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Femoral stem fracture is a devastating complication
in hip replacement. Charnley™ reported 0.23%
femoral stem fracture following hip replacement,
while an another study indicated a ratio as high as
11%.® Femoral stem fractures used to be a common
complication of first-generation forged stainless
steel or casted cobalt chrome femoral stems.®! The
development of new-generation femoral components
in total hip arthroplasty has thus significantly
reduced the rate of femoral stem fractures.P

As a result of the recent advances in design,
metallurgy, and cementing techniques, femoral
stem fractures following total hip arthroplasty
have become rare! The American Association
of Hip and Knee Surgeons reported 0.27%
(172 in 64,483 cases) femoral stem fracture cases.!
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ABSTRACT

Objectives: This study aims to present our experience in the
management of fractured femoral stems after primary and revision
hip replacements by evaluating the clinical and radiographic
characteristics and determining the effectiveness of the extraction
methods.

Patients and methods: A total of 15 patients (5 males, 10 females;
mean age 65.9 years; range, 49 to 87 years) who underwent revision
hip replacement due to a fractured femoral stem between January
2005 and December 2019 were included in this retrospective study.
The mechanisms and risk factors for failure as well as methods
applied to extract fractured stem were analyzed through clinical
and radiographic data.

Results: Nine patients had fractured cemented femoral stems,
while six patients had fractured fully porous coated cementless
revision stems. Lack of proximal buttress in distally fixed femoral
stems was detected in 11 patients and identified as the predominant
mechanism resulting in fracture. The proximal extraction method
with conventional revision instrumentation, the cortical window
technique, and extended trochanteric osteotomy (ETO) were used
in three, seven, and five cases, respectively.

Conclusion: Our results demonstrated that the lack of proximal
buttress is the most common reason for femoral stem fracture.
Moreover, the proximal extraction method was mostly ineffective
in fully porous femoral stems. A step-by-step approach should
be considered for the extraction of a broken stem. The cortical
window method can be considered as the second step if proximal
extraction methods fail, and ETO should be considered at the last
step if all techniques fail.

Keywords: Femoral stem, stem fracture, stem revision, total hip
arthroplasty.

The Swedish Hip Arthroplasty Register reported
140 revision surgeries due to stem fractures among
80,000 primary hip arthroplasty cases (0.17%).1
Stems generally fail due to a fatigue mechanism
generated by unfavorable biomechanics, including
varus positioning, loosening, loss of proximal


https://orcid.org/0000-0002-0748-2749
https://orcid.org/0000-0002-0438-8335
https://orcid.org/0000-0002-6651-6849
https://orcid.org/0000-0002-6651-6849
https://orcid.org/0000-0001-5845-9525
https://orcid.org/0000-0002-3900-5162
https://orcid.org/0000-0002-3900-5162

558

buttress, unfavorable geometry of the stem, or
surface damage of the implant.”? In some series,
fracture initiation has been attributed to stress
risers produced by laser etching, surface damage,
defects in implant design, material microstructure,
or machining.®

Lakstein et al.’! assessed six patients with
femoral stem fracture, and the authors encountered
early subsidence of femoral stem in one patient
at postoperative fourth month after revision
arthroplasty. Recently, Matar et al.'” reported that
patients with either cemented or cementless stem
fracture after primary arthroplasty had good mid-
term outcomes. However, the authors mentioned
that patients with fractured femoral stem after
revision arthroplasty had the poorest clinical
outcome.

According to our recent 10-year literature
review, the clinical data about the management
of fractured femoral components with the latest
designs after primary and revision hip arthroplasties
are limited.’'? Therefore, in this study, we aimed
to present our experience in the management of
fractured femoral stems after primary and revision
hip replacements by evaluating the clinical and
radiographic characteristics and determining the
effectiveness of the extraction methods.

PATIENTS AND METHODS

In this retrospective study, the clinical data of
patients who underwent revision hip arthroplasty
between January 2005 and December 2019 were
collected through the medical records of Health
Sciences University, Baltalimani Bone and Joint
Diseases Training and Research Hospital. A total
of 722 revision hip arthroplasties were performed
during this period. Fifteen patients (5 males,
10 females; mean age 65.9 years; range, 49 to 87
years) who underwent revision hip arthroplasty
due to fractured femoral components after primary
or revision total hip arthroplasty were included
in the study. The study protocol was approved by
the Health Sciences University, Baltalimani Bone
and Joint Diseases Training and Research Hospital
Ethics Committee (Approval no: 316). Due to the
retrospective design of the study, there was no
requirement for the patient consent. The study was
conducted in accordance with the principles of the
Decleration of Helsinki.

