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3.35 mm in the lower jaw and maxilla, respectively. The mean 
horizontal bone augmentation in the lower jaw was 2.02 mm and 
2.15 mm in the maxilla. Histological analysis showed intense bone 
metabolic activity with active osteoblasts and osteoid production 
in the recipient sites, including new vessel formation indicative of 
angiogenesis. None of the samples showed histological signs of 
inflammation and two resulted in complete replacement of Puros 
Particulate Allografts with newly formed bone. Histomorphometric 
analysis resulted in a mean total bone area of 60.01%, with 
98.41% of that comprising mineralized mature bone tissue.  At the 
6-year follow-up, all implants were stable in function without any 
complications and the peri-implant bone resorption was minimal 
(0.14 mm mesial and 0.21 mm distal). Excellent outcomes were 
observed in terms of quantity and quality of bone regenerated in 
post-extractive sites where Puros Cancellous Particulate was used. 
As a result, dental implants placed in post-extractive sites were able 
to achieve long-term clinical performance at a 6-year follow-up 
period. 

Sinus Lifts 
The maxillary sinus floor region is often associated with thin 
and insufficient amount of bone for implant placement. Implant 
placement in such sites that have less than 3 mm of remaining 
crestal bone is challenging as it may result in a higher incidence of 
peri-implant bone resorption. Soardi et al. (2020) performed sinus 
lifting procedures to treat extremely atrophic maxillary sinuses (< 
2 mm bone height).13 These sinus lift procedures included the use 
of a mixture of Puros Particulate Allografts (20% cancellous and 
80% cortical mixture) and a resorabable collagen membrane. The 
Puros Particulate Allografts mixture was inserted through the crestal 
access window of the sinus lift followed by primary closure with 
a resorbable collagen membrane. A 6- to 9-month healing period 
preceded the placement of 140 implants in 93 healed maxillary sites 
of 69 patients.  A high implant survival rate (98%) with minimal 
complications were reported at the 5-year follow-up period. 
Moreover, a mean vertical bone height of 11.73 mm was successfully 
achieved by the use of Puros Particulate Allografts.  

The mixture with Puros Cortical and Puros Cancellous Particulates 
allowed for a slower resorption rate to maintain adequate bone 
volume during new bone turnover in sites with severe bone 
atrophy.13 A similar previous study reported successful long-term 
clinical stability of maxillary sinus floors regenerated with a mixture 
of Puros Particulate Allografts (50% cancellous and 50% cortical 
particulates).14 The Puros Particulate Allografts mixture was inserted 
into 11 sinuses in seven patients through the lateral access window 
followed by a mean healing period of 8.1 months before placement 
of 25 implants. The regenerated bone sites were clinically stable 
and resulted in a 100% implant survival rate after an approximate 
5-year mean follow-up. Radiographic analysis showed that all 
implants were surrounded by dense bone after a 4-month healing 
period and no measurable loss in bone volume occurred after 
an approximate 5-year mean follow-up period. Histological and 
histomorphometric analysis demonstrated that almost all residual 
materials were surrounded by bone, suggesting good integration of 
the grafting materials with the host bone. While cortical particulates 
with a slower resorption profile provided mechanical stability, 
increased resorption rate via cancellous particulates allowed for 

Background
Reconstruction of bone defects is one of the frequent challenges 
in oral implantology as adequate bone volume is required for 
the primary stability of dental implants and long-term success in 
function. Various aspects need to be considered for the selection 
of suitable grafting materials and surgical techniques. Grafting 
materials must provide mechanical stability for space maintenance 
of the recipient site while also supporting bone regeneration for 
osseointegration of implants. Also, a balance between resorption 
of the remaining residual materials and replacement with newly 
formed bone tissues is a desirable feature for achieving predictable 
long-term clinical outcomes.1-6  Grafting materials with slow 
resorption rates can limit spaces for vascularization and vital bone 
regeneration. Sufficient vascularization and vital bone formation 
result in continuous metabolic activity that is required to support 
the long-term clinical stability of bone tissues in restored sites.1,3,5-7  
Autografts have a long-standing position as the gold standard 
for use in grafting applications. The preference has been mainly 
attributable to biocompatibility and inclusion of osteogenic cells as 
well as osetoinductive and osteoconductive properties. However, 
clinicians often seek alternatives due to several inherent limitations 
of autografts, such as availability, potential morbidity of the harvest 
site, and increased chair time.1,3,8 The closest available alternative 
based on structure and congenital properties are allografts, which 
can circumvent some of the limitations associated with autografts.

