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Abstract 
Objective: The aim of the present retrospective study was to evalu-
ate the long-term survival rate of dental implants placed in autolo-
gous onlay bone block graft (AOBG) augmentation areas, harvested 
from intraoral origin, used for reconstruction of maxillary atrophy.

Patients and methods: A retrospective study was conducted on 
108 patients, who received a total of 272 dental implants placed 
in 109 maxillary augmentation sites using AOBG in combination 
with platelet-rich plasma (PRP) and bovine bone substitute mate-
rial, covered with platelet-poor plasma (PPP). 

Results: Of the 109 OBGs performed from 2000 to 2010, 108 
(99.1%) were deemed “successful.” Of the total implants, the great 
majority (94.5%) was deemed to have survived. The total implants’ 
10-year cumulative survival rate was 89%, compared to 99% in the 
anterior maxillary area.

Conclusions: We suggest that reconstruction of maxillary atro-
phy, through horizontal and vertical intraoral AOBG, in combina-
tion with bovine bone substitute material and PRP and covered by 
PPP, should be considered a reliable, safe, and very effective meth-
od to obtain a high rate of bone graft survival following a high rate 
of long-term implant survival.

Key Words: intraoral onlay bone graft, bone augmentation, 
implants, PRP, PPP, maxillary atrophy, autologous bone block
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Introduction

Autologous Bone Grafting Material
Many surgical procedures have been described and 
used to reconstruct the atrophic edentulous maxilla in 
preparation for placement of implants in the desired 
position for fixed implant-supported restorations. 
Achieving an esthetic and functional implant-support-
ed restoration in the maxillary anterior segment can 
be challenging, especially when severe atrophy exists. 
Inadequate alveolar ridge width and height frequently 
hampers dental implant placement or trajectory, influ-
encing the esthetic outcome.

The reconstruction of atrophic alveolar ridges using 
autologous bone graft material was originally reported 
in 1975.1 It is still considered the “gold standard” in 
bone-grafting material as it combines all the required 
properties: osteoinduction (bone morphogenetic pro-
teins and other growth factors), osteogenesis (osteo-
progenitor cells), and osteoconduction (scaffold).2-5 

Possible Donor Sites
Possible donor sites for autologous bone grafts in-
clude extraoral sources such as the calvaria, tibia, and 
the iliac crest.6 However, intraoral sources such as the 
mandibular symphysis7,8 and ramus9,10 are more readi-
ly available and cause no cutaneous scarring, minimal 
discomfort, and less morbidity compared with the ex-
traoral sources. The mandible, a preferable donor site, 
has advantages including good bone quality, conve-
nient surgical access, minimal volume loss, good in-
corporation with a short healing time, high biocom-
patibility, and embryological proximity.11 

The anatomic configuration in the atrophic site in-
fluences the surgical choices (e.g., when surgical recon-
struction is performed in the posterior atrophic max-
illa, the standard of care would be to perform a sinus 
augmentation procedure for vertical augmentation, 
with additional vertical and/or horizontal autologous 
onlay bone graft augmentation if necessary).12-14 The 
implants would be performed simultaneously (in the 
case of autologous onlay bone block grafts [AOBG] 
horizontal augmentation) or as a second procedure. 
The reconstruction of the posterior maxilla prior to or 
at the time of implant placement by means of a si-
nus elevation lateral approach is considered a safe and 
effective procedure.12-14 The use of vertical augmenta-
tion through a combination of sinus elevation proce-
dures and AOBG with bone blocks harvested from the 
mandibular symphysis or ramus has been described 
previously.12 It was demonstrated that this procedure 
had good predictability for reconstruction of extensive 
atrophic ridges, with low complication and failure 
rates.12 Furthermore, recent studies described exten-

sive bone deficiency reconstruction using solely intraoral block bone 
grafts by means of a multitier technique,15 possibly by reharvesting 
bone from the same donor site following its augmentation with bone 
replacement material in the first procedure.16

PRP and PPP
Anterior maxillary implantation is a challenging procedure for both 
the surgeon and prosthodontist because of the high esthetic demands 
for this area. Because this location is the most traumatized and ex-
posed to habits,17-19 prompt and appropriate management is necessary 
to significantly improve the prognosis for many of the dentoalveolar 
injuries, especially in young patients.20 

Growth factors (GFs) are expressed during different phases of tissue 
healing and therefore are key elements in promoting tissue regenera-
tion.21 The use of platelet-rich plasma (PRP) as a source of GFs has 
been presented by Marx and colleagues.22,23 PRP is an inexpensive way 
to obtain many GFs in physiological proportion and consequently has 
gained wide interest as a therapy for both soft and hard tissue inju-
ries.23-25 However, there is some controversy in the literature regard-
ing the effectiveness of PRP in the bone regeneration process, which 
might be due to differing protocols and equipment for obtaining PRP 
(centrifugation) and the low numbers of systematic studies carried 
out to date.26 In the present study, all patients were treated with PRP 
combined with bovine bone substitutes as a part of the bone graft 
procedure protocol.

