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ABSTRACT

Objectives: The aim of this retrospective multicentre cohort study was to compare clinical outcomes, soft tissues conditions 
and differences in marginal bone loss between implants with a laser-microgrooved collar placed in posterior maxillary 
extraction sockets grafted by 4 to 5 months, and in posterior maxillary pristine bone (spontaneously healed posterior maxillary 
extraction sockets) by means of osteotome-mediated sinus floor elevation, over a period of 5 years after functional loading.
Material and Methods: Patients of Group 1 underwent extractions with sockets preservation using porcine-derived bone, 
covered with collagen membrane. Group 2 underwent extractions without socket preservation. Patients of Group 1 received 
implants in grafted sites, and Group 2 received implants in spontaneously healed bone using a maxillary sinus lift with crestal 
approach.
Results: Over the observation period, the overall clinical success rate in Group 1 and Group 2 was 98% and 100%, 
respectively, with no differences between the procedures and implants used. Cumulative radiographic marginal bone loss 
ranged from 0.03 to 0.39 mm after 60 months of functional loading. There were no statistically significant differences in 
marginal bone loss between short and standard-length implants placed in grafted extraction sockets and in pristine bone.
Conclusions: Short and standard implants with a laser-microgrooved collar, placed in posterior maxillary extraction sockets 
grafted by 4 to 5 months, and in posterior maxillary pristine bone (spontaneously healed posterior maxillary extraction sockets) 
by means of osteotome-mediated sinus floor elevation, exhibited no statistical difference in success rate, clinical parameters 
and marginal bone loss.
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INTRODUCTION

Following tooth extraction, loss of alveolar ridge 
volume is an irreversible process that involves both 
horizontal and vertical components [1-5]. Several 
local and systemic factors, among which, the 
number of neighbouring teeth to be extracted, bony 
buccal plate and soft tissue thickness (periodontal 
biotype), smoking status, uncontrolled diabetes, 
bone metabolic disorders, and patient compliance, 
influence the degree of bone resorption and 
remodelling. However, with the same local and 
systemic conditions, the widest sockets (molars) 
show a significantly greater amount of resorption and 
require more time than the narrowest ones (incisors 
and pre-molars) for the formation of the bone tissue 
bridge over the defect [6,7]. This resorption process 
often results in a narrower and shorter crest, moved 
to a more palatal/lingual position. In turn, in long-
standing posterior edentulous maxilla the absence 
of teeth promotes sinus pneumatisation which 
further reduces the vertical bone height [8]. Post 
extraction pneumatisation of the maxillary sinus 
and dimensional reduction in the residual bone crest 
make often complex the implants supported prosthetic 
rehabilitation of posterior maxillary regions [1]. 
To treat posterior maxillary alveolar bone vertical 
deficiencies and to allow a proper implant placement, 
maxillary sinus floor elevation with lateral approach, 
represents a predictable surgical procedure [9]. 
However, this surgical technique has the potential 
to develop complications, to increase postoperative 
morbidity and costs [10]. A crestal approach in 
maxillary sinus floor elevation, as a less invasive 
surgical technique compared the lateral approach, has 
been first proposed by Summers [11]. The procedure 
involves the elevation of the Schneiderian membrane 
utilizing tapered osteotomies with increasing 
diameters that compress the bone tissue of the implant 
site both laterally and apically. To minimize the risk of 
membrane perforation later some clinicians proposed 
use an inflatable device or fill the void with grafting 
material prior fracturing the sinus wall [12]. The 
common aspect between Summers’ technique and 
the authors’ who modified it, is the recommendation 
to perform the maxillary sinus floor lift and 
simultaneous implant placement in alveolar crests 
with residual dimensions ≥ 5 mm, which represents 
a minimum reference height in order to obtain a high 
predictability rate [13]. In the attempt to simplify the 
implant treatment plan and counteract bone volume 
loss associated with outcomes of tooth extractions, 
immediate implant placement with or without 

