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Abstract

Background: To assess changes in apical bone height/bone gain over up to 8 years after implant placement
combined with simultaneous internal sinus-floor elevation (ISFE) without use of graft.

Methods: 217 implants were placed in combination with graft-free ISFE and successfully healed in the posterior
maxilla of 138 patients. Radiographs after surgery across an evaluation time of up to 8 years were analyzed.
Changes in apical and marginal bone height related to the implants were measured. Differences in bone height
over the study period were evaluated by use of Wilcoxon tests. To identify possible influencing factors on apical
bone gain and marginal bone loss, backward linear regression variable selections and linear mixed regression
models were performed.

Results: At the apical aspects of the implants, significant mean vertical bone gain of 2.4 mm (mesial) and 2.6 mm
(distal) was observed after 6 months (p < 0.05). Radiographic analysis yielded additional bone gain of up to
approximately 3.5 mm over the study period. Small initial bone height was crossed with more pronounced apical
bone gain (p < 0.05).

Conclusions: If implants are placed combined with graft-free ISFE, significant vertical bone gain, especially in the first
year post-op, can be expected. Smaller initial bone height is associated with a higher likelihood for greater bone gain.
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Background

Dental implants are nowadays routinely used to support
single crowns, fixed or removable dental prostheses. In
the posterior maxilla, treatment by use of endosseous
dental implants is frequently compromised due to inad-
equate bone volume because of a large volume maxillary
sinus. Boyne et al. [1] and Tatum [2] described a technique
for sinus floor elevation including a lateral window access
to the sinus floor and manipulation of graft material below
the Schneiderian membrane in order to increase bone
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volume. In the case residual bone volume would allow
primary stability of a implant, simultaneous implant place-
ment was recommended [3].

The internal / transcrestal sinus-floor elevation (ISFE),
introduced by Summers [4], is a less invasive approach.
Instead of the lateral window, sinus floor is accessed
through the drill hole generated by use of a pilot drill.
Afterwards the Schneiderian membrane is elevated by
use of hand osteotomes pushing graft material up. The
Summers technique has been recommended as a pre-
dictable alternative for implant placement in maxillary
bone of at least 6 mm in height [5]. In an early review,
Tan et al. [6] estimated 3-year survival of 92.8% for
implants placed in combination with ISFE. Shrinkage
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and a re-modelling processes linked to loss of graft
height were detected for augmentations using grafts
during the first 1 to 3 years post-op [7-9]. In 2010 a sys-
tematic review on the effectiveness of different sinus-lift
approaches complained about limited and underpowered
clinical studies [10].

The need for use of graft material for sinus-floor eleva-
tion has been taken into question. New bone formation
at the apical aspects of the implants was observed in the
absence of graft material [11, 12]. A recent systematic
review taking closer look at implant survival after lateral
sinus-floor elevation after 48 to 60 months was similar
irrespective of graft (99.6%) or graft-free (96%) approach
[13]. For the transcrestal / internal approach without
graft, a previous study suggested that a gain of apical
bone height of 2 and 3mm can be expected after 6
months and 3 years, respectively, with no significant
difference in implant success compared to use of graft
material [14]. Another study observed similar mean
apical bone gain after 10years of clinical observation.
The greatest bone gain was seen within the first year
after surgery [15]. However, sample sizes of both studies
were low (<23 implants analyzed). A further study with
larger sample sizes found mean bone gain of up to 2 mm
after ISFE without graft [16], again similar to other
thematic studies. However, here the observation period
was rather short with 17-months follow-up. With regard
to implant prognosis, the authors of this study also
reported that residual bone heights lower than 4 mm
and membrane perforations reduce the probability of
10-year survival [17].

In meanwhile, a systematic review dealing with graft-
free sinus-floor elevation included 22 studies (n = 864
implants) with a lateral or transcrestal approach [18].
Mean implant survival was 97.9% and residual bone
height was in mean height approximately 6 mm.
Weighted mean vertical bone gain was 3.8 mm and
mean marginal bone loss around the implants was 0.91
mm. Significantly more bone gain was observed for long
implants and implants placed combined with a lateral
access window [18].

Many studies included limited sample sizes combined
with short-term observation periods, predominantly
several months after prosthetic restoration [19]. This
shortcoming was also addressed in a recent review [20].
Shrinkage of newly formed bone after ISFE without graft
has rarely been addressed. Furthermore, long-term
evaluations of apical bone gain are rare.

The objective of this observational cohort study was,
therefore, to evaluate longitudinal changes in bone
height, apical bone gain, and marginal bone loss around
implants placed combined with graft-free ISFE by evalu-
ation of radiographs. Predictive factors for apical bone
gain and marginal bone loss were also determined. Based
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on preliminary research [14—16] it was hypothesized that
bone gain at the apical aspects of implants can be
expected after internal sinus-floor elevation without graft
after the healing period as well as in the long-term.

Methods

The study protocol was evaluated and approved by the
local ethics committee of the University of Heidelberg
(registration number: 229/2005).

Study population

Between April 2003 and December 2009, patients received a
total of 225 implants in combination with simultaneous
graft-free ISFE at the Department of Prosthodontics,
University of Heidelberg. Patients with contraindications
against implant surgery (i. e. ongoing radio-chemotherapy;,
active sinusitis) were not served with implants. The partici-
pants’ inclusion criteria for the clarification of the present
research question were use of successfully healed Straumann
(Waldenburg, Switzerland) tissue-level implants, and con-
secutive radiographs from baseline and from at least three
follow-ups. With respect to implant surgery, the minimum
residual bone height to the sinus had to be 2mm. No
further exclusion criteria were stated, smokers were consid-
ered in the study, too.

