure 2 Histological views (Van Gieson stain) of crestal bone 
changes at implants with different neck design. (A) The landmarks 
shown on the sample of Straumann Standard Plus (SP) implant 
(original magnification 12.5×). (B) The landmarks shown on 
the sample of Straumann bone level (BL) implant (original 
magnification 12.5×). IS, implant shoulder; PM, peri-implant 
mucosal margin; BIC, first bone-to-implant contact point; aBE, 
apical end of the barrier epithelium; L, lingual; B, buccal.

Table 1 Randomization scheme for implant location and 
experimental groups

Dog Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

1 C D B A

2 D A C B

3 C D A B

4 D B A C

5 B C A D

6 B A C D

A: SP implants 0 mm; B: SP implants −1 mm; C: BL implants 0 
mm; D: BL implants −1 mm.

Table 2 Buccal bone width of the canine models at tip, 1 mm,  
3 mm, and 5 mm apically to the alveolar ridge

Depth
Sites

A (mm) B (mm) C (mm) D (mm) 

0 0.53±0.16 0.68±0.22 0.63±0.16 0.71±0.19

−1 0.78±0.13 0.93±0.26 0.77±0.21 0.90±0.21

−3 1.28±0.30 1.29±0.42 1.20±0.39 1.23±0.33

−5 1.54±0.49 1.58±0.55 1.50±0.41 1.57±0.40

A B
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Comparison among different depths

Table 4 shows the alteration of vertical bone resorption 
and biologic width around SP implants at different depths. 
The buccal bone loss was 3.15±0.52 and 2.55±0.41 mm 
at the depth of 0 and −1 mm, respectively and the lingual 
bone loss was 1.68±0.38 and 1.47±0.18 mm at the depth 
of 0 and −1 mm, respectively. The buccal biologic widths 
were 3.34±0.66 and 3.35±0.42 mm at the depth of 0 and 
−1 mm, respectively and the lingual biologic widths were 
2.43±0.25 and 2.43±0.42 mm at the depth of 0 and −1 mm, 
respectively.

Table 5 shows the alteration of vertical bone resorption 
and biologic width around BL implants at different depths. 
The buccal bone loss was 2.70±0.52 and 2.99±0.21 mm 
at the depth of 0 and −1 mm, respectively and the lingual 

bone loss was 1.68±0.37 and 1.56±0.19 mm at the depth 
of 0 and −1 mm, respectively. The buccal biologic widths 
were 3.44±1.11 and 3.57±0.57 mm at the depth of 0 and 
−1 mm, respectively and the lingual biologic widths were 
3.00±0.58 and 3.16±0.36 mm at the depth of 0 and −1 mm, 
respectively.

Discussion

This study demonstrated that when using two different 
insertion depths, SP implants with an expanded smooth 
collar design showed comparable bone loss to BL implants 
with a platform switching design. However, longer lingual 
biological width was found in bone-level implants. Thus, 
our postulated hypothesis was partially accepted.

The buccal and lingual alveolar crests underwent 

Table 3 The alteration of soft and hard tissue around SP and BL implants: mean ± SD

Variable
Insertion depth=0 (mm) Insertion depth=-1 (mm)

SP implants BL implants P value SP implants BL implants P value

Buccal resorption 3.15±0.52 2.70±0.52 0.165 2.55±0.41 2.99±0.21 0.091

Lingual resorption 1.68±0.38 1.68±0.37 1.000 1.47±0.18 1.56±0.19 0.419

Buccal biological width 3.34±0.66 3.44±1.11 0.853 3.35±0.42 3.57±0.57 0.464

Linugal biological width 2.43±0.25 3.00±0.58 0.052 2.43±0.42 3.16±0.36 0.009*

*, significant difference between SP and BL implants; Bone resorption, the distance of IS-BIC minus the pre-design insertion depth; 
Biological width, the distance of the sum of PM-aBE and aBE-BIC. SP, Straumann standard plus; BL, Straumann bone level.

Table 4 The alteration of soft and hard tissue around SP implants at different depth: mean ± SD

Variable Buccal resorption Lingual resorption P value Buccalbiological width Linugalbiological width P value

Insertion depth =0 (mm) 3.15±0.52 1.68±0.38 0.000* 3.34±0.66 2.43±0.25 0.010*

Insertion depth =−1 (mm) 2.55±0.41 1.47±0.18 0.000* 3.35±0.42 2.43±0.42 0.004*

P value 0.510 0.249 0.976 1.000

Bone resorption, the distance of IS-BIC minus the pre-design insertion depth; Biological width, the distance of the sum of PM-aBE and 
aBE-BIC. *, significant difference between buccal and lingual sides of implants.

Table 5 The alteration of soft and hard tissue around BL implants at different depth: mean ± SD

Variable Buccal resorption Lingual resorption P value Buccalbiological width Linugalbiological width P value

Insertion depth =0 (mm) 2.70±0.52 1.68±0.37 0.003* 3.44±1.11 3.00±0.58 0.410

Insertion depth =−1 (mm) 2.99±0.21 1.56±0.19 0.000* 3.57±0.57 3.16±0.36 0.167

P value 0.234 0.496 0.804 0.579

Bone resorption, the distance of IS-BIC minus the pre-design insertion depth; Biological width, the distance of the sum of PM-aBE and 
aBE-BIC. *, significant difference between buccal and lingual sides of implants.
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resorption in both SP and BL implants and vertical bone 
resorption was more pronounced at the buccal side of 
the implants. This finding is in line with those published 
in previous animal studies (9,10). As shown in Figures 2 
and 3, the buccal and lingual bone levels of SP implants 
were both positioned below the border of the SLA surface 
and machined neck and the bone tissue of BL implants 
was attached below the edge of the implant platform 
or positioned just at the edge of the implant platform. 
These findings are in accord with the results of various 
experimental animal studies (6,7,11). Furthermore, similar 
buccal and lingual change in alveolar bone level was found 
between SP and BL implants with platform switching 
design regardless of insertion depths. This might indicate 
that these two neck designs in immediate implant placement 
do not affect vertical bone resorption in fresh extraction 
sockets.

