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Abstract

Background While modular femoral heads have been
used in THA for decades, a recent innovation is a second
neck-stem taper junction. Clinical advantages include
intraoperative adjustment of leg length, femoral antever-
sion, and easier revision, all providing flexibility to the
surgeon; however, there have been reports of catastrophic
fracture, cold welding, and corrosion and fretting of the
modular junction.

Questions/purposes We asked whether (1) the neck-stem
junction showed the same degradation mechanisms, if any,
as the head-neck junction, (2) the junction contributed to
THA revision, (3) the alloy affected the degree of
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degradation, and (4) the trunion machine finish affected the
degradation mechanisms.

Methods We compared 57 retrievals from seven total hip
modular designs, three cobalt-chromium-molybdenum and
four titanium based: Bionik™ (four), GMRS®™ (four),
Margron‘g‘ (22), Apex@ (five), M-series® (five), ZMR®
(two), and S-ROM® (15). Macroscopic inspection,
microscopy, and micro-CT were conducted to determine
the effects of materials and design.

Results The cobalt-chromium-molybdenum components
showed crevice corrosion and fretting of the neck-stem
taper, whereas the titanium components had less corrosion;
however, there were several cases of cold welding where
disassembly could not be achieved in theater.
Conclusions Even with modern taper designs and corro-
sion-resistant materials, corrosion, fretting, and particulate
debris were observed to a greater extent in the second neck-
stem junction. Titanium-based modular arthroplasty may
lessen the degree of degradation, but cold welding of the
components may occur.

Clinical Relevance Degradation of the second junction
contributed to 8 cases of metallosis and two cases of
aseptic lymphocyte-laminated vascular-associated lesions
contributing to revision.

Introduction

Modular THAs incorporating a double-taper (neck-head
and neck-stem) design are a recent innovation in hip
arthroplasty and have distinct advantages compared to
single neck-head taper or monolithic designs [7, 10]. The
ability to select a femoral stem and independently attach a
femoral neck allows the surgeon to accommodate clinical
cases where standard hip design with a fixed neck
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geometry and head may not give optimum stability and soft
tissue balance. Intraoperative flexibility is clearly increased
by using a modular-neck device. Clinical advantages of
modular necks include the adjustment of leg length and
offset via the head-neck taper, femoral anteversion via the
neck-stem taper, easier revision when there is no clinical
need to revise a well-fixed stem, and optimal restoration of
soft tissue tension and patient biomechanics [7]. As a
consequence of introducing a second taper junction, it
has been reported, in single-patient case studies, multiple
modular taper junctions present an additional site for
failure [1, 11, 23-26].

Numerous studies report failure mechanisms of modular
hip designs with respect to the head-neck taper, the most
common failure mechanisms being crevice corrosion and/
or fretting corrosion, particularly in devices with a titanium
alloy (Ti) stem coupled with a cobalt-chromium-molyb-
denum (Co-Cr-Mo) femoral head [5, 6, 12, 21, 24, 27]. The
advantage of adding femoral head modularity, which
facilitates revising an articulation while retaining a well-
fixed stem, has outweighed the reported failures, albeit
with some noted cases of femoral neck fracture [24].

The innovation of modular-neck THA has found a
clinical niche, where there has been a philosophical shift
from early modular prostheses of simply fitting and filling
the proximal femur to promoting the idea of restoring hip
biomechanics [7]. In doing so, the proposed advantages
include reducing the dislocation rate, reducing impinge-
ment, and better restoration of leg length and prosthesis
offset.

Several case reports have reported difficulties with
second taper junctions [1, 11, 16]. Fracture of a modular
neck was reported in a 30-year-old man who after
uncomplicated surgery fell and fractured the neck [1]. In a
comparison of modular-neck arthroplasty and resurfacing

Table 1. Devices included in the retrieval analysis

prostheses, the serum Co and Cr levels were 10 times and
2.6 times higher, respectively, in the modular-neck devices,
likely due to pitting corrosion of the taper [11]. In addition,
a previous study from our retrieval laboratory reported on
16 cases of corrosion in a double-tapered neck design [16].
There is also other evidence: eight fractured necks of a
double-tapered design reported in the US Food and Drug
Administration (FDA) adverse event database [24] and
higher revision rates in the Australian Orthopaedic Asso-
ciation Hip Registry [2].

