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SUMMARY

Introduction: The best treatment for intertrochanteric fractures remains controversial.
Many methods have been recommended. Aim: We aimed to assess the results of osteo-
synthesis using the Proximal Femoral Nail Antirotation (PFNA) system. Patients and Meth-
ods: We retrospectively analyzed 113 consecutive patients with intertrochanteric fractures
treated with PFNA. Fractures were classified in accordance with the AO/OTA classification
system into the groups A1, A2 and A3. The postoperative quality of fracture reduction was
described as good, acceptable or poor. The location of the blade within the head was
recorded as per the Cleveland method. Tip-apex distance (TAD) was used as a method for
evaluating screw position. Pre-fracture and postoperative functional level were evaluated
by the new mobility score (NMS). Results: The average age at the time of surgery was 75.9
years. The majority, 75 (66.3 %), were unstable fracture types. The reduction was good
in 67 (61.4 %) cases. Of the 24 deaths, 19 patients had comorbidities (p < 0.001). The
number of deaths in the first 6 months was significantly higher than in the next 6 months
(p = 0.001). The mean TAD was 25.6 mm. The Cleveland zone centre-centre was the most
common placement of the blade, accounting for 33 (29 %) of the cases. Reoperation was
required in four patients. There were four patients with cut-out. The pre-facture mean value
NMS was 8.6 (SD 1.1) and the postoperative mean value was 4.3 (SD 3.6). Conclusion: We
concluded that PFNA offers biomechanical advantages, but the best position of the blade
is still unknown.
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1. INTRODUCTION

are numerous operative devices for

Intertrochanteric fractures occur
mostly in elderly patients, and the
outcome may be extremely poor if
there is prolonged bed-rest. The best
treatment for trochanteric fracture
remains controversial (1, 2, 3). Many
methods have been recommended
(4, 5, 6). Stable fixation that allows
early mobilization is the treatment
of choice. Cephalomedullary de-
vices are favored as the treatment
for unstable A2 and A3 fractures,
especially in the absence of medial
buttressing (2, 3, 6, 7). While there

treatment of trochanteric fractures,
none of them are totally free of com-
plications. There is no advantage
to an intramedullary nail versus a
sliding compression hip screw for
low-energy pertrochanteric frac-
tures classified by Arbeitsgemein-
schaft fiir Osteosynthesefragen/Or-
thopaedic Trauma Association (AO/
OTA) 31-Al1 and A2, specifically
given its increased cost and the lack
of evidence to show decreased com-
plications or improved patient out-
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come (4). The treatment of unstable trochanteric femoral
fractures is still challenging.

Unstable proximal femoral fractures were treated
successfully with Proximal Femoral Nail Antirotation
(PENA; Synthes, Oberdorf, Switzerland). Insertion of
the blade compacts the cancellous bone. These charac-
teristics provide optimal anchoring and stability when
the implant is inserted into osteoporotic bone and have
been bio-mechanically proven to retard rotation and
varus collapse. The inserted PFNA blade achieves an
excellent fit through bone compaction and requires less
bone removal compared to a screw (6, 7). In this study,
we aimed to assess the results of osteosynthesis using
the PFNA system, in the treatment of intertrochanteric
fractures including operative and postoperative compli-
cations, general complications and final outcome mea-
surements.

2. PATIENTS AND METHODS

We retrospective analyzed all the patients with inter-
trochanteric fractures treated with PFNA at our insti-
tution from 1st June 2011 to 31st May 2013. The study
included 113 consecutive patients. Closed nails were
placed in all of the patients with the exception of three
patients. All nails were statically locked. The desired po-
sition of the implant was in the anterior-posterior (AP)
view, in the inferior half of the femoral neck. In the later-
al view, it should be positioned in the center of the fem-
oral neck and the tip within 5-10 mm of the subchon-
dral bone (7). The location of the blade within the head
was recorded as per the Cleveland method, on a lateral
X-ray of the femoral head, divided into nine sections (8).
Radiographs were examined to assess the fracture type,
quality of fracture reduction, position of the screw, tip-
apex distance (TAD) and union with use of preoperative
and postoperative A-P and lateral radiographs. All spec-
ifications were measured in the picture archiving and
communication system (PACS).