The results of the present study differ from those of the 
animal study conducted by Bressan et al. in 2014 (12) and 
clinical prospective study conducted by Saito et al. in 2018 (13).  
In the former, platform switching prototype titanium 
cylindrical implants with a tapered indentation of 3 mm 
long between the turned neck surface and the threads of 
the moderately rough surface were used. However, in our 
study, platform switching was located between the healing 
cap and implants with micro-thread design. In addition, 
the width of platform switching was larger in both the 
Bressan and Saito studies than in ours. In the Bressan study, 

mismatches of platform switching in test implants were 0.4 
and 0.65 mm at the premolar and molar sites, respectively. 
In the Saito study, Superline implants were used and 
the extent of implant-abutment mismatching (0.33 and  
0.58 mm) were still larger than the implants used in our 
study, which was only 0.265 mm. The marginal bone level 
around implants in tissue slides in our study were similar 
to those shown in other animal study where the degree 
of implant-abutment mismatching was 0.25 mm (7). 
Therefore, the relatively small degree of implant/abutment 
mismatching could be one possible reason to explain why 
no preservation of the socket bony crest in a more coronal 
level was seen. Moreover, the buccal bone was relatively 
thin in our study while in Bressan’s study, the buccal bone 
width of molar sites was much thicker. The width of the 
original buccal bone is an important factor that will affect 
remodeling of the alveolar ridge after tooth extraction 
and immediate implant placement. As shown in Figure 4, 
at the coronal part of the slide, scattered bone-to-implant 
contact zones were found between threads of the implant 
by histological observation. This phenomenon indicated 
that when the original bone width was thin, after loss of 
the original buccal bone, the advanced bone resorption and 
apical migration of soft tissue would occur even after the 
initial bone-to-implant contact was completed. Finally, the 
observation period was only 6 months without functional 
loading. Therefore, a longer period with occlusal contact 
may produce different results.

Figure 3 Lingual aspect of the soft tissue level implants and bone level implants at different depths. Notice the position of the most coronal 
bone to implant contact point. The most coronal bone to implant contact points for soft tissue implants were attached below the machined-
rough junction interface and the most coronal bone to implant contact points for bone level implants were attached below the implant-
abutment junction interface. (Van Gieson stain, original magnifications 40×). From left to right: BL implant was placed 1 mm below the 
crestal bone level of the buccal bone; BL implant was placed at the crestal bone level of the buccal bone; SP implant was placed 1 mm below 
the crestal bone level of the buccal bone; SP implant was placed at the crestal bone level of the buccal bone.
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The biological widths in our study were different 
from those seen in previous studies (14,15) which showed 
buccal biological widths were generally larger than 
lingual biological widths, although not reaching statistical 
significance. However, in our study, a statistically significant 
difference between buccal and lingual biological widths was 
found in SP implants (P<0.05). As shown by Souza et al., the 
design of the transmucosal component could influence the 
establishment of the peri-implant biological width (16). The 
use of implants with a divergent smooth collar in our study 
may have accounted for much shorter lingual biological 
width seen in SP implants. Compensatory soft tissue growth 
after buccal bone resorption was also observed in our study 
as it has in others (17). Thus, longer buccal biological width 
in SP implants could be anticipated with regards to the 
high proliferate rate of soft tissue compensation. However, 
as smooth collar was expanded, buccal soft tissue volume 
might not be substantial. Thus, considering aesthetic 
effects, the use of SP implants with tranmucosal collar 
design should be considered with caution.

On the other hand, it is interesting to note that in our 
study, biological widths of BL implants were longer than 
the SP implants, especially at lingual side. Longer biological 
widths are not only more esthetic but also have a higher 
volume of extracellular matrix, collagen, and increased 
vascularity, which might favor the immune response (18). 
Therefore, BL implants might be more advantageous 
especially in esthetic areas (19). Moreover, as stated by 
Grassi et al. in their recent randomized clinical trial, 
no-graft surgery in post-extraction immediate implant 
placement achieved comparable buccal bone changes to 
bone grafting sites (8). Thus, it could be assumed BL 
implants along with the no-graft design in our study might 

be applicable and also cost-effective in clinical situation, 
especially in posterior area.

The influence of insertion depths on vertical bone loss 
was also evaluated. Some researchers have suggested that 
platform switching implants should be placed sub-crestally 
to minimize bone loss (9). Conversely, others believe that 
the sub-crestal placement of implants may cause a greater 
amount of bone loss during the healing process than those 
placed in an epi or supra-crestal position (20). In our study, 
we found no difference between 0 mm and 1 mm subcrestal 
placement with reference to the SLA surface. However, 
from a clinical point of view, implants positioned 1 mm deep 
into extraction sockets could reduce the exposure of the 
neck portion of the implant. Thus, to eliminate exposure 
without an increase in bone resorption in esthetic areas,  
1 mm subcrestal immediate implant placement is applicable, 
which is in accordance with other experimental studies (21).

Our study has several limitations. The sample size 
is small and only two types of implant neck design in 
immediate implant placement were investigated. Thus, a 
larger sample size study is needed for verification. Moreover, 
these findings resulted from a 6-month observation and 
longer follow-up is needed to further validate the treatment 
results.

Conclusions

In conclusion, different neck designs in this study appeared 
to have limited influence on peri-implant bone remodeling 
in fresh extraction sockets. However, longer biological 
width was found in bone-level implants.
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