We therefore asked whether (1) the neck-stem junction
in a retrieved modular THA device showed the same
degradation mechanisms, if any, as the head-neck junction,
(2) the junction contributed to THA revision, (3) the alloy
affected the degree of degradation, and (4) the trunion
machine finish affected the degradation mechanisms.

Materials and Methods

From our retrieval collection (n = 6700), we identified 57
retrievals of seven total hip modular designs (Bionik®™
[n = 4], GMRS®™ [n = 4], Margron®™ [n = 22], Apex® [n =
5], M=series™ [n = 5], ZMR® [n = 2], SSROM® [n = 15)])
(Table 1). The patient demographics, time in situ, and
clinical reasons for revision are summarized (Table 2).
The devices were retrieved from 33 men and 23 women
with an average implantation age of 23 months (range,
1-204 months) with all devices included in the study
regardless of time in situ, so as not to arbitrarily introduce a
cutoff time in situ and inadvertently remove devices from
the study with substantial degradation mechanisms, similar
to other studies [6, 8, 12, 16]. Mean time in situ was
19 months for the Co-Cr-Mo devices and 12 months for
the Ti devices. Inclusion of the SSROM™ data resulted in

Style Manufacturer Ti or Co-Cr-Mo Standard Head trunion Stem trunion
finish finish
Apex‘/‘ﬁ” Global Orthopaedics, Ti ISO 5832-3 Gramophone Ground
Portsmouth, UK, USA
Bionik® Eska Orthodynamics GmbH, Co-Cr-Mo ISO 5832-4 Gramophone Gramophone
Liibeck, Germany
GMRS® Stryker Corp, Mahwah, Co-Cr-Mo ISO 5832-4 Ground Ground
NJ, USA
M-series™ Exactech, Inc, Gainesville, Ti Forged Ti Ground (2/5) Ground
FL, USA Gramophone (3/5)
Margron@‘ Portland Orthopaedics, Atlanta, Co-Cr-Mo ISO 5832-4 Ground Ground
GA, USA
S-ROM® DePuy Orthopaedics, Warsaw, Ti ISO 5832-3 Ground Ground
IN, USA
ZMR® Zimmer, Inc, Warsaw, IN, USA Ti ISO 5832-3 Gramophone Ground
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Table 2. Demographic data of retrievals and reasons for revision

Style Number Average Male Female Time in Pain/loosening  Infection Periprosthetic ~Metallosis  Dislocation
age (years) situ (months)

Bionik® 4 61 0 4 20 3 0 1 2t

GMRS® 4 57 3 1 15 2 2 0 1

Margron®™ 22 60 13 9 31 6' 6 2 3 7

Apex® 5 63 4 1 8 3 0 1 1

M-series® 5 69 4 1 14 2 1 1 0 2

S-ROM® 15 65 9 6 61 7 6 0 1

ZMR"™ 2 65 1 1 17 1 1 1 0

Total 57 63* 34 23 22.5% 24 16 6 8 12

. . + . . . .
* Average of all retrievals; one case of neck retroversion; *two cases of aseptic lymphocyte-laminated vascular-associated lesions.

an average time in situ of 25 months for the Ti devices.
While the S-ROM ™ cannot strictly be considered a double-
tapered neck design, it is multicomponent and has the
longest clinical history of a modular device in our retrieval
collection and thus was added to the study to elucidate the
consequences of longer-term implantation. These devices
are distinguished by their materials: Co-Cr-Mo (Fig. 1) and
Ti alloy based (Fig. 2). The machine surface finishes of the
stem trunions and head trunions were either ground or
gramophone (Table 1).

Evaluation of the devices incorporated the following: (1)
qualitative macroanalysis of the retrieved components in
terms of degradation mechanisms [1, 6, 8, 12, 16, 21]; (2)
optical microscopy [16]; (3) micro-CT scanning of tapers
to determine taper “fit”; and (4) microstructural assess-
ment [16].