Platelet-poor plasma (PPP) is the upper layer of plasma, which is 
formed after centrifugation of whole blood and is composed of acel-
lular plasma containing fibrinogen and growth factors.27 In the current 
study, PPP was used as a biological membrane to cover the entire aug-
mented area and donor sites to facilitate the healing and angiogenesis 
process. The benefits of PPP are probably due to elevated levels of 
fibrinogen, which has the ability to form a fibrin-rich clot once acti-
vated.28 The clot within injured space provides a provisional matrix for 
cell migration.29,30 

Patient satisfaction is a key factor in the success of implant therapy, 
especially in the anterior maxilla. Any unfavorable relationship be-
tween the residual ridge and gingival papilla often compromises the 
final result. Defects in the gingival continuity or shape cannot always 
be compensated for by the quality of the dental restoration only.31 The 
challenge is that hard and soft tissue augmentation is necessary to 
achieve a successful result.32 Patient esthetics can be improved by sur-
gical reconstruction of interdental papilla using a subepithelial con-
nective tissue graft (SECT graft). The SECT graft was first described in 
1974.33 This procedure has several advantages over the conventional 
gingival graft, including excellent predictability, good gingival con-
tour, and minimal postoperative bleeding and discomfort.34 The graft 
procedure is carried out before or at the time of the bone augmenta-
tion procedure; or at the time of implant placement, as was done in 
this study.

The aim of the present retrospective study was to evaluate the effec-
tiveness and safety of maxillary bone augmentation with intraoral ori-
gin AOBG, combined with bovine bone substitute material (Bio-Oss, 
Geistlich Pharma AG; Wolhusen, Switzerland) saturated with PRP and 
covered by PPP, to obtain a high rate of bone graft survival, followed 
by a high rate of long-term implant survival. 
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Patients and Methods

Study Population
A consecutive retrospective study was conducted from 
2000 to 2010 on 108 patients (mean age at AOBG sur-
gery was 44.5±16.4 years; 74 females), who received 
a total of 272 dental implants placed in onlay bone 
graft sites for reconstruction of maxillary atrophy. A 
total of 109 augmentations were harvested solely from 
intraoral sources. Patients who were smoking at the 
time of the surgery were defined as “smokers” (25 
[23.1%]). All the augmentations and implant place-
ment procedures were performed by a single surgeon 
(DSA) as described herein. Data collected from the 
files included medical history and smoking habits, 
with special attention to conditions that might affect 
bone and wound healing (e.g., diabetes, osteopo-
rosis), as well as information regarding the areas of 
surgery, donor sites, implant locations and character-
istics, bone graft survival, and complications. AOBG 
was defined as “successful” in the absence of exposed 
bone graft/sequestrum or exposed bone fixation 
screw head. Follow-up time was up to 131 months 
(43.6±32.5 months). “Implant survival” was defined 
as still functioning at the end of the follow-up period. 
Implants were evaluated by panoramic x-ray as de-
scribed herein. 

Inclusion and Exclusion Criteria
Patients’ inclusion criterion was the presence of atro-
phic edentulous areas in the maxilla with a degree of 
atrophy enabling implant placement in a desired es-
thetic position. 

Patients’ exclusion criteria were as follows: 
• severe kidney and/or liver disease
• congenital or acquired immunodeficiency
• ongoing chemotherapy at the time of first exami-

nation
• sequelae of radiotherapy in the head and neck 

area
• connective tissue disease of any kind
• poor oral hygiene
• noncompliance.

Imaging and Documentation
Preoperatively, panoramic radiography and conven-
tional or computerized tomography (CT) scans were 
performed to visualize the region of interest. Immedi-
ately after the surgical intervention only panoramic ra-
diography was performed. Five months after the bone 
graft surgery and before the second tier and/or the 
implant placement the patients were examined based 
upon clinical symptoms, panoramic radiography, and 
CT. Prior to exposure of the implant the panoramic ra-

diography was performed again. Thereafter, panoramic radiography 
was performed annually up to five years, then every two years. 

Documentation for all clinical cases included the following:
• intraoral photographs of the initial clinical situation
• panoramic radiograph and a complete series of periapical radio-

graphs for partially edentulous patients
• preoperative CT scans.

