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ABSTRACT 

Background: To ensure long-term implant success, the atrophic maxilla frequently needs 
bone augmentation before to implant implantation. The application of platelet-rich plasma 
(PRP) during maxillary augmentation was studied in a prior prospective clinical research. 
The immediate results revealed no benefit from PRP. The purpose of this study was to assess 
the long-term effects of PRP on the survival and success of dental implants in the same 
patient group as the previous study. 
Materials and methods: In this investigation, 50 patients from the previous study who had 
been treated for maxillary atrophy with dental implants and autologous bone grafts from the 
iliac crest were taken into account. 30 patients had treatment using a split-mouth design, 
where one randomly selected side received additional PRP treatment while the other served 
as the control side. 20 patients received one-sided treatment and were randomized to either 
the PRP or the control group. The patients from the prior study had their implants followed 
up with on average 5 years later. Two distinct success metrics were used to assess the success 
of the implants. 
Results: In this study, 30 patients (20 women and 10 males) were examined. The PRP group 
consisted of 15 patients (10 female, 5 male), whereas the control group consisted of 15 
patients (10 female, 5 male). There were 240 implants installed altogether. The PRP group 
received 100 implants while the control group received 100 implants. The survival rate: 95, 
while in the control group had a survival rate of 98%. The cumulative likelihood of survival 
after 5 years was 94% in the PRP group and 98% in the control group, with no discernible 
difference between the two groups. Albrektson criteria were used to calculate the cumulative 
success probability, and a higher significant difference was obtained for the control group (p 
= 0.05). 
Conclusion: PRP did not have a positive effect on the success and longevity of implants. 
Keywords: implant survival; implant success; PRP; platelet-rich plasma; long-term result; 
sinus lift 
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Introduction 

Deficits in maxillary bone can result from facial bone loss brought on by congenital 
anomalies, disease, aging, or trauma. Depending on its severity, it continues to be difficult for 
patients and healthcare workers. Bone loss also has a significant psychological impact on 
patients. Therefore, in the maxillofacial region, cosmetic and functional repair are equally 
important [1]. More and more often, facial reconstruction uses tissue engineering to produce 
great aesthetic and functional results. Additionally, platelet-rich plasma (PRP) is utilized in 
this setting to improve autologous bone grafts [2]. The utilization of tissue engineering and 
biomaterials, such as decellularized matrix, nanoparticles, stem-cell therapies, scaffolds, and 
even the fabrication of an entire tooth, has advanced dramatically in recent years. Our 
attitudes and expectations about the outcomes of bone repair have changed as a result [3]. 
Older techniques like PRP and platelet-rich fibrin (PRF) still require validation or disproof of 
their clinical efficacy through long-term follow-ups because the creation of such novel tactics 
has not yet been accomplished [3-5]. 

Only with adequate bone supply can a clinical implantation be carried out 
successfully [6]. For the primary implant stability and good osseointegration, sufficient bone 
is required in both the vertical and horizontal directions [7,8]. Implants must have a minimum 
length of 10 mm and a minimum diameter of 3 mm [8]. Implants should be positioned where 
they are required for prosthetic rehabilitation, therefore extensive, personalized prosthetic and 
surgical planning before implantation is preferred [9,10]. However, atrophic jaw regions can 
have the appropriate implant site. In these situations, bone augmentation is required before 
implantation [6]. An ongoing effort is made to enhance augmentation techniques and 
efficiency in order to improve bone augmentation surgery outcomes and lessen patient 
impairment [11]. 

Platelet-rich plasma (PRP) used intraoperatively has been shown to hasten bone repair 
in autologous graft transplantation.[2]. Numerous further studies [12, 13] have been done 
since then to look at the impact of PRP in this situation. A little amount of plasma is used in 
PRP, which is an autologous concentrate of human platelets [14]. Compared to normal blood, 
it has a 3 to 5-fold greater platelet concentration [15]. Growth factors found in platelets have 
been employed in implantology to enhance bone regeneration and play a significant role in 
wound healing [12]. 

