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contain well tolerated alloying components1 like Zr,
Nb, Mo and Ta (ISO 5832-14) (7, 15). 

The corrosion rate of surgical implants is kept low by
the passive layer formed when immerged in body fluids
(13, 14). The passive layer may be locally destroyed,
for instance, by mechanical fretting or by local corrosion
conditions like in pitting; it is renewed by an electro-
chemical corrosion process which releases alloying
components like Ni and Cr (Fig. 2) (10). The amount of
soluble component may vary markedly depending on
the local electrochemical conditions (see below). 

Adhesion, mechanical irritation, capsule 
formation and dead space

The adhesion of surrounding tissues onto the implant
surface (11) plays an important role in respect to
resistance to infection (Fig. 3). Without adherence me-
chanical irritation induces formation of a capsule that
encompasses a dead space (Fig. 4, Fig. 5) The capsule
diminishes the access of cells defending infection and
favors growth and the propagation of bacteria. 

In the ideal case a soft granulation tissue attaches to
the implant immediately after implantation, providing a
soft bridge from implant to moving tissue. Then the
bridging tissue stiffens and the load together with in-
creasing adherence maintains the contact and avoids
dead space. This is a situation where titanium stands out
in its support of infection resistance. Whether a tissue
adheres depends on strength of contact between tissue
and implant and on the peeling2 force applied.

BIOLOGICAL ASPECTS OF STEEL 
AND TITANIUM AS IMPLANT MATERIAL 
IN ORTHOPEDIC TRAUMA SURGERY

The following case from the ICUC database, where a
titanium plate was implanted into a flourishing infection,
represents the clinical experience leading to preferring
titanium over steel. (Fig. 1) (6).

Current opinions regarding biological aspects of im-
plant function.

The "street" opinions regarding the biological aspects
of the use of steel versus titanium as a surgical trauma
implant material differ widely. Statements of opinion
leaders range from "I do not see any difference in the
biological behavior between steel and titanium in clinical
application" to "I successfully use titanium implants in
infected areas in a situation where steel would act as
foreign body "sustaining" infection." Furthermore, some
comments imply that clinical proof for the superiority
of titanium in human application is lacking. The following
tries to clarify the issues addressing the different aspects
more through a practical clinical approach than a purely
scientific one, this includes simplifications.

Today’s overall biocompatibility of implant materials
is acceptable but: 

As the vast majority of secondary surgeries are elective
procedures this allows the selection of implant materials
with optimal infection resistance. The different biological
reactions of stainless steel and titanium are important
for this segment of clinical pathologies. Biological tole -
rance (18) depends on the toxicity and on the amount of
soluble implant material released. Release, diffusion
and washout through blood circulation determine the
local concentration of the corrosion products. Alloying
components of steel, especially nickel and chromium,
are less than optimal in respect to tissue tolerance and
allergenicity. Titanium as a pure metal provides excellent
biological tolerance (3, 4, 16). Better strength was
obtained by titanium alloys like TiAl6V4. The latter
found limited application as surgical implants. It contains
Vanadium (9). Today’s high strength titanium alloys
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1 With the exception of TiAl6V4 which contains with Vanadium (9) a toxic
element tolerated due to very small release.

2 The term peeling includes here classical peeling (pulling away) and displa-
cement along the surfaces (shear).

085_090_peren  13.4.17  12:23  Stránka 85



86/ Acta Chir Orthop Traumatol Cech. 84, 2017, No. 2 CURRENT CONCEPTS REVIEW
SOUBORNÝ REFERÁT

Different types of corrosion
When a bulk material of steel or titanium is immersed

in biological fluids the corrosion rate of both intact ma-
terials is very low due to the protection offered by the
passive layer. Once scratching destroys the passive
layer locally the two materials behave differently. Steel
is very sensitive to discontinuities in the local environment.
Fretting and/or crevices may produce a local condition

that maintains corrosion. When corrosion attack produces
a small pit the local lack of oxygen in the pit or in a
crevice may prevent passivation and the local conditions
maintain a hundred-fold rate of corrosion compared to
bulk material (Fig. 6). Titanium is not subject to similar
conditions of corrosion but the product of abrasion does
not dissolve (Fig. 7).

