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Open-cohort prospective study on early implant 
failure and physiological marginal remodeling 
expected using sandblasted and acid-etched bone 
level implants featuring an 11° Morse taper connection 
within one year after loading

Abstract

O b j e c t i v e

The objective of this study was to evaluate the implant survival and success 
rates as well as the physiological marginal bone remodeling expected 
using Osstem implants.

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

This investigation was designed as an open-cohort prospective study on 
completely or partially edentulous patients who received at least one bone 
level implant with a sandblasted and acid-etched surface and an 11° Morse 
taper connection. Outcome measures were the success rates of the im-
plants and prostheses, complications, marginal bone level changes, inser-
tion torque, implant stability quotient, bone density and soft-tissue 
biotype.

R e s u l t s

A total of 243 implants were placed in 90 consecutive patients and fol-
lowed up for a minimum period of one year after loading (mean of 
17.6 ± 2.5 months; range of 12–24 months). Five implants failed in five 
patients, resulting in a cumulative implant survival rate of 97.9%. Insertion 
torque of < 35 N cm was found to be a risk factor for implant failure 
(p = 0.0068). No definitive prosthesis failed, resulting in a cumulative 
prosthetic survival rate of 100%. Four patients experienced one technical 
complication each, resulting in a cumulative prosthetic success rate of 
97.2%. The cumulative mean marginal bone loss between implant place-
ment and the follow-up one year after loading was 0.37 ± 0.25 mm (95% 
CI: 0.26–0.30). Comparison of marginal bone loss and the investigated 
risk factors found statistically higher marginal bone loss for smokers, a 
thin gingival biotype and guided bone regeneration (p < 0.05).

C o n c l u s i o n

Low implant failure and physiological marginal bone remodeling of 
0.37 mm within one year after loading can be expected using Osstem TSIII 
implants in the daily practice.

K e y w o r d s

Dental implants, bone remodeling, conical connection, survival 
rate, complications.
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Introduction

During the first year of function, a certain 
amount of physiological marginal bone loss 
is expected around a dental implant, both 
horizontally and vertically; thereafter, mini-
mal further bone loss has been observed.1, 2 
Marginal bone loss (MBL) of 1.5–2.0 mm during 
the first year of function has been assumed as 
normal.2 Afterward tissue stability is expect-
ed.2–4 However, the criteria for defining success 
in implant dentistry are under constant debate 
in consensus statements and observational 
studies. Papaspyridakos et al. proposed param-
eters related to soft- and hard-tissue stability 
that can influence the progression of MBL 
around implants, but is not clear whether the 
physiological bone remodeling is prosthesis-re-
lated, host-related, implant-related or load-
dependent.4 As a result, although numerous 
studies have reported improvements in implant 
design and protocols to minimize this MBL, the 
utilized criteria for success have remained 
unchanged.

Several factors may increase MBL around 
dental implants, including surgical trauma, 
implant–abutment connection type, biological 
width establishment, mucosal tissue thickness, 
keratinized tissue width and bone density.5–7 The 
stress and strain concentrated at the periimplant 
crestal bone result in structural and morpho
logical changes, especially during the first year 
after loading.7 Hence, the bone remodeling pro-
cess is one of the critical factors in evaluating 
implant success.8 In addition, iatrogenic factors 
may contribute to periimplant MBL, such as im-
plant positioning, implant–abutment microgap, 
lack of passive fit of the superstructure and oc-
clusal overloading.9–13

Many pathological factors, including history 
of periodontitis, smoking, poor plaque control, 
genetic predisposition and diabetes, may pro-
duce an inflammatory reaction around an 
implant; nevertheless, no consensus exists with 
regard to a suitable definition of “periimplantitis” 
based on clinical and radiographic signs and 
symptoms or the best way to manage this 
emerging challenge.13, 14 The American Academy 
of Periodontology in 2013 defined “periimplan-
titis” as an inflammatory reaction associated 
with the loss of supporting bone beyond the 
initial biological bone remodeling around an im-
plant in function.15