Patients” demographics, clinical characteristics,
operative data, and postoperative follow-up
medical records were reviewed. The implants
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used in the primary surgery were also recorded.
Detailed radiographic examination was performed
through preoperative radiographs. Femoral bone
defects were classified according to the Paprosky
classification of femoral bone loss, which was
described by Aribindi et al."™ and categorized into
four types (Table I). Four senior surgeons in the
field of arthroplasty reviewed the preoperative
radiographs and clinical data to reach a consensus
about the failure mechanism. Failure mechanism
was proved if three or more surgeons agreed about
the diagnosis. No inter-observer or intra-observer
correlation analysis was performed between
observers.

All patients received prophylactic first-
generation cephalosporin 30 minutes prior to their
procedures. Five patients were operated on the
left hip, and 10 patients were operated on the
right hip under general anesthesia. All surgeries
were performed through a standard posterolateral
approach. A total of nine patients had fractured
cemented femoral stems, while six patients had
fractured fully porous coated cementless revision
stems, which were obtained from different
manufacturers for their previous operations
(Figures 1 and 2). In nine patients with fractured
cemented femoral stems, the localizations of the
femoral component fractures were as follows: at the
proximal third in two patients, at the middle third
in three patients, at the distal third in two patients,
and at the stem-neck junction in two patients.
Fractured femoral components were extracted by
the cortical window method in four patients, by
the extended trochanteric osteotomy (ETO) method
in two patients, and by proximal extraction in
three patients. In six patients with fractured fully
porous coated cementless revision stems, the stem
fractures were localized at the proximal third
in four patients and at the middle third in two
patients. The fractured stems were extracted by

TABLE |
Paprosky classification of femoral bone loss!™

Type | Minimal metaphyseal bone loss, diaphysis is
intact

Type Il Metaphyseal bone loss with minimal diaphyseal
damage

Type llla  Metaphyseal and diaphyseal bone loss, 24 cm
intact diaphyseal bone near isthmus

Type lllb  Metaphyseal and diaphyseal bone loss, <4 cm
intact diaphyseal bone near isthmus

Type IV Extensive metaphyseal and diaphyseal bone

loss, damaged isthmus
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FIGURE 1. (a, b) A 62-year-old female patient who underwent revision hip arthroplasty with a diagnosis
of aseptic loosening of acetabulum in 2017. (¢, d) In 2018, a trochanter major fracture occurred, and a

trochanteric plate was applied. (€) One year after trochanter major fixation in 2019, patient had a femoral stem

fracture due to proximal support deficiency.

the cortical window method in three cases and
by the ETO method in three cases. A fully porous
monoblock revision femoral stem was used for all
patients in the revision arthroplasty procedure.
Fixation of the bone block after ETO was performed

by cable fixation in all three patients. Moreover, a
cable-plate fixation was performed in two patients
and a cable fixation was performed in four patients,
due to severe bone loss to secure periprosthetic
fracture.

(@) (b)

FIGURE 2. (a) A 59-year-old female patient who underwent primary hip arthroplasty with a
cemented femoral stem in 2001. In 2015, patient had aseptic loosening and a femoral stem fracture

at distal third of stem due to proximal support deficiency. (b) Broken stem was extracted with
proximal distraction method without need for corticotomy, and a revision prosthesis was applied.
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Postoperative intravenous first-generation
cephalosporin was given for 24 hours. All patients
received low-molecular-weight heparin for
thromboembolic prophylaxis until the end of the
fourth postoperative week. Hip range of motion
exercises were started on the second postoperative
day, and weight bearing was allowed at the sixth
postoperative week following the ETO or cortical
window procedure. The first follow-up after surgery
was performed on the 15" postoperative day.
Subsequent follow-up visits were planned in the first,
third, and sixth postoperative months and annually
thereafter. Clinical and radiographic examinations
were performed and recorded at each visit. We did
not use any clinical scores to assess the functional
outcomes; we rather preferred to record patients’
self-reported complaints. Patients’ latest follow-up
radiographs were assessed, and acetabular and
femoral osteolysis and loosening were noted if they
existed. All medical complications such as deep
venous thrombosis and pulmonary embolus as well
as prosthesis related complications such as deep
infection, dislocation, and implant failures were also
recorded.

