Does a Severely Resorbed Subantral Ridge Decrease Long-
Term Implant Survival Rate with Sinus Floor Augmentation?
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Purpose: To identify the impact of residual bone height on 5-year implant survival and prosthetic complication rates in
patients who underwent maxillary sinus grafting. Materials and Methods: A total of 87 consecutive patients were treated
with 104 lateral approach maxillary sinus floor augmentation procedures with 100% deproteinized bovine bone and
received 169 implants. The analysis considered patient age, sex, time of implant placement, and residual bone height.
Patients with < 3 mm residual bone height were assigned to the study group; otherwise, they were placed in the control
group. Results: The mean follow-up was 68.2 months (0 to 103 months). The mean residual bone height was 1.8 mm in
the study group and 4.1 mm in the control group. The 5-year implant survival and prosthetic complication rates were,
respectively, 97.4% and 8.0% in the study group and 100% and 12.5% in the control group. Residual bone height, sex, age,
and time of implant placement were not significant factors for the 5-year implant survival or prosthetic complication rate.
The lateral bone wall was significantly thinner in the study group. The grafted bone height reduction was significantly
different at 6 months and 2 years postoperation in both groups, but there was no difference in the change in grafted
bone height reduction over time between the two groups. Conclusion: A residual bone height < 3 mm did not impact the
survival rates of implants placed in grafted maxillary sinuses or the prosthetic complication rate after 5 years of functional
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ince 1949, China has experienced three “baby

booms”: (1) 1949 to 1958, (2) 1962 to 1965, and (3)
1981 to 1990." The first two groups of baby boomers
are reaching retirement age and making increasing use
of medical and dental practices; this trend will continue
in the coming years. According to the Seventh National
Population Census, the number of people aged 60 and
older in China is 260 million.? According to the Fourth
National Oral Health Survey, in the group aged 35 to
74 years, the proportion of people who have missing
teeth without restoration increases gradually with age
from 18.6% to 47.7%. Furthermore, the incidence of
periodontal disease in adults is > 90%.3 Loss of alveolar
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height due to periodontal disease and tooth extraction
combined with the possibility of secondary sinus pneu-
matization that occurs in the posterior maxilla often
does not allow for the placement of dental implants.
Various techniques have been proposed to facilitate
implant placement in the atrophic posterior maxilla,
including lateral approach sinus floor augmentation,*
osteotome sinus floor augmentation,”® and short
implants.”8

The maxillary sinus floor augmentation (MSFA) pro-
cedure using a lateral window approach was initially
developed by Tatum in the 1970s,’ was first published
by Boyne and James in 1980,'° and was considered a
highly predictable therapeutic modality by 1996."" A
recent meta-analysis recommended MSFA as an effec-
tive and well-documented technique, with a 5-year sur-
vival rate of 88.6% to 100%.'? Surgical procedures for
maxillary sinus surgery have been widely documented;
however, consistent data regarding the effect of various
factors on long-term clinical outcomes are still lacking.
Variables such as age'3; smoking'"'#; modified Plaque
Index'1>; simultaneous/delayed stage surgery''1416;
membrane placement’”'8; auto-, allo-, and xenogeneic
bone grafts'®'%; implant length,’? surface,'*'% and di-
ameter'3; residual bone height (RBH)%’; residual bone
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quality'3; and complications?’ might influence the
long-term survival of implants placed in grafted maxil-
lae. However, these factors lack strong evidence and ex-
pert consensus since this surgical protocol has evolved
over the last two decades regarding grafting materials
and implant characteristics. Also, long-term clinical out-
comes appear to vary across countries, ethnic groups,
and economic levels. In addition, there is heterogeneity
between different studies, and findings cannot be arbi-
trarily applied.

Some studies have shown that the implant survival
rate tends to decrease when the RBH decreases.'32223
Other studies did not find a significant effect of RBH on
the implant survival rate.'#?427 However, the number of
included studies was not large, and most of the studies
reported a great variety of study designs, implant types,
timings of implant placement, prosthesis designs, graft-
ing materials used, and quality of local alveolar bone.?°
The aim of this retrospective clinical investigation was
to determine the effect of RBH on the 5-year implant
survival and prosthetic complication rates for implants
placed in grafted maxillary sinuses.