PRP and PPP Preparation
The preparation of PRP and PPP was done using Harvest SmartPrep 
processing techniques (Harvest Technology; Plymouth, MA). Briefly, 
20 or 60 ml of blood was drawn from each patient using a sterile 
syringe containing 2 or 5 ml of anticoagulant (ACD-A). The blood 
was then separated into PRP with PPP (lower and upper layer) and 
red blood cells using a sterile chamber containing 1 or 3 ml of ACD-
A and centrifuged following manufacturing instructions. The PRP 
was dropped into a sterile surgical cup using a sterile syringe with 
blunt needle. To create the PRP plus scaffold material, the Bio-Oss 
was saturated with PRP (Fig 1a). The calcium chloride (CaCl, Om-
rix Biopharmaceuticals; Tel Aviv, Israel) and thrombin mixture was 
added to form a gel with internalized Bio-Oss particles that were used 
as a filling material in both the recipient (filling any gaps between the 
recipient bed and block grafts) and the donor site. The upper layer of 
plasma (PPP) was gently transferred into a sterile cup using a sterile 
syringe with blunt needle. To create a membrane-like gel the PPP was 
activated by adding a mix of the human thrombin and CaCl (Fig 1b). 
PRP and PPP preparation techniques were not modified during the 
course of the study.

Surgical Procedures
Premedication was administered as described below. The surgery was 
done under general anesthesia. A midcrestal incision was made along 
the recipient area. A mucoperiosteal flap was reflected. The recipient 
site was decorticated and recontoured using a round bone bur (Aes-
culap AG; Tuttlingen, Germany) for better adaptation of the graft 
and to improve graft-to-recipient bone contact. Bone blocks were 
harvested from intraoral donor sites (e.g., the mandibular ramus or/
and symphysis) (Fig 1c). The ramus area was accessed using an exten-
sion of the commonly used envelope flap for third molar extraction. 
The incision was made in the buccal vestibule, medial to the external 
oblique ridge and extended anteriorly and laterally to the retromolar 
pad, continuing anteriorly into the buccal sulcus of the second molar. 
A mucoperiosteal flap was reflected, exposing the lateral aspect of the 
ramus and third molar area. A reciprocating or oscillating saw (Piezo-
surgery device, Mectron Medical Technology, Mectron s.p.a.; Carasco 
GE, Italy) was used to cut through the cortex along the anterior bor-
der of the ramus. An anterior vertical cut was made in the mandibular 
body (the length depended upon the size of the graft needed), and a 
posterior vertical cut was made on the lateral aspect of the ramus. No 
inferior osteotomy was performed. The border cuts were made only 
to the depth where bleeding occurred from the underlying cancel-
lous bone to prevent injury to the underlying neurovascular bundle. 
A thin chisel was gently tapped along the entire length of the oste-
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Figures 1a-1h: An onlay bone graft augmentation technique (this particular 
patient’s AOBG was performed in 2002, with 12 years of follow-up). The 
main steps were as follows: (a) Bio-Oss saturated with PRP and human 
thrombin. (b) PPP used as biological membrane. (c) Donor site (symphysis) 
prior to block separation. (d) Donor site (symphysis) filled with combination 
of Bio-Oss and PRP covered by PPP. (e) Bone defect at recipient site; note 
the “knife-edge” maxillary ridge. (f) The harvested autologous bone block 
graft fixed to the recipient site. (g) The harvested autologous bone block 
graft at the recipient site, with gaps between graft and recipient bed filled 
with combination of Bio-Oss and PRP. (h) The augmented site entirely 
covered by PPP.

otomy, taking care to avoid injury to the inferior al-
veolar nerve by preventing the cancellous bone from 
penetrating beneath the cortical layer. Graft splitting 
from the ramus was then completed. For the symphy-
sis, an intrasulcular incision and two vertical releasing 
incisions were made posterior to the second premolar 
regions, reflecting the mucoperiosteal flap at the facial 
side. 

After exposing the symphysis and locating the 
mental foramina, the Piezosurgery device was used to 
outline a rectangle the size of the exposed defect. The 
superior aspect of the rectangle was at least 3 to 5 mm 
below the tooth apices, and the integrity of the lower 
border of the mandible was maintained medially to 
the mental foramina. Osteotomes were used to free 
the block graft and harvest cancellous bone. In select-
ed cases, a vestibular incision was performed; no verti-
cal incisions were needed and the free gingival line of 
the lower teeth was unharmed.

