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Abstract

Background

Radiation-induced pathological fractures of the proximal femur are difficult to treat due to frequent
non-union and hardware failure using standard fracture fixation techniques. This case series
investigates endoprosthetic replacement as a treatment option.

Methods

Aretrospective folder review from a private hospital in Cape Town, of patients who had sustained
a radiation-induced pathological fracture, was reviewed using descriptive statistics.

Results

Six patients met the inclusion criteria. One patient was excluded as the minimum follow-up time
of six months was not met. Of the five patients that were analysed, all five sustained transverse,
subtrochanteric femur fractures. Prior to definitive treatment with a proximal femoral replacement,
three patients were treated with standard trauma instrumentation prior to referral to the unit, and
one patient was treated with a vascularised fibular graft as their initial treatment while at the unit.
One patient was treated with an endoprosthetic replacement as their first procedure at the unit.
Among the three patients treated with standard trauma fixation and the one patient treated with
a vascularised fibular graft, there was a 100% failure rate. One standard trauma instrumentation
patient had an ablation due to free musculocutaneous flap failure and periprosthetic infection
after endoprosthetic replacement. This was the only complication of endoprosthetic replacement.
At a median follow-up of 15 months (min 7, max 55) the median Musculoskeletal Tumour Society
score was 74% (min 63%, max 93%).

Conclusion

This case series seeks to highlight the high failure rates seen when treating this condition
with standard trauma instrumentation or biological methods. Further research is needed, but
endoprosthetic replacement may be a viable alternative solution.

Level of evidence: Level 4
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Introduction

External beam radiation therapy (EBRT) is frequently used to
treat soft tissue sarcomas. It may cause significant side effects to
the adjacent skeleton including osteomyelitis, growth plate arrest
and osteonecrosis.'# The proximal femur is vulnerable to these
complications during EBRT for tumours of the thigh and pelvis.
Osteonecrosis after EBRT may result in a pathological fracture of
the proximal femur, which has a reduced ability to heal and remodel
due to the high stressors during weight bearing and poor blood
supply in this area. In our experience, a transverse pathological
fracture typically occurs at the subtrochanteric region.

Figure 1 demonstrates the macro- and microscopic differences
between fat necrosis in marrow caused by EBRT and normal
marrow.

The healing potential of these fractures is markedly impaired.®
Multiple studies have shown that treating these fractures with
standard trauma fixation methods results in failure rates as high
as 63% to 82%.4¢ These non-unions are so refractory to treatment
that in a study by Sternheim et al., 46% of patients required more
than one revision procedure.® Because of the poor outcomes
associated with standard methods of fixation, multiple authors
have opted for more aggressive surgical management of these
fractures. These include combined vascularised fibula autograft and
plating,” vascularised periosteal free-flap graft® and prophylactic
intramedullary nailing of patients at high risk of fracture (Table /).%"

Kim et al. demonstrated a low complication rate with the use of
primary prosthetic joint replacement. They showed a statistically
significant improvement in time to mobilisation, and a decrease in
the incidence of complications and re-operations when compared
to standard fixation methods.* Mavrogenis et al. confirmed this
with his own study using primary prosthetic joints to treat these
fractures.’? Both authors suggested further investigation of pri-
mary joint replacement as a treatment option for radiotherapy-
induced pathological fractures of the femur.

Due to the absence of level 1 and 2 studies, Soares et al.
could not determine the most effective and safest method of
treatment in their recent systematic review. They highlighted the
importance of understanding that these fractures have poor long-
term outcomes when treated with standard methods of internal
fixation.!

We describe a case series of patients who were referred to our
unit after failing treatment for their radiation-induced pathological
fracture using standard fracture fixation and/or biological recon-
structive techniques. Our aim is to highlight this diagnosis and
the difficulty in its management using standard fracture fixation
principles.

