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Ceramic bearing surfaces have gained popularity in total hip arthroplasty as a result of the favorable
mechanical properties and low wear rates. Despite the recognition as an attractive articulation, problems
such as ceramic head fracture persist. Smaller heads and higher body mass indices are touted as risk
factors for ceramic head fracture and are often associated with antecedent trauma. We present a case
report of an 83-year-old male with a body mass index of 26.7 kg/m2 who suffered a fracture of a 40-mm
ceramic femoral head. This occurred atraumatically 5 years from his index surgery. This patient under-
went revision total hip arthroplasty which included debridement of ceramic debris and alteration of the
bearing surface with femoral head and polyethylene liner exchange.
© 2021 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

Contemporary bearing surfaces in total hip arthroplasty (THA)
have a sound and proven performance [1]. Historically, THA
component failure has been a result of wear and bearing issues
leading to component loosening and compromise [2]. Longevity
and survivorship of implants have ultimately been limited by
bearing surface quality [3]. While there are certainly disadvantages
and unique failure mechanisms across all bearing types, the use of
newer generation ceramic alloy femoral heads articulating with
modern highly cross-linked polyethylene liners has provided a
favorable wear pattern, excellent survivorship, and low complica-
tion rates [3].

Ceramics, introduced in arthroplasty in the 1970s [4], boasted
strong mechanical properties and very low wear characteristics
when compared to hard-on-soft bearing options and were
emphasized for younger and more active patients. Despite
improved hardness, high biocompatibility, and low wear rates,
earlier generations of ceramic bearings were not devoid of com-
plications, particularly squeaking and fracture occurring at unac-
ceptably high rates [5e8]. Early generation ceramics had fracture
rates in vivo of up to 26 per 100,00 bearings [9]. Ceramic head
failures by fracture can be catastrophic making it near impossible to
retrieve all minute comminutia of the fragmented head [10,11].
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Newer generation ceramics (BIOLOX delta; CeramTec AG, Plochin-
gen, Germany) have attempted to mitigate this risk with higher
bending strength and increased toughness [12,13]. Specifically,
fortification and optimization with zirconia, strontium oxide, and
chromium oxide serve to resist crack propagation and improve
hardness [12,14]. Despite these improvements, ceramic femoral
head fractures can, and do, continue to occur.

This case report describes an atraumatic fracture of a ceramic
femoral head articulatingwith a polyethylene liner 5 years from the
index surgery. The intent to publish was discussed with the patient
who willingly consented to this case report being documented and
published.
Case history

Case 1

An 83-year-old man with a body mass index of 26.7 kg/m2

presented to our hospital for evaluation. His past medical history
was significant for a primary renal cancer s/p nephrectomy in 2004.
He underwent staged bilateral THAs for primary hip osteoarthritis
at an outside hospital through a standard posterior approach. His
left side, the side of focus in this case, was performed in 2015 with
the following implants: Accolade II (Stryker Orthopedics, Inc,
Allendale, NJ) varus neck with a stem size 6, 40-mm (-2.5 mm)
BIOLOX delta (CeramTec, Plochingen, Germany) ceramic femoral
head with a titanium sleeve seated inside a 56-mm Trident PSL
acetabular cup (Stryker Orthopedics, Inc, Allendale, NJ), and a
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Figure 2. Left hip radiographs taken in emergency room at the time of presentation
showing comminuted ceramic femoral head fracture.
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polyethylene acetabular liner (Fig. 1). The patient was noted post-
operatively to have a partial palsy of the peroneal branch of his
sciatic nerve with diminished sensation and weak but intact dor-
siflexion strength comparedwith the contralateral limb. This deficit
was mild but persisted and was managed conservatively without
bracing. Otherwise, he recovered from his index arthroplasty un-
eventfully. There were no wound issues nor additional post-
operative complications, other than the nerve palsy, noted by the
patient and was generally considered to have had a good outcome.

Five years after the index surgery, the patient presented to the
emergency department for orthopedic evaluation after acute-onset
of atraumatic hip pain encountered during community ambulation.
Radiographs of the pelvis and left hip at the time of presentation
revealed fracture of the ceramic head (Fig. 2). Presenting exami-
nation of the left lower extremity revealed well-healed posterior
surgical incision with active and passive motion of the hip limited
by pain and notable for palpable crepitus. Sensory and motor ex-
amination revealed no deficits with the exception of the previously
mentioned dorsiflexion and great toe extension weakness.