The bone blocks were restored in a sterile cold so-
dium chloride 0.9% solution (Teva Medical; Ashdod, 
Israel) for a minimal time before being fixed in the 
recipient site. The block graft was positioned over the 
recipient site in a vertical dimension (i.e., “saddle” 
augmentation) and/or horizontal dimension (i.e., 
“veneer” augmentation) with the endosteal side of the 
graft facing the cortical bone. To ensure immobiliza-
tion, the grafts were fixed to the recipient site using 
1.6-mm diameter titanium self-tap screws (KLS Mar-
tin LP; Jacksonville, FL), to be removed during im-
plant placement (Figs 1e & 1f). Any sharp angles in 
the block segment that could perforate the overlying 
flap were eliminated, leaving a smooth outline. Cor-
ticocancellous particles and Bio-Oss saturated with 
PRP were used to fill the gap between the graft and 
recipient bed site (Fig 1g). PPP was used to cover the 
entire augmented area (Fig 1h). The periosteum at the 
base of the facial flap in the recipient site was carefully 
incised to allow stretching of the mucosa and tension-
free adaptation of the wound margins. The flap was 
sutured (4-0 fast polyglactin IntroV rapide, Introme-
dix; Netanya, Israel) and removed two weeks later. 
Treatment of the donor site was completed only at the 
end of the procedure, after the fixation of the bone 
graft and the suturing of the recipient site. The do-
nor defect was filled with Bio-Oss saturated with PRP, 
covered with PPP and, in some cases, with resorbable 
membrane (Bio-Gide, Geistlich Pharma), and sutured 
with the same sutures (Fig 1d). 
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The maxillary alveolar ridge dimension criteria for 
intraoral onlay bone augmentation were maxillary al-
veolar ridge dimensions of less than 5 mm width and 
10 mm height. The intraoral donor sites for harvest-
ing autologous bone block included the mandibular 
ramus (78.9%), symphysis (17.4%), combination of 
both (1.85%), or the sinus window (1.85%). Most 
augmentations (78.9%) were horizontal (“veneer” 
type), 11% were vertical (“saddle” type), and 10.1% 
were a combination (two dimensions, horizontal and 
vertical). Out of 44 sinus augmentations, 27 were per-
formed simultaneously with horizontal augmenta-
tion, 7 with vertical and 6 with combined (vertical and 
horizontal) augmentation. The marginal bone level 
was measured on panoramic radiographs using the 
implant threads as an internal standard, a technique  
suggested by Haas and colleagues.35 The number of 
threads unsupported with bone at implant exposure 
was subtracted from the number of threads unsup-
ported with bone at the most recent follow-up and the 
total multiplied by the implant pitch (in millimeters) 
to determine the amount of bone loss (in millime-
ters). The accuracy level of this method is half a pitch 
(0.35 to 0.375 mm) of the implant’s thread. The num-
ber of threads was converted to millimeters using the 
millimeter-per-thread for that particular implant (one 
pitch 0.7 to 0.75 mm according to the manufacturer). 
Total bone resorption measured following implant 
placement that was greater than 1.5 mm (more than 
half a pitch/year, mean follow-up time 43.6±32.5 
months) was defined as a marginal bone loss.

In cases of severe posterior maxillary atrophy, 44 
sinus augmentation procedures were performed via a 
lateral wall approach, for additional vertical augmen-
tation (Fig 2a). Onlay bone grafting was performed 
simultaneously with sinus augmentation, for further 
vertical or/and horizontal augmentation. In cases of 
Schneiderian membrane perforation, an overlapping 
PPP or collagen resorbable membrane (Bio-Gide) 
was used to repair the perforation. Bio-Oss saturated 
with PRP was condensed into the compartment (Fig 
2b). The fenestrated lateral wall of the maxillary sinus 
was covered with PPP, after which the mucoperiosteal 
flap was repositioned and saturated with a 3-0 Vicryl 
suture (Johnson & Johnson/Ethicon; Somerville, NJ) 
(Fig 2c).

Figures 2a-2c: A maxillary sinus augmentation procedure was 
performed via the lateral wall approach. The main steps were 
as follows: (a) Preparation of the window at the sinus lateral 
wall; the separate window is attached to the Schneiderian 
membrane. (b) The compartment was filled with Bio-Oss 
saturated with PRP. (c) The maxillary sinus lateral wall defect 
was covered by PPP.
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Pre- and Post-Surgical Medications
At the time of surgery, patients received intravenous 
prophylactic antibiotics (cefazolin 1 gr and dexameth-
asone 20 mg) followed by oral amoxicillin 1500 mg/
day for 10 days. Intravenous metronidazole 500 mg 
followed by oral 1000 mg/day was added when the si-
nus augmentation was done as well. Dexamethasone 
4 mg/day was administered for 2 additional days. For 
penicillin-allergic patients, clindamycin HCL (Dalacin 
C) 1200 mg/day for 10 days was the drug of choice. 
In addition, patients were prescribed nonsteroidal 
anti-inflammatory drugs as analgesia. Patients were 
instructed to rinse their mouth with chlorhexidine 
0.5% for 2 minutes immediately preoperative and to 
continue twice daily with chlorhexidine 0.2% for 10 
additional days.

Surgical Procedure: Implant Phase
After panoramic x-ray and CT examinations, den-
tal implant placement was performed following the 
AOBG augmentation (mean 4.36±3.09 months). Pa-
tients were treated under local anesthesia. A total of 
272 screw-type implants were placed (Screw-Vent and 
Spline, Zimmer Dental [Warsaw IN]; Nobel Active 
and Replace Select, Nobel Biocare [Yorba Linda, CA]; 
Implant Direct, Implant Direct LLC [Calabasas Hills, 
CA]). The length and diameter of the implants were 
selected based upon the area to be rehabilitated, the 
prosthetic indications, and the bone shape and vol-
ume available in each implant site. 