Materials and methods

This study was conducted after institutional review board and
ethical approval. A retrospective folder review was conducted
between 1 January 2012 and 31 January 2016. The criterion
used to select patients for inclusion in the folder review was a
diagnosis of a radiation-induced pathological fracture of their
proximal femur. This diagnosis was made in patients with a
history of EBRT to the pelvis or proximal thigh, and imaging
consistent with a pathological fracture. The criteria for excluding
patients were: missing data, less than six months of follow-up and
whether the fracture was secondary to metastases or trauma.

We recorded the following: patient age, tumour type, radio-
therapy dose, time from diagnosis to fracture, time from fracture to
endoprosthetic replacement (EPR), number of surgeries, follow-
up time, complications requiring surgery and Musculoskeletal
Tumour Society (MSTS) score.

Descriptive statistics were used to present the results.

Haemorrhagic marrow Fat necrosis in the

Table I: Risk factors for radiation-associated fracture’*!!
Larger tumour size
Advanced age
Female sex
Tumour located in anterior compartment of thigh

Periosteal stripping at time of tumour resection
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High dose radiotherapy (controversial)'

Results

Six patients met the inclusion criteria and one was excluded as
the minimum follow-up time was not met. The results are shown
in Table II. Three of the patients (patients A, B and C) had EBRT
as adjuvant treatment after resection of a soft tissue sarcoma
from the proximal thigh, while two patients (patients D and E) had
EBRT for proximal femoral breast metastases prior to any surgical
intervention. These metastases did not cause a pathological
fracture themselves but rather the radiotherapy used to treat
the lesions caused a radiation-induced fracture. All five patients
sustained a transverse subtrochanteric proximal femur fracture
(Figure 2). Three of the five patients (patients C, D and E) were
referred to us after multiple failed trauma fixation attempts using
standard instrumentation (Figure 3 and 4). This failed in all three
patients due to continued non-union of the fracture. Patient C

Normal marrow
marrow

Fat necrosis in
the marrow

Both reactive
and degenerative
bony spicules

b

Figure 1a and b. Demonstrating EBRT-induced fat necrosis macroscopically and
microscopically, respectively
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Table II: Patient results

Patient Age Interval from
(VCELD)) diagnosis to

fracture (months) (months)
A 46 F
B 63 F 40 1
Cc 66 M 111 43
D 65 F 208 41
E 45 F 27 5
Median 63 11 41

failed two intramedullary (IM) nails, patient D failed an IM nail
followed by a sliding hip screw and patient E failed an IM nail.
After referral to our unit, all three patients (patients C, D and E)
were then converted to an endoprosthetic replacement (EPR)
(Figure 5). Two patients were referred to us prior to any fixation
attempts (patients A and B). Patient A underwent a vascularised
fibular graft and plating, which failed to incorporate. This was then
converted to an EPR. Patient B had an EPR performed as the
primary surgery. At final follow-up the median MSTS score was
74% (min 63%, max 93%). The patient who had an EPR as their
initial treatment had an MSTS score of 93%.

One of the patients (patient C) who failed standard fixation
techniques required a free musculocutaneous flap to cover the
EPR due to poor soft tissue after EBRT and repeated surgeries.
The flap failed and dehisced resulting in a peri-prosthetic joint
infection (PJI). The patient chose amputation as their treatment
option. There were no other complications noted after EPR in the
other four patients.

Figure 2. Antero-posterior (AP) pelvis X-ray demonstrating a radiation-
induced pathological fracture of the proximal femur. Note the transverse
nature of the fracture, adjacent sclerosis and its subtrochanteric location.

Interval from
fracture to EPR

Radiation dose Number of Follow-up MSTS score
(Gy) surgeries (months) (%)
3 63
66 1 55 93
66 3 12 n/a (ablation)
20 3 7 80
20 3 15 67
66 3 15 735
Discussion

