
7

 

1 1, 
2 1 1

1 AGH AKADEMIA GÓRNICZO-HUTNICZA, 

AL. A. MICKIEWICZA 30, 30-059 KRAKÓW
2

KATEDRA NAUK PRZEDKLINICZNYCH, 
UL. CISZEWSKIEGO 8, 02-786 WARSZAWA

*E-MAIL: PDOMALIK@AGH.EDU.PL

 

-

-

-

-

-

-

-

pomimo braku dodatku w postaci antybiotyku, jednak 

TCP do matrycy polimerowej.
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 Intramedullary nails implantation carries a risk of 

a serious bone infection caused by bacteria. In this 

case traditional antibiotic therapy has many limita-

drug delivery directly to the implantation site. One 

of the ways to implement such solution is to use, on 

the surface of traditional metallic nails, degradable 

polymer coatings that enable controlled drug release. 

novel intramedullary nails entirely from degradable 

material that has been endowed with antibacterial 

the introduction of an antibiotic - gentamicin sulphate 

-

bable matrix the following modifying phases were also 

activity test was carried out using methicillin-sensitive 

strain Staphylococcus pseudintermedius. Qualitative 

and quantitative analysis of bacteria growth inhibition 

performed. It has been proven that all of the proposed 

composite materials with gentamicin addition showed 

inhibitory effect on growth and proliferation of bacteria, 

was maintained even after 12 days since the first 

 

nails also showed some antibacterial activity, despite 

lack of the antibiotic addition. However, after intro-

duction of TCP to the matrix, this action has been 

blocked.

Keywords: antibacterial activity, biodegradable com-

posites, orthopaedic implants, polylactide
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osteomyelitis

Staphylococcus [1,2].

-

-

-

-

-

-

biotykoterapii jest lokalna administracja leku na granicy 

-

-

-laktydu) modyfikowane odpowiednim antybiotykiem [4,6]. 

-

 

-

-

-

-

-

 

Implantation of a device that should ensure intramedul-

of a patient to the risk of bacterial infection due to disruption 

of tissues. In spite of preservation of all aseptic techniques 

and sterility of operating room, osteomyelitis - dangerous 

bone infection caused mainly by Staphylococcus bacte-

ria - is still a common complication of intramedullary nails 

implantation [1,2].

A standard prevention practice in the case of postopera-

tive bacterial infection is an appropriate antibiotic therapy [3]. 

infections associated with the placement of the implant in 

-

associated with injury or implantation of the intramedullary 

is a polysaccharide structure which protects the bacteria 

against the antibiotics. Therefore, the treatment of the infec-

tion in this case requires aggressive action and thus requires 

reoperation - the removal of implanted intramedullary nail 

the patient’s recovery time and the treatment cost [4-6].

-

temic antibiotic therapy is the local drug administration 

on the implant-tissue interface [6,7]. Known solution are 

beads made of polymethyl methacrylate (PMMA), being 

gentamicin carriers, but they also need to be removed after 

approximately 4-6 weeks since implantation. Biodegradable 

appropriate antibiotic are another solution [4,6]. They ensure 

controlled release of the drug directly to the implantation site. 

However, it has to be remembered that the antibacterial, 

degradable coatings are applied to the surface of traditional 

the bone union, are being removed from the patient’s bone 

medullary canal.

There are various requirements associated with the local 

drug administration. Among other things, it is a necessity 

to provide adequate drug release kinetics and thus provide 

appropriate drug doses as a function of time. It is also impo-

rtant that antibiotic is uniformly distributed on the whole 

tissue - implant contact surface [7,9].

In this perspective, Authors proposed an innovative 

solution in the form of multiphase and multi-functional, de-

gradable intramedullary nails. In previous papers [10-12], 

properties of the designed composites were discussed 

biological functions, etc.

The aim of the study was to answer the question whether 

will allow them to prevent infection development. Therefore, 

there was antibacterial activity test performed as well as 

quantitative and qualitative analysis of obtained results. 

-
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PLA - poli(L-laktyd) (IngeoTM 3051D) - NatureWorks® LLC, 

USA; 

-

-over, Niemcy [12];

P2O5) - Sigma-Aldrich; 

-

-

-

 

 

w pracach [11,12].

-

 

-

 

-

Staphylococcus pseudintermedius (MSSP, 

-

-

 

-

-

area) i obwodu (P - ang. perimeter

circularity

R - ang. aspect ratio  

-

-

go Rmax min

-

Materials used in this study for samples’ fabrication: 

PLA - poly(L-lactide) (IngeoTM 3051D) - NatureWorks® 

LLC, USA; 

MG - magnesium alloy wires (two diameters and different al-

45.7 mass % P2O5) - Sigma-Aldrich; 

Commodity Sciences and Textile Metrology, Faculty of Mate-

rial Technologies and Textile Design, Technical University 

Krakow, Poland. 

