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Previous reports have described failures of modular fluted tapered femoral stems secondary to fatigue
failure at the modular junction. However, the present study is the first reported case of modular fluted
tapered femoral component failure involving atraumatic fracture of the proximal body following revision
total hip arthroplasty. The failure occurred in a 52-year-old female with a history of postmenopausal
osteoporosis on bisphosphonates who sustained an atraumatic fracture of the proximal body of a
modular revision femoral stem. In the present case, revision THA utilizing a wider proximal body
segment with proximal augmentation using strut allografts for biological and mechanical support pro-
vided the patient with a stable construct at 30-month follow-up.
© 2024 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

The advent of modern modular femoral stem designs has
enabled arthroplasty surgeons to achieve robust diaphyseal
engagement while simultaneously restoring offset, anteversion,
and leg length [1]. In particular, the use of modular fluted tapered
(MFT) titanium stems during complex femoral revisions with sig-
nificant bone loss offers a promising alternative to the use of fully
porous-coated femoral stems, which have been associated with an
increased risk of intraoperative fracture and stress shielding [2e4].
However, modular femoral stems are susceptible to fatigue failure
at the proximal modular junction secondary to cantilever bending
forces, particularly in patients with deficient proximal femoral bone
stock [5e7].

Risk factors associated with modular femoral stem failure
include host factors such as increased body mass index (BMI),
increased activity level, and poor proximal femoral support, as
well as operative factors including the use of undersized femoral
stems [5,8,9]. Nevertheless, the incidence of revision femoral
stem fracture remains exceedingly low due to improvements in
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surgical technique, implant design, and manufacturing processes
[10]. Previous studies investigating the failure mechanisms of
MFT femoral stems have been limited to fatigue failures and
fractures of the modular junction between the proximal body
segment and the femoral stem [1,8,11e21]. Efe and Schmitt
published a case series of 4 patients with uncemented revision
MFT stems, all of whom sustained failures just distal to the neck-
stem junction [19]. All 4 patients were found to have proximal
component loosening on plain radiographs, with one stem
demonstrating arrest lines indicative of fatigue failure on scan-
ning electron microscopy [19].

However, to our knowledge, there has never been a published
report describing a proximal body fracture of an uncemented
MFT stem. We report the case of a patient with a history of
osteoporosis who sustained an atraumatic fracture of the prox-
imal body of the Biomet Arcos revision modular femoral stem
(Zimmer Biomet, Warsaw, IN) proximal to the modular junction.
This patient was successfully treated with a revision THA uti-
lizing an Arcos high-offset proximal body, Delta Biolox ceramic
femoral head (CeramTec, Plochingen, Germany), titanium sleeve,
femoral strut grafts, and cerclage cables, demonstrating well-
fixed components and a complete absence of hip pain at 30-
month follow-up.
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Figure 1. (a) Anteroposterior radiographs of the pelvis and (b) anteroposterior radiographs of the bilateral knees demonstrating a left total hip arthroplasty with a well-fixed
cementless femoral stem without evidence of component loosening, osteolysis, or subsidence. With respect to the left lower extremity, there is evidence of open-reduction in-
ternal fixation of a prior Vancouver C periprosthetic fracture with hardware failure proximally with screw breakage and backing out of the plate at the distal aspect of the stem.
Distally, there is evidence of a well-healed distal femur fracture of the left lower extremity.
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The patient was informed that data concerning the case would
be submitted for publication, and written informed consent was
obtained for publication of this case report.
Case history

A 27-year-old woman underwent uncomplicated primary THA
for an atraumatic left femoral neck fracture. She was subsequently
diagnosed with severe osteoporosis (T-score �3.2) and received
bisphosphonate therapy for 8 years, as well as injectable teripara-
tide therapy for 2 years, with significant improvement in her bone
mineral density scores (repeat T-score �1.4). Unfortunately, she
subsequently sustained an atraumatic left Vancouver C peri-
prosthetic femur fracture at 9 years following primary THA, which
was attributed to chronic bisphosphonate use. This fracture was
managed with open reduction and internal fixation (ORIF) at an
Figure 2. (a) Anteroposterior and (b) frog-leg lateral radiographs of the left hip demonstra
apex anterior sagittal malunion of the Vancouver C periprosthetic femur fracture. There is
indicative of a nonunion. Notably, proximal fixation was achieved with cerclage wire fixati
malunion.
outside institution using a distal femur plate without locking
screws and retention of the primary THA component (Fig. 1). This
construct ultimately failed, requiring revision ORIF (approximately
13 years following initial ORIF for the pathologic left Vancouver C
periprosthetic femur fracture) with removal of the prior plate and
placement of a new locking plate construct with cerclage wires
spanning the proximal femur (Fig. 2).

