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Abstract 

The development and production of cement restrictors with potential biological activity by adding 

chitosan in its composition, have been achieved. The cement restrictors present mechanical 

properties that show their viability for future clinical trials.  

During the work were tested multiple formulations and compositions in the production of cement 

restrictors, as well various process of production and different geometries. The properties of the 

samples were analyzed by mechanical trials, noting the maximum force obtained in inuaxial 

compression tests.  

Best results were obtained using gelatin in a solution of glycerol/water and gelatin in a solution of 

chitosan in glycerol/water. The resistance of these samples was respectively 73% and 60% lower than 

the obtained with a commercial restrictor C~plug®, however, improving the manufacturing process of 

the model Plug the values may be better. Therefore this can’t exclude the possibility of further 

development of this product. 
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1 Introduction 

The growing aging of the population has led to 

an increase in bone problems, such as 

arthrosis that affects nearly 100% of the people 

with 80 years old (IOPA 2011). This problem 

associated with an increased number of 

serious injuries in road accidents (ANSR 2011) 

reminds the issue of the development of 

surgeries such as arthroplasty. 

Cement restrictors are one of the main helpers 

in the arthroplasty surgery. This device is 

placed inside the bone cavity between the 

cement and the bone marrow. Their principal 

objective is to prohibit the passage of cement 

to bone cavity during the surgery (Heisel C. 

2003). Cement restrictors are also responsible 

to regulate the pressure during the insertion of 

the bone cement. This property reduces the 



 
Design and development of a cement restrictor                                                     2 

 

manifestation of fat embolism and 

cardiovascular problems during arthroplasty 

and may prevent hypotension (Moran M. 

2007). 

Chitosan (Cs) is the partially N-deacetylated 

derivative of chitin. Chitin is the second most 

common polymer on earth and can be found in 

a wide range of natural sources such as 

crustaceans, fungi, insects and mollusks 

(Beaulieu 2005) .The required degree of 

deacetylation to obtain a soluble product in 

acids must be higher than 80% (Islam M. 

2011). 

Chitosan is an excellent compound to use in 

biomedical applications. Besides its 

biocompatibility and biodegradability, it is 

capable to eliminate toxicities such as bacteria 

and fungi (Niekraszewicz A. 2009) and may 

promote the differentiation of osteoprogenitor 

cells (Muzzarelli 2009).  

The aim of the present study was to develop 

and characterize two types of cement 

restrictor. Firstly obtain the composition of 

cement restrictors already in the market and 

secondly try to improve these products with the 

presence of chitosan. The characterization was 

made by mechanical and biological trials.  

 

2 Materials and methods  

2.1 Solution materials 

The materials used to prepare the solutions 

were destilated Water, Acetic Acid (Acros 

Organics, Bélgica), Potassium Chloride (José 

Manuel Gomes dos Santos Lda, Portugal), 

Sodium Chloride (Fagron, Spain), 

Monopotassium Phosphate (Merck, Portugal), 

Di-sodium hidrogenophosphate (Scharlau, 

Spain), Gelatin (Merck, Portugal), Glycerol 

(SigmaAldrich, Portugal), Glutaraldehyd (Acros 

Organics, Belgium), Lysozyme from chicken 

egg white (SigmaAldrich, Portugal), Bone 

Cement C~ment
®
 1 (European Medical 

Contract Manufacturing) and Chitosan medium 

molecular weight Cs 1106 – MW02. 

 

2.2 Preparation of the samples 

The preparation of the samples is divided in 

stage I – Previous studies on the composition 

of commercial cement restrictor and stage II – 

Design and development of a cement restrictor 

with chitosan. All the samples were prepared in 

a cylindrical model. 

For stage I dilute gelatin in hot water until its 

maximum concentration. Add growing 

concentrations of glycerol to the hot water and 

dilute the maximum percentage of gelatin 

possible. Finally prepare the solutions using 

1% of acetic acid instead of water. 

With the solution of 1% acetic acid dilute 

chitosan and add growing concentrations of 

gelatin for stage II. Prepare a solution of 

glutaraldehyde (GTA) in water and add to the 

moisture. To increase the resistance of the 

samples add different concentrations of 

glycerol. 

