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ABSTRACT

Objectives: This prospective follow-up study aimed to evaluate the stability values of tapered titanium implants inserted into
maxilla following ridge augmentation with free iliac bone graft and crestal bone changes up to three years of follow-up.
Material and Methods: A total of seven patients with 34 tapered titanium implants in the maxilla with fixed protheses
were enrolled in this prospective follow-up study. Patients with previously augmented maxillae using free iliac bone grafts
were included. Implant stability was measured (Osstell™) for up to three months of healing. Peri-implant bone resorption
was measured using radiographic images taken immediately after implant surgery and after three years. Using a clinical and
radiological examination survival and success rates were evaluated.

Results: After implant insertion, the stability was 60.93, whereas the stability increased significantly (P =0.0192) to 64.97 at
implant exposure (after 3 months). The mean bone loss around the implants was 1.13 mm after three years. Clinical parameters
revealed a mean sulcus depth of 2.76 (1.18) mm and a bleeding on probing score of 0.29 (0.58). The survival rate was 100%,
and the success rate was 67.65% at the end of the study.

Conclusions: Tapered implants can be used in free iliac bone grafts for fixed dentures. Implant stability values were high after
insertion. In terms of a success rate of 67.65%, the patient’s jaw reconstruction indicated a reduced implant success when
comparing the data with healthy patients without any augmentation procedures.
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INTRODUCTION

Peri-implant marginal bone stability is an important
indicator of implant survival [1] and should
be assessed by considering the entire implant-
prosthetic complex [2]. Bone resorption prior to
prosthetic loading may occur due to infection [3],
poor oral hygiene [4], or surgical complications [5]
Radiographic analysis in combination with clinical
examination is the best noninvasive method for
evaluating peri-implant bone levels [6-8] before
implant loading. In addition, increasing probing depth
around the implant over time may indicate bone
loss [1]. Next to bone loss, the most reported dental
implant failure criteria are mobility and pain [2].

Bone stability and sufficient bone volume to retain
dental implants are important factors for implant
treatment [9]. Implant treatments in atrophied jaws
present a special challenge for surgeons. To promote
implant stability, a mineralized, sufficient bone crest
is important. This is not possible in cases of severe
atrophy, and the jaw must usually be built up pre-
implantologically.

Autologous bone is considered the “gold standard”
compared to other materials, such as bone substitutes,
due to its osteogenic potential [10]. Augmentation
with iliac crest bone is one of the proven augmentation
procedures, providing enough cortical bone and
cancellous bone, as well as an osteoinductive and
osteogenic potential [11-13]. The iliac crest is
especially used in cases with high vertical bone loss.
For optimal wound healing, implant placement should
not occur until three months after augmentation
[14-16]. Furthermore, modern tapered implants can
improve implant stability, which is especially necessary
in cases of softer cancellous bony structures [17].

The purpose of this prospective follow-up study was to
assess the stability values of tapered titanium implants
placed into the maxilla after crestal bone alterations
and free iliac bone grafting for ridge augmentation
throughout a three-year period of follow-up. In
addition, survival and success rates were evaluated.

MATERIAL AND METHODS
Study design

In this long term observation study patients with
partial or complete edentulism in the maxilla and
indications for free iliac crest bone grafts were
investigated from January 1, 2016 to March 31,
2023. Patients were treated in the University Hospital
Aachen (Department of Oral and Maxillofacial
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Surgery, Faculty of Medicine, RWTH Aachen
University, Aachen, Germany). Only patients
treated with fixed dental prostheses were included.
Patients who required sinus lift augmentation, were
excluded. Patients who had one or more absolute
contraindications for augmentation or implant
placement could not participate in this study (Figure
1). The exclusion criteria were systemic disease (e.g.,
uncontrolled diabetes), smoking (> 10 cigarettes per
day), untreated periodontitis, gingivitis (oral hygiene
index [OHI-S scores 3.1 - 6]), and severe bruxism or
clenching habits. The ethics committee of the Faculty
of Medicine, RWTH Aachen University, approved
the study protocol (No. 196/15), and documented
informed consent was obtained from all patients. The
study was conducted in accordance with the principles
of the Declaration of Helsinki. As the study was a
prospective observational one, it was conducted in
accordance with the STROBE (Strengthening the
Reporting of Observational Studies in Epidemiology)
statement [18]. The study was registered at the
German Clinical Trials Register - DRKS (No.
DRKS00033960).

Surgical and prosthetic treatment

One experienced surgeon conducted the implant
treatment (K.K.). At first, augmentation with a free
bone graft from the iliac crest in the maxilla was
performed (Figure 2A and B). Vertical and horizontal
augmentation were included. In all cases, bone
transfer was performed with cortical blocks, and
cancellous bone was also used between and around
the blocks. Bone blocs were fixed with two srews
using a a predrilling with a pilot drill with a 1.5 mm
diameter (Medartis AG; Basel, Switzerland) under
strict cooling with sterile saline. Complications during
or after treatment were recorded and treated with oral
antiobiotcs if necessary.

