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Abstract

Introduction Post-radiation fractures of the femur (PRF) are difficult to treat and are associated with a high risk of delayed
union and non-union. We report a series of patients affected by soft tissue sarcoma (STS) of the thigh, treated with limb-spar-
ing surgery and perioperative radiotherapy (RT), to analyse post-radiotherapy femur fracture (FF) rate and its management.
Material and methods 547 patients treated with surgery and RT for a deep primary STS of the thigh were included. “Peri-
osteal stripping” and “bone tangential resection” were performed in case of tumor invasion. In the case of complete bone
involvement, the patient received its complete resection and econstruction.

Results Twenty-three (4.3%) patients underwent surgical procedures involving periosteum and cortical bone. In 11 (2.0%)
patients a bone resection was required because of massive bone involvement. Six out of these 11 (54.5%) patients developed
major complications (infection and aseptic loosening). At the time of STS excision, 11 patients (2.0%) underwent prophy-
lactic intramedullary nailing (PIN). PRF occurred in 15 patients (3.0%) at a median follow up of 52 months (range 3-151).
Among patients who developed PRF, three were treated with a prosthesis (no complications) and eight nailing (7/8, 87.5%
did not heal and developed a non-union).

Conclusions Given the potentially devastating complication of a PRF, PIN should be considered. We suggest prophylactic
IM nail in patients at higher risk the time of STS excision. In other cases, IM nail can be postponed in the following years
considering the prognosis.
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Introduction

The combination of radiation therapy (RT) and limb-salvage
surgery is effective for decreasing the rate of local recur-
rence in soft tissue sarcomas (STS) [1-3]. However, several
deleterious consequences have been described including
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post-radiation fractures (PRF) [4], which is particularly
evident in the femur (rates from 1.2 to 22%) [5-7]. Despite
awareness of radiation bone toxicity, it is less clear whether
radiation dose, timing of radiation (preoperative versus post-
operative), and the circumference of the femur involved in
the radiation field are risk factors for the development of
a femur fracture [4, 6]. Other risk factors such as age and
chemotherapy have been identified; however, there is no uni-
form consensus on that [5, 8, 9].

Fractures that occur following radiation therapy are dif-
ficult to treat and are associated with a high risk of delayed
union and non-union despite aggressive therapy [4, 9, 10].
Most patients require multiple surgeries to fix these frac-
tures, consequently increasing their risk of a deep infection.
If non-union persists, total endoprosthetic replacement or
amputation may be eventually required [4, 11].
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To prevent PRF, prophylactic intramedullary nailing
(PIN) has been suggested as an attractive preventive meas-
ure [4,9, 11]

We report a mono Institutional series of patients treated
for STS of the thigh with limb-sparing surgery and periop-
erative RT. We specifically analyse the cumulative risk of
PRF and the outcome of patients who developed a PRF; we
also provide a review of the literature on this topic.

Materials and methods

A total of 547 patients who were treated between 2000 and
2017 for a deep primary STS of the thigh using limb-sparing
surgery and RT were included.

Tumor size was assessed on surgical specimens using
the larger diameter as a reference according to preoperative
imaging (computerized tomography CT-scan or magnetic
resonance imaging -MRI). The site of the STS was classified
as proximal, diaphysis or distal with respect to the region
of the femur.

On antero-posterior pre-operative radiographs, cortical-
shaft index was evaluated according to Barnett and Nordin
[12]. “Periosteal stripping” and “bone tangential resection”
were performed in case of tumor invasion. In the case of
bone tangential resection, cortical-shaft index was evalu-
ated on post-operative radiographs. Overall, 493 patients had
radiographs available for analysis.

Prophylactic intramedullary nail was performed using a
long Gamma nail (Stryker, Mahwah, NJ) The nail is avail-
able in 240 mm up to 480 mm lengths, with 20 mm incre-
ments. Reaming was performed in 0.5 mm steps, up to 2 mm
larger than the nail distally. Distal static locking was per-
formed [13, 14]

In the case of complete bone involvement by the
tumour, the patient received its complete resection and
reconstruction.

