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Abstract
Reason and purpose of the study: Bone loss, particularly at
the level of the marginal bone crest, continues to be one of
the main complications of implant treatment that
compromises osseointegration and the rehabilitation. The
aim of the present study was to evaluate radiographic
marginal bone loss around short Morse taper connection
implants and the survival rate of these implants 7, 30 and
90 days after placement in severely resorbed jaws.
Methods: Twelve patients were divided into two groups: a
study group consisting of 20 implants measuring 6 mm in
length and 3.75 mm in diameter, and a control group
consisting of 20 implants measuring 8 mm in length and
3.75 mm in diameter. All surgeries were performed
according to the protocol of morse taper connection
implant of the Kopp System. The results were compared by
one-way analysis of variance and the Tukey test.
Results: There was no significant difference between groups
at any of the time points studied. The mean bone crest/
implant shoulder distance was 1,36 mm (SD=1.01) on the
mesial surface and was 1,10 mm (SD=0.87) on the distal
surface for the 6-mm implants and 1,42 mm (SD=0.83) on
the mesial surface and was 1,15 mm (SD=0.76) on the distal
surface for the 8-mm implants after 90 days of implant
placement. Two of the 40 implants were lost (one per
group), corresponding to a survival rate of 95%.
Conclusion: Within the limitations of this study, we
conclude that 6-mm long Morse taper connection implants
present levels of crestal bone remodeling similar to those of
8-mm long implants.
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Introduction
Bone loss, particularly at the level of the marginal bone crest,
continues to be one of the main complications of implant
treatment that compromises osseointegration and the longterm success of rehabilitation [1,2]. There is consensus in the
literature that the average bone loss around implants is 1 mm in
the first year of prosthesis installation and then remains
constant at 0.1 mm per year [3]. Bone loss around the implant
may also occur early due to etiological factors such as surgical
trauma resulting from overheating, implant position, formation
of biological space, surgical technique, and implant design
[1,2,4-6].
Osteotomy, a procedure used for the placement of
osseointegrated implants, has been indicated as one of the
probable causes of early peri-implant bone loss due to the
creation of devitalized bone around the implant. This devitalized
zone is the result of interruption of blood supply and the heat
generated during osteotomy, especially in cortical bone [2,5,7,8].
Apical-coronal implant position is another factor that influences
peri-implant bone loss [1,4,9]. Other etiologies of early periimplant crestal bone loss, such as smoking, immediate versus
late implant placement and non-threaded implants, are not
conclusive and require further investigation [6,10].
One advantage of Morse taper connection implants of the
frictional system is the absence of an implant-abutment
interface at the level of the bone crest [8,11-14]. Studies have
shown less marginal bone loss around this type of dental
implant [15]. Another characteristic of these implants is the
shorter smooth shoulder (0.5 mm) when compared to
conventional implants (1.8 to 2.8 mm). The purpose of this
reduction is to increase the treated surface area of the implant,
with a consequent increase in bone contact area which
contributes to osseointegration and reduces the extent of
crestal bone resorption [16,17].
Marginal bone loss is an even greater matter of concern when
short implants are used. These implants are employed in
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situations of short bone height or anatomical accidents such as
maxillary sinus pneumatization and proximity to the mandibular
canal [13,16]. Various bone grafting techniques have been
applied to overcome these physiological and anatomical
limitations. Despite high survival rates of these procedures,
many patients are unable or unwilling to undergo these
surgeries because of the need for multiple complex procedures,
poor physical conditions, increased postoperative sensitivity,
high cost, and long duration of treatment [16]. Although several
studies have reported higher failure rates for short implants
[18-20], clinical reports indicate that survival rates are
comparable to those of longer implants [8,16,21-23]. Misch et
al. [23] reviewed the literature on the failure rates of implant
management in partially edentulous patients receiving dental
implants shorter than 10 mm in the posterior region of the
dental arch between 1991 and 2003. The implant survival rate
was 85.3% for 2,837 short implants. Furthermore, these authors
and others demonstrated that most failures occur after
prosthetic load and that the failure rate does not depend on
implant length [19,22,24,25]. Therefore, placement of short
implants might be a suitable alternative for patients with
inadequate bone height in the posterior maxilla.
Considering that implant positioning relative to the alveolar
crest can contribute to crestal bone resorption around morse
taper connection implants. Subcrestal position those implants
has been proposed to decrease the risk of exposure of the metal
top of the implant and to have sufficient space in a vertical
dimension to create emergence profile. Although
osseointegrated implants have been extensively studied, there
are few reports comparing less than 8-mm long and 8-mm long
implants during the initial healing phase. Therefore, the
objective of the present clinical research was to evaluate
whether radiographic marginal bone loss around 6-mm long
morse taper connection implants and the survival rate of these
implants during osseointegration are similar to those of 8-mm
long implants inserted in a subcrestal position.

