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Peri-implant bone length changes and survival
rates of implants penetrating the sinus membrane
at the posterior maxilla in patients with limited
vertical bone height
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Purpose: The aim of this study was to measure the peri-implant bone length surrounding implants that penetrate the sinus
membrane at the posterior maxilla and to evaluate the survival rate of these implants.

Methods: Treatment records and orthopantomographs of 39 patients were reviewed and analyzed. The patients had partial
edentulism at the posterior maxilla and limited vertical bone height below the maxillary sinus. Implants were inserted into
the posterior maxilla, penetrating the sinus membrane. Four months after implant insertion, provisional resin restorations
were temporarily cemented to the abutments and used for one month. Then, a final impression was taken at the abutment
level, and final cement-retained restorations were delivered with mutually protected occlusion. The complications from the
implant surgery were examined, the number of failed implants was counted, and the survival rate was calculated. The peri-
implant bone lengths were measured using radiographs. The changes in initial and final peri-implant bone lengths were sta-
tistically analyzed.

Results: Nasal bleeding occurred after implant surgery in three patients. No other complications were found. There were no
failures of the investigated implants, resulting in a survival rate of 100%. Significantly more bone gain around the implants
(estimated difference=-0.6 mm, P=o0.025) occurred when the initial residual bone height was less than 5 mm compared to the
>5 mm groups. No significant change in peri-implant bone length was detected when the initial residual bone height was 5
mm or larger.

Conclusions: This study suggests that implants penetrating the sinus membrane at the posterior maxilla in patients with
limited vertical bone height may be safe and functional.
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INTRODUCTION [1,2]. The gold standard implant operation involves inserting
implants into sinuses augmented by autogenous bone [1,3].

Implant-supported restoration at the edentulous posterior ~ This operation and other substitutes have exhibited good
maxilla is often difficult because of insufficient bone volume  implant survival; however, a recent meta-analysis estimated
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an annual implant failure rate of 3.5% [4,5]. That is, the three-
year implant survival rate was 90.1% at the elevated sinuses
[5]- This survival rate is lower than the general implant survival
rate of over 95%. Furthermore, considering the variables of
cost, healing time, and complications like postoperative pain,
swelling, and graft failure, selecting an augmentation proce-
dure may be complicated [3,4,6].

Short implants have been suggested as an alternative to si-
nus lift procedures [1-3,7-9]. Some randomized controlled tri-
als have indicated that short implants of about 5 or 6 mm in
length have comparable survival to longer implants inserted
in augmented maxillary sinuses [2,7-9]. Unfortunately, these
studies were limited by short observation periods of less than
one year. Advantages of short implants over longer implants
requiring sinus floor elevation include a less technically de-
manding operation, lower expense, fewer surgical procedures,
and fewer complications [1,3]. Despite these advantages, per-
foration of the sinus membrane at the posterior maxilla is of-
ten unavoidable even with short 5 mm implants and a resid-
ual bone height of 3 mm, which is generally needed to stabi-
lize the implant [10].

Membrane perforation is the most frequent complication
of sinus floor elevation [s]. Previous studies have suggested
that sinus membrane perforation has a negative effect on
implant survival; however, other authors discovered no dif-
ference in implant survival [11-17]. Dentists and patients would
have an easier and more comfortable way of restoring func-
tion at the posterior maxilla if implants penetrating the Sch-
neiderian membrane were to show comparable survival re-
sults to those installed in augmented sinuses. Unfortunately,
there has been no study evaluating such treatment options.

This retrospective study evaluated the survival rate of im-
plants penetrating the sinus membrane at the posterior max-
illa, measured the peri-implant bone length, and surveyed
the complications from the penetrating implant surgery.

MATERIALS AND METHODS

Treatment records and orthopantomographs of the select-
ed patients were reviewed and analyzed in this retrospective
study, which was approved by the Institutional Review Board
of Seoul National University School of Dentistry (No. S-
D20120022). The total number of patients in the sample was
39 (26 males and 13 females) ranging in age from 21 to 8o
years (mean age, 60.0+12.4 years). The patients had partial
edentulism at the posterior maxilla (premolars and molars)
with limited vertical bone height below the maxillary sinus,
requiring one to three dental implants. The 39 patients were
treated in a private practice between October 2007 and No-
vember 2011. One experienced surgeon performed all of the
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operations, including implant surgery and prosthodontic
procedures. Patients with at least 5 mm of bone width at the
implant sites were included in this study, while those with a
condition that generally contraindicated implant surgery,
such as uncontrolled diabetes, pregnancy, history of radia-
tion therapy in the head and neck region, a heavy smoking
habit, or severe periodontitis were excluded.