Numerous research looked at the impact of PRP on augmented autologous bone to 
illustrate these effects. There isn't enough information in the literature about the long-term 
effects of using PRP in conjunction with autologous bone augmentation on implantation 
success [15-23]. Few researches that only barely touch on this subject have been found so far 
[24–28]. A valid conclusion on the long-term outcomes of implant survival and implant 
success following the use of PRP cannot be drawn from the data of the available literature. 
The purpose of this study was to ascertain whether the use of PRP during maxillary 
augmentation has a long-term effect on the success of implant treatment. The success and 
survival rates of implants were evaluated. The Albrektsson et al. [29] and Buser et al. [30] 
criteria and those of Buser et al. [30] were deemed to be the most helpful of the many success 
criteria that were accessible in the literature. They stand for the most popular metrics for 
gauging implantation success [31]. This makes it possible to compare implant success rates 
with those from other research that used the same standards. Success in implantology and 
related parameters are still not formally standardized or internationally agreed upon [32]. In 
this study, the hypothesis was that implants inserted into enhanced bones with PRP would 
have higher success and survival rates. 
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MATERIAL AND METHODS 

 

Study Design and Patient Population 

The study was conducted as a two-center, controlled randomized single-blind 
retrospective study which builds on the research of Attia et al., and Schaaf et al. [22,23]. The 
inclusion criterion of this study was the participation in the previous randomized controlled 
trial (RCT). However, patients with pregnancy and reduced general medical and physical 
condition were excluded. All investigated implants were assigned to either the study (inserted 
in PRP treated bone) or control (without PRP) group. The implants inserted bilaterally in a 
split mouth design were evaluated separately. The ethical clearance and the patients consent 
were obtained. 
 

Blinding  

The clinical examinations and radiological evaluations were carried out by one 
examiner who did not know the patients’ research group assignment, so blinding was 
ensured. In order to ensure the validity of measurements, the examiner was trained prior to 
data collection. For randomly selected patients, all clinical and radiological parameters to be 
recorded in the study were measured on a total of 10 implants and compared with the results 
of an experienced oral surgeon. 
 

Study Parameters 

The main parameter was the long-term survival and success rate of the implants. 
Implants that remained in situ were defined as surviving implants. To calculate the survival 
rate, the existing implants were noted during the clinical examination and the number and 
time of removed implants were documented.  

Since implant survival is not equivalent to implant success [33,34], success criteria of 
Buser et al. [30] and Albrektsson et al. [29] were evaluated in this study. The main difference 
between the two known criteria is considering the vertical bone loss as a success factor. In 
order to assess implant success, the implants were examined with regard to the corresponding 
criteria. If one or more of the negative criteria were present, the implant was considered a 
failure. Already explanted implants were also rated as a failure. 
 

Statistical Analysis 

Collected data was divided into two groups (bilaterally and unilaterally treated 
patients) prior to statistical analysis. In each group, results of the PRP-group were compared 
with the results of the control group. Group similarity was compared by using the rank sum 
test according to Mann–Whitney and Wilcoxon. In order to compare frequencies, Fisher’s 
exact test or the chi-square test was used, depending on the available data. Survival and 
success rates were analyzed with the Kaplan–Meier method. Implants that were in situ or 
successful during the observation period are censored and thus included in the calculation of 
survival and success probabilities [35]. The survival and success probabilities were compared 
with the logrank test. For all statistical tests applied, the significance level was defined as α = 
0.05. Therefore, for a p-Value above 0.05, the null hypothesis was retained, for values below 
0.05, the alternative hypothesis was adopted. 
 
RESULTS 

Thirty patients out of the total of 50 participants were available for follow-up 
assessment and were included in this study. 20 patients were lost to follow-up. 15 patients in 
each group of 5 men and 10 women for the PRP and the control groups. The median patient 
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age was 65 years, As a result, 240 implants were taken into account in the statistical analysis. 
40 implants were lost to the various reasons.  
The time frame for implant observation ranged from 3.2-5 years. It was possible to compute a 
survival rate of 96 percent regardless of the control or PRP groups. 
 

The gender, age, and smoking habits of the patients 

The PRP group consisted of 15 patients (10 female, 5 male), whereas the control 
group consisted of 15 patients (10 female, 5 male). Fisher's exact test (p = 1.0) showed that 
there was a uniform gender distribution among the groups. The patients in the PRP group 
shared a comparable age distribution 65 years (p = 0.25). 
Implant counts and age of survivors 

There were 200 implants installed altogether. Of them, 100 implants were implanted 
in the control group, while 100 implants were inserted in the PRP group. With regard to the 
quantity of implants per group, Fisher's exact test revealed homogeneity between the two 
groups. 
 