Methods
Patient selection and study design
A controlled clinical research using titanium implants with
morse taper connection was conducted. The patients were
recruited from the Undergraduate and Postgraduate clinics of
the Department of Implantology, School of Dentistry of Cascavel,
Parana, Brazil. The study was approved by the Ethics Committee
of the State University of Western Parana (Process No.
488/2009-CEP) and the patients signed a free informed consent
form after they had received detailed information about the
study.
Twelve patients were selected and divided into two groups: a
study group consisting of 20 implants measuring 6 mm in length
and 3.75 mm in diameter, and a control group consisting of 20
implants measuring 8 mm in length and 3.75 mm in diameter.
The implants were placed in edentulous maxillary sites that
required prosthetic rehabilitation. Patients with insufficient
bone volume and those who required dentoalveolar
reconstruction (e.g., bone grafts) were excluded. Of the 12
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patients, 5 (41,7%) were male and 7 (58,3%) were female.
Patients had between the ages of 39 and 59 years (mean age
was 48 years).
Criteria for inclusion in the study were age of 18 years or
older; willingness to cooperate with the requirements of the
study, no systemic condition such as diabetes mellitus,
osteoporosis, cancer, irradiation or blood dyscrasias; good oral
hygiene; sufficient alveolar bone volume at the implant recipient
site (width ≥ 6 mm and height ≥ 8 mm) exclusively for the study
group, and type I-III bone quality. Exclusion criteria were
pregnancy or breast-feeding; smoking and use of alcohol or
drugs; previous reconstruction at the implant recipient site;
insufficient alveolar bone volume at the implant recipient site
(width<6 and height<8 mm); presence of residual roots at the
recipient site; type IV bone quality decreases implant stability;
keratinized mucosa<2 mm at the implant recipient site;
stomatological diseases, and clinical signs of temporomandibular
dysfunction and bruxism.
Molds were then prepared from the patients who met the
inclusion criteria. These cases were planned. All clinical and
radiographic procedures were performed at the Dental
Implantology clinics of the State University of Western Parana,
Brazil.

Surgical procedures
Titanium implants of the Kopp System (Kopp Industria e
Comércio de Produtos Odontológicos Ltda., Curitiba, Parana,
Brazil), measuring 3.75 mm in diameter and 6 or 8 mm long,
were placed under local anesthesia by two surgeons in a single
intervention. The surgical procedure consisted of an incision in
the alveolar ridge crest for preservation of the keratinized
mucosa. Next, lingual and buccal mucoperiosteal flaps were
carefully elevated from the top of the alveolar crest. The implant
socket was fabricated with burs according to the protocol of the
system and primary stability was always achieved. The implants
were placed 1 to 2 mm below the bone crest. The
mucoperiosteal flaps were repositioned for healing by first
intention and secured with 5-0 Nylon suture. After one week,
the sutures were removed and postoperative control was
performed.

Postoperative care
The patients received an antibiotic (500 mg amoxicillin at 8-h
intervals or 500 mg erythromycin at 6-h intervals for patients
who are allergic to penicillin) for 7 days starting 1 h after
surgery; anti-inflammatory drug (100 mg nimesulide at 12-h
intervals) for 5 days starting 1 h before surgery, and analgesic
(500 mg/ml sodium dipyrone at 6-h intervals) in the case of
pain.
The patients were advised to avoid any trauma to the implant
sites and to rinse the mouth with 0.12% chlorhexidine
digluconate for at least 1 minute, twice a day, for one week. The
sutures were removed after 7 days and the patient was advised
to properly clean the treated area.
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Radiographs were obtained for the two groups after implant
placement.