We performed macroanalysis using a stereomicroscope
(Leitz MZ10; Leitz, Wetzlar, Germany) at maximum x40
magnification. Two of the authors (AMK, ES) made
qualitative observations, including assessing the corrosion,
determining whether fretting was present, and correlating
the clinically noted cold welding with surface-surface sei-
zure. The trunions were assessed according to a
modification of a previously described four-level scoring
system [12]. That scoring system was modified to include
an additional level between no corrosion and mild corro-
sion; thus, 0 = no corrosion; 1 = corrosion present but
minimal; 2 = mild corrosion; 3 = moderate corrosion; and
4 = extensive corrosion of mating surfaces. Fretting was
assessed as present (yes) or no evidence of fretting (no). In
addition, an observational comment of mechanical move-
ment was added where it was clear the damage to the taper
resulted from the initial application of seating load to the
taper or during removal, especially in the case of the Ti
devices, which have bolts or nuts to secure the components.
This damage was observed as long scratches measuring
millimeters in length. None of the Co-Cr-Mo devices had
secondary locking mechanisms.

Further optical microscopy was possible on trunions
using reflected light microscopy (Leitz Orthoplan) as the
machined surfaces, even in the corroded state, were of
sufficiently high reflectance to render them suitable for
viewing. This was particularly important when assessing
the role of fretting in the trunions with a gramophone fin-
ish. Magnification up to x400 was used to view the
trunions.

We performed micro-CT using a Vtomex 240D CT
scanner (General Electric Phoenix X-ray; General Electric
Co, Fairfield, CT) with a 240-kV direct tube. Samples were
sectioned through the neck trunion and reassembled before
scanning in fast scan mode with the parameters being
optimized according to density, thickness, and size.
Imaging was performed using Mimics® (Materialise NV,
Leuven, Belgium). We observed both transverse, coronal
and sagittal images for possible discrepancies in the two
mating surfaces, primarily observing whether there were
gaps. Alignment of the tapers was assessed by comparing
the gap, if any, at a point of the mating surface and then
180° around (transverse view) or directly opposite (coronal
view) of the CT images. At the time of the micro-CT, no
Bionik™ stems had been sent for retrieval analysis and the

S-ROM® stems were not available; thus, we had no micro-
CT data on these stems.

Devices with substantial corrosion were sectioned, pol-
ished, and etched for reflected light microstructural
assessment (Appendix 1; supplemental materials are
available with the online version of CORR).

Results

Sixty-two percent of Co-Cr-Mo components exhibited
corrosion of the trunion, with 90% showing fretting
(Table 3). In contrast, 30% of Ti-based components
showed corrosion, with 50% showing fretting (Table 3).
Two devices had minimal corrosion (Level 1), being in situ
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Fig. 1A-1 Co-Cr-Mo  modular
devices are shown: (A) Bionik™,
(B) GMRS™, and (C) Margr0n®.
Macroscopic images are shown of
(D) the Bionik™ neck-stem trunion,
(E) the GMRS® proximal neck-
stem and distal trunion, and (F) the
Margron®  neck-stem  trunion.
Microscopic images (original mag-
nification, x10) are shown of
(G) the Bionik™ neck-stem tru-
nion, (H) the GMRS® neck-stem
trunion, and (I) the Margron®
neck-stem trunion.

for 1 month. There were six cases of cold welding, all Ti
based, where it was difficult to disengage the tapers. Sev-
enty percent of the Co-Cr-Mo head trunions showed some
sign of corrosion, with 66% of cases having a severity of 1
and 34% a severity of 2. Similarly, but to a lesser degree,
only 44% of the Ti head trunions showed corrosion. Rep-
resentative photographs of retrieved stems, necks, and
femoral heads are shown (Co-Cr-Mo: Fig. 1; Ti based:
Fig. 2).

