HAYDARPASA NUMUNE MEDICAL JOURNAL

DOI: 10.14744/hnhj.2025.26790
Haydarpasa Numune Med J 2025;65(1):76-81

ORIGINAL ARTICLE

hnhtipdergisi.com

The Causes of Proximal Femoral Nail Complications

Birkan Kibarl, © Necdet Saglam?, ©® Tuhan Kurtulmus3, © Giirsel Saka?, © Fuat Akpinar®

TDepartment of Orthopaedic and Hand Surgeon, University of Health Sciences Tiirkiye, Haydarpasa Numune Training and Research
Hospital, Istanbul, Tiirkiye

2Department of Orthopaedics and Traumatolology, Umraniye Training and Research Hospital, Istanbul, Tiirkiye

3Department of Orthopaedics and Traumatolology, Sancaktepe Sehit Prof. Dr. llhan Varank Training and Research Hospital, Istanbul, Tiirkiye
4Department of Orthopaedics and Traumatolology, Hisar Intercontinental Hospital, Istanbul, Tiirkiye

5Department of Orthopaedics and Traumatolology, Goztepe Prof. Dr. Suleyman Yalcin City Hospital, Istanbul, Tiirkiye

Abstract

Introduction: We aimed to investigate the relationship between possible causes and complications after osteosynthesis
with a proximal femoral nail (PFN) in patients with intertrochanteric femoral fractures.

Methods: A total of 122 patients (50 men, 72 women) who were followed for at least one year were analyzed retrospectively.
The mean age of the patients was 74 (range: 24-97). The left side was affected in 73 patients, while the right side was affected
in 49 patients. The causes of fractures were simple falls at home in 109 cases, falls from height in 6 patients, and traffic
accidents in 7 cases. Patients underwent surgery an average of 6.2 days (range: 1-26) after the trauma. All operations were
performed in the supine position under fluoroscopic control with manual traction.

Results: According to the Harris hip score, 6.6% of patients had excellent, 18% excellent, 45% good, 21.3% fair, and 9% poor
results. A total of 20 infections (8 superficial, 12 deep), 22 implant failures (12 cut-out, 6 Z-effect, 4 reverse Z-effect), 3 femoral
shaft fractures distal to the PFN, 2 nonunions, 1 avascular necrosis in the femoral head, 9 sacral decubitus ulcers, 1 gluteal
decubitus ulcer, T pulmonary embolism, and 1 thromboembolism were observed. When fracture types and implant failure were
compared, the highest implant failure rate was seen in Modified Evans-Jensen type 5 fractures (36.7%), but the relationship was
not statistically significant (p>0.05). Infection developed in 8 (26.7%) of 30 patients with type 5 fractures, and this relationship
was found to be significant (p<0.05). No statistically significant relationship was found between the presence of systemic
disease, gender, age, affected side, time between trauma and surgery, mechanism of trauma, and complications.

Discussion and Conclusion: Modified Evans-Jensen type 5 fractures had the highest complication rate among
intertrochanteric fractures treated with PFN. Therefore, applying the nail with proper technique and achieving acceptable
reduction is essential to ensure balanced osteosynthesis in such fractures.

Keywords: Complications; intertrochanteric fracture; osteosynthesis; proximal femoral nail.

Femoral intertrochanteric fractures, frequently occurring  Intertrochanteric fractures typically occur in young adults
in the elderly due to osteoporosis, remain significant  due to high-energy injuries, such as traffic accidents and
today because of their high mortality and morbidity, as falls from heights. In the elderly, low-energy injuries,
well as the economic burden associated with treatment  such as simple falls, account for 90% of cases[#5]. Factors
and carel'-3], such as the presence of systemic diseases, decreased
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protective reflexes during falls, weakened muscle
strength, and deteriorating bone quality increase the risk
of such fractures in advanced agel'®l. The union rate of
intertrochanteric fractures is high due to their extracapsular
and cancellous structure. However, they are characterized
by high mortality and morbidity, particularly in elderly
patients undergoing conservative treatment, as prolonged
bed rest can lead to severe complications. Therefore,
mobilizing the patient as soon as possible is essential to
prevent immobility-related complications. Consequently,
early mobilization following surgery that ensures anatomic
alignment and stable fixation is the standard approach for
treating intertrochanteric fractures!’:8],