simultaneous regenerative procedures and alveolar 
ridge preservation (ARP) techniques have been 
proposed as simultaneous procedures to teeth removal 
[14-21]. Although several literature data indicated 
that success rates of implants immediately placed in 
extraction sites are similar to those of implants placed 
in healed extraction sites, due the presence of larger 
extraction sockets, poor quality of bone, and less 
apical bone availability for the proximity of maxillary 
sinus, clinicians commonly avoided immediate implant 
placement in maxillary molar extraction sockets 
[22]. Moreover, it has also been well documented 
that, as regards the volumetric changes of the post-
extraction sockets, immediate implant placement with 
or without simultaneous regenerative procedures, 
does not totally counteract alveolar ridge modelling 
[23]. ARP techniques performed in the posterior 
maxilla have been demonstrated to reduce volumetric 
contraction compared the one observed in extraction 
sites of the same area spontaneously healed [24,25]. 
Moreover, the effectiveness of ARP procedures has 
been documented also in preventing maxillary sinus 
expansion, showing sites treated significant differences 
in terms of post-extractive pneumatisation compared 
to sites with spontaneous healing [26]. Different 
grafting materials, including autografts, allografts, 
alloplasts, and xenografts, with and without absorbable 
or non-absorbable membranes have been proposed 
for ARP. To date, a body of knowledge is available 
in the literature containing a wide range of clinical, 
radiographic and histological results. However, 
there is still no consensus for case selection, clinical 
technique, or material choice, and conclusions of 
several systematic reviews [14-23] on the topic do not 
support the use of a technique, or material, as superior. 
A number of publications indicated that, among 
xenografts, porcine-derived bone owns excellent 
osteoconductive properties without adverse reactions 
[19,27-28]. Nevertheless, as for the other xenografts, 
when used in ARP techniques [20,21], porcine-derived 
bone is not completely reabsorbed [29-32] and residual 
graft particles remain incorporated in newly formed 
bone tissue and maintained as inactive fillers. While 
most of osseous support of implants placed in pristine 
maxillary bone simultaneously to maxillary sinus 
lift with crestal approach is exclusively constituted 
by native bone (at least 5 mm), in cases that involve 
ARP procedures remaining graft particles may also be 
part of the peri-implant tissue. In the latter, marginal 
support of implant is provided by a variable amount 
of native bone, depending on the original remaining 
alveolar bone height. It is generally accepted that, 
in order to ensure long-term survival and success 
of functionally loaded implants, the peri-implant 
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osseous substrate should have the same intrinsic 
structural and physiological characteristics of native 
bone. Since marginal bone loss (MBL) is usually 
around the coronal end of the implant, differences in 
biomechanical and biological properties of the tissue 
that directly interfaces with the implant collar could 
result in different responses after functional loading. In 
this regard, a finite element analysis indicated that load 
distribution around implants placed in grafted areas 
may be strongly conditioned by the characteristics of 
the residual graft particles [33-35]. When the grafted 
volume exhibits less stiffness than the native bone, 
functional loading produces an increased concomitant 
stress at the level of the crestal bone. However, finite 
element studies require a precautionary interpretation 
and limited clinical information are present in 
literature.
This retrospective multicentre cohort study was 
aimed to evaluate retrospectively clinical outcomes 
and differences in marginal bone loss between 
implants with a laser- microgrooved collar placed 
using two different surgical protocols (implants 
placed in posterior maxillary pristine bone using a 
maxillary sinus lift with crestal approach and placed 
in maxillary posterior extraction sockets regenerated 
by 4 to 5 months with porcine-derived bone and 
porcine collagen membrane), in two different patient 
groups, over a period of 5 years after functional 
loading. The test hypothesis was that there were no 
differences in soft tissues conditions and in marginal 
bone loss between implants with a laser-microgrooved 
collar placed using the two procedures, against the 
alternative hypothesis of a difference. 
In addition, the influence of age, gender, smoking 
habits, history of periodontal disease, type of implant 
(short and standard-length), on marginal bone loss 
was analysed in function of the type of osseous 
support (previously grafted or pristine).

MATERIAL AND METHODS
Study population

All subjects were selected from 4 private practice 
pools following these inclusion criteria: 18 - 75 years 
of age, physical status according to the American 
Society of Anesthesiologists (ASA) I or II, absence 
of systemic diseases or conditions known to alter 
bone metabolism, and presence of one hopeless tooth 
with a non-restorable lesion, endodontic treatment 
failure, or root fracture, or periodontal and endo-
periodontal non-treatable lesion. All records contained 
standardized digital intraoral radiographies obtained 
at the time of implant placement (baseline [BSL]), 

final restoration delivery (FRD), and 1, 2, 3, 4, 5 years 
later after functional loading. Subjects were excluded 
if they had a history of intake of medications known 
to modify bone metabolism (e.g., bisphosphonates). 
Likewise, subjects who developed acute or chronic 
sinus pathology (i.e., sarcoidosis, osteomas, 
carcinomas, cancer of any kind, or had postoperative 
complications related to the procedures described in 
this study were excluded.
Italian law does not require any ethical committee 
authorization for clinical trials performed in private 
dental offices. Such authorization is required for public 
dental health centres (DM 18/3/1998 published in the 
Official Gazette, GU n. 122 of 28-05-1998). Therefore, 
the study was granted an exemption by the University 
“La Sapienza”, Roma, Italy review board. All patients 
signed informed consent documentation in which all 
procedures were detailed. The study was conducted in 
compliance with the Declaration of Helsinki.
Consecutive patients that fulfilled the inclusion 
criteria were elected for this study which was 
conducted between January 2013 and December 2020 
in 4 private clinical centres at Treviso, Torino (two 
centres) and Roma in Italy. The study population 
was divided into two cohorts of subjects. The first 
cohort (Group 1) underwent extractions with sockets 
preservation using porcine-derived bone covered with 
collagen membrane and, following 6 months, dental 
implants with standard approach. Patients of Group 
2 underwent extractions without socket preservation 
and, following 6 months, received dental implants in 
spontaneously healed bone using a maxillary sinus lift 
with crestal approach (Figure 1).