Radiographic evaluation
Intraoral periapical radiographs were obtained before implant
placement and 7, 30 and 90 days after surgery. Periodic visits
were held for maintenance and for the reinforcement of oral
hygiene instructions at 7, 30 and 90 days after implant
placement. The paralleling technique was used. Radiographs
were taken using digital radiographic sensor (Kavo-Kerr), an
individual acrylic positioning device, and an exposure time of 0.4
seconds. For the evaluation of changes in peri-implant crestal
bone height, a single examiner measured the linear distance (in
mm) from the implant shoulder to the most coronary part of the
mesial and distal bone crest [7] using the Image Tool image
analysis program (University of Texas).
Figure 1 illustrate the periapical radiographs of the 6-mm and
8-mm implants. Crestal bone measurements were made on the
periapical radiographs obtained for the 6-mm and 8-mm
implants. The length of the implant (6 or 8 mm) represents the
reference to compensate for radiographic distortion. Next,
crestal bone measurements were obtained on the mesial and
distal side for all implants at the pre-established time points. The
apparent dimension of each implant (directly measured on the
radiograph) was compared to the true implant length, and the
following equation: [Rx implant length/ True implant length = Rx
crestal bone measurements/ True crestal bone measurements]
was used to stablish the eventual amount of vertical bone
alteration at the mesial and distal site of the implant [26].
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Results
Forty implants (20 implants measuring 3.75 × 6 mm and 20
implants measuring 3.75 × 8 mm) were placed in the patients
according to the number of missing teeth and bone availability.
Twelve (30%) implants were placed in the maxilla and 28 (70%)
in the mandible. Only one implant was placed in the anterior
region and the remaining ones in the posterior region of the
jaws. As reported by the patients, the first lower molars were
the first teeth to be lost. Most implants (n=8, 20%) were placed
at the site of tooth 46. Six implants were placed at the site of
tooth 36, corresponding to 15% of the sample.
Fourteen (35%) of the 8-mm implants were placed in the
mandible and 6 (15%) in the maxilla. The same percentages
were observed for the 6-mm implants (35% in the mandible and
15% in the maxilla).
Two of the 40 implants were lost (one per group),
corresponding to a survival rate of 95%. In the study group, one
posterior mandibular implant was lost after 30 days of use due
to exposure and mobility of the implant. In the control group,
the implant was lost after 20 days of use due to postoperative
sensitivity in the posterior maxillary region. Only one of the 12
patients reported mild postoperative paresthesia in the lower
lip. However, the symptoms had improved at the end of the 3month follow-up period. The remaining 38 implants met the
criteria of success proposed by Karoussis et al. [10] and Misch et
al. [27]. Radiographic examination showed no radiolucency at
the bone-implant interface for any of the implants, indicating
survival of dental implants during the period studied.
Figure 1 and Table 1 show the mean distance (in mm) of the
mesial and distal bone crests from the two types of implants
(3.75 × 6 mm and 3.75 × 8 mm) at 7, 30 and 90 days after
implant placement. There was no significant difference between
groups at any of the time points studied. However, comparison
of mesial and distal bone crest height of the two implants over
time showed a significant difference between mesial crest
height of the 8-mm implant at 7 days (2.15 mm) and distal crest
height of the 6-mm implant at 30 days (1.15 mm) and 90 days
(1.1 mm), and also distal crest height of the 8-mm implant at 90
days (1.15 mm). The p value was 0.002 (Figure 2).

Figure 1 A) Periapical radiographs obtained for the 8-mm
implant 7 days after surgery. B) Periapical radiographs
obtained for the 8-mm implant 30 days after surgery. C)
Periapical radiographs obtained for the 8-mm implant 90 days
after surgery. D) Periapical radiographs obtained for the 6mm implant 7 days after surgery. E) Periapical radiographs
obtained for the 6-mm implant 30 days after surgery. F)
Periapical radiographs obtained for the 6-mm implant 90 days
after surgery.
The results were compared by one-way analysis of variance
and the Tukey test. A P value < 0.05 was considered to indicate
statistical significance. Statistical analysis was performed using
the Bioestat 4 program.

