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a b s t r a c t

Trunnionosis is emerging as an early mode of failure in conventional metal-on-polyethylene total hip
arthroplasty. It is defined as wear or corrosion at the trunnion, the taper at the femoral head-neck
interface. Trunnion wear can result in a variety of negative sequelae and, in severe cases, necessitate
revision arthroplasty. We describe a 64-year-old man with a metal-on-polyethylene total hip arthro-
plasty who presented with a sensation of clunking in the hip. Initial imaging and laboratory studies were
inconclusive, and the decision was made to monitor. Two years later, trunnion wear was detected on
radiographs, presenting as an abnormal alignment of the femoral neck relative to the femoral head.
Several case reports and series describe catastrophic total hip arthroplasty failure due to trunnionosis.
However, few describe the radiographic signs of wear at the trunnion before gross failure. This early
presentation is important to recognize to minimize patient morbidity and aid surgical planning.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Trunnionosis is an increasingly recognized complication of
metal-on-polyethylene total hip arthroplasty (MoP THA), with
current evidence describing it as present in up to 3% of THA re-
visions [1]. It is defined as wear and corrosion at the femoral head-
neck interface, which can lead to a myriad of negative conse-
quences, including release of metal ions, adverse local soft-tissue
reactions (ALTRs), and frank failure of the hardware [2]. The cause
of trunnionosis is multifactorial, with risk factors such as increased
patient weight and activity level, the type of hardware components
used, and the implantation method [3].

Detection of trunnion wear typically begins with clinical sus-
picion. Patients most commonly present with pain, frequently in
the hip or groin, or symptoms of hip instability [4]. Initial workup
consists of plain radiographs to rule out hardware failure, as well as
laboratory studies, including erythrocyte sedimentation rate and C-
reactive protein, to evaluate for infection [5]. Elevated serum metal
ion levels (cobalt and chromium) can support the presence of
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trunnionosis and can ultimately cause systemic toxicity [3]. ALTR is
a sequel of trunnionosis and other THA complications that result in
the release of metal ions into the body. Magnetic resonance im-
aging (MRI) is the gold standard for detection of ALTR [6]. There are
several case reports in the orthopedic literature of catastrophic
trunnion failure, but few describe the radiographic findings of
trunnion wear before gross head-neck dissociation.

Management is dependent on the clinical picture. For symptom-
atic patients with imaging or laboratory evidence of trunnion wear,
revision should be considered [2]. If the femoral stem is well fixed
and the taper damage is deemed sufficiently minimal, isolated ex-
change of only the femoral head component may be considered [5].

In this report, we describe the case of a man with a history of
indeterminate symptoms and inconclusive studies related to his
right THA, for whom the suspicion of trunnionosis and impending
trunnion failure was raised based on radiographic findings.
Informed consent for the writing and publication of this article was
obtained from the patient.
Case history

A 64-year-old obese (body mass index: 36 kg/m2) male pre-
sented for regular follow-up of his right THA. He had a primary
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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right THA in December of 2002, with revision in January 2006 for
aseptic loosening, both occurring at an outside institution. In April
2012, he had a second revision, using a Zimmer Biomet hip
replacement system including an Arcos Modular Femoral Revision
system with a titanium stem and size 40 þ 9-mm neck length
(Zimmer Biomet, Warsaw, IN) [7]. A femoral cortical strut allograft
was used because of significant osteolysis that had led to this
revision. Postoperative imaging showed proper alignment of the
femoral head-neck junctionwithout any acute complication (Fig.1).