The aims of the present study were to report 
the survival and success rates of dental implants 

placed in private practice and representing the 
daily realities of implant treatment, and then to 
determine the entity of the physiological mar-
ginal bone remodeling expected using Osstem 
implants. The data were analyzed to determine 
any statistical relationships between explana-
tory variables and early implant failure and 
physiological marginal bone remodeling (within 
one year after loading). This study is reported 
according to the Strengthening the Reporting of 
Observational Studies in Epidemiology state-
ment for improving the quality of observational 
studies.16

Materials and methods

This investigation was designed as an open-
cohort prospective study. All of the surgical and 
prosthetic procedures were performed in a pri-
vate center in Rome, Italy, by an implant-based 
certified clinician (MT) between September 
2014 and December 2016. All of the participants 
were enrolled and treated in consecutive order 
after being informed about the clinical proce-
dures, materials to be used, benefits, and poten
tial risks and complications, and once their writ-
ten consent had been obtained. This study was 
conducted according to the principles embodied 
in the Helsinki Declaration of 1975, as revised in 
2008.

Any completely or partially edentulous 
patients who received at least one bone level 
implant with a sandblasted and acid-etched sur-
face and a Morse taper connection (Osstem 
TSIII, Osstem, Seoul, South Korea) were consid-
ered eligible for this study, independent of the 
implant and prosthetic protocols used. Exclusion 
criteria were general medical contraindications 
to oral surgery (American Society of Anesthesio
logists Physical Status Class III or IV), patients 
treated or under treatment with intravenous 
aminobisphosphonates, and previous radio
therapy of the oral and maxillofacial region 
within the last five years. Patients who were 
diagnosed with active periodontal disease 
(≥ 6 mm probing depth) underwent periodontal 
surgery or initial therapy alone, prior to implant 
surgery.

S u r g i c a l  a n d  
p r o s t h e t i c  p r o t o c o l s

Preoperative photographs, periapical radio-
graphs, panoramic radiographs or cone beam 
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computed tomography (CBCT) scans, and model 
casts were produced for all of the patients, for 
initial screening and case evaluation. Before 
implant placement, all of the patients received 
a single dose of an antibiotic (2 g of amoxicillin 
or 600 mg of clindamycin if allergic to penicillin). 
Prior to the start of surgery, the patients rinsed 
with 0.2% chlorhexidine for 1 min. The patients 
received Osstem TSIII bone level implants with 
a rough surface (Ra of 2.5~3.0 µm) sandblasted 
with alumina and acid-etched and featuring an 
internal hex and 11° conical connection. Implant 
placement was performed using either comput-
er-guided template-assisted implant placement 
or conventional freehand surgery. Most of the 
implants were placed according to the drilling 
protocol recommended by the manufacturer. In 
the case of immediate loading, post-extractive 
implants and poor bone quality, the drilling pro-
tocol was customized (Table 1).

Surgical protocols included placement in 
completely or partially edentulous healed ridges 
with or without bone grafting, as well as in fresh 
extraction sockets using a flapless or a flap ap-
proach. A flapless approach was planned in the 
case of post-extractive implants or in a healed 
site, depending on the width of the available 
keratinized mucosa. In cases of ridge atrophy, 
defined as a bone height of < 7.0 mm and/or bone 
width of < 4.5 mm, implant placement was per-
formed simultaneously with guided bone regen-
eration (GBR). Otherwise, in cases of severe 
ridge atrophy, implant placement was per-
formed six months after bone regeneration. 
Sinus lift procedures were performed using the 
conventional lateral window technique or by a 
less invasive transcrestal sinus floor elevation 
(Crestal Approach Sinus KIT, CAS-KIT, Osstem) 
in the case of a residual alveolar crest of at least 
3 mm (maximum of 8 mm) in height and 6 mm 
in width distal to the canine, measured on a 
CBCT scan. In all reconstructive cases, the bone 
graft material was based on autogenous bone, 
combined with synthetic hydroxyapatite en-
riched with magnesium (SINTlife, Finceramica, 
Faenza, Italy) or with beta-tricalcium phosphate 
(Q-Oss+, Osstem). A resorbable cross-linked 
collagen membrane (OssGuide, Osstem) was 
used to protect the graft material during healing 
in the case of GBR or the lateral window ap-
proach.

