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Abstract 

In the field of periodontal surgery, tissue grafting is generally used to accelerate the healing of bone defects, 

especially in the case of relatively large defects. The aim of this study was to analyze possible structural, 

topographic or mechanical changes of an allograft Type I collagen product, Condress  ™, in an artificially 

constructed environment that simulates the conditions of the oral cavity. The study samples were divided into the 

study group represented by immersion in freshly collected blood and 5 control groups represented by different 

immersion solutions. The fastest collagen resorption rate was observed in preparations introduced into hydrogen 

peroxide. On the other hand, a marked expansion of the material was observed in the preparations introduced into 

the glucose solution. The allograft collagen used in the present study was completely resorbed within approximately 

10 to 14 days of immersion in the artificially created solutions. 
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Introduction 

           In the field of periodontal surgery, 

tissue grafting is generally used to accelerate 

the healing of bone defects, especially in the 

case of relatively large defects. Autologous 

bone grafts are the gold standard due to their 

osteogenic capacity and superior mechanical 

properties. However, it is well known that 

autograft harvesting is associated with 

various complications [1,2]. Allografts are 

used as alternatives to autographs and are 

free of the morbidity of the donor site that 

occurs with the use of autographs. However, 

osteogenic capacity depends on the method 

of processing and harvesting the autograft 

and also on the risk of transmitting general 

diseases that cannot be completely 

eliminated [3,4]. Therefore, there is a high 

demand for substitute materials. Various 

types of bone substitutes have been 

developed, including calcium phosphate, 

injectable calcium phosphate, demineralized 

bone matrix and its mineralized naturally 

derived polymers [2-4]. The synthetic 

component collagen (col) that is synthesized 

by harvesting porcine atelocolagen type 1 

from the Achilles tendon is the newly 

developed material for bone substitutes used 

in periodontal surgery. 

   Collagen is a fibrous protein that forms the 

extracellular matrix of human tissues, 

including the periodontal ligament and jaw 
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bones, and accounts for approximately 25% 

of total body protein [3]. Collagen plays an 

important role in the biological healing 

process, acting as a determining factor in 

tissue repair processes. Its mechanical action 

provides structural support, helping to 

maintain a support structure for the recovery 

of loss of fundamental substance, control of 

differentiation, migration and synthesis of 

many cellular proteins. It promotes the 

physiological formation of fibroblasts, 

granulation tissue and native collagen, 

facilitates platelet contact and of coagulation 

factors (hemostasis) and favors the 

formation of capillaries (angiogenesis) [1,4]. 

    The substituent material Condress ™ 

(Fig.1), Smith & Nephew™, Chiesanueva, 

Italy, is composed of native heterologous 

collagen fibers, with triple helix structure 

that forms a porous body and is obtained by 

the formation of ice crystals. Collagen fibers 

are crosslinked by thermal dehydration at 

140 ° C, sintering temperature [5,6]. 

 

Fig.1 Condress™ material used in the study 

 

    Previous studies using animal models 

have confirmed high osteoconductivity and 

bioresorbability of Condress ™ [7,8]. In 

addition, although the porosity of collagen 

reduces mechanical strength, sponge-like 

elasticity ensures very good maneuverability 

during surgery [8]. 

   The aim of this study was to analyze 

possible structural, topographic or 

mechanical changes of the Condress product 

™ in an artificially constructed environment 

that simulates the conditions of the oral 

cavity. 

Material and method 

    The present study was designed as a 

photographic observational research of the 

commercial product Condress ™ Smith & 

Nephew, Chiesanueva, Italy, on its 

mechanical, topographic and structural 

changes in freshly collected blood at the 

temperature of the oral cavity. 

 Study design 

   The product Condress ™ (Fig.2, Fig.3) 

was used in this study. It was sectioned 

using millimeter paper into 30 pieces with a 

size of 10/10 millimeters. The study samples 

were divided into the study group 

represented by immersion in freshly 

collected blood and 5 control groups 

represented by different immersion 

solutions. Each group had a number of 5 

collagen samples . 