Implants

Two implants were used: 
• Short length implant (SH): Tapered Short Implant 

Laser-Lok® (BioHorizons Inc.; Birmingham, 
Alabama, USA) with tapered body design and 
resorbable blast textured (RBT) body surface, 
a 1.8 mm laser micro-grooved coronal design, 
with 4.6/5.8 mm in diameter and 6 and 7.5 mm in 
length.

• Standard length implant (ST): Tapered Internal 
Implant Laser-Lok® (BioHorizons Inc.) with 
tapered body design and RBT body surface,  a 1.8 
mm laser micro-grooved coronal design, with a 
3.8/4.6 mm in diameter and 9/12 mm in length.

According to the manufacturer’s recommendation, 
in each group of patients (1 and 2), all implants 
were placed with 0.9 mm of the laser-mocrogrooved 
surface above the bony crest, and with 0.9 mm of the 
laser-mocrogrooved surface under the bony crest.
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In all patients, full-mouth intraoral radiographies, 
cone-beam computer tomographic (CBCT) scans, 
diagnostic wax patterns, and surgical templates were 
used for the presurgical evaluations. Cumulative 
success rates, peri-implant MBL, probing depth 
(PD), plaque index (PI), bleeding on probing (BOP), 
and gingival recession were recorded at definitive 
restoration delivery, and at each year during the 
follow-up period.

Surgical procedures

All patients were prescribed prophylactic antibiotic 
therapy with 2 g of amoxicillin (Zimox® - Pfizer 
Italia Srl; Latina, Italy), or clindamycin 600 mg 
(Dalacin® C - Pfizer Italia Srl; Latina, Italy) if 
allergic to penicillins) 1 h before the extraction 
procedure and continued postoperatively with 1 g 
of amoxicillin (Zimox®) or 300 mg clindamycin 
(Dalacin® C) twice a day for 5 days. In addition, 
rinsing for 1 min with chlorhexidine mouthwash 
0.2% (Curasept ADS® - Curadent Healthcare 

S.p.A.; Saronno, Varese, Italy) prior to the surgery, 
and twice a day for the following 3 weeks, was 
recommended.
In the Group 1, following local anaesthesia with 2% 
lidocaine with adrenaline 1 : 50,000, (Xylocaina® 
- AstraZeneca S.p.A.; Italy), the identified tooth 
was extracted in a minimally traumatic manner with 
periotomes and without raising a full thickness flap. 
If necessary, the tooth was sectioned. Following 
preparation of interdental papilla with a pouch 
procedure, the extraction sockets were grafted with 
porcine-derived bone (MinerOss XP® - BioHorizons 
Inc.) up to the buccal and palatal alveolar bone walls 
and, subsequently, a collagen membrane (Mem-Lok 
Pliable® - BioHorizons Inc.) was gently pushed under 
the interdental papilla with the use of periotomes. 
The collagen membrane was used to cover the fresh 
extraction socket entrance. A 4.0 or 5.0 monofilament 
suture (Omnia® PTFE - Omnia SpA; Fidenza, Parma, 
Italy) was used to stabilize the membrane and prevent 
loss of graft particles. The collagen membrane was 
left exposed. 

