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ABSTRACT
Objective: The objective of the present study was to evaluate whether surgical treatment of the pertrochanteric fractures of the femur
with external fixator could reduce the pre- and postoperative length of hospital stay, with low complications and mortality and with
satisfactory functional results to achieve rehabilitation and incorporation into the daily life in high-risk patients.
Methods: Twenty-six patients who had pertrochanteric fractures were treated using the Orthofix Pertrochanteric Fixator (Bussolengo
Verona, Italy). There were 14 male and 12 female patients. The mean age of the patients was 73 (37–93) years. The fractures were classified according to the modified Evans classification. Of the fractures, 19 were unstable, and 7 were stable. Patients were evaluated on
the day the fixators were removed according to the Foster criteria.
Results: The mean operative time was 24 (20–65) min. The average hospitalization was 12.7 (3–43) days. The average union time of the
16 patients who were alive and whose fixators could be removed was 5.2 (3–11) months. Stable fractures healed at approximately 4.1
months, whereas unstable fractures healed at 5.9 months. Six patients developed pin tract infection and five of them were superficial.
During the 12-month follow-up period, 10 patients died from causes unrelated to the operation. The mortality rates of the 26 patients
who had intertrochanteric fractures treated with pertrochanteric fixator in our retrospective study were 23.07% within the first 30 days
and 42.3% within 1 year.
Conclusion: In conclusion the use of external fixation for the management of pertrochanteric fractures in elderly patients of poor
health is a valuable and valid alternative surgical method.
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INTRODUCTION
In the 20th century, there has been a significant increase in the
average life span with the parallel improvement of the scientific
development of living conditions. The elderly population develop osteoporosis in proportion to malnutrition and inactivity. As
a result, pertrochanteric femur fractures can occur with a simple
trauma. Several treatments have been tested in the treatment of
fractures of this region, and the advantages and disadvantages
of each method have been reported over time.
Most hip fractures are seen in elderly patients with osteoporosis
who have prior problems and functional limitations. Owing to
the good blood supply in intertrochanteric femur fractures, conservative treatment is possible because of the low incidence of
non-union and avascular necrosis, but the complications of immobilization in elderly patients lead to increased mortality and
morbidity up to 60% with conservative treatment (1, 2).
This elderly patient population often has cardiac, pulmonary,
and genitourinary system disorders and metabolic and neurological problems, and the timing and planning of treatment are
difficult (3). The purpose of surgical treatment is to improve the
quality of life by providing early mobilization and to restore the
prefracture status as soon as possible (4). The quality of surgery

depends on the selected osteosynthesis method, surgical technique, bone quality, and reduction quality.
Treatment options include internal fixation, hemiarthroplasty, and
external fixation. These methods have advantages and disadvantages. Plates and intramedullary nails are used in the internal fixation method. The disadvantage of the internal fixation method
is the necessity to open the fracture area for fixation with plates.
If close reduction could not be made during fixation with an intramedullary nail, open surgery must be performed. However, in
both methods, the operation time is long, and it is a hemorrhagic
surgical method that may require blood transfusion during the
operation. In both methods, there is a risk of failure in the screws
inserted into the femoral neck, but they provide a rigid fixation.
Reduction loss and non-union are rarely seen in the postoperative
period, especially in patients with unstable fractures. The disadvantages of hemiarthroplasty include a more bleeding method,
serious complications due to cement, long operation time, dislocation of the postoperative hip, and revisions due to cement. The
advantage is that the patient can be allowed full weight bearing
postoperatively. The disadvantages of hemiarthroplasty are intraoperative blood loss, serious complications due to cement, long
operation time, dislocation of the hip, and revision difficulties due
to cement. However, hemiarthroplasty patients can be allowed full
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weight bearing significantly earlier than internal fixation patients.
External fixation has several advantages, such as short operation
time, minimal bleeding, and short residence time, but also disadvantages, such as loss of reduction especially in unstable fractures,
pin tract infection, and pin loosening.
The objective of the present study was to evaluate whether surgical treatment of the pertrochanteric fractures of the femur with
external fixator could reduce the pre- and postoperative length
of hospital stay, with low complications and mortality and with
satisfactory functional results to achieve rehabilitation and incorporation into the daily life in high-risk patients.

