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Introduction

Modularity is defined as the ability to combine
variable components of an implant in order to
accommodate clinical hip, knee, or shoulder
cases where standard monoblock designs may
not offer optimum outcomes [1]. Modular designs
have been used for decades in adult reconstruc-
tion surgery [1]. However, recent innovations,
such as a second neck-stem taper junction in hip
implants (Fig. 18.1) or multi-modular revision
implants for hip (Fig. 18.2), knees, and shoulder
cases, have been presented and favored in clini-
cal use for their advantages in facilitating the
anatomic restoration of the defective joints [2].
Intraoperative adjustment of limb length, head-
neck angle, neck-shaft version in hip and shoul-
der cases, and accurate reestablishment of joint
line in knee arthroplasties, all provide flexibility
and a variety of available options [2-6].
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However, new problems have also arisen from
the presence of additional metal interfaces.
Catastrophic fractures at the junction sites, cold,
welding, corrosion and fretting as well as the

Fig. 18.1 Neck-stem modularity. A variety of necks
facilitates leg length and joint stability
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Fig. 18.2 A modern modular revision femoral stem is
shown

clinical implications of early implant loosening,
and systemic immune reactions have been noted
[2, 7-10].

With regard to the above statements and con-
cerns, we present in this chapter up-to-date
experimental and clinical data about the use of
modular implants in hip, knee, and shoulder
arthroplasties. We show the advantages and dis-
advantages associated with their use and known
future directions.

Total Hip Replacement
Acetabular Components

Modular acetabular components have a history
of almost 30 years [1]. Although clinical reports
did not show a clear advantage of the primary
cemented modular over monoblock implants in
terms of longevity and loosening, their ability to
replace the liner without disrupting the prosthesis-
bone interface in future procedures has been a
significant evolution in implant design [1]. New
cementless metal-backed implant designs with
different surface porous coatings have been used,
showing at least an outcome equal to that of
cemented cups, while in revision cases modular
implants have outperformed monoblock-cemented
components [11-13]. The major advantage of
modular metal-backed acetabular components lies
in the option of screw placement through holes in
the metal shell [11-13]. These screws, especially
in the setting of revision surgery, provide adjunc-
tive fixation when primary scratch fit is not con-
sidered adequate. Moreover, multi-hole implants
increase screw placement options, when bone loss
and poor bone quality limit the available sites of
screw insertion [11-13]. Another potential advan-
tage of modular acetabular components is the
interchangeability of liners, according to clinical
demands [1, 14]. Standard, high-lip, high-offset,
or constraint liners can be selected on the basis of
trial reduction and tests of the stability and range
of motion. Moreover, the ability to exchange a
liner years after insertion because of excessive
wear is an occasional advantage [1, 2]. A number
of potential complications associated with the use
of modular acetabular components have also been
reported. Simple liner exchange is not always fea-
sible. Concomitant acetabular shell loosening and
damage, and insufficiency of locking mechanism
are often a problem [13, 15]. Of greater concern
is the possibility of increased polyethylene wear
at the interface of the acetabular shell and rear of
the liner, the so-called backside wear [16, 17].
Production of particulate debris due to micromo-
tion and wear may occur, and subsequent bone
lysis may be observed [16, 17]. The magnitudes
of micromotion vary among different implant
designs, ranging from 5 to 311 pm. The linear
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wear rate is estimated to range between 0.03 and
0.42 mm/year [18-21]. Other concerns are the
abrasion of polyethylene from protruding screw
heads, the cold flow of polyethylene into screw
holes, and the perforation of a congruent liner by
sharp metal components of the locking mecha-
nism [16-20]. Several predisposing factors related
to increased wear have been identified [22].
Inadequate thickness of the polyethylene, ineffec-
tive metal backing, and liner-metal surfaces incon-
gruities are the most commonly reported [19, 20,
23, 24]. Kurtz et al., using a finite analysis model,
showed that backside nonconformity and locking
restraints substantially influence relative motion
as well as load transfers at the liner-shell modular
interface [25]. With regard to the liner thickness,
it is generally recommended that current implant
designs should include a minimum thickness for
conventional polyethylene liners of 6-8 mm, with
adequate congruency, and ability to bottom out
at physiologic loads [22]. However, new ultra-
high molecular weight polyethylene and ceramic
liners show better wear resistance and confor-
mity, allowing for thinner liners to be used, and
greater sizes of ball heads to be accommodated
from smaller-diameter acetabular shells [26, 27].
Examination of retrieved specimens and labora-
tory testing suggest that improving implant design
could eliminate most of these potential problems
[16, 17, 28]. Since the shell is now appreciated
to represent a wear interface with the backside of
the liner, it should be highly conforming as well
as smooth and the surface treated, like any other
weight-bearing surface [19, 29, 30]. Hemispheric
cups have been shown to have the best confor-
mity between the shell and the liner [31, 32]. The
locking mechanism should be strong enough to
resist levering out. The force necessary for disso-
ciation of the modular liner from acetabular shell
has been reported to be extremely variable rang-
ing from 14.9 to 1,380 1b [19, 24, 30]. However,
novel liner locking mechanisms have shown effi-
cient pullout and lever-out strength (399+53 N)
(28.03+2.8 Nm) for up to ten million cycles of
loading of 5 Nm, without significant reduction in
strength, no detectable fretting wear and substan-
tial sealing [15, 19, 24, 29, 30]. Liners may also
rotate within the shell cavity without dissocia-
tion, causing impingement on the femoral neck,
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especially when high-lip liners are used [33, 34].
When the relative lack of conformity is combined
with the empty space for screw holes, the actual
surface area supported by metal varies from 25 to
75 % [35-37]. Therefore, screw holes should be as
few as possible to minimize the risk of debris gen-
eration and to give effective joint space; non-used
screw holes should be tapped before the fixation
of the liner to eliminate this problem. In revi-
sion components, making provision for adjunc-
tive screw fixation is still advisable in most cases
[35-37]. Several finite element models support the
improved stress distribution in the subchondral
bone through the metal-backed implants [22, 25,
38]. This is also confirmed by histologic analyses
of early retrieved porous-coated acetabular com-
ponents indicating that adequate bone ingrowth is
present when adjunctive fixation is utilized [22,
25, 38].