He recovered well from his second revision until a fall in 2018,
after which he noted a clunking sensation in his right hip. He de-
nied pain or feelings of instability and reported that he was able to
complete his activities of daily living and work as a dairy farmer.
With his history of 2 revisions, the minimal impact of his symp-
toms, and the physical nature of his job, he opted for accelerated
follow-up in 6 months. At the 6-month follow-up appointment, his
symptoms had persisted, but were unchanged. An MRI was per-
formed 2 months later, which revealed a small, approximately 2
cm, nonspecific fluid collection within the right trochanteric bursa.
There was no hip joint effusion, osteolysis, or pseudotumor. Serum
metal ions were indeterminate; the chromium level was within
normal limits, and the cobalt level was slightly elevated at 1.4 mg/L
(normal �1). Based on these inconclusive study results, follow-up
in 1 year was planned.
Figure 1. Antero-posterior hip radiograph of a 64-y-old male with metal-on-
polyethylene total hip arthroplasty (THA) demonstrating symmetric positioning of
the neck within the femoral head (arrow). This routine postoperative follow-up
radiograph was obtained 2 mo after his second THA revision for aseptic loosening.
At his follow-up appointment in 2019, the patient reported that
the clunking had worsened and was now associated with a
sensation of instability. On examination, he had clear clicking with
gentle internal and external rotation of his hip. Antero-posterior
radiograph of the right hip at this visit demonstrated an
abnormal oblique angle at the femoral head-neck junction when
compared with his initial postoperative radiographs (Fig. 2). These
radiographic findings were concerning for trunnion wear.

Informed consent was obtained from the patient, and 2 weeks
later, he underwent a third revision of his right THA, revealing
marked trunnion damage, a half-thickness crevice in the femoral
neck, and a loose femoral head (Fig. 3). The degree of trunnion
erosion necessitated revision of the femoral stem, requiring
extended trochanteric osteotomy, in addition to exchange for a
ceramic femoral head. At his recent 7-month follow-up visit, hewas
noted to be ambulating well with minimal pain and without the
need for assistance.

Discussion

There are many forces applied to the femoral head-neck junc-
tion in THA, and this can create conditions for corrosion to occur [5].
Galvanic corrosion is due to the electrical potential created be-
tween 2 dissimilar metals [8]. Damage has been shown to occur at
Figure 2. Antero-posterior hip radiograph of a 64-y-old male with 2 y of clunking, and
a new-onset sensation of instability demonstrates an abnormal oblique angle between
the head-neck taper of the femoral stem (arrow) concerning for trunnion damage and
impending gross trunnion failure.



Figure 3. Explanted femoral stem demonstrating erosion of the proximal portion of
the taper and a half-thickness crevice (arrows) in the femoral neck.

Figure 4. Antero-posterior hip radiograph of a 47-y-old male (different patient than
the case report) with acute-onset right hip pain after sitting in a chair demonstrates
gross trunnion failure with complete dissociation of the femoral head from the neck at
the taper and notching of the trunnion (arrow). Black synovial fluid was aspirated from
the joint before revision surgery. This case illustrates a potential complication of
trunnion wear leading to catastrophic trunnion failure.
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higher rates in implants that use a cobalt-chromium head vs those
with a ceramic head paired with a titanium trunnion, supporting
galvanic corrosion as a contributing factor to wear at the trunnion
[9]. Trunnion corrosion levels have also been shown to be higher in
metal-on-metal implants than those in MoP implants, indicating
that the overall choice for hardware can affect this process [10]. The
primary mechanism that has been described is mechanically
assisted crevice corrosion (MACC), which occurs secondary to
micromotion destroying the superficial passivation layer, allowing
oxidation of the metal alloy beneath and acidification of the fluid
surrounding the taper [3]. A recent cohort study found the inci-
dence of MACC to be 3.2% in patients with MoP implants, rein-
forcing that MACC plays a role in the development of trunnionosis
[11]. However, this cohort received hardware from a different
manufacturer from our patient, and these results may not be
directly applicable.

Release of metal ions into the body from corrosion can lead to a
variety of soft-tissue reactions, commonly referred to as ALTR.
These reactions can include periarticular soft-tissue destruction,
including necrosis of the hip capsule and abductor muscles, and
formation of fluid collections and pseudotumors [6]. ALTR requires
targeted investigation, typically with MRI, as its presentation often
lacks radiographic findings [12]. Recognition, however, is critical as
an extended time interval between presentation and surgery is
associated with more significant soft-tissue damage [3]. It is also
noteworthy that revision procedures for those with ALTR are
associated with more serious complications due to the tissue
damage [13].