The length of the implants was 8 mm for 12 implants,
10 mm for 187 implants, and 12 mm for 18 implants.
The diameter was either 4.1 mm (# =133) or 4.8 mm
(n =84). The surgeon selected the dimensions of the
implants to be placed according to vertical and horizontal
bone volume as clinically and radiographically estimated.
One hundred and twenty-seven implants were placed in
the molar region and 87 in the premolar region. Only five
implants were placed further anteriorly, when the sinus
was extended deeply into the canine region.

Surgical procedures

The surgical procedures are also described in previous
works [16, 17]. After local anesthesia, mid-crestal inci-
sion was performed and buccal / palatal full-thickness
flaps were reflected. A surgical splint was used to mark
implant position with a round bur (1.4 mm in diameter),
and a pilot drill (2.2 mm in diameter) was used to define
the angle of the implant. The pilot drill ended approxi-
mately 1 mm below the sinus floor, as calculated from
the pre-surgical x-ray (by use of length-corrected meas-
uring distances in the imaging software). No additional
intra-operative x-ray control was performed with a drill
or a depth gauge in situ. Preparation of the recipient
beds was conducted by use of subsequent spiral drills
(according to the diameter of the planned implant 2.8,
3.5 to 4.2 mm, e.g. last drill for 4.1 mm diameter implant
at maximum 3.5 mm). Finally, a parallel hand osteotome
was used under gentle malleting force to cause initial
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fracture of the sinus floor. The osteotomes had no
length stoppers but a millimeter scale with a bold mark
in the region of 10 to 12 mm. The sinus floor was then
elevated by use of the hand osteotome (diameter 2.8
mm), displacing the Schneiderian membrane apically.
This step was performed manually with special attention
paid to avoid perforation of the membrane. Depending
on the extent of the sinus floor elevation and bone
quality the recipient site was extended by use of the
consecutive hand osteotomes and / or spiral drills. All
implant insertions were performed by use of a hand
ratchet. Minimal insertion torque of 5 Ncm was
mandatory for implant placement and consideration in
this study. Even if perforation of the Schneiderian
membrane was detected, the entire implant insertion
procedure was conducted without further treatment.
The integrity of the Schneiderian membrane was
assumed if the depth gauge with 2.8 mm in diameter was
elastic in the drill hole and vice versa. In case of doubt
possible perforations were re-checked using nasal pa-
tency test and by a look at the post-op x-ray. All im-
plants were covered with respective healing screws at
tissue level (not submerged). Flaps were repositioned
and closed by use of single button sutures (edentulous
spaces) or vertical mattress sutures in sites between two
implants or if implants were neighbored by natural teeth
(creation of papillae-like soft tissue) [21].

As prophylaxis, all patients received 3 x 1000 mg
Amoxicillin for 6-7 days and analgesics as required. Oral
hygiene was performed as normal, except for tooth-
brushing around the implants for 7 days. Sutures were
removed 6-9 days after surgery. Implants were placed by
four experienced dentists or under supervision of one of
the experienced dentists. After an unloaded healing
period between six and 12 months (according to the ex-
tent of sinus-floor elevation and bone quality), all im-
plants were restored with single crowns, or with fixed or
removable dental prostheses. Albeit the Schneiderian
membrane is osteogenic, for sinus floor elevation with
e.g. 2 mm residual bone height to the sinus / small inser-
tion torque (e.g. 5 Ncm) a prolonged waiting time until
the incorporation of the final prostheses was scheduled
to allow bone adequate healing.

Radiographic evaluation

All patients underwent panoramic radiographic examin-
ation before surgery. Immediately after implant place-
ment again radiographs were conducted. All panoramic
and single radiographs were taken by use of digital
detectors. Single radiographs were standardized by use
of parallel technique and respective film-holders. Sidexis
software (Sirona, Bensheim, Germany) was used to
measure and calculate correction factors. One dentist
who was not involved in implant placement and
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prosthetic restoration evaluated the radiographs taken at
baseline (post-op, T0) and at the follow-up visits after
six (T1) and 12 months (T2) as well as after two (T3),
three (T4), four (T4) and 5 to 8 years (T6) following im-
plant surgery for the presence or absence of bone gain
or loss at the apical and coronal aspects of the implants
(in mm). To assess reliability, repeated measurements
were performed for 40 implants by a second investigator
unaware of the initial results. In the majority of cases
post-op radiographs were panoramic in nature whilst
single intraoral radiographs were often taken at the
follow-up visits.

The first (coronal) thread of the implant was used as
reference point (R) to measure apical bone height at the
mesial and distal aspects of the implants (AM). Because
the real length of the implant was recorded, measure-
ments were corrected by the individually determined
enlargement factor of the radiograph. Apical bone height
was measured from R apically to the bony sinus floor, at
the mesial and distal sides of the implant. See Fig. la+b
for details. Apical bone gain was assessed by calculating
changes in bone height from baseline (post-op, TO) to
the follow-ups from T1 to T6 using the corrected differ-
ences between the absolute values at different times.
Radiographs at T1 were acquired before prosthetic res-
toration, and subsequent radiographs were acquired after
prosthetic restoration (Figs. 1a-e). Compare also [16, 17]
for radiographic measurement procedures.

