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Excessive Anteversion Leads to Failure at
3 Years Due to Impingement as Evidenced
by Twin Notches in Ti6A4V Stem
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Abstract
A 63-year old female with bilateral hip replacements was referred to our clinic for pain and elevated
metal ions. Her left hip had been revised earlier. The right hip had an SROM Ti6Al4V stem implanted
with a 28mm head, a 28mm CoCr liner and Pinnacle Ti6Al4V shell. The patient reported pain, numbness, tingling, and repeated clicking and popping sensations with gait. She specifically noted that her
hip would freeze while walking and could pop rising from a chair. Repeated metal ion levels showed Co
(blood)17ppb, Cr (serum) 21ppb, and Ti (blood) at 69ppb. CT-images of right hip revealed femoral stem
anteversion was 43° and cup anteversion was 40°, for a combined anteversion of 83°. The right hip was
revised 3.5 years postoperatively for persistent pain and elevated metal ions. At surgery, large twin notches were evident on her posterior femoral neck and 10mm-wide scalloped damage was evident in the rim
of the Ti6A4V shell. SEM-imaging revealed contaminating layers on CoCr head containing elements Al,
V and Ti. These indicated that titanium-alloy particles liberated by cup-to-neck impingements had transferred to the CoCr bearings. Our intent in this case was not to document that a MOM bearing produced
impingement damage, because this case clearly implicated adverse surgical positioning. Rather, the intent was to document sequelae likely in a THA case that has a metal cup impinging on a metal femoral
neck. In particular, twin notches on the femoral neck indicated that this patient was routinely impinging
her Ti6Al4V shell against the Ti6Al4V neck and also subluxing her femoral head out of the cup. These
signs are a clear indication that one or both components must be revised, as opposed to simply replacing
the CoCr liner with a revision polyethylene liner.
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Introduction

1

Impingement in 28mm THA may be a common pathway to failure [1-7]. In support, metal-on-polyethylene
(MPE) bearings have shown impingement damage in 4565% of cases [3, 8-10]. Likewise, a recent retrieval study
of ceramic-on-ceramic (COC) retrievals noted impinge-
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ment occurred in 83% of 28mm and 32mm COC retrievals
[11] and a recent metal-on-metal retrieval study indicated that 96% of large-diameter metal-on-metal (MOM) retrievals showed evidence of impingement [12]. One of the
sequelae to routine impingement of a total hip arthroplasty
(THA) can be rim damage to the acetabular cup and notching damage of the femoral neck [19-22]. If carried over
hundreds of thousands of gait cycles as a result of repetitive sub-clinical subluxation (RSS) [13-15], considerable
damage can result. The fact that COC and MOM retrievals
showed such consistent impingement damage is not by itself proof that such led to revision. Nevertheless, such evidence may indicate why some 28mm MOM cases showed
good results over 7-15 years and others showed lesser success [16-18].
Consent
The patient signed an IRB approved consent allowing
review of her records and analysis of her hardware as well
as verbally consented to publication of her case.

Case Report
A 63 year old female with bilateral hip replacements
was referred to our clinic 3 years after her right primary
THA for pain and elevated metal ions. An S-ROM femoral stem had been implanted with a 28mm S-ROM femoral
head and 28mm Pinnacle cup (Depuy, Warsaw, IN). The
patient reported pain, numbness, tingling, and repeated
clicking and popping sensations with ambulation. She specifically noted that the hip would freeze up during strides
while walking and pop when rising from a chair. Additionally, the referring physician reported metal ion concentrations (blood) with Co and Cr ion levels of 6.4ppb and
38.9ppb, respectively. Metal ion levels were repeated and
Co (blood) was 16.7ppb, Cr (serum) was 21.4ppb, and Ti
(blood) was 69ppb. Radiographic analysis at 3 years demonstrated normal bilateral hip replacements with S-ROM
stems (Figure 1). It was noted that the left hip was a metal-on-polyethylene with significant anteversion, and therefore, was revised first. CT images of the right hip confirmed that both the femoral stem was 43° anteverted and
the acetabular cup was 40°anteverted, giving a combined
anteversion of 83°. This resulted in very limited externalrotation and extension of the femoral component.
The right hip was revised 3.5 years postoperatively for
persistent pain and elevated metal ions. At surgery, the patient had a significant collection of dark synovial fluid as
well as a large amount of black synovial lining throughout
the acetabulum, over the greater trochanter, and posterior

Figure 1: AP Pelvis radiograph with left hip 56° cup inclination and right hip 44° cup
inclination.

bursal sack. The large twin notches were clearly evident on
the posterior femoral neck during surgery.
Retrieval Analysis
The retrieved components were cleaned using a standard, non-destructive process, then inspected visually and
by stereomicroscopy to define the main wear zone areas
(MWZ), cup rim breakout wear, and stripe damage [12].
Twin notches were observed on the femoral stem with
the proximal notch and distal notch measuring 4.5mm
and 2.5mm wide, respectively (Figure 2a). SEM imaging
showed a raised peak between the two notches as well as
a slight variation in measured width of the notches (Figure
2b). On the cup, a cosmetic blemish was noted on the CoCr

Figure 2: a) Photograph of S-ROM® stem with twin notches on posterior side of stem
b) SEM image of twin notches.