Many risk factors for trunnionosis have been described. The
largest category pertains to the hardware. Larger diameter femoral
heads (>32 mm) have recently increased in popularity. A larger
head increases the jump distance, provides for a more favorable
head-to-neck ratio, and therefore affords greater stability [4].
However, several studies have shown that a larger femoral head
increases the risk of corrosion, potentially through increased
micromotion and stress on the trunnion-taper junction [12]. This
causation is not clear though, as other studies have not found any
association of femoral head size and corrosion [2]. Certain proper-
ties of the trunnion, including increased flexibility, shorter length,
smaller diameter, and wider taper angle, have all been shown to be
associated with higher rates of trunnionosis [14]. Patient charac-
teristics also play a role, with increased body mass index, in vivo
time, and activity level all implicated in its development [4]. Finally,
implantation technique may also contribute to the development of
trunnion wear. Thorough cleaning of the trunnion and greater
impaction force at the time of head assembly are both associated
with a decreased risk of trunnionosis [15].

A wide range of signs and symptoms have been described for
trunnionosis. Most commonly patients experience hip, thigh, or
buttock pain [1]. Painless, unstable hips have also been described as
presenting signs, particularly in the setting of marked periarticular
tissue destruction [1]. Other, less common, signs include a palpable
mass secondary to pseudotumor formation, gait alterations such as
limping or Trendelenburg pattern, and unilateral leg swelling [3]. It
is also important to note that patients may be asymptomatic [12].

Laboratory studies are recommended as part of the workup.
Infection should be ruled out early on, typically beginning with an
erythrocyte sedimentation rate and C-reactive protein, followed by
joint aspiration if these values are elevated [16]. Cellular and metal
debris can alter automated cell counts, so it is necessary to obtain a
manual cell count to accurately interpret the study [1]. Joint aspi-
ration often yields black synovial fluid in the setting of trunnion
damage but may be brown, light gray, or straw colored in the
setting of head-neck taper corrosion without gross damage to the
trunnion [17]. Serum metal ions, specifically chromium (Cr) and
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cobalt (Co), are often elevated, and higher Co-Cr ratios (>5) have
been shown to be suggestive of trunnionosis specifically [3]. Exact
cutoffs for cobalt values that should prompt concern have not yet
been established for trunnionosis but have been suggested as >1.0
ng/mL for ALTR [18]. Our patient’s cobalt of 1.4 ng/mL is outside of
the normal range for our laboratory (<1.0 ng/mL) and meets sus-
picion for ALTR by Fillingham’s guidelines, supporting an under-
lying corrosive process [18]. Elevations in serum titanium have
been suggested as a possible marker of impending THA failure in
patients with titanium hardware [19]. However, clinically signifi-
cant reference ranges for titanium levels have not yet been clearly
established, and significant elevation in titanium levels have been
shown to be present up to 10 years out from initial implantation
[20,21]. Titanium levels were not checked for the patient in this
case report but may have been abnormal as the femoral component
was titanium. This also may explain why the serum Co and Cr were
not elevated.

Imaging plays a major role in the workup of possible trunnio-
nosis. Plain radiographs, both antero-posterior and cross-table
lateral views of the pelvis, are recommended as part of the initial
evaluation to assess hardware positioning and screen for alternate
diagnoses [12]. Often, actionable findings are not seen on radio-
graphs, even if corrosion is occurring [1]. MRI, aided by metal
artifact reduction sequences or 3D multispectral imaging se-
quences, is the gold standard to look for ALTR as it can provide
visualization of the tissue surrounding the implant [22]. Concern-
ing findings can include intraarticular and extraarticular fluid col-
lections, soft-tissue masses or pseduotumors, and thickening or
expansion of the synovium, all of which can indicate the presence
of ALTR [23]. Ultrasound has been shown to be an acceptable
alternative for patients that have contraindications to MRI [22].