Implant Survival Rate 

Six of the 100 implants under investigation in the PRP group had to be removed 
(survival rate: 94%). 98 implants in the control group had a survival rate of 98% with only 
two implants lost. Fisher's exact test revealed no difference between the two groups, with a p 
value of 0.16. The survival time analysis for all implants assigned to the PRP and control 
groups is shown by the Kaplan-Meier curve in Figure 1. The cumulative likelihood of 
survival after 5 years was 94% in the PRP group. The cumulative probability of survival in 
the control group was 98%. There was no discernible difference between the two groups 
when the logrank test was used to compare the survival times; the result was p = 0.08. 
 

The Buser Implant Success Rate 

In terms of the Buser implant success criteria, 7 implants in the PRP group and 2 
implants in the control group were evaluated as failures because they were unable to meet the 
standards for success. This resulted in a success rate of 93% for the PRP group and 98% for 
the control group (Fisher's exact test: p = 0.94). After 5 years of observation, the PRP group's 
cumulative Kaplan-Meier success probability is 90.9%. After 5 years, the final variable in the 
control group was 98%. The success probability was compared using the logrank test. It was 
impossible to find a difference between the PRP and control group (p = 0.13, Figure 2). 
 

Albrektsson Implantation Success 

When the PRP and control groups were subjected to the Albrektsson implant success 
criteria, 23 and 12 implants, respectively, were found to be failed. As a result, the control 
group's success rate is 89%, while the PRP group's success rate is 78% (Fisher's exact test: p 
= 0.04). After 5 years, the PRP group's cumulative Kaplan-Meier success probability was 
45%, compared to the control group's cumulative success probability of 80%. (Figure 3). 
Between the PRP and control groups, the logrank test revealed a marginally significant 
difference (p = 0.05). 
 

Split-Mouth Analysis  

Only the 23 patients who received treatment on both sides of the maxilla were 
included in the split-mouth analysis. Seventy-one implants total were placed (90 PRP side 
and 81 control side). A uniform distribution is represented by Fisher's exact test (p = 1.0). 
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Implants' Survival Rate (Split-Mouth) 

Five out of the 90 implants were removed, totaling seven implants lost on the PRP 
side (survival rate: 94.4%). On the control side, only two implants out of 81 were lost (a 
survival percentage of 97.5%). After 5 years of observation, Kaplan-Meier calculated 
cumulative survival probabilities for the PRP and control sides, which were 94.4% and 
97.5%, respectively. Regarding the survival rates of the implants, the logrank test with p = 
0.31 revealed no statistically significant difference between the PRP and the control side 
(Figure 4). 
The Buser Implant Success Rate (Split-Mouth) and Albrektsson Implantation Success (Split-
Mouth) are found to be non significant [figures 5,6]. 
 

Overall Assessment 

The 12 evaluated parameters for the overall and split-mouth evaluation are shown in 
Table 1. Overall, the PRP group's values were worse than those of the control group. 

 
Table 1: 

 Value Rating Value Rating 

General-Evaluation     
Survival rate 94% - 98% + 
Cumulative survival rate 95% - 98% + 
Success according to Buser 93% - 98% + 
Cumulative success according to 
Buser 

91% - 99% + 

Success according to Albrektsson 78% - 89% + 
Cumulative success according to 
Albrektsson 

45% - 80% + 

Mean years of Evaluation 5  5  
Survival rate 94% - 98% + 
Cumulative survival rate 94% - 98% + 
Split-Mouth-Evaluation     
Success according to Buser 93% - 98% + 
Cumulative success according to 
Buser 

91% - 98% + 

Success according to Albrektsson 76% - 86% + 
Cumulative success according to 
Albrektsson 

44% - 77% + 

Mean years of Evaluation 5  5  
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Figure 1: Kaplan–Meier survival probabilities of investigated implants, PRP, and control group. 

 
Figure 2: Kaplan–Meier success probabilities of implants according to Buser implant success criteria. 

 
Figure 3: Kaplan–Meier success probabilities of implants according to Albrektsson 

implant success criteria 
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Figure 4: Survival rate of the implants in PRP and control side (split-mouth). 

 
Figure 5: Kaplan–Meier success probabilities of implants regarding the Buser implant 

success criteria in the split-mouth evaluation. 

 
Figure 6: Kaplan–Meier success probabilities of implants regarding the Albrektsson 

implant success criteria in the split-mouth evaluation 
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Discussion 

The purpose of this study was to determine whether PRP, when combined with maxillary 
bone augmentation, had an advantageous effect on the long-term survival and success of 
dental implants. The analysis of the three parameters was unable to support this (survival rate, 
success rate according to Buser criteria, and Albrektsson criteria). The PRP group and the 
control group did not significantly vary in the majority of measures. According to 
Albrektsson criteria, the control group had a statistically significantly greater Kaplan-Meier 
cumulative success probability than the PRP group. As a result, the hypothesis could not be 
validated. 

