IIser Turkyilmaz
Lars Sennerby
Celal Tuumer
Muhittin Yenigul
Mehmet Avci

Authors’ affiliations:

Ilser Turkyilmaz, Muhittin Yenigul, Mehmet Avci,
Department of Prosthodontics, Faculty of Dentistry,
Hacettepe University, Ankara, Turkey

Celal Tuumer, Department of Oral & Maxillofacial
Surgery, Faculty of Dentistry, Hacettepe University,
Ankara, Turkey

Ilser Turkyilmaz, Lars Sennerby, Department of
Biomaterials, Institute of Surgical Sciences,
Sahlgrenska Academy, Gothenburg University,
Gothenburg, Sweden

Correspondence to:

Dr Iser Turkyilmaz
Department of Biomaterials
Institute of Surgical Sciences
Sahlgrenska Academy
Gothenburg University

PO Box 412

SE 405 30 Gothenburg
Sweden

Tel.: +46 31 773 29 50
Fax: +46 31 773 29 41
e-mail: ilser@hacettepe.edu.tr

Date:
Accepted 30 November 2005

To cite this article:

Turkyilmaz I, Sennerby L, Tumer C, Yenigul M, Avci
M. Stability and marginal bone level measurements of
unsplinted implants used for mandibular overdentures: a
1-year randomized prospective clinical study comparing
early and conventional loading protocols.

Clin. Oral Impl. Res. 17, 2006; 501-505

doi: 10.1111/j.1600-0501.2006.01261.X

Copyright © Blackwell Munksgaard 2006

Stability and marginal bone level
measurements of unsplinted implants
used for mandibular overdentures: a
1-year randomized prospective clinical
study comparing early and conventional
loading protocols

Key words: early loading, mandibular overdentures, marginal bone resorption, resonance
frequency analysis

Abstract

Objectives: The aim of this study was to compare the performance of two non-splinted
implants used as retention for a mandibular overdenture when applying conventional or
early loading protocols.

Material and methods: Twenty edentulous patients were treated with two unsplinted and
non-submerged implants (15mm long, TiUnite RP, Branemark System) in the anterior
mandible. The patients were randomly allotted into two groups: (i) test group (Group A), in
which the overdenture was connected 1 week after surgery, and (ii) control group (Group
B), in which the overdenture was connected after 12 weeks of healing. Resonance
frequency analyses (RFA) for implant stability measurements were performed at implant
surgery and after 1, 3, 6, 9 and 12 months. Marginal bone levels were evaluated at implant
surgery and after 6 and 12 months.

Results: No implant from either group was lost and all implants showed less than 1 mm of
marginal bone resorption during the first year. The mean implant stability quotient (ISQ)
values at implant surgery were 76.2 + 2.8 for Group A and 75.6 + 4.5 for Group B. The
12-month measurements showed 76.4 4+ 2.5 1SQ and 76.4 + 2.8 I1SQ for Groups A and B,
respectively. There were no statistically significant changes between or within the groups
with time. There were no differences in marginal bone loss, which was on average 0.3 mm
for both groups after 1 year.

Conclusion: Although a limited number of patients were followed for 1 year only, the
results of the present study indicate that early loading of two unsplinted 15 mm long
implants with an overdenture does not negatively affect implant stability or marginal bone
conditions when compared with implants subjected to 12 weeks of healing before loading.

Clinical follow-up studies have reported
good and predictable long-term treatment
outcomes with implant-supported mandib-
ular overdentures (van Steenberghe et al.
2001; Behneke et al. 2002; Zechner et al.
2004). The use of two to four or more
implants connected with a bar seems to
dominate the literature, although the use of
two unsplinted implants has been reported
to be a feasible option (Naert et al. 2004).
Advantages with the latter technique are

simplicity and less costs, as the full treat-
ment can be made chair side without any
laboratory procedures. This treatment
modality has been proposed to be the mini-
mal acceptable standard of care of the
edentulous mandible (Thomason 2002).
The use of one-stage surgical procedures
and immediate/early loading protocols is
one way of further simplifying implant
treatment. The outcomes of early loading
protocols for splinted implants supporting

[Ye)s


Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Administrator
螢光標示

Vatech
螢光標示


Turkyilmaz et al . Early vs. conventional loading of mandibular overdentures

mandibular overdentures have been re-
ported in the literature (Chiapasco et al.
1997; Collaert & De Bruyn 1998). Only a
few studies have dealt with early loading of
unsplinted implants supporting mandibu-
lar overdentures (Payne et al. 2007;
Roynesdal et al. 2001), and no trials com-
paring different loading regimens are ava-
ilable. It is possible that non-splinted
implants may be negatively affected by im-
mediate/early loading because the load is
not shared between implants, i.e. decreased
stability and/or marginal bone resorption.