All patients received RT according to STS guidelines
[15]. The use of chemotherapy (ChT) was decided at the
discretion of a multidisciplinary team.

PRF was defined as a fracture occurring in the previous
radiation field and associated with minimal energy trauma.

Patients’ characteristics are presented by frequencies and
percentages for categorical variables, mean and range for
continuous variables.

The Kaplan—Meier method was used to estimate PRF.

PRF interval was defined as the time between the date of
surgery and the date of the femur fracture or last follow-up,
whichever came first.

Differences in survival rates were assessed by the log-
rank test.

All analysis was completed using the Statistical Package
for Social Science (IBM Corp. Released 2013. IBM SPSS
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Statistics for Windows, Version 22.0. Armonk, NY: IBM
Corp.).

Results

Mean age at the time of diagnosis was 54.8 years (range
18-92). 241 (44.5%) patients were female and 306 (55.5%)
were male. Fifty-five (10.2%) STS were localized in the
proximal region, 406 (75.0%) involved the diaphyseal region
and 86 (15.8%) the distal region. Histological diagnosis
was heterogeneous: most represented histotypes were lipo-
sarcoma (n = 186), undifferentiated pleomorphic sarcoma
(n=172), myxofibrosarcoma (n=66), synovial sarcoma
(n=56) and leiomiosarcoma (n=40). Twenty-four (4.4%)
tumours were <5 cm, 203 (36.9%) between 5 and 10 cm,
264 (48.2%) between 10 and 20 cm and 56 (10.5%) > 20 cm.

Mean cortical-shaft index was 58 (range 29-74).

Eighty-five (15.7%) patients had metastasis at the time
of the diagnosis.

Chemotherapy was administered to 272 (50.3%) patients.

All patients received RT: 153 (27.5%) had exclusively
pre-operatory EBRT, 359 (66.0%) post-operatory radiother-
apy alone and 35 (6.5%) both pre plus post-operatory EBRT.

Twenty-three (4,3%) patients underwent surgical proce-
dures involving periosteum and cortical bone: 16 periosteal
stripping and seven a tangential femur resection. Periosteal
procedures were mostly performed in tumours larger than
10 cm (p=0.019).

In 11 patients a bone resection was required because
of massive bone involvement. Reconstructions included
megaprosthesis in seven patients, total hip arthroplasty in
one patient, diaphyseal prosthesis in one patient, one saddle
prosthesis and one intercalary graft reconstruction. Six out
of these 11 (54.5%) patients developed major complications.
Two patients with distal femur megaprosthesis suffered from
an infection; they were treated with a staged revision and
healed. An infection was observed also in the patients with
a THA who finally was amputated. The patient with the
intercalary reconstruction suffered of an infection, which
required hardware removal. Another patient with diaphyseal
prosthesis had an aseptic loosening and was then converted
into a distal femur megaprosthesis.

At the time of STS excision, 11 patients (2.0%) underwent
PIN. Most of these patients (eight) had associated periosteal
procedures (p < 0.001). Despite the nail, one of these devel-
oped a fracture with breakage of the nail 37 months after
surgery.

Excluding 22 patients with PIN and bone resection,
PRF occurred in 15 patients (3.0%) at a median follow up
of 52 months (range 3—-151). Femur fracture estimated rate
was 1.9% at 5 years, 3.5% at 10 years and 12.3% at 15 years

(Fig. 1).
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Fig. 1 Kaplan—Meier survival analysis curve showing femur fracture
rate

An increased risk of PRF was observed in female
(»=0.007) (Fig. 2). No significance was observed among
the size of the tumour, the timing of RT and age. A higher
incidence of PRF was observed among patients who had
procedures on periosteum during the 1st years after surgery
(p<0.001) (Fig. 3).