MATERIALS AND METHODS

Patients

The Institutional Review Board of Peking University
School and Hospital of Stomatology approved the re-
search project (PKUSSIRB-2016113115).

In this retrospective single-unit study, the charts of
consecutive patients undergoing lateral approach sinus
augmentation from February 2012 to December 2015
were reviewed, and data were collected via specific
forms. The observation period continued to December
2020, resulting in @ minimum follow-up period of 60
months after implant insertion. Patients were followed
up by clinical visits, telephone, or both. The study was
conducted in accordance with the Helsinki Declaration.

The inclusion criteria were (1) primary maxillary si-
nus surgery, (2) an RBH of < 6.5 mm, and (3) use of the
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Distribution of 104 maxillary sinus floor augmentations in the study and control groups.

INICELL (Thommen Medical) implant system. The exclu-
sion criteria were (1) an American Society of Anesthesiol-
ogists (ASA) score = lIl; (2) systemic disease (rheumatoid
arthritis, immunosuppressive chemotherapy, uncon-
trolled diabetes mellitus, or other autoimmune diseas-
es); (3) a history of radiotherapy in the head and neck
region; (4) pregnancy; (5) a history of sinus surgery; and
(6) metabolic or degenerative diseases of the bone (eg,
osteoporosis, diabetes mellitus, hyperparathyroidism)
and long-term medication with corticosteroids or non-
steroidal anti-inflammatory drugs (NSAIDs).

Patients were divided into two groups according to
the preoperative RBH on CBCT: the control group (RBH
> 3 mm) and the study group (RBH < 3 mm; Fig 1).

Treatment

All patients received prophylactic antibiotic therapy
1 hour before treatment. Under local anesthesia with
4% articaine, a crestal incision with vertical releasing
incisions was performed. A full-thickness flap was el-
evated and reflected laterally to expose the lateral wall
of the sinus. Then, a bone window was outlined with a
round diamond bur or piezoelectric device. The bone
in the center of the window was removed, and the si-
nus membrane was exposed. Specially designed hand
instruments were used to elevate the sinus membrane
carefully. Bio-Oss (Geistlich Pharma), the only grafting
material used in the study, was packed layer by layer.
The lateral bone window was covered with a resorbable
collagen membrane (Bio-Gide, Geistlich Pharma). If the
residual ridge condition allowed primary stability of the
implants, the implants were inserted during the same
surgical session as the sinus augmentation (simultane-
ous procedure). Otherwise, the implants were placed in
a subsequent surgical phase after a healing period of 6
to 8 months (delayed procedure; Fig 1). The same com-
mercially pure titanium implants were placed accord-
ing to the manufacturer’s protocol (INICELL, Thommen
Medical). Postoperatively, the patient was advised to
refrain from sneezing and nose blowing. After surgery,
antibiotics, painkillers, and chlorhexidine mouthwash
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were prescribed. None of the patients routinely used
nasal drops.

In the simultaneous procedure, implant abutment
connection and prosthetic loading of implants were
performed after 6 months; in the delayed procedure,
the consolidation time for the grafts was 8 months, and
implant loading was then performed after 3 months.

Radiography

Preoperative evaluations included CBCT and panoram-
ic radiographs. Patients underwent CBCT on Planmeca
ProMax 3D and were positioned parallel to the office
floor with a Frankfort-Horizontal plane. The settings
were 90 kV and 10/12 mA, and the exposure volume
was 90 mm in diameter and 90 mm in height. The sagit-
tal, coronal, and axial images were reformatted using a
software program (Planmeca Romexis 3.7.0. R). The slice
thickness of the multiplanar reconstruction images was
0.2 mm. The measurements were approximated to the
nearest 0.01 mm with a caliper.

According to typical clinical practice, patients were
followed up for 1 month, 12 months, and annually
thereafter, and radiographic films were taken if neces-
sary. Reviewers recorded the sinus contour,?® initial
bone height, lateral sinus wall thickness, intraosseous
vessel diameter, and grafted bone height (GBH). Plan-
meca software was used to automatically correct the
magnification on radiographic films. All measurements
were made twice at two different times.

Variables
The grafted bone healing period refers to the time be-
tween sinus floor augmentation and implant insertion.

The implant healing period refers to the time be-
tween implant insertion and prosthetic loading, includ-
ing definitive and provisional prosthetics.