The aim of this prospective clinical study
was to compare implant stability and mar-
ginal bone resorption when using conven-
tional or early functional loading protocols
in patients rehabilitated with implant-sup-
ported mandibular overdentures.

Material and methods

Patients

Twenty totally edentulous patients (1o
males, 10 females, mean age 62 vyears)
with a history of problems with their con-
ventional mandibular and maxillary com-
plete dentures presenting at the Clinical
Overdenture Research Project (Faculty of
Dentistry, University of Hacettepe, Ankara,
Turkey) were considered for the clinical
trial. Ethical approval was obtained from
Hacettepe University Ethics Committee,
and all participants gave informed consent.

Inclusion criteria

(a) Fifty to 75 years old.
(b) Bone volume for two 15 mm implants
in the anterior mandible.

Exclusion criteria

(a) Systemic disease likely to compro-
mise implant surgery.

(b) Previously bone grafting in the ante-
rior part of the mandible.

Preoperative  panoramic  radiograph
(Planmeca OY, Helsinki, Finland) and
computerized tomograpy (Siemens AR-SP
40, Munich, Germany) were used for sur-
gical evaluation of the selected sites for
each patient.

Surgical and prosthodontic procedures

Antimicrobial prophylaxis (2 g amoxicillin)
was given orally 1h before each surgery.
The patients were rinsed with chlorhexi-
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dine digluconate solution (0.2%]) for 1 min
romin before the operation. Local anaes-
thesia was induced by infiltration of Ultra-
D-S (Hoechst Marion Roussel,
Deutschland GmbH, Germany) buccally
and lingually of the canine regions in the
mandible. A mid-crestal incision was made

.o®
came

in keratinized mucosa and a small flap was
raised at each site to expose the bone. The
sites were prepared according to the stan-
dard procedure for Branemark System im-
plants (Nobel Biocare AB). Two 15 mm
implants (TiUnite RP MKII, Nobel
Biocare AB) were placed in each patient.

The patients were randomly allocated
into two groups.

Group A
Ball attachments (3 mm, Nobel Biocare
AB) were screwed to the implants before
suturing. Mucoperiosteal flap closure was
performed using interrupted or horizontal
mattress sutures (4-o Vicryl®, Ethicon,
Johnson& Johnson, Brussels, Belgium).
The patients were prescribed a soft diet
for the first week and a strict regimen of
removal of their old dentures during night.
Five days after surgery, the sutures were
removed and preliminary impressions were
taken with a stok tray using alginate (Caex,
CA37, Haarlem, the Netherlands). Sec-
ondary impressions were taken with a
custom-made tray using Coltex Medium
impression materials (Coltene/Whaledent
AG Feldweisenstrasse 20, Altstatten, Swit-
zerland). The ball abutment replicas were
placed into the impression material after
the impression was removed. Wax occlusal
rims were created on the master models for
try-in the same day. Teeth try-in (Major
Dent, Moncalieri, Italy) and corrections
and manufacturing of the acrylic dentures
(Meliodent, Heraeus Kulzer Ltd, Newbury,
Berkshire, Germany) were performed on
the sixth day after surgery. The maxillary
complete denture and implant-tissue-
supported mandibular overdentures with re-
spective gold caps were delivered to the
participants 1 week after the implant surgery.

Group B

Healing abutments (5 mm) were attached
to the implants. New maxillary and man-
dibular complete dentures were manufac-
tured as described above and delivered 1
week after the implant surgery. However,
care was taken to ensure that the mandib-
ular denture did not contact the implants.

After 3 months of healing the healing
abutments were replaced with ball attach-
ments (3 mm). A reline impression proce-
dure was performed and the implant-
tissue-supported mandibular overdenture
was delivered the next day.

Follow-up

Clinical examinations and resonance fre-
quency analysis (RFA) (Osstell, Integration
Diagnostics AB, Gothenburg, Sweden)
were performed at implant surgery and after
1, 3, 6, 9 and 12 months. On these occa-
sions, the abutments were removed from
the patient and RFA measurements were
taken on implant level. The measurements
were given in implant stability quotient
(ISQ) units (Integration Diagnostics AB).