Figure 3: Photograph of (1) cosmetic blemish of the CoCr liner rim and (2) scallop in
Ti6Al4V shell rim, evidence of impingement with the femoral neck.
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rim and more conspicuously a 10mm long deformity in the
rim of the Ti6Al4V shell was identified (Figure 3). SEM
imaging (EVO MA15, Zeiss) of the Ti6Al4V shell rim revealed a scalloped portion of the rim bevel (Figure 4).
Suspecting cup rim impingement, the contours of the
CoCr liner and Ti6Al4V shell rims were replicated using a
silicon agent (Aquasil-LVTM, Densply, Milford DE) and
analyzed by SEM. The inner and outer cup rims spanned
4.2mm and 3.1mm, respectively (Figure 5). These proved
to be a good match with the twin notches on the femoral neck. As detailed by white light inferometry (WLI:
NewView600, Zygo Inc) the notches were cut 0.5 to
0.8mm deep in the S-ROM neck (Figure 5). Additionally, SEM imaging of stripe wear on the femoral head revealed contaminating surface layers of metal measuring
2um thick (Figure 6) and were identified by EDS imaging
(Bruker) as containing elements titanium, aluminum, and
vanadium, indicative of titanium alloy and most likely the
result of repetitive cup-to-neck impingement with release
of metal particles.
Both the femoral head and cup presented with virtually circular wear areas. The femoral head had several polar
stripes across the superior MWZ and basal stripes outside
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Figure 6: a) SEM image of titanium transfer onto CoCr head b) WLI image of titanium
transfer on CoCr head measuring 2um.

Figure 7: CoCr femoral
head with polar stripes and
basal stripes demarcated
and measured according to
the polar axis (P).

the MWZ. Polar stripe angles were measured with reference to the polar axis (P) and revealed an approximate 20°
variance between points of impingement (Figure 7).

Discussion
The intent of this study was not to document that a
MOM bearing can produce impingement damage, because
this case clearly implicated adverse surgical positioning.
Rather, the intent was to document sequelae likely in any
THA case that has a metal cup impinging on a metal femoral neck (Table 1).

Figure 4: SEM image of scalloped Ti6Al4V shell rim.

Figure 5:
Replicated rims
of Pinnacle
Ti6Al4V shell
and Ultamet
CoCr liner
represented a
good match to
the twin notches
on the SROM
femoral neck.

ID

Damage
Evidence

Site

Causation

Involvement

Sequellae

1

Twin notches

Neck

impingement

liner + shell

Ti6Al4V, CoCr
particles

2

Twin defects

Cup

impingement

liner + shell

Ti6Al4V, CoCr
particles

3

Main wear zone

Head

asymmetric

restricted in
extension

Modified gait
pattern

4

Metal transfer

Head

metal debris

Contaminated
bearing

Ti6Al4V debris

5

Polar stripes,
head

Head

terminal
motion

head, liner

CoCr particles

6

Basal stripes

Head

terminal
motion

head, liner

CoCr particles

7

Multiple
notches, stripes

Head

Subluxation

Head levered
out of cup

Cup edge-wear

Table 1. Consequences due to CoCr liner and Ti6Al4V shell impingement against
Ti6Al4V femoral neck.
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Neck-notching case reports are relatively few even in 28mm THA [2, 5, 1921, 23]. Impingement in this case did little damage to the CoCr liner, produced
a fairly mild scalloping in the Ti6Al4V
shell rim, but did produce major wear
damage to the Ti6Al4V femoral neck.
Impingement against a titanium alloy
implant is known to produce more damage than with a CoCr implant [23], resulting in release of large particles of titanium alloy known to create adverse
MOM wear [24, 25]. The positioning of Figure 8: Consequences due to CoCr liners and Ti6Al4V shells impinging against either CoCr or Ti6Al4V femoral
polar stripes and the evidence of twin necks. Circumferential marks of impingement can be notches in Ti6Al4V necks and cosmetic blemishes in CoCr necks
neck notches was further indication that (arrows).
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