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Materials

AbstrAct
Purpose: The fundamental aim of this paper was to determine the corrosion behavior of miniplates with the 
passive-carbon layer in in vitro and in vivo tests into account the implantation technique.
Design/methodology/approach: Corrosion resistance has been tested in the solution simulating tissue 
environments at temperature 37±1°C by recording of anodic polarization curves with the use of the 
potentiodynamic method. The VoltaLab® PGP 201 system for electrochemical tests has been applied. Chemical 
composition investigations of the adjacent tissue to the retrieved implants have been carried out with the use of 
scanning electron microscopy and energy-dispersive X-ray microanalysis (SEM-EDS)
Findings: The paper presents preoperative surface treatment and its influence on corrosion and topographical 
properties and it can be useful for implants producers to take into consideration. That kind of surface coatings 
ensure high corrosion resistance of the implants in spite of damage while load bearing and during operation 
(prebending of implants). Coatings are flexible enough and wear resistant too.
Research limitations/implications: The future research should be focused on the evaluation of new miniplate 
design and optimization of the surgical procedure.
Practical implications: On the basis of the obtained results it can be stated that miniplates made of stainless 
steel with the passive-carbon layer can be applied in maxillo-facial surgery.
Originality/value: The investigations indicate that the deformation of the surface layer does not depend on the 
resistance of implant to corrosion.
Keywords: Biomaterials; Corrosion; Mandible; Plate fixation

1. Introduction 

Nowadays, a major role in replacing or improving the 
function of every major body system (skeletal, circulatory, 
nervous, etc.), play biomaterials. Implant materials in 
general, and metallic implant materials in particular, have a 
significant economic and clinical impact in the biomaterials 
field [1÷3]. Many kinds of reconstructive medical implants 
must integrate with the surrounding tissues to restore an 

adequate function, without releasing harmful chemical 
products or significantly modifying the local electrical and 
mechanical environment. 

It is very difficult because the interface between an implanted 
biomaterial and the body is the location of a variety of dynamic 
biochemical processes and reactions. That’s why complications 
result largely as a consequence of biomaterial-tissue interactions. 
Effects of both the implants on the host tissues and the host on the 
implant are important in mediating complications and device 
failure – figure 1.
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Effect of material 
on host tissues 

Blood-material interactions 
Toxicity 
Modification of healing 
Inflammation 
Infection 
Tumorigenesis 

Effect of environment 
on materials 

Physical-mechanical effects 
Wear 
Fatigue 
Corrosion 
Stress-corrosion cracking

Biological effects 
Adsorption of tissue constituents 

           by implant 
Enzymatic degradation 
Calcification 

Local Interactions 
(at biomaterial-tissue interface) 

Systemic Interactions 
Embolization 
Hypersensitivity 
Elevation of implant 

         elements in blood 
Lymphatic particle transport 

Biomaterials-Tissue Interaction 

Device-Associated 
Complications

Thrombosis 
Infections 
Exuberant or detective healing 
Biomaterials failure 
Adverse local tissue reaction 
Adverse systemic effect 

Fig. 1. Biomaterial-tissue interactions [1] 

The biological response to biomaterials and devices is 
controlled largely by their surface chemistry and structure.  

No material implanted in living tissues is inert; all materials 
elicit response from the host tissue. The response occurs at the 
tissue-implant interface and depends upon many factors, listed 
in Table 1. 

Metals and the majority of polymers produce the most 
common response tissue to an implant - formation of a non-
adherent fibrous capsule. 

Table 1.  
Factors affecting implant-tissue interfacial response  
Tissue Side Implant Side 

type of tissue 
health of tissue 
age of tissue 
blood circulation in the tissue 
blood circulation at the 
interface 
motion at the interface 
closeness of fit 
mechanical load 

composition of the 
implant 
phases in the implant 
phase boundaries 
surface morphology 
surface porosity 
chemical reactions 
closeness of fit 
mechanical load 

The fibrous tissue is formed in order to “wall off” or isolate 
the implant from the host. It is a protective mechanism and with 
time can lead to complete encapsulation of an implant within the 
fibrous layer. There are interactions between the cells and tissues 
with biomaterials at the tissue implant interface which are almost 
exclusively surface phenomena, thus the surface properties of 
implant materials are of great importance [4,5,9].  

Austenitic stainless steels, especially type 316 L, are the most 
popular metallic implant materials because of their relative lower 
costs, reasonable corrosion resistance and appropriate mechanical  

properties [6 8,10,12,13]. During the electrochemical process of 
corrosion, metallic biomaterials can release ions, which may 
reduce the biocompatibility of the material and jeopardize the fate 
of implants. It was reported that 316 L SS orthopaedic implants 
corrode in the body environment and release iron, chromium, and 
nickel ions. What more, sometimes they are susceptible to crevice 
corrosion and pitting, when implanted for a longer period. These 
leached chromium and nickel ions are powerful allergens [3]. 
Therefore, high corrosion resistance is demanded for implants to 
obtain biocompatibility and acceptability.  