The reasons for revision in order of importance were pain
associated with loosening, infections, dislocations, and
metallosis (Table 2). Periprosthetic fracture was also
recorded as contributing to revision in one case. Pain and
loosening are common reasons for removal in our retrieval
collection (n = 6800), yet the number of cases of metallosis
in this group is noteworthy. There were 8§ cases of metallosis,
two confirmed also to have aseptic lymphocyte-laminated

@ Springer

vascular-associated lesions (ALVALSs) for the Co-Cr-Mo
devices compared to a single case of metallosis for the
Ti-based components. Metallosis in these cases is note-
worthy as none had a metal-on-metal articulation.

We observed a greater degree of degradation of the
Co-Cr-Mo devices compared to the Ti-based devices
(Fig. 3). The mean time in situ for the Co-Cr-Mo devices
was 23 months, compared to 39 months for the Ti-based
devices; thus, comparatively there was greater degradation
(Table 4). For the Co-Cr-Mo components, there were
substantial areas of surface irregularity with associated
black debris, pits, and etch marks associated with crevice
corrosion, and most showed fretting, indicative of move-
ment at the taper junction. The striped nature of the
corrosion on the Margron™® trunions is due to there being
a relief step in the stem below the proximal contact point
(Fig. 4). For the Bionik™ trunions, corrosion was preferentially
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Fig. 2A-L Timodular devices are shown: (A) Apex®, (B) M-series™,
(©) S-ROM®,Vand (D) ZMR™. Macroscopic images are shown of
(E) the Apex® neck-stem trunion, (F) the M-series™ neck-stem
trunion, (G) the S-ROM™ collar-stem taper, and (H) the ZMR® neck-

observed at the base of each machining groove (Fig. 1D,
1G). The GMRS®™ components exhibited preferential cor-
rosion at the top of the mating trunion surfaces. In
comparison, the Ti-based components did not show
extensive corrosion along the neck mating surfaces and
was only obvious when contact with the stem occurred
(Fig. 2E-H). The average time of the S-ROM® stems in
vivo was 5 years (Table 3). Sixty percent of these stems
showed corrosion, with one stem at a severity of 4 and the
remainder at a severity of 1. All microstructures complied
with ASTM and ISO standards and were not implicated in
degradation.

stem trunion. Microscopic images (original magnification, x15) are
shown of (I) the Apex® neck-stem trunion, (J) the M-series™ neck-
stem trunion, (K) the S-ROM® stem, and (L) the ZMR® neck-stem
trunion.

Trunions for the Co-Cr-Mo devices were more severely
corroded with a gramophone finish (100% Level 4) com-
pared to the ground devices (26% Level 4) (Table 3). In
contrast, the Ti-based devices showed a greater propensity
for corrosion with the ground finish (50% Level 1) compared
to the gramophone finish (6% Level 1). All gaps between
mating surfaces of all trunions measured less than 0.05 mm
(Fig. 4A-E). We observed different taper designs with
contact over the entire mating surfaces for Co-Cr-Mo
devices, while the Ti differed by THA style, with the Apex™
and M-series™ having contact only proximally and distally
and the ZMR™ having the largest contact area (Fig. 4F).

@ Springer



1890  Kop et al.

Clinical Orthopaedics and Related Research®

Table 3. Observational results of the modular components

Style Number Average time Junction Head type Corrosion severity (number) Fretting % Cold welding
in situ (months) (number)
0 1 2 3 4 Yes No
Bionik® 4 20 Neck-head Co-Cr-Mo 2 2 67 33
Neck-stem 4 100 0
GMRS®* 4 15 Neck-head Co-Cr-Mo 3 1 0 100
Stem proximal 1 2 1 50 50
Stem distal 1 1 1 67 33
Margron‘j“ 22 31 Neck-head 21 AlLL,O3 13 7 1 1 36 64
1 Co-Cr-Mo
Neck-stem 10 4 2 2 4 55 45
Apex® 5 8 Neck-head 5 AlL,O; 0 100
Neck-stem 2 40 60 3
M-series™ 5 14 Neck-head 2 Al,O3 0 100
3 Co-Cr-Mo
Neck-stem 3 0 60 40 1
S-ROM® 15 61 Neck-head 2 AlLOs 13 2 62 48
11 Co-Cr-Mo
2 ZTA
Stem/sleeve 12 3 67 33 2
ZMR® 2 17 Neck-head 2 Co-Cr-Mo 2 0 100
Neck-stem 1 0 100

* GMRS™ has a head, proximal, and distal taper (Fig. 1); one GMRS® was revised without removing the distal trunion; ZTA = zirconia-

toughened alumina.