In the case of immediate post-extractive im-
plants, residual teeth were extracted as atrau-
matically as possible. Implant insertion was then 
planned along the palatal socket wall, about 

1.5 mm below the buccal alveolar crest. The 
residual socket was grafted with corticocancel-
lous heterologous bone, with a graft particle size 
of 250–1,000 μm (OsteoBiol Gen-Os, Tecnoss, 
Giaveno, Italy). In the case of delayed implants, 
socket preservation was performed with the 
same procedure and the implant was placed four 
months after healing.

Loading protocols varied based on implant 
stability and/or individual case requirements. 
Immediate loading (within 48 h of implant place-
ment) was performed in the case of an implant 
stability of at least 35 N cm and at the patient’s 
request. Titanium temporary abutments or 
titanium or zirconia definitive abutments were 
screwed directly on to the implants or the inter-
mediate abutments (straight or angulated 
multi-abutments, Osstem) with prosthetic 
screws tightened to 15 N cm on the day of  
surgery. Straight or angled multi-abutments  
(Osstem) were used in the case of multiunit res-
torations and screw-retained prostheses and/or 
when there was the need to change the depth or 
the angle of the implant. Prefabricated, screw-re-
tained or cemented temporary acrylic resto-
rations were trimmed and polished chairside. 
Partially edentulous patients received nonocclu-
sal temporary restorations. Multiple implants 
received splinted, metal-reinforced temporary 
restorations with centric contact and group func-
tion, but without any cantilever. If needed, flaps 
were closed around the abutments. Otherwise, 
in the case of a bone augmentation procedure or 
post-extractive implants, a conventional or de-
layed loading protocol (three to six months after 
implant placement) was adopted.17

After implant placement, all of the patients 
received oral and written recommendations on 
medication, oral hygiene maintenance and diet. 
Postoperative antibiotic therapy (1 g of amoxi-
cillin or 300 mg of clindamycin), administered 
every 12 h for six days, was limited to cases with 
immediate socket sites, bone grafting or sinus 
procedures. Analgesics (500 mg of paracetamol 
plus 30 mg of codeine, or 600 mg of ibuprofen) 
were administered as needed.

Final restorations were delivered between 
eight (single or partial crowns and overdentures) 
and twenty weeks (full arches). Final resto-
rations were either screw-retained or cemented. 
Cemented restorations were delivered on either 
stock or customized CAD/CAM abutments. All 
of the restorations (metal and zirconia) were 
cemented using a glass ionomer cement (Ketac 
Cem, 3M ESPE, Neuss, Germany). Any cement 
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Table 1

remnant was immediately removed using an 
air–water syringe with the patient’s mouth 
closed. After 5 min of setting, the patient was 
clinically and radiographically inspected. Other
wise, CAD/CAM screw-retained restorations 
were delivered at implant or abutment level. The 
final abutments and screw-retained frameworks 
were screwed on at the torque setting recom-
mended by the manufacturer.

The patients that received cemented resto-
rations were inspected again after three to five 
days. All of the patients were then enrolled in a 
standard implant recall program. Oral hygiene 
maintenance was checked and radiographs were 
taken early after final prosthesis delivery. Occlu
sion was checked at every appointment. An 
explanatory case is illustrated in Figures 1 to 10.

