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ABSTRACT

This article aims to evaluate and compare the 10-year bone anchorage and
protrusion of implants into the sinus using cone-beam computerized tomography
(CBCT) and periapical X-rays. Implants (<10 mm) were placed with osteotome
sinus floor elevation (OSFE) without grafting in maxillae of bone height <8 mm.
After 10 years, the CBCT analysis showed bone at the buccal and palatal implant
sides and corroborated the results obtained using periapical X-rays. In the absence
of any symptom or complication, the use of two-dimensional radiography is

sufficient for routine long-term follow-up of implants after OSFE without grafting.



INTRODUCTION

Implant rehabilitation in the posterior maxilla is a challenging procedure because
the residual bone height (RBH) available for implant anchorage is reduced. At the
majority of edentulous maxillary molar sites, the residual bone height is <7 mm.!
Sinus elevation procedures increase bone volume by grafting the sinus cavity with
autogenous bone and/or biomaterials.? The osteotome sinus floor elevation
procedure (OSFE) was introduced by Summers.? It involves the elevation of the
Schneiderian membrane through a crestal access after the upwards fracturing of
the sinus floor. The bone grafting material is then inserted in the space created and
the implant is placed simultaneously. Together with the placement of short
implants, the use of OSFE minimizes the need for extensive elevation of the sinus
membrane and large volumes of graft material.

As an alternative to OSFE with grafting material, graft-free sinus elevation was
developed in order to decrease invasiveness and simplify treatments.>® The long-
term predictability of OSFE without grafting and simultaneous implant placement
has been recently demonstrated.'®-'2 Published data favour the conclusion that the
simultaneous use of grafting materials with the OSFE procedure has no significant
advantage in terms of implant outcome, but this is usually based on two-
dimensional radiographic analyses.®'>-'* Bone heights along osseointegrated
implants protruding into the sinus are mainly assessed using periapical X-rays.
Measurements are usually taken along the distal and mesial sides of the implant.
The two-dimensional technique gives no information on bone presence or height at
the buccal and palatal sides of the implants. Cone-beam computerized tomography
(CBCT) allows cross-sectional imaging and three-dimensional reconstruction.

However, recommendations for its use are established for diagnostic purposes



rather than follow-up examinations because of radiation exposure risks. '

Some short-term studies have used CBCT to assess the presence of bone
around implants after OSFE without grafting.'®'® However, no evaluation
comparing CBCT and periapical X-rays has been found in the literature for implants
placed 10 years earlier. The aims of this study were to evaluate and compare,
using CBCT and periapical X-rays, the 10-year bone anchorage and protrusion into

the sinus of implants placed using OSFE without grafting.

Materials and Methods

Ethics Committee

The protocol of the 10-year study was approved by the Ethics Committee for
Human Research of Vaud (Switzerland; protocol amendment number 393/12). In
2003, 17 patients were included in the study, according to the criteria presented in

Table 1.5

Surgical and Prosthetic Procedures

Twenty-five cylindrical implants (Standard and Standard Plus SLA implants,
Straumann AG, Basel, Switzerland) were placed simultaneously with an OSFE
procedure without bone grafting. The surgical procedures and prosthetic

rehabilitation have been reported previously.®

Radiographic Evaluation
The study hypotheses were:
« At 10 years, bone is present at the buccal and palatal sides of the implant and is

sufficient to achieve long-term implant survival according to the criteria described



by Buser et al.;'® and,
* At 10 years, measurements of bone anchorage and implant protrusion obtained

from CBCT images corroborate those obtained from periapical X-rays.

Radiographic data were collected by two investigators who were not involved

in patient selection and surgery. The CBCT examinations were performed using CS
9300 apparatus (Carestream Health, Rochester, NY, USA) with the following
settings: field-of-view: 10 x 5 cm?, voxel size: 90 ym, tube voltage: 90 kV and tube
current: 4 mA. Measurements on CBCT images were made using the open-source
DICOM viewer OsiriX (version 1.2 64-bit; Pixmeo, Geneva, Switzerland). A 21.5
inch (diagonal) iMac monitor with a LED-backlit display of 1920-by-1080 resolution
(Apple Inc, Copertino, USA) was used. Slices passing through the longitudinal
hollow centre of each implant were chosen for the measurements.