Fig. 3 A graph shows severity of cor-
rosion of Co-Cr-Mo and Ti devices as a
function of percentage of devices show-
ing no corrosion (severity of 0) through
to severe corrosion (severity of 4).
Time in situ for the Co-Cr-Mo and Ti
devices is depicted on the second
y axis. Despite a shorter implantation
time, a greater degree of degradation is
seen in the Co-Cr-Mo devices than in
the Ti-based devices.
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Discussion

Modular femoral heads have been in common use for
decades, with the head taper junction being widely accepted
as a standard feature of THAs. More recently, prostheses
with a double-taper modular neck have allowed operative
flexibility via on-table adjustment of anteversion and leg

@ Springer
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length [1, 11, 18]. Modularity may also reduce the likeli-
hood of postoperative dislocation by reducing neck/cup
impingement, which remains a serious clinical problem in
arthroplasty surgery [3, 5, 23]. Even so, we asked whether
(1) the degradation mechanisms of the neck-stem junction
were similar to the head-neck junction, (2) the second
junction contributed to revision, (3) the alloy type affected
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the degree of degradation, and (4) the machined finish of
the junction affected the degradation mechanisms.

There are several limitations to our study. First, all
retrieval studies are retrospective and data may come from
a small number of devices from one manufacturer; thus,
results may be biased or of limited application. In the
present study, however, seven modular styles from seven
manufacturers, in all 57 devices, were analyzed to compare

Table 4. Severity of corrosion and fretting as a function of alloy type

Alloy type Severity of corrosion Fretting
0 1 2 3 4 Yes No
Co-Cr-Mo 12 6 3 3 9 19 13
Average time 7 25 30 32 39
in situ (months)
Ti 18 9 0 0 0 13 14
Average time 38 43 0 0 0

in situ (months)

Fig. 4A-F Sagittal micro-CT
images (original magnification,
% 1.4) of the modular devices show
proximal sections through the
neck-stem junction: (A) Apex™,
(B) GMRS™, (C) M-series®,
(D) Apex®™ (higher magnification
showing gap of 0.04 mm; original
magnification, x30), (E) Marg-
ron®, and (F) ZMR™.

and contrast failure mechanisms. Second, corrosion testing
of samples taken from the retrieved devices was not con-
ducted to ascertain the propensity for surface corrosion.
Third, we did not perform in vitro testing to elucidate the
mechanism of fretting, micromotion, or corrosion peculiar
to each of the modular designs. This type of testing is
technically challenging, however, and commonly such
in vitro studies have concluded modular-junction degra-
dation is of little clinical relevance [17, 18, 22, 25], which
contrasts to the findings of this retrieval study. Finally, we
could not retrospectively collate metal ion levels, which
may indicate the degree of systemic metal exposure. In the
present case, we relied on surgeon observations at the time
of revision and in some cases tissue pathology to identify
metallosis or ALVALs. In any case, metal ion levels in
fluids (serum, blood, urine) just before revision surgery
may be of limited value if baseline measures before pri-
mary implantation or subsequently in the followup period
of a well-functioning device were not taken.

@ Springer



1892  Kop et al.

Clinical Orthopaedics and Related Research®

Table 5. Comparison of head/stem corrosion in our study with that in Goldberg et al. [12]

Study Stem material Head material Number Average time % corrosion severity
of heads in situ (months)
2 3 4
Goldberg et al. [12] Co-Cr-Mo Co-Cr-Mo 132 44 (1-156) 38 34 20 8
Current study Co-Cr-Mo Co-Cr-Mo 26 (4-103) 100
Goldberg et al. [12] Ti Co-Cr-Mo 44 (1-156) 18 4 30 12
Current study Ti Co-Cr-Mo 21 (3-204) 87 13

Our data were redistributed for comparison with Goldberg et al. [12]; thus, severity scores of 0 and 1 were combined to be equivalent to a

Goldberg score of 1.