O u t c o m e s

Primary outcome measures were the success 
rates of the implants and prostheses, evaluated 
by an independent assessor. An implant was con-
sidered a failure if it presented any mobility, as-
sessed by tapping or rocking the implant head 
with the metallic handles of two instruments, 
progressive MBL or infection, and any mechanical 
complications rendering the implant unusable, 
although still mechanically stable in the bone. A 
prosthesis was considered a failure if it needed 
to be replaced with another prosthesis. 

Secondary outcomes were as follows:
– �Complications: Any biological (pain, swelling, 

suppuration, etc.) and/or mechanical (screw 
loosening, fracture of the framework and/or the 
veneering material, etc.) complications were 
evaluated and treated by the same surgeon.

– �Marginal bone levels: The levels were assessed 
using intraoral digital periapical radiographs 

(Digora Optime, SOREDEX, Tuusula, Finland; 
photostimulable phosphor imaging plate, size 
2, pixel size of 30 µm, resolution of 17 lp/mm) 
at the subsequent follow-ups: implant place-
ment (baseline), second-stage surgery, defin-
itive crown delivery and one year after loading. 
Intraoral radiographs were taken with the 
paralleling technique by means of a periapical 
radiograph with a commercially available film 
holder (Rinn XCP, Dentsply Rinn, Elgin, Ill., 
U.S.). The radiographs were accepted or rejec
ted for evaluation based on the clarity of the 
implant threads. All readable radiographs 
were uploaded to an image analysis software 
package (DfW 2.8, SOREDEX) that was cali-
brated using the known length or diameter of 
the dental implants and displayed on a 24 in. 
LCD screen (iMac, Apple, Calif., U.S.) and eval-
uated under standardized conditions (ISO 
12646:2004). The marginal bone levels were 
determined from linear measurements per-
formed by an independent calibrated examiner 
on each periapical radiograph, from the mesial 
and distal margin of the implant neck to the 
most coronal point where the bone appeared 
to be in contact with the implant.

– �Insertion torque. This was recorded at implant 
placement by the same surgeon (MT) using 
the iChiropro surgical unit (Bien-Air, Bienne, 
Switzerland).

– �Implant stability quotient (ISQ): The measure-
ments were performed at implant placement 
and at the six-month follow-up by the surgeon 
(MT) using resonance frequency analysis 
(Osstell Mentor device, Osstell, Gothenburg, 
Sweden). 

– �Residual alveolar bone quality: This was 
assessed during surgery by the same surgeon 
(MT) and classified according to the Lekholm 
and Zarb classification.

Type Subtype Implant protocol and location

Conventional preparation Healed site

Adapted preparation technique Narrow preparation
Freehand, maxilla required  

immediate loading, post-extractive 
implants, poor bone quality

Halfway preparation Guided surgery, maxilla, 
 immediate loading

Osteotome technique Maxilla, needed to perform 
bone spreading 

Table 1
Drilling protocols.
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Fig. 1

Fig. 2

Fig. 3Fig. 1
Preoperative panoramic 
radiograph.

Fig. 2
Preoperative intraoral 
photograph: lateral view.

Fig. 3
Preoperative intraoral 
photograph: occlusal view.
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Fig. 4

Fig. 5

– �Thickness of the gingival biotype: This was 
assessed at the time of surgery using a perio
dontal probe (PCPUNC156, Hu-Friedy Italy, 
Milan, Italy) or a tension-free caliper. The gin-
gival biotype was considered thin if the mea-
surement was 1 mm and thick if > 1 mm. 