Figure 1. The CONSORT flow diagram.
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In the Group 2, following local anaesthesia with 2% 
lidocaine with adrenaline 1 : 50,000 (Xylocaina®), the 
identified tooth was extracted in a minimally traumatic 
manner with periotomes and without raising a full 
thickness flap. If necessary, the tooth was sectioned. 
Soft tissues were approximated and sutured with a 4.0 
or 5.0 monofilament suture (Omnia® PTFE).
In both groups, after over 4 to 5 months of healing, 
the surgical re-entry procedure was performed for 
implant placement. Before surgery, in each site, the 
keratinized tissue thickness (KTT) was measured 
after performing anaesthesia, by means of n. 30 K-file 
inserted until touching the bone crest. The KTT was 
dichotomized into two groups (≤ 2 mm and > 2 mm). 
In the Group 1, SH and ST implants were placed 
according to conventional implant placement protocol 
at a minimum distance of ≥ 1.5 mm from the adjacent 
natural teeth. After local anaesthesia, surgical access 
was carried out with a full-thickness flap at the level 
of keratinized mucosa with a minimally extended 
release incision to expose the crest and the vestibular 
limit of the bone. Utmost care was taken to preserve 
the periodontal integrity of adjacent teeth. Following 
implant placement, the flap was sutured without 
tension using 4.0 or 5.0 monofilament sutures 
which were left in place for 10 days. Patients were 
instructed to have a liquid or semiliquid diet for the 
first three days and gradually return to a normal diet. 
An analgesic (Ibuprofen® 600 mg - Kern Pharma SL; 
Terrassa, Spain) was prescribed immediately after 
surgery and after 8 hours.
In the Group 2, implant site was carried-out using 
only Summers’ osteotomes with increasingly larger 
diameters numbers 1, 2 and 3, which were rotated 
and pressed manually to reach the working depth. 
By means of an alveolar curette (Lucas HFCL 84-
E5), the membrane was detached for about 1 mm, 
in a circumferential direction in relation to the 
access hole. Subsequently, collagen - accurately 
dimensioned, i.e. cut in small cubes with sides 
measuring 3 mm - was positioned and by means of 
the osteotomes, which were never pushed beyond the 
sinus floor, it was compacted toward the membrane in 
5 - 6 times subsequently. Small amounts of grafting 
material, composed of porcine demineralized bone 
(MinerOss XP®) were added 4 - 5 times subsequently 
and carefully compacted with osteotome no. 3, to 
reach a maximum depth of 5 mm. At the end of this 
procedure, the osteotome was pushed delicately to a 
depth of 1 mm less than the original implant length) 
and the negativity of Valsalva’s sign was verified. ST 
implants were placed, with the rough/microgrooved 
border flush with the bone crest, with the laser-
microgrooved surface at the supra crestal level, and at 

a minimum distance of ≥ 1.5 mm from the adjacent 
natural teeth.
Postoperative instructions were given, and all patients 
were prescribed Ibuprofen® 600 mg tablets. In all 
patients, the second-stage surgery for placement of 
healing abutments was performed after 4/6 months. 
The implant supported prosthetic restorations were 
delivered in each implant site after 5 and 7 months. 

Follow-up

After FRD, patients were enrolled in a maintenance 
program with half-yearly recalls. At each control visit, 
a professional oral hygiene and a clinical/radiographic 
examination was performed. Number of sites with 
plaque, number of sites with BOP, PD, mucosal 
recession (REC), and mesial/distal radiographic peri-
implant marginal bone levels were considered at 
the each recall visit. Moreover, prosthesis mobility, 
pain, infection, and any complications, if present, 
were recorded. Absence of mobility, pain, infection, 
and radiolucent area around the implant were 
considered parameters of success. Implant loss, 
implant/screw fracture that conditions the prosthesis 
stability, significant bone loss (> 3 mm) and lack 
of osseointegration were considered parameters of 
failure. 

Radiographic examinations

Digital radiographs (Figure 2 and 3) were taken 
with an individualized acrylic resin device fixed 
to the residual dentition and a radiograph holder. 
Radiographic measurements were calculated using 
a software program VixWin™ Platinum Imaging 
Software (Gendex Dental Systems; Des Plaines, 
Illinois, USA). Radiographically, MBL was assessed 
at the mesial and the distal sides of each implant by 
subtracting the measure of MBL at the BSL from the 
measure of MBL at RD, and 1, 2, 3, 4, 5-year follow-
up. A dedicate software (VixWin™ Platinum Imaging 
Software) was used to calculate the radiographic 
measurements. The following radiographic 
measurements were performed:
• Radiographic implant length (IL): distance (in 

mm) between the implant coronal margin and the 
implant apex as assessed at the mid portion of the 
implant.

• Residual bone height at the mesial and distal 
aspects of the implant: distance (in mm) between 
the line linking the coronal implant margin, and 
the first contact of the crestal bone on both mesial 
and distal sides of the implant. 

To account for radiographic distortion, radiographic 
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Figure 2. Example of treatment in Group 1.
A = the extraction socket was grafted with porcine-derived bone; B = after 6 month a short implant was placed; C = crown delivery; 
D = 5 years follow-up.

Figure 3. Example of treatment in Group 2.
A = the extraction socket was no grafted; B = after 6 month a standard implant was placed by means of a crestal sinus floor elevation; 
C = crown delivery; D = 5 years follow-up.
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measurements on each radiograph were adjusted for 
a coefficient derived from the ratio: true length of the 
implant/IL. 

