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Evaluation of Implant Survival in Grafted and Ungrafted 
Bone: A 5-Year Follow-Up Study

Greftlenmiş ve Greftlenmemiş Kemikte İmplant Sağkalımının 
Değerlendirilmesi: 5 Yıllık Takip Çalışması

ABSTRACT

Aim: This study aimed to evaluate the success rates of dental 
implants placed in native bone to those placed in grafted bone.

Materials and Method: A retrospective evaluation of patients 
who underwent dental implant procedures between 2016 and 
2018 and who had a 5-year follow-up. These data included the 
patient’s demographic information, the number and regions of 
implants, failed implants,  grafting type, technique and healing 
time. Two groups were used: Group 1, the study group, consists 
of implants made in the grafted bone, and Group 2, the control 
group, consists of implants made in the ungrafted bone.

Results: The placement of 3170 implants was in 890 patients. 
The findings indicate that a majority of the implants, specifically 
88% (n=2791), were not subjected to grafting procedures. 
However, the survival rate of the implants was  98.8%. The rate 
of implant survival was higher in the ungrafted bone compared to 
the grafted bone (p=0.039; p<0.05). 

Conclusion: The survival rate of implants was higher in ungrafted 
bone. The findings indicate that augmenting of the width of 
the grafted bone before or during implant surgery is a viable 
procedure, as evidenced by the implant survival rate of  97.62% .
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ÖZET

Amaç: Bu çalışmada doğal kemiğe yerleştirilen dental implantların 
greftlenmiş kemiğe yerleştirilenlere göre başarı oranlarının 
değerlendirilmesi amaçlanmıştır.

Gereç ve Yöntem: Bu çalışma, Ocak 2016-2018 tarihleri 
arasında dental implant uygulanan ve 5 yıllık takibi olan hasta 
kayıtlarının retrospektif ve gözlemsel olarak değerlendirilmesidir. 
Bu veriler, hastanın demografik bilgilerini, implantların sayısı ve 
bölgelerini, başarısız (fail) implantları, greft yapılıp yapılmadığını 
ve yapıldıysa greft tipi, tekniği ve iyileşme süresini içermektedir. 
Çalışmada kullanılan iki implant grubu bulunmaktadır: Grup 1, 
çalışma grubu, greftlenmiş kemikte yapılan implantlar; Grup 2, 
kontrol grubu, greftlenmemiş kemikte yapılan implantlar.

Bulgular: Çalışma, 890 hastadan oluşan bir kohortta 3170 
implantın yerleştirilmesini içermektedir. Çalışma bulguları, 
implantların çoğunluğunun (%88’inin; n=2791) greftleme 
prosedürlerine tabi tutulmadığını göstermektedir. Bununla birlikte, 
implantların genel sağkalım oranının %98.8 olduğu kaydedilmiştir. 
İstatistiksel analiz, implant sağkalım oranının greftlenmemiş 
kemikte greftlenmiş kemiğe göre anlamlı derecede yüksek 
olduğunu ortaya koymaktadır (p=0.039; p<0.05). 

Sonuç: İmplantların sağkalım oranı, greftlenmemiş kemikte 
greftlenmiş kemiğe kıyasla nispeten daha yüksekti. Bulgular, 
implant cerrahisi öncesinde veya sırasında greftleme yaparak 
kemik genişliğini artırmanın, 5 yıllık bir takip süresinden sonra 
%97.62’lik implant sağkalım oranınından görüldüğü üzere, kemik 
genişliğinin yetersiz olduğu durumlar için geçerli bir prosedür 
olduğunu göstermektedir.

Anahtar Kelimeler: Fail implant; Greftlenmiş kemik; İmplant 
sağkalımı
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MATERIALS AND METHOD

The present study is a retrospective, observational 
evaluation of patient records who underwent den-
tal implant procedures at Department of dentistry at 
Van Yüzüncü Yıl University. The study was approved 
by the ethics committee of non-interventional clini-
cal studies of  Van Yüzüncü Yıl University (decision 
number: 03/03/2019).

Retrospective evaluations of the patient’s information 
were performed with Sisoft software (Sisoft Health 
Information Systems Joint-Stock Company, Turkey). 
The data of the patients who had dental implants be-
tween January 2016 and 2018 and who had a 5-year 
follow-up were examined. These data included the 
patient’s demographic information, the number and 
regions of implants, failed implants, whether graft-
ing was performed or not, and if so, grafting type, 
technique and healing time. As for the sample size, 
it was considered appropriate to include all patient’s 
data who met the inclusion criteria between January 
2016-2018.