After Betadine application at the implant sites and infiltra-
tion anesthesia (2% lidocaine with epinephrine 1:100,000),
crestal incision was performed, and the flap was elevated.
Screw-shaped implants with microthreads and tapered tops
(Deep Implant System Inc., Seoul, Korea) were used in this
study. The implants, which were 1 to 5 mm longer than the
vertical bone height below the maxillary sinus, were inserted
into the posterior maxilla, penetrating the sinus membrane.
The final drill diameter was 0.3 mm smaller than that of the
installed implants. The implants were placed 0.5 mm supra-
crestally to prevent the fixtures from sinking into the sinuses
(Fig. 1). Cover screws were connected with the implant fix-
tures, and the flaps were sutured. After four months, the im-
plants were exposed, and the abutments were connected
with 25 Ncm tightening torque according to the manufac-
turer’s recommendations. All of the implants used in this
study had an internal connection design that stabilized the
abutment with an abutment screw and friction between the
abutment and implant fixture (Fig. 1). Provisional resin resto-
rations were temporarily cemented to the abutments and
used for one month. After one month, the provisional resto-
rations were removed, and the abutments were retightened

|

Figure 1. A schematic diagram of implant surgery. The black arrow-
heads indicate the Schneiderian membrane, and the white arrow-
heads represent the periosteum. Note that the inserted implants
have penetrated the sinus membrane, leaving the apical portion in
the maxillary sinus. The top of the implant was positioned about 0.5
mm supracrestally. The cross-sectioned diagram of the implant at
the second molar area shows the screw- and friction-retained con-
nection at the interface between the fixture and abutment.
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f:F=m:M=d:D

distal

mesial

M: real bone length on the mesial side
D: real bone length on the distal side e
F: real length of the inserted implant

Figure 2. A radiograph and schematic diagram of the method for
measuring peri-implant bone length. The bottom portions of the
inserted implants (black arrowheads) are observed in the maxillary
sinus on this radiograph (A). The white arrowheads indicate the in-
ferior border of the maxillary sinus. Magnified ratios had to be con-
sidered for measurements on the radiographs because they were
orthopantomographic images. The real bone length was calculated
as follows (B). m, d, and f on the schematic figure indicate the mea-
sured lengths on the orthopantomograph. M and D are the real
lengths that we want to know, and F is the real length of the insert-
ed implant that is already known. The bone lengths of the mesial
and distal sides are calculated through the following proportional
expressions: :F=m:M and f:F=d:D. The peri-implant bone length
was a mean value of the mesial and distal bone lengths around the
implant; that is, L (peri-implant bone length)=(M+D)/2.

with the recommended torque of 25 Ncm. A final impression
was taken at the abutment level using an impression cap and
a polyvinylsiloxane material (Examix, GC Co., Tokyo, Japan).
The final gold or metal-ceramic cement-retained restora-
tions were delivered with occlusal contacts in centric and
without eccentric contacts (mutually protected occlusion).

This study included only patients who received such an im-
plant restoration procedure and had orthopantomographs
taken from the time of surgery and at the last follow-up.
Complications from the implant operation were identified
from patients’ treatment records. The number of failed im-
plants was counted, and the survival rate was calculated. The
peri-implant bone length, which was defined in this investi-
gation as the vertical bone height of the bone surrounding
the inserted implant below the maxillary sinus, was measured
using the orthopantomographs and a proportional expres-
sion shown in Fig. 2.

Statistical analysis

Descriptive statistics were expressed as a frequency and
percentage, and mean and standard deviation, as appropri-
ate. As part of a bivariate analysis, differences between the
initial and final peri-implant bone length were analyzed us-
ing a paired t-test according to three groups of initial bone
lengths (2.7 to 4.99 mm / 5t0 7.99 mm / >8.0 mm).

