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Catastrophic Femoral Head-Stem Trunnion
Dissociation Secondary to Corrosion

Laura Matsen Ko, MD, Antonia E. Chen, MD, MBA, Gregory K. Deirmengian, MD, William J. Hozack, MD,
and Peter E. Sharkey, MD

Investigation performed at The Rothman Institute at Thomas Jefferson University Hospital, Philadelphia, Pennsylvania

Background: Modular femoral heads provide procedural enhancement by allowing accurate restoration of hip offset and
limb-length equalization. However, corrosion may lead to adverse local tissue reactions. Severe trunnion corrosion can
also lead to femoral head dissociation and catastrophic implant failure following primary total hip arthroplasty.

Methods: We describe 5 cases, from our institution, in which the femoral head became dissociated from the femoral
stem trunnion secondary to severe corrosion. Possible causes are evaluated.

Results: Demographic commonalities among the 5 patients included a body mass index (BMI) of 230 kg/m? and male
sex. All femoral heads were made of cobalt-chromium alloy and were larger-diameter implants (=36 mm). Four of the
5 patients had a femoral head that increased the neck length above the default on a so-called standard head and 3 of the
5 had a stem with a 127° neck-shaft angle.

Conclusions: Although dissociation of the femoral head from the femoral trunnion following total hip arthroplasty is
exceedingly rare, the prevalence may increase with longer follow-up. The dissociation is likely related to multiple factors,
including a BMI of >30 kg/m?2, male sex, and corrosion resulting from the use of a larger metal head with a neck length of
greater than the default and a stem with high offset. It is critical that surgeons be able to recognize this mode of implant
failure and appropriately prepare to remove the femoral component during revision surgery.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

Peer Review: This article was reviewed by the Editor-in-Chief and one Deputy Editor, and it underwent blinded review by two or more outside experts. The Deputy Editor
reviewed each revision of the article, and it underwent a final review by the Editor-in-Chief prior to publication. Final corrections and clarifications occurred during one or

more exchanges between the author(s) and copyeditors.

odular femoral heads provide procedural enhance-

l \ / I ment by allowing accurate restoration of hip offset
and limb-length equalization, and they facilitate

exposure should revision surgery be needed. However, cor-
rosion can occur at modular interfaces, such as between the
femoral head and trunnion during motion, and result in metal
debris, inducing adverse local tissue reactions. Corrosion at
modular interfaces is not well understood and is likely due to
multiple factors. These include factors related to implant de-
sign, such as trunnion-taper angular mismatch, high-offset
implants, trunnion diameter, neck angle, modular surface
contact area, and dissimilar metals; patient factors, such as a
high body mass index (BMI) or increased activity level; and
surgical factors, such as damaged modular surfaces or inap-
propriate impaction forces'™. Several authors have reported

revision arthroplasty due to corrosion and adverse local
tissue reactions™®.

Severe trunnion corrosion, or deterioration of the fem-
oral neck, can also lead to femoral head dissociation and
catastrophic and sudden implant failure following pri-
mary total hip arthroplasty. However, unlike adverse local
tissue reactions, this has been reported only rarely’. We
describe 5 cases of dissociation of the femoral head from
the trunnion secondary to severe corrosion, or loss of ma-
terial from the femoral neck. Additionally, we evaluate de-
mographic variables that place patients at higher risk for
implant failure, including sex and BMI, as well as implant
considerations. Finally, we emphasize the importance of
recognizing the need for femoral stem revision in these
situations.

Disclosure: There was no source of funding for this study. On the Disclosure of Potential Conflicts of Interest forms, which are provided with the online
version of the article, one or more of the authors checked “yes” to indicate that the author had a relevant financial relationship in the biomedical arena
outside the submitted work, including a relationship with the manufacturer of the device that is the subject of this article.
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Fig. 1

Ar?;teroposterior radiograph showing dissociation of the femoral
head from the trunnion after a left total hip arthroplasty.
Distortion of the femoral trunnion is visible. Evidence of
osteolysis is present within the greater trochanter. There is no
evidence of distal lucency or of loosening of the acetabular
component.

CATASTROPHIC FEMORAL HEAD-STEM TRUNNION DISSOCIATION
SECONDARY TO CORROSION

Case Reports
CASE 1. A 59-year-old man with a BMI of 37.5 kg/m? pre-
sented at 7 years following a total hip arthroplasty done
with a 60-mm Trident acetabular shell, a highly cross-linked
polyethylene liner, a size-40+4 cobalt-chromium head, and a
size-4.5 lateral-offset Accolade TMZF stem (Stryker Orthopae-
dics). Standard instrumentation was used to attach the metal
femoral head, which was firmly impacted with a mallet and
manually checked for adequate fixation on the trunnion. After
7 years of satisfactory function, the patient felt a sudden “pop”
in the hip with associated pain and was unable to walk. Radio-
graphs demonstrated dissociation of the femoral head from the
stem trunnion (Fig. 1).