Our findings of the neck-stem taper support those of
other studies of the head-neck taper junction (Table 5:
comparison to Goldberg et al. [12]; Table 6); furthermore,
longer implantation time has resulted in a greater degra-
dation [12, 21]. We found the severity was greater at the
neck-stem junction than at the head-neck junction. This is
not unexpected as the forces at the head-neck junction are
transferred through a spherical bearing resulting in rela-
tively low contact stresses, whereas there is eccentric
loading at the neck-stem junction, and depending on the
offset and length of the neck, these stresses can be high [7,
17, 22] (Table 6). In this regard, one case study of 5000 Ti
modular-neck prostheses reported an implant neck fracture
rate of 1.4% [7]. A further study by Atwood et al. [1] stated
there had been eight reported cases of modular-neck frac-
ture in the FDA adverse event report database since 2006.
As such, it is not unexpected to observe fretting at the
neck-stem trunion in the majority of retrieved cases
(Table 6). It is known the assembly method of modular
components can affect the resultant disassembly force;
however, loads imposed by the patient are equivalent to
hammer blows to fix the neck components [19]. It is thus
unlikely the fretting could have resulted from inadequate
location of the neck into the stem component.

In our study, three of 57 devices (5%) were primarily
revised due to the second junction, two as a consequence of
ALVALs and one due to a loose/retroverted neck in a
Margron®™ prosthesis removed at 4 months. In addition,
there were four cases (7%) of metallosis directly associated
with degradation of the second junction that contributed to
revision of the device. Several studies show degradation
products from metallic devices may have deleterious local
and systemic biologic and clinical effects over the short
and long term [13, 14, 20] (Table 6). Metal release likely
emanates from modular head-neck junctions, rather than
passive surface dissolution [14]. The additional taper
junction, subject to high stress levels, may therefore
increase metal ion and debris concentration locally and
systemically and contribute to device revision.

Ti-based devices have higher corrosion breakdown
potentials than Co-Cr-Mo devices [15], ensuring the con-
structs are more corrosion resistant, and this was reflected

@ Springer

in the retrieval data with the Co-Cr-Mo devices having a
higher degree of degradation than the Ti-based devices.
With respect to degradation and junction stability, a com-
mon feature of the retrieved Ti-based modular-neck THAs
was an additional locking mechanism for the neck-stem
junction in terms of a bolt or integrated thread and nut. In
contrast, none of the Co-Cr-Mo THA devices had such a
mechanism and relied on mechanical stability through the
design of the trunion. Such additional locking mechanisms
are not practicable for Co-Cr-Mo devices due to the
inherent limitations of the alloy. Some Co-Cr-Mo designs
incorporate an oblong taper to prevent rotating of the neck
or use cogs for additional rotational resistance [4]. Whether
such secondary locking mechanisms aid in reducing mi-
cromotion is unknown; however, our study suggests,
despite these mechanisms, fretting rates were similar when
comparing the Ti and Co-Cr-Mo THAs (Table 6). In con-
trast, the creation of a cold weld between the modular
components may be beneficial in light of the reduced
fretting and corrosion observed for Ti trunions; however,
this presents problems when revising such a device. A
recent study of S-ROM™ THAs revealed 27% of retrieved
devices could not be disassociated in theater, and while this
may prevent the production of metallic debris, a key design
feature of these devices is partial replacement in revision
surgery [8]. We also found cold welding a problem, since
we could not disassemble 22% of Ti devices without
gripping them in a bench vice and hammering them
repeatedly (Table 6). Consideration must be given in
revision surgery of Ti modular-neck devices to the possi-
bility that cold welding may be present and a well-fixed
stem may need to be revised.

