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Background 
Ridge preservation procedures aim in the timely regeneration of bone in the 
extraction socket and the preservation of the alveolar ridge dimensions during the 
healing period to provide a favorable site for implant placement.1, 2 Different 
biomaterials exhibit individualized absorption rates and lead to different percentages 
of vital bone formation in the healed sockets.3,4  The aim of this study was to 
histologically evaluate and compare bone regeneration in post-extraction sockets 
utilizing either a putty calcium phosphosilicate alloplastic bone substitute (CPS Putty) 
(NovaBone Dental Putty, NovaBone Products, Alachua, FL) or a particulate bovine 
xenograft (BO) (Bio-Oss, Osteohealth, Shirly, NY) for ridge preservation. 

Methods 
Twenty-two patients with a mean age of 51 years old scheduled to undergo tooth 
extractions and ridge preservation were included in this study. Willing participants signed 
the consent form and were enrolled in the study. The study was conducted in accordance 
with the Helsinki Declaration of 1975, as revised in 2000. Patients were recalled after 4 or 
6 months according to a randomization list to evaluate healing and to obtain a core for 
histological analysis during implant placement. 
Exclusion criteria: 

• Medical history that contraindicates surgical treatment 
• Medications that alter soft or bone tissue healing (eg biphosphonates, chronic 

steroid intake, etc) 
• Pregnancy for females 
• Acute periodontal or odontogenic disease 
• Destruction of more than 50% of the buccal plate at the time of extraction 

Surgical Procedure 
Ridge preservation was performed by utilizing the socket-plug technique as 
previously described by Kotsakis et al. (2012)5. Briefly, at the surgical appointment, 
care was taken to extract the teeth atraumatically in an attempt to preserve the 
remaining bone structure. Following extraction, the sockets were meticulously 
debrided and any inflammatory tissue was removed. Either a calcium 
phosphosilicate  alloplastic putty (CPS Putty) was placed into the sockets using a 
cartridge delivery system without any prior mixing or further manipulation, or 
particles of an anorganic bovine xenograft were mixed with sterile saline and 
packed into the socket. A collagen plug was utilized to occlude the sockets and a 
horizontal mattress suture was used to stabilize it. No pre or post-operative 
antibiotics were administered, and all patients were placed on 0.12% chlorhexidine 
oral rinse post-operatively. Analgesics were prescribed on a need basis (Ibuprofen, 
400mg). Postoperative evaluations were performed at 7 and 14 days and at 4 weeks 
to assess wound healing and record any adverse events.  

Conclusion 
The higher percentage of residual bone graft in the xenograft group in comparison to 
the CPS putty indicates an increased graft turnover rate in the latter group. Results 
from this study demonstrate that CPS putty may be the material of choice in 
comparison to anorganic bovine bone xenograft in ridge preservation procedures 
when timely implant placement is the desired outcome. Further randomized clinical 
trials are required to investigate whether the increased amount of new bone 
formation in the CPS putty group has a clinical impact on implant survival. 

References 
1. Bartee BK. Extraction site reconstruction for alveolar ridge preservation. Part 1: rationale and materials selection. J 

Oral Implantol. 2001;27(4):187-93.  
2. Gross J. Ridge preservation using HTR synthetic bone following tooth extraction. Gen Dent. 1995 Jul-

Aug;43(4):364-7  
3. Carmagnola D, Adriaens P, Berglundh T. Healing of human extraction sockets filled with Bio Oss. Clin Oral Implants 

Res 2003;14:137-143. 
4. Mahesh L, Salama MA, Kurtzman GM, Joachim FP. Socket grafting with calcium phosphosilicate alloplast putty: A 

histomorphometric evaluation. Compendium Contin Educ Dent. Sept 2012; 33(8):109-115  
5. Kotsakis G., Chrepa V., Marcou N., Prasad H., Hinrichs J. Flapless alveolar ridge preservation utilizing the ''socket-

plug'' technique: clinical technique and review of the literature. J Oral Implantol. 2012 Nov 12.  
 

Discussion 
Historically, the function of biomaterials has been to replace damaged and missing 
tissues. In contemporary implant dentistry, the aim of ridge preservation is to 
provide a healed site with adequate dimensions and favorable bone quality for the 
successful placement of an implant in the most timely manner. The quality and 
quantity of the regenerated bone should allow for the placement of an implant 
surrounded by bone tissue able to withstand functional loading. Results of 
histological analysis in our study revealed bone formation in sockets implanted with 
both biomaterials, with sockets grafted with CPS putty displaying consistently more 
bone regeneration than those in the bovine xenograft group. A similar percentage of 
residual bone graft was found at 4 months post-extraction in sockets of both groups 
with the those in the CPS putty group exhibiting a slightly smaller percentage in 
comparison to those in the bovine xenograft group. At the 6 month interval, sockets 
in the CPS putty group exhibited a statistically significant smaller amount of residual 
bone graft demonstrating the continued bone turnover in the CPS putty group, 
whereas in the xenograft group, the amount of reduction in the percentage of 
residual bone particles was not statistically significant between 4 and 6 months, 
implying that this graft requires a protracted period of healing. 