Intramedullaryfixation devices haverecently been preferred
in intertrochanteric fractures due to their biomechanical
advantages and ease of application. However, implant
failures are not uncommon (4-7%), and complications such
as screw cut-out, Z-effect, reverse Z-effect, peri-implant
fracture, nonunion, and infection may also occur®19, |n
this context, we applied proximal femoral nails (PFNs)
to patients with intertrochanteric fractures in our clinic
between 2009 and 2011, aiming to investigate the causes
of the resulting complications.

Materials and Methods

The Umraniye Education and Research Hospital Ethics
Committee approved this study protocol (2018-106).
Written informed consent was obtained from each patient.
The study was conducted in accordance with the principles
of the Declaration of Helsinki.

PFN osteosynthesis was performed on 159 hips of 159
patients with intertrochanteric femur fractures between
January 2009 and September 2011 at the Orthopedics
and Traumatology Clinic of the Umraniye Education
and Research Hospital. A total of 122 patients who
were followed up regularly for at least one year were
retrospectively examined. Patients aged 18 years and older
were included in the study. Patients with pathological
fractures, those treated with a method other than PFN,
and those with metabolic bone disease were excluded. The
mean follow-up period was 19.2 months (range: 12-45).
Fifty (41%) cases were female, and 72 (59%) cases were
male. The mean patient age was 74 years (range: 24-97).
In 73 patients, the left side was affected, whereas the right
side was affected in 49 patients. The causes of fractures
were simple falls at home in 109 cases, falls from height
in 6 patients, and traffic accidents in 7 cases. One patient
had a right humerus surgical neck fracture, one had a left

tibia shaft fracture, and two had a left distal radius fracture.
The humerus surgical neck fracture was treated with
plate-screw osteosynthesis, while the tibia shaft fracture
was repaired with intramedullary nail osteosynthesis. One
distal radius fracture was treated with closed reduction and
percutaneous K-wire osteosynthesis, whereas the other
was managed with closed reduction and short arm casting.

Pelvic anterior-posterior radiographs, including both
coxofemoral joints and the proximal femur, were obtained
at admission. Preoperative fractures were evaluated
according to the Modified Evans-Jensen classification!,
Accordingly, 20 patients had type 1 fractures, 32 had type
2 fractures, 15 had type 3 fractures, 25 had type 4 fractures,
and 30 had type 5 fractures (Table 1). Table 2 shows the
accompanying internal pathologies.

The patients’ preoperative risk assessment was performed
by the Anesthesia and Reanimation Clinic according to the
American Society of Anesthesiologists (ASA) criterial12, Of
the 122 patients, 58 (47.5%) were classified as ASA-1, 35
(28.6%) as ASA-2, 28 (22.9%) as ASA-3,and 1 (0.8%) as ASA-4.

All patients received subcutaneous 0.4 mL enoxaparin
sodium once daily from admission until discharge.
Prophylaxis was continued for another 35 days after
discharge. All patients received intravenous 1 g cefazolin
sodium one hour before surgery for infection prophylaxis,
which was continued for 48 hours postoperatively, three
times a day. Patients underwent surgery an average of 6.2
days (range: 1-26) after the trauma.