Fretting corrosion and abrasion
When an implant like a plate screw becomes loose

mechanical fretting conditions between plate and screws
arise. The passive layer will be repeatedly destroyed. In
this situation steel and titanium behave differently. Even
today in such a situation appreciable corrosion in steel
may result (Fig. 6). Mechanical abrasion is different; in
titanium it may form inert metallic deposits (Fig. 7).

BIOCOMPATIBILITY TESTING, OUR OWN
EXPERIENCE 

Biocompatibility testing in vitro
Tissue or bone organ cultures were used for preliminary

screening tests (3). In organ culture bone rudiments
were cultivated whereby soluble metal salts were added
to the culture medium or where small metal pins were

Fig. 1. Absent foreign body effect: Double titanium plates used for stabilization of a flourishing S. aureus infected re-osteosyn-
thesis. 17 weeks later, the wound is healed. How would the picture look after steel implantation?

Fig. 2. Scratching destroys the passive layer. Within minutes
the passive layer is rebuilt. This process releases corrosion
products. Steel and titanium differ in respect to speed of refor-
mation of the passive layer (4).

a b

Fig. 3. The importance of initial tissue adherence in respect to capsule formation and deleterious dead space around the
implant. LEFT: when the tissue does not adhere to the implant a zone of high strain produces mechanical irritation and a dense
capsule and a dead space develops. RIGHT: when the tissue adheres from beginning on the soft tissue takes deformation up in
a gradient without discontinuity, no dead space, good resistance to infection.

a b
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inserted into the bone rudiments. The length of the epi-
physis was used as a parameter of growth. (Fig. 8) 

Tissue tolerance in animals
Biological compatibility of different implant materials

has been widely tested in animals. Because mechanical
irritation through movement of the tissues in relation to
the implant surface results in cellular reaction, the shape
of the implant plays an important role (4). A small
cylindrical implant will experience mechanical irritation
while the so called "Davos implants" that meet ISO
standards provide a segment of contact which is protected
from mechanical irritation (Fig. 9.–Fig. 10).

Tissue tolerance in humans
The sampling of tissues at implant removal allows

observation of the presence of blood vessels and cells
at different distances from the implant. While the
amount of round cells is similar, all the other elements
of tissue reaction show important differences between
steel and titanium implants in favor of titanium (Fig. 11)
(16).

Allergy testing through measurement of leucocyte
migration 

It is today accepted that 25% of young female persons
react to skin contact with nickel. Allergic reac tion to
implants containing nickel are less frequent. With this
difference in mind patch testing is of limited value
when selecting an implant material. Therefore, a test
that measures systemic changes was used. The migration

Fig. 4. Dead space. LEFT: Lack of adherence results in dead space around the implant allowing bacteria to expand and the
usually thick capsule impedes the access of body reaction to the infection site. RIGHT: Good adherence of soft tissue to the
implant. In this case adherence prevents bacteria from spreading and the avoidance of capsule formation improves the access
of body defenses.

Fig. 5. Extremely strong adherence of soft tissue to c.p. tita-
nium surface. Observation with c.p. titanium, special edging.
When the soft tissues were pulled appreciable force was re-
quired and still this layer stuck to the titanium.

Fig. 6. Fretting conditions with a plate screw moving and pro-
ducing appreciable corrosion in steel, still today.

Fig. 7. Experimental production of mechanical abrasion in
vivo, producing non corroding metallic deposits in titanium.

a b
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of leucocytes reacts very sensitively to systemic immu -
nological reactions (20). The effect of corrosion
products on the migration of the blood cells was ob-
served. The so-called Leucocyte Migration Test provides
information on systemic reactions (Fig. 12) (20). 
Unfortunately, the migration test does not lend itself
to prognosis. 

