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Several studies have demonstrated that missing
single teeth are encountered in all age groups.1,2

The loss of a single premolar or molar is a common
cause of nonphysiologic occlusion, resulting from tip-
ping of neighboring teeth and extrusion of opposing
teeth.3 In anterior sites, on the other hand, esthetic

concerns may also influence treatment.4 The use of
dental implants to prosthetically restore function and
esthetics following the loss of a single tooth has
become common and a standard alternative to a
conventional tooth-supported reconstruction, mainly
because of the benefit of avoiding the loss of intact
tooth substance of adjacent teeth.5,6 Literature stud-
ies with follow-up periods of 1 to 8 years have docu-
mented predictable treatment outcomes for
single-tooth restorations on dental implants, with
excellent survival and success rates between 93.7%
and 100.0%.5–12 Despite the high success and pre-
dictability of rehabilitating patients with single-tooth
restorations using dental implants, many reports of a
high incidence of prosthetic complications, such as
abutment screw loosening, have been pub-
lished.5,13–17 In a recent systematic review of 5-year
survival and complication rates of implant-supported
single crowns, Jung et al5 reported an incidence of
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abutment screw loosening of 12.7%. This result was
clearly influenced by the inclusion in the meta-analy-
sis of an old study by Henry et al,13 in which gold
screws were used. If this old study was excluded, the
cumulative incidence of abutment screw loosening
reported by Jung et al5 would have been reduced to
5.8%. In older studies, in fact, higher percentages of
abutment screw loosening (28% to 48%) are
reported.14–17 In general, abutment screw loosening
has been attributed to unfavorable biomechanical
factors, such as occlusal overload,18 which generally
affects restorations in the posterior regions of both
arches, where mechanical loads are higher.9,13–20

A major difference between implant systems is the
type of implant-abutment connection.21,22 At present,
the most common methods for securing the abut-
ment to the implant involve screw-type connections.
In screw-retained abutment systems, the connection
between the implant and the abutment depends on
the screw preload, which is generated by applying a
predetermined amount of torque.21 When occlusal
loads exceed the preload, the screw can loosen or
break.22 It has been suggested that if the torque and
preload delivered to the screws are optimal, these
forces will minimize screw loosening or fracture.21–23

However, until recently, the fear of abutment screw
loosening remained a major concern for clinicians.23

The introduction of frictional systems such as tapered
interference fit (also called Morse taper) could repre-
sent a possible solution to this problem. The tapered
interference fit relies on the high contact pressure and
frictional resistance in the region of the implant-abut-
ment interface to provide a secure connection.21,22

The high mechanical stability of the Morse taper
implant-abutment connection allows the crowns to
be cemented, minimizing the risk of abutment loosen-
ing and resulting in better clinical performance.24–27

Single tooth replacement with Morse taper–connec-
tion implants has been associated with a lower per-
centage of abutment loosening when compared to
external-hexagon connections or a butt-joint
design.24 Sutter et al25 proposed a tapered connection
between implant and abutment as an optimal combi-
nation of predictable vertical positioning and self-
locking characteristics. Weigl,26 in a 6-year study of
233 Morse taper–connection single-tooth implant
crowns placed in posterior areas, reported a very low
incidence (1.3%) of abutment loosening. No other
mechanical complications, such as abutment fracture
or ceramic crown fracture, were described.26 In an 8-
year study of 275 single-tooth Morse taper–connec-
tion implants, Doring et al27 observed no abutment
loosening (0.0%). Similar results were reported by Nor-
ton28 and Felton,29 who showed that the incorpora-
tion of conical connections between implant and

abutment dramatically enhanced the ability of the
system to resist bending forces. To date, studies of
Muftu and Chapman30 and Morgan and Chapman31

seem to confirm that abutment loosening is not a
problem when tapered interference fits are used.

The purpose of this prospective study was to eval-
uate the incidence of abutment loosening in Morse
taper–connection implants (Leone Implant System)
used for single-tooth replacement. In addition,
implant survival rate and implant/crown success
were assessed.