During the revision total hip arthroplasty, clear synovial
fluid was aspirated after the surgeon opened the capsule and
was sent for culture. The femoral head was within the acetab-
ular liner, the femoral stem trunnion was dissociated from the
head, and the trunnion was severely worn (Fig. 2). There was a
small amount of dark metallic debris on the trunnion and the
stem taper. The proximal part of the femur showed moderate
osteolysis posteriorly, but the femoral stem was well fixed.
Because of the severe trunnion wear, the femoral component
was revised. There was no gross metallosis within the soft tis-
sues. The acetabular liner was noted to be fractured in the
posterior-superior region and was replaced. Multiple soft-tissue
cultures were performed, and none were positive. A modular
revision stem and a size-36+0 ceramic head were used to re-
construct the femur.

Postoperatively, the patient was immediately mobilized
with weight-bearing as tolerated and discharged home on post-
operative day 2.

Cask 2. A 63-year-old man with a BMI of 46.2 kg/m? pre-
sented to our clinic 6 years and 7 months after undergoing an
index total hip arthroplasty at an outside facility. The acetabular

Fig. 2
Severe deformation with weight-bearing and wear near the tip of the trunnion.
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SECONDARY TO CORROSION

TABLE | Patient Demographics and Surgical Data

Case 1 Case 2 Case 3 Case 4 Case 5
Date of index THA* 12/3/07 12/20/05 3/20/06 10/31/07 12/17/07
Date of revision 12/2/14 7/20/12 9/25/13 2/9/15 1/15/15
Time from index THA to revision (yr + mo) 7 6 +7 7+6 7+4 7+2
Age at revision (yr) 59 63 60 62 79
Sex Male Male Male Male Male
Height (ft + in [cm]) 6 + 3(190.5) 6 + 2(188.0) 5 +11(180.3) 6 + 0(182.9) 5 + 11 (180.3)
Weight (Ib [kg]) 300 (136.1) 360 (163.3) 217 (98.4) 240 (108.9) 182 (82.6)
BMI (kg/m?) 37.5 46.2 30 325 25.4
Stem type Accolade | Accolade | Accolade | Accolade | Accolade |
Stem size 4.5 5 2 4.5 2.5
Offset Lateral Lateral Standard Standard Lateral
Head size 40+4 36+5 36+5 40+0 36+5
Head material CoCr CoCr CoCr CoCr CoCr
Cup type Trident 60 Trident 56 Trident 54 Trident 62 Trident 56
*THA = total hip arthroplasty.

and femoral components were of the same design as those used in
Case 1 but with a size-36+5 head. The patient had been doing
well until he felt a pop in the hip, after which he used narcotics for
pain and crutches for walking for 2 months. He then presented to
our clinic. Radiographs demonstrated dissociation of the femoral
head from the trunnion.

During the revision total hip arthroplasty, gross metal-
losis was encountered after opening of the capsule. The femoral
head had disengaged from the trunnion, and the trunnion was
severely damaged and could not support a new femoral head.
The stem was well fixed, and extensive burring was required to
remove the femoral component from the bone. The cup was
exposed and noted to be stable, and a fresh acetabular liner was
placed. Multiple soft-tissue cultures were performed, none of
which were positive. A modular revision stem and a size-36+5
ceramic head were used to reconstruct the femur.

Postoperatively, the patient was immediately mobilized
with weight-bearing as tolerated. He was discharged home on
postoperative day 2. Motor and sensory sciatic neuropathy
affecting the common peroneal branch recurred after the
revision. It was managed with a brace, and there was little
improvement at the 2-year follow-up examination.

Cast 3. A 60-year-old man with a BMI of 30 kg/m?
presented with severe hip pain and difficulty walking 7.5 years
after a total hip arthroplasty. The arthroplasty had been done
with components of the same design as used in Cases 1 and 2,
with a shell size of 54 mm, a size-36+5 head, and a standard
offset stem. The femoral head fixation had been manually
checked after firm impaction with a head impactor. Radio-
graphs made at 7.5 years confirmed dissociation of the fem-
oral head.

During revision total hip arthroplasty, black corrosion
material, consistent with metal wear debris, extruded after the

capsule was opened. The head was separated from the trun-
nion, with severe trunnion damage. The acetabular component
was exposed first, and the polyethylene was removed. The cup
was deemed to be in an appropriate position, and thus a new
liner was impacted into place. Because of the trunnion damage,
it was necessary to remove the femoral component, which re-
quired an extended femoral trochanteric osteotomy. A modular
revision stem and a size-36+2.5 ceramic head were used to
reconstruct the femur.