Standardized intraoral radiographs of the
coronal parts of the implants were taken at
implant placement after 6 and 12 months.
On these occasions an impression coping
was attached to each implant to guide a
plastic film holder. The radiographs were
scanned to digital files and marginal bone
changes were measured in a computer
using an image analysis software (Adobe
Photoshop, Adobe Systems Incorporated,
San Jose, CA, USA) by one examiner using
the implant-abutment junction as a refer-
ence (Payne et al. 1999). The distance
between two threads (0.6 mm) was used
for calibration of measurements.

The success criteria were absence of
mobility and less than 1 mm of marginal
bone resorption between placement and 1
year. The survival criterion was a stable
implant showing more than 1 mm of bone
resorption after 1 year. Implants removed
for any reason were regarded as failures.

Statistics

All data were analysed with SPSS version
10 statistical package (SPSS Inc., Chicago,
IL, USA). Statistical tests were made on
patient level, meaning that mean ISQ and
marginal bone level values were calculated
for each patient based on two implants.
The Spearman correlation test was used
to find possible relations between RFA and
marginal bone resorption. A difference was
considered if P<o0.05.

Results

The mean ISQ values at implant surgery
were 76.2 + 2.8 for Group A and 75.6 +
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4.5 for Group B (NS) (Table 1). There was a
tendency of higher ISQ values for Group A
during follow-up, however with no signifi-
cant differences (Fig. 1). There were no
statistically significant changes within
the groups with time. The 12-month mea-
surements showed 76.4 + 2.5 ISQ and
76.4 + 2.8 1SQ for Groups A and B, re-
spectively (NS) (Table 1).

In Group A, the marginal bone was
located 0.7 + 0.3 mm from the reference
point immediately after implant place-
ment, 0.8 + 0.3 mm after 6 months and
I + o.3mm after 12 months. The corre-
sponding figures for Group B were
0.6 + o.omm at baseline and 0.8 + 0.2
and 0.9 + 0.3 mm after 6 and 12 months,
respectively (Table 2). Thus the average
marginal bone resorption was 0.3 mm for
both groups during 1 year. There were no
statistical significant differences between
the two groups.

There was a statistically significant cor-
relation between change of stability and
marginal bone resorption from baseline to
6 months (Fig. 2) but not from 6 to 12
months (Fig. 3) based on measurements of
all patients (n =20).

All implants were stable and no single
implant showed more than 1 mm of bone
resorption after 1 vyear; thus, all 40
implants were judged as successful.

Discussion

The present study showed that one-stage
surgery is feasible when using two un-
splinted implants as support for an over-
denture in the mandible as no implants
were lost during the 1-year follow-up per-
iod. The implant stability and marginal
bone-level measurements showed no dif-
ferences between implants loaded 1 week
or 3 months after surgery, indicating that
early loading did not negatively influence
the performance of the implants. When
validating an implant treatment approach,
the use of well-defined criteria for success
is essential. The absence of implant mobi-
lity and set levels of acceptable marginal
bone resorption have commonly been uti-
lized (Roos et al. 1997). In the present
study, all implants were individually
checked for stability using the RFA tech-
nique and marginal bone levels were mea-
sured. No implant failed and all 40

Turkyilmaz et al . Early vs. conventional loading of mandibular overdentures

Table 1. Results from RFA measurements

Mean 1SQ + SD
Surgery Month 1 Month 3 Month 6 Month 9 Month 12
Group A 76.2 +28 756 +22 75+26 752 + 34 76 + 28 764 + 25
GroupB 756 +45 732 +34 73 +36 741 +36 747 +3.1 764 + 28
RFA, resonance frequency analyses; 1SQ, implant stability quotient.
7
6
5
4
o 3
(]
= 2
2
= 1
]
S 0 . o . »
7]
o _1q .v‘;\
£ -2 N >
£
O -3
-4
-5 = Group A |
-6 =& Group B [~
-7

Fig. 1. Change of implant stability with time in Groups A and B. A tendency of steeper decrease is seen for
Group B implants; however, this is not statistically significant.