METHODS
Between 2007 and 2013, 26 (10%) of the 270 patients with pertrochanteric fractures who were admitted to our department
were classified by the anesthetist as American Society of Anesthesiologists (ASA) grade 3 or 4 and considered not suitable for
conventional fracture fixation. Table 1 shows the medical conditions causing the patients to be considered as high risk.
Written informed consent was obtained from all the patients who
participated in the study. Ethics committee approval was obtained
from Gaziantep University (date: 2013/decision no: 328).
Twenty-six patients who had pertrochanteric fractures were
treated using the Orthofix Pertrochanteric Fixator (Bussolengo
Verona, Italy). There were 14 male and 12 female patients. The
mean age of the patients was 73 (37–93) years. The right hip was
involved in 12 cases, and fracture occurred in the left hip in the
remaining 14. Two of the fractures occurred in traffic accidents,
and the remaining 24 were caused by simple in-house fall. The
fractures were classified according to the modified Evans classification (5). Of the fractures, 19 were unstable, and 7 were stable
(Table 2).
Of the patient’s operations, 10 were performed under general anesthesia, 13 were under regional spinal anesthesia, and 3
were under sedoanalgesia. The patient was placed on a fracture
table, and a closed reduction of the fracture was performed under image intensification in all cases. A guide wire was inserted
percutaneously at a 125°–130° angle approximately into the center of the femoral neck and head. Two long, 6.5 mm, self-drilling
and self-tapping pins were inserted manually on each side of
the guide wire within the confines of the femoral neck. The pins
were advanced to approximately 10 mm from the subchondral
bone of the head. The device attached to the proximal pins acted as a guide for the insertion of the two distal pins. When the
implantation of the two proximal pins is complete, the posterior
clamp-locking screws are tightened, leaving a distance of 1 to
2 cm between the skin and the posterior clamp. The mean operative time was 24 (20–65) min. Parenteral cephalosporin was
given for 2 days after the operation, and low-molecular-weight
heparin was administered until discharge.
On postoperative day 1, full weight bearing with a walker is allowed
as tolerated. Only four very senile patients who were non-ambulatory before the occurrence of the fracture were not able to walk
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Table 1. Medical conditions of high-risk patients
Medical conditions increasing surgical risk

Patients (n)

Chronic renal failure

4

Chronic renal failure and insulin-dependent
diabetes mellitus

5

Cardiovascular disease

2

Cardiovascular and pulmonary diseases

3

Total

14

Table 2. Classification of our cases according to the fracture
types
Type of fractures according
to the modified Evans
classification

Patients
operated
(n)

Patients can
be evaluated
(n)

Stable

Type 1

7

6

Unstable

Type 2

10

5

Type 3

9

5

26

16

Total
Table 3. Foster’s criteria
Functional grading

Anatomical grading

Excellent Walks as well as before the Union in perfect
operation. No limp or pain position
Good

Walks well, uses stick to
go out

<10° varus and
minimal shortening

Fair

Requires stick, considerable 10°–25° of varus and
limp or pain
0.5 to 1 in of shortening

Poor

Bedridden or confined
to chair

Severe malunion, varus
deformity of ≥25° or
>1 in of shortening

postoperatively. Pin site care was performed every day, and the
patients’ families were given instructions on continuing the pin
site care after discharge from the clinic. The average hospitalization was 12.7 (3–43) days. Outpatient visits were arranged every
month until the fracture was united, and the fixator was removed.
Only 16 patients were evaluated according to fracture union and
function because 10 patients died within the first 1 to 120 days
after surgery before fracture healing was completed. Patients were
evaluated on the day the fixators were removed according to the
Foster criteria (6). Table 3 shows the Foster criteria.
Statistical Analysis
Statistical analyses were performed using the Statistical Package
for the Social Sciences (SPSS) version 16.0 statistical package for
Windows (SPSS Inc.; Chicago, IL, USA). Continuous data were expressed as mean, whereas categorical data were presented as
percentage (%).
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Table 4. Postoperative complications
Postoperative
complications

Figure 1. a-d. (a). Preoperative X-ray of left intertrochanteric Evans–Jensen type 2 fracture of an 82-year-old m an. (b)
Postoperative X-ray of the patient with external fixator. (c)
Full weight bearing and knee flexed position of the patient at
postoperative week 1. (d) After removal of external fixator and
excellent healing anatomically at 4 months

Patients
(n)
Treatment

Superficial pin tract
infection

5

Oral antibiotic therapy and
dressing

Deep pin tract infection

1

Parenteral antibiotic
therapy

Refracture

1

Hemiarthroplasty

Anemia

2

Blood transfusion

a

b

c

d

Table 5. Functional and anatomical grading of cases according
to their fracture types
Functional grading