All implants were submerged, per the primary au-
thor’s augmentation and implantation protocol, in a 
two-stage procedure. A subepithelial connective tissue 
graft procedure was performed on 26 patients (7 at the 
time of bone augmentation procedure and 19 at the 
time of implant placement) and the tissue graft was 
harvested from the palatal donor site (Figs 3a & 3b). 
The healing period was 5-7 months (mean 6.5±2.58), 
panoramic radiography was performed, and the im-
plants were uncovered and later restored by fixed 
prosthesis. The implants were followed by clinical ex-
amination and panoramic radiography annually up to 
five years, then every two years. 

Pre- and Post-Implantation Medications
One hour before implantation 1 g amoxicillin or 600 
mg Dalacin C and 8 mg dexamethasone was admin-
istered. Amoxicillin (1.5 g/day) or Dalacin C (1.2 g/
day) was continued for five days postoperatively. 
Dexamethasone (4 mg/day) was administered for two 
additional days.

Statistical Analysis
Descriptive statistics analysis was performed at three levels: patient 
(n=108), only bone graft (n=109), and implant (n=272). The cumulative 
survival rate (CSR) was calculated by the Kaplan Meier life table analy-
sis. To examine differences with regard to CSRs between categories of 
the investigated variables, the Cox proportional hazard (PH) regression 
model was used. The Grambsch-Therneau test was applied to ensure that 
the PH assumption was not violated. The models used robust standard 
errors (SE) that account for possible correlation between implants in the 
same patients. All statistical tests were two-tailed with a significant level 
of 0.05. Statistical analysis was performed with IBM SPSS Statistics 19 
software (Chicago, IL) and R software (R Foundation for Statistical Com-
puting, Vienna, Austria).

Figures 3a & 3b: Subepithelial connective tissue graft 
procedure. (a) Donor site. (b) The harvested part of the 
connective tissue.
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Site Frequency Percent

Anterior maxilla 64 58.7%

Mid-maxilla 30 27.5%

Posterior maxilla 15 13.8%

Total 109 100%

Table 1. Summary of Augmentation Sites

Site Frequency Percent

Ramus 86 78.9%

Symphesis 19 17.4%

Ramus and symphesis 2 1.85%

Sinus window 2 1.85%

Total 109 100%

Table 2. Summary of Donor Sites

Figure 4: Implant locations according to bone graft direction.

Results 
A total of 109 AOBGs were performed, of which 
108 were deemed to be successful (99.1%). In 
100% of the cases the donor site was filled by Bio-
Oss saturated with PRP and covered with PPP as 
a biological membrane. The various locations of 
augmentation are summarized in Table 1. The 
maxilla was divided into five areas: anterior (cen-
trals and laterals), two middle (canines and first 
premolars) and two posterior (second premolar 
and molar area).36 The rationale was that there is 
limited area in the anterior and posterior maxilla 
due to the presence of the maxillary sinus and piri-
form aperture versus the canine fossa area, which 
is normally characterized by a higher quality of 
residual available bone. The main site for on-
lay bone augmentation was the anterior maxilla 
(58.7%) (Table 1), where the ramus was the main 
source for the bone blocks (78.9%) (Table 2). Up 
to nine blocks were grafted per augmentation site, 
whereas in the majority of the cases one to three 
blocks were used per each site. Bio-Oss saturated 
with PRP was used to fill the gap between the graft 
and recipient bed site in 100% of augmentations. 
In 44 cases OBG was combined with sinus aug-
mentation. 

Most of the AOBG healing processes were un-
eventful (95.4%). However, a few complications 
were observed. The most frequent were infection, 
which occurred in three patients (2.8%); and 
bone/screw head exposure, which occurred in two 
patients (1.8%). Only one bone graft (0.9%) was 
deemed a failure due to graft exposure. In addi-
tion, a few complications in the donor sites were 
observed, including infection (1.8%) and lack of 
primary closure (1.8%). No differences in morbid-
ity were observed using either ramus or symphysis 
donor sites. Treatment included a combination of 
irrigation with a 0.5% chlorhexidine solution and 
administration of oral antibiotics, according to 
bacterial flora examination. 