RESULTS

The clinical characteristics of the patients are
presented in Table II. The fractures of the femoral
components were located at the femoral neck-stem
junction in two patients, at the proximal third of the
femoral stem in six patients, at the middle third in
five patients, and at the distal third in two patients.
Femoral bone defects were classified as Paprosky
type I in eight patients, type II in five patients, and
type IIIA in two patients.

The lack of proximal bone stock in distally fixed
stems was detected in 11 patients, and it was identified
as the predominant mechanism for the femoral
stem fracture. Fracture due to varus malposition
of the femoral stem was detected in two patients.
Two patients had no other pathology explaining
the occurrence of stem fracture. Both patients had
appropriate-sized stems, good cementing techniques,
correct placement of the femoral components at an
appropriate angle, and did not have any signs of
loosening. These patients with fractures at the femoral
neck-stem junctions were obese with body mass
indexes (BMIs) over 40 kg/m?.

Two patients had dislocations of the femoral
head on the fifth and 14 postoperative days, and
both underwent closed reduction under general
anesthesia. An anti-rotation cast was applied, and
these patients were immobilized in bed rest for three
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weeks. No re-dislocation was observed during their
follow-ups. One patient underwent debridement due
to prolonged drainage from the wound on the seventh
postoperative day and successfully recovered without
the need for a secondary intervention (microbiologic
culture negative). Prolonged drainage was defined
as wound drainage until postoperative fifth day,
and inflammatory markers were not considered
in decision making due to postoperative normal
increment. One patient who had femoral stem fracture
after two-stage revision of periprosthetic infection had
periprosthetic infection again. This patient underwent
removal of the prosthesis and application of a hand-
made antibiotic-loaded cement spacer. He refused to
undergo revision again due to having no complaint
and pain despite full weight bearing. No systemic
medical complications occurred during follow-up.
At the latest follow-up, which ranged from one year
to 10 years, all patients were actively mobile without
the need for any device and they had no prosthesis
related complaint. Moreover, no severe osteolysis
or loosening which needed revision surgery was
examined at the last follow-up radiographs.

DISCUSSION

The most important finding of this study was
observing femoral stem fractures mostly in patients
with the lack of proximal buttress.' Moreover, the
proximal distraction method was mostly ineffective
and had been performed in three patients with
broken cemented femoral stems. Large nationwide
studies reported that femoral stem fractures vary
from 0.17 to 0.27%.54 The low rate of this devastating
complication can be explained by recent stem designs
and meticulous surgical techniques. However,
our results revealed a 2.07% rate of revision hip
arthroplasty between 2005 and 2019 due to femoral
stem fracture; such rate is higher than that of the
National Registries. This ratio may be attributed to
the referral of patients from other hospitals because
our institution is a tertiary referral center for joint
replacement surgery.