Preoperative evaluation included radiographs and computed
tomography scan which showed, in addition to the previously seen
ceramic comminution, the acetabular cup position appeared to
have anteversion within acceptable parameters and inclination of
32 degrees. While this patient did not have ideal cup position, it
was felt that component position was acceptable, and the decision
was made to leave the acetabular component. He was diagnosed
with a failed left THAwith fracture of the ceramic femoral head. He
was indicated for revision surgery and was taken to the operating
room the following day. The hip was accessed through a standard
posterior approach through the prior incision, and the fractured
ceramic head was encountered. There were several large fragments
still contained within the acetabular shell and, as expected, a
number of smaller, comminuted pieces (Fig. 3a-d) all of which were
Figure 1. Preinjury left hip radiograph showing intact femoral head and components
positioned within acceptable limits.
removed to include a complete synovectomy. Great care was taken
to remove all ceramic debris so as not to leave potential sources for
third body wear. The neck was then gently dislocated from the
acetabular component to visualize the femoral neck and the trun-
nion sleeve. It became obvious, after multiple failed attempts at
disassociation, that in addition to sleeve and trunnion damage
(Fig. 4), the titanium sleeve had become cold-welded to the trun-
nion. Removing this sleeve was crucial to replacing the head
component; therefore, it was decided to remove the stem in its
entirety and continue with a revision stem prosthesis. Unfortu-
nately, initial efforts to remove the stem with standard extraction
devices were unsuccessful, and the decision to proceed with an
extended trochanteric osteotomy was made. During the extended
trochanteric osteotomy, a portion of the greater trochanter was
fractured separate from the main osteotomy fragment. While not
standard practice, a trochanteric plate was placed as it was felt to
better capture and secure the greater trochanter and the main
osteotomy fragment. A modular splined-tapered revision stemwas
placed (RECLAIM Modular Revision stem; Depuy, Warsaw, IN). The
osteotomy was reduced and fixed with a combination of cerclage
wires and a trochanteric plate, and the final 40-mm (þ1.5 mm)
femoral head with a titanium sleeve was impacted into place
(Fig. 5). Excellent stability was demonstrated, and the patient was
awoken and taken to recovery. The patient remained in the hospital
for several days and was discharged home in good condition after
demonstrating safety with therapy. He was discharged to a rehab
facility for several weeks before returning home. At his 5-month
orthopedic follow-up, his symptoms were greatly improved as
was his function. He was ambulating with a cane for long distances
with good pain control. Further 8-month follow-up correspon-
dence with his physical therapist shows continued improvement
with strength and conditioning.



Figure 3. (a-d) Clinical photographs of ceramic head fracture after explant.
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Discussion

Ceramic head fracture after THA is a feared complication which
obligates revision surgery and has worse outcomes with signifi-
cantly higher failure rates [10,15]. The rarity of ceramic fractures
leaves us with outcomes data obtained primarily from small series
and case reports. The largest survivorship study after ceramic head
fracture published in 2003 was based on multicenter data collected
following up 105 patients at an average of 3.5 years and showed 5-
year survivorship to be only 63% [15]. Thankfully, rates of fourth-
generation ceramic fracture are low. BIOLOX delta was initially
promoted with a fracture risk of 0.001% to 0.021% [16]; however,
these rates may have been underestimated with recent registry
data published in 2017 showing an incidence of 0.1% [17]. Notably,
however, these rates are based on ceramic-on-ceramic articula-
tions, and the true rates of fracture of ceramic-on-polyethylene are
likely even less [18].

This case report is the first in the literature describing a fourth-
generation ceramic femoral head fracture of the 40-mm size. Prior
case reports and small series have described ceramic head fracture
of various sizes, ranging from 28 to 36 mm, and they are summa-
rized in a review of the literature provided by Rankin et al. in
October 2019 [14]. Larger heads are seemingly protective based on
prior literature with accepted risk factors for fracture including
ceramic-on-ceramic bearing surfaces (risk ratio of 6.02 compared
to ceramic-on-polyethylene [19]), obesity [16], smaller head size,
and short neck lengths [1].

The patient in the current case had an atraumatic history lead-
ing to presentation, and although most ceramic fractures are the
result of direct trauma, there are certainly instances of delayed and
atraumatic fracture postoperatively. Pomeroy et al. [20] in 2015
describes the case of a 41-year-old fit and healthy man who un-
derwent THAwith a 32-mm BIOLOX delta alumina ceramic femoral
head placed on a type 1 taper on a Taperloc femoral component
(Zimmer Biomet, Warsaw, IN) articulating with a polyethylene
liner. A “clicking” sound was noted postoperatively but was
otherwise well until an atraumatic acute onset of pain prompted a
clinic visit at approximately 6 weeks postoperatively and was
diagnosed with a ceramic femoral head fracture. He was revised to
a ceramic-on-polyethylene articulation with stem retention. There



Figure 4. Clinical photograph of trunnion and sleeve after explant.
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was no suggestion of causative etiology of the ceramic head frac-
ture. The implant was a 28-mm (-3 mm) ceramic femoral head, and
he was revised to ceramic-on-polyethylene articulation. Rankin
et al. [14] in 2019 described a case report and review of the
Figure 5. Postrevision left hip radiograph showing revision components and well-
reduced extended trochanteric osteotomy.
literature of a 52-year-old man with a ceramic on highly cross-
linked polyethylene liner who suffered an atraumatic ceramic
femoral head fracture 9months from the primary surgery. This case
was unique in that amonth before his presentation, he had suffered
a heavy fall directly onto the greater trochanter of his operative
extremity leaving him with minimal pain, no disability, and the
ability to ambulate immediately.