The present study included 272 dental implants 
placed in onlay bone graft sites, 45.59% of them 
(124/272) in the anterior maxilla. Figure 4 and 
Table 3 present the distribution of the study im-
plants by area and OBG direction. As can be seen,  
implants within the anterior area were almost ex-
clusively inserted into a horizontal OBG (90.3%), 
while among implants at the posterior area, the 
vertical and the combined directions of augmenta-
tion were more prominent (37.1% and 21.0%, re-
spectively). The time from the implant placement 
to the implant exposure differed depending upon 
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Direction of Bone Grafting
Total

Horizontal Vertical Combined

Implant 
Location

Anterior 
maxilla

Count 112 4 8 124

% within implant 
area

90.3% 3.2% 6.5% 100%

Mid maxilla

Count 63 7 16 86

% within implant 
area

73.3% 8.1% 18.6% 100%

Posterior 
maxilla

Count 26 23 13 62

% within implant 
area

41.9% 37.1% 21.0% 100%

Total

Count 201 34 37 272

% within implant 
area

73.9% 12.5% 13.6% 100%

Table 3. Summary of Implant Locations According to the 
Implant Area and OBG Location

Frequency Percent

None 240  88.2 %

Marginal bone loss 7 2.6%

Premature Implant exposure 8 3%

Infection 16 5.9%

Infection with marginal bone 
loss

1 0.3%

Total 272 100%

Table 4. Summary of Complications Following  
Implant Placement

Smoking at Surgery
Implant Failure

Total

No Yes

No

Count 185 10 195

% within implant 
failure

72% 66.6% 71.7%

Count 72 5 77

Yes % within implant 
failure

28% 33.3% 28.3%

Total

Count 257 15 272

% within implant 
failure

100% 100% 100%

Table 5. Correlation Between Smoking and Implant Failure

the area; in the middle and posterior maxilla this pe-
riod was longer (27.63 weeks in the middle maxilla 
and 28.16 weeks in the posterior maxilla compared 
to 23.76 weeks in the anterior). Complications after 
implant placement were observed in 11.8% of the to-
tal implants, with inflammation/infection (5.9%) and 
spontaneous premature exposed implant (3%) being 
the most common (Table 4). Treatment included the 
same protocol: a combination of irrigation with 0.5% 
chlorhexidine solution and oral administration of 
antibiotics according to bacterial flora examination. 
Nevertheless, total marginal bone loss of ≤1.5 mm ac-
companied by inflammation occurred in only 2.6% of 
the cases during the follow-up period (mean follow-
up time 43.6±32.5 months). 

In total, 257 (94.5%) implants survived, while 5 
(1.8%) implants failed at the surgical phase and an-
other 10 (3.7%) failed at the prosthetic phase fol-
lowing rehabilitation, on average within four years 
of follow-up. Out of 15 failed implants, 5 (33.3%) 
occurred in smokers. Out of 257 surviving implants, 
72 occurred in smokers (28%). The difference is not 
significant, therefore in the current study no correla-
tion was found between implant failure and smoking. 
No significant correlation was found between implant 
failure and smoking (Table 5). 

The survival rate in the first year was 96%, followed 
by 94% and 93% in the next two years (Fig 5). The 
131 months’ cumulative survival rate of the implants 
in the present study was 89%. The cumulative survival 
rate of implants according to their location shows sig-
nificant difference between the implants placed at the 
anterior or middle parts of the maxilla as compared 
with those placed in the posterior areas (Table 6, Fig 
6). These differences were found to be statistically sig-
nificant (hazard ratio [HR]=19.43, p<0.03) using Cox 
regression analysis (Table 7). Furthermore, implants 
that were placed within a two-dimensional bone graft 
augmentation (horizontal plus vertical) were at greater 
risk of failure (p=0.04) compared with implants that 
were placed within one dimension of bone graft aug-
mentation (horizontal or vertical) (Table 7). Table 8 
focuses on the nine patients with experience of dental 
failure (n=15), which could imply "cluster" behavior. 
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Variable b Robust SE HR P Value**

Mid Maxilla* 1.14 1.12 3.14 0.31

Posterior Maxilla* 2.97 1.05 19.43 <0.01

Graft Dimension 
(two)

0.97 0.48 2.65 0.04

* Compared to anterior maxilla
** Based on Cox proportional hazard model accounting for intraclass 

correlation

Table 7. Relationship Between Implant Location, Graft, Dimension,  
and Implant Failures

Figure 5: Cumulative survival rate of implants, up to 131 months’ 
follow-up.

Figure 6: Cumulative survival rates of implants by location. 

Anterior 
(%)

Middle 
(%)

Posterior 
(%)

Follow-up (months)

99 97 89 12

99 97 81 24

99 94 65 60

99 94 65 84

99 94 - 108

 - 94 - 131

Table 6. Cumulative Implant Survival Rates by Location
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The mandible, a preferable donor site, has advantages including 
good bone quality, convenient surgical access, minimal volume 
loss, good incorporation with a short healing time, high 
biocompatibility, and embryological proximity.

