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Abstract
Introduction Trochanteric femoral fractures are among the most common operatively treated fractures. Intramedullary fixa-
tion has become the treatment of choice in many centers around the world. Nevertheless, the knowledge of rare complications 
of these fractures is limited. In this study, the incidence and treatment strategies for peri-implant fractures (PIF) were assessed.
Materials and methods A single-center retrospective cohort study was done on 987 consecutive operatively treated tro-
chanteric fractures. PFNA cephalomedullary nail was used as a fixation method. All patients were followed up from patient 
records for peri-implant fractures. Plain radiographs as well as different salvage methods were analyzed and compared.
Results The total rate of peri-implant fractures was 1.4% (n = 14). The rate of PIF for patients treated with short (200 mm) 
nails, intermediate-length (240 mm) nails, and long nails was 2.7% (n = 2), 1.5% (n = 11), and 0.7% (n = 1), respectively (ns, 
p > 0.05 for difference). Treatment of choice for PIF was either ORIF with locking plate (57%, n = 8) or exchange nailing 
(43%, n = 6). None of the PIF patients needed additional surgeries for non-union, malunion, or delayed union.
Conclusions A PIF is a rare complication of intramedullary fixation of trochanteric fractures. It can be treated with either 
locking plates or exchange nailing with sufficient results. There are no grounds for favoring long nails to avoid PIFs.
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Introduction

Trochanteric femoral fractures (AO 31-A) are one of the 
most common operatively treated fractures [1]. Hip frac-
ture patients are usually elderly with multiple comorbidi-
ties, which presents a challenge for treatment. The treatment 
aims to restore mobility, and prevent institutionalization and 
increased mortality while avoiding reoperations and read-
missions. Despite the high prevalence, there is still lacking 
evidence on the optimal treatment for these fractures [2–5]. 
An increasing trend toward the use of intramedullary nail-
ing compared to sliding hip screws has been described [6].

With the increasing use of intramedullary nailing, prob-
lems regarding peri-implant fractures (PIFs) have been 
brought up. Although reported incidence for PIFs has been 
as high as 2.6% [7], no distinct guidelines have been estab-
lished for the treatment of PIFs. Previous studies do not 
report outcomes of salvage operations done after PIF.

Previous reports suggest a high overall complication rate, 
where non-surgical complications such as delirium, anemia, 
electrolyte disturbances, pulmonary complications, and heart 
complications form the majority of complications [8, 9]. 
The most common reasons for reoperation after intramed-
ullary fixation are surgical site infection, mal/non-union, and 
mechanical complications [10].

The aim of the study was to describe the incidence of a 
peri-implant fracture (PIF), compare the risk with short and 
long cephalomedullary nails, and describe the treatment and 
the treatment results of PIF.
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Patients and methods

The study was a single-center retrospective analysis of 987 
consecutive trochanteric fractures on 966 patients (AO/
OTA 31-A), all treated with intramedullary nailing with 
Proximal Femoral Nail Antirotation (PFNA) intramedul-
lary nail (DePuy Synthes, Raynham, Massachusetts, US). 
A short nail (200 mm) was used in 7.5% (n = 74), inter-
mediate-length nail (240 mm) 74% (n = 728), and a long 
nail (300–420 mm) in 15% (n = 150) of the fractures. For 
3.5% (n = 35), nail length was not defined in the charts, but 
could be deduced to be 200 mm or 240 mm. The patients 
were operated on in the years 2011–2016 and the follow-
up from the patient records was for a minimum of 2 years 
after the operation or until death.

Initial operations were performed on a traction table 
according to AO principles [11] under fluoroscopy guid-
ance. Open reduction was performed if sufficient reduction 
was not achieved with closed reduction methods. The nail 
length was defined according to the surgeon’s preference. 
In general, short nail was used for stable trochanteric frac-
tures, intermediate-length or long nail was used for unsta-
ble trochanteric fractures, and long nail for subtrochanteric 
fractures. Distal locking screws were used in all patients. 
Cement augmentation was not used in any of the cases.

Patient database and radiological records were searched 
for each patient and reoperations for PIF or nail breakage 
were analyzed. We collected the patient demographic data, 
delay to surgery, and comorbidities (ASA class, use of 
anticoagulants, and other illnesses) (Table 1).

The differences in demographic and preoperative 
characteristics between the groups were tested using the 
Chi-square test or Student t test when appropriate. p val-
ues of < 0.05 were considered significant. The statistical 

program SPSS 25 (IBM Corp. released 2017. Armonk, 
NY: IBM Corp.) was used for analyzes.