© Under License of Creative Commons Attribution 3.0 License

The mean bone crest/shoulder distance of the implant during
a period of 7, 30 and 90 days after implant placement in a
subcrestal position revealed similar bone remodeling of the
implant crests for the 6-mm and 8-mm groups. However, the
mean bone crest/implant shoulder distance was 1,36 mm
(SD=1.01) on the mesial surface and was 1,10 mm (SD=0.87) on
the distal surface for the 6-mm implants and 1,42 mm (SD=0.83)
on the mesial surface and was 1,15 mm (SD=0.76) on the distal
surface for the 8-mm implants after 90 days of follow-up.
Difference between 7 and 90 days of the mesial and distal bone
crest height values of the 6-mm long implants over time was
0,42 mm and 0,32 mm, respectively, and for 8-mm long implants
over time was 0,73 mm and 0,53 mm, respectively.
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distribution and transmission of stresses from the prosthesis to
the bone-implant interface after healing [29].
Table 1 Mean distance of the mesial and distal crestal bone
measurement from the implant shoulder (implants of 3.75 × 6
mm and 3.75 × 8 mm) at 7, 30 and 90 days after implant
placement. Data are expressed as mean ± SD; Tukey test, NS,
non-significant: p>0.05

Figure 2 Mean distance (in mm) between the implant
shoulder and the mesial and distal bone crests of the two
types of implants (3.75 × 6 mm and 3.75 × 8 mm) at 7, 30 and
90 days after implant placement. Differents symbols indicate
a significant difference. Data are expressed as mean ± SD;
Tukey test, *: p<0.05; #: p<0.05, for CD/6 30 days group; CD/6
and CD/8 90 days; NS, non-significant: p>0.05.

Discussion
The 6-mm implants used in the present study were
considered to be short when compared to the mean length of
7.9 mm established in the literature [13,23]. In contrast to
previous studies, this investigation evaluated peri-implant bone
loss around 6-mm long Morse taper connection implants with a
3.75-mm regular platform. Radiographic evaluation revealed
similar levels of crestal bone remodeling on the mesial and distal
sides for the short (6 mm) and control (8 mm) implants (Figure 1
and Table 1). The fact that shorter implants yield similar results
as 8-mm implants has also been reported in the literature. In
addition, studies have demonstrated the possibility of implant
placement in areas with low bone height without the need for
advanced surgery or bone grafting [8,28].
Anatomical limitations can interfere with the position of
osseointegrated implants. In the posterior maxilla, implant
placement is limited by the extension of the maxillary sinus
cavity and, in the posterior mandible, by the position of the
inferior alveolar nerve. Techniques for vertical and horizontal
reconstruction of the posterior ridge such as autogenous bone
grafting, guided bone regeneration, inferior alveolar nerve
repair and maxillary sinus lift are associated with high morbidity
[13]. In the present study, the design and size of the implant
used permitted the placement of most implants (70%) in the
mandible beyond the mental foramen into type II or III bone
according to the classification of Misch [23]. With respect to
bone quality, bone density is not only responsible for mechanical
stability of the implant during healing, but also for the

