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ORIGINAL ARTICLE

Results after revision of the stem in periprosthetic fractures

of the hip
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Summary. Periprosthetic femoral fractures following primary total hip arthroplasty (THA) represent an
emerging challenge for the orthopaedic surgeon, because of their increasing incidence and negative impact
on clinical and functional patient outcome. For these reasons, in the last decade, many efforts were made to
prevent and manage this complication and a large number of studies were focused on finding out the best
treatment. The type of treatment depends on several factors such as morphology and location of the fracture,
implant stability, quality and quantity of bone stock, patient’s age and clinical conditions. Fractures that cause
loosening of the stem always require its revision, with a contextual assessment of the quality and quantity of
remaining bone stock, which is generally good in type B2 and poor in type B3 according to Vancouver’s clas-
sification. The latter may require the use of bone grafts. In this context, the authors performed the following
study and analyzed the results of 45 patients treated surgically for periprosthetic femoral fractures with revi-

sion of the femoral stem during a fourteen years period, between June 1999 and June 2013.
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Introduction

The treatment of periprosthetic fractures of the
femur after THA is an emerging problem, both for the
increase of the average life of the population, both for
the enlargement of the surgical indications to hip re-
placement. Thanks to the new prosthetic materials and
the improvement of surgical techniques, this surgery
is now performed in elderly patients with poor bone
quality and also in young patients who want to return
to their preoperative performances, and therefore, are
at higher risk to undergo a new trauma whose entity is
sufficient to cause a periprosthetic fracture (1).

The increased incidence of these lesions also de-
pends on the greater number of cases that require a
revision surgery, where the bone quality is poorer and

the possibility to determine cortical defects during the
removal of prosthetic components is increased.
The incidence of postoperative periprosthetic
fracture is close to 2% in the first implants and rises up
to 6-8% in revision surgery (2-5).
Postoperative risk factors may be divided in (4-6):
- general, such as osteoporosis, rheumatoid arthritis,
Paget disease, age, female sex, increased time from
index operation and neurological diseases that alter
the walking pattern

- local, such as stem femoral mobilization, peripros-
thetic osteolysis or localized cortical defects.

Among the different classifications, that of “Van-
couver” modified by Duncan and Masri in 1995 (7,
8), is the most complete and used and divides these

lesions into type A, B and C (9) (Table 1) on the basis
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of the level of the fracture, implant stability and bone
quality. This classification also suggests a therapeutic
algorithm in order to plan the treatment strategy.
The goals of treatment should aim to:
- restore the best possible anatomical alignment and
length and reduction of the fracture
- obtain stability of the prosthetic implant and of the
fracture
- begin an early mobilization of the patient
- ensure the return to a quality of life similar to that
before the trauma.
The conservative treatment is nowadays less frequently
used and is generally reserved for cases in which the
general conditions of the patient cannot allow a safe
surgery and in cases of type AG stable fractures (1,6).
In types B and C the choice of the surgical technique
depends essentially on the stability of the stem. Reduc-
tion and internal fixation is indicated if this prosthetic
component is stable while revision is performed when
it is mobilized.
The aim of this study was to analyze the results of revi-
sion surgery of the stem in type B2 and B3 peripros-
thetic fractures.

Material and methods

From June 1999 to June 2013, 70 patients were
surgically treated for periprosthetic fractures of the
femur with stem revision after primary THA at the
Orthopaedic Clinic of the University of Parma. Forty-
five of the 70 patients were evaluated, as 19 died and 6
were not available for the visit (Figure 1).

Intraoperative and fractures occurred in revision
procedures were excluded from the study.

Table 1. Vancouver’s classification.

Type A Trochanteric fractures
AG Greater trochanter
AL Lesser trochanter
Type B Fractures around the stem
B1 Stable stem and adequate “bone stock”
B2 Unstable stem and adequate “bone stock”
B3 Unstable stem and unadequate “bone stock”

Type C Fractures distal to the apex of the stem

DIED
n°19/27.1%

NOTAVAILABLE
n°6/8.5%

EVALUATED
n®45/64.3%

Figure 1. Patients affected by periprosthetic fractures from June
1999 to June 2013.

For each patient gender, age, type of prosthesis pre-
viously implanted (cemented or uncemented) and the
time between first implant and fracture was assessed.

