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Abstract
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The purpose of this study was to assess the long-term clinical, functional, and radiological results of the patients who underwent osteosynthesis of femoral intertrochan-
teric fractures using proximal femoral nails (PFNs). The study included forty patients who had PFN osteosynthesis of intertrochanteric fractures between May 2009 and
October 2014 and were followed up on for at least 24 months. The average duration of follow-up was 52.6+5.4 months. The patients' clinical, functional, and radiological
findings were reviewed retrospectively. The fracture types were determined using the Evans-Jensen classification, and the radiological evaluation was done using Fogag-
nolo's reduction quality criteria. Fifteen fractures (37.5%) were stable, while 25 (62.5%) were unstable. The most common complication was varus union (10 percent). In
90% of patients, good and acceptable reduction criteria were met. In functional evaluation, 31 patients (77.5%) received excellent or good HHSs. Because of its advantages
such as low bleeding amount, short surgical duration, fast mobilization, and long-term satisfactory functional results, proximal femoral nailing should be considered in the

first steps of the treatment algorithm for femoral intertrochanteric fractures.
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Introduction

Low-energy trauma is the most common cause of pertrochanteric
femur fractures in the elderly. Because comorbidities enhance the
risk of fracture-related morbidity and mortality, early stabilization
and mobilization are critical in patients with this type of fracture.

Intertrochanteric fractures are treated using extramedullary
and intramedullary fixation techniques. Less surgical dissection,
infection, and bleeding can be avoided with the proximal femoral
nail (PFN), an intramedullary fixation device [1]. In recent years,
the proximal femoral nail has become more popular, as most
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studies have shown that it provides a more secure fixation than
dynamic hip plates, especially in unstable fractures [2-6].

The goal of this study was to assess the long-term clinical,
functional, and radiological outcomes of patients who had femoral
intertrochanteric fractures treated with PFNs.

Materials and Methods
Ethical approval

The study protocol was approved by the Scientific Research
Ethics Committee of Gaziantep University, Faculty of Medicine
(Gaziantep University Noninterventional Clinical —Studies
Institutional Review Board, 14.09.2015, Ethical protocol number:
2015/249).A written informed consent was obtained from all
patients.

Study design
The

study included forty patients who underwent PFN
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osteosynthesis of intertrochanteric fractures in our clinic between
May 2009 and October 2014 and were followed up on for at least
24 months. The patients' data were analyzed retrospectively. The
average duration of follow-up was 52.65.4 months.

Among the numerous classifications described, we chose the Evans-
Jensen classification because it is simpler to understand and covers
a wide range of fracture types. The Evans-Jensen classification
used in intertrochanteric femur fractures defines Type 1 and 2
fractures as stable, while Type 3-5 and reverse oblique fractures
are classified as unstable [7,8]. For surgical fixation, cannulated
PFNs (ZimedMedikal, Gaziantep, Turkey), Talon DistalFix PFNs
(Orthopedic Designs North America, Inc., Tampa, FL, USA), and
PFN (DePuySynthes Companies, Warsaw, IN, USA) components
were used. The patients' outcomes were evaluated clinically and
radiologically, and their functional status was assessed using the
Harris Hip Score (HHS) [9].

Age, gender, fracture type and mechanism, additional traumas,
preoperative diseases, time until surgery, preoperative anesthesia
risk (ASA score), surgery duration, bleeding amount, length of
hospital stay, reduction quality, mechanical complication rates,
and HHSs were all evaluated and compared in patients.

All patients received pharmacological deep vein thrombosis
(DVT) prophylaxis with low-molecular-weight heparin (LMWH)
from the time they were admitted to the hospital. The surgery
was carried out as soon as the patient's general medical condition
permitted. For infection prevention, all patients received a 1 g
intravenous dose of cefazolin 30 minutes before surgery. Deep
vein thrombosis prevention with LMWH was continued for one
month following surgery.

Patients with postoperative medial cortex continuity were
mobilized with a walker on the first postoperative day, with
weight-bearing as tolerated. Quadriceps strengthening, as well as
knee and hip muscle exercises, were begun. Patients with unstable
intertrochanteric fractures who were unable to achieve adequate
medial continuity or reduction were mobilized with partial weight-
bearing with a walker for the first four weeks, and full weight-
bearing as tolerated after the sixth week or with the development
of callus. Patients were invited to return for follow-ups after the
sixth week, third month, sixth month, and 12" month, as well as
annually.

Complications such as screw/blade cut-out, implant failure,
varus development, rotational or shortness deformity, acetabular
penetration, acetabular protrusion, implant fracture, dislocation,
peri-implant fracture, prosthesis loosening, avascular necrosis
(AVN), lateral shift, Z effect, screw loosening, and screw migration
were evaluated radiologically during follow-ups.

Evaluation of radiological and functional results

The postoperative reduction quality was evaluated based on
Fogagnolo’s criteria as good, acceptable, or poor (Table 1) [3,10].
Functional evaluations at the follow-ups were performed with
HHS. According to the HHS system, 90-100 pointsare considered
an ‘excellent’ result, 80-89 points as ‘good’, 70-79 points as ‘fair’,
and <70 points as ‘poor’ [9].