Modular Stems

Clinical Advantages
and Disadvantages

Modular implants have a number of advantages
comparing to monoblock implants. Variability in
femoral head length allows for better restoration
of limb length inequalities and femoral offset,
resulting in improvement of hip stability and hip
biomechanics (Fig. 18.3) [2]. Blaha in 2006 pre-
sented his theory of a “sweet spot” on the femur
and the need to duplicate it during reconstruction
as accurately as possible [39]. Optimum neck
height and anteversion can be achieved indepen-
dently of the femoral neck position using modu-
lar neck and head implants [39]. Moreover,
different implant materials can now be combined,
giving several options in bearing surface selec-
tion, according to the patient’s specific needs
and/or surgeon’s preferences [1, 2]. In revision
cases, in which only an acetabular component is
being replaced, modular heads can be removed
facilitating hip exposure. Intraoperative variabil-
ity and flexibility provided by choices of different
diameter stem lengths, fixation types, proximal
metaphyseal sizes, and orientation enable the
establishment of a stable hip joint [1, 22].
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Fig.18.3 Cementless femoral stem with a modular neck.
Satisfactory clinical and radiological outcome at 5 years
follow-up

Additionally, stem modularity enhances fit and
fill, provides greater initial fixation, and more
uniform stress distribution while minimizing
stress shielding, bone loss, and incidence of thigh
pain (Fig. 18.4) [1, 22]. Proponents of stem mod-
ularity believe that the modular components offer
optimal proximal metaphyseal fill and proximal
stress transfer with distal fit for initial torsional
stability [1, 22, 40—42]. Modularity potentially
provides an adequate number of proximal and
distal geometry combinations to facilitate the
achievement of maximal direct bone contact with
porous coating proximally and stem contact with
endosteal cortex distally [40—42].