Remove the air bubbles in a centrifuge. Store 

the samples in the refrigerator at 4ºC. 
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2.3 Drying processes 

Prepare again the best solutions in a Plug 

model as C~plug
®
 (Manufacturing 2005). After 

the preparation place two samples in each 

condition: room temperature, refrigerator at 

4ºC, lyophilizer, desiccator and stove at 

different temperatures. The control samples 

(normal) were placed inside a Falcon tube in 

the refrigerator. 

 

2.4 Mechanical Characterization 

The mechanical characterization was carried 

out by performing uniaxial compression tests 

carried out in a mechanical testing machine 

INSTRON 5966 between flat plates. During 

each test the experimental values of 

displacement and force were registered. 

Determine the nominal stress (S) and strain 

(E). 

        
                 

                 
 

   
 

 
   

                      

                 
 

The area was calculated considering cylindrical 

shape. 

 

2.5 Biological characterization 

Prepare a PBS solution: dissolve 8 g of sodium 

chloride, 0,2 g of potassium chloride, 1,44 g of 

Di-sodium hidrogenophosphate and 0,24 g of 

Monopotassium Phosphate in 800 mL of 

destiled water. Adjust the pH to 7,4 and add 

water to 1 L of solution. 

Put the best samples in a PBS bath inside an 

oven. Add lysozyme to the samples with 

chitosan. Regularly weigh the samples. 

 

3 Results and discussion  

3.1 Stage I 

Gelatin maximum concentration was achieved 

with a great concentration diluted in water. This 

solution presented more solid structure, 

viscosity and resistance than all the others. 

That quantity of gelatin was dissolved in 

solutions with variable percentages of water 

and glycerol. The results of the mechanical 

tests are showed by Fig. 1. The maximum 

nominal stress achieved by the samples 

increases as the concentration of glycerol is 

greater. So this component seems to be 

important to give extra resistance to the 

samples. 

The differences observed between water and 

acetic acid are related do the storage time. The 

last ones staid in the refrigerator more 15 days 

than the normal. The sample with medium 

concentration of glycerol achieved similar 

results in both solutions. Thus, the acetic acid 

appears not change the normal behavior of 

samples. 

The results show that high peak nominal 

stress corresponds to higher nominal strain 

values and higher percentages of reduction in 

height. The best sample was prepared by the 

dilution of high concentration of gelatin in a 

solution with water and glycerol.   
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Fig. 1 – Maximum nominal stress achieved (S) vs. 
concentration of glycerol (Cgl) in a solution with gelatin in 
aqueous (●) and acetic acid (▲) medium. 

 

All the samples analyzed show capacity to 

recover the height after compression, however 

with a decrease in the volume. This suggests 

that they have a great capacity of compression 

and large elastic behavior. These are typical 

characteristics of hyper-elastic material.   

 

3.2 Stage II 

Due to the high viscosity of chitosan solution in 

water, some samples were very difficult to 

make and to put in the mold. Allowed to this 

problem it was harder to remove the air 

bubbles. Some samples needed to be 

centrifuge more than once. 

As in stage I, the addition of gelatin proved to 

be an essential step in the definition of the 

samples. Higher concentrations of this 

component with greater percentages of 

glycerol in the solutions led to more rigid 

structures (Fig. 2). However it seems to be a 

maximum concentration of these components 

in the solution from which the tension became 

lower. This is possible a result of the high 

concentration of air bubbles in the medium. 

The concentration of chitosan in the solution 

seems decrease the maximum nominal stress 

achieved. This component could be important 

to the cement restrictor functions but not allows 

extra force to the samples. This can be a 

limiting step for obtaining a cement restrictor 

with the desired properties. 

 

Fig. 2 - Maximum nominal stress achieved (diameter of the 
circles) vs. concentration of glycerol (Cgl) and gelatin (Cg), 
to different levels of concentration of chitosan. Legend:     

● – Sample 1; ● – Sample 2; ● – Sample 3; ● – Sample 

4; ● – Sample 5; ● – Sample 6. 

 

The maximum nominal stress achieved by the 

samples with chitosan is lower than all the 

samples of stage I. As said before the reason 

may be the presence of chitosan, which 

change not only the viscosity of the samples 

but also its ability to withstand high pressures. 

The problem could be solved decreasing the 

concentration of chitosan and increasing the 

percentage of gelatin and glycerol in the 

solutions. 

As the values in nominal stress are lower, the 

correlation of this variable with the reduction in 

height is not linear. However an overview to 
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the results shows that, in general, higher 

nominal stress leads to higher reduction in 

height. The same result is achieved by the 

maximum nominal strain, but again this 

variable is very low to seem clearly differences 

between the samples. 