Additional data recorded

Age, sex, smoking, and drinking habits at the time of 
enrolment in the study, history of periodontal disease, 
and type of implant (SH or ST), were recorded for 
each subject. Smoking habits were classified using the 
following criteria:
• Non-smoker: 0 cigarette/day;
• Mild smoker: 0 - 10 cigarette/day;
• Heavy smoker: > 10 cigarette/day.
Alcohol intake was considered over 10 gr/day. History 
of periodontal disease was determined by consulting 
dental history records. If not available, information 
was gathered by asking the subject about past dental 
care and performing a comprehensive periodontal 
examination. At least 3 mm of attachment loss and 
30% of radiographic bone loss in 30% of sites was 
considered to classify periodontally compromised 
patients.

Examiner calibration

All the clinical outcome variables were carried out by 
a single trained examiner (RG) who had previously 
undergone a calibration session on a sample of 10 
patients treated with the same implant system and 
not included in the study (kappa test = 0.9418, 
SE of kappa = 0.09, 95% confidence interval = 
0.8417 to 1).

Statistical analysis

For clinical parameters (PD and REC) and 
radiographic MBL, data was calculated for each 
implant and reported as mean and standard deviation 
(M [SD]). Number of sites with plaque, and number 
of sites with bleeding at BSL, FRD, 1, 2, 3, 4, 5 years 
were also reported. The normality of distribution 
of variables was controlled by the Kolmogorov-
Smirnov test. Bonferroni test was used for multiple 
comparisons between two groups (1 and 2). Parametric 
test assumptions were not available for PI and 
BOP, thus, these variables were analysed with the 
Wilcoxon signed rank test. The results of Wilcoxon 
signed rank test were expressed as the number of 
observations (n) and M (SD). An alpha error of 0.05 
was set to accept a statistically significant difference. 
MBL was expressed as average values (in mm) in 
function of type of bone, interproximal site, time 
elapsed since functional loading, and type of implant. 

Table 1. Demographic data

Total Group 1 Group 2
N (%) N (%) N (%)

Total patients 120 (100) 58 (48.3) 62 (51.7)
Total implants 120 (100) 58 (48.3) 62 (51.7)
Short length implant 68 (56.6) 33 (56.8) 35 (56.4)
Standard length implant 52 (43.4) 25 (43.2) 27 (43.6)
Male 46 (38.4) 22 (47.8) 24 (53.2)
Female 74 (61.6) 34 (45.9) 40 (54.1)
No smokers 72 (60) 32 (44.4) 40 (45.6)
Mild smoker 37 (30.8) 17 (45.9) 20 (54.1)
Heavy smoker 11 (9.2) 6 (54.5) 5 (45.5)
Periodontitis 42 (35) 20 (47.6) 22 (52.4)
No periodontitis 78 (65) 43 (55.1) 35 (44.9)
Alcohol intake 53 (44.1) 28 (52.8) 25 (47.2)
No alcohol intake 67 (47.7) 32 (53.3) 35 (52.3)

N = number.

One-way analysis of variance (ANOVA) was 
performed to identify the categorical variables (gender, 
history of periodontitis, and smoking) significantly 
associated with MBL. The relationship between MBL 
and age was determined by calculating the Pearson 
correlation coefficient. The effect of two variables of 
interest, type of bone (grafted versus pristine), and 
type of implant (SH versus ST), relative to MBL was 
analysed using analysis of covariance (ANCOVA). 
In this analysis, there were two repeated-measures 
factors: elapsed time since surgery (1, 2, 3, 4, 5 
years) and location of the MBL (mesial or distal). The 
Greenhouse-Geisser correction was used to correct for 
violation of the sphericity assumption for all decisions 
in which repeated-measures factors with more than 2 
levels were involved. All the analyses were carried out 
using statistical software SPSS Statistics 15.0 (IBM 
Corp.; Armonk, New York, USA).

RESULTS

One hundred and twenty subjects (74 [61.6%] 
females) participated in this retrospective multicentre 
cohort study. Age ranged from 30 to 72 years 
(mean = 54.18 years). A total of 58 subjects were 
enrolled in Group 1 and 62 subjects formed Group 
2. Therefore, 120 implants were evaluated. Thirty-
three implants in Group 1 were SH and 25 were ST. 
Thirty-five SH implants and 27 ST were allocated 
in Group 2 (Table 1). Mean values of PI, BOP, 
PPD, REC, recorded in both groups at the end 
of the follow-up period are reported in Table 2. 
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Table 2. Results of the clinical measurements for implants in both 
groups collected at the end of the follow-up period (5 years)