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

Patients data were collected in an MS Excel 
spreadsheet. A statistician with expertise in 
dentistry analyzed the data and performed all 
of the statistical analysis using SPSS for Macin
tosh (Version 22.0; IBM, Chicago, Ill., U.S.). The 
distributions of continuous variables are given 
as mean ± standard deviation, median and 95% 

confidence interval (CI), whereas ordinal and 
dichotomous variables are presented as per-
centages. The implant or the restoration were 
the statistical units of analysis. Differences in 
the proportion of patients with prosthesis fail-
ures, implant failures and complications (dicho
tomous outcomes) were compared between the 
groups using the Fisher exact test. Differences 
in mean for continuous outcomes (bone level 
and ISQ) were compared at patient level by in-
dependent samples t-tests and one-way analy-
sis of variance, respectively. Comparisons 
between each time point and the baseline mea-
surements were made by paired tests, in order 
to detect any changes in marginal periimplant 
bone levels. All statistical comparisons were 
conducted at the 0.05 level of significance.

Results

A total of 243 sandblasted and acid-etched bone 
level implants featuring an 11° Morse taper con-
nection were placed in 90 consecutive patients 
recruited and treated between September 2014 
and December 2015 and followed for at least one 
year after loading. All of the initially selected pa-
tients were included and no patients dropped out 
of the study. The data of all of the patients were 
evaluated in the statistical analysis.

Fig. 4
Virtual planning. From left to 
right, teeth #47, 46 and 44.

Fig. 5 
Periapical radiograph taken 
after placement of the 
implants.
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The patients were of both sexes (34 males and 
56 females) and had an average age of 
53.2 ± 15.4 years (range of 24–81 years). All of 
the patients were followed up for a minimum 
period of one year after loading (mean of 
17.6 ± 2.5 months; range of 12–24 months). Most 
of the implants (n = 208) were placed in non-
smoking patients, while 20 implants were 
placed in patients who smoked ≤ 10 cigarettes 
per day and 15 implants in patients who smoked 
> 10 cigarettes per day. The main implant char-
acteristics are shown in Table 2.

Forty-three implants were immediately 
placed in post-extraction sockets (Type 1),18 75 
implants were placed 12–16 weeks after a sock-
et preservation procedure (Type 3)18 and 125 
implants were placed late (more than four 
months after tooth extraction, Type 4).18 For-
ty-nine implants were immediately loaded 
(20.2%) and 76 implants were placed using guid-
ed surgery (32.5%). Overall, 172 implants were 
conventionally placed without bone augmenta-
tion. Nineteen implants were placed in conjunc-
tion with horizontal GBR using a native collagen 
membrane and 1:1 ratio of particulated xenograft 
and autologous bone. Ten implants were placed 
in conjunction with a transcrestal sinus floor 
elevation. Three implants were placed with a 
combination of GBR and transcrestal sinus floor 

elevation. Thirty-nine immediate implants were 
placed in combination with socket preservation 
procedures.

The overall insertion torque ranged between 
15.0 and 45.0 N cm (mean of 42.9 ± 4.8 N cm). 
Two hundred and three implants (83.5%) were 
placed at an insertion torque ranging from ≥ 35 
to 45 N cm. The definitive restorations were 
delivered 8 to 20 weeks after second-stage sur-
gery (Fig. 11). All of the impressions were taken 
at implant or abutment level with anatomically 
customized light-curing acrylic impression trays 
(Elite LC tray, Zhermack, Badia Polesine, Italy) 
fabricated on a preliminary cast derived from an 
irreversible hydrocolloid impression taken with 
a stock metal impression tray. The impressions 
were made with plaster (Snow White Plaster 
No. 2, Kerr, Orange, Calif., U.S.) in the case of 
edentulous patients or with a polyether material 
(Impregum Penta, 3M Italia, Milan, Italy) for 
single and partial restorations.

Overall, 104 single crowns were delivered in 
67 patients, 20 fixed partial dentures (FPDs) 
supported by two to three implants were deliv-
ered in 16 patients and the remaining 16 patients 
received 19 full-arch restorations supported by 
two to six implants (Table 3). Definitive pros-
theses were screwed on to 168 implants (71 
single crowns, 11 FPDs and 13 full-arch resto-

Figs. 6 & 7

Figs. 8 & 9

Fig. 6
Screw-retained temporary 
restoration placed eight weeks 
after implant placement.