Different composites were tested:

Samples K1-K5 were fabricated by injection molding 

using Multiplas company’s injection molder, while samples 

K6-K9 were fabricated from solution. The detailed procedure 

was described in the previous papers [11,12].

The composite nails K1-K9 for testing were cut to three 

lengths: 4, 8 and 12 mm. They were then placed on sterile 

Petri dishes: the shortest fragments (4 mm) perpendicularly 

to the surface of the dish, the rest in parallel. There were 2 

to 8 fragments of each material. The Mueller-Hinton Agar 

medium (BioMérieux, France) with the addition of methicillin-

sensitive strain Staphylococcus pseudintermedius (MSSP, 

376/11): 0.01 ml bacteria suspension (density 6 according to 

McFarland) per 25 ml of medium, was poured to each dish. 

The whole was incubated at 37°C under aerobic conditions 

for 48 h. After this time, the Petri dishes were removed and 

photographic documentation was done. The samples were 

stored in the refrigerator for 8 days, then on the surface 

of the medium another inoculation was performed with 

the same strain of Staphylococcus. After that, they were 

again incubated for 48 h at 37°C under aerobic conditions. 

Quantitative and qualitative analysis of bacterial growth 

nails were performed.

Qualitative analysis was performed with the image pro-

R), as well 

as mean values and standard deviations were calculated. 

object approaches that of a circle (it is 1 for circle):

ratio of the longest Rmax to the shortest Rmin radius drew from 

Both of these values were used to describe the regulari-

P2

K1 - PLA/GS

K2 - PLA/MG

K3 - PLA/MG/GS

K4 - PLA/MG/TCP

K5 - PLA/MG/TCP/GS

K6 - PLA/CF/ALG

K7 - PLA/CF/ALG/GS

K8 - PLA/CF/ALG/TCP

K9 - PLA/CF/ALG/TCP/GS

AR =
Rmax

Rmin

K1 - PLA/GS

K2 - PLA/MG

K3 - PLA/MG/GS

K4 - PLA/MG/TCP

K5 - PLA/MG/TCP/GS

K6 - PLA/CF/ALG

K7 - PLA/CF/ALG/GS

K8 - PLA/CF/ALG/TCP

K9 - PLA/CF/ALG/TCP/GS

P2

AR =
Rmax

Rmin
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Robinson et al. -

-

Results of geometric parameters measurements of 

composite material with a distinction on samples placed 

perpendicularly and in parallel to the Petri dish surface 

areas formed around each sample allows to state that all 

the nails with antibiotic addition exhibit antibacterial activity.  

This indicates correct drug release from polylactide matrix. 

-

area, what facilitates penetration of a liquid inside the nails 

and in the same way drug removal from the volume of the 

kinetics was presented in author’s previous paper [12]. 

In the case of K7 samples (PLA/CF/ALG/GS) placed 

perpendicularly to the dish surface, large irregularity in the 

deviations resulting from it, together with increase in circular-

 

drug removal from the polymer matrix.

Both in TABLE 1 and in FIG. 1, it can be noticed that 

composite K2 (PLA/MG), despite the lack of antibiotic addi-

tion, also demonstrates the ability to inhibit bacteria growth, 

however in the limited range. Additionally, comparison of 

the K1 (PLA/GS) and K3 (PLA/MG/GS) nails which differ 

only in term of the applied reinforcement - two interwoven 

magnesium alloy wires, clearly shows that larger inhibition 

related to antibacterial activity of the magnesium alloy wires. 

Robinson et al. [14] reports that mechanism of the magne-

sium antibacterial activity is associated with local increase 

in pH values due to the metal degradation. Authors have 

shown changes in pH values caused by degradation of the 

designed nails in previous studies [11].

No
 

Sample
A [mm2] AR A [mm2] AR

K1 PLA/GS 440 (39) 1.00 (0.00) 1.05 (0.03) 996 (354) 1.24 (0.07) 1.46 (0.19)

K2 PLA/MG 197 (18) 1.00 (0.00) 1.03 (0.02) 212 (61) 1.14 (0.04) 1.41 (0.21)

K3 PLA/MG/GS 521 (24) 1.01 (0.02) 1.06 (0.04) 1197 (465) 1.11 (0.04) 1.06 (0.04)

K4 PLA/MG/TCP 11.8 (0.8) 1.00 (0.00) 1.07 (0.02)

K5 PLA/MG/TCP/GS 410 (41) 1.00 (0.00) 1.06 (0.05) 1109 (46) 1.35 (0.09) 1.58 (0.20)