Analyzing the properties of the material, as in 

stage I the samples showed volume loss 

followed by high recover capacity of their 

height after compression. This elastic behavior 

led again to characterize the material as hyper-

elastic.   

 

3.3 Drying processes 

All the samples were made with the Plug 

model. Unlike the cylindrical samples, these do 

not break in the mechanical trials. Therefore 

was used as a reference a fixed value of 

reduction in height for all the samples.  

The best compositions in the trials with 

cylindrical shape were also reveled better 

samples in this essay.  

Room temperature was the worst drying 

process tested (Fig. 3). This can be justified by 

the existence of a layer with contaminations on 

the surface of the samples, which prevented 

drying.  

Samples with chitosan were only made for 

drying in oven and desiccator, the ones that 

presented better results in the samples of 

stage I. Lyophilizer were also one of the best 

drying processes tested, however the structure 

of the samples was more irregular and viscous.  

Refrigerator and normal proved to be very 

similar. Thus, the existence of a barrier 

between the sample and the source of low 

temperature appears to have no significant 

influence on the final value of load obtained. 

 

 

Fig. 3 – Load at a fixed value of reduction in height vs 
different drying processes for the better samples of 
stages I and II. Legend: Refirg. – refrigerator; Room T 
– room temperature; Lyoph- lyiphilezer; Desic – 
Desiccator. Solutions: - Sample 1;  - Sample 2;   - 

Sample 3; * - Sample 4. 

 

The best samples of each composition and 

dried with the best process were compared 

with C~plug
®
 (Fig. 4). It is possible to observe 

that the commercial restrictor have the more 

resistant structure. For the same value of 

reduction in height both samples of C~plug
®
 

require a higher force applied. This may be a 

result of several factors such as differences 

in concentrations and conditions of preparation 

or inadequate drying process. 

The high resistance of C~plug
® 

can also arise 

due to a coating. In the initial phase of the trial 

with the evolution of the load in order to the 

reduction in height is denoted a greater 

resistance, which could prove this fact. 

In this sense the samples should be prepared 

with some kind of coating, like a chitosan 

Normal Refrig. Room T. Lyoph. Stove Desic.

Lo
ad

 (
N

)

Drying processes
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solution bath, and not only dried after 

prepared. 

The forces of all the samples were also 

compared until a less value of reduction in 

height. Similar results were obtained, however 

the differences between the samples and 

C~plug
® 

was even greater. This may indicate 

that greater reduction in height leads to better 

results and the achieved force comes closer to 

the commercial cement restrictor. 

 

Fig. 4 – Load vs. reduction in height (R) until a fixed 
value for the best samples in each stage and the 
commercial restrictor C~plug®. Legend: ● - C~plug® 

I; ● - C~plug® II; ● – Sample 1; ●- Sample 2; ● – 

Sample 3; ● – Sample 4; 

 

The obtained results may not indicate that the 

samples are not suitable for commercial use. 

The values may probably just induce that the 

maximum force supported for the prepared 

samples will be lower than the C~plug
®
. 

However more tests should be done to support 

this theory.  

 

3.4 Biological characterization 

All samples completely degraded after 22 

hours in the PBS bath. Since the commercial 

cement restrictor C~plug
® 

also degraded in 

that period, it could be thought that the 

behavior of the samples should be the same in 

human body. So is possible to speculate that 

the cement restrictor prepared take 15 days 

until its total degradation in the human body 

(DePuy 1997). 

However to have more viable results the 

biodegradation should be done in vivo in 

animals like that rabbit or in vitro. 

 

4 Conclusions  

In the preparation of cement restrictors gelatin 

plays an essential role. Without this component 

it is not possible to achieve a solid shape. 

Glycerol is also important since is the principal 

responsible for increases the resistance of the 

samples. In this study glutaraldehyde turns the 

samples too viscous and therefore not viable. 

This reagent should be replaced by other with 

the same function or completely removed.  

The best samples were achieved with higher 

percentages of gelatin and glycerol and dried 

by a desiccator. In the mechanical trials at a 

fixed value of reduction in height C~plug
® 

achieved higher load. This number is better 

than the achieved by the best samples of stage 

I and stage II. Possibly the commercial 

restrictor have more control in the production 

than the samples made in this trials. 
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