Postoperatively, the patient was immediately mobilized with
protected weight-bearing and discharged home on postoperative
day 2. He was doing well at the time of follow-up 1.5 years
postoperatively.

Cast 4. A 62-year-old man with a BMI of 32.5 kg/m? pre-
sented 7 years and 4 months after the index total hip arthroplasty,
which had been done with components of the same design as in
the previous cases. This patient had a 62-mm shell, a size 40+0
head, and a standard offset stem. The head initially had been
firmly attached to the trunnion, as per the senior surgeon’s usual
protocol. The patient had difficulty walking, rising from a chair,
and getting in and out of an automobile. Radiographs demon-
strated gross trunnion failure.

On opening of the capsule at the revision total hip ar-
throplasty, it was evident that the femoral trunnion had com-
pletely worn down and the femoral head had dislodged from
the trunnion. There was black staining throughout the tissues.
The acetabulum was first exposed, and the liner was removed.
The cup was noted to be stable and well positioned, and thus
was left in place. A new liner was placed. The femoral com-
ponent was then exposed and, given that it was well fixed, we
proceeded with an extended trochanteric osteotomy to re-
move it. A modular revision stem and a size-36+5 ceramic
head were used to reconstruct the femur.
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Postoperatively, the patient was immediately mobilized
with protected weight-bearing and discharged home on post-
operative day 2.

Cast 5. A 79-year-old man with a BMI of 25.4 kg/m? pre-
sented to our clinic 7 years following an index total hip arthro-
plasty with components of the same design as used in the other
4 cases. In this patient, a 56-mm shell, a size-36+5 head, and a
lateral offset stem were used. The patient was doing well until
2 weeks prior to presentation, at which time clinical examina-
tion and radiographs confirmed failure of the index arthro-
plasty, with femoral head dissociation. The patient underwent
revision surgery at an outside facility and we were unable to
obtain the operative notes for that procedure, but the case is
included because of the similarity in the pattern of catastrophic
trunnion wear.

Demographic data for all cases are shown in Table I.

Discussion

e report 5 cases of catastrophic failure of modular total

hip arthroplasty related to severe trunnion corrosion and
wear—a prevalence of 0.052% (5/9,688) in our patient popula-
tion who received the Accolade TMZF stem. The denominator
was based on the number of stems implanted from 2000 to 2011
at our institution. However, the true denominator is not known
as the number of patients with the characteristics associated with
catastrophic trunnion dissociation (e.g., higher activity level,
male sex, higher BMI, an implant combination identical to that in
our series, the same duration of follow-up as in our series) and
patients lost to follow-up who underwent revision elsewhere is
not known. We are aware of only 2 similar cases reported in the
literature. Banerjee et al. recently described a series of patients with
unusual trunnion complications’. One was a 67-year-old man
with a BMI of 40 kg/m? who had undergone total hip arthroplasty
with an ML taper (Zimmer), an extended offset taper stem, and a
size-32+4 cobalt-chromium skirted femoral head. Eight years
after the total hip arthroplasty, the patient presented with disso-
ciation of the femoral head from the trunnion. Another patient in
that series, a 60-year-old man with a BMI of 30 kg/m?, also pre-
sented with dissociation of the femoral head from the trunnion,
7 years after a total hip arthroplasty with an Accolade TMZF stem
(Stryker Orthopaedics) and a size-40+4 cobalt-chromium fem-
oral head.

Demographic commonalities among the 5 patients in our
series included male sex, a height of >5 ft 10 in (177.8 cm)
(range, 5 ft 11 in [180.3 cm] to 6 ft 3 in [190.5 cm]), and a weight of
>1801b (81.6 kg) (mean, 260 Ib [117.9 kg]; range, 182 Ib [82.6 kg]
to 360 1b [163.3 kg]). Greater load can lead to a greater force on
the femoral head-trunnion interface, and this has been shown
to accelerate wear and corrosion®. Increases in the size of Acco-
lade TMZF stems are associated with increases in neck length and
offset. A standard offset stem ranges from size 0 to size 8, with the
neck length increasing by 10 mm (from 30 mm for size 0 to
40 mm for size 8) and offset increasing by 16 mm (from 33 mm
for size 0 to 49 mm for size 8)°. The primary hip stems used in
this series ranged from size 2 to size 5 (mean, 3.7) and are con-
sidered mid-range stems.

CATASTROPHIC FEMORAL HEAD-STEM TRUNNION DISSOCIATION
SECONDARY TO CORROSION

Other commonalities in this small patient group may
have increased the potential for corrosion. Most importantly,
all femoral heads were made of cobalt-chromium alloy, which,
when combined with a titanium trunnion, can lead to galvanic
corrosion and weakening of the trunnion interface®.