 
Fig.2 Materials used in the study   
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Fig.3 Condress Material being sectioned 

 

In vitro simulation 

  The study samples were immersed in 

freshly collected blood (Fig.4), and the 

control samples were immersed in 2% 

chlorhexidine digluconate solution, 3% 

hydrogen peroxide, 0.9% sodium chloride, 

glucose solution 5 % and saliva. 

 

Fig.4 Study samples immersed in blood 

 

Fig.5 Control samples immersed in different 

solutions 

   In the next stage of the research all study 

and control samples (Fig.5-8) were 

immersed in the specific solution of that 

sample and then placed in a heated container 

using a heater equipped with a thermostat at 

a temperature of 37 ° C.  

 

Fig.6 Immersion of the collagen in control 

solution 

 

Fig. 7 Study samples immersed  
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Fig. 8 Heating solutions at 37 degrees 

Celsius 

Examination of the study group and the 

control group 

   The in-vitro simulation phase included 

maintaining the batches of collagen in the 

created artificial environment for 14 days. It 

was followed by the examination stage of 

the product immersed in the artificial 

environment under an optical microscope, 

40 X magnification, performed within the 

Microbiology Discipline of University of 

Medicine and Pharmacy, Sciences and 

Technology  George Emil Palade, Tîrgu-

Mureș. The examination protocol followed 

all the specific stages and preparations. 

  The study group, consisting of 5 samples of 

collagen immersed in freshly collected 

blood (Fig. 9), was examined and the 

measurements were recorded using the 

statistical analysis program Windows 

Microsoft Excel ™, quantifying the 

distribution of the artificially created 

solution relative to the size of 1 square 

millimeter ( 1 mm2). 

 

Fig. 9 Total distribution of blood per square 

mm (40 X optic microscope) 

   Control samples, represented by collagen 

that was immersed in 2% chlorhexidine 

digluconate solution, 3% hydrogen peroxide, 

0.9% sodium chloride, 5% glucose solution 

and saliva, were also examined following 

the same microscopic examination protocol 

as in the case of the study group (Fig.10). As 

in the previous case, the data was analyzed 

with the help of the statistical analysis 

program Windows Microsoft Excel ™, with 

the goal of quantifying the distribution of 

the artificial solution related to the size of 1 

square millimeter (1mm2). 

 

Fig. 10 Total distribution of solutions per 

square mm (40 X optic microscope) 

Results 
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   We found both macroscopic and 

microscopic changes after performing 

various analyses of the samples during the 

14 days. 

 Volumetric changes 

   At the macroscopic level, various 

volumetric changes of collagen samples 

were observed regarding the degree of 

resorption of the analyzed product both in 

the study group and in the control group. 

The changes of the product regarding its 

area were examined at different times with 

the help of the millimeter paper during the 

14 days (Fig.11-13). The results were 

interpreted in both the study group and the 

control group. 

 

Fig. 11 Macroscopic volumetric changes 

after 4 days immersion in the artificial 

created solution 

 

Fig. 12  Macroscopic volumetric changes 

after 7 days immersion in the artificially 

created solution 

 

Fig.13 Macroscopic volumetric changes 

after 7 days immersion in the artificially 

created solution 

  Dimensional changes were analyzed on 

day 4, day 7 and day 14 after immersion. 

The following results were obtained using 

statistical analysis: 

 

Fig. 14 Results regarding total dimensional 

changes per square mm 

  The fastest collagen resorption rate was 

observed in preparations introduced into 

hydrogen peroxide. On the other hand, a 

marked expansion of the material was 

observed in the preparations introduced into 

the glucose solution (Fig. 15). 

 

Fig. 15 Results regarding total dimensional 

changes after 7 days 
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Fig. 16   Results regarding total dimensional 

changes after 14 days 

 

Microscopic changes 

Table 1 presents the statistical data recorded 

in the study group and the control group 

regarding the distribution per mm2 of the 

inclusions of analysis fluid in the collagen 

structure used in the study. 