K6 PLA/CF/ALG

K7 PLA/CF/ALG/GS 1098 (307) 1.15 (0.05) 1.21 (0.09) 1482 (648) 1.16 (0.05) 1.05 (0.03)

K8 PLA/CF/ALG/TCP brak danych / no data 1186 (130) 1.21 (0.08) 1.33 (0.09)

K9 PLA/CF/ALG/TCP/GS 1058 (27) 1.17 (0.02) 1.28 (0.07) 1476 (98) 1.22 (0.15) 1.29 (0.01)

R

R
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odpowiednio 197±18 mm2

11,8±0,8 mm2

-

-

-

 

Comparison of the area of bacteria growth inhibition 

alloy wires but without any antibiotic addition (K2 and 

their antibacterial activity. In perpendicular placement, 
2 

and 11.8±0.8 mm2 for the PLA/MG (K2) and PLA/MG/TCP 

(K4) samples, respectively. Similar TCP effect is visible 

in the case of the nails containing gentamicin sulfate (K3 

and K5, perpendicular placement). It can be deduced that 

introduction of the tricalcium phosphate to the polymer 

matrix, reduces antibacterial activity of the magnesium 

alloy wires. Presumably, it is related to the fact that the 

pH increase (responsible for antibacterial performance 

of MG) is not that large in the case of samples that have 

been additionally modified with ceramic particles [12].  
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-

-

uwalnianiu leku w sytuacji, gdy 

 

-

-

teryjnej w miejscu implantacji 

Formation of magnesium phosphates and as a consequence 

reduction of the amount of MgOH created during wires dis-

solution [14,15] can be responsible for such an interaction. 

TCP addition on the gentamicin release, what eliminates 

possibility of lessening of antibacterial performance due to 

its interaction with the antibiotic [12]. In the case of the nails 

TCP impact on the antibacterial activity. 

Analysis of the character of the bacteria growth inhibi-

substantial irregularity in the case of the nails placed in 

parallel to the Petri dish surface. Also comparison of the 

geometric parameters (TABLE 1) of the samples placed 

perpendicularly and in parallel to the dish surface points 

to differences in drug release from inner and outer parts of 

the nails. Samples placed in parallel have higher values of 

circularity (almost 1 for K1-K5 samples placed perpendicu-

larly; in the range of 1.11-1.35 for those placed in parallel) 

and aspect ratio (perpendicular alignment: 1.03-1.28; paral-

lel: 1.06-1.58). Even considering the fact that the samples 

placed in parallel to the dish surface were almost twice as 

big as those placed perpendicularly, one can still state that 

placed in parallel. It suggests faster release of the drug from 

the ends of the nails that expose interface, than from the 

in diffusion and drug release mechanism. At the same time, 

it points to necessity of proper impregnation of modifying 

phases and to importance of the PLA matrix in protection 

against rapid drug release. 

In the case of the K7 nails (PLA/CF/ALG/GS) migration 

of the drug from the ends of the nails is larger than for K3 

nails (PLA/MG/GS). It is suggested by higher circularity val-

ues. As it was mentioned earlier, it can be related to faster 

nails were placed perpendicularly and the alginate core was 

protected by the PLA/CF phase, bacteria growth inhibition 

earlier conclusions.

placed perpendicularly. This is particularly important, be-

cause it gives evidence of uniform drug release when the 

matrix is unimpaired.

Further studies have 

shown (TABLE 2) that the 

with gentamicin main-

tained their antibacterial 

performance even after 12 

-

lation. Also the K2 nails re-

inforced with magnesium 

alloy wires retained their 

slight ability to suppress 

bacterial growth. It should 

assure more long-term 

protection against bacte-

rial infection development 

at the intramedullary nail 

implantation site.

 

No
Sample

Surface area [mm2]
po 48 h

after 48 h
po 12 dniach
after 12 days

K2 PLA/MG 197 (18) 177 (21)  

K3 PLA/MG/GS 521 (24) 515 (53)

K4 PLA/MG/TCP 11.8 (0.8) 8.1 (0.9)

K5 PLA/MG/TCP/GS 410 (41) 464 (18)

K6 PLA/CF/ALG

K7 PLA/CF/ALG/GS 1098 (307) 1101 (277)
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-

sulfate exhibited antibacterial activity even after 12 days 

-

bacterial activity depended on the type of modifying phases. 

In the case of perpendicularly placed nails, bacteria growth 

-

lease. It has also been shown that the introduction into the 

polymer matrix magnesium alloy wires alone inhibits bacteria 

growth. Authors have however noticed that antibacterial 

activity caused by the presence of magnesium alloy wires 

is largely blocked by addition of TCP - further studies have 

to be done.

In conclusion, such biodegradable multiphase compos-

ites enhanced with antiseptic properties should be consid-

ered as a promising multifunctional material solution for 

intramedullary nails.

 