Periapical X-rays were taken using the long-cone technique immediately after
implant placement, at 3 and 6 months, and at 1, 3, 5 and 10 years.®'%"" The
radiographs were scanned in a digital format by a flatbed scanner (Epson
Expression 1680 Pro, Wéadenswil, Switzerland) at a resolution of 600 dpi. They
were analyzed by a computerized measuring technique with image analysis
software (Digora, Soredex, Helsinki, Finland) that measures the distance between
two points. Internal calibration was performed for each radiograph on three inter-
thread distances (3.75 mm), given that the tips of two consecutive threads are
separated by 1.25 mm.

The bone anchorage and implant protrusion were recorded and then averaged
at the mesial, distal, buccal and palatal sides of each implant on 10-year CBCT
images (Fig 1) and at the mesial and distal sides on 10-year periapical X-rays (Fig

2).



Statistical Analysis

Descriptive statistics, mean and standard deviation, were used to assess the 10-
year bone anchorage and protrusion of implants into the sinus. Mesial and distal
bone levels measured using CBCT images and periapical X-rays was compared by
means of a Student's t test. The threshold value for statistical significance was set
at a P-value< 0.05. Bland—Altman analysis was used for comparison of the
measurements obtained using the two radiographic techniques. The mean
difference between measurements made using CBCT and periapical X-rays at the
distal and mesial implant sides was plotted as a function of the average of the two

measurements obtained with each technique.

Results

Two patients (two implants) died before the 10-year examination and two patients
(two implants) refused the 10-year CBCT examination. The 13 remaining patients
(13 women, mean age: 57.2 + 6.4 years; 21 implants) attended the 10-year
examination. For these patients, the mean residual bone height was 5.6 £ 1.9 mm
at the time of surgery. Sinus perforation occurred in two implant sites. Figure 3
shows post-operative periapical X-rays of the 21 studied implants.

All 21 implants were functional and clinically stable at 10 years. They were
reliably assessed on periapical X-rays (Fig 3), whereas CBCT image quality for
eight out of the 21 implants was not sufficient to allow bone height measurements
in at least one dimension. Table 2 shows mean bone anchorage and protrusion
values measured at each side of the implants. On the 10-year CBCT images, bone

was present not only at the mesial and distal sides of the implants but also at the



palatal and buccal sides. The mean bone anchorage was 7.8 + 1.4 mm and the
mean length of implant protrusion was 1.4 + 1.0 mm. The apex of eight implants
was completely embedded in bone on at least one side.

The mean bone anchorage measured on the 10-year periapical X-rays was
7.7 £ 1.3 mm and the mean length of implant protrusion into the sinus was 1.8 £ 1.1
mm after 10 years. The apex of three implants was completely embedded in bone
on at least one side. There was no significant difference between the mean values
of mesial and distal bone anchorage and protrusion measured on periapical X-rays
and CBCT images. The two sites in which sinus perforation occurred showed a
mean bone anchorage of 7.1 £ 1.2 mm at the buccal side and 6.1 £ 1.3 mm at the
palatal side, respectively. The mean protrusion into the sinus was 0.3 £ 0.5 mm and
1.0 £ 0.1 mm, respectively.

When comparing the measurements obtained with CBCT and periapical X-
rays, the agreement between them ranged from -2.3 to 2.2 mm for the
measurement of bone anchorage and from -2.4 mm to 1.7 mm for the
measurement of implant protrusion (Fig 4). Data of two implants (two patients) were
outside the limits of agreement for the measurement of protrusion. They were
overestimated when measured with periapical X-rays. In the first case, implant
protrusion on the distal side was 4.4 mm on the periapical X-ray and 1.4 mm on
CBCT. In the second case, implant protrusion on the mesial side was 3.9 mm and

0.65 mm, respectively (Fig 5).