Inclusion Criteria 

-Patients ages 18 and over.
-Patients who had bone level dental implant(s) with 
SLA surface and fixed prosthetic treatment had been 
completed (cemented fixed restorations).
-Patients who had horizontal bone augmentation 
(xenograft or xenograft+autogenous bone graft with 
allograft or xenograft collagen membrane).
-Patients who had a late or immediate implant place-
ment (with or without horizontal augmentation).
-Patients who had early and long-term postoperative 
follow-up, and had postoperative radiographs (pano-
ramic, periapical radiographs, and cone beam com-
puted tomography as needed).
- Patients with ASA1. 
Exclusion Criteria 
-Patients who smoke.
-Patients who had vertical augmentation (with or wit-
hout horizontal augmentation).
-Patients who had complications (excessive blee-
ding, sinus perforations, soft tissue and flap ruptu-
res, existing infection, nerve damage  and fractu-
res of the implant body and abutment and due to this 
fracture implant failure) during and/or immediately 
after the implant surgery. 
-Patients who had repeated regenerations due to 

INTRODUCTION

Dental implants are popular because, unlike other 
treatment alternatives, they preserve adjacent tooth 
and bone structure. Moreover, implant therapy for 
edentulous and partially edentulous patients is be-
lieved to enhance masticatory function and quality of 
life. As a consequence, dental implants are gaining 
popularity as a method for replacing missing teeth.1,2

A sufficient volume of alveolar bone and an ade-
quate alveolar ridge architecture are required for op-
timal functional and esthetic prosthesis repair after 
implant therapy. For successful dental rehabilitation 
with dental implants, the quantity of available bone 
is a major factor. While extensive alveolar ridge atro-
phy impedes the insertion of dental implants and, as 
a consequence, the restoration of the dental masti-
catory system.3

Prior to tooth extraction, alveolar bone loss can be 
caused by periodontal disease, periapical pathology, 
or tooth and bone trauma. During tooth extraction 
procedures, if the bone tissues are harmed, bone 
loss can occur. Alveolar bone shrinkage after tooth 
extraction is a well-known occurrence. Despite the 
fact that bone loss following tooth loss is typically 
three-dimensional (3D), it has been shown that hor-
izontal deficit or width loss develops to a greater ex-
tent.4

So far, xenogeneic bone, either alone or in com-
bination with autologous bone, has demonstrated 
promising results when utilized in conjunction with 
resorbable or non-resorbable membranes in GBR 
procedures. Implants placed following guided bone 
regeneration interventions had a survival rate be-
tween 91.9% and 92.2% after 12 years of observa-
tion. There is no consensus regarding the implant 
success rate in grafted bone as opposed to native 
bone.5 Increasing numbers of patients are request-
ing implant-supported prostheses at present. In 
order to meet this demand, doctors frequently use 
fast implants, which increases the need for bone 
augmentation. We believe that disclosing the suc-
cess rate of the implant in the enhanced bone is now 
more crucial than ever. In light of these findings, the 
current study set out to evaluate the success rates 
of dental implants placed in native bone to those 
placed in grafted bone.
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bone resorption during the follow-up period.
There were two groups of implants used in the study: 
Group 1, the study group, consists of implants made 
in the grafted bone, and Group 2, the control group, 
consists of implants made in the ungrafted bone. 
Persistent pain after dental implant placement, im-
plant mobility, and incurable peri-implantitis were 
considered as implant failures. Statistical evaluation 
of age, sex and implant survival data in grafted bone 
and ungrafted bone groups was planned in 890 pa-
tients.

Statistical analysis

The statistical analysis of the study’s findings was 
conducted using NCSS (Number Cruncher Statis-
tical System) 2020 Statistical Software, developed 
by NCSS LLC in Kaysville, Utah, USA. During the 
analysis of the study data, numerical variables were 
presented using measures such as mean, standard 
deviation, median, minimum and maximum values. 
Categorical variables, on the other hand, were de-
picted using descriptive statistical techniques such 
as frequency and percentage. The normality of the 
data was assessed using Shapiro-Wilk test and Box 
Plot visualizations. The statistical method employed 
for assessing quantitative differences between two 
groups with normal distribution was the Student’s 
t-test. The Mann-Whitney-U test was employed to 
assess variables that did not conform to a normal 
distribution across two distinct groups. The statistical 
methods of Chi-square test and Fisher’s Exact test 
were employed to perform a comparison of quali-
tative data. A Spearman’s correlation analysis was 
conducted based on the distribution to assess the 
relationships between the variables. The statistical 
analysis was conducted with a confidence interval of 
95% and a significance level of (p<0.05).