The patient first presented to our clinic with persistent, signif-
icant pain approximately 4 months following the revision ORIF.
Radiographs demonstrated well-fixed acetabular and femoral
components but persistent nonunion of the prior transverse Van-
couver C periprosthetic femur fracture with varus and apex-
anterior angulation. Preoperative workup revealed a low suspi-
cion of infectionwith an erythrocyte sedimentation rate of 5 mm/h
and C-reactive protein value of 13.9 mg/L. Given the patient’s
ting interval revision open-reduction internal fixation with evidence of an impending
evidence of callus formation; however, there is no evidence of bridging mature bone
on without any screws in the proximal fragment, likely contributing to the impending



Figure 3. (a) Anteroposterior radiographs of the pelvis and (b) anteroposterior radiographs of the left hip demonstrating interval revision total hip arthroplasty with appropriately
positioned components and evidence of a trochanteric osteotomy. Femoral reconstructionwas performed using an Arcos interlocking revision fully porous-coated 17 � 30-mm stem
with a 70A high-offset conical body, Delta Biolox ceramic femoral head, as well as cerclage cables and wires for proximal reinforcement.
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persistent, progressive pain despite 2 prior attempts at ORIF, the
patient was recommended for revision left THA.

Revision left THAwas performed, and tissue from the nonunion
site was sent for frozen section intraoperatively, revealing no evi-
dence of acute inflammation. Stem extraction was performed with
a Wagner osteotomy, flexible osteotomes, and burr. A vitamin E
cross-linked polyethylene liner was scored and cemented into the
well-fixed acetabular component. Femoral reconstruction was
performed using a 17� 300mmArcos interlocking distal stemwith
Figure 4. (a) Anteroposterior radiograph of the pelvis at 3 months postoperatively follow
incomplete healing of prior osteotomies without interval hardware complication. (b) Antero
the proximal body of the modular stem, above the level of the taper.
extensive porous plasma titanium distal coating (Zimmer Biomet,
Warsaw, IN), 3 distal interlocking screws, size 70A high-offset
proximal body, and 32 mm, �3 mm Delta Biolox ceramic femoral
head (CeramTec, Plochingen, Germany; Fig. 3). Bone harvested from
the reamings and the resection was morselized, mixed with 10 mL
of Accell Evo3 DBX (SeaSpine, Carlsbad, CA), and placed within the
nonunion site.

Postoperatively, the patient’s nonunion was managed with a
bone stimulator, nasal calcitonin, and abaloparatide. The patient
ing revision total hip arthroplasty with Arcos revision femoral stem demonstrating
posterior radiograph of the pelvis at 3 years postoperatively demonstrating fracture of



Figure 5. (a) Intraoperative photograph demonstrating proximal body fracture of the Arcos revision femoral stem following explantation, (b) without evidence of corrosion at the
head-stem trunnion.
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was able to ambulate approximately 1600 m without pain or as-
sistive devices at 3-year follow-up. Unfortunately, approximately
3 years following the revision left THA, the patient represented
with acute, atraumatic left hip pain after she bent over and felt a
popping sensation in the left hip. Radiographs demonstrated a
fracture involving the proximal body of themodular stem above the
taper (Fig. 4). However, the locking stem appeared well-fixed. The
patient was admitted overnight for urgent revision surgery.

Revision THA was undertaken, again using a Wagner osteotomy
for exposure and removal of the fractured proximal body segment
(Fig. 5). The trunnion was meticulously examined and found to be
without gross damage. A new larger Arcos size 60D high-offset
proximal body was then placed. The femoral head was impacted
with a new 32mm,þ3mmDelta Biolox ceramic femoral headwith a
titanium sleeve. Two strut allografts were placed with 20 ml of DBX
putty (DePuy Synthes, Warsaw, IN) and 4 cerclage cables (Fig. 6).

Postoperatively, the patient’s osteoporosis was managed with
romosozumab beginning approximately 10 months following the
re-revision THA. The patient had an uneventful postoperative
course and was ambulating pain free with a walker at 3 months
Figure 6. (a) Anteroposterior radiographs of the pelvis and (b) cross-table lateral radiograph
a shorter, wider, Arcos size-60D high-offset proximal body, Delta Biolox ceramic femoral hea
in place by cerclage cables to augment construct stability.
postoperatively, with cane assistance at 4 months postoperatively,
and without assistive devices at the final 30-month follow-up. In
addition, serial radiographs obtained between 6 weeks and 30
months postoperatively demonstratedwell-fixed components with
appropriate consolidation of the femoral strut grafts (Fig. 7).