Group Mean (SD),
mm P-significance

Plaque index

Non-regenerated 21 (12)
0.5748a

Regenerated 19 (14)

Bleeding on probing

Non-regenerated 8 (2.3)
0.7943a

Regenerated 9 (2.1)

Probing pocket depth

Non-regenerated 1.2 (0.6)
0.6783b

Regenerated 1.3 (0.3)

Mucosal recession

Non-regenerated 0.6 (0.3)
0.8137b

Regenerated 0.5 (0.7)

Keratinized mucosa

Non-regenerated 2.6 (1.3)
0.7892b

Regenerated 2.8 (1.2)

aWilcoxon signed rank test; btwo-factor repeated measure ANOVA.
SD = standard deviation.

Table 3. Mesial and distal MBL (intragroup) around implants placed in posterior maxillary pristine bone (spontaneously healed posterior 
maxillary extraction sockets) by means of osteotome-mediated sinus floor elevation and in posterior maxillary extraction sockets grafted by 
4 to 5 months, (intergroup) in function of elapsed time since functional loading (intragroup) 

Site Bone Implant

MBL (mm)

1 year 2 years 3 years 4 years 5 years

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Mesial

Pristine
Short length 0.07 (0.12) 0.11 (0.21) 0.18 (0.32) 0.21 (0.28) 0.33 (0.51)

Standard length 0.06 (0.14) 0.12 (0.19) 0.16 (0.38) 0.23 (0.34) 0.30 (0.44)

Grafted
Short length 0.09 (0.13) 0.12 (0.19) 0.17 (0.28) 0.22 (0.33) 0.34 (0.47)

Standard length 0.07 (0.11) 0.1 (0.22) 0.19 (0.31) 0.23 (0.43) 0.33 (0.49)

Distal

Pristine
Short length 0.08 (0.11) 0.13 (0.22) 0.17 (0.38) 0.24 (0.38) 0.37 (0.44)

Standard length 0.07 (0.12) 0.11 (0.2) 0.19 (0.42) 0.22 (0.44) 0.35 (0.45)

Grafted
Short length 0.09 (0.13) 0.12 (0.17) 0.18 (0.25) 0.23 (0.47) 0.32 (0.26)

Standard length 0.06 (0.11) 0.14 (0.21) 0.2 (0.51) 0.25 (0.33) 0.31 (0.39)

MBL = marginal bone loss; SD = standard deviation.

The mean PI values at the implant sites reached 21 
(12)% for the Group 1, and 19 (14)% for the Group 
2. In both groups, the mean BOP value reached 8 
(2.3)%, and 9 (2.1)%, respectively, and the mean 
PPD value was 1.2 (0.6) mm and 1.3 (0.3) mm, 
respectively. The mean REC value recorded for 
the Group 1 was 0.6 (0.3) mm, and 0.5 (0.7) mm for 
the Group 2.

No significant difference between the two groups was 
noted for PI, BOP, PPD, and REC. In 89% of the sites 
in the Group 1 and 83% in the group 2, keratinized 
mucosa (KM) was present at the buccal aspect, with 
similar mean values in height (Group 1 = 2.6 [1.3] 
mm; Group 2 = 2.8 [1.1] mm). In both groups, no 
statistically significant difference was noted in MBL 
between sites with KTT > 2 mm and ≤ 2 mm. 
Cumulative radiographic MBL ranged from 0.03 
mm to 0.39 mm after 60 months of functional 
loading. Table 3 shows MBL average values, with 
the corresponding standard deviation, in function of 
interproximal site (mesial or distal), elapsed time since 
functional loading (12, 24, 36, 48 and 60 months), 
type of implant (SH or ST), and type of bone (pristine 
or grafted). Table 4 displays the data that relate to 
the association between the independent variables 
and MBL. Independent samples t-tests were used to 
examine the effects of gender, history of periodontitis, 
and smoking. Pearson correlation coefficients were 
computed for age. Smoking independently influenced 
bone loss during the observed times at both mesial and 
distal sites. Likewise, an association between history 
of periodontitis and increased MBL was observed. 
Increased MBL was also associated with older age. 
The two (intergroup, type of bone: pristine vs. grafted) 
by 2 (intergroup, type implant: SH vs. ST) by 3 
(intragroup, times: 12, 24, 36, 48 and 60 months) by 2 
(intragroup, sites: mesial vs. distal) repeated-measures 
ANCOVA, using history of periodontitis, smoking 
and age as covariates, revealed that peri-implant 
MBL was similar in grafted and in pristine bone. 
MBL progression rate was not different between both 
groups. 
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DISCUSSION