No bone substitute materials were used. After a
healing period of three months, the implant placement
took place (Figure 2C). All implants used in this study
were bone-level-tapered (BLT) (titanium, Roxolid®
SLActive®) implants from Straumann® (Straumann
AG; Basal, Switzerland). Implants were inserted
according to manufacturer protocol using a pilot- and
predrill with a under strict cooling with sterile saline.
After an osseointegration period of five months, the
implant exposure took place, and the healing abutment
(titanium, 4 mm height, Straumann AG; Basal,
Switzerland) was inserted (Figure 2D). After a further
two weeks, a fixed implant - supported prosthesis
was planned, fabricated, and inserted (conventional
impression followed by a srew fixed crown with final
occlusion assessment).
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Figure 1. Flow diagram of studies selection according PRISMA guidelines.

Figure 2. A = maxillary bone augmentation was performed in the anterior area. B = after a three-month healing period, implant placement
was planned and a radiographic control was conducted. C = all three implants were inserted at areas 11, 21, and 22. D = after a five-month
integration time, the implant exposure was performed, and healing caps were added. E and F = clinical and X-ray pictures after three years.
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Follow-up appointments were scheduled at three years
after occlusal loading (Figure 2E and F).

Resonance frequency analysis

Using resonance frequency analysis with hand-
screwed individual smart pegs (Osstell™ SmartPegs®
- Integration Diagnostics AB; Gothenburg, Sweden),
primary stability was evaluated after implant insertion
and at implant exposure. Stability was measured with
the implant stability quotient (ISQ) wvalue in four
directions (i.e., from left and right and from front and
back [19], resulting in a calculated mean ISQ value.
One examiner (K.K.), performed the assessment.

X-ray examination

To evaluate bone resorption, digital panoramic
radiographs (Orthophos SL - Sirona; Bensheim,
Germany) were obtained using a previously published
measuring method [20]. The distance between the
bone contact at the implant to the implant shoulder
was measured on both side of the implant body.
All measurements carried out by one experienced
examiner (K.K.). Images were viewed in a dimmed
room on a Dell Precision display with a resolution
of 1920 x 1200 pixels (Dell Inc.; Round Rock, TX,
USA). The radiographs were taken at the following
times: the first evaluation was performed after
prosthodontic rehabilitation and the second after three
years. To calibrate the radiographic images, the defined
distance of the individual implant length was used.

Clinical examination

The modified sulcus bleeding index was measured
after three years on four surfaces around the implants
and contained the following scores: 0 = no bleeding,
1 = isolated bleeding, 2 = confluent linear bleeding,
and 3 = severe bleeding. Another parameter, pocket
depth, was measured at four points around each
implant. One experienced clinician (K.K.) recorded
all measurements using a probe with a standardized
probing force of 0.2 N.

After three years of follow-up, the survival rate was
calculated. In addition, the implant success rate
in this study was assessed based on the following
standard criteria used in the previous state-of-the-
art approaches [1]: no mobility, no self-reported pain
or paresthesia, no peri-implant radiolucency, peri-
implant marginal bone loss after one year < 1.5mm,
and annual bone resorption thereafter < 0.2 mm. One
examiner (K.K.), performed the assessment. Authors
used a modified success criteria because bone changes

http://www.ejomr.org/JOMR/archives/2024/1/e3/v15n1e3ht.htm

were assessed after 3 year and not annually. Therefore
a mean bone loss per year was calculated.

Statistical analysis

The power of the data was calculated using G*Power
software version 3.1.9.2 (Heinrich-Heine-Universitit
Diisseldorf, Diisseldorf, Germany) [21,22]. The
matched-pair post hoc t-test was used as an indication.
The authors hypothesized that implant stability
was already high during implant insertion. With
a significance level of 0.05, a mean of differences
of 62.95, a standard deviation of 8.5, an effect size
of 7.4, and a sample size of 34, the final power was
100%.

Statical analyses were performed using Prism 10.1.0
software for Mac OS X (GraphPad Software Inc.; La
Jolla, CA, USA). The analysis values were tested for
normal distribution using the Kolmogorov-Smirnov
normality test. The matched-pair t-test was used as
an indication. Any effect on the statistical model as
significant was assessed if the corresponding P-value
was below the 5% margin.

Parametric data were expressed as mean and standard
deviation (M [SD]).

RESULTS

A total of seven patients with 34 implants (minimum 3
and maximum 8 per patient) who agreed to participate
in this follow-up assessment were clinically and
radiographically controlled from January 1, 2016 to
March 31, 2023 according to a previously published
evaluation [20]. Of these patients, four were men and
three were women. The age ranged from 28 to 72
years (mean 50 years). All 34 implants were inserted
into the maxilla (Table 1). No complications during or
after treatment occoured.

A significant difference was evaluated regarding
the implant stability ISQ value (P = 0.0192, Figure
3A). After implant insertion, the stability was 60.93,
whereas the stability increased to 64.97 (8.09) at
implant exposure. This showed a minimum value
of 40, with a maximum value of 83.5. Regarding
the distance between the bone contact at the implant
and the implant shoulder, a significant increase in
three years was measured (P < 0.0001, Figure 3B).