Marginal bone loss was measured (CM) simultan-
eously, again using R as reference. The distance from R
to the marginal bone level was calculated from TO to T6
by using the correction factor as described for the apical
measurements. See Figs. la-e.

Statistical analysis

Statistical analysis was done with the aid of SPSS
(Version 22; IBM, IL, USA) and R (Version 3.6.1; R
Foundation, Toulouse, France). Descriptive data was
reported according to structure and distribution of
target variables as numbers (%) or means (SD).
Additionally, selected target variables were pictured
by use of box plots. Inter-examiner reliability was
assessed on the basis of 40 implants with repeated
measurements by two investigators using Pearson
correlation analysis (compare [16]). Differences be-
tween bone heights at different evaluation appoint-
ments (baseline / follow-ups) were compared by use
of Wilcoxon tests for matched pairs. Linear mixed
regression models with random effects were compiled
to evaluate possible influencing variables on changes
of apical (1) and coronal (2) bone heights along the
study visits. The models (1) and (2) were each run
separately for the mesial and the distal aspect,
respectively, of the implants. The implant number
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Fig. 1 Radiographs showing measurements of bone heights (bone edges, marginal and sinus floor, with white lines) using the first coronal
thread as reference point R (red dots). a post-operative; b after 6 months; c after 2 years; d after 6 years; e after 10 years. Legend: R = reference
point (first coronal thread of the implant); AM = apical measurement (distance between R and the sinus floor); CM = coronal measurement
(distance between R and the marginal bone edge). Note: For reason of clarity R, AM and CM are sketched at two implants. The complete
measurements (mesial and distal) were performed for all implants. In the radiograph ¢) it can be seen that the implants are still not loaded. In
some cases incorporation of final prostheses was prolonged due to participants’ causes, e.g. financial restrictions

per patient and the patient itself were included in
the models as random effects to care for a possible
bias due to unequal numbers of studied implants per
participants or a possible influence of specific im-
plant characteristics (e.g. width). A backwise selection
of the possible independent influencing variables was
performed using the ‘Akaike information criterion’.
The full model each was: Y =age+sex + implant
length + measurement time + baseline bone height. P-
values smaller than p of 0.05 were regarded as statis-
tically significant.

Results

Of 225 tissue-level implants initially placed in combin-
ation with simultaneous internal sinus-floor elevation
without graft, 217 implants were considered for the

radiographic analysis. The eight excluded implants could
not be considered for statistical analyses (no series
measurement of radiographic changes in bone height
possible) due to early failures (incidence of failure,
absence of bony healing: 3.6%).

Thus, the study population consisted of 67 (48.6%)
male and 71 (51.4%) female patients with a mean age of
60.0 years (minimum: 21.2 years; maximum: 83.9 years)
from a prospectively documented clinical study. See
Fig. 2 for the variation of age in male and female partici-
pants. Mean (SD) healing time / waiting time until
incorporation of prostheses was 9.2 (4.3) months. At
baseline some 7% of the participants were smokers.

Apical and coronal bone height of 40 implants was mea-
sured by two independent investigators. High correlation
coefficients ranging from 0.808 (coronal bone height at the
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mesial aspect) to 0.897 (apical bone height at the mesial
aspect) indicated good inter-rater reliability of bone height
measurements at the mesial and distal aspects of the
implants.

Radiographs from at least three follow-ups ranging
between 6 months and 8 years were available for 217
implants. Follow-up intervals ranged from 6 months
(T1) to 4 years (T5); T6 included all implants with
follow-up radiographs from 5 to 8 years after surgery.
Because radiographic evaluation was not performed at
every follow-up, the sample size of implants with radio-
graphs ranged from 57 to 148.

Mean total bone height at baseline was 6.8 mm and
6.1 mm, respectively, at the mesial and distal aspects of
the implants. In the few cases where bone height was
above 10 mm at the mesial side, ISFE was used for the
distal aspect of the implant only (range 1.5-12 mm).

An exemplary patient case for visualization of the
development of bone heights is shown in Fig. 3.

From baseline (T0) to T6, mean apical bone height
measured from the first thread of the implants increased
from 3.5 mm to 7.3 mm at the mesial side and from 3.2
mm to 7.0 mm at the distal aspect. Fig. 4 shows the
changes in bone height between the implants from TO to
T6. Statistical comparison of apical bone height from
baseline and follow-ups by use of paired Wilcoxon tests
revealed significant differences between baseline and all
follow-up measurements (p <0.001). Furthermore,
significantly higher values were recorded for T2 than for
T1 (mesial: p =0.001; distal: p =0.002). Taking p <0.01
as the level of significance, because of multiple testing
between groups, a further significant increase in bone

height was only found between T3 and T4 for the distal
side of the implants.

Vertical bone gain was calculated on the basis of indi-
vidual differences between apical bone height at baseline
and at each follow-up. Vertical bone gain increased from
2.44 mm at T1 to 3.63 mm at T6 at the mesial aspects of
the implants, and from 2.62 mm to 3.48 mm at T5 at the
distal aspects After T4, only minimal variation in mean
apical bone gain was observed (Table 1).

Perforation of the Schneiderian membrane occurred
during preparation of 47 out of 217 implants (21.7%).
Because elevation of the sinus floor was successful in
these cases, implants were placed in accordance with the
regular protocol. Apical bone gain was also calculated sep-
arately for implants with perforated and non-perforated
membranes. A similar pattern of distribution of values for
apical bone gain was observed for both groups. Over the
study period (T0-T6) a difference of bone gain in favor of
implants placed with non-perforated membranes com-
pared to perforated membranes was 1.2 (mesial) and 0.6
(distal) mm. These differences were not statistically signifi-
cant (p > 0.08).