Clinical observation 
The testing of leucocyte migration in a patient with a

steel implant was revealing. The patient, a medical
doctor, repeatedly reported uneasiness with the implants
used for stabilization of his malleolar fracture. Several
blood tests with steel implants in place showed suppressed
leucocyte migration. When the steel implants were re-
moved, uneasiness subsided and the migration recovered
to normal (Fig. 13) (19). We do not know of titanium 
allergy reported under conditions excluding all other 
allergens.

Fig. 8. Organ culture testing reactions to implanted metal pins. LEFT: The length of the epiphysis was used as a parameter of
growth (3). RIGHT: the results of different metal salts.

a b

Fig. 9. Testing in vivo biocompatibility using "Davos" cylinders
eliminating artefacts due to mechanical irritation. The tissue
between the grooves is stably connected and artefacts avoided
(4).

Fig. 10. The tissue reaction to steel and titanium bulk material at 1, 3 and 9 weeks observation. Mechanically stabilized
interface. Good acceptance of both as bulk materials with a low corrosion rate (4).

a b
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Fig. 11. Human biopsies from steel and titanium at different distances from the implants. The MP shows a large count in steel;
the small vessels are more prominent in titanium (16). 

a b

Fig. 12. Leucocyte migration test. LEFT control: the cells mi-
grate from the buffy coat below into the control medium; RIGHT:
in a medium containing nickel, migration is inhibited (20).

a b

Fig. 13. Leucocyte migration before and after removal of
steel implants. Suppressed migration and pain before implant
removal (20).

Fig. 14. Infection rate related to inoculum doses (CFU). The
numbers indicate the number of infected and the total number of
animals at each inoculum dose Superior result with titanium (5).

Infection
The superior infection tolerance observed with titanium

implants has been repeatedly documented in animals
(1, 5) (Fig. 14) and also in humans (16). Several surgeons
switching from steel to titanium stated that for titanium
implants implanted into infected areas the problems 
observed with steel were absent (2, 8).

Combined use of steel and titanium implants
Because of shortage of one of the materials but also to

take advantage of the different characteristics of steel
and titanium like the problem of galling mentioned
above, it may make sense to combine steel and titanium
implants, because each metal when submersed in a con-
ducting fluid (like Ringers) undergoes polarization re-
sulting in a material-specific electric resting potential.
If two different materials are submersed and electrically
connected, be it by contact or wired, the difference in
the resting potential gives rise to an electric current cor-
roding the one with the higher positive resting potential.
The electrical isolation of titanium prevents galvanic
corrosion (no current→no corrosion→no release). Rüedi
(12) as well as Wächter (17) demonstrated that steel

085_090_peren  13.4.17  12:24  Stránka 89



90/ Acta Chir Orthop Traumatol Cech. 84, 2017, No. 2 CURRENT CONCEPTS REVIEW
SOUBORNÝ REFERÁT

screws applied to titanium plates do not produce galvanic
corrosion and are tolerated as steel alone without di-
minishing the advantage of titanium biocompatibility.

CONCLUSIONS

Titanium is a biologically superior implant material,
taking advantage of its biology requires careful attention
to tissue adherence that is critical in the initial stages of
tissue-to-implant reaction. Adequate adherence avoiding
dead space formation which promotes deleterious ex-
pansion of bacteria is critical. Mechanical irritation be-
tween moving tissue and resting implant when adhesion
fails is suspected to result in formation of a dense
capsule that impedes access of mobile infection defense.
We do not expect a single improvement to resolve all
problems, but the way to an optimal implant is paved
with research contributions and careful clinical consid-
eration of an optimal balance between pros and cons.

References

1. Arens S, Schlegel U, Printzen G, Ziegler WJ, Perren SM, Hansis
M. Influence of the materials for fixation implants on local infection.
An experimental study of steel versus titanium DC-Plates in rabbits.
J Bone Joint Surg Br. 1996;78:647–651.