All patients were operated on in the supine position, and
reduction was performed in a closed manner. Since our

Table 1. Number of cases according to modified Evans Jensen
classification

Fracture Type n %

Type 1 20 16.3
Type 2 32 26.2
Type 3 15 123
Type 4 25 20.5
Type 5 30 24.6

Table 2. Concomitant internal pathologies of the cases

Internal Pathologies n %

Chronic Heart Disease 46 37.7
Chronic Nervous System Disease 11 2.0
Diabetes mellitus 18 14.8
Chronic Lung Disease 9 7.4
Chronic Renal Failure 2 1.6
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hospital lacked a traction table, traction was provided
and maintained manually by an assistant. Fluoroscopy
control was performed at every stage of the surgery, and
the proximal femoral nail was applied according to the
surgical technique. General anesthesia was administered
to 62 patients (50.8%), whereas spinal anesthesia was used
in 60 patients (49.2%). The mean hospitalization duration
was 4.5 days (range: 1-68). Sutures were removed on the
15t postoperative day.

Isometric hip and knee exercises were initiated on the first
postoperative day for all patients, who were seated on the
edge of the bed with the assistance of a physiotherapist
and a doctor. Mobilization with partial weight-bearing
using a walker was allowed for six weeks, followed by full
weight-bearing after six weeks. Radiographic controls were
performed on the 15t postoperative day and at the 3'9,
6t, and 12th months. During these evaluations, position
stability, implant failure, and union status were assessed.
Additionally, the Harris Hip Scoring System was used to
evaluate the patients’ functional status after surgery.

Statistical Analysis

The statistical software Number Cruncher Statistical System
(NCSS) 2007 (Utah, USA) was used for statistical analysis. A
p<0.05 was considered statistically significant.

Results

According to the Harris Hip Score criteria, 8 patients (6.6%)
had excellent results, 22 patients (18%) had very good
results, 55 patients (45.1%) had good results, 26 patients
(21.3%) had moderate results, and 11 patients (9%) had
poor results. We achieved a success rate of 69.7% (n:85)
with excellent, very good, and good results.

Infection was observed in 20 patients (16.4%), 8 of whom
developed it in the early period, while 12 had late-onset
infections. Twelve patients recovered with parenteral
antibiotic treatment. Six patients were treated with
debridement and a single course of parenteral antibiotics.
Debridement was performed twice in 2 patients. Among
these, vancomycin-resistant enterococci (VRE) were detected
in one patient, but the infection did not regress, leading to
resection arthroplasty. In the other patient with persistent
infection, the PFN was removed, resulting in a cure.

Implant failure occurred in 22 patients (18%). Of these, 6
had a Z effect, 4 had a reverse Z effect, and 12 had cut-out
implants. Loose screws were removed from 8 patients,
PFNs were removed and replaced with a partial prosthesis
in 5 patients, and revision with PFNs was performed in 9

patients. Femoral shaft fractures distal to PFNs occurred
in 3 patients (2.4%). Osteosynthesis with a long femoral
intramedullary nail was performed in 1 patient on the
4th postoperative day, while osteosynthesis with a plate
screw was performed in 2 patients during the 2nd and 4th
postoperative months. Nonunion was observed in 2 cases
(1.6%), both of which were subsequently treated with
revision hemiarthroplasty.

One patient with pulmonary embolism on the 2"
postoperative day was transferred to the intensive care unit
and later to an inpatient clinic after stabilization, followed
by discharge with 2x0.6 enoxaparin sodium treatment. On
postoperative day 3, 1 patient was diagnosed with deep vein
thrombosis and was treated with antiembolism stockings
and 2x0.6 enoxaparin sodium. At the 13t postoperative
month, 1 patient developed avascular necrosis of the
femoral head; thus, the PFN was removed, and total hip
arthroplasty was performed. Decubitus ulcers developed
in the sacral and gluteal regions in 9 patients and in the
calcaneal region in 1 patient. These ulcers were treated
with dressings without requiring additional surgery.

Analyzing implant failure and fracture types, the highest
implant failure rate was observed in Modified Evans-Jensen
type 5 fractures (11 out of 30 patients, 36.7%), though the
difference was not statistically significant (p>0.05). There
was no correlation between implant failure and ASA
classification, age, gender, causes of trauma, or Harris Hip
Score (p>0.05).