In this case series, all femoral heads used for the index
total hip arthroplasty were large in diameter, either size 36 mm
or size 40 mm, and 3 of the 5 patients had an increased offset.
Large femoral heads and high-offset stems have been shown to
increase fretting corrosion at the femoral head interface. Peak
trunnion stresses and trunnion micromotion increase sub-
stantially with increased femoral head diameter”"'. Both labo-
ratory and retrieval studies have shown that a large head increases
the frictional torque and accelerates wear*'>",

All patients in our series underwent total hip arthroplasty
with an Accolade TMZF stem, which was the most commonly
implanted stem at our institution. The Accolade TMZF stem
is composed of beta titanium (titanium, molybdenum, zirco-
nium, and fluoride), a titanium alloy with 25% greater flexi-
bility compared with the standard Ti-6Al-4V alloy™. Because of
this lower modulus of elasticity, it is possible that the normal
forces of gait increase bending of the titanium trunnion within
the cobalt-chromium femoral head. Possible factors related to
catastrophic failure are described in Figure 3.

There were also commonalities related to surgical tech-
nique. In 4 patients, the surgeon chose a femoral head that further
increased neck length and 3 of the stems had a design specifically
intended to increase offset (127° versus 132° neck-shaft angle). The
data concerning fretting corrosion rates with regard to femoral

Articular Contact Force

Fig. 3

Trunnion wear is likely related to a number of factors, including BMI,
number of cycles placed on the hip, femoral head size, offset, neck length,
and stem design.
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neck length and offset of the femoral stem are mixed. One
study demonstrated no increase in fretting with extended offset
femoral stems'. Another study showed increased evidence of
fretting damage but mixed statistical results regarding quan-
tifiable corrosion with extended offset femoral stems'.

While severe femoral head-stem trunnion dissociation is
troubling, it should be noted that this stem was available from
2001 to 2011 and reports of failure clustered around 7 to 7.5
years after surgery. We would expect more failures of this stem
if this were a universal problem. However, precautions can be
taken, such as checking serum cobalt and chromium levels in
high-risk patients—i.e., those who are young, are active, have a
higher BMI, are male, and have a 236 mm-diameter femoral
head. These levels should definitely be checked in symptomatic
patients, and patients with elevated metal-ion levels should
undergo a metal artifact reduction sequence (MARS) magnetic
resonance imaging (MRI) scan. Periodic radiographic follow-up
every 3 to 4 years may be important for diagnosing at-risk pa-
tients prior to catastrophic failure, as early wear of the trun-
nion may be seen on radiographs prior to catastrophic failure.
Asymptomatic patients with normal cobalt-chromium levels
may not benefit from prophylactic surgery, but those with im-
pending failure (e.g., a narrowed trunnion) may benefit from
augmentation of the femoral trunnion or placement of a sleeve
on it, or from replacing the femoral head with one of a smaller
size (32 mm).

Our study had limitations. Because we studied an un-
common phenomenon, the sample size was small and the
correlation of factors such as BMI and male sex with catastrophic
femoral head-trunnion dissociation should be interpreted in light
of that limitation. Implants were not sent for further evaluation
after explantation, and there was no pathological evaluation of
the surrounding tissue. Additionally, there were no measure-
ments of serum cobalt and chromium metal-ion levels, which
would have strengthened our findings. Finally, since this was a
retrospective study of femoral head-trunnion dissociation, we

CATASTROPHIC FEMORAL HEAD-STEM TRUNNION DISSOCIATION
SECONDARY TO CORROSION

do not specifically know how the femoral head was impacted
onto the trunnion. However, in the other primary total hip ar-
throplasties performed at our institution, the femoral head was
impacted onto the trunnion in the same manner as used for
primary total hip arthroplasties performed during the same
time frame that did undergo catastrophic failure.

In summary, we present a unique case series in which
the femoral head became dissociated from the femoral trun-
nion following total hip arthroplasty. While this complication
is exceedingly rare, its prevalence may increase with longer
follow-up. Since we do not have accurate knowledge of the total
number of cases from which these 5 cases were derived, any
attempt to implicate one aspect of patient demographics, com-
ponent design, or surgical technique would be unwise. We think
that the combination of patient demographics (heavy, tall, and
male), component factors (a large-diameter cobalt-chromium
femoral head and a stem made of flexible titanium alloy), and
surgical technique (high offset) may all work together to cause
this catastrophic event. It is critical that surgeons be able
to recognize this mode of implant failure and appropriately
prepare to remove the femoral component during revision
surgery. B
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