Fractures were classified according to the AO/OTA
classification system into the groups Al, A2 and A3 and
into subgroups (9). The postoperative quality of fracture
reduction was described as good, acceptable or poor, ac-
cording to the definitions of the three-grade classifica-
tion system proposed by Baumgaertner et al. (10). The
TAD was used as a method of evaluating screw position.
The TAD is the sum in millimeters of the distance from
the tip of the screw to the apex of the femoral head on
AP and lateral views. The first postoperative radiographs
were used to measure the TAD. Non-union was defined
by routine clinical and radiological criteria, and the need
for a further surgical procedure. The blood transfusions
performed during or after the operation were recorded
in the milliliters. Traffic accident and fall from height as
fracture cause was defined as high-energy trauma.

In the present study, all patients received prophylactic
antibiotic therapy as follows: 2 grams of cephalosporine
were given before and 24 hours after treatments. In ad-
dition, low-molecular-weight heparin was administered
once every day for 6 weeks. After treatment, active con-
traction exercises were carried out on the muscles, such
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as ankle active dorsiflexion and plantar flexion, and iso-
metric contraction activities of the quadriceps. The pa-
tients also started to walk with full weight-bearing with a
walking aid as soon as possible.

On admission, the medical condition was assessed and
classified according to the American Society of Anaes-
thesiologists (ASA) grade (11). Health status was classi-
fied as poor (ASA 3—4) or good (ASA 1-2) (12). Pre-frac-
ture and postoperative functional level were evaluated by
the new mobility score (NMS), with a scale of 0 (immo-
bile) to 9 (independently mobile) (13). During the work
on the study, we contacted 98 patients (excluding six
who died in the hospital and nine who had no contact)
or their family members by phone, which gave us infor-
mation about the functional level evaluated by the NMS.
All tests were performed with 95 percent confidence
level (p < 0.05). All statistical analysis procedures were
performed by using SPSS 20.0 (SPSS, Chicago, IL, USA).

3. RESULTS

The average age at the time of surgery was 75.9 years
(range 24-95 years); 80 patients were women and 33
were men. The average length of the follow-up period
was 22 months (range 8-25 months). Associated injuries
were noted in 16 patients (14.2 %), and in 13 (11.1 %)
with fractures. There were 61 (54 %) left and 52 (46 %)
right hip fractures. Low-energy trauma was the cause of
fractures in 99 patients (87.6 %), fall from height in nine,
traffic accidents in four and one suicide attempt. All
fractures were closed. The average waiting time for hos-
pitalization was 1.9 days (range 0-32 days). Time from
fracture to surgery was on average 3.7 days (range 0-33
days). Nine (7.9 %) patients were treated within 6 hours
after suffering the injury. The average length of hospital
stay was 12.5 days (range 6-43 days). The longest hospi-
talization was 43 days (patient with deep infection and
subsequent non-union) and another one was 41 days
(with refixation, deep infection with Escherichia coli and
Actinobacter species, and lethal outcome). There were
63 patients (56 %) with a good health status, while the
remaining 50 patients (44 %) had poor health status.
There were no significant differences in the total num-
ber of deaths when compared between patients stratified
according to ASA score (X = 0.084; df = 1; p = 0.77).
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Figure 1. Kaplan-Meier curve depicting survival of patients
in the postoperative period
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Figure 2. Comparison of the mean time from injury to
surgery according to the survival of patients

During the first 3 months of follow-up after the surgical
treatment, lethal outcome was observed in eight patients
with ASA scores of 3 and 4. There were no significant dif-
ferences in deaths within the first 3 months after surgery
when compared between groups stratified according to
ASA score (p =0.72).

The average age of patients who died was 81.1 (SD 6.4)
while the average age of the living patient was a signifi-
cantly lower 74.2 (SD 13.3) years (t = 2.44; df = 80.85; p
= 0.001). Of the 24 deaths (23 %) during the first year,
18 were women. The incidence of deaths in the first 3
months was 16 of which 12 were women. Comparing
the incidence of death by gender does not indicate a
statistically significant difference (X* = 0.311; df = 1; p
= 0.58). The number of deaths in the first 6 months was
significantly higher than in the next 6 months (p < 0.001).
The average survival time was 10.1 months (95 % CI =
9.37-10.88) (Figure 1). Six patients died in the early post-
operative period in the hospital and one from complica-
tions (infection) 9 months after surgery. There was no
statistically significant difference in time from injury to
surgery in patients who died and survived (Mann-Whit-
ney; Z = -1.15; p = 0.25) (Figure 2). The ratio between
patients with or without co-existent disease was 7:1. Of
the 24 deaths, 19 patients (79.2 %) had comorbidities (p
< 0.001).
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Figure 3. Cleveland index distribution
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Figure 4. Distribution of TAD in cut-out and all cases