The research was approved by the research committee in 
Helsinki University Hospital. As the study was a retrospec-
tive chart review without interaction with the patients, an 
ethical committee approval was not sought.

Results

The total rate of PIF was 1.4% (n = 14). The median time to 
a PIF was 102 (6–896) days after initial trochanteric fracture 
surgery, and the median age of patients with a PIF was 90 
(61–105) years (Table 1). The most common mechanism of 
injury was a fall from standing height or less (79%, n = 11) 
and the remainder (21%, n = 3) occurred without significant 
injuries and were classified as stress fractures. The most 
common site of fracture was at the distal tip of the nail (71%, 
n = 10), whereas two patients had PIF more proximally along 
with the nail and two patients distal to the nail (Figs. 1 and 
2). All stress fractures occurred at the tip of the IM nail 
(Table 2).

The rate of PIF was 2.7% (n = 2) for patients treated with 
short 200 mm nails, 1.5% (n = 11) with intermediate-length 
240 mm nails and 0.7% (n = 1) with long nails, respectively. 
The differences between groups were not statistically sig-
nificant. All post-operative intramedullary nail breakages 
(n = 3, 2.1%) occurred after treatment with a long nail. These 
happened at 164, 174, and 282 days from the initial fracture 
surgery, respectively.

Treatment of choice for PIF was either fixation with 
a locking plate (n = 8, 57%) or exchange nailing (n = 6, 
43%). The treatment strategy was defined based on fracture 
morphology and whether the initial fracture had healed. 
All nail breakages occurring after treatment with long 
nails happened by the hole for the blade (Fig. 3). These 

Table 1  Primary hip fracture 
patient characteristics

Given values are means if not otherwise specified
a American Society of Anesthesiologists classification
b Charlson Comorbidity Index

PIF (n = 14) No PIF (n = 972) p value

Age, years (SD) 80.5 (12.1) 84.8 (11.8) 0.18
Female sex, n (%) 10 (71.4%) 670 (68.3%) 0.80
ASAa (SD) 3.00 (0.45) 3.23 (0.63) 0.23
CCIb (SD) 4.93 (1.64) 4.81 (1.81) 0.81
Delay to surgery, days (SD) 2.14 (0.77) 2.19 (0.94) 0.86
Length of stay, days (SD) 6.64 (2.85) 7.17 (3.14) 0.53
Active cigarette smoking, n (%) 2 (14.3%) 98 (10.0%) 0.60
Anticoagulation medication, n (%) 2 (14.3%) 182 (18.6%) 0.68
3-month mortality, n (%) 0 (0.0%) 138 (14.1%) 0.13
2-year mortality, n (%) 4 (28.6%) 349 (35.6%) 0.59
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were treated with exchange nailing and with autogenic 
bone grafting from the iliac crest.

None of the patients needed additional surgeries for 
malunion, non-union, or delayed union after the initial 
surgery for the PIF. One patient had a post-operative sur-
gical site infection after salvage treatment treated with a 
series of surgical debridements and intravenous antibiot-
ics. The mortality after PIF was 7% at 30 and 90 days, 29% 
at 1 year, and 43% at 2 years. As a comparison, mortality 
after initial trochanteric fracture was 7% at 30 days, 14% 
at 90 days, 26% at 1 year, and 35% at 2 years, respectively.

The rate of blade cut-out was 2.7% (n = 2/74) for short 
nails, 1.2% (n = 9/728) for intermediate-length nails, and 
1.3% (n = 2/150) for long nails. Overall, reoperation rate 
was 11% (n = 8/74) for short nails, 5.9% (n = 43/728) for 
intermediate-length nails, and 10% (n = 15/150) for long 
nails, respectively.

Discussion

The rate of PIF (1.4%) in our study was similar to earlier 
reports, with 1.6–2.1% reported for PFNA and 1.7% for all 
cephalomedullary nails together [7, 12]. Previously, Skala-
Rosenbaum et al. reported an incidence of 2.0% (n = 17) 
for PIFs in their series of 849 trochanteric fractures treated 
with intermediate-length (240  mm) cephalomedullary 
nails [13]. However, 16 of the 17 PIFs occurred in patients 
with no distal locking screw. Compared to our material, 
distinctly more PIFs occurred by the intramedullary nail 
which is probably caused by the absence of the distal 

Fig. 1  Peri-implant fracture (PIF) treated with plating without nail 
removal. a  PIF of a long PFNA. b  PIF of an intermediate-length 
(240 mm) PFNA

Fig. 2  Peri-implant fracture treated with nail removal and a exchange 
nailing to a long PFNA. b Open reduction and internal fixation with a 
locking plate
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locking screw. The patients in their series were treated by 
inserting distal locking screw, exchange nailing, or plating, 
and all the patients healed without complications. This is 
parallel to our study where no additional surgeries were 
needed due to prolonged fracture healing, although one 
patient suffered a post-operative infection and had multiple 
revision surgeries.