MATERIALS AND METHODS

Patient Selection 
Between January 2003 and December 2006, patients
with loss of a single tooth who desired a single-tooth
restoration supported by a dental implant were
recruited and consecutively enrolled in this prospec-
tive clinical study, which took place at six different
centers. Inclusion criteria were adequate bone height
and width to permit the placement of an implant at
least 3.3 mm in diameter and 8.0 mm in length. Exclu-
sion criteria included poor oral hygiene, active peri-
odontal infections, uncontrolled diabetes, bruxism,
and/or a heavy smoking habit (more than 15 ciga-
rettes/day). All patients signed an informed consent
document. 

Preoperative Workup
A complete examination of the oral hard and soft tis-
sues was carried out for each patient. Panoramic
radio graphs formed the basis for the primary investi -
gation. Where necessary, computed tomographic
scans were used as the final investigation. Computed
tomographic scans were acquired using a modern
cone-beam scanner (i-Cat, Imaging Sciences Interna-
tional) and the data were transferred to implant navi-
gation software (Simplant, Materialise) to create a
three-dimensional virtual model of the hard tissues.
With this navigation software, it was possible to cor-
rectly assess the width of each implant site, the thick-
ness and the density of the cortical plates and the
cancellous bone, and the ridge angulation. On the
basis of this information, surgical templates (SurgiGu-
ide, Materialise) were manufactured. Preoperative
work-ups also included an assessment of the edentu-
lous ridges using casts and diagnostic wax-ups.

Implant Placement
The teeth were extracted at least 3 months prior to
implant surgery in all patients. A removable prosthe-
sis was therefore used for a provisional rehabilitation
in esthetic areas. Local anesthesia was induced by
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infiltrating articaine 4% containing 1:100,000 adrena-
line (Ubistesin, 3M ESPE). Full-thickness flaps were ele-
vated. Single-tooth Morse taper–connection implants
(Leone Implant System) were inserted by six different
experienced surgeons (one at each clinical center
involved in the study) (Fig 1). Implants were posi-
tioned at the bone crest level. The flaps were reposi-
tioned to cover the implants completely and were
secured by interrupted nonabsorbable polyamide
sutures (Supramid, Novaxa).

Healing Period
A two-stage technique was used to place the
implants.32 The implants were left submerged for 3
months in the mandible and at least 4 months in the
maxilla. Second-stage surgery was conducted to gain
access to the underlying implants. A mesiodistal cre-
stal incision, limited to the implant site, was placed
and the ridge mucosa was elevated to uncover the
implant, followed by replacement of the cover screw
with the healing abutment. The mucosal flap was
adjusted to the healing abutment and then sutured
into position. An impression for the crown was taken
at the implant level 2 weeks later, and the prosthetic
restoration was placed 3 weeks after abutment-con-
nection surgery. The prosthetic restorations com-
prised single crowns. Standard metal prefabricated
abutments were used. Acrylic resin provisional
restorations were used to assist with implant stability
under a progressive load and to obtain good soft 
tissue healing around the implant before fabrication

of the definitive restorations. The provisional restora-
tions remained in situ for 3 months, after which the
definitive restorations were placed. In the esthetic
areas, patients were restored with a cemented all-
ceramic crown, while in posterior regions, implants
were restored with metal-ceramic crowns. Restora-
tions were cemented with zinc oxide–eugenol
cement (Temp Bond, Kerr).

Incidence of Abutment Loosening
At 12, 24, 36, and 48 months after implant insertion,
prosthesis function was tested. Static and dynamic
occlusion were evaluated with standard occluding
papers (Bausch). In this context, the stability of the
implant-abutment connection was evaluated, and
any abutment loosening was registered. In addition,
any abutment fracture or ceramic crown fracture was
reported.