Approach
Puros Particulate Allografts has become the bone allograft choice 
for many clinicians, as the proprietary Tutoplast® Tissue Sterilization 
Process which preserves the natural structure of the collagen matrix 
and bone-tissue integrity. In comparison to other alternative grafts, 
the osteoconductive scaffold of Puros Particulate Allografts provides 
a higher surface area for osteogenic progenitor cells to adhere, 
differentiate and form new vital bone tissues.* 9-11 Effective bone 
regeneration follows a general progression similar to the resorption 
profile of Puros Particulate Allografts thus, allowing for clinical 
stability of the recipient sites and predictable long-term survival of 
implants. Long-term clinical outcomes following the use of Puros 
Particulate Allografts were identified from recent publications of 
clinical studies. The data are summarized along with supportive 
clinical studies that attest to years of clinical experience in the use 
of Puros Particulate Allografts in procedures such as post-extractive 
ridge preservation, sinus lift, and peri-implantitis treatment.     

Post-Extractive Sites 
Grafting of a post-extractive site is a common approach to preserve 
alveolar ridge dimensions for implant placement. Baldi et al. (2019) 
showed clinical effectiveness of the Puros Cancellous Particulate 
Allograft in reconstruction of post-extractive atrophic sites before 
implant placement.12 Puros Cancellous Particulate Allograft was 
placed with a resorbable pericardium membrane seven days after 
tooth extraction. After a 5-month healing period, samples of the 
10 regenerated sites in nine patients were obtained for histological 
and histomorphometrical analysis before implant placement. Also, 
clinical data were analyzed from 10 implants at a 6-year follow-
up period. The mean vertical bone augmentation was 4.1 mm and 
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new vital bone formation via earlier osteoclastic activities and faster 
revascularization. Therefore the above referenced studies show 
how a combination of Puros Cortical and Cancellous Particulate 
Allografts supported the patient’s ability to regenerate bone 
resulting in long-term clinical stability. Further investigation is 
needed to determine the ideal cortical-cancellous particulate ratios 
for different surgical procedures.  

Peri-implantitis Regenerative Treatments 
The  consensus report of the 2017 World Workshop on the 
Classification of Periodontal and Peri-Implant Diseases and 
Conditions defines peri-implantitis as a plaque-associated 
pathological condition occurring in tissues around dental implants 
that is characterized by inflammation in the peri-implant mucosa 
and subsequent progressive loss of supporting bone.15  Various 
therapeutic approaches have been proposed for peri-implantitis 
treatment in attempts to decontaminate infected sites for restoration 
of implant function as well as aesthetics and some cases may involve 
bone regeneration via grafting materials.16

Solakoglu et al. (2019)17 demonstrated a modified Cumulative 
Interceptive Supportive Therapy (CIST)  for peri-implantitis that 
employed methods to reduce the surrounding inflammation 
followed by regenerative treatment.  This therapy included the 
use of a mixture of a Puros Cancellous Particulate Allograft (70%) 
and autogenous bone (30%) as well as a resorbable pericardium 
membrane. The modified CIST option was chosen according to 
diagnostic criteria involving radiological assessment together with 
periodontal measures, which indicated bone loss, detachment, 
and/or probing depth (PD) and peri-implant inflammation or 
bleeding on probing (BOP). Sixty-four implants in 16 patients 
with advanced peri-implant bone loss were treated with a series of 
decontamination procedures followed by filling of the peri-implant 
bony defects with the Puros Particulate Allografts mixture. The 
grafted sites were then each covered with a pericardium membrane 
and clinical data were obtained after a 5-year follow-up period. 