Discussion
In dentistry, CBCT is used for multiple indications including the assessment of

impacted teeth and osseous lesions, the localization of vital structures and the



evaluation of periapical lesions.?%?! In implant dentistry, CBCT is justified as a pre-
operative examination in the presence of bone defects, for the examination of intra-
oral donor sites, in cases requiring computer-assisted planning and placement, as
well as those with post-operative complications.' The technique is recommended
particularly when the clinical examination and conventional X-rays are not sufficient
to evaluate the edentulous sites completely and accurately.?>23 For sinus grafting
procedures in the posterior maxilla, the use of preoperative CBCT provides
information on sinus anatomy and allows precise measurement of the residual bone
height in the region of interest.'®

Few studies have evaluated the posterior maxilla with CBCT long after
insertion of the implant. In order to assess the buccal bone, CBCT was used at the
10-year examination of implants placed with an early, delayed, or late implant
placement protocol.?* Aparicio et al. used CBCT to evaluate the 10-year outcomes
of zygoma implants placed in 22 patients.?® To the authors' knowledge, no long-
term (>5 years) CBCT follow-up evaluation has ever been carried out for implants
placed with sinus grafting. The present study is believed to be the first to involve
assessment on CBCT images of implants placed 10 years earlier using a sinus
floor elevation procedure.

Three studies have evaluated implants with CBCT after OSFE without
grafting.'®-'® However, the reported follow-up periods did not extend more than two
years after implant placement. In a one-year study of 21 implants, Fornell et al.
reported a mean bone gain of 3.0+ 2.1 mm and a mean implant protrusion of 2.1 +
1.7 mm (range 0-5.7 mm), measured in the mesial, distal, buccal and palatal
dimensions.’™ He et al. performed CBCT examinations post-operatively and six

months after implant placement.’” Bone levels were measured only at the mesial



and distal sides of the implant. The mean bone gain was 2.5 + 1.5 mm at six
months, and the mean implant protrusion was reduced from 3.8 mm post-
operatively to 1.3 mm after 6 months. Markovic¢ et al. compared osteotome sinus
floor elevation with and without bone grafting. Shrinkage of the endo-sinus bone
volume between six months and two years was recorded post-operatively. It was
more pronounced for B-tricalcium phosphate (61.44%) and deproteinized bovine
bone (66.34%) alone than for their combination (33.47%). In the absence of
grafting, bone loss was 53.02%. About 52% of implants showed a denuded palatal
side or a thinner bone layer on this side.'®

In the present study, bone anchorage was defined as the effective implant
length in contact with surrounding bone. Therefore, this measurement took into
account the endo-sinus bone gain maintained over the 10 years after implant
insertion as well as the crestal bone loss occurring over the same period. Bone
anchorage was shown to be sufficient, on the four sides of the implants, to achieve
long-term implant survival. The measurements performed at the buccal and palatal
sides of the implants were of the same order of magnitude as those at the mesial
and distal sides. The values obtained on all sides of implants for which membrane
perforation occurred during placement were of the same order of magnitude. The
mean bone anchorage and implant protrusion into the sinus measured on CBCT
images were similar to those measured using periapical X-rays. Evaluation of
buccal and palatal bone anchorage does not provide additional information to the
practitioner that is useful for long-term clinical assessment of an implant. Therefore,
CBCT examination does not seem to be critical for the radiological follow-up
evaluation of implants placed with OSFE without grafting.