A generalized linear mixed model was applied to assess the
association of factors related to the change in peri-implant
bone length determined by multiple observations of each
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Table 1. General features of 87 implants from 39 patients.

Variable No. (%)
Type of tooth replaced

Premolar 16(18.4)

Molar 71(81.6)
Diameter of implants (mm)

4 22(25.3)

5 65(74.7)
Length of implants (mm)

8 21(24.1)

9 27(31.0)

10 29(33.3)

>11 10(11.6)
Usage

Single crown 31(35.6)

Splint for fixed dental prosthesis 56 (64.4)
Position in dental arch

Right 60 (69.0)

Left 27(31.0)

patient. The mixed procedure with compound symmetric
covariance structure in the SAS statistical software was used
for this purpose [18]. The final model included all of the mea-
surements: three groups of initial bone lengths, type of teeth
(premolar/molar), diameter and length of implants, position
in the dental arch (right/left), usage of the implant (single
crown/splint), and length of the follow-up period. The statis-
tical software SAS ver. 9.3 (SAS Institute Inc., Cary, NC, USA)
was used for the analysis, and a type-one error rate of 0.05
was applied to determine the statistical significance.

RESULTS

The general features of 87 implants from 39 patients are
described in Table 1. The mean number of implants per pa-
tient was 2.4 (standard deviation [SD], 1.3) with a range of 1 to
6. Implants with a 4 mm (25.3%) or 5 mm (74.4%) diameter
and with an 8 mm or longer length were placed at the site of
premolars (18.4%) or molars (81.6%), positioned in either the
right (69%) or left side (31%) of the dental arch. The mean
follow-up period was 17.9 months (SD, 10.8 months), and the
bone length at the time of implant placement ranged from
2.63 mm to 11.32 mm, with a mean of 6.99 mm (SD, 2.08 mm)
(Table 2). None of the investigated implants failed; thus, the
survival rate was 100%. Three patients experienced nasal
bleeding after implant surgery (7.7%). There were no other
complications such as postoperative pain or swelling.

The mean peri-implant bone length at final follow-up was
6.95 mm (SD, 2.06 mm), and the mean difference between
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Clinical features of 87 implants from 39 patients.

Variable Mean (SD) Range (min—max)
Observation period (month) 17.9(10.8) 41 (2-43)

Initial peri-implant bone length (mm) 6.99(2.08) 8.69(2.63-11.32)
Final peri-implant bone length (mm) 6.95 (2.06) 9.40(2.55-11.95)
Difference between initial and final 0.05(0.71) 419(-1.90-2.29)

bone level (mm)

SD: standard deviation.

Comparison of initial and final peri-implant bone level
among three groups based on initial bone level.

Initial bone Peri-implant bong length (mm), mean (SD)

— _ _ P-valug?
level (mm) Initial Final Difference
2.7-499 17 427(067) 461(0.76) -0.34(0.74) 0.074
50-7.99 40 641(088) 626(097) 0.14(0.64) 0.160
8.0-115 30 932(1.03) 9.18(1.39)  0.14(0.73) 0.318

SD: standard deviation.
“P.value was obtained by the paired ttest. °The negative sign, -, means bone
gain.

the initial and final bone lengths was 0.05 mm (SD, 0.71 mm)
(Table 2). A paired t-test revealed a marginally significant gain
in bone length (estimate of bone loss=-0.34 mm, P=0.074)
after implant placement at sites in the smallest initial bone
length group (2.7 to 4.99 mm), and no significant differences
in bone length were observed in the other groups (Table 3).
According to the generalized linear mixed model, the change
in the bone length in the 2.7 to 4.99 mm group was signifi-
cantly different from the other groups (P=0.025) after adjust-
ment for multiple observations, positions of teeth, and other
related factors (Table 4). The smallest initial bone length
group (2.7 to 4.99 mm group) showed bone length changes
significantly different than those of the two larger initial bone
length groups (parameter estimate =-0.60 mm, P=0.025), and
the premolar group had larger differences compared to the
molar group (estimate=0.45 mm, P=0.029). Other factors,
including the diameter and length of implants, position in
the dental arch (right/left), usage of the implant (single crown/
splint), and length of the follow-up period, were not associat-
ed with the change in bone length (P> 0.05).