No differences were observed regarding pre-operative
cortical-shaft index among patients who suffered PRF and
those who did not (mean 56 and 59, respectively, p=0.876)

Among patients who developed PRFs four refused
(Table 1) surgery. Three patients were treated with a
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Fig.2 Kaplan—Meier survival analysis curve showing femur fracture
rate according to gender
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Fig.3 Kaplan—Meier survival analysis curve showing femur fracture
rate according to procedures on periosteum at index surgery

prosthesis. None of these developed major complica-
tions. Eight patients underwent intramedullary nailing.
Seven out of 8 (87.5%) patients treated with a nail did not
heal and developed a non-union. Five of these required a
megaprosthesis.

Discussion

Post radiation fractures are rare but serious complications of
combined modality treatment of STS. Current data address-
ing the occurrence and risk of PRF is sparse, likely due to
the difficulty in standardizing a treatment group [16]. Previ-
ous studies have reported very heterogeneous fracture rates
(from 1.2 to 22%) [5-7]. We found a very low PRF rate up
to 10 years (3.5%), which raises up to 12.3% at 15 years
follow up (Table 2) Several risk factors for PRF have been
described in the previous series [4-6, 8, 9, 17, 18]. In this
study, we found that women had a significant increase risk
of PRF. Patients who underwent periosteal stripping had an
increased risk of PRF only during the 1st years after surgery.
However, neither the age of the patient nor the timing of RT
(pre or post surgery) were found to affect fracture risk.

Treatment of post-radiation fractures is typically more
complicated than that of post-traumatic fractures because
radiation-induced damage to the vasculature and osteoblast
cells impairs bone union. We found no differences in the
cortical-shaft index in patients who suffered PRF.

Photon radiation produce grater damage to trabecular
network than to cortical bone [19] and minimal changes in
bone composition (tissue mineral density, mineral/matrix
ratio) [20]. Even though mice models may vary severely
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Table 1 Studies in the literature reporting on post radiotherapy fractures

Series Number of Number of frac- Risk factors Fracture treatment Outcome (%)
patients tures (femur)
Gortzak et al. [8] 101 22 (22) Age NA NA
Size of tumour
Female
Periosteal stripping
Radiotherapy dose
Lin et al. [4] NA 12 (12) Female Nail Healed (33%)
Periosteal stripping Endoprosthesis Non-union (67%)
Chemotherapy Amputation
Helmstedter et al. [9] 285 20 (12) Site of tumour Nail Healed (42%)
Periosteal stripping Amputation Non-union (58%)
Holt et al. [6] 364 23 (23) Age NA NA
Female
Type of radiotherapy
Periosteal stripping
Blaes et al. [5] 89 8 (8) Age NA Healed (75%)
Female Non-union (25%)
Type of radiotherapy
Periosteal stripping
Chemotherapy
Site of tumour
Pak et al. [7] 131 50) Age NA NA
Female
Type of radiotherapy
Periosteal stripping
Chemotherapy
Dulffy et al. [10] 17 17 (14) NA Vascularized fibula graft Healed (88%)
Present series 518 15 (15) Female Nail Non-union (87,5%)
Periosteal stripping Plate osteosynthesis Healed (12,5%)
Endoprosthesis Healed (12,5%)
Amputation

NA not reported

compared to humans, these data suggest that we are still
lacking a radiological tool to assess PRF.

The non-union rate is high (generally > 50%) in all pre-
vious series [11, 21], and healing times are often quite
long for fractures that eventually unite. In addition, multi-
ple procedures are often required, including supplemental
bone grafting, vascularized fibula grafting, exchange nail-
ing, and potential resection of the fracture site and conver-
sion to a large oncologic endoprosthesis [4, 6, 9, 11, 22].

In our series, the majority of patients (87.5%) treated
with intramedullary nailing for PRF developed a pseudoar-
throsis, thus requiring additional procedures. Eventually,
most of them (five out of eight) required a megaprosthesis.

On the other hand, none of the three patients treated
with a prosthesis for PRF developed any complication.

@ Springer

Differently, most of the prosthesis performed at the same
stage of STS excision developed major complications, thus
resulting in amputation in some of them. Additional bone
resection is very rarely required as only a few sarcomas are
able to penetrate cortical bone. A careful evaluation should
be done to limit the need for a bone resection.