However, problems with femoral stem-head
modularity had been recognized early. Dissociation
of the head, corrosion at the modular head-neck
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Fig. 18.4 Cementless modular S-ROM stem for primary
hip arthroplasty. Satisfactory clinical and radiological out-
come at 9 years follow-up

interface, and fractures at the base of the modular
trunnion have been extensively reported [43—48].
Negative effects on range of motion have also been
recognized especially whenever skirted femoral
heads are used. This is owing to the reduction of
head-neck ratio, which induces earlier impinge-
ment of the neck onto the acetabular rim, excessive
polyethylene wear, and liner dissociation [49, 50].
Head-liner mismatch is another effect of head-stem
modularity. The large available number of compo-
nent combinations increases the potential risk of
mismatch. Head-taper mismatch has also been
reported and is shown to be related to increased
micromotion and development of corrosion [51,
52]. Awareness is therefore needed when com-
bining components from different manufacturers,
which is not unusual especially in revision cases.
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Fig.18.5 Damaged head-neck junction. (a) Head, (b) neck

Mechanisms of Corrosion, Fretting,
Cracking, and Failure of Modular
Interface

Corrosion products and wear debris generated at
the head-neck (Fig. 18.5) and neck-stem inter-
faces are well documented in the current literature
[53-56]. It is generally agreed that the surface
damage seen at the head-neck taper is initiated by
fretting. Fretting has been demonstrated in 100 %
of test specimens in vitro and in over 50 % of
retrieved implants [46, 55, 56]. Fretting increases
the development of crevice and galvanic corro-
sion by disrupting the passive oxide layer of the
taper interface. Gilbert et al. tried to document
the taper corrosion processes better using metal-
lurgical sectioning techniques and scanning elec-
tron microscopy [54]. They showed that a pitting
attack on both sides of the taper interface evolves
into plunging pits. The latter ultimately develop
into cracks where the crack propagation process

is one of corrosion resulting in oxide formation
and subsequent reorganization. The oxide that
forms has a complex evolving structure includ-
ing a network of transport channels that provide
access of fluid to the crack tip. This emergent
behavior does not appear to require continued
fretting corrosion to propagate the pitting and
cracking. This mechanism is similar to stress
corrosion cracking where the crack tip stresses
arise from the oxide formation in the crack and
not externally applied tensile stresses. Rodriguez
et al. investigated the surface of hip implants with
Ti-6Al-4V/Ti-6Al-4V modular taper interfaces
and showed that an in vivo hydrogen embrittle-
ment is the mechanism of degradation in modular
connections, which results from electrochemical
reactions induced in the crevice environment of
the tapers during fretting-crevice corrosion [57].
Hardening by nitriding or nitrogen implantation
also can improve the strength and wear resistance
of the Morse taper [57].
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Several parameters are associated with corro-
sion and fretting of modular taper surfaces. The
impact of different material combinations, flex-
ural rigidity, head and neck moment arm, neck
length, and implantation time has been evaluated
[46, 56, 58]. Material combination, head offset,
and assembling conditions are reported by differ-
ent authors as independent causative factors in
fretting [59]. In single modular implants (modu-
larity at the head-neck junction), stainless steel/
cobalt-chromium and titanium/cobalt alloy cou-
plings have shown increased corrosion compared
to cobalt alloy/cobalt alloy ones. Moreover,
metal/metal junctions induce significantly higher
cobalt and chromium metal releases and fretting
compared to ceramic/metal junctions [46, 56, 58,
60]. Double modular implants (modularity at
both head-neck and neck-stem junctions) fretting
and crevice corrosion are expected to be increased
due to increased modular interfaces. Fretting and
corrosion have been shown to be common at both
head-neck junction (54 % showing corrosion;
88 % showing fretting) and stem-sleeve junction
(88 % corrosion ; 65 % fretting) in a series of 78
retrieved hip implants [53]. Metal ion and par-
ticulate debris generation is increased [53].
Titanium releases measured from titanium
(Ti6A14V) modular interfaces are extremely low.
However, titanium neck adapters show larger
micromotions than cobalt-chrome neck adapters
[61]. Neck adapters made of cobalt-chrome alloy
show significantly reduced micromotions espe-
cially in the case of contaminated cone connec-
tion. Grupp et al. demonstrated that with
cobalt-chromium neck, the micromotions can be
reduced by a factor of 3 compared to the titanium
neck [46]. The incidence of fretting corrosion
was also lessened with cobalt-chrome necks.
Modular titanium alloy neck adapters may fail
due to decreased stiffness and increased surface
micromotion and should be used with great cau-
tion on patients with an average weight over
100 kg [46].