The mixed model for changes of apical bone height of
the mesial aspect of the implants yielded that bone gain
was significantly affected by less initial bone height at
baseline (p =0.0001). The study visits TO-T6 also had a
significant effect on changes in bone height, with an in-
crease in height over time (p =0.0001). Implants of 10
and 12mm in length were crossed with greater bone
gain compared to 8 mm long ones (p <0.0001). No other
possible influencing factors reached the level of statis-
tical significance (p >0.05). The analog model for the
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Fig. 3 a-d Radiographs showing an exemplary participant case from the study, in a the radiologic planning is shown, b shows the radiograph
after implant surgery, ¢ shows the radiograph after 6 months and d after 10 years in clinical service

distal aspect of the implants drew the same picture. Less
baseline bone height, greater implant length and time of
follow-up visit had a significant effect on greater bone
gain (p <0.0001) whilst the other variables had no effect.
See Table 2 for detailed results.

Measurements of coronal bone height from the first
thread to the marginal bone level were used to calculate
longitudinal marginal bone loss. Coronal bone height
decreased significantly (p <0.001) from TO compared to
all follow-ups. Later reductions of coronal bone height
between follow-ups were not significant, with p-values
ranging between 0.091 and 0.895).

Marginal bone loss calculated on the basis of individ-
ual differences between marginal bone height at follow-
up and baseline resulted in mean bone loss of — 0.86 mm
mesial and - 0.80 mm distal at T1. Further mean mar-
ginal bone loss was minimal; the highest value calculated
was — 1.41 mm after 6-8 years at T6 (Table 3).

The mixed model for changes of coronal bone height
of the mesial and the distal aspects of the implants
showed that less initial marginal bone height was
crossed with less bone loss over the study period (p <
0.0001). Manageable but significantly greater bone loss
was linked to later follow-up visits (p <0.0063). Other
variables were not statistically significant (See Table 4).

Combining apical bone gain and marginal bone loss
up to 8 years resulted in positive values for the complete
observation period up to 8 years. At the mesial aspects,

mean total bone gain increased from 1.60 to 1.97 mm
between T1 and T2, and further increased up to 2.34
mm at T5. At the distal aspects, mean total bone gain
increased from 1.81 mm at T1 to 2.70 mm at T5. After
more than 4 years, mean total bone gain decreased
slightly at both sides to 2.26 mm at the mesial aspects
and to 2.15 mm at the distal aspects.

Discussion

The research hypothesis of long-term bone gain following
implant placement in combination with ISFE without graft
must be accepted. The greatest bone gain can be especially
expected within the first year of observation.

However, some aspects are requiring discussion.
The implants selected for this analysis were placed,
restored and prospectively documented in one center.
Thus, variations in surgical and prosthetic procedures
were reduced to a minimum compared to multi-center
studies. Because selected implants were restricted to
Straumann tissue-level implants with sandblasted large-
grit and acid-etched surface, implant-related confounding
effects were avoided. In a recent review [22], negative
effects of smooth or machined surfaces on the implant
prognosis have been shown. This factor and its possible
confounding effect were eliminated in our study. On the
other hand, however, representativeness of monocentric
data is limited.
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Fig. 4 a+b. Variation in apical bone height (mm) from baseline (T0) to T6 (end of study). Measured from the first thread of the implants at the

Table 1 Mean and standard deviation (SD) of apical bone gain
(in mm) from T1 to Té

Location Time n Mean SD

Mesial T 148 244 2.16
T2 101 275 206
T3 93 3.03 1.87
T4 74 344 2.26
T5 56 338 225
T6 66 363 2.24

Distal T 148 262 2.06
T2 101 2.94 2.12
T3 94 3.17 1.99
T4 74 344 2.31
T5 56 348 230
T6 66 3.34 201

Table 2 Linear mixed model for apical bone changes as
dependent variable and possible independent influencing
variables and ‘patient” and ‘implant number’ as random effects
(the end model after selection process is shown)

Variable Estimate 95% CI LB 95% CI UB P value
Mesial
Visit time (T0-T6) 0.2558 0.2068 0.3047 0.0000
Baseline bone height ~ —0.7880  —0.8583 -0.7178 0.0000
Implant length 10mm  1.3866 0.7024 2.0707 0.0001
Implant length 12mm  2.4587 16105 3.3069 0.0000
Distal
Visit time (TO-T6) 0.2366 0.1868 0.2864 0.0000
Baseline Bone height -0.7637 —0.8535 —06739 0.0000
Implant length 10mm  1.6216 0.8308 24123 0.0001
Implant length 12mm  2.8623 0.1.885 3.8360 0.0000

Legend: T visit time, C/ confidence interval, LB lower border, UB upper border
The non-significant variables were removed from the table in terms of clarity
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Table 3 Mean and standard deviation of marginal bone loss
(mm) calculated on the basis of individual differences in
marginal bone height between follow-ups and baseline (T0)

Location Time n Mean SD

Mesial T 148 -0.86 1.10
T2 101 -0.81 092
T3 94 -0.99 1.15
T4 74 -1.19 1.30
T5 57 -0.97 1.31
T6 66 -141 1.33