2. Fernandez AA. (pers. com.)
3. Gerber HW, Perren SM. Evaluation of tissue compatibility of in

vitro cultures of embryonic bone. In: Winter GD, Leray JL, de
Groot K (eds). Evaluation of biomaterials. John Wiley & Sons,
Chichester, New York, Brisbane, Toronto, Singapore, 1980, pp 307–
314.

4. Geret V, Rahn BA, Mathys R, Straumann F, Perren SM. A method
for testing tissue tolerance for improved quantitative evaluation
through reduction of relative motion at the implant-tissue interface.
In: Winter GD, Leray JL, de Groot K (eds.). Evaluation of
biomaterials. John Wiley & Sons, Chichester, New York, Brisbane,
Toronto, Singapore, 1980, pp 351–359.

5. Hauke C, Schlegel U, Melcher GA, Printzen G, Perren SM. Local
infection in relation to different implant materials. An experimental
study using stainless steel and titanium solid, unlocked, intramedullary
nails in rabbit. Orthop Trans. 1997;21:835–883.

6. ICUC® App Post series. www.icuc.net. 

7. International Standards Organization ISO 5832-14:2016 Implants
for surgery. Metallic materials. Part 14: Wrought titanium 15-mo-
lybdenum 5-zirconium 3-aluminium alloy.

8. Matter P. (pers. com.)
9. Maurer AM, Merritt K, Brown SA. Cellular uptake of titanium

and vanadium from addition of salts or fretting corrosion in vitro.
J Biomed Mater Res. 1994;28:241–246.

10. Pohler OE. Degradation of metallic orthopedic implants. In: Rubin
LR (ed.). Biomaterials in reconstructive surgery. The C V Mosby
Comp., St. Louis, Toronto, London, 1983, pp 158–228.

11. Richards RG, Qwen GR, Rahn BA, ap Gwynn I. A quantitative
method of measuring cell adhesion areas (review). Cells Mater.
1997;7:15–30.

12. Rüedi Th, Perren SM, Pohler O, Riede U. Titanium, steel and
their combination in bone surgery. Langenbecks Arch Chir.
1975;(Suppl):395–398.

13. Steinemann SG. Compatibility of titanium in soft and hard tissue
– the ultimate in osseo-integration. Proceedings Euromat 99, Mün-
chen, Vol 2, Wiley-VCH, 1999, pp 119–203.

14. Steinemann SG. Titanium – the material of choice? Periodontology.
2000;17:7–21.

15. Textor M, Sittig C, Frauchiger V, Tosatt, S, Brünette DM. Properties
and biological significance of natural oxide films on titanium and
its alloys. In: Brunette DM, Tengvall P, Textor M, Thomsen P
(eds). Titanium in medicine. Springer, Heidelberg, 2001, pp 171–
230.

16. Ungersboeck A, Geret V, Pohler 0, Schuetz M, Wuest W. Tissue
reaction to bone plates made of pure titanium: a prospective,
quantitative clinical study. J Mater Sci Mater Med. 1995;6:223–
229.

17. Wächter R, Stoll P. Can steel screws be combined with titanium
plates? Hard polishing technique and SEM in animal experiments.
Dtsch Z Mund Kiefer Gesichtschir. 1991;15:275–284.

18. Williams DF. Titanium and titanium alloys. In: Williams DF (ed).
Biocompatibility of clinical implant materials. CRC Press, Boca
Raton, 1981, pp 9–44.

19. Yamage M. (pers. com.) 1985.
20. Yamage M, Perren SM. Influences of metal salts on immune re-

sponses in vitro. In: Ducheyne P, Van der Perre G, Aubert AE
(eds). Biomaterials and biomechanics 1983. Elsevier, Amsterdam,
1984, pp 227–232.

Corresponding author:
Prof. Dr. med. Stephan M. Perren, 
founding member and scientific advisor AO Foundation
Dischmastr. 22
CH-7260 Davos, Switzerland
E-mail: sperren@bluewin.ch 

085_090_peren  13.4.17  12:24  Stránka 90



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