Implant 
Status

OBG 
Status

Description Direction Area
Smoking 
Status

Gender/Age

Failed 

(prosthetic 

phase)

Successful
Malocclusion 
with the 
opposite teeth

Horizontal

Posterior 

maxilla

(#26)

Non smoker
Female

58

Failed 

(surgery 

phase)

Successful

Severe 
maxillary 

atrophy 

OBG combined 
with sinus 
augmentation

Vertical
Anterior 

maxilla (#11)
Smoker

Female

57

Failed

(prosthetic 

phase)

Successful
Marginal bone 
loss

Combined

Middle, 

Posterior 

maxilla 

(#24,25,26)

Non smoker
Male

69

Failed

(surgery 

phase)

Successful
Infection 
shortly after 
implantation

Horizontal
Middle 

maxilla (#23)
Non smoker

Female

68

Failed

(prosthetic 

phase)

Successful

OBG combined 
with sinus 

augmentation

Marginal bone 
loss

Horizontal

Posterior 

maxilla 

(#15,16)

Smoker
Female

54

Failed 

(prosthetic 

phase)

Successful
Marginal bone 

loss
Combined

Posterior 

maxilla 

(#25,26,27)

Non smoker
Male

62

Failed

(prosthetic 

phase)

Successful
Marginal bone 

loss
Vertical

Posterior 

maxilla (#27)
Non smoker

Female

66

Failed

(surgery 

phase)

Successful
OBG combined 
with sinus 
augmentation

Vertical
Posterior 

maxilla (#16)
Non smoker

Female 

56

Failed

(surgery 

phase)

Successful
OBG combined 
with sinus 
augmentation

Combined 

Middle 

Posterior 

maxilla 

(#23,26)

Smoker
Male

49

Table 8. Summary of Implant Failures
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Discussion

Challenges
The rehabilitation of the atrophic edentulous maxilla 
presents a challenge because of the resorption patterns 
that occur after tooth loss. Moreover, for many dental 
practitioners, the edentulous maxilla is considered a 
clinical challenge during dental implant treatment. 
This is because insufficient bone quality, deficient al-
veolar ridge, undercuts, and sinus pneumatization are 
often encountered after tooth loss. Various hard tissue 
augmentation procedures have been described to en-
hance the height and width of the alveolar ridge, in-
cluding sinus, subnasal, and bone augmentations.12,14 
The use of autologous transplants from varying donor 
sites is a preferred method due to their osteoinductive 
and osteogenous properties.37,38 After extensive recon-
struction of the atrophic maxilla with bone grafts and 
dental implants, long-term stability and good esthetic 
outcome are desirable. 

The purpose of the present retrospective study was 
to evaluate the long-term survival rate of dental im-
plants placed in intraoral origin autologous onlay 
bone grafts in cases of maxillary atrophy. 

Survival Rates in the Literature
In the literature the survival rate of implants placed in 
the augmented sites ranged from 76.8% to 100%, with 
the majority of studies indicating more than 90% sur-
vival after at least one year of function.3,4 The reported 
mean survival rate of implants placed in reconstructed 
maxillae with a staged approach varied between 80% 
and 100% due to different types of defects and sur-
gical approaches.39-41 Moreover, the meta-analysis of 
29 publications demonstrated that the majority of 
implant failures occurred in patients reconstructed 
with iliac grafts (failure rate 17.5%).39 The failure rate 
for implants placed in calvarial grafts was 5.1% and 
that for implants placed in intraoral grafts was 2.9%, 
clearly demonstrating the highest success rate for the 
implants placed in intraoral bone grafts. In this study 
the high long-term survival rate (94.5%) of dental 
implants placed in areas of maxillary atrophy lends 
further support to the effectiveness and predictability 
of utilizing bone grafts of intraoral origin to support 
dental implantation. 
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Anterior maxillary implantation is a 
challenging procedure for both the 
surgeon and prosthodontist because of 
the high esthetic demands for this area.

Healing
The course of healing after autologous bone transplantation has been 
well-researched and described.42,43 First, resorptive processes dominate in 
the context of inflammation followed by a healing process that includes 
graft vascularization and penetration of the proliferative cells to the trans-
planted bone. Finally, the transplanted bone will be resorbed and replaced 
successively with new bone.42,43 In the current study all augmentations at 
donor and augmented sites (in addition to bone grafts or bone supple-
ments) were saturated with PRP as a source of essential growth factors, 
after being covered with PPP to facilitate the healing and angiogenesis. It 
has been shown that PRP in combination with bovine bone substitutes 
manifests a positive effect on bone formation.44,45 Several studies have 
reported that use of autologous bone in combination with PRP improves 
bone implant integration.23,46-48 We suggest that PRP stimulates the heal-
ing process of the grafted bone by local delivery of growth factors that 
could promote the healing process and eventually prevent resorption. In 
fact, in this study we have demonstrated a low rate of the marginal bone 
loss (2.6%) following implant placement. 