All patients underwent to functional evaluation
using the Harris Hip Score (HHS), before surgery and
at follow-up, and to radiographic assessment. Preop-
erative X-Rays were used in order to detect signs of
pretraumatic mobilization and, consequently, to clas-
sify the fractures according to Vancouver (7, 8). Radio-
graphs performed at follow-up were utilized in order
to evaluate the positioning of the prosthetic compo-
nents and to visualize signs of mobilization (radiolu-
cent lines) in accordance respectively with Engh’s or
Harris criteria (10,11) for uncemented or cemented
stems. The functional results before and at follow-up
were compared and statistical analysis was elaborated
using the SPSS software (20.0 version). The Mann-
Whitney test was used to show differences between
HHS in the affected leg before surgery and at follow-
up. The difference was considered significant when p
value was less then 0.05.

Results

The average age of the 45 patients at the time of
fracture was 78.5 years (range 43-92); there were 12
males (26.7%) and 33 females (73.3%).

The periprosthetic fracture occurred after a mean
interval of 6.8 years from the first operation (range
1-30) and there were 36 type B2 (80%) (Figure 2) and
9 type B3 (20%) (Figure 3) lesions. Thirty-five patients
referred an eflicient trauma while 10 reported a minor
or no trauma. These last 10 cases referred, during col-
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Figure 2. Type B2 right periprosthetic fracture. A; preoperative x-ray. B, C and D; postoperative x-ray after revision of the stem and posi-
tioning of 3 metallic cables. E and F; x-ray performed 12 months after revision with consolidation of the fracture.
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Figure 3. Type B3 right periprosthetic fracture. A and B; preoperative x-rays. C, D and E; postoperative x-ray after revision of the stem and
positioning of 4 metallic cables. F, G and H; x-ray 24 months after trauma with fracture consolidated.
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lection of anamnestic data, variable symptoms before
fracture such as groin or thigh pain.

Primary replacements were uncemented in 44
cases (97.8%) and cemented in one.

The treatment always consisted in an intraopera-
tive evaluation of the stem stability, the removal of the
mobilized component and cement, and subsequent re-
placement with a long revision uncemented stem with
distal anchorage of the prosthesis. In 37 cases the new
stem implanted was monoblock and in 8 modular. In 3

C

cases, classified as B3, an autologous cortico-cancellous
bone graft (Figure 4) was associated as consequence of
severe bone loss of the femoral shaft. In 14 patients
metallic cables have been applied and in one, the re-
moval of the device was necessary as consequence of
reactive osteolysis. In 5 type B3 fractures an additional
fixation with plate and screws was used.

Nine fractures were preoperatively classified as
type B1 and became B2 due to of their stem instability
which was assessed during surgery (Figure 5).

Figure 4. Type B3 right periprosthetic fracture. A; preoperative x-ray. B and C; postoperative x-ray after revision of the stem and positioning
of plates, cables and autologous cortico-cancellous bone graft. D; x-ray 18 months after trauma with fracture consolidated.
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The mean follow-up was 55 months (range 12-
156).

The consolidation occurred in all cases in an aver-
age time of 4.5 months (range 3-8), and radiographs
have always shown a complete osteointegration of
the newly-stem without radiolucent lines; in 4 cases
a shortening of more than 2 cm of the operated limb
was observed.

The average HHS was 81/100 (range 59-100) be-
fore fracture and 80/100 (range 55-100) at follow-up
without significant differences in the statistical analy-
sis (p<0.05).

Infections were never observed. One case, which
was initially treated with monoblock stem, presented
recurrent dislocations which needed revision surgery
with a modular implant.

Figure 5. Left periprosthetic fracture which was initially treated as type B1. A and B; preoperative x-ray. C and Dj; intraoperative views
which demonstrated stem instability. E; postoperative x-ray after revision of the stem and positioning of lables. F; x-ray 28 months after
trauma with fracture consolidated.
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Discussion

Horwitz and Lenobel (4) in 1954 first published a
“case report” of periprosthetic intertrochanteric fracture.

Since then, the incidence of this complication has
increased together with the increasing number of total
hip arthroplasties and revisions.

The register of the Mayo Clinic (based on 23980
cases) (12) reported a periprosthetic fractures incidence
of 1.1% after primary THA and of 4% after revision;
this complication, whose incidence has progressively
increased, is the third cause of failure of hip replace-
ment, after aseptic loosening and recurrent dislocation
(12-17).