In revision implants, distal modularity has
been associated with erosion of the shaft and
migration of the distally modular component in
some cases. This raises the concern of wear
debris and lysis originating at this interface [1].

G.C. Babis and V.I. Sakellariou

Implant geometry and neck-shaft angle also play
a significant role in fretting and corrosion at the
junction of head and neck. Higher offset is asso-
ciated with increased fretting damage. Corrosion
and fretting is higher for heads than necks.
Larger-diameter necks increase neck stiffness
and therefore could possibly reduce fretting and
corrosion of the taper interface regardless of the
alloy used. Carlson et al. showed that small-
diameter femoral stems with large offsets have an
increased risk of stem fracture [53].

Debris and Wear

Every combination of materials may generate the
production of millions of particles in the 1- to
2-pm range. The most important factor in increas-
ing the particle count is dimensional mismatch.
Roughened and nitrogen-implanted surfaces pro-
duce fewer particles, while heads larger than
10 mm produce more particles [62, 63]. It is now
agreed that metal particles may act as a third
body to accelerate polyethylene wear and subse-
quently cause bone lysis and implant loosening
[62, 63]. Corrosion products from modular head
and neck tapers increase the particulate debris in
the joint and migrate along membranes at the
bone-implant interface to sites remote from their
origin. Urban et al. showed that these particles
could also migrate to the prosthetic bearing sur-
face inducing third-body wear [64, 65]. The
increased production of polyethylene debris from
third-body wear could contribute to peripros-
thetic bone loss and aseptic loosening, with
implications for possible systemic toxicity [64,
65].

Stress Distribution and Micromotion

Stress distribution within components and the
micromotion of the interface significantly influ-
ence the function of the taper lock in the long
term [51, 61, 63]. Bending-induced gap opening
between the cone and the sleeve in double modu-
lar implants (head and neck modularity) can lead
to an inflow of biological fluids and thus acceler-
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ate implant corrosion [51, 61, 63]. Local areas of
high stress can accelerate the corrosive process
and initiate local yielding. This may lead to frac-
ture in one of the modular components, espe-
cially when high-offset necks are selected for
heavy-weighting individuals [46]. However, Chu
et al. observed that for titanium (Ti6A14V) com-
ponents, cortical bone bridging and ingrowth
occurs across the taper lock gap, which induces a
reduction in the peak stress by 45 % and in the
contact interface separation by 55 % [44]. Such
tissue formation around the taper lock joint could
also form a closed capsule to restrict the migra-
tion of wear particles and prevent bone resorp-
tion and implant loosening.