Anatomical grading

Stable
fractures

Unstable
fractures

Stable
fractures

Unstable
fractures

Excellent

4

6

3

4

Good

1

3

3

4

Fair

–

1

–

1

Poor

1

–

–

1

Total

6

10

6

10

RESULTS
The analysis of the results showed that in relation to the most
affected gender, there were 14 men and 12 women. The average
age of the patients was 73 (37–93) years. Two patients required
blood transfusion postoperatively. The fixator did not interfere
with sitting or lying, and there was no restriction of knee movements. The predominant etiology was by fall during walking at
home with 92% (24/26). The mean operative time was 24 (20–65)
min. The average hospitalization was 12.7 (3–43) days. The average union time of the 16 patients who were alive and whose
fixators could be removed was 5.2 (3–11) months. Stable fractures (Evans–Jensen type 1) healed at approximately 4.1 months,
whereas unstable fractures (Evans–Jensen types 2 and 3) healed
at 5.9 months. Figure 1 shows an 82-year-old patient who had
unstable pertrochanteric fracture treated with external fixation
and healed with satisfactory functional result.
There were no cases of pin loosening, breakage, or penetration
of the femoral head. Twelve patients had an average limb shortening of 18 mm. With respect to the femoral varus compared
with the contralateral side, an average of 126.7° (118°–139°) collodiaphyseal angle in the fractured side was calculated (non-fractured side collodiaphyseal angle was 135.5°).
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Several complications were seen in eight cases (Table 4). Five
patients developed superficial pin tract infection. This involved
the proximal pins in all cases. The infections were successfully
treated with oral antibiotics and daily cleansing with antiseptic
solutions. One developed deep pin tract infection, and intravenous antibiotics were administered for 1 week. There was no

osteomyelitis, and none of the pins have to be removed before
completion of the treatment in any patient. The patient who developed refracture and treated with hemiarthroplasty was not
excluded from the evaluation because he had fracture 3 months
after removal of the fixator. There were no cases of pin loosening,
breakage, or penetration of the femoral head.
During the 12-month follow-up period, 10 patients died from
causes unrelated to the operation. The mortality rates of the 26
patients who had intertrochanteric fractures treated with pertrochanteric fixator in our retrospective study were 23.07% within
the first 30 days and 42.3% within 1 year. When the alive patients
were evaluated according to the Foster criteria, anatomically, 7
patients were excellent (3 stable and 4 unstable), 7 were good
(3 stable and 4 unstable), 1 was fair (unstable), and 1 was poor
(unstable). Functionally, 10 patients were excellent (4 stable and
6 unstable), 4 were good (1 stable and 3 unstable), 1 was fair (unstable), and 1 was poor (stable) (Table 5).
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DISCUSSION
Improvements in health services have resulted in a significant increase in survival and pertrochanteric fracture incidence, which
mainly occur in the elderly population. Intertrochanteric femur
fractures constitute approximately 8%–10% of all fractures in
the body. They usually occur as a result of low-energy traumas
in older ages and high-energy trauma in young people. Age and
other factors increase the tendency to fall. These are visual loss,
loss of muscle strength, blood pressure variability, vascular diseases, and musculoskeletal system pathologies. These fractures
are seen at the third frequency after distal radius fracture and
femur neck fracture in the elderly (7). More than 200,000 patients
with intertrochanteric femur fractures are seen annually in the
United States. The overall mortality has been reported as high as
10% at 30 days and 30% at 1 year post-injury (8, 9). The mortality
risk increases along with the presence of several factors, including increasing age, male gender, number of comorbidities, low
mini-mental test score on admission, low hemoglobin concentration on admission, residence in an institution, and the presence of malignant disease (10, 11). When the mortality rates of
the 26 patients who had intertrochanteric fractures treated with
pertrochanteric fixator in our retrospective study were analyzed,
the mortality rates were 23.07% within the first 30 days and
42.3% within 1 year. These results support the study by Moran
et al. (12).
Conservative treatment is an unacceptable alternative since it
has been associated with mortality of up to 60% (1, 2). The purpose of surgical treatment is to improve the quality of life by providing early mobilization and to restore the prefracture status as
soon as possible (4). The quality of surgery depends on the selected osteosynthesis method, surgical technique, bone quality,
and reduction quality.
Over the years, several surgical fixation techniques have been
proposed. The most widely used implants are the sliding hip
screw and the intramedullary hip screw. Internal fixation has several potential disadvantages: patient preparation is difficult and
is related to a higher surgical risk intraoperatively and postoperatively, such as potential blood loss, soft tissue manipulation,
difficulties of patient positioning, and fracture reduction and obligation of traction table (13).
The biomechanical advantages of the intramedullary hip screw
over the sliding hip screw include increased stability and better
loading of the proximal part of the femur (14). Furthermore, with
intramedullary fixation, a buttress is created that minimizes the
amount of translation, helping to control fracture impaction.
Another advantage of the intramedullary device is that insertion requires a less invasive surgical approach. However, even
with intramedullary fixation, the lateral cortex may be damaged
during implantation. Both techniques are associated with high
rates of implant failure (ranging from 5% to 20%), including lag
screw cut-out and cortical screw pull-out, particularly when the
devices are used to treat unstable fractures (15, 16).
Several complications are also described related to intramedullary implants, including malalignment, cut-out, infection, false
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drilling, wrong lag screw length and drill bit breakage during the
interlocking procedure, external or internal malrotation (≥20°)
of the femoral diaphysis, elongation of the femur (up to 2 cm),
impaired bone healing, periprosthetic fracture distal to the tip
of the nail, fracture collapse, implant failure, lag screw intrapelvic migration, neurovascular injury, secondary varus deviation,
complications after implant removal, trochanteric pain, and refracture (17).
Vossinakis and Badras compared sliding nail with external fixators in a prospective randomized study of 100 patients with pertrochanteric fractures (18). After 6 months of follow-up, patients
with external fixator were found to have less blood loss, shorter
operation time, less postoperative pain, shorter hospital stay,
earlier mobilization, and less mechanical complication rate.
Cochrane reviewed three published studies and found a shorter
operative time, less surgical trauma, less postoperative pain, earlier
mobilization, and shorter in-hospital duration for a pertrochanteric
external fixation compared with a sliding hip screw (19).
Shortening because of collapse and varisation of the femoral neck
is a well-recognized complication of both internal and external
fixation in unstable fractures or in the presence of severe osteoporosis (20-22). In our study, 12 (46%) patients had an average limb
shortening of 18 mm. With respect to the femoral varus compared
with the contralateral side, an average of 126.7° (118°–139°) collodiaphyseal angle in the fractured side was calculated (non-fractured side collodiaphyseal angle was 135.5°), but these varus and
shortening complications were not associated with implant failure
or cut-out. The Orthofix Pertrochanteric Fixator device used in our
study offers enough stability to allow full weight bearing without
compromising fracture healing. Lack of mechanical complication
has been attributed to the large contact surface between the pins
and the bone and to a degree of controlled sliding (23). Although
the proximal pins are not free, smooth shafts of pins could slide in
the lateral cortex, allowing minimal impaction at the fracture. It
has also been suggested that the elasticity of the fixation due to
the increased distance of the fixation device from the femur promotes early, florid callus formation that allows the early participation of the bone in load bearing, thus reducing the stresses on the
fixation (24). However, these theories require documentation by
appropriate biomechanical studies.
The main disadvantage of external fixation is the tendency to superficial pin tract infection. In the treatment of hip fractures with
external fixators, the risk of pin track infection varies 0%–30%
(24-26). In our study, superficial pin tract infection was observed
in 5 (19%) patients and deep pin tract infection in 1 (4%). In the
literature, deep infection that required pin removal or repositioning has been reported (1, 20, 27). However, superficial and deep
pin tract infections did not require reoperation and did not affect
the functional results of our patients.
Another well-described disadvantage of external fixation in the
pertrochanteric fractures is postoperative knee stiffness caused
by fixation of the fascia lata and vastus lateralis by the distal pins
(20). This problem was not seen in our study due to the use of
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short pertrochanteric fixator, which did not allow the placement
of the distal pins distally in the femur.