Distal T1 148 -0.80 1.06
T2 101 -0.84 1.02
T3 94 -0.84 0.99
T4 74 -0.97 1.18
T5 57 -0.72 097
T6 66 -1.19 1.00

Substantial apical bone gain was observed for maxillary
implants placed combined with ISFE without graft. In
their review, Perez-Martinez et al. [23] calculated a mean
apical bone gain of 3.4 mm after ISFE without graft
material. In our study, a comparable value was calcu-
lated for apical bone gain after an observation period of
4 vyears. A different review [17], however, reported
variation in vertical bone gain between 1.7 mm and 4.1
mm in non-graft groups after 3 years. On the basis of
our study’s findings, variation in vertical bone gain was
predominantly affected by the amount of residual bone
height. A significant relationship in the regression
analyses indicates that small residual bone height favors
more bone gain. Because implant length was predomin-
antly 10 mm, residual bone height was strongly related
to the implant length protruding below the membrane.
In a meta-analysis [18], the length of the implant
reaching into the former sinus volume beneath the
Schneiderian membrane was significantly correlated
(Spearman rho =0.8) with the amount of apical bone

Table 4 Linear mixed model for marginal bone changes as
dependent variable and possible independent influencing
variables and ‘patient” and ‘implant number’ as random effects
(the end model after selection process is shown)

Variable Estimate  95% CILB  95% CIUB P value
Mesial
Visit time (TO-T6) —-0.0661 —-0.1005 -0.0317 0.0004
Baseline bone height  —06672  —0.7864 —0.5480 0.0000
Distal
Visit time (TO-T6) —-0.0451 -0.0774 -0.0128 0.0063
Baseline bone height  —0.5436  —0.6757 -04114 0.0000

Legend: T visit time, C/ confidence interval, LB lower border, UB upper border
The non-significant variables were removed from the table in terms of clarity
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gain. The authors also calculated negative correlation
coefficients for residual bone height and apical bone
gain, but did not reach the level of significance. Greater
variability in the implant length used in the different
studies under review might explain this difference. With
high variability in implant length, the strong mathemat-
ical relationship between small residual bone height and
longer aspects of the implant protruding into the sinus
volume was not observed.

If grafts were used for sinus-floor elevation, previous
studies have described a remodeling process of the graft
expressed by shrinkage and loss of height during the first
1 to 3years after augmentation [7-9]. On the basis of
cone-beam computer tomography and volumetric mea-
surements, shrinkage of the grafted volume was confirmed
in a prospective study by Markovic et al. [24] comparing
different graft materials and a control group without graft.
The authors observed substantial shrinkage of the endo-
sinus bone 1 year and 2 years after implant placement,
indicating significantly more shrinkage in grafted sites.
The recent study revealed high initial vertical bone gain
after 6 months post-op combined with decelerated but
ongoing bone gain up to 4 years, if an ISFE technique
without graft was used. Signs of long-term apical bone loss
were not observed, apical bone height remained stable
without signs of bone shrinkage in the long-term. This
might be explained by fact that the transcrestal graft-free
approach creates a new space underneath the Schneider-
ian membrane, preserved by the implant apex. This space
fills up with blood; local native bone formation into this
space is actuated (bone cells, growth factors). If grafts are
used, autogenous and alloplastic / allogenic materials or a
combination of both are conceivable. With autogenous
grafts in advantage both approaches lead to favorable
implant success [7-9]. Endochondral bone - which is
frequently harvested for that purpose because of good
availability - includes a prolonged revascularization time
compared to membranous bone grafts. However, revascu-
larization time plays a crucial role for resorption and
therefore shrinkage of the graft [25]. In contrast, alloplas-
tic / allogenic grafts rather represent a lead structure for
bone formation than they are osseoinductive. Bovine
hydroxyapatite for instance remains stable but is maybe
associated with negative mechanical properties [26, 27].
Unfortunately, the measurements recorded by Markovic
et al. [24] evaluating endo-sinus bone volume from pre-
operative and post-operative CBCTs are hard to compare
with those obtained in our study (two-dimensional). The
effect of ongoing apical bone gain has already been
reported in a short-term evaluation after 6 months and 2
years [16].

The study outcome does not support the early postula-
tion that the internal / transcrestal approach should be
solely reserved to cases where residual bone heights are
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above 6 mm [5]. Nonetheless, it should be kept in mind
that residual bone height should not be too small leading
to absence of required primary stability. However, it is
not possible to figure out a certain residual height as
primary stability depends e.g. on bone quality and
implant parameters.

The number of membrane perforations occurring
during ISFE (21.7%) was high compared to a previous
review (frequency between 3 and 19%) [18]. Only two
studies reported higher values of 37.5 and 40.7% [28, 29]
whereas many studies did not report the number of
perforations. In our study, no effect of membrane
perforation on apical bone gain was observed. Compari-
son of perforated and non-perforated membranes re-
vealed similar longitudinal patterns of apical bone gain.
The need for the repair of the Schneiderian membrane
demanded by Shlomi et al. [30] should be questioned if
graft-free ISFE is used as dislocation of non-endogenous
particles into the sinus is excluded. In addition, implant
survival of those in perforated sites is quite high [31].
However, epitaxis and thickening of the Schneiderian
membrane (as a sign of sinusitis) are the most frequently
observed complications following implant penetrations
into the sinus [31]. Thus, of course, membrane perfora-
tions should be avoided in order to save patients an
additional burden and a probably less predictive healing
outcome [32]. Regarding the recent study it might be
also possible that a greater sample size would have
proved a significant difference in bone gain between
implants in sites with perforated and non-perforated
membranes, respectively. However, this research should
not suggest the use of preferably long implants possibly
including a higher risk for membrane perforations
during implant placement; the message should rather be
that placement of an implant of normal length can even
be realized using ISFE in smaller residual bone heights.