Because of the difficulties in the management of the
fracture once it has occurred, fracture prevention is the
most important intervention [10]. Prophylactic femoral
intramedullary nail (PIN) was suggested in higher-risk
patients. With this policy, the femoral fracture rates of Pak
et al. [7] was lower than fracture rates for similar patients
who had periosteal excision and RT in other series [4, 9].
However, it has been suggested that PIN should not be
contemplated on a regular basis because the fracture risk
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Table 2 Characteristics of

8 Patient # Sex Age Size
patients who underwent femoral

Periosteal Treatment of fracture Complication Complication treatment

fracture stripping
#1 F 63 >10cm No No
#2 M 24 >10cm No ORIF (plate) Non-union ORIF and bone graft
#3 F 66 >10cm Yes Prosthesis No
#4 F 49 >10cm No No
#5 F 51 >10cm No Prosthesis No
#6 F 60 >10cm Yes ORIF (nail) Non-union Megaprosthesis
#7 M 42 5-10cm No ORIF (nail) Non-union Megaprosthesis
#8 F 45 >10cm No ORIF (nail) Non-union Nail exchange
#9 M 80 >10cm No No
#10 M 44 >10cm No ORIF (nail) Non-union Megaprosthesis
#11 F 64 5-10cm No ORIF (nail) Non-union Megaprosthesis
#12 F 8 >10cm No No
#13 M 65 >10cm No ORIF (nail) Non-union No
#14 F 50 >10cm No Prosthesis No
#15 M 61 5-10cm No ORIF (nail) No

ORIF Open Reduction Internal Fixation

is low [4, 9] Moreover, due to the heterogeneity of risk
factors, it is very hard to select those patients who may
benefit from PIN. In the present series, PIN was performed
in 11 patients, approximately 50% of those who received
any periosteal procedure.

Prophylactic stabilization does not entirely preclude sub-
sequent fracture of the femur, because one out of 11 patients
developed a fracture with breakage of the nail.

Also, the timing to perform PIN is debated. Gortzak et al.
[8] found that approximately 30% of fractures occurred
within 2 years after surgery. Nonetheless, in the present
series most of PRF occurred after more than 5 years from
STS excision. Based on our results, we believe that in most
of the patients a PIN may be reserved to medium- to long-
term survivors, either at index surgery or even delayed [23]

One of the limitations of this study is the lack of precise
data about RT doses. The dose of radiation may influence
the rate of femoral fracture, with 9% rate being reported
for lower extremity STS treated to> 60 Gy compared to
1% for those treated to 50 Gy. However, all patients were
treated for a STS of the extremities, thus receiving a simi-
lar dose of RT (approximately 55-60 Gy). Additionally,
there was perhaps a selection bias in the way patients
with fractures were identified, as in this series fracture
was identified through retrospective chart review. Moreo-
ver, 54 patients did not have pre-operative radiographs to
assess cortical-shaft index. In addition, data regarding the
localisation of the tumour were not available. According
to the literature, within the thigh, there is a higher rate
of fracture in anterior compartment tumors compared to
medial or posterior compartments [18]. This might have

partially affected our findings. However, this is one of the
series with a longest follow up and, because fractures may
occur many years after the completion of therapy, follow
up is important.

Conclusions

It is still impossible to predict when prophylactic intramed-
ullary nailing should be performed. A case-by-case deci-
sion should be taken. We suggest PIN in patients at higher
risk (women with associated periosteal procedures) at the
time of STS excision. In other cases, PIN can be postponed
in the following years considering the prognosis. The goal
is to prevent the fracture. Therefore, patients with no pro-
phylactic osteosynthesis should be followed more care-
fully even after oncologic follow up is over (> 10 years)
to detect early any sign of femur fracture.

In case of late PRF, bone resection and reconstruction
is recommended. Fewer complications are expected than
after osteosynthesis in irradiated bone.
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