Furthermore, Bhattacharyya showed one year af-
ter this type of injury a mortality near to 11% (18); this
percentage increases in cases of delayed surgery and
is higher when osteosynthesis is performed instead of
revision (33% vs. 12%).This datum is confirmed in this
study in which 19 patients were died at follow-up, and
7 out of 19 died within a year after trauma (15.6%).

Periprosthetic fractures are a challenge even for the
most experienced orthopaedic surgeon and their thera-
py can be different. A precise preoperative history and
classification may help to guide treatment and Vancou-
ver’s one is considered the most complete and useful.

Their treatment depends on several variables such
as type of fracture, stability or instability of the pros-
thetic implant, bone quality and functional needs of
the patient.

Good quality pelvic and femoral radiographs are
necessary to evaluate the status of the femoral stem
and bone stock, even if, very often, the implant is mo-
bilized despite radiographs without signs of loosening
(subsidence, cement mantel fractures and complete or
progressive radioluncency at the bone-prosthesis or
bone-cement interface).

This misdiagnosis of a stable stem can occur in up
to 20 % of cases (6) and, in this study, also this datum is
confirmed, as 9 out of 45 fractures, which were initially
classified as type B1, became B2 after intraoperative
stem stability test.

Prefracture symptoms, such as thigh or groin pain,
may suggest that the femoral stem is loose but it has
been demonstrated that the real stability of this com-
ponent may be assessed only intraoperative (6,12-17).

Nevertheless, the authors suggest to carry out regular
follow-up after all hip replacements procedures in or-
der to identify cases at risk and eventually perform a
“preventive” revision surgery.

Among the different therapeutical strategies con-
servative treatment is always more rarely performed
and is generally indicated in type AG fracture in which
the prosthesis is stable and in those patients in whom
the general conditions cannot allow a safe surgery.

The surgical treatment is instead reserved for all
other cases. When the prosthesis is stable (type Bl
and C) reduction and osteosynthesis is recommended.
The revision of the stem is instead indicated in peri-
prosthetic fractures associated with mobilization of
the stem more or less combined with loosening of the
bone stock (type B2 and B3) (19).

In type B2 fractures several stems have been used
over time. Revision cemented stems (20-23) have been
associated with unsatisfactory long term results, and
worse than those of uncemented, due to the higher in-
cidence of nonunion, aseptic loosening, refractures and
damages, by exothermic reaction during cementation,
to neuro-vascular adjacent structures. Among the un-
cemented revision stems, the long ones with distal an-
chorage of the prosthesis had the best results, ensuring
a good contact bone/prosthesis and excellent short and
long-term axial and rotational stability of the implant
and fracture (24-29), thus diminishing the need of bone
grafts in type B3 lesions (30).

In this study, results of uncemented long stems
with distal fixation of the prosthesis were always sat-
isfactory and bone grafting was used only in 3 cases.

The authors, in order to obtain a valid distal di-
aphyseal fixation, recommend that the apex of the
stem bridges the fracture’s line of at least the double of
the bicortical diameter of the femur at this level. This
surgical step allows a 4 to 6 cm of intimate intramed-
ullary cortical contact with the stem.

In this difficult surgery results can be influenced
by various parameters such as the poor “bone stock”,
the need to obtain an adequate positioning of the stem
in order to achieve a good stability and the proper an-
teversion and leg length, thus preventing limping and
recurrent dislocations (31).

The use of modular revision stems (32-34), can
prevent these complications. In this case series a mod-
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ular implant was used only in 8 patients and in the 4
cases, which developed leg shortening, a monoblock
design was positioned.

There are also particular cases in which the pros-
thesis is unstable and the “bone stock” is so poor, in
which the treatment with long stems with distal an-
chorage more or less associated with bone grafting is
not feasible. In these cases the use of distally locked
stems with screws (35) or even better composite pros-
thesis or megaprosthesis remains the only possible
therapeutic solution (36-38).

Conclusion

Periprosthetic fractures are a major problem
whose incidence is expected to increase. The use of a
reliable and precise classification is essential for proper
treatment planning, although this is not always fea-
sible. For these fractures, treatment is influenced by
several factors and its correct choice depends on type
and level of the fracture, periprosthetic bone quality,
stability of the previously implanted prosthesis, and
age and general condition of the patient.

If a revision surgery is indicated, the use of un-
cemented long stems with distal anchorage of the
prosthesis can manage the majority of the cases and is
characterized by satisfactory results.
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