Distribution/mm2 of fluid inclusion 

 Prob

e1 

Pro

be 

2 

Pro

be 

3 

Pro

be 

4 

Pro

be 

5 

Blood 4 7 6 4 5 

Hydroge

n 

peroxide 

2 2 1 0 0 

Clorhexi

dine 

4 3 5 3 3 

Glucose 

solution 

3 2 4 3 3 

Sodium 

chloride 

3 2 3 4 2 

Blood 3 1 2 0 0 

 

Table 1 Data recorded in the study group 

and the control group 

 

 

Table 2 Total value of microscopic 

inclusions per square mm 

 

Fig. 17 Total distribution per square mm 

Discussions 

            In our study, various volumetric 

changes of collagen samples were observed 

at macroscopic level. Changes were related 

to the degree of resorption of the analyzed 

product in both the study group and the 

control group. The fastest rate of collagen 

resorption was observed in preparations 

introduced into hydrogen peroxide. On the 

other hand, a marked expansion of the 

material was observed in the preparations 

introduced into the glucose. 
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Santhosh K. et al. [9] describes in his study 

that collagen products are highly absorbent 

and often able to hold their own fluid 

weight. Their indications are for the 

protection of post-extraction alveoli and for 

the control of bleeding from septic oral 

wounds. These products should be kept in 

the wound for about 2-5 minutes to obtain 

hemostasis and then can be removed, 

replaced or left in situ. Because absorbable 

collagen in the form of hemostatic sponges 

does not disperse like microfibrillar 

collagen, it is easier to handle and apply. 

They must be handled in dry form and in an 

optimal amount of use, the excess being 

eliminated. 

All these collagen materials are completely 

resorbed in 14 to 56 days. These materials 

also contribute to the coagulation process, 

although they serve as a mechanical 

obstruction against bleeding. Thus, in 

contact with the blood, collagen causes 

platelet aggregation, which binds in large 

numbers to collagen fibers. Aggregated 

platelets degranulate, releasing clotting 

factors, such as thromboxane A2, which 

helps form a blood clot. Collagen also 

provides a three-dimensional (3D) matrix 

for blood clot strengthening. Its use is 

contraindicated in infected or contaminated 

wounds, as well as in patients with known 

allergies or sensitivities to bovine materials.  

Spotnitz WD et al. [10] concludes in its 

study that at present, although there is a 

wide range of products with hemostatic 

action on the market, there is no ideal one 

that has the following qualities: safety, 

efficacy and ease of use. In-vitro and in vivo 

studies suggest that bovine collagen 

products are most effective in mechanical 

wound hemostasis. Qin-Shang Z et al. [11] 

in his study describes that micro-porous 

structures in which cells cannot migrate 

have been analyzed and studied for a long 

time, due to the importance of these 

structures for osteoinductivity and 

osteoconductivity of biomaterials. One of 

the key functions of micropores is to 

increase the bioactive surface area of the 

material, thus increasing its ability to engage 

in biological reactions that mediate 

osteogenesis. 

The porous collagen evaluated in-vitro for 

the first time in this study had a micro-

porous structure and the nano-crystals 

studied Porous Col amounted to a large area 

of about 70-80 square centimeters / gram of 

material. This increased bioactive surface is 

considered to be superior to the 

osteoconductivity of HAp / col. 

These findings related to cell mechanics in 

three-dimensional matrices have also been 

previously described by Rhee and Grinnell 

[12]. They suggested that cells interact with 

collagen, matrices show distinct signaling 

patterns and migration and remodeling of 

matrices locally and globally to achieve 

stable homeostasis. 

 Shanmugasundaram N et al. [13] concludes 

in his study that purified bovine dermal 

collagen has a fibrous structure that attracts 

platelets and stimulates platelet aggregation 

in thrombi at the interstices of the resulting 

fibrous mass. It also has the role of forming 

a physiological platelet plug, degranulation 

and the release of coagulation factors, thus 

initiating the coagulation cascade. Thrombin 

is ineffective with this agent at two pH 

factors. It is useful in the management of 

moderate to severe bleeding (i.e. capillary), 

venous, or small arterial bleeding. 