The incidence of radiation-induced pathological fractures is un-
known but thought to be rare.* However, Elliot et al. showed
that pelvic irradiation increases the incidence of proximal femur
fractures by up to 76%.2 Therefore, it is important to be alert to the
possibility of this diagnosis in patients at high risk (Table I) who
present with a fracture. Although we cannot quantify this statistically
due to the rarity of this condition, it is our experience that pain is the
main symptom that precedes or identifies an impending radiation-
induced pathological fracture and can be useful in its diagnosis
and treatment. Our results are in keeping with the current literature
which holds that standard fracture fixation methods and biological
reconstruction techniques have an unacceptably high failure rate.
All four patients who were not treated primarily with an EPR had
failures of instrumentation, multiple revision surgeries and required
an EPR as their definitive treatment. The decision to perform
an EPR first has been suggested to deliver a more predictable
outcome and reduce the need for repeat surgeries.* This is
consistent with our series, as the only patient to have an EPR as
their initial fracture treatment only required one surgical procedure
and had the highest MSTS score of 93%. Having an EPR first may
prevent ongoing morbidity and cost to the patient, and maximise
their quality of life and function. The median time of 41 months from
fracture to final surgery and total number of surgeries, median 3, in
our series highlights the impact this may have on the patient.

EPR however, is not without its own set of significant compli-
cations, one of which is infection. In our series, we had one case of
deep infection. The patient had received significant radiotherapy of
66 Gy to the proximal thigh and had two previous surgeries using
standard trauma instrumentation which failed to induce union of their
fracture. As a result, the soft tissues were severely compromised
and required a free musculocutaneous flap to cover the definitive
proximal femoral replacement. The flap, however, failed, which led
to a PJI, and an ablation of the limb was performed. The patient
chose this treatment option over a staged revision of his EPR. We

Figure 3. AP and lateral X-rays showing failure of dynamic hip screw of
the same patient (patient D)

Figure 4. AP and lateral X-rays of fractured intramedullary nail inserted
into the patient (patient D)
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Figure 6. MRI T1 TRIM
COR showing a segment of
medullary hyperintensity in
the proximal femur. Report
noted sharply defined
proximal and distal margins
with no cortical expansion
or disruption.

Figure 5. AP X-ray after endoprosthetic
replacement of the proximal femur

regard this as due to failure of soft tissue cover rather than the use
of an EPR.

Biological methods of treatment of radiation-induced pathological
fractures have been described in the literature. One such method
includes using a vascularised fibula autograft to reconstruct the
femoral defect after excision of the pathological fracture.” This was
attempted in one of our patients but it failed to incorporate, possibly
due to the underassessment of the extent of devascularised bone.
This under-resection occurred despite 7 cm of femur, including the
fracture site, being resected to healthy bleeding bone. This patient
had required radiation to a large area of the proximal thigh, which
resulted in extensive avascular necrosis (AVN) of the femur. It
is our view that the degree of AVN in this scenario is difficult to
assess using advanced imaging such as MRI (Figure 6) or by intra-
operative observations.

Many cases of radiotherapy-induced pathological fracture are
mislabelled as pathological fractures due to metastases.® This
is because differentiating between the two types of fracture on
modern imaging can be difficult, but it is important to do so as the
treatments are different for both and unnecessary investigations
and treatments must be avoided. It has also been our observation
that radiation-induced AVN may show cortical scalloping and
intracortical collections that may be misdiagnosed as chronic
osteitis on MRI scans by reporting radiologists. This may mislead
the treating surgeon and result in the incorrect management of the
patient.

We acknowledge several limitations of our study. These include
the small number of patients which makes statistical analysis
difficult. Our follow-up period is also short to medium term and
therefore there may be late complications of EPR that are not
included in this series, such as aseptic loosening. Longer follow-
up is needed. We have presented our case series, not to make
definitive conclusions, but to highlight the difficulties surgeons
face when treating patients with this problem. Our results match
those reported in the current literature and suggest that more
aggressive treatment of these fractures with EPR may provide a
more predictable outcome for the patient.

Conclusion

Radiation-induced pathological fractures are notoriously difficult
to treat and can lead to multiple surgeries, severe morbidity and

prolonged hospitalisation. In patients with a history of EBRT to the
pelvis or proximal thigh, medical practitioners need to be highly
alert to this condition. Our case series, as well as the literature
reviewed, suggest that a more aggressive treatment with primary
EPR may provide a more predictable outcome for the patient.
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