The follow-up period is the time interval between
prosthesis insertion (both definitive and provisional)
and the last follow-up visit.

The primary outcomes were as follows:

1. Implant survival rate: According to the modified
Albrektsson criteria,?® implant survival is defined
as the absence of implant loosening or shedding.
The implant survival time is the time elapsed from
implant placement to implant loss for any reason.
Loss of patients at follow-up is defined as a missing
value. The survival rate of the implant was calculated
at the implant level.

2. Incidence of prosthetic complications: Prosthetic
complications included food impaction, porcelain
fracture, dislodged cemented crowns, loosened
screw-retained crowns, and fractured restorative
components. The prosthetic-complication time
is defined as the time from prosthetic placement

until any of the aforementioned complications
occurred. Loss of patients at follow-up is defined as a
missing value. The prosthetic complication rate was
calculated at the patient level.

3. GBH change over time: GBH was defined as the
vertical distance measured between the lowest and
highest levels of the grafted area. GBH was evaluated
immediately, 6 months, and 2 years after sinus floor
augmentation.

Statistical Analysis
Unordered categorical data, including sex, age, tooth
site, number of missing teeth, distribution of maxillary
sinus contours, distribution of simultaneous implants or
delayed implants, and membrane perforation rate, were
compared between groups by the chi-square test. Vessel
diameter and lateral bone thickness were compared by
the t test. A mixed model was established with GBH as
the dependent variable, GBH at baseline as a fixed covari-
ate, groups and time and interaction between groups
and time as the fixed factors, and patient as a random
factor. The GBH differences between the groups and
within the groups at different time points were tested
using pairwise comparisons. The Bonferroni method was
used for multiple comparisons. The implant survival rate
and the prosthetic complication rate are described using
the Kaplan-Meier curve and were compared between
groups using the log-rank test. The significance level was
set at P < .05 for the statistical tests. All statistical analyses
were performed using SPSS 24.0 (IBM, SPSS).

The STROBE guidelines were adhered to in the prep-
aration of this article.

RESULTS

Patients and Radiographic Features

Eighty-seven patients who met the inclusion criteria
were recruited. Seventeen patients received bilateral
sinus floor augmentation. Among them, there were 8
patients in the study group and 4 patients in the control
group. The other 5 patients who had bilateral sinu sur-
gery had both of their sinuses included, one in the study
group and one in the control group. Seventy patients re-
ceived unilateral sinus floor augmentation (31 patients in
the study group and 39 patients in the control group). A
total of 104 maxillary sinuses were eligible for inclusion:
52 sinuses in the study group and 52 sinuses in the con-
trol group.

The preoperative RBH was 1.8 = 0.6 (0.5 to 2.8) mm in
the study group and 4.1 + 1.0 (3 to 6.5) mm in the control
group, with a significant difference (P = .001). The base-
line information of both groups is shown in Table 1. There
were no significant differences in sex, age, tooth site, sinus
contour, or vessel diameter in the lateral bone between

The International Journal of Oral & Maxillofacial Implants 907

© 2022 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Niu et al

Table 1 Comparison of Patient Characteristics Between the Two Groups

Study group Control group Pvalue
Sex
Male 33 24 .08
Female 19 28
Age (y) 51.9+7.8 (34-71) 48.0+12.3 (17-68) a2
<60 46 40
>60 6 12
Tooth site .09
Premolar 1 5
Molar 51 47
Number of missing teeth <.001*
Single 10 32
Multiple 42 20
Lateral bone thickness (mm) 1.0+0.3(1.0,0.5-1.7) 1.2+0.4(1.1,0.8-2.7) .007**
Vessel diameter in lateral bone (mm) 1.1+£0.4(1.0,0.5-1.9) 0.9+0.5(0.8,0.5-2.2) .19
Sinus contour®
A+D+E 15 12 .78
B+C 33 30