Mean marginal bone loss of 0.8 mm (distal) and 0.86
mm (mesial) at T1 was within the range reported in a
recent review on graft-free sinus-floor elevation [18].
The authors calculated a weighted mean of 0.91 mm
for marginal bone loss based on 22 clinical studies with
different observation periods combined with a signifi-
cant effect of the observation period. This is in
agreement with our study, in which an increase of
mean marginal bone loss to 1.4 mm was found after 5—
8 years.

Marginal bone loss was significantly associated with
greater initial marginal bone heights. Higher values for
initial marginal bone level (distance between first thread
and marginal bone level) were caused by deeper inser-
tion of the implants. Between 15 and 50% of longitudinal
marginal bone loss could be explained by this variable.
On the basis of our data, deeper insertion of the implant,
often intended to compensate for the consequences of
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marginal bone loss, is also a factor promoting marginal
bone loss. Therefore, this strategy should be questioned.

Combining apical bone gain and marginal bone loss re-
sulted in a mean overall vertical bone gain of more than 2
mm after 5-8 years, because mean apical bone gain was
almost three times higher than marginal bone loss. Short
implants have been promoted as a less invasive treatment
option for the posterior maxilla, because sinus-floor eleva-
tion is avoided [33]. High probability of apical bone gain
combined with minimum morbidity of ISFE reduces the
attractiveness of short implants placed in the posterior
maxilla. Furthermore, minimum marginal bone loss may
become significant for short implants.

Methodical considerations

With regard to implant surgery it is also worth discuss-
ing the ISFE approach performed in this study. Summers
firstly described the technique as a less invasive method
to enable implant placement in the anthropic maxilla. In
contrast to the ISFE technique used in our study, Sum-
mers exclusively used hand osteotomes to enlarge the
recipient site after the sinus floor elevation [4]. The same
was done in a study by Caban et al. [34]. Native bone
particles may be moved apically which initiate formation
of new bone. In the recent study, enlargement of the
recipient site was done by consecutive spiral drills and /
or hand osteotomes according to the extent of the sinus
floor elevation and bone quality. However, it is unclear if
native bone particles below the Schneiderian membrane
lead to more bone gain as the blood clot itself initiates
bone formation. Also contrary to our study, Summers
used graft materials which are manipulated under the
Schneiderian membrane by use of hand osteotomes [4].
In this study no graft material was used. It should also
be acknowledged that no length stoppers for the osteo-
tomes were used in this study. As the ISFE approach is
technique sensitive, especially less experienced operators
should consider to use.

Another issue which needs discussion is the selection
of the bony landmarks. In the recent study the first
thread of an implant covered by bone was used as a cor-
onal reference and the bone line directed to the sinus
floor (not the sinus floor itself, only the bone level) as
apical reference. In contrast to that references, especially
if studies target the development of soft tissues, fre-
quently the interproximal height of bone as described by
Tarnow et al. [35] is determined and used as reference.
However, this was not done in the recent study. Apical
bone gain and marginal bone loss were separately calcu-
lated for each single implant.

Strengths and weaknesses
As far as the authors are aware, this study delivers the
first evaluation of apical bone gain and marginal bone
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loss of implants placed in combination with transcrestal
/ internal sinus-floor elevation without graft in the long-
term. However, it should be kept in mind that planning
of implant surgery and evaluation of bone heights were
based on two-dimensional radiographs. A 3D evaluation
(e.g. cone-beam computer tomography, CBCT) would
have been yielded advanced information on the surgical
sites including bone characteristics and volumetric mea-
surements. Nonetheless, three things regarding this issue
should be considered: first, in clinical routine a CBCT is
not done in each patient case, second, CBCT comes
along with a substantially higher exposure dose which is
hard to justify to the patients on a regular basis, espe-
cially in a long-term study. Last, the radiographs in this
study were taken in parallel technique based on a refer-
ence (metal pins in the surgical splint) was performed
in the radiograph viewing software which offered length
correction. To this end, high inter-rater reliability of
linear measurements was confirmed by repeated mea-
surements of 40 radiographs by two independent
investigators.

Another issue needing discussion is that the type of
suprastructures anchored by the implants was not
recorded. Whilst the type of prosthetic restorations has
a small but significant impact on clinical success of im-
plants [36] it is also likely that it affects bone gain and
loss, respectively. Thus, a possible influence cannot be
excluded. The same is true for i.e. the type of cement
used. However, the greatest bone gain was seen at the
first follow-up visit (before prosthetic management) with
decelerated further bone gain, respectively, thereafter.

Clinical parameters such as periodontal measures or
lifestyle (i.e. plaque index, gingiva index, smoking behav-
ior) can also affect bone formation. However, in the
long-term those parameters hardly differ and those
patient-related conditions are therefore difficult to statis-
tically address.

To this end, specific attention should be paid on mo-
bile prostheses during the (initial) healing period. Im-
plant types with a strictly parallel design including the
platform are prone to be dislocated into the sinus with
the respective consequences if the insertion torque was
low (i.e. 5 Ncm). In each case, prostheses have to be
grinded and patients should be informed to eat soft food
and / or to forgo the prostheses until suture removal.