Most of the augmentations were horizontal located in the anterior 
maxilla when it was done for two purposes: to support the dental im-
plants and to support the soft facial tissue. This resulted in 100% success 
of AOBG with only a few complications and various positive esthetic out-
comes, demonstrating the effectiveness and safety of this technique (Figs 
7a-7d), especially in the anterior maxilla (Figs 8a-8t). The long-term 
OBG and implant survival (12 years’ follow-up) (Figs 7a-7d), together 
with a good esthetic outcome, strongly supports the high efficacy of the 
described AOBG technique. It should be noted that we did not check the 
esthetic outcome using objective parameters. However, positive esthetic 
results as a consequence of the soft tissue support were obvious (Figs 
8n-8t). Vertical and two-dimensional augmentations were done mainly 
in the posterior maxilla due to severe atrophy and enlarged intermaxillary 
distance and pattern of maxillary resorption.49 
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Figures 7a-7d: Final restoration 12 
years postoperative: (a-c) Notice 
the lips’ support. (d) Panoramic 
view. (Prosthodontist: Dr. Sima Ophir, Tel 

Aviv, Israel)

C

D

(a) Preoperative panoramic view, a few days 
after trauma to the anterior maxilla.

Figures 8a-8t: Case study.

A
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(g) Panoramic view immediately postoperative.(e, f) The gaps between the grafted blocks were filled 
with bone substitute saturated in PRP and covered by 
PPP.

(d) Two blocks harvested from the left mandibular ramus were used for 
horizontal augmentation. Three implants, in the areas of missing #13, 
#11, and #21, were placed simultaneously at the time of augmentation. 

(c) At the time of the first surgery, the premaxilla with the area 
of four missing teeth (from the right maxillary canine to the left 
maxillary first incisor). 

(b) CT scan of the injured area in the anterior maxilla; note the alveolar fractures in the palatal plate (yellow arrows).

F

E

B

C D

G

 Schwartz-Arad/Ofec/Eliyahu/Sterer/Ruban



 90   Fall 2015 • Volume 31 • Number 3

(m) Rehabilitation with #12 as a pontic and pink porcelain papilla between #12 
and #13. 

(h-k) Five months 
later, vertical incisions 
in the lining mucosa 
were performed for 
screw removal and 
for connective tissue 
grafting harvested from 
the palate, through a 
tunneling procedure. 
This technique of 
vertical incisions 
prevents scar tissue in 
the attached gingiva 
and does not interfere 
with the vertical blood 
supply to the gingiva. 
For implant exposure, 
small openings in the 
midcrestal area were 
made and narrow 
healing collars were 
situated.

H I

J K

(l) Two weeks later, at the time of suture removal.

L M

(n, o) Pre- and postoperative smile.

N

O

(p-r) Panoramic 
and periapical 
views six years 
postoperative. 

P

Q R

CLINICAL RESEARCH—CE



 91 Journal of Cosmetic Dentistry 

Causes of Failure
Causes for implant failure are multifactorial and include 
patient-related factors (e.g., general health status, smok-
ing habits, oral hygiene); implant-related factors (e.g., im-
plant architecture, surface, location); and prosthetic-relat-
ed factors (e.g., occlusal forces, implant loading).44,50,51 In 
the present long-term retrospective study no significant 
correlation between health status and rate of implant fail-
ure was found. Although smoking has been shown to be 
a risk factor in OBG complications,52 in the present study 
it did not appear to be significant in promoting implant 
failure. Of the 15 implants that failed only 3 occurred in 
smokers. It should be mentioned that 15 implant failures 
occurred in 9 patients, which could imply “cluster” be-
havior. Previous literature reviews examined the finding 
that implant failures are not randomly distributed in the 
treated populations and that implant loss clusters (more 
than one implant failure per patient, not necessarily in 
the same area or quadrant) in specific high-risk groups 
and individuals.53,54 Significant differences in implant sur-
vival rates were observed between the anterior or middle 
versus the posterior portions of the maxilla. The higher 
success rate of the anterior area might be attributed to 
factors such as functional forces, oral hygiene, and bone 
quality. Furthermore, it was demonstrated that combined 
augmentation (horizontal and vertical) are more com-
mon in the posterior regions, which are more prone to 
failure as compared to a single dimension augmentation 
(horizontal or vertical). 

(s, t) Intraoral view and smile six years postoperative. 
(Prosthodontist: Dr. Yuval Yaacobi, Tel Aviv, Israel)

S

T
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Success in Implantology
The current definition of “success” in implantology is not only the 
long-term survival of implants but also good esthetic results that de-
pend upon the state of soft tissues. Severe bone atrophy is always ac-
companied by abnormality in the gingival morphology. When soft 
tissue augmentation is necessary, it often is performed as a secondary 
surgical procedure. In this study 26 subepithelial connective tissue 
grafts were performed, with 7 of them performed following a first 
surgical procedure and 19 following implant placement. 

Conclusion
Augmentation of atrophied maxilla through the positioning of hori-
zontal and vertical autologous onlay bone grafts, following a tech-
nique that was described in this study, should be considered reliable, 
safe, and very effective in obtaining a high rate of bone graft success 
after a high rate of long-term implant survival.
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