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ABSTRACT

Modularity of prosthetic implants is increasingly being utilized for
the optimization and personalization of components in total hip and
knee arthroplasty. However, due to the increasing number of modular
implants being utilized, an adverse event termed trunnionosis has
gained prevalence. Trunnionosis is defined as corrosion and wear
of the taper junction in modular prostheses. It is postulated that this
corrosive wear generates metal debris, which leads to component
failure and requires revision of the prosthetic implant. The process
of trunnionosis has been extensively studied in total hip arthroplasty.
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However, few studies have examined the process of trunnionosis
in total knee arthroplasty. The aim of this review is to examine the
literature regarding trunnionosis following total knee arthroplasty.
Specifically, we aim to determine if trunnionosis following total knee
arthroplasty is a rare clinical problem, or one that deserves greater
attention.
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INTRODUCTION

Component modularity is increasingly being used in total hip
arthroplasty (THA) as it allows for patient-directed customization
of the prosthetic implant!'!. Compared to the original monobloc hip
models, customization allows the surgeon to intraoperatively adjust
head size, neck length, and anteversion with ease!'?. Specifically,
the switch from the monobloc design to a modular one allows
the surgeon to have better intraoperative control over proper hip
offset and leg length!'?. Following its success in THA, component
modularity was then utilized in total knee arthroplasty (TKA)S.
However, modular designs in TKA have always been used to a lesser
extent than inTHAM, Tt is possible that the benefits of modularity
for TKA are not as great as those for THAM®. This is supported with
prospective level I studies showing similar clinical outcomes when
modular TKA is compared to non-modular TKA!!. Thus the decision
to use the modular design or not in TKA remains at the discretion of
the surgeon and their available resources!”.

The benefit of intraoperative versatility that modularity offers the
surgeon is offset by its inherent creation of another source of metal
debris®!. The process of which has been given the term trunnionosis.
Trunnionosis is typically defined as the corrosion at the Morse taper
between the femoral head and stem™. A similar Morse taper exists
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in the modular designs of some TKA components®. This additional
junction, which was not present in the original monobloc model, is
a potential source of metal debris!"*!”, Metal debris generated at
this junction is thought to be due to fretting corrosion at the metal
on metal interface!'”. Corrosion and subsequent micro motion at
the trunnion deposits metal debris within local soft tissues®®*l. This
process has been shown to cause an adverse reaction to metal debris
(ARMD) and is associated with increased prosthetic failures!!" -3,

ARMD has been studied extensively on metal-on-metal (MoM)
bearings in THA. Many studies have shown MoM bearings to have
increased rates of wear and metal debris production!®!*!*!], Initially
this was attributed to the corrosion and wear of the MoM femoral
acetabular interface!'. This idea was based on the observation that
the femoral acetabular interface is the site of the metal debris, which
was seen in prior studies of metallosis®. However, both ARMD
and extensive metal debris deposits have been seen with metal-on-
polyethylene (MoP) prostheses as well®!'*!1*, This observation led to
the conclusion that trunnionosis may be responsible for both MoM
and MoP prosthetic failures and consequent revisions. More recently,
it has been postulated that the metal debris generated at the trunnion
may be different than the metal debris generated at the femoral
acetabular interface!. Studies have even suggested that metal debris
generated in trunnionosis is more biologically active and destructive
to the soft tissues!®'?!. Although the mechanism remains unclear,
this observation supports trunnionosis as a major cause of prosthetic
failures!'!.

Most of the literature regarding implant trunnionosis stems from
its effects in THA. Very few studies have examined trunnionosis in
TKAM, In this review we attempt to examine and compile the known
information regarding trunnionosis in TKA. Specifically, the authors
want to present the similarities and differences of trunnionosis in
THA and TKA, and determine if trunnionosis in TKA is a clinical
problem that warrants further attention or research.

METHODS

A literature search was performed using PubMed and Google
Scholar. The following terms were used in various combinations:
‘trunnionosis’, ‘taper corrosion’, ‘ARMD?’, ‘adverse reaction to metal
debris’, ‘total knee arthroplasty’, and ‘TKA’. This search yielded 54
abstracts and book chapters describing trunnionosis after total joint
replacement. Of these 54 abstracts, the authors identified 30 articles
and book chapters which were relevant for further evaluation. This
selection was based on prior reviews of trunnionosis, unique case
series, and any article describing trunnionosis in the knee. There was
no date limitation in the search.