The etiology of femoral stem fractures is thought
to be multifactorial." Yates et al.®’! reported that an
inadequate cement mantle in the proximal medial
femur entails a risk for critical overload of the distal
cement, mantle fracture, loss of proximal support,
cantilever bending, and, consequently, fracture of
the stem. Jazrawi et al.'® claimed that the main
mechanism of fracture is the use of small femoral
stems loaded with excessive stress from patients’
weights and activities. Wroblewskil"® reported the
largest series of fractured stems with 120 Charnley
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flat backs, which had a fracture rate of 1.15%, and
found that 77.2% of all stem fractures in the study
had a failure of the femoral stem fixation within the
first year of operation. The author also stated that
valgus-positioned stems and overweight patients
fractured relatively early, although the varus
position was common. Wroblewski™ suggested that
a patient’s age and function are important factors.
Poor surgical technique (femoral stem placed in
the varus and inadequate cementing technique) is
another risk factor for stem fracture.®71 Ayers
and MannP? reported that varus mispositioning
increases the tensile forces on an implant, increases
the bending moment on the stem, and reduces
the cement mantle in zone 7 around the calcar
(particularly in the isthmus), thereby making the
stem highly susceptible to fractures. Busch et
al.l found that fractured stems are associated
with poor proximal buttress, BMI >30, small stem
diameter (<13.5 mm), and increased need for the
ETO method. Lakstein et al.®! identified excessive
body weight, inadequate proximal buttress due to
trochanteric osteotomy, reduced preoperative bone
stock, osteolysis, loosening, and implant under-
sizing as risk factors for stem fracture. Matar et al.l!"
reported that the predominant mode of failure is
the lack of proximal buttress in distally fixed stems
and that most fractures occur in mid-stems. Buttaro
et al.'” also remarked the absence of proximal
femoral bone stock in the mechanism of failure.
In our study, we also found that the predominant
mode of failure is the lack of proximal buttress for
both primary and revision hip arthroplasties. We
observed femoral stem-neck fracture at two patients
with BMIs >40 kg/m?. Bolland et al."™ also mentioned
that they observed neck fractures in 43% of their
patients with increased BMI and/or activity level.

Wroblewski®? defined an extraction method that
involves drilling holes at the fractured stem. Harris
et al.®® proposed the use of a wedged device to
extract fractured stems. These drilling techniques
are difficult to apply because recent stems are made
of durable materials. Collis and Dubrul®! described
the use of trephines to extract fractured stems.
The cortical window method that is still being
used today was proposed by Moreland et al.®®! In
1995, Younger et al.”! described the ETO method
for extracting fractured stems. In our series, we
followed specific steps to remove fractured stems.
First, we applied the proximal extraction technique
with conventional revision instrumentations. In
three cases (cemented stems), the fractured stem was
extracted by this method; however, this technique
was ineffective in other cases with fully porous
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stems. Second, we performed the extraction with
the cortical window method. The cortical window
was created with drill holes and saws to evaluate the
distal end of the fractured stem. The stem was then
removed by hitting toward the proximal from this
window. In seven cases, the fractured stems were
extracted by the cortical window method. As the
application and subsequent femoral reconstruction
are easier with the cortical window method than
with the ETO technique, we preferred the former.
In five cases, the cortical window method failed,
and we performed ETO, which allows the direct
visualization and removal of the distal fractured
stem. Matar et al."! performed proximal extraction
method in five of 10 historical stems, five of
15 cemented stems, and five of 10 revision stems.
The authors suggested proximal extraction method
particularly in cases with previous trochanteric
osteotomy, and preferred ETO in the last step.l”

The main limitation of this study is its use of
a small patient population relative to that in the
National Registries. Nevertheless, we reported a
single-center experience for the treatment of an
unusual complication of total hip arthroplasty,
which was treated by the same protocol. The
heterogeneity of the implant designs used in the
primary or revision hip arthroplasties is another
limitation of the study. Nevertheless, our results
yielded compatible information with the literature
in terms of risk factors and offer a reliable reference
for step-by-step femoral stem extraction during
the challenging revision procedure. A meticulous
cementation method, appropriate selection of
femoral stem size, and neutral placement of the
stem are the precautions that should be taken
during primary hip replacement to reduce stem
fractures. Good stiffness of the graft for proximal
buttress and proper femoral reconstruction reduce
the risk for femoral stem fractures in revision hip
replacement. Reducing a patient’s weight to an
appropriate level and with an appropriate activity
program may also help reduce the risk of femoral
neck-stem junction fractures. Great care should be
taken in considering revision hip replacement for
the lack of proximal buttress in distally fixed stems,
and the procedure should be planned accordingly.
A step-by-step approach should be followed
for the removal of fractured femoral stems. The
proximal extraction method with conventional
revision instrumentations should be the first line of
approach, followed by the cortical window method.
The ETO method may only be performed if all the
other techniques fail.
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In conclusion, our results demonstrated that the
lack of proximal buttress is the most common reason
for femoral stem fracture. Moreover, the proximal
extraction method was mostly ineffective in fully
porous femoral stems. A step-by-step approach
should be considered for the extraction of a broken
stem. The cortical window method can be considered
as the second step if proximal extraction methods fail,
and ETO should be considered at the last step if all
techniques fail.
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