Assembling Process

Special attention should be paid during the
assembling process. If the prosthesis is cemented,
the head should be impacted with several firm
blows on the back table prior to implantation.
Forceful blows shortly after cement polymeriza-
tion can damage the implant-cement interface.
Assembly prior to insertion is therefore advisable
[66, 67]. When implanting an uncemented stem,
the head should be impacted onto the trunnion
after implantation of the stem, because the vibra-
tion of striking the implant can disrupt the lock of
the Morse taper. In either case, extreme care
should be taken to keep the interface clean, dry,
and free of any debris [67, 68]. Contaminated
surfaces exhibit significantly larger micromotion
comparing to meticulously cleaned ones. Even a
fraction of a millimeter of blood can substantially
adversely affect the taper lock and accelerate cor-
rosion and wear [61]. There are several studies
reporting on optimizing the assembling tech-
nique of modular components. Rehmer et al.
tried to assess the influence of assembly force,
assembly tool, and number of hammer strokes on
the taper junction strength of various metal com-
binations [66]. The authors showed that taper
strength linearly increased with assembly forces.
Multiple impactions did not increase taper
strength. A single impact is sufficient to achieve
fixation. Ceramic and cobalt-chromium heads
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showed similar fixation patterns on titanium
tapers. It was also suggested that impaction
forces of at least 4kN achieve sufficient head-
taper junction strength in all bearing conditions.
Pallini et al., on the other hand, tried to determine
the disassembly force and showed that blows to
the proximal end of the neck-stem coupling
should be avoided as this could compromise the
cleanliness of the head-neck modularity and
damage the bearing surfaces [68]. They also
reported that disassembly force after manual
insertion followed by the first small postopera-
tive loads imposed by the patient during walking
was as high as that obtained with hammer blows,
and therefore application of hammer blows to fix
neck-stem coupling is unnecessary. Nganbe et al.
assessed the distraction forces after in vitro
cycling in bovine serum and showed that the
neck-stem pull-off force initially increases dur-
ing cycling and reaches a maximum value of
5.704 kN at 100,000 cycles [67].

Total Knee Replacement
Tibial Inserts

The benefit of modularity in total knee arthro-
plasty implants is widely recognized and includes
the ability to fine-tune soft tissue balance and
reestablish more accurately the height of the joint
line. Modular tibial components offer a variety of
options especially for the difficult revision cases
with significant bone loss. Modular inserts pro-
vide a number of choices of thickness as well as
the degree of constraint of the articular surface.
This increases intraoperative variability, mainly
by providing the option of switching from a pos-
terior cruciate ligament — retaining (CR) to a pos-
terior stabilized (PS) insert utilizing the same
tibial baseplate. The use of modular inserts is also
useful for these cases of excessive polyethylene
wear, without implant loosening, that a simple
polyethylene insert exchange with a thicker and/
or more constrained liner could be sufficient [1].
However, modularity of tibial components has
not shown any superiority in terms of implant
survivorship comparing to non-modular implants.
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Several disadvantages of modularity have been
reported. The unintended bearing surface
between the back surface of the tibial implant and
the metallic tray results in micromotion that
increases polyethylene wear [69, 70]. The main
contributing factors include the following: insuf-
ficiency of locking mechanism, failure of thin
polyethylene modular inserts, abrasion of the
tibial spine with secondary wear, impingement of
the locking pin against the femoral component,
and corrosion between screws and the baseplate
[71]. A membrane invariably forms at this inter-
face, and concern has been expressed about the
possibility that this increases the potential for late
infection [1]. To date, there is no evidence to sup-
port this concern.