Before treatments, the mean crestal bone level was 4.72 mm, 
the mean PD was 6.48 mm and 34.84% of the sites presented 
BOP. Significant improvements were observed in all clinical and 
radiologic parameters after treatment (Figure 1). The mean depth 
of the crestal bone level was reduced to 0.95 mm (3.77 mm mean 
bone gain), the mean PD improved to 3.25 mm (3.23 mm mean 
reduction), and BOP was reduced to 14.79% of sites (20.05% mean 
reduction). The clinical measures (Table 1) and 100% implant 

survival rate at a 5-year follow-up period represent the long-
term benefit of using Puros Particulate Allografts as part of the 
regenerative bone treatment within peri-implantitis sites.17  
The osteoconductive properties of the Puros Particulate Allograft 
may complement the autograft by allowing osteogenic progenitor 
cells from the autogenous bone to attach and differentiate on a 
biologically equivalent scaffold.18 Another recent study reported 
successful clinical outcomes following regenerative treatment 
of peri-implantitis sites that included Puros Particulate Allograft 
without mixing with autogenous bone.16 Clinical and radiographic 
assessments were obtained from 34 implants in 34 patients during  
a mean follow-up period of 50.62 months. Results consisted of 
100% implants survival rate with 78% having a marginal  
peri-implant bone loss of less than 1.0 mm.16

Figure 1: A) Initial view of the diseased peri-implant area. B) Intraoperative view 
of the bone defect after surface decontamination procedures. C) Application of a 
mixture of autologous bone and the Puros Particulate Allograft. D) Post-treatment 
view after 5 years. E) Radiographic measurement of the peri-implant defect 
before treatment. F) Radiographic measurement of the peri-implant defect after 
treatment at the 5-year follow-up. 

© Önder Solakoglu, Dr.med.dent., PhD, MCD, MSc, Andreas Filippi, Prof. Dr.med.dent. Journal of 
Oral Implantology, AllenPress.

Table 1

Mean values of crestal bone level (CBL), bleeding on probing (BOP), and probing depth (PD) before therapy and after a mean follow-up of 36.1 months

Parameter CBL Baseline, mm CBL Follow-Up, mm BOP Baseline, % BOP Follow-Up, % PD Baseline, mm PD Follow-Up, mm

Mean 4.72 0.95 34.84 14.79 6.48 3.25

SD 0.90 0.70 18.44 8.50 1.82 0.44

Min 3.25 0.00 9.00 5.00 4.17 2.33

Max 6.50 2.50 70.00 35.00 10.50 4.00

© Önder Solakoglu, Dr.med.dent., PhD, MCD, MSc, Andreas Filippi, Prof. Dr.med.dent. Journal of Oral Implantology, AllenPress.
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Rehabilitation of Failed Implant Sites
A case study which included the use of Puros Cancellous Particulate 
Allograft shows the rehabilitation of previously failed implants.18  
After removing the failing implants from a severe anterior maxillary 
defect in a female patient, successful vertical bone regeneration 
of approximately 10 mm was achieved using a mixture of Puros 
Particulate Allografts and autogenous bone in combination with 
a nonresorbable membrane. After a 9-month healing period, a 
satisfactory functional and aesthetic restoration was achieved. 
Also, stability of the regenerated bone and restored implants was 
maintained during the 14-year follow-up period.18

Conclusions 
Predictable long-term clinical performance with excellent bone 
quantity and quality were achieved through various surgical 
procedures which included the use of Puros Particulate Allografts 
to fill bone voids in post-extractive ridge preservation, sinus 
lift, and peri-implantitis treatment. The various treatments 
represented a range from mild to severe bone defects and the use 
of different surgical techniques. The broad applicability of Puros 
Particulate Allografts was consistent with the ability to customize 
mixtures of the slower versus faster resorption rate of cortical 
and cancellous bone, respectively. As an alternative to the gold 
standard,  procedures that used Puros Particulate Allografts resulted 
in excellent long-term outcomes in the presence or absence of an 
autograft. Therefore, Puros Particulate Allografts is not only a viable 
alternative to autografts but can facilitate the latter attributes in 
conditions where availability and morbidity of the harvest site are 

limiting factors.
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