Table 1. Overview of all implant positions of the maxilla

Implant |, |, ol1514|13]12|11|21| 22|23 | 24|25 26| 27| Total
position
Number|2 |53 [3]2]-[1]3]2]3]al2]4]-] 34
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Figure 3. A = evaluation of the implant stability using implant
stability quotient (ISQ) values (0 to 100) on the day of surgery and at
implant exposure. B = assessment of the distance between the bone
crest and the implant shoulder (mm) in three years of follow-up.

The mean bone loss around the implants was 1.13
(0.96) mm. The results ranged from a value of
0 mm to a value of 3 mm. The descriptive statistics
of measured distances were presented in Table 2.
Clinical parameters revealed a mean sulcus depth of
2.76 (1.18) mm and a bleeding on probing score of
0.29 (0.58) after the three-year follow-up. The results
of the sulcus depth ranged from 0 to 6 mm. The
maxiumum value score regarding bleeding on probing
was 2. The survival rate was 100%, and the success
rate was 67.65% at the end of the study.

DISCUSSION

Peri-implant bone loss is one of the most important
factors in determining implant survival, so regular
monitoring of bone resorption is an important part
of this study. Severe and rapid bone loss indicates an
abnormal response of the bone and the soft tissue and
usually leads to irreversible bacterial inflammation
of the peri-implant tissue (peri-implantitis) [23].

When dental X-rays are taken annually, changes in
the peri-implant bone can be observed and bone loss
can be measured. This regular measurement enables
the early detection of pathological changes in the
bone and provides the opportunity to take therapeutic
measures in time and prevent the occurrence of peri-
implantitis [24].

All implant types displayed decreased implant
stability values, as determined by the ISQ values, with
an increased defect size. The most apparent loss of
stability occurred around circular defects [17]. In our
study with free iliac bone grafts for fixed dentures, the
implant stability values were high during surgery.

A retrospective study [25] evaluated the survival
of Straumann® implants placed between 1999 and
2012. This study summarized 2060 patients with
a total of 4591 Straumann® implants and a follow-
up period of up to 10 years. The evaluation showed
survival rates of 99%, 99%, and 98% at three, five,
and seven years, respectively. This result showed
that the survival rate drops only minimally after three
years and that Straumann® implants still perform with
a high survival rate of 98% after seven years. In our
study, a new type of implant was used, which was
not considered in the reference study by French et al.
[25]. A three-year follow-up period is a realistic time
frame and a good starting point for long-term implant
monitoring. Our results revealed a survival rate of
100% and a success rate of 67.65% after three years.
The results of one study showed that dental implants
implanted in a free iliac graft during the rehabilitation
of atrophic jaws were related to tolerable marginal
bone loss, a high survival rate, patient satisfaction,
and positive esthetic outcomes and had a total average
of 2.44 mm of crestal bone resorption [26].

Possible causes for increased bone resorption, on the
one hand, can be found in the large augmentation
procedure of this investigation. The larger the
argumentation, the more complex the diffusion
appears for augmentation. This, in turn, can cause

Table 2. Descriptive statistics of measured distances

Mean (SD) Min; max P-value®
ISQ value Surgery 60.93 (9.2) 40; 82 -
Exposure 64.97 (8.09) 51;83.5 0.0192
Surgery 0.06 (0.19) 0.00; 1.00 -
Crestal bone change (mm)
3 years 1.13 (0.96) 0.00; 3 <0.0001
Sulcus depth (mm) 3 years 2.76 (1.18) 1.00; 6 -
Bleeding on probing )
(BOP score) 3 years 0.29 (0.58) 0.00; 2 -

“Statistically significanct at level P-value < 0.05 (matched-pair t-test). A significant difference
was evaluated between surgery and 3 years for [SQ values and cresral bone changes.
ISQ = implant stability quotient; SD = standard deviation.
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bone resorption. One comprehensive research and
meta-analysis showed that intraoral bone grafts
routinely outperform iliac crest transplants in terms
of implant longevity. Complications at the donor
site appeared to be a common observation in iliac
crest and mental transplants [27]. In addition, soft
tissue plays an important role. This, too, is often
characterized in the atrophic jaw by a reduced
attached gingiva and must be surgically readapted.
Although large bone augmentation was performed,
the primary stability of the investigated implants was
shown to be in the high range. More specifically, this
was significantly different, but in absolute values, only
slightly different from those after three months.

Future studies should focus on a larger study group,
as well as on difficult implant cases such as immediate
implant placement. Nevertheless, it is appropriate to
interpret these results with some caution because of
the limited sample size.

CONCLUSIONS

Tapered implants can be used in free iliac bone grafts
for fixed dentures as implant stability values were
high during surgery. In terms of a success rate of

67.65%, the patient’s jaw reconstruction indicated a
reduced implant success when comparing the data
with healthy patients without any augmentation
procedures.
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