 

Conclusions 

1. The allograft collagen used in the present 

study was completely resorbed within 

approximately 10 to 14 days of immersion 

in the artificially created solutions. 
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2. From a microscopic point of view, the 

highest affinity for the collagen-based 

material was found in the samples immersed 

in the blood, in which there were the largest 

number of inclusions of the liquid studied. 

3. The fastest resorption rate proved to be of 

the material immersed in 3% hydrogen 

peroxide, as well as the most dramatic 

changes were observed in the products 

immersed in saliva, observing a marked 

resorption within 10 to 14 days. 

4. Samples immersed in glucose solution 

had throughout the study the best stability in 

terms of volume.

 

References 

1. Kim DH, Rhim  R, Li L, et al. Prospective study of iliac crest bone graft harvest site pain and 

morbidity. The Spine Journal. 2009 Nov; 886-892. 

2. Myeroff C, Archdeacon M. Autogenous bone graft: donor sites and technique, The Journal of  Bone 

and  Joint Surgery- American Volume. 2011 Dec; 2227-2236. 

3. De Long Jr W,  Einhorn T.A, Koval K et al. Bone grafts and bone graft substitutes in orthopaedic 

trauma surgery. A critical analysis. The Journal of Bone and  Joint Surgery- American volume. 2007 

Mar; 649-658. 

4. Finkemeier CG. Bone-grafting and bone-graft substitutes. J Bone Jt Surg Am. 2002 Mar;84-

A(3):454e64.  

5. Kikuchi M,Itoh S, Ichinose S, et al. Self-organization mechanism in a bone-like 

hydroxyapatite/collagen nanocomposite synthesized in vitro and its biological reaction in 

vivo.Biomaterials. 2001 Jul; 1705-1711. 

6. Sugata Y, Sotome S, Yuasa M, et al. Effects of the systemic administration of alendronate on bone 

formation in a porous hydroxyapatite/collagen composite and resorption by osteoclasts in a bone 

defect model in rabbits, The Journal of Bone and  Joint Surgery. British volume. 2011 Apr; 510-516. 

7. Maehara S, Sotome S,Yoshii T, et al. Repair of large osteochondral defects in rabbits using porous 

hydroxyapatite/collagen (HAp/Col) and fibroblast growth factor-2 (FGF-2). J. Orthop Res. 2009 

May; 677-684. 

8. Tsuchiya A, Sotome S, Asou Y, Kikuchi M, Koyama Y, Ogawa T, Tanaka J,Shinomiya K. Effects of 

pore size and implant volume of porous hydroxyapatite/ collagen (HAp/Col) on bone formation in a 

rabbit bone defect model. J Med Dent Sci. 2008 Mar;55(1):91e9 

9. Santhosh Kumar MP.  Local hemostatic agents in the management of bleeding in oral surgery. Asian 

J. Pharm. Clin Res. 2016; 9: 20-36; 

10. Spotnitz WD, Burks SHemostats, sealants, and adhesives: components of the surgical 

toolbox.Transfusion.2008;48(7): 1505-1514. 

11. Qin-Shang Z, Qing-Zhong. Application of S-99 soluble styptic gauze to wounds. Beijing Xuan Wu 

Hospital, Departments of Pathology and Stomatology. Beijing, China Personal Communication; 

December 31, 1982.  

12. Rhee S, Grinnell F. Fibroblast mechanics in 3D collagen matrices. Adv Drug Deliv. Rev. 2007; 

59:1299-305. 

13. Shanmugasundaram N, Ravikumar T, Babu M. Comparative physico-chemical and in vitro properties 

of fibrillated collagen scaffolds from different sources. J Biomater Appl. 2004; 18:247-64. 

 