* The percentage of patients with multiple tooth loss was significantly higher in the study group than in the control group (P <.001).
** There was a significant difference in the lateral bone thickness between the two groups (P =.007).
SSinus contour classification: A = narrow tapered, B = tapering, C = ovoid, D = square, E = irregular.
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Fig 2 Comparison of the grafted bone healing period and implant healing period between the two groups. (a) The grafted bone healing
period of the two-stage procedure was 5.4 + 1.5 months (5, 4 to 10) in the study group and 4.5 + 0.9 months (4, 3 to 6) in the control group,
with a significant difference found by one-way t test (P =.008). (b) The implant healing period was 5.5 + 1.1 (6, 4 to 7) months in the study group
and 5.9 £ 1.0 (6, 4 to 8) months in the control group in patients with simultaneous implants. One-way t test revealed no significant difference
(P=.31). (c) Among delayed implantation patients, the implant healing period was 5.4 + 1.7 (6, 1 to 9) months in the study group and 5.2 £ 2.1
(5,2 to 9) months in the control group. There was no significant difference between groups (P =.59).

the two groups. The percentage of patients with multiple
tooth loss was significantly higher in the study group than
in the control group. There was a significant difference in
the thickness of the bone at the open window between
the two groups.

Surgical Complications

Three patients (5.8%) in the study group and two (3.8%)
in the control group had sinus membrane perfora-
tion, and the difference was not statistically significant
(P = .65). After proper treatment, the maxillary sinus
floor augmentation and implant placement were suc-
cessful. The above five patients had good long-term
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results at follow-up, with no implant loss. None of the
patients in this study had severe bleeding complica-
tions or sinusitis. Postoperative swelling in almost all
patients followed a routine pattern, reaching its maxi-
mum 48 hours postsurgery and gradually subsiding
over approximately 1 week.

Grafted Bone Healing Period

The grafted bone healing period for the delayed proce-
dure was 5.4 + 1.5 months (5, 4 to 10) in the study group
and 4.5 + 0.9 months (4, 3 to 6) in the control group,
with a significant difference found by one-way t test
(P = .008; Fig 2a). The percentage of delayed implant
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Table 2 Changes in GBH Over Time

Immediately 6 mo 2y Pvalue
Study group 1M.7+23 1M.2+£21 10.5+2.2 <.01
Control group 9.8+2.3 9.6+2.1 89+17 <.01

The heights of the grafted bone immediately, at 6 months, and at 2 years were significantly different between the study and control groups (P < .01). There
was also a significant difference in GBH among the three different time points within the study and control groups (P < .05). The joint variable of time*group
did not differ, indicating that there was no difference in the trend in the GBH reduction over time between the two groups (P = .63).

1.00 = -- - NP
u 098
c
©
2 096
2
3 Log rank: P=.34
E 0.94 _m 23mm
r_;- <3mm
£ ~ =3 mm censored
= 0.92 <3 mm censored
0.90
0 20 40 60 80 100
a Implant survival time (mo)

1.0
]
c 09
©
2
I
2 08
2
o Log rank: P=.01
e >3mm
3 07 <3mm
& =3 mm censored

<3 mm censored
0.6
0 20 40 60 80 100
b Prosthetic survival time (mo)

Fig3 Kaplan-Meier curves for the 5-year implant survival rate and 5-year prosthetic complication rate in the study group and control group.
(a) The 5-year implant survival rate was 97.4% in the study group and 100% in the control group. (b) The 5-year prosthetic complication rate was
8.0% in the study group and 12.5% in the control group. Prosthetic complications continued to occur over time. RBH was not a significant factor

for the 5-year implant survival rate or prosthetic complication rate.

placement was 84.6% (44/52) in the study group and
44.2% (23/52) in the control group, with a significant
difference (P <.001; Fig 1).

Implant Healing Period

The present study only included and counted the im-
plants located within the grafted area of the maxillary
sinus. A total of 169 implants were inserted, with a di-
ameter of 4.0 to 6.0 mm and a length of 8.0 to 14.0 mm.
A total of 99 implants were placed in the study group
and 70 implants in the control group. The implant
healing period was 5.5 + 1.1 (6, 4 to 7) months in the
study group and 5.9 + 1.0 (6, 4 to 8) months in the con-
trol group in patients with simultaneous procedures.
The one-way t test revealed no significant difference
(P =.31; Fig 2b). Within the delayed procedure, the im-
plant healing period was 5.4 £ 1.7 (6, 1 to 9) months in
the study group and 5.2 + 2.1 (5, 2 to 9) months in the
control group. There was no significant difference be-
tween the groups (P =.59; Fig 2¢).