Out of the 30 sources, 11 of them described the pathology and
clinical implications of trunnionosis in TKA. These sources included
background information pertaining to the similarities and differences
seen in trunnionosis regarding TKA and THA. These sources also
provided a few notable case reports of trunnionosis in TKA.

DISCUSSION

The Biomechanics and Bioelectrochemical Process of
Trunnionosis

The taper junction in any modular design is subjected to shear forces
and micromotion!'®'”). This motion damages two sides of the taper,
resulting in fretting of the two interfaces and potentially corrosion
if the process continues!'®. Corrosion of the taper junction may
compound the damage already done by the biomechanical factor of
fretting!'”.. The creation of corrosion products have been shown to
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be more destructive to the surrounding tissues and remaining metal,
thus potentiating the damage!'®'®!. This current understanding of
the process of trunnionosis is still limited by its relative rarity as a
complication in total joint replacement. However, this growing body
of evidence suggests that the complex interaction between fretting
and corrosion both play a role in the process of trunnionosis!'®!",

Most of what we currently understand about the process of
trunnionosis comes from retrospective studies in THAI'®!"\. To the
knowledge of the authors, the biomechanics and bioelectrochemical
process of trunnionosis in TKA samples has yet to be studied.
However, a further look into the literature suggests that trunnionosis
in TKA and THA may be similar, as select studies have suggested
similar variables are at play in both forms of trunnionosis!'*?!!. These
variables are: design and flexural rigidity of the trunnion, time in
vivo, and material of the trunnion®. The individual risk of each
variable and their pathogenesis contributing to trunnionosis is beyond
the scope of this review, but these same variables are important
considerations for both THA and TKA'*2,

Similarities of Trunnionosis between TKA and THA

It has been suggested that modular prosthetic implants in both THA
and TKA undergo trunnionosis in a similar fashion®.. In both THA
and TKA, the metallic alloys that are used and the metallic debris
that is generated in trunnionosis are very similar®. The metal debris
generated in trunnionosis has been studied in prosthetic implants
containing chromium, cobalt, or nickel alloys as these metals have
been reported to cause adverse effects in the surrounding soft
tissues!*. To our knowledge, the adverse effects of trunnionosis have
been localized to the affected joint, characteristically causing pain,
joint instability, pseudotumors, or stiffness*?'2?2, Although metal
ion levels can be elevated in the blood as these processes occur,
there have been no reported instances of systemic complications
due to trunnionosis arising from either THA or TKA!%*". However,
it is theoretically possible for systemic complications to arise from
trunnionosis based on studies seen in metallosis alone!'®. The
treatment for trunnionosis in TKA is similar to that of THA!"!. The
prosthetic removal, the soft tissue debridement for those regions
affected by ARMD, and the subsequent revision is the mainstay of
treatment!*2324,

Monitoring and detecting trunnionosis in patients with either TKA
or THA is performed in a similar fashion. The surgeon establishes
the clinical diagnosis of trunnionosis based on history, physical
exam, imaging, and serum metal ion levels*'®. No single test is
diagnostic for trunnionosis, thus the surgeon risks the possibility of
overdiagnosing this relatively rare complication for more common

U161 This overdiagnosis becomes a concern in

clinical complications
the asymptomatic patient with elevated levels of metal ions in the
blood!"?). Currently there is debate on whether or not to systematically
monitor blood levels for elevated metal ions!'>**), The long-term
benefit of this monitoring has yet to be established, but it may be
a useful method to initiate closer follow up in both THA and TKA

patients!'?,

Why trunnionosis is studied less in TKA vs THA

Trunnionosis in TKA has been studied less than that of THA due
to the prevalence of which trunnionosis occurs in each respective
groupt*?”, This is likely due to the larger role of modular designs
in THA vs TKAP?"), Whereas modularity is instrumental in both
primary and revision THA cases, modularity in TKA is often only
used for revision cases!*?*?’l. This discrepancy in primary cases
is partly due to the concern that modular TKA prostheses reduce



bone density at the tibial metaphysis!”?’\. Perhaps another reason
why trunnionosis has been neglected in TKA is due to the relative
complexity of TKA failure compared to THA failure!?**’). Whereas
THA failure is often attributed to metal debris, polyethylene wear
is more commonly cited as the cause for revisions in TKAR,
Additionally, allergic reactions to metal have been reported more
frequently in TKA than THA®-%, The propensity for revision TKA
shortly after implantation, due to allergic reactions, may have masked
a significant number of cases of trunnionosis following TKAP),

In short, the study of metal wear in TKA has largely been
neglected®’. There are simply many more examples of THA
trunnionosis to observe and collect data on. However, while this
may be true there is at least some evidence that the prevalence of
trunnionosis in TKA may be larger than currently reported™-*l. The
underreporting of trunnionosis in TKA only amplifies the growing
disparity in the literature regarding trunnionosis in TKA vs THA.