In the present work, the aim of investigations was to 
determine the quality of the application of miniplates (e.g. from 
the Martin system made of Cr-Ni-Mo) in the treatment of 
mandibular bones. At present that is considered to be one of the 
most efficient methods of facial surgery, because miniplates have 
the following advantages over other methods: the plates are small, 
flexible, easily adaptable and monocortical screws allow a rapid 
surgical application [6,11]. 

The suitability of the r.f. plasma method for depositing carbon 
films onto stainless steel medical implants has been also 
confirmed [14,15]; therefore, in order to increase the 
biocompatibility of the miniplates, its surface was refined by 
the deposition of a passive-carbon layer. 

2. Materials and methods 

2.1. Laboratory investigations 
Stainless steel is dependent on surface quality to remain 

electrochemically passive in the biologic environment. Owing to 
the implantation technique of miniplates, a deformability of the 
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passive-carbon layer was also evaluated with the use of the bend 
test. Bend angles simulating deformation corresponded to a 
possible one occurring in the case of joining the mandibular 
fracture. The next stage of the research allowed to estimate the 
quality of the deformed layers. Corrosion tests were carried out 
in Tyrod’s solution at temp. 37±1oC and pH (6,8 7,4) using the 
electrochemical research system VoltaLab 2.1. Potentiodynamic 
curves were recorded.  

Using the Atomic Force Microscopy (AFM) - a useful 
investigative tool that provides three-dimensional images of 
surface topography – has provided information on the surface 
properties, such as elasticity.  

2.2. Clinical investigations 

The aim of this part of study was to evaluate retrospectively 
the use of Martin miniplates with a passive-carbon layer for 
mandibular fractures. The clinical and radiologic data of 8 
patients with 10 single fractures and 1 patient with double 
fractures were analyzed (12 miniplates and 52 screws). Such 
factors were recorded as the mechanism of injury, time between 
injury and surgery, sex and age, temporary maxillomandibular 
fixation and its duration and also the surgical approach. The 
examinations were performed in 3, 6 and 9 months, in which 
time the status of healing and any complications were recorded. 
The investigations have been carried out at the First Chair and 
Clinic of Maxillo-Facial Surgery in Zabrze. In the case of the 
operation and adjusting of implants to the curvature of the 
mandible bone, special attention was paid to avoiding 
mechanical damage of the surface. 

In order to identify the presence and distribution of such 
elements as O, P, Ca, Na, S, K, Cr, Ni and Fe, the microanalysis 
was made in the tissue adherent to the removed miniplates and 
screws. It was carried out with  high-quality equipment - 
Hitachi scanning electron microscope, model S4200, coupled 
with an energy dispersive X-ray microanalyser with detector 
Noran Instruments model EDS Voyager. The analytical 
conditions were as follows: accelerating voltage 15 kV; and 
counting time 80 s. 

3. Results 

3.1. Laboratory investigations 

The aim of investigations concerning the corrosive 
resistance by potentiodynamic method was to determine the 
influence of bending the passive-carbon layer on the resistance 
of miniplates to pitting corrosion. These investigations have 
shown that the surface remains passive independently of the 
bending radios. A reduction of the bending radios doesn’t affect 
any changes in the corrosive resistance. 

The surface topography investigations of the carbon layer 
have showed no great differences on the surface of the 
miniplates before and after bending tests – figure 2.  

Fig. 2. The topography of the nanocrystalline carbon layer: 
a) before the bending tests, b) after the bending tests, AFM 

3.2. Clinical investigations 

The clinical usefulness of miniplates was evaluated on the 
basis of observations of the healing with the use of the 
radiologic method. No reactions were observed in the 
surrounding tissues the implant and no patient has requested 
plate removal. Furthermore, no destabilization of the fixation 
was observed. 

After the removal from the tissue all the devices were 
subjected to fractographic investigations by means of electronic 
scanning microscope and a stereomicroscope. Observations 
have proved the presence of adhesive tissue on the surface of 
the miniplates and screws – figure 3.  

After the ultrasonic removal of the adjacent tissue no 
corrosive losses could be detected.  However, mechanical 
damage – visible signs of handling (minor scratches) - were 
observed on the free surface – figure 4. 

These handling defects of few miniplates and screws could 
easily be identified by their localization and shape, and traced 
back to the intraoperative procedure, using pliers and 
screwdrivers.  

The clinical evaluation of the corrosion of miniplates in the 
domestic maxillo-facial centers fully confirmed their clinical 
usefulness.  

X-ray diffraction spectra have shown the absence of metallic 
elements (Fe, Cr, Ni, Mo) in the adherent tissue, but only the 
elements originating from the tissue (Ca, P, Na, O). 