Infection developed in 8 out of 30 patients (26.7%) with
type 5 fractures and was significantly more common in
type 5 fractures (p<0.05). Infection showed no statistical
correlation with ASA classification, age, gender, causes
of trauma, or Harris Hip Score (p>0.05). There was no
significant relationship between infection and implant
failure (p>0.05).

The Harris Hip Score of patients classified as ASA-1 was
significantly higher (p<0.05). Additionally, the Harris Hip
Score of patients whose trauma was caused by falling from
a height was significantly lower (p<0.05).

Discussion

With advancements in the treatment of chronic diseases
and improved living conditions, individual life expectancy
has increased. The decrease in bone quality with aging
increases the incidence of hip fractures, particularly
intertrochanteric fractures. These patients, who often
have additional systemic disorders, may experience
complications such as deep vein thrombosis, pulmonary
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embolism, pneumonia, uremia, urinary tract infections, and
pressure ulcers, which negatively impact prognosis and
increase mortality due to prolonged hospitalization after
the fracture. Therefore, the primary goal of treatment is to
provide stable fixation and enable early mobilization[0-14],

In balanced intertrochanteric femur fractures, where the
medial support region remains intact, the load borne by
the implant is reduced. Treatment options for unstable
fractures, however, remain controversial. Biomechanical
studies have demonstrated that intramedullary (IM) nails
provide a more favorable load distribution over the femoral
calcar through the medialization effect, making them a
more suitable technique compared to extramedullary
implants!’4-161 IM nails decrease the likelihood of implant
failure by reducing the tension forces on the nail due
to their shorter load arm compared to extramedullary
systems!!7]. Although the failure rate associated with
dynamic hip screws (DHS) in balanced fractures is <5%,
this rate increases to 20% in unstable fractures. Sadowski
et al.l8 examined 85 patients with AO type 3 fractures and
found that while failure occurred in only one case in the PFN
group (20 cases), implant failure or nonunion was observed
in 7 of 19 patients treated with dynamic condylar screws.
Simmermacher et all'® reported that complications
associated with PFN usage were predominantly seen in AO
type 2 fractures. Domingo et al.['! found that among 295
cases requiring secondary surgery, 10 had AO type 2 or 3
fractures. In our study, most complications were observed
in unbalanced fractures, particularly Modified Evans-Jensen
type 5 fractures.

Various complications related to PFN usage have been
reported both intraoperatively and postoperatively,
including fractures of the greater trochanter, improper
placement of proximal screws, difficulties with distal
locking, poor or inadequate reduction, screw stripping,
Z effect, reverse Z effect, calcification at the tip of the
greater trochanter, heterotopic calcification, femoral neck
shortening, nonunion, malunion, cortical thickening in the
distal locking region, nail fractures, and femoral diaphysis
fractures distal to the naill'>1820211 The failure to place
the hip screw in the correct position or at an appropriate
length is a major factor contributing to stripping in PFNs.
When a small hip screw is inserted, a "knife effect" occurs
with loading. Consequently, the hip screw moves along
with the femoral neck screw within the cancellous bone,
leading to varus displacement and stripping[22l,

Several studies have reported varying rates of stripping.
Tyllianakis et al.[23] reported stripping in 1 of 46 patients,

Simmermacher et al.'l in 1 of 191 cases, Domingo et
al.l" in 1 of 295 cases, Al-yassari et al.l24l in 4 of 76 cases,
Boldin et al.l2Vin 2 of 55 cases, and Schipper et al.22lin 11
of 211 cases. The Z effect, a complication specific to PFN,
is defined as the hip screw migrating into the joint during
postoperative weight-bearing!2'l. In 1999, modifications
to nail design introduced a stop-like feature on the hip
screw to prevent its migration into the joint. The reverse Z
effect refers to the lateral displacement of the anti-rotation
screwl[23], Papasimos et al.l25] reported the Z effect in 4
cases and the reverse Z effect in 1 case, Tyllianakis et al.[23]
observed the Z effect in 5 cases and the reverse Z effect in
1 case, while Boldin et al.l2" reported the Z effect in 3 cases
and the reverse Z effect in 2 cases.