Fig. 7
Try-in of the zirconia-based 
frameworks.

Fig. 8
Delivery of the final 
restoration.

Fig. 9
Intraoral photograph taken 
one year after delivery of the 
definitive restoration.
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rations) and cemented on to the remaining 
61 implants (33 single crowns, nine FPDs and 
one full-arch restoration). Three patients (six 
implants) received overdentures on OT Equator 
attachments (Rhein 83, Bologna, Italy) and two 
patients (eight implants) received overdentures 
fully supported by a titanium CAD/CAM bar 
(New Ancorvis) and OT Equator attachment 
screwed on the top.

Five implants failed in five patients, resulting 
in a cumulative implant survival rate of 97.9% at 
the follow-up one year after loading. All of those 
implants failed before definitive loading. Two 
implants were placed in combination with bone 
augmentation procedures (p = 0.6310), one im-
plant was immediately loaded (p = 1.000) and 
two were placed immediately after tooth ex-
traction (p = 0.2108). Of these, two implants were 
placed using guided surgery (p = 0.6572). No 
statistically significant differences were found 
(p > 0.05). Two out of seven implants placed at an 
insertion torque of < 35 N cm failed (p = 0.0068).

No definitive prosthesis failed, resulting in a 
cumulative prosthetic survival rate of 100%. 
Four patients experienced one technical compli-
cation each, resulting in a cumulative prosthetic 
success rate of 97.2% at the follow-up one year 
after loading. One zirconia-based, full-arch 
framework, delivered on six implants, presented 
a misfit between the framework and the most 
distal implant at the try-in appointment. The 
framework was remade with no further compli-
cations. One zirconia-based, full-arch, screw-
retained restoration, delivered on six implants, 
fractured at the bisque bake try-in appointment. 
The restoration was remade with no further 
complications. Two patients with a single 
screw-retained restoration experienced screw 
loosening. The screws were replaced chairside 
with no further complications. One patient ex-

perienced pain and swelling up to 3 weeks after 
implant placement, resulting in a MBL greater 
than 2 mm. Nevertheless, no further pathologi-
cal MBL was experienced.

Most of the implants were placed at crest 
level or a little below. In the case of post-extractive 
implants, they were placed 1.0–1.5 mm below the 
buccal bone plate. At the definitive prosthesis 
delivery, the mean MBL was 0.26 ± 0.25 mm 
(95% CI: 0.27–0.30). The cumulative mean MBL 
between implant placement and the one year 
after loading follow-up was 0.37 ± 0.25 mm (95% 
CI: 0.26–0.30). The MBL in the interval between 
the definitive prosthesis delivery and the one year 
after loading follow-up was 0.11 ± 0.14 mm (95% 
CI: 0.08–0.10). Overall, 86.8% of the implants 
(n = 211) showed an MBL of ≤ 0.5 mm one year 
after loading, while only three implants showed 
an MBL of > 1.0 mm. Two patients were asymp-
tomatic, while a third patient presented with pain 
without suppuration. This patient was treated 
with an antibiotic and analgesic until the resolu-
tion of the pathology. Eighty-two out of 243 pa-
tients (33.7%) reached the two-year follow-up. 
In this cohort of patients, MBL between the one- 
and the two-year follow-up was 0.05 ± 0.14 mm 
(range of 0.0–0.2 mm; 95% CI: -0.01–0.10).

Comparison of MBL and the investigated risk 
factors found statistically higher MBL for smok-
ers, a thin gingival biotype and GBR. Immediate 
loading and placement of the definitive abutment 
on the day of surgery were found to be protective 
factors, with statistically significantly lower MBL.