2.2.		clinical	investigations

3.		results

3.1.		Laboratory	investigations

3.2.		clinical	investigations	
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     a) 

b)

Fig. 3. Tissue in close relation to (a) underside of screw head, (b) 
surface of miniplate after the ultrasonic removal 

Fig. 4. Handling defects of miniplates 

4. Conclusion 
The carried out investigations have shown a favourable 

influence of the applied surface coating on the corrosion 
resistance of miniplates made of Cr-Ni-Mo steel and have 
satisfied the following requirements: 

biocompatibility (hemocompatibility and histocompatibility) 
– after the removal from the tissue all the implants and bone 
screws were subjected to fractographic investigations – these 
observations have proved the presence of adhesive tissue on 
the surface of the implants; that describes the ability of the 
human body to endure the implants without destruction of the 
tissue, 
chemical stability- the material has not been degraded by 
environmental agents, 
biostability - the material has not been degraded by biological 
interactions with the body and no initiate reactions in the 
tissues surrounding an implant were observed, 
the implant/layer system has presented excellent adhesion 
excluding mechanical damage. 
The survey of miniplates and screws removed from human 

subjects revealed absence of any corrosion attack. For this reason, 
on the basis of the obtained results, it can be stated that miniplates 

made of stainless steel with a passive-carbon layer can be applied 
in maxillo-facial surgery.

References 
[1] J.R. Davis, Handbook of materials for medical devices, 

ASM International, USA, 2003. 
[2] B.D. Ratner, A.S. Hoffman, F.J. Schoen, J.E. Lemons, 

Biomaterials Science. 2nd Edition, Elsevier Academic Press, 
California-London 2004. 

[3] J. Marciniak, Biomaterials, Edit by Silesian University of 
Technology, Gliwice, 2002 (in Polish). 

[4] J.E. Davies, In vitro modeling of the bone-implant interface, 
The Anatomical Record, 245 (1996) 426-445. 

[5] D. Wallinder, J. Pan, C. Leygraf, A. Delbanc-Bauer, EIS and 
XPS study of surface modification of 316LVM stainless steel 
after passivation, Corrosion Science 41 (1999) 275 289. 

[6] I.R. Matthew, J.W. Frame, Ultrastructural analysis of metal 
particles released from stainless steel and titanium miniplate 
components in an animal model, Journal of Oral and 
Maxillofacial Surgery 56 (1998) 45-50. 

[7] J. Walczak, F. Shahgaldi, F. Heatley, In vivo corrosion of 
316L stainless-steel hip implants: morphology and 
elemental compositions of corrosion products, Biomaterials 
19 (1998) 229-237. 

[8] Z. Paszenda, J. Tyrlik-Held, J. Lel tko, Structure 
investigations of passive layer on Cr-Ni-Mo implants. 
Proceedings of the 3rd Scientific Conference on Materials, 
Mechanical and Manufacturing Engineering, Gliwice-Wis a
2005, 335-340. 

[9] W. Chrzanowski, J. Szewczenko, J. Tyrlik-Held, 
J. Marciniak, J. ak, Influence of the anodic oxidation on the 
physicochemical properties of the Ti6Al4V ELI alloy, Journal 
of Materials Processing Technology 162-163 (2005) 163-168. 

[10] A. Krauze, A. Zi bowicz, J. Marciniak, Corrosion resistance 
of intramedullary nails used in elastic osteosynthesis of 
children, The Worldwide Congress of Materials and 
Manufacturing Engineering and Technology 
COMMENT'2005, Journal of Materials Processing 
Technology  162-163 (2005) 209-214. 

[11] J. Sand, T. Laegreid, Metal release from miniplates and 
screws used as fixation devices in maxillofacial surgery, 
Plastic and Reconstructive Surgery 99(4) (1997) 955-958. 

[12] W. Kajzer, W. Chrzanowski, J. Marciniak, Corrosion 
resistance of Cr-Ni-Mo steel intended for urological stents, 
Proceedings of the 11th International Scientific Conference 
"Contemporary Achievements in Mechanics, Manufacturing 
and Materials Science” CAM3S’2005, Gliwice-Zakopane, 
2005,  444-449. 

[13] M. Kaczmarek, J. Marciniak, J. Szewczenko, A. Zi bowicz,
Plate stabilizers in elastic osteosynthesis.  Proceedings of 
the 11th International Scientific Conference "Contemporary 
Achievements in Mechanics, Manufacturing and Materials 
Science” CAM3S’2005, Gliwice-Zakopane, 2005, 436-443. 

[14] A. Lettington, Applications of diamond-like carbon thin 
films Carbon 36(5-6) (1998 ) 555-560.  

[15] R. Lappalainen, A. Anttila, H. Heinonen, Diamond coated 
total hip replacements, Clinical Orthopaedics and Related 
Research 352 1998 118-127. 

4.		conclusions

references