Case Reports of Trunnionosis in TKA

In a retrospective study, Arnholt CM, et al collected 52 cobalt
chromium femoral condyles following failed TKA to be examined
for the causes of failure. Index operations were performed at least
fifteen years prior to the analysis and the average patient age was
57 years. Their hypothesis was that prostheses that were in vivo
long-term would most likely show evidence of degradation or metal
debris?. The indications for total knee revisions were due to either
loosening, instability, pain, or polyethylene wear™. The study found
that 12% of the patients had evidence of ARMD and around 50%
of the examined modular implants showed corrosive damage at the
Morse Taper. Further investigation into the corrosive damage pattern
suggested that metal debris was the product of fretting and corrosion,
similar to what is seen in THA. Similarly, the discoloration observed
in the tapers was indicative of corrosive damage commonly seen
in trunnionosis with THA. These results are concerning enough
to suggest the potential long-term risk of trunnionosis in TKA.
However this study does have its limitations. For instance the initial
indications for TKA were not recorded in this study. Comorbidities
such as rheumatoid arthritis could have confounded the results.
Additionally, the study was limited to long-term TKA revisions, thus
the study is not generalizable to the short-term risk of trunnionosis in
TKA. Although these limitations exist, the results attained from this
study does warrant further investigation into the actual prevalence of
trunnionosis in TKA.

A case report by McMaster and Patel®! describes the unique
case of a 65-year-old man following modular TKA for primary
osteoarthritis. Within 20 months of the operation, he began
experiencing pain, swelling, and loss of function to the implanted
knee joint. Additionally, the patient’s labs were found to be within
normal limits except for elevated cobalt ion levels. However, the
most recent post-operative radiographs demonstrated no evidence of
osteolysis, radiolucent lines, or a change in component orientation®!l.
Due to the deterioration in the patient’s quality of life, surgical
exploration was performed. Upon surgical exploration, black metal
debris and fibrotic synovial tissue representative of ARMD was seen.
The source was found to originate from the femoral component of
the Morse Taper, signifying the process of trunnionosis as the cause
for the eventual revision. Upon further evaluation, the taper showed
apparent corrosive and fretting damage, similar to what is seen in
trunnionosis for THAP!, These intraoperative findings support the
growing evidence that trunnionosis in TKA and THA may be more
alike than they are different. Additionally, the clinical presentation
and lab findings in this patient are very similar to the numerous case
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reports of trunnionosis in THA. Although it is hard to make any
conclusions from these limited case reports, the literature regarding
trunnionosis in TKA continues to grow.

Limitations

Literature regarding trunnionosis following TKA is sparse. During
our literature search and review process, missing other examples
of trunnionosis in TKA is a possibility. This may be due to our
selection of word choices or combinations of words during the
literature search. The sources that were extracted from our search
are primarily limited to a few case reports and small case series. In
contrast, there is over three decades of case reports, reviews, and
basic science research regarding trunnionosis in THA®4. The few
sources regarding trunnionosis in TKA found on our search is a
notable reflection of this discrepancy. Although corrosion in modular
TKA has long been appreciated, only recently have we begun to
consider trunnionosis as a cause for TKA failure!. No doubt modular
components are more widely used in THA compared to TKA, and
the pool of available cases is much larger. With time we expect the
number of case reports for trunnionosis in TKA will increase and our
understanding of this parallel process will increase as well.

Another limitation is the few strong inferences that can be made
from the data collected, due to the limited sample size in our review.
It is unclear following this review whether trunnionosis is a true
clinical problem or a rare complication following TKA. The few
sources on the subject suggest the latter, but our analysis of TKA
revision cases suggests that a large number of cases are missed. One
would think trunnionosis in THA, which is already an established
clinical problem, would support trunnionosis in TKA also being
a clinical problem. However, the minimal number of case reports
cannot substantiate this claim, thus no inference can be made at this
time. Yet, the results from our review should at least increase the
awareness of this notable complication following revision TKA.

CONCLUSIONS

There are limited case reports and studies regarding trunnionosis in
TKA, thus making it difficult to assess the true clinical significance.
However, the increasing utilization of modularity in TKA will surely
provide valuable information, improving our understanding of this
clinical problem. Additional research should be conducted in order
to expand the current literature base and increase the awareness of
trunnionosis to all modular designed prosthetics.
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