We found corrosion and fretting were not confined to
either the ground finish or gramophone finish trunions. The
only implant with a turned neck finish, the Bionik™,
showed substantial corrosion in all four cases, which is
notable due to the relatively short implantation time. We
suspect the turned finish may exacerbate corrosion by cre-
ating ready-made crevices. The corrosion of the Bionik™
trunions was preferentially observed at the root of the
machined grooves, the peaks showing fretting via wear
scars running perpendicular to the turned surface. Even so,



Volume 470, Number 7, July 2012

Proximal Component Modularity in THA 1893

Table 6. Comparison of our study and other studies in the literature evaluating modular devices

Study

Study results

Our results

Goldberg et al. [1

Salvati et al. [21]

Dunbar [7]

Kretzer et al. [17]

2]

Schramm et al. [22]

Dunbar [7]

Atwood et al. [1]

Pallini et al. [19]

Modular head-neck taper

Corrosion on taper n = 231

Corrosion increases with implantation time
n =48

Corrosion correlates with implantation time

Neck stress dependent on length and offset
and relates to propensity of fretting
and corrosion

Simulation study (n = 5)

Mechanical loading of neck-stem junction
leads to higher stresses

Simulation study of three devices
Observations of fretting and corrosion

Neck fracture 1.4% (n = 5000)

n=1

Fracture of a modular hip prosthesis
Also cites FDA database from 2006

Load imposed by patient are equivalent

Figure 3 depicts implantation time
with severity of corrosion

As above

Determination of fretting at the junction
in response to higher applied stresses

As above and when compared to the lack
of fretting at the head-taper junction

As above

As above, supporting our observations
of the propensity for fretting in the joints

Again supports fretting at the junction,
which also can lead to corrosion

Premise that fretting is unlikely to occur

to hammer blows

Jacobs et al. [13] n =20

Increased concentrations of circulating metal
degradation products derived from orthopaedic

as a function of inadequate location
of the neck in theater

Linking the observed corrosion,
fretting, and particulates in our
study to a clinical consequence

implants may have deleterious biologic effects
over the long term that warrant investigation

Jacobs et al. [14] n=10

8 of 57 had metallosis including 2 ALVALs

Debris that has a deleterious biologic effect comes

from modular junctions

Patntirapong et al. [20] Laboratory study

Effect of soluble Co and Cr ions on osteoclast

differentiation and activation

Cameron [4]

S-ROM® devices (n = 22):
cold welding 27% (n = 5)

Fraitzl et al. [8]

Cites use of alternative methods to lock the taper

Relates to our study with respect to the
significance of the corrosion findings

Even with secondary locking mechanisms

(n = 27), fretting was observed (n = 15)
Ti devices (n = 27): cold welding 22% (n = 4)
S-ROM™ devices (n = 15):

cold welding 13% (n = 2)

FDA = US Food and Drug Administration; ALVAL = aseptic lymphocyte-laminated vascular-associated lesion.

extensive corrosion was also observed with the other
Co-Cr-Mo devices that had a ground finish. Even though
the analysis of micro-CT data of representative samples
showed good congruency, crevices remain that may be
subject to crevice corrosion or mechanically assisted cre-
vice corrosion in the presence of fretting. In vitro studies
described an insignificant amount of corrosion and fretting
at the modular head-stem junction [9, 22] while a similar
in vitro study of the effect of machine surface finish on
fretting and corrosion showed a negative correlation with
surface roughness but also concluded the degree of deg-
radation is “within a clinically non-critical range” [17].
These studies are in direct contrast to our study where

revision of some devices can be attributed to degradation at
the neck-stem taper junction.

Modularity may come at a cost, with the neck-stem
junction showing greater fretting and crevice corrosion
compared to the head-neck junction and as a consequence
increased metallic debris and soluble metallic ions, both
locally and systemically [13, 27]. Clinically, eight of the
retrieved devices had metallosis with two cases of ALVALSs
and one case of neck loosening/retroversion. The Co-Cr-Mo
components had a higher degree of degradation compared
to the Ti components and thus may be compromised in
modular-neck designs. Micro-CT demonstrated congruency
of trunion surfaces, although machine finish may have an
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effect on corrosion susceptibility and requires further
investigation. An important question remains as to whether
further optimization of the junction can take full advantage
of modularity without sacrificing implant performance and
long-term biocompatibility.
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