4

Days

CM/6 (mm)
Mean ± SD

CD/6 (mm)
Mean ± SD

CM/8
(mm)
Mean ± SD

CD/8 (mm)
Mean ± SD

7

1,78 ± 1.13

1,42 ± 0.83

2,15 ± 0.60

1,68 ± 0.67

30

1,68 ± 1.29

1,15 ± 1.01

1,89 ± 0.80

1,36 ± 0.89

90

1,36 ± 1.01

1,10 ± 0.87

1,42 ± 0.83

1,15 ± 0.76

The less dense the bone, less bone will be in contact with the
implant body [23,30,31]. This fact may explain the high survival
rate of 95% obtained in the present study. In addition, the
number of implants placed in the mandible was the same for the
6-mm and 8-mm implants, demonstrating the similarity of the
two groups.
The stability of the peri-implant bone crest interferes with the
esthetic outcome of dental implants, such as size of the
prosthetic crown and presence of interdental papilla. One major
concern in the case of short implants is the gradual peri-implant
bone resorption over time, particularly in the first year, which
can reach 1 mm [15,32]. Therefore, some factors that contribute
to crestal bone resorption need to be controlled, including
position of the implant at the bone crest level, type of
connection between the implant and prosthetic component, and
surgical procedure used for implant placement. In the present
study, all implants with a regular platform and a Morse taper
connection were placed 1 to 2 mm below the bone crest.
Radiographic evaluation of marginal bone loss showed a mean
reduction in bone height above the implant shoulder ranging
from 0.32 to 0.73 mm over the period studied. Similar results
have been reported by Degidi et al. [32] who analyzed
histologically implants placed at the level of the bone crest and 1
to 3 mm below the crest. Peri-implant bone resorption ranged
from 0.5 to 1.5 mm for implants positioned at the level of the
bone crest and from 0 to 0.5 mm for intraosseous implants. A
difference exists between implants that are buried under the
gum during the healing period and those that are not, since
partial exposure contributes to the accumulation of bacterial
plaque and can cause inflammation [16,33-35]. Therefore, all
implants were buried under the gum tissue during the study
period.
Another observation in this present study was the mean
mesial and distal crestal bone loss from 0.32 to 0.73 mm for the
6-mm and the 8-mm implants over the period studied. It can be
suggested that major changes have been observed between the
mean distance from the implant shoulder to the crestal bone-toimplant contact at 7- and 90-days examinations. This fact may
have relevant implications for long-term implant survival since
excellent bone stability occurs mainly after the first year of
osseointegration. Mangano et al. [15] found a mean distance of
0.89 and 1.10 mm between the implant shoulder and the first
This article is available from: http://www.jbiomeds.com/

visible bone contact after 1 and 6 years of functional loading,
respectively.
Short implants present disadvantages in terms of primary
stability and stress distribution. The use of threaded short
implants with a wide diameter is therefore recommended in
order to obtain better locking, a greater surface area and better
distribution of occlusal loads [29]. Other disadvantages of short
implants include an unfavorable crown/implant ratio, low bone
density in the premolar and molar regions, and a smaller contact
surface of the implant for osseointegration [16,19,28]. On the
other hand, short implants have surgical advantages when
compared to long implants, such as minimizing the need for
extensive bone grafting; shorter treatment duration; lower
treatment cost; less discomfort; lower surgical risk; lower risk of
maxillary sinus perforation, paresthesia, overheating during
osteotomy and involvement of the root of the adjacent tooth,
and ease of use [23].
Advantages of these shorter implants when compared to
major bone grafting include their lower cost, shorter treatment
duration, lower morbidity and fewer postoperative
complications, as well as better acceptance by the patient. The
treatment approach proposed here may become an option in
cases in which there is no esthetic impairment or need for
preservation of alveolar ridge anatomy.
One factor contributing to the success or failure of dental
implants is their diameter. A greater diameter results in an
increase of surface area, corresponding to additional primary
stability of the implant [29]. However, this compensation is often
not possible and the diameter has to be reduced because of the
loss of alveolar ridge width. Therefore, the present study also
evaluated radiographically the bone loss around regular
diameter (3.75 mm) implants in order to help choose the
diameter of dental implants, which is directly related to available
bone volume, permitting implant placement in sites with low
bone availability without the need for bone grafting. Other
features such as space between neighboring teeth, esthetic
requirements, occlusal load, and type of occlusion have been
investigated.
Study limitations include: first, a clinical research was carried
out involving a small number of patients. This study consisted of
forty short implants total (n=20/group). Second, the times set
for analysis in this study were 7, 30 and 90 days after surgery.
Future studies investigating the influence of different type of
implants, type of bone and different sites of implant placement
are required to include a larger sample size and a longer time for
analysis. Thus, extrapolating the present findings to other
situations is not recommended.

Conclusions
Within the limitations of this study, we conclude that 6-mm
long morse taper connection implants present levels of crestal
bone remodeling similar to those of 8-mm long implants which
have been installed in reportedly healthy adults with adequate
oral hygiene and sufficient alveolar bone volume and type I-III
bone quality at the implant recipient site.
© Under License of Creative Commons Attribution 3.0 License
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