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Introduction

Various types of cementless implants with rough
or porous-coated surfaces for ongrowth or
ingrowth have been used or are currently in use
and have shown satisfactory mid- and long-term
clinical results [1-4]. In no more than 60-70 % of
these surfaces, direct bone apposition has been
observed [5-8].

Trabecular metal (TMT), a three-dimensional
structure made of tantalum with interconnecting
pores throughout its volume, was developed in an
effort to maximize volumetric porosity and
improve the microenvironment for bone ingrowth
(Fig. 9.1). Unlike most contemporary implants
which are made of solid metal, trabecular metal
is a space frame with a structure that closely
resembles the structure and the mechanical prop-
erties of cancellous bone [9]. Tantalum is a rela-
tively soft metal, biologically inert and highly
resistant to corrosion and erosion. Medical
implants used over the past seven decades like
electrodes for pacemakers, femoral stems, and
dental implants have proved its safety and bio-
compatibility. Currently no data supports any
possible biological activity of tantalum micropar-
ticles and tantalum ions [10].
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Structure

Trabecular metal is a composite porous material.
Its three-dimensional frame is made of amorphous
carbon, and tantalum metal covers this substrate
by plasma-spray deposition techniques. Both the
pore size and the amount of tantalum deposition
can be regulated through the fabrication method,
and thus the mechanical properties can be altered
[9]. Typically, it is in use for orthopedic applica-
tions, its pore size ranging between 400 and
600 pm and with porosity of up to 75-85 % of its
entire volume. Porosity, pore size, and elasticity of
TMT highly resemble cancellous bone and so does
its friction coefficiency which is 4075 % higher
than conventional porous materials [9, 10, 11].

Experimental Data

Animal studies have shown rapid bone ingrowth in
TMT implants and no implant-related adverse
effects. In vitro experiments demonstrated that pre-
treated Ta and Ti plates are more resistant to bacte-
ria adhesion [12]. Miyazaki T et al. [13] reported
that bone creates a chemical bond with titanium and
tantalum plates treated with NaOH in stimulated
body fluid. They call this first layer of Ta-Bone tan-
talite. In an environment that resembles in vivo con-
ditions (stimulated body fluid, SBF), alkali-treated
Ti and TMT plates were found to induce apatite
formation and direct bonding of the metal/apatite
layer to bone. Bobyn et al. [9] have used a canine
transcortical model in order to test bone ingrowth
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Fig. 9.1 Trabecular metal
structure is shown

and implant stability. Rapid bone ingrowth was evi-
dent while 42 % of pores were found to be filled in
the 4th week, 63 % in the 16th, and 80 % in the
52nd week. In pullout tests, resistance to shearing
was significantly higher compared with porous-
coated CoCr surfaces. Bobyn et al. [14] have also
implanted 22 total hip arthroplasties with a cup
made of TMT in dogs. The interface was examined
6 months postimplantation histologically and by
electron microscopy. Bone ingrowth was evident in
all specimens ranging from 0.2 to 2 mm in depth
while the extent of the bone formation both as a per-
centage of the implant surface and in depth was
found to be comparable with wire-mesh-covered Ti
implants. Hacking et al. [15] and more recently
Reach et al. [16] studied the ingrowth of fibrous tis-
sue in TMT. They demonstrated that vascularized
fibrous tissue rapidly filled the entire volume of the
implant. The strength of the tendon-implant bone
interface was found to be 99 % of the strength of the
normal tendon attachment at 6 weeks and 140 % 12
weeks postimplantation. More interestingly, histol-
ogy revealed the formation of Sharpey-like fibers
within the TMT washers.

Retrieval Studies

Although bone ingrowth in TMT has been experi-
mentally tested and proved clinically by radio-
logical and outcome studies, data from retrieval
studies are rare. D’Angelo et al. [17] performed

a histological evaluation of bone-implant inter-
face in a human specimen removed from a
patient. Their study was based on polarized light
microscopy, and they reported 90 % of pore fill-
ing by bone. According to our own unpublished
data from a retrieved stable implant, ingrowth of
bone was complete in the first two rows of cells
(2-3 mm) while vascularized fibrous tissue was
evident beyond the second row, and in areas of the
surface that there was not bone formation. During
ingrowth, bone follows the topology of the scaffold
by attaching to the tantalum struts and then fills
the empty space of the cells. In other words, bone
attaches first to the cell boundary and then grows
further to the interior of the cell. By applying EDS
elemental analysis, we could compare the compo-
sition of new bone material within the cells of the
trabecular metal with that of the bone attached to
the surface of the cup. The bone material grown
inside the first row of cells had almost identical
composition with the attached bone verified by
similar Ca:P ratio, indicating complete densifica-
tion into hydroxyapatite. However, the composi-
tion of the bone-like material in the second row of
cells had a different composition (Fig. 9.2).