Table 2. Results from radiographic measurements

Mean mm + SD

Surgery Month 6 Month 12 Change Change Change
0-6 months 0-12 months 6-12 months
Group A 0.7 £ 03 09 + 03 1+03 02+0.2 0.3 + 0.2 0.1 + 0.1
GroupB 06 +0.2 08 +£02 09 +02 02+0.2 0.3 + 0.1 0.1 + 0.1

implants in this study showed less than
1mm of resorption, meaning that the
success rate after 1 year was 100% in
spite of if conventional or early loading
protocols were applied. The present 1-year
results corroborate with the results re-
ported in other studies on mandibular over-
dentures when using 3 months and 6
weeks of healing before loading (Jemt
et al. 1996; Schmitt & Zarb 1998; Tawse-
Smith et al. 2002; Payne et al. 2003; Naert
et al. 2004). This is most encouraging and
indicates that early loading of two un-
splinted implants is a safe procedure,
which will further simplify an already
effective and recognized treatment modal-
ity of the edentulous mandible (Thomason
2002).

All implants used in this study were
placed in the anterior mandible, where
bone density is high compared with other
regions (Friberg et al. 1995). High bone
density results in high primary stability
(Friberg et al. 1999a, 1999b; O’Sullivan
et al. 2000), which is considered as one
important determinant of success (Sen-
nerby & Roos 1998). RFA showed an
average primary stability of about 75ISQ
units, which is in line with ISQ values
reported for similar implant designs by
other researchers (Payne et al. 2003). The
ISQ values decreased slightly during the
initial quarter following surgery and in-
creased from the third month to the 12th
month measurements. This is in line with
the findings reported by Friberg et al.
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Fig. 2. Correlation plot between change of stability (implant stability quotient (ISQ)) and marginal bone

resorption (mm) from baseline to 6 months. There is a statistically significant correlation (P <o.001).
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Fig. 3. Correlation plot between change of stability (implant stability quotient (ISQ)) and marginal bone

resorption (mm) from 6 to 12 months. A statistically significant correlation cannot be found.

(1999a, 1999b) who made repeated mea-
surements of one-stage implants in the
mandible during 15 weeks of healing.
They also found some marginal bone re-
sorption during that period which could
explain the decrease, as RFA measure-
ments are affected by the effective implant
length, i.e. the distance from the RFA
transducer to the first bone contact (Mer-
edith et al. 1996, 1997). In the present
study there was a correlation between
change of stability and marginal bone re-
sorption from baseline to 6 months but not
from 6 to 12 months. This decrease could
be explained in terms of increased effective
implant length and indicates that bone
formation had no impact on implant stabi-
lity during the first 6 months, as this

504 | clin. Oral Impl. Res. 17, 2006 | 501-505

would have counteracted the effect of re-
sorption. However, after 6 months it seems
that bone formation did affect implant
stability positively and thus counteracted
the effect of bone resorption. In a study by
Glauser et al. (2004), the authors observed
a marked decrease of implant stability dur-
ing the first months in spite of minimal
marginal bone resorption. The greater fluc-
tuations of implant stability compared
with the present study can be explained
by the greater loads applied by Glauser et
al. as the implants were used to support
crowns and bridges in all jaw regions. Apart
from effective implant length, the RFA
technique meaures stability as a function
of interface stiffness. It is likely that load-
ing affects healing and remodelling around

implants, which in turn influences the
mechanical properties of the supporting
bone. However, the correlation between
histomorphometric parameters such as
bone-to-implant contacts/bone  volume
and RFA is presently unclear and more
studies are needed (Nkenke et al. 2003).
In the study referred to above, Glauser
et al. (2004) demonstrated that implants
failing during the 1-year study period
showed a pattern of continuous loss of
stability until clinical failure. The available
data indicate that RFA may serve as a
sensitive tool to monitor the performance
of clinical implants.

The implants used in this study had
oxidized surfaces. It is known from clinical
and experimental studies that such im-
plants integrate more rapidly and with
higher degrees of bone-implant contacts
than machined implants (Ivanoff et al.
2003; Zechner et al. 2003). Although im-
plants with machined surface are known to
be highly successful in the anterior mand-
ible using a two-stage procedure, early
loading may challenge the integration pro-
cess. A recent study on 152 patients and
750 implants showed lower survival rates
for early loaded than for two-stage ma-
chined implants when using the implant
as unit for statistical analysis (Friberg et al.
2005). Oxidized implants have been shown
to be more resistant to immediate loading
than machined ones, at least in soft max-
illary bone (Glauser et al. 2001), and it is
possible that the use of oxidized implants
in the present study contributed to the good
outcome.

Although a limited number of patients
were followed for 1 year only, the results of
the present study indicate that early load-
ing of two unsplinted 15 mm long implants
with an overdenture does not negatively
affect implant stability or marginal bone
conditions when compared with implants
subjected to 12 weeks of healing before

loading.
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