To our knowledge, this is the first long-term 
retrospective multicentre cohort study aimed at 
determining whether implants placed in posterior 
maxillary pristine bone (spontaneously healed 
posterior maxillary extraction sockets) using sinus 
floor elevation with crestal approach, exhibit different 
success rate, peri-implant soft tissue conditions and 
radiographic MBL than implants placed according to 
conventional implant placement protocol in posterior 
maxillary extraction sockets, grafted by < 6 months. 
The influence of other variables such as smoking, 
history of periodontitis, and type of implant (SH 
and ST) on MBL incidence was also investigated. 
According to the collected data, no statistically 
significant differences in success rate and in clinical 
parameters, such as, the PI, pocket depth, BOP, and 
gingival recession were observed between two groups 
and between SH and ST implants. MBL is considered 
an important prognostic factor in the evaluation 
of the implant survival [36]. The values accepted 
as a reasonable guideline for MBL are 1.5 mm for 
the first year following loading of the implant and 
0.2 mm of additional loss for each subsequent year 
[37]. A recent literature review by Ramanauskaite et 
al. [37], including 7 RCTs, reported MBL changes 
between implants placed into the naturally healed 
sites or the previously grafted sockets. Two of 
them revealed no significant difference [38,39]. In 
contrast, a single study reported higher MBL loss 
for the implants placed into the naturally healed 

sites versus grafted sockets [40]. MBL has been 
associated with multiple factors, such as, surgical 
trauma [41], prosthetic considerations [42], implant 
design [43], patient habits [44], implant/abutment 
connection [45], and bone substratum [46]. However, 
some key questions on the influence of each specific 
factor remains unanswered. Since MBL is usually 
around the coronal end of the implant, differences 
in biomechanical and biological properties of the 
tissue that directly interfaces with the implant collar 
could result in different responses after functional 
loading. Several studies indicated that porcine-
derived bone is not completely reabsorbable [20-32]. 
Non-resorbtion might not only result in shielding 
of the newly formed bone from physiological 
stresses necessary for further remodelling, but 
the presence of residual graft particles could also 
interfere with the maintenance of marginal bone 
levels around dental implants [47]. Some authors 
[47-49], having histologically documented the 
presence of multinucleated/osteoclastic cells around 
xenogenic bone residual particles, speculated 
that these may influence the physiologic bone 
remodelling process around dental implants. Other 
authors [29-32], documenting that residual graft 
particles are completely surrounded by vital bone, 
suggested that they could provide a biologic support 
similar to that of the host bone. The effect of 
biomechanical adaptive responses after functional 
loading on progressive MBL in grafted site model 
has been investigated in a finite element analysis 
study by Inglam et al. [34] using a composite graft 
(autologous cortical bone and anorganic bovine bone). 

Table 4. Differences between marginal bone loss for gender (females/males), periodontitis (periodontal vs. non-periodontal) and smoking 
(smokers vs. non-smokers)

Year Site
Gender History of

periodontitis Smoking Age

Mean (SD) P-valuea Mean (SD) P-valuea Mean (SD) P-valuea Mean years P-valueb

1 year
Mesial 0.6 (0.13) 0.22 0.42 (0.19) 0.009 0.45 (0.38) 0.001 0.32 0.008
Distal 0.07 (0.15) 0.28 0.38 (0.22) 0.022 0.51 (0.42) 0.004 0.28 0.009

2 years
Mesial 0.12 (0.15) 0.31 0.44 (0.23) 0.015 0.47 (0.48) 0.001 0.3 0.008
Distal 0.14 (0.16) 0.37 0.41 (0.31) 0.014 0.52 (0.32) 0.007 0.32 0.009

3 years
Mesial 0.18(0.25) 0.31 0.4 (0.33) 0.006 0.45 (0.33) 0.012 0.36 0.003
Distal 0.19 (0.36) 0.38 0.38 (0.31) 0.015 0.55 (0.42) 0.013 0.38 0.006

4 years
Mesial 0.2 (0.25) 0.41 0.37 (0.35) 0.016 0.5 (0.29) 0.009 0.33 0.005
Distal 0.19 (0.36) 0.35 0.39 (0.41) 0.008 0.51 (0.32) 0.013 0.31 0.002