We found a nonsignificant trend for fewer PIFs with 
long nails compared to intermediate-length and short 
nails (0.7% vs. 1.5% vs. 2.7%). However, this advantage 
is negated by the risk of nail breakage with long nails 
(2.1%). In addition, the length of surgery and the amount 
of bleeding are increased when using long nails compared 
to short nails [14]. Fortunately, PIFs and nail breakages 

Table 2  Treatment strategy of individual patients

S short IM nail (200 mm), I intermediate-length nail (240 mm), L long nail, nail exchange nailing, plate ORIF with a locking plate
a Time (days) from initial surgery to the PIF
b Alive at 2 years after the PIF

Patient Age Nail Time to  PIFa Mechanism of injury Location of fracture Salvage 
treatment

Removal of 
IM nail

Alive at 
2  yearsb

1 87 L 6 Low-energy fall Distal tip of IM nail Plate No Yes
2 82 I 33 No injury Distal tip of IM nail Plate No Yes
3 90 S 36 Low-energy fall By the IM nail Nail Yes
4 89 I 43 No injury Distal tip of IM nail Nail Yes
5 96 I 60 Low-energy fall Distal tip of IM nail Nail No
6 75 I 67 Low-energy fall By The IM nail Nail Yes
7 92 I 94 Low-energy fall Distal tip of IM nail Plate No No
8 93 I 110 Low-energy fall Distal to the IM nail Plate No No
9 92 I 122 Low-energy fall Distal tip of IM nail Nail No
10 61 I 265 Low-energy fall Distal to the IM nail Plate No Yes
11 72 S 329 No injury Distal tip of IM nail Nail Yes
12 91 I 496 Low-energy fall Distal tip of IM nail Plate No No
13 105 I 510 Low-energy fall Distal tip of IM nail Plate Yes No
14 72 I 896 Low-energy fall Distal tip of IM Nail Plate Yes Yes

Fig. 3  Nail breakage of a long 
PFNA treated with exchange 
nailing and autogenic bone 
grafting from the iliac crest
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were rare in both groups. We do not recommend the use 
of long cephalomedullary nails to reduce the risk for PIF, 
but rather to decide the fixation method on the basis of the 
fracture morphology.

In recent years, four different classifications have been 
proposed for PIFs after intramedullary fixation of proxi-
mal femoral fractures [13, 15–17]. All classifications take 
into account the fracture location, whereas some include 
a description of the PIF morphology and/or initial fracture 
healing. With the validation processes still in progress, the 
assistance for clinicians regarding choosing the treatment 
remains minor.

We hypothesize that nail breakage at the hole for the 
collum blade with PFNA occurs similarly to nail breakage 
with gamma nails and is caused by delayed union [18]. 
Increased and prolonged stress to the weakest point of the 
nail makes the nail break at a certain time point. Metallur-
gic and electronic microscope analysis by Dragosloveanu 
et al. suggests that this stress might be increased because 
of minor malalignment of the blade from multiple inser-
tions of the guidewire for helical blade [19]. In our study, 
most PIFs occurred at the tip of the nail, suggesting that 
the stress point at that site defines the typical site of bone 
to fail.

The treatment of PIFs is challenging, as many of the 
patients had their PIF during the recovery period from the 
initial surgery. The treatment strategy is dependent on frac-
ture morphology and whether the initial fracture has healed. 
In our material, both exchange nailing and locking plates 
yielded good results. The surgeon treating these complica-
tions should be comfortable to use both techniques as well as 
have the capability and instrumentation for implant removal.

The main limitation of the study is its retrospective nature 
without patient-reported outcomes. PIFs are rare and occur 
to elderly patients with multiple comorbidities. For statisti-
cal analysis to be possible, a large multicenter study would 
be needed.

Based on these single-center study outcomes, we suggest 
the following treatment protocol:

(1) if the original fracture has healed and a stable fixation 
can be achieved by nailing, the fracture should be treated 
with exchange nailing to a longer intramedullary nail

(2) When the healing of the original fracture is uncertain 
or a stable fixation is not considered possible with a nail, 
fixation with a locking plate is the treatment of choice

In conclusion, PIF is a rare complication after intramedul-
lary nailing of trochanteric fracture. Depending on fracture 
morphology and healing of the initial fracture, both revision 
surgery with exchange nailing and locking plate osteosyn-
thesis appear to be adequate treatment options.
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