Clinical Evaluation
The following clinical parameters were investigated:

• Modified Plaque Index (mPI) was determined on
the mesial, distal, buccal, and palatal surfaces of the
implants. For each implant, the mPI value was calcu-
lated based on the average of the four obtained
values. The following scores were assigned on the
basis of the amount of plaque: 0 = no plaque
detected; 1 = plaque recognized by running a
probe across the marginal surface of the implant; 
2 = plaque visible with the naked eye; 3 = abundance
of soft matter.33,34

• Modified Bleeding Index (mBI), assessed on the
same surfaces, as an indicator of the existence and
severity of peri-implant gingivitis. For each implant,
the mBI value was calculated based on the average
of four obtained values: 0 = no bleeding when run-
ning a periodontal probe along the gingival margin
adjacent to the implant; 1 = isolated bleeding spots
evidenced; 2 = blood forming a confluent line on
the mucosal margin; 3 = profuse bleeding.33,34

• Probing depth (PD) was measured in millimeters
using a periodontal probe (PGF-GFSR, Hu-Friedy) on
the same surfaces. For each implant, the PD value
was calculated based on the average of four mea-
sured values.34

• Distance from the implant-crown margin to the
coronal border of the peri-implant mucosa (DIM) in
millimeters, measured at the same surfaces. This
parameter was investigated to eventually illustrate
the presence of soft tissue recession. For each
implant, the DIM value was calculated as the mean
of the four measured values; in the presence of a
subgingival implant crown margin it was recorded
as a negative value.34

Fig 1 Drawing of the Morse taper–connection implant (Leone
Implant System) used in this study. The system is composed of
an implant and an abutment joined together by a self-locking con-
nection that combines a Morse taper (taper angle of 1.5 degrees)
with an internal hexagon with a positional function. 
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• Width of keratinized mucosa (Km), measured in mil-
limeters on the buccal side of each implant.33,34

• Presence or absence of pain or suppuration.33,34

Radiographic Evaluation
Intraoral periapical radiographs were taken for each
implant, using a Rinn alignment system (Rinn,
Dentsply) with a rigid film/object/x-ray source being
coupled to a beam-aiming device to achieve repro-
ducible exposure geometry, at baseline (immediately
after implant insertion) and at the follow-up sessions
(12, 24, 36, and 48 months after implant insertion). The
radiographs were analyzed to exclude the presence of
continuous peri-implant radiolucency, and measure-
ments were performed to assess the distance between
the implant shoulder and the first visible bone contact
(DIB) in millimeters.35–37 With these values, crestal bone
level changes were registered as modifications in the
distance from the implant shoulder to the bone level
on the mesial and distal implant side. To correct for
dimensional distortion, the apparent dimension of
each implant was measured on the radiograph and
then compared with the actual implant length.35–37

Criteria for Implant Survival and
Implant/Crown Success
An implant was classified as surviving when it was
still in function at the end of the study. Implant losses
were all considered failures. The conditions for which
implant removal could be indicated included peri-
implant infections with persistent pain or implant
loss as a result of mechanical overload. Cumulative
survival analysis was carried out with the Kaplan-
Meier survival estimator (SPSS 10.0, SPSS).38

An implant/crown was classified as successful
when it fulfilled all the following success criteria:

• Absence of abutment loosening 
• Absence of pain and suppuration
• Absence of clinically detectable implant mobility
• Absence of peri-implant radiolucency
• PD < 5 mm (for each implant)
• DIB < 1.5 mm after 12 months of functional loading

and not exceeding 0.2 mm for each subsequent
year39

RESULTS

Altogether, 295 patients (125 men and 170 women
aged between 24 and 79 years) were examined in
this study. Twelve of the 295 enrolled patients had
bilateral indications for implant therapy, such that
307 implants were placed. One-hundred sixty-two
implants (52.77%) were inserted in the maxilla, while

145 implants (47.23%) were inserted in the mandible
(Table 1). One hundred fifteen implants (37.46%)
were placed in anterior regions, while 192 implants
(62.54%) were placed in posterior regions (Table 1).
The most frequently used implant diameter was 4.1
mm (198 implants; 64.50%), followed by 4.8 mm (97
implants; 31.60%) and 3.3 mm (12 implants; 3.90%).
Implant lengths were 8 mm (24 implants; 7.81%), 10
mm (96 implants; 31.28%), 12 mm (142 implants;
46.26%) and 14 mm (45 implants; 14.65%).