DISCUSSION

The results of this study carry some important implications.
First, all of the perforated cases survived with almost no
complications during the follow-up period, which is a better
or equivalent result compared to previous reports [4,15]. These
results suggest that patients with limited bone height at the
posterior maxilla may be safely treated with implant place-
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Parameter estimates for differences between initial and fi-
nal peri-implant bone lengths by a generalized linear mixed model
after controlling for multiple implants in one patient (87 implants
from 39 patients).

Variable Parameter estimate Pyalue
(SE)
Initial bone level (mm)
2.7-4.99 -0.60(0.26" 0.025
5.0-7.99 -0.12(0.20) 0.562
>80 0(0) Reference
Tooth type
Premolar 0.45(0.20) 0.029
Molar 0(0) Reference
Usage
Single crown -0.03(0.16) 0.857
Splint 0(0) Reference
Position
Right -0.15(0.16) 0.357
Left 0(0) Reference
Diameter of implant (mm) 0.12(0.21) 0.563
Length of implant (mm) -0.14(0.09) 0.116
Follow-up period (month) 0.002 (0.007) 0.782

SE: standard error.
The negative sign, -', indicates bone gain.

ment that penetrates the sinus membrane. The results also
imply that such an implant insertion technique may be more
desirable for patients than implant placement plus sinus
floor elevation due to a less technically demanding operation,
lower expense, fewer surgical procedures, and fewer compli-
cations. This retrospective study has a basic limitation of a
lower level of evidence than prospective cohort studies. Ir-
regular follow-up periods ranging from 2 to 43 months and a
small sample size may also be limitations. Further studies
with a detailed prospective design based on a larger sample
are required to obtain stronger evidence.

Second, the possible gain in peri-implant bone length (esti-
mated mean bone loss=-0.34 mm, P=0.074) in the group
with 2.7 to 4.99 mm initial bone lengths was observed. Fur-
thermore, a significant difference in bone length change was
found between the smallest initial bone length group and
the two larger groups (estimated difference=-0.60 mm, P=
0.025). The two larger groups had insignificant loss of bone
length (estimated mean bone loss=0.14 mm, P>0.05). A bone
modeling and remodeling mechanism by microstrain can
explain the results of this study [19]. Bone strain that ranges
between 1,500 and 3,000 microstrains induces bone forma-
tion while strain between 50 and 1,500 microstrains results in
equal amounts of bone formation and resorption [19]. Patients
with posterior maxillary bone vertical height less than 5 mm
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are thought to experience 1,500 to 3,000 microstrains under
its occlusal load, which likely caused the bone gain seen in
this study. Conversely, posterior maxillary bone with a verti-
cal height of 5 mm or larger may be too thick to face the mi-
crostrain needed for bone formation. Further studies are
needed to clarify the relationship between bone microstrain
and bone response at the posterior maxilla under its occlusal
load.

Considering the bone length measured in this study, almost
no decrease in the marginal bone level was found around
the investigated implants. According to Karabuda et al. [15],
the mean marginal bone resorption was larger than the re-
sult in this study. The previous study investigated the resorp-
tion of the marginal bone surrounding implants with differ-
ent designs than those used in this study [15]. Implant design
may affect implant survival when placed at the posterior max-
illa with limited vertical bone height and low bone quality.
Microthreads appear to be necessary to ensure more threads
are engaged with the bone. A tapered design at the bone
crestal area seems to prevent sinking of the implant into the
maxillary sinus under the occlusal load. The connection be-
tween a fixture and an abutment using screw and friction
mechanics has a large effect on force distribution to the sur-
rounding bone [20,21]. Further studies are required to com-
pare implant designs and their influence on survival of the
implants inserted into bone of limited quantity and quality.

In conclusion, this retrospective study suggests that im-
plants penetrating the maxillary sinus membrane may be
functional under an occlusal load at the posterior maxilla
with limited vertical bone height. Although long-term pro-
spective and randomized controlled studies are needed, pa-
tients with atrophic posterior maxillae below maxillary sinus-
es may be safely and easily treated with implant placement
that pierces the membrane, a procedure which has the ad-
vantages of being less technically demanding, requiring
fewer surgical procedures, and resulting in fewer complica-
tions.
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