RESULTS

The study comprised a total of 890 participants, 
with 444 identifying as male and 446 as female. The 
age range of the participants was 19 to 74, with a 
mean age of 45.17±11.07. The study involved the 
placement of 3170 implants across a cohort of 890 
patients. The study findings indicate that a majori-
ty of the implants, specifically 88% (n=2791), were 
not subjected to grafting procedures. However, the 
overall survival rate of the implants was noted to be 
98.8%. Table 1 presents the regional distribution of 
379 grafted implants (Table 1). Table 2 displays the 

Table 1. Distribution of Descriptive Characteristics
n (%)

Gender Male 444 (49.9)
Female 446 (50.1)

Age Mean±sd 45.17±11.07
(Min-Max)  (19-74)

Graft No 2791 (88.0)
Yes 379 (12.0)
Right upper 155 (40.9)
Left upper 129 (34.0)
Left lower 41 (10.8)
Right lower 54 (14.2)

Implant survival Successful 3132 (98.8)
Failed 38 (1.2)

Table 2. Distribution of Implants by Regions
Implant Region Tooth Number n (%)
Right upper 11 23 (3.2)

12 102 (14.3)
13 68 (9.6)
14 158 (22.2)
15 114 (16.0)
16 178 (25.0)
17 68 (9.6)
Total 711 (100)

Left upper 21 30 (4.1)
22 109 (14.8)
23 76 (10.3)
24 166 (22.6)
25 99 (13.5)
26 176 (23.9)
27 79 (10.7)
Total 735 (100)

Left lower 31 26 (3.0)
32 89 (10.3)
33 120 (13.8)
34 157 (18.1)
35 92 (10.6)
36 244 (28.1)
37 140 (16.1)
Total 868 (100)

Right upper 41 25 (2.9)
42 82 (9.6)
43 124 (14.5)
44 153 (17.9)
45 95 (111)
46 242 (28.3)
47 134 (15.7)
48 1 (0.1)
Total 856 (100)

Number of Total Implants 3170 (100.0)



ADO Klinik Bilimler Dergisi
Journal of Clinical Scciences138

Implant Survival In Grafted Bone Cilt: 13, Sayı: 1, 2024 Sayfa: 135-140

regional distribution of implants (Table 2).

The statistical analysis revealed a significant 
difference in the rate of grafting between men 
and women (p=0.012; p<0.05). However, when 
examining the distribution of implants and grafted 
areas by gender, no significant difference was 

Table 3. Distribution of Implant and Graft Regions by Gender
Gender
Female Male p

Implant Region Right upper 350 (23.0) 361 (21.9) a0.576
Left upper 339 (22.3) 396 (24.0)
Left lower 426 (28.0) 442 (26.8)
Right lower 406 (26.7) 450 (27.3)

Graft Ungrafted 1316 (86.5) 1475 (89.4) b0.012*
Grafted 205 (13.5) 174 (10.6)

Graft Region Right upper 81 (39.5) 74 (42.5) a0.476
Left upper 66 (32.2) 63 (36.2)
Left lower 25 (12.2) 16 (9.2)
Right lower 33 (16.1) 21 (12.1)

aFisher Freeman Halton Test   bPearson Chi-Square Test   *p<0.05

Table 4. Evaluations according to implant survival
İmplant Survival

Successful (n=3132) Failed (n=38) p
Gender Male 1053 (48.0) 18 (47.4) b0.939

Female 1629 (52.0) 20 (52.6)
Age Mean±Sd 47.87±10.25 50.26±9.67 c0.153

(Min-Max)  (19-74)  (28-61)
Graft Ungrafted 2762 (%98.96) 29 (%1.04) d0.039*

Grafted 370 (%97.62) 9 (%2.38)
Graft Region Right upper 152 (41.1) 3 (33.3) a0.634

Left upper 124 (33.5) 5 (55.6)
Left lower 41 (11.1) 0 (0)
Right lower 53 (14.3) 1 (11.1)

aFisher Freeman Halton Test  bPearson Chi-Square Test cStudent-t Test  dFisher’s Exact Test   *p<0.05

observed (p>0.05). (Table 3).

The statistical analysis revealed that the rate of im-
plant survival was significantly higher in the ungraft-
ed bone compared to the grafted bone (p=0.039; 
p<0.05). Upon evaluating the gender, age, and 
grafted regions of the patients in relation to implant 

survival, no statistically significant difference was 
observed (p>0.05) (Table 4). 