The protrusion measurements conducted on CBCT images were in the same



range as those obtained by Fornell et al.'® Furthermore, only three implants
appeared to be completely embedded in bone on at least one side on the periapical
X-rays, while eight appeared so on the CBCT images. In two cases, implant
protrusion into the sinus was overestimated on periapical X-rays. Although strong
conclusions cannot be drawn from such a limited number of cases, apical X-rays
seem to overestimate implant protrusion into the sinus. This should be taken into
consideration when conducting routine apical follow-up assessments using X-rays.
One must note that the use of a medical diagnostic monitor for the radiographic
measurements would have been more appropriate. In the present study, a
commercial monitor was used and thus might be a source of bias regarding the
identification of subtle lesions. However, since this study doesn't aim to diagnose
specific lesions but to perform measurements, the effect of the monitor type has low
incidence. Furthermore, it has been reported that using commercial color LCDs
may not compromise the diagnostic accuracy.?®

Metallic objects such as dental implants generate artifacts that reduce CBCT
image quality.?” In the present study, this drawback interfered with the mesial and
distal measurements for adjacent implants. About 8% of measurements were not
obtained because of insufficient CBCT image quality, whereas periapical X-rays
had no sites classified as unreadable. In contrast with a previous report,'® the
missing CBCT measurements were not replaced with the corresponding values
obtained on periapical X-rays. The issue of artifacts observed on CBCT images
would be improved by more advanced software programs.?’” These software
programs filter the region of artifacts by adjusting grayscale values of voxels
according to the outside of this region. However, the images obtained are the result

of gray scale homogenization but not the true representation of the studied area.?’
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The initial prospective study was a pilot one, having thus a small number of
included patients.® At 10 years, drop-out has furthermore limited the number of
remaining implants to examine since two patients died and two refused the CBCT
examination. This should be clearly taken into consideration when analysing the
results of this study. More and more patients are reluctant to undergo diagnostic
and follow-up X-ray examination. This is in line with an observed trend of patients

being more conscious of medical radiation exposure.?®

Conclusions

The use of CBCT showed that OSFE without grafting induced bone formation not
only at the mesial and distal sides of the implants but also at the buccal and palatal
sides. The bone present along the implants might be sufficient to ensure long-term
implant survival over 10 years. Within the limits of this study, the values of bone
anchorage and implant protrusion into the sinus measured on CBCT images
corroborated the results obtained with periapical X-rays. In the absence of any
symptom or complication, the use of two-dimensional radiography may be sufficient

for routine long-term follow-up of implants after OSFE without grafting.
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Legends of figures

Fig 1

Fig 2

Fig 3

Fig 4

Parameters measured on CBCT images:

bone anchorage: distance from the most coronal to the most apical bone-
implant contact, measured at the mesial (Am), distal (Ad), buccal (Ab) and
palatal (Ap) sides, and

implant protrusion: length of the implant protruding into the sinus,
measured at the mesial (Pm), distal (Pd), buccal (Pb) and palatal (Pp)
sides.

Parameters measured on periapical X-rays:

bone anchorage: distance from the most coronal to the most apical bone-
implant contact, measured at the mesial (Am) and distal (Ad) sides, and
implant protrusion: length of the implant protruding into the sinus,
measured at the mesial (Pm) and distal (Pd) sides.

Post-operative and 10-year periapical radiographs of cases (a) 1-7, and
(b) 8,10, 11,13, 15and 17.

Agreement between measurements obtained using CBCT and periapical
X-rays of bone anchorage and implant protrusion into the sinus at the
mesial and distal side.The difference (mm) between CBCT and periapical
X-ray measurementsis plotted as a function of the average of the two
measurements (mm) obtained with each technique.

The straight horizontal line represents the mean difference between the
measurements made using CBCT and periapical X-rays. The dotted lines
show the confidence interval and the dashed horizontal lines the limits of

agreement. In red: protrusion measurements outside the limits of

16



agreement (patient 8, implant 26 and patient 4, implant 16).
Fig5 Overestimation of implant protrusion into the sinus on periapical X-rays in
comparison with CBCT images (patient 8, implant 26 and patient 4,

implant 16).
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Legends of tables

Table 1 Inclusion and Exclusion Criteria for Patient Participation in the Study.
Table 2 Mean Bone Anchorage and Implant Protrusion (Mean = Standard
Deviation) Measured with Periapical X-rays and CBCT at the Mesial,
Distal, Buccal and Palatal Sides of the Implants.
P-value expresses the significance of the difference in mean values
measured using periapical X-rays and CBCT.