Clinical Studies

TMT has been used up today in a variety of
implants and clinical experience with some of
them exceeds one decade. Historically the first
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Fig. 9.2 Transverse
metallographic section of
Sp.3 showing attached bone
and the region of bone
ingrowth. Bone ingrowth
into open cells is shown in
A and B while ingrowth into
cells deeper in the tantalum
scaffold is shown at C

1mm

implant released for commercial use was an ace-
tabular component. This cup incorporated, besides
a TMT metal shell, a number of unique design
characteristics. The TMT cup is elliptic in shape,
designed for an interference fit at the rim of the
prepared acetabular cavity and compact with the
compression-molded polyethylene liner (steril-
ized with gamma radiation) solidly seated in the
porous tantalum cell. The Monoblock TMT cup
has a modulus of elasticity almost identical with
subchondral bone. As the cup is elliptical, periph-
eral fit may prevent the complete sitting of the cup
in the prepared acetabular cavity. As a conse-
quence, gaps at the interface of the dome have
been reported to be relatively frequent (13-32 %)
[18-21]. Gruen et al. [21] reported that 84 % of
these gaps were filled within 5 years. In our series
[18], big polar gaps did not fill entirely, but they
did not compromise the stability of the cup.
Several authors have reported satisfactory
midterm results with this construct [18-25]. We
have reported [18, 20] excellent midterm results
with this particular implant demonstrating that all
cups were radiographically stable with a follow-
up ranging between 3 and 9 years with an overall
survivorship of 98.75 %. Furthermore, in serial
radiographs, thickening of the trabeculae and
increased bone density at the periphery of the cup

Electron Image 1

as well as at the dome were observed. This was
attributed to the load transfer pattern and the elas-
ticity of the cup. Recent studies proved that
instead of stress shielding that occurs behind Ti
and CoCr cementless cups, there is increased
bone density and remodelling of the subchondral
bone with TMT cups [26, 27] (Fig. 9.3).
Trabecular metal implants have been used for
acetabular revision surgery also. An acetabular
component made of TMT with multiple screw
holes is available. The cup can be fixed in a
fashion that allows maximum contact of metal
with viable bone, and the liner can be cemented
in the desired anteversion and inclination for
joint stability. Augments are available for the fill-
ing of rim and wall deficiencies. They are secured
with screws and filled with bone graft, and the
cup is then placed and secured. It has been pro-
posed that a thin cement layer be placed between
the two implants to prevent the production of
microparticles [28, 29]. The augments support
the cup in a similar fashion with structural
allografts. The theoretical advantage is that aug-
ments allow bone ingrowth, and they are not sub-
ject to resorption and fatigue fractures as do the
structural grafts . Few studies with optimal results
have been published with revision TMT cups and
the use of augments. Although bone ingrowth
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Fig. 9.3 Implant removal
due to infection. The surface
is almost covered by bone

and healing of the pelvic discontinuity is evident
in serial radiographs, the long-term behavior of
this implant is as yet unknown [30-33].

A cementless tibia tray made of porous tanta-
lum with a compression-molded polyethylene is
also available. Clinical studies with relatively
short follow-up time demonstrate encouraging
results [34, 35]. A recent radiostereometric com-
parison of TMT versus a titanium tibia demon-
strated a higher rate of posterior tilt and migration
of the TMT tray but no loosening or revision
[36]. Recent studies also suggest that stress
shielding does not occur in the metaphyseal area
of the tibia [37, 38].

A variety of new applications and materials
are currently under development, and titanium-
made porous materials resembling TMT are
already being marketed. Trabecular bone-like
materials represent a novel approach for cement-
less metallic implants (Fig. 9.4). Experimental
data and retrievals support the fact that bone
ingrowth is both rapid and to a better extent than
traditional surfaces. Short- and midterm clinical
results of tantalum trabecular metal implants sup-
port this hypothesis. Yet, the long-term clinical

Fig. 9.4 Trabecular metal cup. Strain adaptation of
trabecular struts in zone 1 and 2 as early as in 3 years
follow-up
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performance and the significance of the unique
properties of the material described above require
further investigation and experience. Surgeons
should use TMT and other porous materials with
caution based on site and implant-specific stud-
ies, keeping in mind that TMT is still a very
promising but costly alternative for hip and knee
replacement surgery.
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