Results 
Post-operative healing was uneventful in all sockets from both the test groups. 
Histomorphometry revealed that the residual graft values were significantly higher in 
the xenograft group compared to the alloplast group at the 6 month observation 
period. For cores harvested at 4 months post-extraction the amount of residual bone 
graft in the xenograft group was higher as well, but the difference did not reach 
statistical significance. Table 1 displays vital bone in defects filled with CPS Putty that 
ranges from 36% - 57% (average 47.15% ± 8.5%). Residual bone graft (RBG) was found 
to range from 30% at 4months to a minimum of 3% at 6 months and an average of 
17.4% ± 9.4%.  The vital bone values in the BO group (Table 1) ranged between 17% - 
27%  (average 22.2% ±3.5%).  The difference in vital bone volume between the two 
groups was found to be statistically significant in favor of the CPS putty group P<0.05. 
Specimens in the BO group showed a range of RBG of a maximum of 38% at 4 months 
to a minimum of 18% at 6 months with an average of 25.7% ± 5.9%.  
 
 
 

Table 1: % Vital Bone & Residual Graft (RBG) values of both CPS & BO at varying time 
periods  

Fig 2: A-C: Increasing magnifications of CPS core biopsy at 6 months.  Newly mineralized bone (red areas) 
can be clearly seen along with some residual graft particulate) 

  

Figs 1:  Placement of CPS Putty (Fig1A) or Bovine xenograft particles (Fig1B) 
in  post-extraction sockets  

Fig 3: A-C: Increasing magnifications of BO core biopsy at 6 months.  Note higher number of residual graft 
particulate 

Histomorphometry 
Following either 4 (subgroup 1) or 6-months (subgroup 2) of healing, surgical reentry 
was performed in the healed ridges for implant placement. Prior to the initiation of 
the osteotomies, a trephine bur with a 2.7 mm – 3.0 mm internal diameter was used 
to obtain a bone core from each site. The cores were preserved in 10% formalin and 
sent to the Hard Tissue Laboratory at University of Minnesota for  histological & 
histomorphometric analysis. Upon receipt, specimens were dehydrated with a 
graded series of alcohols for 9 days. Following dehydration, the specimens were 
infiltrated with a light-curing embedding resin (Technovit 7200 VLC, Kulzer, 
Wehrheim, Germany). Following 20 days of infiltration with constant shaking at 
normal atmospheric pressure, the specimens were embedded and polymerized by 
450 nm light. Specimens were prepared in an apico-coronal direction and were cut 
into a thickness of  150 µm on a cutting/grinding system (EXAKT Technologies, 
Oklahoma City,  OK).  The cores were polished to a thickness of 45-65 µm using a 
micro-grinding system. The slides were stained with Stevenel’s blue and Van Gieson’s 
picro fuchsin  and  cover-slipped for  histologic  analysis  using bright-field and 
polarized microscopy 

NovaBone Bio-Oss 
Tooth # Months % Bone  % RBG  Tooth # Months % Bone % RBG 

14 6 55 3 45 4 17 38 

35 4 38 24 23 6 22 26 

11 4 55 18 13 6 19 24 

21 5 41 26 11 6 24 20 

24 6 41 13 35 5 26 26 

25 5 55 8 33 6 26 22 

21 4 40 28 44 4 18 32 

11 4 36 30 15 6 21 28 

44 5 54 16 24 6 27 18 

24 6 57 8 25 6 22 23 

% Residual Graft CPS Putty BO 
4 months 23.67 ± 5.57* 35.00 ±  4.24 

6 months 8.00 ± 4.08** 23.14 ± 3.44 

All Samples 17.40 ± 9.39* 25.60 ± 5.89 

*Indicates statistically significant (P <0.05) reduction in RBG values in favor of CPS Putty group 
** indicates a highly statistically significant (P<0.001) reduction in RBG values in favor of CPS Putty group  

Table2:Comparative evaluation of the RBG % between two study groups at two time intervals 

Histology 
Representative histological slides from both CPS Putty & BO groups at 6 months re-
entry are presented below. Figures 2 A, B & C show bone biopsy images for CPS Putty 
at various magnifications (20x, 40x & 100x). Red stained tissue is mineralized newly 
regenerated bone. Some residual bone graft particulate can be seen in all sections. 
Figures 3 A, B & C show bone biopsy images for BO group. Large remnants of residual 
graft particulate can be clearly visualized.  
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