N is the number of implant sides analysed.
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Fig 1

Parameters measured on CBCT images:

bone anchorage: distance from the most coronal to the most apical bone-
implant contact, measured at the mesial (Am), distal (Ad), buccal (Ab) and
palatal (Ap) sides, and

implant protrusion: length of the implant protruding into the sinus,
measured at the mesial (Pm), distal (Pd), buccal (Pb) and palatal (Pp)

sides.
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Fig 2

Parameters measured on periapical X-rays:

bone anchorage: distance from the most coronal to the most apical bone-
implant contact, measured at the mesial (Am) and distal (Ad) sides, and
implant protrusion: length of the implant protruding into the

sinus,measured at the mesial (Pm) and distal (Pd) sides.
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Patient

number Sites Post-operative
1 26
2 14-16
3 16, 17
4 16
S 16
6 25
7 15
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Patient

Post-operative

number Sites

8 26
10 24, 25
11 25, 26
13 25, 26
15, 16

15
25
17 16
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Fig 3 Post-operative and 10-year periapical radiographs of cases (a) 1-7, and (b)

8,10,11,13,15and 17.
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Fig 4 Agreement between measurements obtained using CBCT and periapical
X-rays of bone anchorage and implant protrusion into the sinus at the
mesial and distal side. The difference (mm) between CBCT and
periapical X-ray measurements is plotted as a function of the average of
the two measurements (mm) obtained with each technique.

The straight horizontal line represents the mean difference between the
measurements made using CBCT and periapical X-rays. The dotted
lines show the confidence interval and the dashed horizontal lines the
limits of agreement. In red: protrusion measurements outside the limits of

agreement (patient 8, implant 26 and patient 4, implant 16).
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PERIAPICAL X-RAYS CBCT

Fig 5 Overestimation of implant protrusion into the sinus on periapical X-rays
in comparison with CBCT images (patient 8, implant 26 and patient 4,

implant 16).
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Inclusion criteria

Patients required implant treatment in the posterior maxilla (sites 14-17,
24-27).

The OSFE procedure was performed without grafting material.

Ten millimeter implants were used; shorter implants (6 and 8 mm) were
inserted only in cases with sinus membrane perforation.

The residual bone height between the crest and the sinus floor,
measured on a panoramic radiograph at each implant site, was <8 mm.

More than 1 mm of bone was present on the mesial and distal sides to
ensure implant stability.

The implant penetrated at least 2 mm into the sinus on the mesial or
distal implant sides.

Patients did not wear a removable partial denture during the healing
period.

Patients attended the 10-year examination and consented to cone-beam
computed tomography.

Exclusion criteria

Medical history of acute or chronic sinusitis.
Active periodontal disease, diabetes, or metabolic bone disease.

Lack of primary implant stability.

Table 1 Inclusion and Exclusion Criteria for Patient Participation in the Study.
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CBCT Periapical P-
X-rays value
) 8.1+1.6 81+1.2
Mesial 0.93
N=15 N = 21
_ 73+1.4 7.3+1.3
Distal 0.93
Mean bone N=17 N =21
anchorage
81+14
(mm) Buccal - -
N =21
79+1.3
Palatal - -
N =21
_ 1.1+£0.9 1.5+1.1
Mesial 0.32
N=19 N =21
_ 20+11 21 +1.1
) Distal 0.80
Mean implant N=19 N =21
protrusion
mm 1.1+0.8
( ) Buccal - =
N =21
1.4+1.1
Palatal - -
N =21

Table2 Mean Bone Anchorage and Implant Protrusion (Mean * Standard
Deviation) Measured with Periapical X-rays and CBCT at the Mesial,
Distal, Buccal and Palatal Sides of the Implants.
P-value expresses the significance of the difference in mean values
measured using periapical X-rays and CBCT.

N is the number of implant sidesanalysed.
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