Implant Survival
At the end of the study, five implants failed and had
to be removed. Three failed implants were in the pos-
terior maxilla and two were in the anterior mandible.
All five implants were classified as early failures, since
they showed clinically detectable mobility and sup-
puration, as well as continuous radiographic radiolu-
cency, before the time of abutment connection. Five
of the 295 patients were classified as dropouts
because they missed the last scheduled appointment
at the end of the study; therefore, the overall cumula-
tive implant survival rate was 98.4%, with 302
implants still in function (Fig 2).

Implant/Crown Success
Two prosthetic abutments (in the posterior area of the
mandible) became loose during the first year of load-
ing. These abutments were reinserted and no further
incidences of loosening were observed during the
study. The overall incidence of abutment loosening
was 0.66%. No other prosthetic complications related
to implant-abutment connection (such as abutment
fracture) were observed, and no ceramic crown frac-
tures were reported.

Two hundred fifty implants (82.78%) had an mPI
score between 0 and 1, while 52 implants (17.22%)
exhibited a greater amount of plaque, with scores
above 1. Two hundred sixty-four implants (87.41%)
exhibited no sign of gingival inflammation, with an
mBI score between 0 and 1, while 38 implants (12.59%)

Table 1   No. and Locations of Implants Placed, by
Center

Center

Location 1 2 3 4 5 6 Total

Anterior maxilla 38 21 1 3 1 1 65
Posterior maxilla 44 23 14 6 7 3 97
Anterior mandible 41 7 2 0 0 0 50
Posterior mandible 65 18 5 5 2 0 95
Totals 188 69 22 14 10 4 307
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showed a bleeding score above 1. For 252 implants
(83.44%), PD did not exceed 3.0 mm; for 48 implants
(15.90%), PD was between 3.0 and 5.0 mm; and for 2
implants (0.66%), PD was greater than 5.0 mm. In 292
implants (95.11%) the DIM was between –1 and –2
mm. Twelve implants (3.90%) showed a DIM between 0
and –1 mm, and three implants (0.99%) showed mini-
mal soft tissue recession, with a reported DIM > 0 mm.
Only 18.45% of the sites investigated did not exhibit
Km, as they were localized within mobile, nonkera-
tinized tissue. The remaining sites revealed the pres-
ence of Km with a width of 1 mm or more. The
radiographic evaluation of the implants revealed mean
DIB values of 0.90 mm, 0.92 mm, and 1.02 mm at 12, 24,
and 36 months after implant insertion, respectively. At
the 4-year examination, the mean bone level of the
implants was situated 1.14 mm from the reference
point (Figs 3 and 4). Minimal changes were seen in the
bone level between the 1- and 4-year examinations,
and surviving implants completely fulfilled the radi-
ographic success criteria.

With regard to all these data, only four surviving
implants (1.32%) did not meet the established success
criteria (with two implants showing abutment loosen-
ing and two implants revealing PD of more than 5.0
mm), for an overall implant/crown success rate of
97.07%.

DISCUSSION

With Morse taper–connection implants, a lower inci-
dence of abutment loosening is observed.24–31 In a 3-
year study of 58 single-tooth implants with a Morse
taper implant-abutment connection, Romanos and
Nentwig40 observed very few prosthetic complica-
tions (no abutment loosening). These data are con-
firmed by a 3-year retrospective study of Mangano
and Bartolucci, which  included 80 Morse taper–con-
nection implants. These were positioned most often in
the posterior areas of both arches and showed a very

low incidence of prosthetic complications (3.75%,
with only two abutment fractures and one abutment
loosening).41 In the present study only two prosthetic
abutments (0.66%), located in the posterior mandible,
became loose over a period of 4 years. No other
mechanical or prosthetic complications occurred. 