The findings of this investigation confirm those of the prior study by Schaaf et al. and 
Attia et al., demonstrate that PRP does not improve the effectiveness of maxillary 
augmentation in terms of both short- and long-term outcomes. In order to ensure long-term 
implant success, bone augmentation aims to provide the ideal bone environment for implant 
implantation and osseointegration. PRP did not appear to have any beneficial effects on the 
long-term implant outcomes in this trial. However, it should be highlighted that after an 
average of 5 years, both groups' implant success rates can be considered high and hence 
extremely good. A large patient population is required for any therapy approach to show any 
positive effects, which is difficult to do. It comes as no surprise that there was no discernible 
difference in the course of treatment. 
Implant survival is the factor that has been studied the most in the literature as it relates to the 
long-term implant prognosis following jaw augmentation and PRP therapy. Albrektsson 
criteria were used by only one study, which indicated an implant success rate of 91.5% after 
five years. Prior to implant placement, PRP was used with bone augmentation [27]. The PRP 
group's long-term survival rates in this study are lower than average. This effect could be 
caused due to various criteria [36]. 

The total study (Table 1) demonstrates that the PRP group's values for every 
parameter are inferior to those of the control group. So, the question of whether PRP might be 
detrimental to long-term results arises. According to Albrektsson criterion, the PRP group 
clearly had higher failure rate possibilities. Further controlled experiments using bigger 
sample sizes may confirm if PRP had a detrimental effect on the long-term implant outcome. 

The two widely accepted success criteria of Buser and Albrektsson were applied in 
the current investigation. Depending on the success criterion used, the success rates varied. 
Albrektsson's success criterion, in general, showed lower success rates than Buser's. The 
evaluation of the peri-implant bone loss may be the cause. Both success criteria, though, are 
flawed since they don't accurately reflect the state of the implant and the surrounding tissue. 
Furthermore, neither success criterion mentions patient satisfaction. To evaluate clinical, 
radiological, prosthetic, and patient satisfaction characteristics as well as implant survival, 
some articles [34,37] proposed the creation of a success score. Additionally, it is very helpful 
to compare the success rates in various studies by using a globally accepted score to quantify 
implant success. 

There is no discernible difference between autologous and replacement bone grafts, 
according to a recently published meta-analysis of long-term implant survival following sinus 
lift surgery and augmentation utilizing various bone grafts [38,39]. The outcomes of the 
current investigation also support this conclusion. Therefore, additional clinical studies 
examining various regenerative treatment approaches ought to be carried out. Recent work 
[3,4,40] has described many of these tactics. The majority of them strive to prevent surgical 
issues including donor-site morbidity in the case of autologous bone transplantation and PRP 
method restrictions. Planning a novel therapeutic regimen also requires practical factors 
including practicality, ethics, and specialization. 
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Dental professionals may have access to the recently discovered method of producing 
mesenchymal stem cells from periapical tissue in the future [41]. Scaffolds are frequently 
employed in cases of disrupted bone healing and in the setting of tumorous bone disease 
because to the good porosity at reasonable prices [40]. Additionally, the use of mineral agents 
such calcium phosphate cement enhanced mineralization in vivo and in vitro when strontium 
or nanoparticles were loaded on nanosilicate scaffolds (poly (glycerol sebacate)) [4,42].  

All of the aforementioned technologies are still in the early stages of development 
with numerous unknown elements, in addition to the lengthy path to become an approved 
product. To prove their therapeutic efficacy, long-term follow-up investigations are 
necessary. It will probably take a long time and be challenging to demonstrate the value of 
various treatment modalities in RCT. As a result, even outdated methods like PRP should be 
improved upon and revalidated. This long-term follow-up study intends to evaluate the 
efficacy of autologous bone augmentation with and without PRP, which has long been a 
cutting-edge treatment. 
Limitations  
The study period was 5 years, since the study was done at a tertiary care clinic. Much more 
long follow-up studies can be done.  
 

CONCLUSION 

Dental implants implanted using autologous bone following sinus-lift surgery have 
great long-term survival and success rates that are comparable to those of other bone 
substitute materials. PRP doesn't appear to have any positive effects and may even have a 
modest detrimental impact on implant survival and other success metrics. Thus, further 
research should be done on emerging biologic regeneration therapies to enhance bone healing 
and implant tolerance. 
Conflicts of Interest: none 
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