Discussion

Modular femoral stem fracture is a rare complication following
revision THA, occurring primarily in patients with high BMI,
increased activity level, poor proximal bone stock, and undersized
femoral stems [22]. The present case report describes a 52-year-old
femalewith a history of osteoporosis (T-score�3.2) and an elevated
BMI (33.7 kg/m2) who sustained an atraumatic fracture of the
proximal body of an MFT femoral stem proximal to the modular
junction. This patient was successfully treated with a revision THA
utilizing a larger-diameter proximal body with femoral strut grafts.
Prior studies investigating the failure mechanisms of MFT femoral
stems have been limited to reports of fatigue failures and fractures
at the modular junction [1,8,11e21]. However, the present study is
s of the left hip demonstrating interval revision total hip arthroplasty with exchange to
d with titanium sleeve, and reinforcement using medial and lateral strut allografts held



Figure 7. Anteroposterior radiographs of the left hip at (a) 3 months, (b) 22 months, and (c) 30 months postoperatively following revision total hip arthroplasty for fracture of the
proximal body of the modular stem demonstrating well-fixed femoral components with interval callus formation and improved bone density.
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the first to our knowledge to describe failure of an uncementedMFT
femoral stem secondary to fracture through the proximal body
itself.

The utilization of cementless MFT revision stems to address
deficient femoral bone stock during revision THA has continued to
increase in recent years, exhibiting excellent survivorship at
midterm follow-up [3,14,23]. As demonstrated in the present case,
one significant benefit of the modular stem design involves the
ability to exchange the modular proximal body without the need
for explantation and revision of the entire femoral component.
While modularity enables intraoperative adjustment of leg length,
femoral version, and offset, modular femoral stems have been
associated with the potential for modular junction failure and stem
fracture [8,11e21,24,25].

The risk of fatigue fracture is further increased with patient-
specific risk factors, such as elevated BMI, high activity level,
deficient proximal bone stock, and undersized stem diameter
[18,26,27]. In the present case, our patient’s risk of fatigue fracture
was likely elevated due to underlying metabolic bone disease, for
which she underwent prior prophylactic fixation of the contra-
lateral (right) femur with a cephalomedullary nail in 2009. This
cephalomedullary nail subsequently fractured, requiring revision
fixation in 2018 (Fig. 1a). Prior to presentation at our institution,
the patient underwent extensive workup for metabolic bone
disease by multiple physicians and endocrinologists; however, no
specific reversible etiology was ever elucidated. A course of bone
stimulator therapy, nasal calcitonin, and injective abaloparatide
was initiated to promote increased bone density and facilitate
healing, resulting in complete radiographic union of the prior left
hip Vancouver C periprosthetic fracture with bridging callus for-
mation just prior to failure of the left modular femoral stem at the
proximal body above the level of the taper. In the absence of a
significant traumatic event, several factors likely contributed to
the proximal body fracture seen in our patient, including an
elevated BMI (33.7 kg/m2) and poor proximal bone stock sec-
ondary to osteoporosis. In addition, genetic contributions to peak
bone mass have previously been well described in the literature.
Rubin et al. examined a cohort of 667 healthy, unrelated Caucasian
women and performed genotyping of the vitamin D receptor locus
at 3 polymorphic sites, demonstrating that the vitamin D receptor
locus contributed approximately 17%-21% of the variability in
peak hip and spine bone mineral density in their cohort [28].
Although the patient in the present study never underwent
formal genetics evaluation, an unidentified underlying genetic
association may have contributed to her poor bone mineral
density.

Given the severe proximal bone loss encountered, we chose to
augment our construct with medial and lateral strut allografts to
provide biological and mechanical support to the femur and
implant taper junction. These medial and lateral strut grafts were
augmented with demineralized bone matrix to facilitate bone
incorporation. Furthermore, a wider proximal body segment was
utilized to increase structural resistance to bending forces. Finally,
the proximal native bone and strut allografts appeared well fixed
with bony incorporation at 30-month follow-up.

Summary

Modular femoral stem fracture is a rare postoperative compli-
cation following total hip arthroplasty, typically occurring due to
fatigue failure at themodular stem junction. To date, no prior report
of fracture through the proximal body of an MFT femoral stem has
been documented in the literature. In the present case, revision
THA utilizing a wider proximal body segment with proximal
augmentation using strut allografts for biological and mechanical
support provided the patient with a stable construct at 30-month
follow-up.
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