This brings to attention the brittle materials property concept of
“subcritical crack growth.”Brittlematerial, such as alumina ceramics,
by definition have low ductility, low tensile strength, and little ten-
dency to deform before fracture but display high compressive
strength and hardness. As a result, the yield strength before fracture
is very difficult to determine. The macroscopic surface integrity is
only as strong as the microscopic structural links, and it is possible
that subthreshold trauma may initiate these intermolecular nano-
cracks. Based on the “weakest link theory,” these cracks may influ-
ence the variability in strengthof ceramics [21] as these fractures and
defects undergo chemical reactions within the crack, cleaving oxide
bonds [14] and accumulating inelastic strainwithin the crack until a
threshold is met. This results in fracture propagation away from the
largestflaw that is favorably oriented to the tensile strength towhich
thematerial is subjected [22] until the burst strength of BIOLOXdelta
ceramic femoral heads of 52kN is surpassed [23]. Catastrophic failure
and fracture are nearly always preceded by subcritical crack growth.
This delay to failure is commonly seen in ceramics subjected to a
static or repetitive load [24], possibly such as ambulation on a flawed
ceramic femoral head. This may explain the delayed presentation of
the aforementioned studies and the case of the patient in the current
report.

In addition to the atraumatic, delayed presentation of this case,
ceramic head fractures are more commonly seenwith hard-on-hard
bearing surfaces, and while this is not the only case reported, the
occurrence of hard-on-soft ceramic femoral head fractures is
certainly unusual with only a few instances of ceramic-on-
polyethylene fracture in the literature [14,20,25,26]. Slow crack pro-
gression and delayed presentation may be more pronounced in in-
dividuals with polyethylene bearing surfaces than in those with a
hardbearing surfacebecausepolyethylene exhibits aprotective shock
absorption for the femoral head and increase surface area contact
[25]. Despite themild protective capacity, fractures still occur. One of
the proposed mechanisms is related to malseating of the ceramic
head on the trunnion. The trunnion condition at the time of head
impaction may be of underappreciated importance. Debris intro-
duced between the head and trunnionmayalter hoop stresses during
impaction and activity with overall poor congruence [27]. Interposed
fluid, fat, or debris at this junction negatively affects pull-off strength,
introducesmicromotion of the head on the trunnion, and potentiates
fretting [28]. This may have been relevant to this patient’s clinical
course. Although speculative, the relatively flat acetabular compo-
nent and large head in the primary setting may suggest poor visual-
ization or instability. Thismayhave affected the ability to evaluate the
trunnion which could have led to the introduction of debris.

Several factors may have impacted the current patient’s clinical
course. There was no reported antecedent trauma; however, the
amount of force and degree of external trauma required to damage
a ceramic femoral head is unknown, and the patient may have
experienced a seemingly insignificant trauma not reported, enough
to cause irreparable damage through subcritical crack propagation.
In addition, the stem from the index surgery uses a titanium alloy
(Ti-6Al-4V) with a higher Young’s Modulus of elasticity than prior,
softer iterations of titanium alloys, and although a standard alloy is
used in contemporary stems, this increased stiffness coupled with
other factors may have impacted the force-transfer to the ceramic
head. The most likely causative etiology, however, is a combination
of issues centered around component malpositioning leading to
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this unfortunate and rare complication. The intraoperative assess-
ment of the components suggested severe damage to the titanium
sleeve allowing for cold-welding of the sleeve to the trunnion as
well as a significant amount of damage to the neck distal to the
trunnion suggestive of impingement on a relatively flat cup. The
decision to use a 40-mm head in a 56-mm cup, while not unheard
of, is an unusual combination which may suggest intraoperative
instability or impingement. True occurrences of cold-welded
components happen infrequently and suggest malalignment dur-
ing impaction of the head, which may indicate inadequate visual-
ization and exposure which also predispose to debris interposition
between the trunnion and the head.While impossible to determine
the exact mechanism of failure, this case brings to light potentially
modifiable variables to prevent further occurrences of these un-
fortunate events.

Summary

Although increasingly rare, fractures of newer generation
ceramic femoral heads continue to occur. Surgeons should be
cognizant of risk factors for fracture and the possibility of delayed
presentation of fracture and appropriate workup and revision op-
tions. Mitigation of risk at the time of index surgery may include a
complete understanding of acceptable stem-head compatibility,
thorough cleaning ensuring a pristine trunnion on which the
ceramic may be placed, avoiding malseating of components, and
importantly, appropriate component positioning.
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