Change in GBH

The height of the grafted bone immediately, 6 months,
and 2 years postoperation was significantly different be-
tween the study and control groups (P < .01). There was
also a significant difference in GBH at the three different
time points within the study and control groups (P < .05).
The joint variable of time*group did not differ, indicating

that there was no difference in the change in GBH reduc-
tion over time between the two groups (P = .63). Com-
pared with the immediate GBH, the GBH decreased
by 4.3% at 6 months and 10.3% at 2 years in the study
group. In the control group, the GBH decreased by 2.0%
at 6 months and 9.2% at 2 years (Table 2).

Implant Survival Rate

At the time of data collection, the prostheses had been
functional for 68.2 = 22.5 (71, 0 to 103) months, and the
loss to follow-up percentage was 11.5%.

The 5-year implant survival rate was 97.4% in the
study group and 100% in the control group. Statisti-
cal results showed no association between the 5-year
implant survival rate and patient-related factors or im-
plant characteristics, such as RBH, sex, age, and time of
implant placement (Fig 3a). Only one implant failure
occurred in the study group, and no implant loss oc-
curred in the control group. The failed implant in the
study group was a single implant placed in the grafted
maxilla of the patient’s left first molar (RBH of 1.8 mm).
The implant failed because two adjacent teeth next to
the implant (maxillary left first and second premolar)
experienced severe periodontal disease and became
extremely loose, causing high stress force and occlusal
overload to the implant. The implant was fractured and
eventually removed by the clinician after 62 months of
prosthetic functioning.
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Fig4 Longitudinal follow-up of a typical study and control group case. In the study group, a woman 58. years of age had missing first and sec-
ond molars. (a) CBCT revealed a residual bone height of 2 mm and a tapering sinus contour. (b) The patient underwent lateral sinus augmenta-
tion with guided bone regeneration, and the immediate grafted bone height was 11 mm. No severe complications occurred, and the implants
(4.5 mm wide and 11.0 mm long) were placed 6 months after bone grafting. After another 6 months, a cement-retained zirconia combined
crown was placed. (c) After 87 months of follow-up, the grafted bone height was 10 mm, the implant marginal bone was stable, and there were
no biologic or prosthetic complications. In the control group, a woman 46 years of age had missing first and second molars. (d) CBCT showed a
residual bone height of 3.2 mm and a narrow-tapered sinus contour. (e) The patient underwent lateral sinus augmentation with guided bone
regeneration, and the grafted bone height was 11.7 mm. No severe complications occurred, and the implants (4.5 mm wide and 11.0/9.5 mm
length) were placed 4 months after bone grafting. After 3 months, a screw-retained zirconia combined crown was placed. (f) The grafted bone
height was 8.8 mm at 77 months of follow-up, and the marginal bone around the implant was stable. At 91 months of follow-up, the crown was
loosened, and the clinician rebonded the abutment to the combined crown.

Prosthetic Survival Rate

The 5-year prosthetic complication rate was 8.0% in the
study group and 12.5% in the control group. Prosthetic
complications continued to occur over time. RBH, sex,
age, and time of implant placement were not significant
factors affecting the 5-year prosthetic complication rate
(Fig 3b). Prosthetic complications in the study group in-
cluded two cases of porcelain fracture, three cases of
food impaction, five cases of a dislodged crown, one
case of implant fracture, and one case of restorative
component fracture. There were four cases of porcelain
fracture, eight cases of food impaction, and two cases
of a dislodged crown in the control group.

910 Volume 37, Number 5, 2022

The preoperative, postoperative, and follow-up
CBCT images of a typical case in the study and control
groups are shown in Fig 4, respectively.

DISCUSSION

This is a long-term retrospective, single-institution,
large-sample clinical study using the same implant sys-
tem and the same deproteinized bovine bone grafting
material. The 5-year implant survival rate was 97.4% in
the study group and 100% in the control group. RBH,
sex, age, and time of implant placement were not
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significant factors affecting implant survival. Some pre-
vious studies did not find a significant effect of RBH on
the implant survival rate.?*2% Mardinger et al followed
55 patients and found that the 3-year implant success
rate was 92% and 98.7% for patients with RBH <4 mm
and > 4 mm, respectively, with a borderline statistically
significant difference.®* Geur et al followed 303 im-
plants and found that the 3-year implant survival rates
were 91.7%, 94.1%, and 100% for RBHs of < 4 mm, 4 to
8 mm, and > 8 mm, respectively, without significant dif-
ferences.?” Hurzeler et al reported a 5-year implant sur-
vival rate of 95.2% in patients with RBH <4 mm, and RBH
had no effect on implant success.?® However, Chao et
al conducted a meta-analysis including 12 studies and
showed a significant trend indicating that the implant
survival rates increased with RBH.2° The implant sur-
vival rate tended to increase as the initial bone height
rose from approximately 1 to 5 mm and stabilized at a
high rate when the initial bone height was > 5 mm. The
effect of RBH on implant survival rate is currently incon-
clusive because the literature presents a great variety
in study designs, implant systems, timing of implant
placement, grafting materials used, and follow-up time.