The clinical relevance of micromotion and
backside wear is now well understood. Parks
et al. investigated the anteroposterior and medio-
lateral motion between the tibial inserts and
baseplate that were measured with an extensom-
eter placed across the modular interface [72].
The authors observed hundreds of microns of
motion even under a 100 N load and variability
between implants of the same design, showing
that more efforts should be made in the improve-
ment of locking mechanisms in modular knee
implants. Engh et al. highlighted the insuffi-
ciency of the capture mechanisms of some mod-
ular fixed-bearing tibial components [73]. In this
study, a uniaxial mechanical testing machine
was used to evaluate a variety of total knee com-
ponents applying loads along the anteroposterior
and mediolateral axes of the tibial component. It
is significant that motion between the polyeth-
ylene insert and the metal baseplate increases
after a period of in vivo loading. The same study
group tried to quantify the relative motion of the
modular interface, which was measured in the
transverse plane, and correlate it to the back-
side wear that was observed. For this purpose
they used these measurements to compute the
insert motion index, which served to quantify
unrestricted motion of the insert with respect to
the baseplate. It was shown that the mean insert
motion index for the tibial components was
416 pm, ranging from 104 to 760 pm. This insert
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motion was positively correlated with backside
polyethylene wear (p=0.003) and baseplate
wear (p<0.001). Moreover, baseplate wear was
found to be strongly correlated with backside
polyethylene wear (p <0.001). Wasielewski also
observed a micromotion between 2 and 25 pm
in the shear plane relative to metal backing,
suggesting that undersurface motion may be
inevitable [74]. The author demonstrated that
forces at the modular interface, created during
physiologic loading, are influenced by the insert
type, the articular design, and the surgical tech-
nique. Increasing articular insert constraint can
increase the forces at the main articulation to
be resisted and transferred to this and the other
interfaces. Designs with a cam-post mechanism
that force rollback at a certain flexion angle cre-
ate a significant force in this shear plane. Inserts
with highly conforming articular geometries can
have a similar effect. Component alignment and
position, and ligament balance also may influ-
ence backside wear as suggested by the great
variability of wear patterns seen on similar insert
retrievals and by kinematic differences observed
in fluoroscopic studies of the same implant
design [69, 71, 75].

Several studies have found that micromotion
at the tibial tray-polyethylene interface is associ-
ated with increased risk for increased particulate
debris generation. Conditt et al. found that pit-
ting, burnishing, and measurable polyethylene
protrusions may occur on the backside of poly-
ethylene inserts [71]. Li et al. showed that the
amount of polyethylene wear found after exam-
ining 55 retrieved tibial inserts with four different
locking mechanisms was as high as 591 mg from
the inferior surface [76]. This corresponded to a
polyethylene wear rate from the backside of the
tibial insert of greater than 100 mg, which is two
to four times higher than wear rates associated
with total hip replacements. Debris from back-
side wear combined with wear from the articular
side might account for the increasing prevalence
of osteolysis since modular components have
become widely used [70]. Peters et al. reported
that the incidence of osteolysis in an uncemented
modular tibial component is 16 % [77]. Surace
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et al. found that in the anteroposterior profile of
the polyethylene insert, a concave deformation of
the back surface is developed in 96 % of the
retrieved implants they examined, using a stereo-
microscope with a digital optical system [78].
Akisue et al. reported that the backside deforma-
tion is associated with polyethylene thickness
and the type of locking mechanism [79]. This
concave deformation may facilitate accumulation
and transportation of wear debris to the tibial
bone-implant interface.

Augmentation Devices

The use of metal augmentation devices to recon-
struct femoral or tibial bone deficiencies during a
revision knee arthroplasty has been another
impetus to increase the modularity of total knee
replacement components [80-82]. Utilization of
these devices is generally faster and technically
easier when compared with the reconstructive
techniques that use autograft or allograft bone
segments [80, 83]. Metal augments are better
indicated for small- and medium-sized structural
bone defects. Metal blocks and wedges have both
been utilized. However, there is some evidence
that the block configuration is biomechanically
superior, as it distributes the load more evenly
than does wedge augmentation [5, 80, 84].
Trabecular metal augmentation has added new
treatment options for severe proximal tibial bone
defects in revision knee arthroplasty [5, 80].
Porous tantalum tibial cones provide mechanical
support for the tibial component and have the
potential for long-term biologic fixation [80, 85,
86]. The major disadvantage of adding modular
components is the potential for fretting or failure
of the interface, although these events have not
yet been reported. In order to prevent this type of
complication, most modular revision implant
designs have tried to reduce the number of modu-
lar parts to a minimum by using components that
require assembly and providing a large inventory
of one-piece integral components with wedge or
block augments incorporated into the tibial base-
plate [80].
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Stems