The tapered fit implant-abutment connection sys-
tem used in this study is composed of an implant and
an abutment joined together by a self-locking connec-
tion as a result of a Morse taper guided by an internal
hexagon. The Morse taper presents a taper angle of 1.5
degrees, and it is able to induce a self-locking mating
between the parts. Moreover, fabrication of natural
looking and esthetically acceptable restorations was
possible without the need for an occlusal screw. The
marginal bone crest level around two-piece dental
implants, with screw type implant-abutment connec-
tion, is generally located 1.5 to 2.0 mm below the
implant-abutment connection after the first year of
functional loading.42 Although the precise mecha-
nisms of bone loss around dental implants are still
poorly understood,43 some authors have suggested
that micromovements at the implant-abutment inter-
face could lead to bone resorption.44 Morse taper–con-
nection implants are characterized by higher
implant-abutment mechanical stability,24–31,40,41 which
prevents crestal bone loss around implants. 

It is noteworthy that all implants with screw-type
implant-abutment connections show a microgap of
variable dimensions (40 to 100 µm) at the implant-
abutment interface. This microgap is colonized by
bacteria that are capable of penetrating inside the
internal hollow portion of the implant.45 Because the
implant-abutment connection is located near the
alveolar crest, the bacterial leakage and persistent col-
onization of the microgap at the implant-abutment
interface are responsible for generating a chemotactic
stimulus, which initiates and sustains recruitment of
inflammatory cells. This finally results in the develop-
ment of peri-implant inflammation and bone loss.46–48

If the absence of an implant-abutment microgap is

Fig 2 Survival analysis with Kaplan-Meier
estimates.
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Fig 3 The implant crown in situ at 4 years. Fig 4 Radiographic control of the implant
at 4 years.
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associated with reduced peri-implant inflammation
and minimal bone loss, the Morse taper implant-abut-
ment connection could provide an efficient seal
against microbial penetration.49 The tapered interfer-
ence fit considerably reduces the dimensions of the
microgap (to 1 to 3 µm) at the implant-abutment
interface, providing an adequate biologic seal and
preventing bacterial leakage.49 This contributes to a
minimal amount of peri-implant soft tissue inflamma-
tion and can guarantee adequate bone crest stability.
Furthermore, it has been demonstrated that the verti-
cal height of bone around an implant depends largely
on the formation of the biologic width at the abut-
ment-implant interface, to provide space for the con-
nective tissue.50,51 With the tapered interference fit,
the abutment emergence geometry leads to the
advantage of “platform switching,” increasing the dis-
tance between the microgap and the bone crest
level.51 This is a very important aspect, as bacteria are
more distant from the bone and it is possible to mini-
mize bone loss.51–54 Moreover, another consequence
is excellent soft tissue healing, with a thicker, larger,
better organized amount of peri-implant soft tissues.
This transmucosal seal can protect the bone crest
from resorption.51–56 In the present study, minimal
changes were observed between the 1- and 4-year
examinations, with the bone level of the implant situ-
ated an average of 0.90 mm and 1.14 mm from the
reference point the first and the fourth year after
insertion, respectively. Good soft tissue healing was
present, as 264 implants (87.41%) did not exhibit any
sign of gingival inflammation, with an mBI score
between 0 and 1. These data were confirmed by PD
values, with only two implants (0.66%) showing PD
above 5.0 mm.

CONCLUSION

Based on the results of the present study, it can be
concluded that Morse taper–connection implants can
represent an ideal treatment option for single tooth
replacement, even in the posterior areas of both
arches. Single-tooth Morse taper–connection implants
showed a very low incidence of abutment loosening
(0.66%), with no abutment fractures, a cumulative
implant survival rate of 98.4%, and an implant/crown
success rate of 97.07% over a period of 4 years.
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