The present study used the same implant system
with a microrough surface, screw-type, cylindrical/
conical, machined collar with a height of 1 to 1.5 mm,
and hydrophobic/superhydrophilic surface state. The
development of new implant surfaces and implant-
abutment connections might contribute to the high
survival rate of implants placed in the grafted maxillary
sinus in the present study. Sandblasted, large-grit, acid-
etched, surface-treated implants have a higher survival
rate than machine-surfaced implants in grafted maxil-
lary sinuses.3° Researchers have shown that the micror-
ough sandblasted and the thermal acid-etched surface
of implants can promote intrinsic implant stability.3’
In addition, conical implants with a large implant neck
diameter can compress the alveolar bone and improve
the initial implant stability, which has been reported
to be the main reason for implant loss in many stud-
ies.'32224 Another modification of this implant system
is the superhydrophilic surface, which may increase
the implant survival rate, as another study found that
implants with a superhydrophilic surface had a higher
bone-to-implant contact and achieved better implant
stability in the early healing phase.3? All the surgeries
were performed by one surgeon (L.Q.) with 30 years of
experience, which is a critical factor for obtaining a high
implant survival rate.33

In the study group, one implant loosened due to
poor osseointegration as an early failure but was not
counted as an implant failure in this study. This patient
with an RBH of 1 mm received MSFA with simultaneous

cyst removal, and 6 months later, three implants were
inserted. Two months later, when detaching the heal-
ing abutments, one implant loosened due to poor os-
seointegration, so the surgeon removed the implant
and placed a new, wider implant that subsequently
functioned well. Beck et al found that after a healing
period of 6 months after sinus floor augmentation, the
most apical part of the augmentation area appeared to
contribute only minimally to the treatment outcome
since new bone formation at this distance was relatively
low.3* A pretreatment bone height of 4 to 5 mm was
recommended for simultaneous implant placement.
Whenever the clinician has hesitations, a delayed pro-
cedure would be beneficial, as delayed placement im-
proves implant stability and could eventually lead to
identification of more desirable implant positions and
angulations.

The present study used Bio-Oss as the only grafting
material, resulting in clinically stable long-term out-
comes, consistent with other studies. Mordenfeld et al
followed 20 patients who had maxillary sinus floor aug-
mented with a mixture of 80% deproteinized bovine
bone (DBB) and 20% autogenous bone over 10 years
and found a statistically significant reduction in GBH
between 3 months and 2 years but no further signifi-
cant reduction up to 10 years postoperation.3®> Zhang
et al found a 22% reduction in grafted bone volume at
6 months postoperatively and correlated it with factors
such as a wide sinus and multiple missing teeth.?¢ Lu et
al found a 7.6% reduction in GBH and a 15.3% reduction
in grafted bone volume 2 years after surgery.” In this
study, GBH decreased significantly at 6 months and 2
years in the two groups. However, this decreasing trend
was not significantly different between the study and
control groups.

The lateral bone thickness in the study group was sig-
nificantly smaller than that in the control group, which
suggests that the lower the RBH was, the thinner the
lateral bone wall was. Therefore, the sinus membrane
may be more prone to tearing during lateral window
preparation in patients with severely resorbed bone. In
addition, it is recommended to prepare two small bone
windows instead of a large window to avoid an insuf-
ficient blood supply from the sinus bone to the grafting
materials in severely resorbed bone.3®

CONCLUSIONS

RBH was not associated with membrane perforation
rate, implant survival rate, prosthetic complication rate,
or change in grafted bone reduction after 5 years of
functional loading in grafted maxillary sinuses.
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