Most of the implants (n = 203; 83.5%) 
reached an insertion torque of 45 N cm. The 
other 40 implants were placed at an insertion 
torque ranging from ≥ 35 to < 45 N cm (n = 33; 
13.6%), > 25 to < 35 N cm (n = 4; 1.6%) and 
< 25 N cm (n = 3; 1.3%). No statistically signifi-
cant correlation was found between insertion 
torque and MBL (p = 0.3726).

At implant placement, the mean ISQ value 
was 71.6 ± 5.5 (range of 45–88); At the six-
month follow-up, mean ISQ was 76.7 ± 4.4 
(range of 66–89). The difference was statisti-
cally significant (p = 0.0001).

One hundred and sixty-six implants were 
placed in bone of Type 1 and 2 quality (n = 18). 
The remaining 77 implants were placed in Type 
3 and 4 bone. No statistically significant cor-
relation was found between insertion torque and 
MBL (p = 0.4216). 

A thin gingival biotype was associated with 
higher MBL compared with a thick biotype.  
The difference was statistically significant 

Fig. 10 Fig. 10
Periapical radiograph taken 
one year after delivery of  
the definitive restoration.
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7.0 mm 8.5 mm 10.0 mm 11.5 mm 13.0 mm TOTAL

Osstem TSIII 
3.0 mm – – – – 4 4

Osstem TSIII 
3.5 mm – 2 6 27 10 45

Osstem TSIII 
4.0 mm 3 2 17 31 14 67

Osstem TSIII 
4.5 mm 3 8 18 8 20 57

Osstem TSIII 
5.0 mm – 1 20 9 – 30

Osstem TSIII 
6.0 mm – 2 11 3 – 16

Osstem TSIII 
7.0 mm – 4 15 5 – 24

TOTAL 6 19 87 83 48 243

Central 
incisors

Lateral 
incisors Canines Premolars Molars TOTAL

Maxilla 26 7 4 45 41 123

Mandible – 15 5 42 58 120

TOTAL 26 22 9 87 99 243

Single  
restoration

Fixed partial 
denture

Overdenture  
on OT Equator

Overdenture 
on titanium bar

Fixed full-arch 
restoration TOTAL

Maxilla 46 9 1 – 7 63

Mandible 58 11 2 2 7 80

TOTAL 104 20 3 2 14 143

Table 2

Fig. 11

Table 3

Table 2
Implant characteristics.

Table 3
Type of restoration.

Fig. 11
Timing of implant placement 
and loading according to the 
surgical and prosthetic 
protocol adopted.

Table 4
Marginal bone loss associated 
with different risk factors.
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p-value

Implant location Maxilla (n = 123) Mandible (n = 120)

0.36 ± 0.29  0.38 ± 0.23 0.7961

Timing of implant placement Post-extractive (n = 43) Delayed (n = 75) Healed site (n = 125)

0.36 ± 0.29 0.37 ± 0.27 0.38 ± 0.30 0.9643

Type of implant placement Guided Conventional freehand

0.36 ± 0.24 0.37 ± 0.26 0.8544

Type of prosthesis retention Cemented (n =  78) Screwed (n =  165)

0.38 ± 0.20 0.36 ± 0.23 0.5135

Type of implant loading Immediate Early/conventional

0.26 ± 0.20 0.40 ± 0.26 0.0003

Bone augmentation 0 (n = 172) 1 (n = 19) 2 (n = 10) 3 (n = 3) 4 (n = 39)

0.35 ± 0.19 0.51 ± 0.50 0.22 ± 0.19 0.23 ± 0.06 0.39 ± 0.27 0.0000

Insertion torque ≤ 35 N cm (n = 40) ≥ 35–45 N cm (n = 203)

0.42 ± 0.44 0.36 ± 0.21 0.3726

Bone density Types 1 and 2 (n = 166) Types 3 and 4 (n = 77)

0.36 ± 0.23 0.39 ± 0.31 0.4216

Smoking Nonsmoker (n = 222) Smoker, ≥ 10 cigarettes per day (n = 21)

0.35 ± 0.22 0.48 ± 0.38 0.0098

Immediate abutment Yes (n = 26) No (n = 217)

0.25 ± 0.19 0.38 ± 0.26 0.0113

Gingival biotype Thin (n = 78) Thick (n = 165)

0.43 ± 0.27 0.34 ± 0.25 0.0307

Table 4
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(p = 0.0307). All of the radiographic compari-
sons are reported in Table 4.