The majority, 75 (66 %), were unstable fracture types;
of these, 51 were A2 (46 %) and 24 were A3 (21 %). Dom-
inant subgroups were A1.2 (26.5 %) and A2.3 (25.6 %).
The reduction was good in 67 (61.4 %) of cases, accept-
able in 24 (21.4 %) and poor in 19 (17.2 %) cases (three
patients died postoperatively in the intensive care unit
without control radiographs). Of the total number of
deaths during the year, there were eight deaths associ-
ated with poor reduction and three with acceptable re-
ductions. There was no statistically significant difference
in the comparison of the incidence of death according
to the postoperative quality of fracture reduction (X* =
1.69; df = 1; p = 0.43). Two lateral greater trochanter frac-
tures caused by insertion of the nail were observed intra-
operatively. The proximal end of the nail penetrated the
top of the trochanter in five patients. On average, each
patient received 423.6 ml (range 0-2530 ml) of blood or
blood products. The most blood, 2530 ml, was received
by a patient with infection, revision surgery and non-
union. The number of intraoperative radiation exposures
was 63 (range 13-148). The average duration of surgery
was 71.2 minutes (range 25-175 minutes).

The Cleveland zone 5 (centre-centre) was the most
common placement of the tip of the blade on postop-
erative radiographs, accounting for 33 (29 %) of the
cases. The second-most common location was zone 8,
(central-inferior) with 24 (21 %) cases (Figure 3). Reop-
eration for the treatment of implant or fracture-related
complications was required in four patients (infection,
reimplantation and two extractions). There were two
non-unions. Delayed healing was observed in six pa-
tients with poor reduction. Union with backing out blade
were in three patients. Blade migration within the fem-
oral head and telescoping of the blade along its axis was
in one patient. Deep vein thrombosis developed in three
patients diagnosed by phlebography, and were treated by
the high dose of low-molecular-weight heparin. There
were two deep and one superficial infection. Patients
with deep infection died during the first year after sur-
gery.

The mean TAD was 25.6 (SD 10.3) mm. TAD smaller
than 25 mm was seen in 60 (53 %) patients. TAD larger
than 20 mm was seen in 77 (69.2 %) patients (p < 0.001).
There were four patients with cut-out. Cephalad cut-out
occurred in three and axial cut-out (medial perforation)
in one out of 110 cases. Three cut-out cases were in A3
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unstable fracture types and one in type Al. The good re-
duction was seen in two of the cases and poor and ac-
ceptable in one case each. Two of the cephalad cut-outs
had a TAD greater than 30 mm. The one axial cut-out
occurred where the TAD was less than 15 mm (Figure 4).
The pre-facture mean value NMS was 8.6 (SD 1.1) and
the postoperative 4.3 (SD 3.6), which was significantly
different (t = 13.005; df = 103; p < 0.001). A total of 26
patients (25 %) regained pre-fracture mobility status. Of
the patients 28 (27 %) were unable to walk after surgery.

4. DISCUSSION

The general consensus in the literature is that the pri-
mary goal of treatment should be to obtain a stable fix-
ation of the fracture that will allow early mobilization,
restoring the function of the limb. Early operation was
crucial for the good functional outcome and for the
avoidance of serious postoperative complications for the
implant or the patient (14, 16).

Moran et al. concluded that a delay in surgery of up to
four days in patients without an acute medical comor-
bidity does not increase postoperative mortality, mor-
bidity, or duration of the rehabilitation following (15).
In our study, the time from fracture to surgery was on
average 3.7 days. Siegmeth et al. (17) shows a significant
increase in length of stay that was found in patients op-
erated on after 48 hours when compared with those in
the earlier group (21.6 vs. 32.5 days). In our study, the
average length of hospital stay was 12.5 days. In the study
by Takigami et al. (2), the length of the surgical proce-
dure averaged 20.3 minutes (range 9-83 minutes). Intra-
operative blood loss averaged 22.8 ml (range 5-100 ml).
It would be wrong to conclude that, given the length of
the surgical procedure, it is a simple procedure. In our
study, the average duration of surgery was 73.1 minutes.
On average, each patient received 423.6 ml of blood or
blood products. Repeated reduction and manipulation
will increase operative and fluoroscopy time and intra-
operative blood loss, especially in more unstable fracture
types (18). In our study, the reduction was good in 67
(60.9 %), acceptable in 24 (21.4 %) and poor in 19 (17.2
%) cases. In a study by Mereddy et al., fracture reduction
was good in 41 (66.1 %) (6).