While radiographs are consistently recommended for initial
workup, their role in detection of trunnion wear has not been well
described. Review of the literature on trunnionosis from the past
5 years revealed 10 case reports and 8 case series for a total of 73
cases described. Of these, 24 cases had no radiographic findings of
trunnionosis [17,24-28]. Almost two-third of the cases had com-
plete dissociation, gross trunnion failure, or femoral neck fracture
evident on a radiograph [17,25,26,29-39]. Figure 4 represents this
more common radiographic presentation of gross trunnion failure
seen at the same medical center as the patient in our case report.
Finally, 8 cases in the orthopedic literature had evidence of
misalignment at the femoral head-neck junction on radiograph,
similar to the case described in this report [17,25,38,40]. Interest-
ingly, one case series reported small foci of faint radiodensity
around the hip capsule, similar to early heterotopic ossification, in
half of the patients who ultimately went on to gross trunnion
failure [17].

As trunnion wear is a less common complication in THA, rec-
ommendations for when surgical revision is indicated are varied
[5]. Generally, if symptoms are present and trunnionosis or ALTR is
confirmed with imaging and laboratory studies, revision should be
considered [1]. For most cases, a well-fixed stem with minimal
trunnion corrosion can be left in place. However, if trunnion
damage is severe and its connectionwith the head will be unstable,
the entire femoral stem may need to be replaced [1]. Exchange of
the femoral head with a ceramic model is typically advised, as a
ceramic head is inert and will decrease the risk for future corrosion.
The ceramic head may be paired with a titanium adaptor sleeve to
minimize the risk of future head fracture [5].

Over the last decade, several implant designs have been
recalled because of metal-on-metal complications and modular
junction corrosion [41-43]. In 2016, specific lots of the Stryker low-
friction ion treatment anatomic cobalt chromium alloy V40
femoral head (Stryker, Kalamazoo, MI) were recalled because of
concerns for femoral head-stem dissociation and gross trunnion
failure [44].

Of note, the sequence of events cannot be determined retro-
spectively for this case. It is possible the patient’s fall resulted in
disengagement of the head, resulting in macromotion and notching
in the femoral neck. Hence, trunnionosis or MACCmay be the result
of the head disengagement rather than the cause. Regardless,
trunnion wear remains a clinically significant finding, whether it is
the cause or the effect of head disengagement, and the radiographic
findings are an important indication of impending trunnion failure.

Trunnionosis has been well documented and investigated
within the orthopedic literature, yet its inclusion in the radiology
literature has been somewhat limited, with focus primarily
centered on the role of MRI in identification of ALTR. While radio-
graphs are indicated as part of the initial workup, there are minimal
available data describing how early trunnionosis may present. Most
case reports or series describe gross failure of the trunnion neces-
sitating immediate surgical intervention. It would be beneficial for
both the patient and surgeon if trunnion damage could be recog-
nized before catastrophic failure and revision could be scheduled in
an elective, rather than urgent, manner. Our case, in addition to the
other small number of cases identified in the orthopedic literature,
is an example of a more subtle, yet concerning radiographic finding
that can facilitate intervention before the development of signifi-
cant morbidity to the patient. Surveillance for, and recognition of,
these early findings of abnormal obliquity at the femoral head-neck
taper indicating trunnion damage is important to the clinical care of
THA patients. Further investigation of the incidence of misalign-
ment, as well as other potential early radiographic signs, is needed
as this may identify patients who may require further workup with
MRI or surgical intervention.

Summary

Trunnionosis is a serious complication of THA. It can result in hip
pain and instability and, if not detected early, frank failure of the
hardware. Our patient exemplifies the challenge of diagnosing
trunnionosis. This process initially went undetected, presenting
only with vague symptoms and inconclusive signs on MRI and
laboratory studies, until finally femoral head-neck misalignment
was noted on radiograph. Awareness of how trunnion damage can
present radiographically may improve outcomes for patients and
surgeons alike.
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