Med Science 2022;11(2):864-8

Statistical analysis of the data was performed using the SPSS for
Windows v.22.0 software. Spearman’s rank correlation coefficient
and the chi-square test (crosstabulationchi-square) were used in the
analysis of the data. A p value of <0.05 was considered statistically
significant.

Results

Of the patients included in the study, 19 were males and 21 were
females. The mean age of the patients was 72.0+3.1 years. The
etiology of the fracture was simple fall in 36 patients (90%), fall
from height in two (5%), and in-vehicle traffic accident in two
(5%). According to the Evans-Jensen classification, eight patients
(20%) had Type 1, six (15%) had Type 2, one (2.5%) had Type 3,
12 had (30%) Type 4, and eight (20%) had Type 5 fractures, while
five (12.5%) had reverse oblique fractures. Fifteen (37.5%) of the
fractures were stable and 25 (62.5%) were unstable. Cannulated
PFNs were applied to 20 patients, Talon Distal Fix PFNs to 16
patients, and PFN to four patients. The mean surgery duration
was 50.6+5.7 minutes,while the mean amount of intraoperative
bleeding was measured as 118.4+14.6 cc. Preoperative anesthesia
risks were evaluated and recorded using the ASA scores (Table 2).

According to HHS, 20 patients (50%) had excellent results, 11
(27.5%) had good results, six (15%) had fair results, and three
(7.5%) had poor results. According to Fogagnolo’s criteria,
postoperative reduction quality was good in 29 patients (72.5%),
acceptable in seven (17.5%), and poor in four (10%). The reduction
quality of the patients was compared to the fracture type. A
statistically significant, positive correlation was found between the
postoperative reduction quality and the long-term HHS (p=0.001)
(Table 3).

Mechanical complications developed in six patients (15%). In
addition, loss of reduction in one patient (2.5%), peri-implant
fracture in one (2.5%), lateral shift in two (5%) and screw/blade
cut-out in two (5%). Varus union developed in four patients (10%).
Respectively, the first patient had to undergo partial hip prosthesis
due to early loss of reduction, the second one underwent total hip
arthroplasty (THA) due to AVN of the femoral head, while the
last patient required revision osteosynthesis due to peri-implant
fracture.

The relationship between the complication rates and age groups,
fracture type, ASA score, reduction quality, and HHS were
statisticallyevaluated. A statistically significant relationship
was detected between the ASA score and complication rates
(ASA2: 12,5%, ASA3: 47.5%, ASA3[ICU]: 17.5%, ASA4:
5%, ASA4[ICU]: 17.5%; p=0.023). A statistically significant
relationship was also found between the reduction quality
and complication rates (good reduction: 14.3%,acceptable
reduction: 28.6%,poor reduction: 57.1%; p=0.001). Similarly, the
relationship between HHSs and complication rates was significant
(excellent: 0%,good: 42.9%,fair: 14.2%,poor: 42.9%; p=0.001).
No statistically significant relationship was found between age
groups and complication rates and between fracture type and
complication rates (p=0.359 and p=0.671 respectively). Moreover,
there was no significant relationship between fracture types and
HHSs (p=0.363). However, a moderately significant, positive
correlation was found between age groups and HHSs (p=0.001).
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Table 1. Fogagnolo’s postoperative reduction quality criteria

Normal femoral neck angle or mild

Alignment valgus in the AP plane

Less than 20 degrees of angulation in
the lateral plane

Displacement of main fragments At least 80% overlap

At least 5 mm shortening

Reduction quality

Good Meets both criteria
Acceptable Meets one criterion

Poor Does not meet either criterion

Table 2. Preoperative ASA scores and their distribution among the patient
groups

Preoperative ASA score, n (%)

ASA2 5(12.5)
ASA 3 19 (47.5)
ASA 3 (ICU) 7(17.5)
ASA 4 2(5.0)
ASA 4 (ICU) 7(17.5)
Total 40 (100)

ASA: American Society of Anesthesiologists, ICU: intensive care unit

Table 3. Distribution of the reduction quality and Harris Hip Score outcomes
among the patients

Harris Hip Score

Reduction quality Excellent Good Fair Poor Total

Good 20 6 2 1 29

Acceptable 0 3 4 0 7

Poor 0 2 0 2 4

Total 20 11 6 3 40
Discussion

Intertrochanteric femur fractures are more common in the elderly
population and have become more common as life expectancy has
increased. Furthermore, the risks posed by the elderly population's
additional diseases increase the risk of morbidity and mortality
from fracture. As a result, early surgery and early mobilization of
patients can reduce the incidence of complications such as DVT,
pulmonary embolism, uremia, urinary tract infection, pressure
sores, and death [11,12]. In our study, the average time until
surgery was 3.13 days (range: 4 hours to 8 days).