The rotation of the head might lead to a cutting out.
The centre-centre position in the head of femur of any
kind of lag screw or blade is to be achieved in order to
minimize rotation of the femoral head and to prevent
further mechanical complications (19). The first biome-
chanical study of a PFNA device suggests that the infe-
rior position of the helical blade in the frontal plane and
center position in the sagittal plane is superior to the
centre-centre position and provides better biomechan-
ical stability (20). Central-inferior and anterior-inferi-
or positions, after adjustment for tip apex distance and
screw position, were significantly protective against cut-
out (24). Perfect placement of implants cannot always be
achieved (17). Failed osteosynthesis has a major impact
on mortality and morbidity among the elderly (21). The
TAD was shown to be the most important predictive
factor for cut-out, followed by screw position, fracture
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pattern, reduction and patient age. A significantly higher
incidence of lag screw cut-out was associated with un-
stable fracture and older-age factors that cannot be con-
trolled by the surgeon (22).

Palm et al. (23) study shows the influence of the per-
forming surgeon’s experience and degree of supervision
on the reoperation rate in technically demanding prox-
imal femoral fractures. The 19.9 mm threshold thus
proves to be a better predictor (although not significant-
ly) than the 25 mm threshold. Poor fracture reduction
also contributes to higher risks (up to five times higher)
of screw cut-out (24). In our study, three cut-out cases
were in unstable fracture types. Good reduction was re-
corded in two of the cases and poor and acceptable re-
duction in one case each. The technique guide for the
Synthes PFNA suggests inserting the guide wire to 5-10
mm from subchondral bone on the AP and lateral views,
which would yield a TAD of 10-20 mm (7). In the study
by Nikoloski et al., there were six (6.2 %) cases of cut-out
(25). They believe that the TAD rule of < 25 mm should
not apply for the PFNA. They suggest avoiding a TAD <
20 mm due to possible axial cut-out and avoiding a TAD
> 30 mm to avoid cephalad cut-out. In our study, 36 (32.7
%) patients had a TAD < 20 mm with one cut-out and
35 (31.8 %) = 30 mm with two cut-out. Centre-centre or
central-inferior position blade was not used in 53 (48.1
%) patients. A high percentage discrepancy from the de-
sired position of the blade supports the good cut-out re-
sistance of PFNA.

Subtle migration (2 mm) of the tip of the blade within
the femoral head occurred in all fractures, but this did
not preclude maintenance of reduction and fracture
healing, and was not predicted by fracture type, reduc-
tion quality, age or gender. More telescoping occurred in
unstable compared to stable fractures (26). In our study,
union with backing out blade were in three patients.
Blade migration within the femoral head and telescop-
ing of the blade along its axis was in one patient. In a
study from Strasbourg of 3066 patients, 1.5 % infection
and 1.85 % cut-out was recorded (27). In our study, there
were two deep and one superficial infection (2.6 %). Pa-
tients with deep infection died during the first year after
surgery.

In our study the number of deaths in the first 6 months
was significantly higher than in the next 6 months (p <
0.001). Of the 24 (23 %) deaths, 19 patients had comor-
bidities (p < 0.001). In van Balen et al. study (21), cumula-
tive mortality was 20 % at 4 months after fracture. In our
study, the pre-facture mean value NMS was 8.6 (SD 1.1)
and postoperative 4.3 (SD 3.6). In a study by Kristensen
et al. (28), 223 patients (80 %) achieved independence in
basic mobility during their hospital stay, with 208 (93 %)
regaining this independence within 2 weeks of surgery.
Despite improvements in implant technology, operative
technique, anesthesia and rehabilitation, the outcome
for many patients with a hip fracture remains poor (29).

5. CONCLUSION
Even though this study shows the high level of mortal-
ity and morbidity associated with intertrochanteric frac-
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tures, we have suggested that PENA offers advantages,
as it can be easily inserted and provides stable fixation,
which allows early mobilization of the patient. Therefore,
early operation, good reposition, strict respect of techni-
cal steps and stable fixation will result in good functional
recovery. The best position of the blade within the head
is still unknown.
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