Modular stems add additional fixation, which is
often necessary because of bone loss in revision
knee replacement [80]. A press fit can be obtained
in the femoral and tibial canals by utilizing a
wide range of lengths, diameters, and offsets [5,
80, 87]. Options of both straight and curved
stems are also available. Hybrid type of fixation
with cementing of the articular surfaces and press
fitting of the stems in the medullary canals is usu-
ally applied. Improved results with press fitting
of stems and cementing of only the surface of the
tibia and femur have been reported [88, 89]. One
major advantage is that press-fit stems are easier
to revise when necessary, since cement does not
have to be inserted into the medullary canal of
the tibia or femur [88, 89]. Disadvantages include
increased potential for fracture of the tibial or
femoral shaft in an attempt to achieve a press fit
with large stems. Stress shielding due to the stiff-
ness of the stems may cause bone resorption of
the distal femur and proximal tibia [90, 91]. In
addition, there is an increased concern regarding
fretting corrosion and the generation of particu-
late debris from the modular connection or fail-
ure of the connection [1].

Shoulder Arthroplasty

In recent years there has been an increasing inter-
est in humeral component modularity. Modular
shoulder implants offer a wide variety of diame-
ters and sizes in both humeral and glenoid com-
ponents [92, 93]. The modularity of total shoulder
arthroplasty implants has demonstrated several
advantages compared to monoblock implants
[92, 93]. Humeral stem insertion is much easier
without the attached humeral head component.
Diameter and offset may be varied according to
the desired soft tissue tension, thus maximizing
stability and range of motion. Moreover, the gle-
noid component and the humeral head may be
revised without removal of the humeral stem, and
conversion to inverse type prosthesis can now be
done [92-94]. At the glenoid side, modularity of
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polyethylene and metal backing can also facili-
tate simple exchange of the insert without the
need to remove the metal-back component [95].
Potential disadvantages of modular shoulder
implants include instability or stiffness when the
selected humeral head is too small or too large,
respectively, corrosion and fretting at the head-
stem interface, component dissociation (head-
stem and polyethylene-metal back), and stress
shielding at the glenoid side [92, 96].

Humeral Head-Stem

Dissociation of the humeral component has been
of great concern [97, 98]. Improper taper fit
caused by contamination of the head-stem inter-
face with blood is reported as the most likely fac-
tor responsible for in vivo dissociations in types
of commercially available implants. Blevins
et al. conducted a biomechanical and implant
retrieval study investigating the effect of loading
rate, load amplitude, and the number of impac-
tions on fixation of the humeral head component
[98]. These authors demonstrated that the disso-
ciation force is linearly proportional to the
impaction force. However, repetitive loading
beyond two impactions does not significantly
increase taper strength. Chao and Kasman noted
only a 6 % increase in dissociation force after
1,000 loading cycles with a maximum sliding
distance for the shank inside the socket of 0.1 mm
[99]. The mean dissociation force after two
impactions with a mallet was 2,926 +955 N [98].
Cooper and Brems measured a mean force of
2,996 N to dissociate a retrieved Biomet humeral
component [100]. Asglan et al. reported dissocia-
tion forces in excess of 4,000 N after the loading
of an 8° included angle titanium taper [101].
Chao and Kasman reported dissociation forces of
approximately 1,300 N after an impaction force
of 2,225 N (4° included cone angle titanium
taper) [99]. It is shown that contamination of the
taper with as little as 0.4 ml of fluid could lessen
the fixation strength of the taper. Contamination
with liquid (water, oil, and blood) and solid
debris (polymerized, morselized polymethyl
methacrylate cement) may affect the fixation of
the taper [98]. With regard to the effect of the
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taper material, Blevins et al. showed that the
coefficient of friction for the cobalt-chrome-tita-
nium taper (0.7+2.5) is not statistically different
from that of the titanium tapers but does show
considerable variation (range from —8.60 to 8.06)
[98]. Regression analysis between the impaction
force and coefficient of friction for titanium-tita-
nium and cobalt-chrome-titanium tapers shows
no significant effect. However, Chao and Kasman
found that titanium tapers had a higher dissocia-
tion force than those of stainless steel [99]. This
difference between studies may be due to the
wide variation in the measured coefficients of
friction for cobalt-chrome-titanium tapers.