2.

Petsatodis at al. (28) compared the stable intertrochanteric fractures and unstable intertrochanteric fractures with other valid
surgical options and revealed that external fixation reduces operative time and minimizes blood loss. Their study also suggested
that when external fixation is used in unstable pertrochanteric
fractures, a high incidence of technique-related complications (pin
migration, pin loosening, non-union, varus malunion, and infection) is found (28). External fixation in unstable fractures resulted
in prolonged union time, increased incidence of the varus position
of the fracture site, and worse functional outcome compared with
stable fractures also reported in this study, and Petsatodis et al. (28)
suggested that external fixators should be used with caution in the
geriatric population in unstable pertrochanteric fractures. However, in our study, there were no cases of pin loosening, breakage, or
penetration of the femoral head, and there was no any significant
difference between the stable and unstable fractures according
to the complications and functional–anatomical criteria of Foster.
Only union time criteria was bad in the unstable cases compared
with stable ones. Stable fractures (Evans–Jensen type 1) healed at
approximately 4.1 months, whereas unstable fractures (Evans–Jensen types 2 and 3) healed at 5.9 months. Andruszkow et al. (29) suggested the external fixation as an alternative to commonly applied
implants in patients with multimorbid geriatric trauma.

3.

The external fixation method is minimally invasive and fast. In elderly patients of high-risk (ASA 3 or 4) who have often comorbidities,
stable fixation without surgical trauma could be vital for a faster recovery and mobilization and reduced morbidity and mortality (30).

4.

5.
6.
7.

8.

9.
10.

11.

12.

13.

CONCLUSION
The use of external fixation for the management of pertrochanteric fractures in elderly patients of poor health is a valuable and
valid alternative surgical method.
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