DISCUSSION

The loss of alveolar bone due to tooth extraction is 
a common problem, which poses a significant clini-
cal challenge, particularly in the aesthetic zone. This  
pose a threat to the overall visual appearance and 

may also undermine the functional and structural 
components of the treatment. In order to attain the 
objective of successful extraction, there is a grow-
ing emphasis on the restoration of the alveolar ridge 
to guarantee the most favorable implant placement 
and prosthetic treatment result. To attain the goals 
of implant dentistry, sufficient quantities and quality 
of hard and delicate tissues are required. One of the 
most significant requirements for the placement of a 
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standard-sized implant at a particular site is the pres-
ence of bone volume with ample width and height to 
provide the necessary short- and long-term stability.6

Recent advancements in bone reconstruction tech-
niques have been aimed at enhancing both the aes-
thetic and functional results. Nevertheless, the rees-
tablishment of the oral function in cases of atrophic 
alveolar crests continues to present a significant 
obstacle in the field of oral implantology. The place-
ment of implants in an optimal three-dimensional po-
sition to achieve long-term function and predictable 
esthetic outcomes for prosthodontic restorations is 
frequently facilitated by bone augmentation proce-
dures.7 The aforementioned methods yielded analo-
gous durability of the implant over an extended peri-
od, while simultaneously attaining the aesthetic and 
operational facets.8 Lekholm et al.9 and Schliephake 
et al.10  have reported elevated rates of “survival” 
and “success” for dental implants that were inserted 
into grafted bone. However, it is worth noting that 
the success rates for implants placed into ungrafted 
bone are comparatively lower. The growing utiliza-
tion of reconstructive methodologies in rehabilitation 
and the insertion of dental implants in grafted bone 
necessitates an evaluation of the efficacy of implants 
placed in grafted regions to facilitate informed clini-
cal decision-making.11

During a two-year observation period, Nevins 
et al.12 conducted a study wherein 526 implants 
were placed in grafted bone, resulting in a survival 
rate of 97.5%. In contrast, Dahlin et al.13 reported 
a survival rate of 100%. After 5 years, a research 
of Busar et al.14 reported a 100%  survival rate of 
implants placed in grafted bone, whereas Brunel et 
al.15 and Konstantinidis et al.16 found a survival rate 
of 86% In other studies, it was reported a survival 
rate of 97.3% for implants placed in grafted bone 
after one year of loading. Bazrafshan and Darby17 
reported a survival rate of 97.5% in their study, 
which involved the evaluation of 59 implants over a 
period of 35 months. Upon examination of studies 
that assessed the success rates of implants in non-
grafted bone, following a 5-year follow-up period, 
Wagenberg and Froum reported a 96.1% survival 
rate for 401 implants placed in ungrafted bone, as 
also Wennström et al.18 observed a 97.6% survival 
rate. In contrast, Bornstein et al.19 reported 100% 
survival rates, albeit with a smaller sample size of 

39 implants in each study. Upon general evaluation 
of the studies, it is observed that the 5-year survival 
rate of implants in grafted bone is comparable to that 
in ungrafted bone. This investigation yielded results 
that align with existing scholarly literature, indicating 
that the survival rate of implants was 97.62% in bone 
that had undergone grafting and 98.96% in bone 
that had not undergone grafting, over a period of 5 
years of observation. The study revealed that while 
the implant survival rate was statistically superior in 
ungrafted bone, the implant survival rate in grafted 
bone was in line with the 5-year survival rate of 
over 97% documented in existing literature. Upon 
reviewing studies that assessed implant survival 
in both grafted and ungrafted bone, such as the 
study at hand, it was found that Lozada et al.20 
observed greater implant success rates in grafted 
posterior maxillary sinuses vs non-grafted posterior 
maxilla locations. The authors attributed their 
findings to the utilization of extended implants in 
the transplanted regions. Regions in contrast to the 
findings of  Lozada et al.20 Two retrospective studies 
conducted by Sbordone et al.21 and Huynh-Ba et 
al.22 respectively, reported no significant difference in 
the survival rates of implants placed in either native 
or augmented bone. The observed dissimilarities 
between the outcomes of the aforementioned 
investigations and our study can be attributed to 
the comparatively shorter follow-up periods and 
smaller sample sizes employed in those studies, as 
well as the limited scope of the implanted regions, 
which solely encompassed the posterior maxilla. 
The study conducted by Sesma et al.23 documented 
the survival rates of 988 dual acid-etched implants 
that were inserted in native bone, following sinus 
augmentation, or after autogenous block bone-
grafting procedures. The authors observed a 
noteworthy correlation between the occurrence of 
dental implant failure and the existence of bone 
graft in the implant region, subsequent to monitoring 
implant survival for a duration of 6 years post-
placement. The present study revealed a diminished 
implant survival rate in grafted bone, which aligns 
with Sesma et al.23 findings.

The present study concludes that the survival rate 
of implants was comparatively higher in ungraft-
ed bone as compared to grafted bone, after a fol-
low-up period of five years. The findings indicate 
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that augmenting the width of the grafted bone before 
or during implant surgery is a viable procedure for 
cases where the bone width is inadequate, as evi-
denced by the implant survival rate of 97.62% after 
a 5-year follow-up period.
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