In our study, implant failure was observed in 22 patients
(18%). Among these, 6 exhibited the Z effect, 4 had the
reverse Z effect, and 12 experienced cut-out. Loose screws
were removed in 8 patients, PFNs were removed and
replaced with partial prostheses in 5 patients, and revision
with PFNs was performed in 9 patients. The highest rate
of implant failure was observed in Modified Evans-Jensen
type 5 fractures (11 out of 30 patients, 36.7%), although
the difference was not statistically significant (p>0.05). No
significant correlation was found between implant failure
and ASA classification, age, gender, causes of trauma, or
Harris Hip Score (p>0.05).

For cut-out, the placement of proximal screws, the
quality of reduction, and the tip-apex distance are crucial
factors(26l, Baumgaertner et all27l emphasized that the
tip-apex distance is an important surgical marker in
intertrochanteric fracture surgery and plays a key role in
determining the location of the lag screw. Lopez-Cautinho
et al.[28] highlighted the significance of the calcar tip-apex
distance, a new measurement for lag screw placement.
According to their study, the ideal placement of the screw
is center-center, but if there is a deviation, center-inferior
placement is preferable to reduce the risk of cut-out. In our
opinion, ensuring that the lag screw is positioned centrally
on both anteroposterior and lateral radiographs is essential
for preventing cut-out.

Postoperative infection in intertrochanteric fractures has
been reported at rates ranging from 0.15% to 15%. Studies
with the lowest infection rates employed perioperative
antibiotic prophylaxisi29l, Infections are generally classified
assuperficial or deep. Superficial infections typically present
in the early postoperative period with wound redness,
localized warmth, and fever. These infections should be
managed with appropriate antibiotic therapy, debridement
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when necessary, open drainage, and secondary wound
healing. If a deep infection is suspected, early intervention
is critical to prevent the development of a chronic
low-grade infection, which can lead to complications
such as nonunion or osteomyelitis. Deep infections may
manifest before or after fracture healing or even years
after surgery and are associated with high morbidity.
Symptoms include unexplained hip pain, decreased range
of motion, and an elevated erythrocyte sedimentation rate,
while leukocytosis and fever are usually absent. Treatment
involves surgical debridement and antibiotic therapy. If
fracture healing is insufficient, implant removal should
be avoided. However, if the hip joint is involved, implant
removal and excisional arthroplasty may be necessary30],

In our study, infection was observed in 20 patients (16.4%),
with 8 occurring in the early postoperative period and 12
in the late period. Infection developed in 8 of 30 patients
(26.7%) with type 5 fractures, making it significantly more
common in this fracture type. However, infection showed
no statistical correlation with ASA classification, age,
gender, causes of trauma, or Harris Hip Score (p>0.05).

Nonunion of trochanteric fractures occurs in 1%-2% of
cases and is typically seen in fractures lacking continuity
in the medial calcar region. Most cases of nonunion are
associated with implant failure and screw perforation into
the femoral head within the first year31l, In our study,
nonunion was observed in 2 patients (1.6%), both of whom
were revised with a partial prosthesis.

Avascular necrosis of the femoral head is a very rare
complication of intertrochanteric fractures, and its
pathophysiology remains poorly understood. Baixauli et
al.32 reported an avascular necrosis rate of 0.55% in their
case series. In our study, avascular necrosis was observed in
1 patient (0.8%) in the femoral head, necessitating total hip
arthroplasty after PFN removal.

Conclusion

Our complication rates are consistent with those reported
in the literature. Most of the complications occurred in
unbalanced fractures (Modified Evans-Jensen type 5, AO/
OTA 31A2.3) and were primarily related to issues with
fixation and reduction of the proximal fragment. Therefore,
applying the nail according to the proper technique with
acceptable reduction is crucial to achieving balanced
osteosynthesis in such fractures.

This study was produced from a specialization thesis in
medicine.
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