Conclusions
Considering the limitations of this clinical study leads to
subsequent conclusions:

— Substantial initial bone gain within the first year and
decelerated but ongoing apical bone gain afterwards
can be expected if implants are placed in
combination with ISFE without graft.
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— Small residual bone height (coronal bone edge to
sinus floor) is associated with a higher likelihood of
greater bone gain.

— ISFE without graft can be combined with residual
bone height of less than 5 mm if primary stability of
the implant has been achieved.

— Further longitudinal studies using three-dimensional
measurements based on CBCTs are desirable.

Abbreviations
CBCT: Cone-beam computer tomography; mm: Millimeter; n: Case numbers;
p: p value; SD: Standard deviation; T: Measurement time; ISFE: Internal sinus-
floor elevation

Acknowledgements

We want to thank the participants involved in the study for their patience
during the follow-up appointments. We further want to thank Hazel Davis,
medical copy editor, for English language revision.

Authors’ contributions

PR designed the study, analyzed the x-rays, performed statistical analysis and
drafted the manuscript. JP was involved in the development of the study
design and analyzed the x-rays. CB performed multivariate statistical analyses
and re-checked all other statistics. AZ performed statistical analysis in parts
and drafted the manuscript. All authors critically revised the manuscript and
read and approved the final version to be published.

Funding

The study was investigator-initiated and did not receive any external funding.
The costs for the open-access publication were covered by Deutsche
Forschungsgemeinschaft within the funding program Open Access
Publishing, by the Baden-Wirttemberg Ministry of Science, Research and the
Arts and by Ruprecht-Karls-Universitdt Heidelberg. The funder had no
influence on the content of this research (article).

Availability of data and materials

The datasets used and analyzed in this study are available on reasonable
request from the corresponding author (andreas.zenthoefer@med.uni-
heidelberg.de).

Ethics approval and consent to participate

The study protocol was evaluated and approved by the local ethics
committee of the University of Heidelberg (registration number: 229/2005).
All participants were informed about the content and procedures of the
study and gave written consent.

Consent for publication
Not applicable.

Competing interests
The authors state that they have no financial or non-financial conflicts of
interest regarding this research.

Author details

'Dental School, Department of Prosthodontics, University of Heidelberg, Im
Neuenheimer Feld 400, 69120 Heidelberg, Germany. >Zahnarztpraxis Dr.
Schréder & Partner, Kronenstrasse 20, 70173 Stuttgart, Germany. 3Dental
School, Department of Prosthodontics, University of Heidelberg, Im
Neuenheimer Feld 130.3, 69120 Heidelberg, Germany.

Received: 3 September 2019 Accepted: 29 June 2020
Published online: 09 July 2020

References

1. Boyne PJ, James RA. Grafting of the maxillary sinus floor with autogenous
marrow and bone. J Oral Surg. 1980;38:613-6.

2. Tatum H. Maxillary and sinus implant reconstructions. Dent Clin N Am. 1986;
30:207-29.


mailto:andreas.zenthoefer@med.uni-heidelberg.de
mailto:andreas.zenthoefer@med.uni-heidelberg.de

Rammelsberg et al. BMC Oral Health

20.

22.

23.

24.

25.

(2020) 20:197

Van den Bergh JPA, ten Bruggenkate M, Disch FIM, et al. Anatomical
aspects of sinus floor elevations. Clin Oral Implants Res. 2000;11:256-65.
Summers RB. The osteotome technique: part 3 - less invasive methods of
elevating the sinus floor. Compendium. 1994;15:702-4.

Zitzmann NU, Schérer P. Sinus elevation procedures in the resorbed maxilla.
Comparison of the crestal and lateral approaches. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 1998,85:8-17.

Tan WC, Lang NP, Zwahlen M, et al. A systematic review of the success of
sinus floor elevation and survival of implants inserted in combination with
sinus floor elevation. Part II: Transalveolar technique. J Clin Periodontol.
2008;35:241-54.

Hallman M, Hedin M, Sennerby L, et al. A prospective 1-year clinical and
radiographic study of implants placed after maxillary sinus floor
augmentation with bovine hydroxy apatite and autogenous bone. J Oral
Maxillofac Surg. 2002;60:277-84.

Brégger U, Gerber C, Joss A, et al. Patterns of tissue remodeling after
placement of ITI dental implants using an osteotome technique: a
longitudinal radiographic case cohort study. Clin Oral Implants Res. 2004;15:
158-66.

Maiorana C, Sigurta D, Mirandola A, et al. Elevation with alloplasts or
xenogenic materials and implants: an up-to-4-year clinical and radiologic
follow-up. Int J Oral Maxillofac Implants. 2006;21:426-32.

Esposito M, Grusovin MG, Rees J, et al. Effectiveness of sinus lift procedures
for dental implant rehabilitation: a Cochrane systematic review. Eur J Oral
Implantol. 2010;3:167-84.

Lundgren S, Andersson S, Guliani F. Bone reformation with sinus membrane
elevation: a new surgical technique for maxillary sinus floor augmentation.
Clin Implant Dent Relat Res. 2004;6:165-73.

Leblebicioglu B, Ersanli S, Karabuda C, et al. Radiographic evaluation of
dental implants placed using an osteotome technique. J Periodontol. 2005;
76:385-90.

Silva L, de Lima VN, Faverani LP, et al. Maxillary sinus lift surgery—with or
without graft material? A systematic review. Int J Oral Maxillofac Surg. 2016;
45:1570-6.