Randomized controlled trials comparing extramedullary and
intramedullary fixation systems have revealed that PFN achieves
the best results in intertrochanteric femur fractures [13,14]. The
findings from the literature are supported by the excellent and good
results obtained by 77.5% of our cohort. Fracture reduction is an
important predictor of complications. According to Fogagnolo et
al., the quality of reduction is as important as the tip apex distance.
According to Fogagnolo's reduction criteria, Sahin et al. achieved a
good reduction in 75.6% of their patients, an acceptable reduction
in 15.6% ,and a poor reduction in 8.9% of their patients [1]. In
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our study, 72.5% of patients had a good reduction, 17.5% had an
acceptable reduction, and 10% had a poor reduction, all of which
were comparable to the results from the literature.

Both Fogagnolo's and Sahin's studies failed to show a statistically
significant relationship between reduction quality and mechanical
complications. In our study, however, the complication rates of
14.3% with good reduction, 28.6 % with acceptable reduction,
and 57.1% with poor reduction revealed a statistically significant
relationship between reduction quality and complication rates
(p=0.001).

Mechanical complications with intramedullary nailing in proximal
femur fractures have been reported at rates ranging from 4.6 to
23% [15-20]. Screw/blade cut-out has been reported to occur at
a rate of 2.2-4.6% [18, 19]. In the study by Simmermacher et
al., which included 191 patients, no femoral diaphysis fractures
occurred, and 10 patients with poor reduction due to technical
problems required a second surgery [21]. Banan et al. reported
technical failure in five patients, femoral diaphysis fracture in
two, and implant failure in one in their study of 60 patients, and
added that 6.5% of the patients required a second surgery [22].
Mechanical complications were observed in six (15%) of the 40
patients in our study. Four of the six patients with complications
had unstable fractures, while the other two had stable fractures.
We observed reduction loss in one patient (2.5%), peri-implant
fracture in one (2.5%), lateral shift in two (5%), and screw/blade
cut-out in two (5%).

Wilson et al. emphasized the importance of reduction and nail
position in the evaluation of 1,015 patients with intertrochanteric
fractures treated with Jewett nails, reporting a 3.3% rate of
resurgery due to mechanical complications in patients with good
reduction and nail position, and a 28% rate in patients with poor
reduction and nail position [23]. In our study, patients with good
and acceptable reduction quality had a lower rate of resurgery
due to mechanical complications than those with poor reduction
quality.

De Bruijn et al. investigated the risk factors of screw/blade cut-
out, one of the most serious complications, and reported on which
markers can be used to predict the risk of screw/blade cut-out [24].
As a result, the authors proposed that greater tip-apex distance,
inadequate fracture reduction, and fracture type were reliable
predictors of screw/blade cut-out risk (with the least prevalence
of screw/blade cut-out in Al fractures and a higher prevalence
in A3 fractures). Hsueh et al. reported that 61% of patients with
screw/blade cut-out had unstable fractures, while 39% had stable
fractures in a cohort of 937 patients [25]. One of the two patients
with screw/blade cut-out in our study had Type 1 (stable) fracture
and the other had Type 4 (unstable) fracture. Among these patients,
one with a Type 1 fracture developed AVN and required THA. The
patient with a Type 4 fracture had lateral shift and varus union.
One of the two reoperated patients had a Type 4 fracture that
required partial hip replacement due to loss of reduction. The other
patient suffered a peri-implant fracture, which was treated with a
long PFN and a cable plate. Lateral shift was also observed in this
patient in the following period. The fractures in all four patients
with varus union were unstable (two Type 4 and two Type 5).

In their study, Cakir et al. used HHS to evaluate hip functions in
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48 patients with intertrochanteric femur fractures treated with PFN
and reported that the results were excellent in 15 (31.3%), good
in 14 (29.2%), fair in 15 (31.3%), and poor in four (8.3%) [26].
Zaimoglu stated that he achieved successful results in 95.1% of his
cohort, reporting excellent HHSs in 58.5% good scores in 26.8%,
moderate scores in 9.8%, and poor scores in 4.9% of the patients
[27]. In Korkmaz et al. study's of 90 patients treated with PFNs for
trochanteric fractures, 26.6% had excellent, 34.4% good, 17.7%
moderate, and 21.1% poor results, with an overall achievement in
78.8% of the cohort [28]. According to the HHSs in our study, 20
(50%) of our patients had excellent results, 11 (27.5%) had good
results, six (15%) had moderate results, and three (7.5%) had poor
results. In our study, we found a link between poor HHS and poor
reduction. Furthermore, we discovered a statistically significant
relationship between HHS and reduction quality (p=0.001).

The study's most significant limitation was its retrospective design
and small number of patients. Another limitation of the study was
the lack of a comparison group.

Conclusion

In conclusion, the statistically significant relationship between
reduction quality and HHS and complication rates and HHS
scores, the increase in the prevalence of mechanical complications
due to poor reduction, and the higher rate of resurgery due to
complications all suggest that more efforts should be made to
achieve reduction quality. Because of its advantages, such as low
bleeding amount, short surgical duration, fast mobilization, and
long-term satisfactory functional results, proximal femoral nailing
should be considered in the first steps of the treatment algorithm
for femoral intertrochanteric fractures.
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