Metal-Backed Glenoid Components

At the glenoid side, when compared with the
cemented all-polyethylene components, the
uncemented modular metal-backed components
display lower subchondral stresses. This effect
is more pronounced during eccentric loading.
However, high polyethylene stress regions are
present at the polyethylene-metal interface in
relation to the all-polyethylene components.
This result suggests that this interface will be
the site of initial polyethylene yielding and ulti-
mately, component failure, at loads that are lower
than those necessary to cause failure in the all-
polyethylene component. In a 3D finite element
analysis model, Gupta et al. showed that, although
the indications of stress shielding and separation
of modular parts of the prosthesis are apparent,
the implant-bone interface seems less likely
to fail as compared to cemented designs [102].
Once initial fixation of the implant is achieved,
the uncemented modular design appears to have
better prospects than cemented non-modular
ones. The use of highly stiff (5 mm) metal back-
ing offers rigidity to the implant and therefore
causes reduction of stresses in the polyethylene
cup and the underlying bone. One the one hand,
stresses in the polyethylene cup are reduced by
20 % as compared to the cemented total poly-
ethylene design, thereby decreasing the risk of
polyethylene wear [102]. On the other hand, the
use of thicker metal-backing results in higher
metal-bone and polyethylene-metal interface
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stresses. These high stresses indicate potential
interface disruption, separation of the prosthe-
sis from bone, or separation of polyethylene cup
from the metal backing. A thicker polyethylene
cup (7 mm) with a thinner circular metal backing
(3 mm) might result in lower stresses in the poly-
ethylene cup as well as reduction in the weight
of the glenoid component. Stresses in polyeth-
ylene cups of thinner metal-backed designs are
also reduced when cement is used (8 %), but
these reductions are less compared to the thicker
metal-backed non-cemented cup (20 %) [102,
103]. As with modular hip and knee components,
the potential for generation of wear debris is a
concern [1]. Lysis has not been reported to date;
however, experience with these modular compo-
nents is of relatively short duration. Long-term
implications are yet to be determined.

Conclusions

The introduction of modular implants has been
revolutionary in reconstructive surgery of the
hip, knee, and shoulder. Implant modular-
ity allows for more anatomical restoration of
limb length inequalities, better implant fit and
fill, improved soft tissue tensioning, increased
stability, and better overall restoration of joint
biomechanics. It facilitates surgical exposure
in revision cases and permits the exchange
of only the parts that need to be revised, thus
preserving a patient from any additional bone
loss which may be created during well-fixed
implant removal. However, new problems
have been recognized in the presence of addi-
tional metal interfaces. Dissociation of modu-
lar parts, corrosion, fretting, cracking, and
failure of the modular interfaces have been
presented, and the mechanisms thereof have
been extensively studied. Improvements in
stress distribution and micromotion between
surfaces have been achieved through bet-
ter manufacturing and machining processes
aiming at a reduction of the wear products.
Technical features regarding the combination
of different materials and the assembling pro-
cess have also been well studied, and useful
recommendations for the everyday clinical
practice have been presented.

265

In conclusion, modularity is a significant
renovation in the field of adult reconstruction
surgery. Surgical options have been increased,
and the variety of random unexpected intraop-
erative events and problems may now be
addressed easily. Acknowledgment of the par-
ticular technical specifications and problems
related to the presence of additional modular
interfaces is of paramount importance, and
therefore, it is recommended limiting their use
where appropriate.
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