Si MS, Zhuang LF, Gu YX, et al. Osteotome sinus floor elevation with or
without grafting: a 3-year randomized controlled clinical trial. J Clin
Periodontol. 2013;40:396-403.

Nedir R, Nurdin N, Vazquez L, et al. Osteotome sinus floor elevation without
grafting: a 10-year prospective study. Clin Implant Dent Relat Res. 2016;18:
609-17.

Rammelsberg P, Mahabadi J, Eiffler C, et al. Radiographic monitoring of
changes in bone height after implant placement in combination with an
internal sinus lift without graft material. Clin Implant Dent Relat Res. 2015;
17:267-74.

Rammelsberg P, Kilian S, Busch C, Kappel S. The effect of transcrestal sinus-
floor elevation without graft on the long-term prognosis of maxillary
implants. J Clin Periodontol. 2020;47:640-8.

Duan DH, Fu JH, Yi Q, Koob A, et al. Graft-free maxillary sinus floor elevation:
a systematic review and meta-analysis. J Periodontol. 2017,88:550-64.
Moraschini V, Uzeda MG, Sartoretto SC, et al. Maxillary sinus floor
elevation with simultaneous implant placement without grafting
materials: a systematic review and meta-analysis. Int J Oral Maxillofac
Surg. 2017;46:636-47.

Nasr S, Slot DE, Bahaa S, et al. Dental implants combined with sinus
augmentation: what is the merit of bone grafting? A systematic review. J
Craniomaxillofac Surg. 2016;44:1607-17.

Cortellini P, Tonetti LNP, et al. The simplified papilla preservation flap in the
regenerative treatment of deep intrabony defects: clinical outcomes and
postoperative morbidity. J Periodontol. 2001;72:1702-12.

Jimbo R, Albrektsson T. Long-term clinical success of minimally and
moderately rough oral implants: a review of 71 studies with 5 years or more
of follow-up. Implant Dent. 2015;24:62-9.

Perez-Martinez S, Martorell-Calatayud L, Penarrocha-Oltra D, et al. Indirect
sinus lift without bone graft material: systematic review and meta-analysis. J
Clin Exp Dent. 2015;7:316-9.

Markovic A, Misic T, Calvo-Guirado JL, et al. Two-center prospective,
randomized, clinical, and radiographic study comparing osteotome sinus
floor elevation with or without bone graft and simultaneous implant
placement. Clin Implant Dent Relat Res. 2016;18:873-82.

Kusiak JF, Zins JE, Whitaker LA. The early revascularization of membranous
bone. Plast Reconstr Surg. 1985;76:510-6.

Page 11 of 11

26. Browaeys H, Bouvry P, De Bruyn H. A literature review on biomaterials in
sinus augmentation procedures. Clin Implant Dent Relat Res. 2007,9:166-77.

27. Ozkan Y, Akoglu B, Kulak-Ozkan Y. Maxillary sinus floor augmentation using
bovine bone grafts with simultaneous implant placement: a 5-year
prospective follow-up study. Implant Dent. 2011;20:455-9.

28. Balleri P, Veltri M, Nuti N, et al. Implant placement in combination with
sinus membrane elevation without biomaterials: a 1-year study on 15
patients. Clin Implant Dent Relat Res. 2012;14:682-9.

29. Thor A, Sennerby L, Hirsch JM, Rasmusson L. Bone formation at the maxillary
sinus floor following simultaneous elevation of the mucosal lining and implant
installation without graft material: an evaluation of 20 patients treated with 44
Astra tech implants. Int J Oral Maxillofac Surg. 2007,65:64-72.

30.  Shlomi B, Horowitz I, Kahn A, et al. The effect of sinus membrane
perforation and repair with Lambone on the outcome of maxillary sinus
floor augmentation: a radiographic assessment. Int J Oral Maxillofac
Implants. 2004;19:559-62.

31, Ragucci GM, Elnayef B, Suérez-Lépez Del Amo F, Wang HL, Herndndez-
Alfaro F, Gargallo-Albiol J. Influence of exposing dental implants into the
sinus cavity on survival and complications rate: a systematic review. Int J
Implant Dent. 2019;5:6.

32, Jiam NT, Goldberg AN, Murr AH, Pletcher SD. Surgical treatment of chronic
rhinosinusitis after sinus lift. Am J Rhinol Allergy. 2017;31:271-5.

33. Thoma DS, Zeltner M, Husler J, et al. EAO supplement working group 4 -
EAO CC 2015 short implants versus sinus lifting with longer implants to
restore the posterior maxilla: a systematic review. Clin Oral Implants Res.
2015;26:154-69.

34, Caban J, Fermergdrd R, Abtahi J. Long-term evaluation of osteotome sinus
floor elevation and simultaneous placement of implants without bone
grafts: 10-year radiographic and clinical follow-up. Clin Implant Dent Relat
Res. 2017;19:1023-33.

35, Tarnow DP, Magner AW, Fletcher P. The effect of the distance from the
contact point to the crest of bone on the presence or absence of the
interproximal dental papilla. J Periodontol. 1992,63:995-56.

36. Rammelsberg P, Lorenzo-Bermejo J, Kappel S. Effect of prosthetic
restoration on implant survival and success. Clin Oral Implants Res. 2017,28:
1296-302.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Surgical procedures
	Radiographic evaluation
	Statistical analysis

	Results
	Discussion
	Methodical considerations
	Strengths and weaknesses

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