5 years
Mesial 0.21 (0.22) 0.36 0.34 (0.45) 0.002 0.47 (0.39) 0.003 0.34 0.007
Distal 0.22 (0.26) 0.48 0.33 (0.51) 0.003 0.49 (0.42) 0.008 0.35 0.009

aIndependent samples t-test P-values.
bPearson correlation coefficients for age.
SD = standard deviation.
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Authors noticed that when the stiffness of the grafted 
area is less than that of the cancellous bone high-
level strain is primarily distributed at the crestal 
level, which may promote MBL. Therefore, grafted 
areas should ideally have certain stiffness (similar or 
superior to adjacent native bone), so efficient loading 
forces distribution can be reached due to the exhibited 
similar values of strain energy density in the crestal 
cortical, cancellous, and grafted bone [34]. Compared 
with normal human cancellous bone, anorganic bovine 
bone has a slightly higher modulus of elasticity 
and a lower stiffness [50]. Vice versa, the modulus 
of elasticity and stiffness of porcine xenograft are 
closer to human trabecular bone than bovine bone 
[51]. According to outcomes of the present study, it 
is reasonable to postulate that the porcine derived 
biomaterial particles might act creating a dense and 
hard tissue network that provides a biomechanical 
support to dental implants similar to that of 
the host bone.
Current knowledge in medicine leads to assume 
that anything foreign to the body will immediately 
be signaled by the immune system and a cascade 
of reactions ensues in parallel to a modulated 
inflammation, as part of tissue repair (for a detailed 
description see the reference [52]). The integration 
of biocompatible materials and titanium dental 
implants, actually representing a foreign body 
reaction, is an immune-modulated, multifactorial, 
and complex healing process where a number 
of cells and mediators are involved [52,53]. The 
buildup of osseointegration of biocompatible 
materials and titanium dental implants seems to 
be an immunologically and inflammatory-driven 
process, with the ultimate end to shield off the foreign 
material placed in the body [53]. The long-term 
clinical function of this process is dependent on a 
foreign body equilibrium, that if disturbed may lead 
to impaired clinical function, through a breakdown 
process where macrophages are again activated and 
may further fuse into foreign body giant cells, now 
seen in much greater numbers, resulting in the start 
of bone resorption - due to cells such as osteoclasts 
with different origins and possibly even macrophages 
degrading more bone than what is formed via 
osteoblastic activity through complex mechanisms. 
A series of factors, such as unsuitable biomaterial/
implant designs, suboptimal selection of surgical sites, 
suboptimal operator skills in tissue manipulation, 
patients’ brittle systemic health, over loading 
situations and, of course, different degrees of foreign 
body reaction could to work together to activate 
the immune system, ultimately shifting the delicate 
balance between the osteoblast and the osteoclast 

resulting in implant failures [53]. However, further 
studies are needed to clarify the precise regulation 
and the individual input of the inflammatory 
immune and healing processes in the buildup and 
breakdown of biomaterials and titanium implant 
osseointegration.
In contrast to the proposed criterion of implant 
success, we observed less MBL over an average 
of 5 years. The implant used in the present study 
has a 1.8 mm laser micro-grooved coronal design. 
Several studies, using implants with these collar 
features, showed minimal MBL [52]. This has 
been explained by the capacity of the laser-
microgrooved surface to influence peri-implant 
soft-tissue response with a perpendicular/functional 
orientation of connective tissue fibres around the 
implant collar that protect the peri-implant crestal 
bone [34].
In the current study, smoking and history of 
periodontitis negatively influenced MBL with 
statistical significance regardless of the type of 
osseous substrate (grafted or pristine) and type of 
implant (SH or ST). Nonetheless, this is not surprising 
because both variables have been reported to play 
an important detrimental role in the maintenance 
of peri-implant crestal bone. Multiple studies have 
demonstrated an increased risk of MBL for smokers 
compared with non-smokers, with odds ratio of 
peri-implantitis in smokers that range from 3.6 
to 4.6 [53,54]. In a recent meta-analysis, MBL in 
subjects with history of periodontitis was found to be 
higher than in periodontally healthy subjects (mean 
difference = 0.61 mm) [55]. It has also been shown 
that the combination of history of periodontitis and 
smoking increases the risk of peri-implant bone loss 
[55]. 
Despite the efforts made by the investigators to 
comply with high standards of research quality, 
this study presents some limitations. First, results 
came from a retrospective study and hence, they 
require validation by other randomized, controlled, 
prospective clinical studies. Also, obtaining 
radiographic MBL measurements from CBCT 
scans would have provided more accuracy and 
the possibility of performing a three-dimensional 
analysis. 

CONCLUSIONS

The data from this study indicate that the conditions 
of the soft tissues and the marginal bone level at 
implants with a laser-microgrooved collar placed 
in posterior maxillary extraction sockets grafted 
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by 4 to 5 months, and in posterior maxillary pristine 
bone (spontaneously healed posterior maxillary 
extraction sockets) using osteotome-mediated sinus 
floor elevation, were similar after an observation 
period of 5 years in this patient population. Hence, the 
implant coronal anchorage provided by nonaugmented 
or partially augmented bone was capable of 
withstanding prosthetic loading.
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