Discussion

The aim of this prospective open-cohort study 
was to investigate, over a 1 year after loading  
period, the implant survival and success rates of 
sandblasted and acid-etched bone level implants
featuring an 11° Morse taper connection placed 
in private practice, and to evaluate the physiolog-
ical marginal bone remodeling among subgroups 
of exposed and unexposed subjects. The main 
limitation of the present study was the short fol-
low-up period. Nevertheless, one year after load-
ing is sufficient to evaluate the physiological 
marginal bone remodeling that was the main 
topic of this research.

In the present study, five out of 243 implants 
failed over a period of one year after loading, 
resulting in a cumulative implant survival rate of 
97.9%. No definitive prosthesis failed. One bio-
logical and four technical complications were 
experienced, resulting in a cumulative prosthetic 
and implant success rate of 97.2 and 99.6%, 
respectively.

The major clinical conclusion of the present 
research was that the physiological marginal 
bone remodeling using Osstem TSIII implants 
(Osstem) was 0.37 mm within one year after 
loading, independent of the surgical and pros-
thetic protocols. Subgroup analysis showed that 
smoking, a thin tissue biotype and GBR were 
associated with a statistically significantly 
higher MBL. This supports Sgolastra et al.’s con-
clusion that smoking seems to be positively as-
sociated with higher MBL, implant failure and 
risk of periimplantitis.19

The results of the present study are in agree-
ment with a recent systematic review and meta-
analysis that showed that implants placed with 
an initially thicker periimplant soft tissue have 
less radiographic MBL in the short-term follow-
up.20 The results of this study also demonstrat-
ed that implants placed with GBR are as suc-
cessful as implants placed into sites with pristine 
bone. In the present study, the mean MBL expe-
rienced around the implants placed in regener-
ated bone was slightly higher than that of the 
implants placed in nongrafted sites. No strong 
evidence is associated with higher MBL and GBR 
procedures. Nevertheless, data reported in the 
present study are consistent with, or slightly 
lower than, that reported in previous studies.21

Immediate loading and the placement of a defin-
itive abutment at implant insertion and never 
removed have been proven to reduce MBL.22, 23 A 
possible explanation of this phenomenon could 
be that most of the immediately loaded implants 
were placed without a flap, using guided surgery, 
and received the definitive abutment on the day 
of surgery, minimizing MBL.

High primary implant stability is considered 
one of the main factors necessary for achieving 
a predictable high success rate.24–28 Nevertheless, 
there is no consensus as to the ideal insertion 
torque required to prevent implant failure. In the 
present study, two out of seven implants placed 
at an insertion torque of < 35 N cm failed, reach-
ing a statistically significant difference. In the 
study, 83.5% of the implants were placed at an 
insertion torque of 45 N cm. The drilling protocol 
was customized according to the bone density. 
Conventional preparation was performed in 
healed sites with a bone density of Type 2 or 3.20 
Narrow or halfway adapted preparations were 
performed in the case of post-extractive implants 
and poor bone quality, using freehand or guided 
surgery, respectively. Finally, the osteotome tech-
nique was performed only in the maxilla, in order 
to perform bone spreading.

Conclusion

Low implant failure and physiological marginal 
bone remodeling of 0.37 mm within one year 
after loading can be expected using Osstem TSIII 
implants in the daily practice. Smoking, GBR and 
a thin tissue biotype were associated with higher 
MBL, while immediate loading and placement 
of the definitive abutment on the day of surgery 
reduced the MBL.
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