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Abstract
Background: Although proximal femoral locking compression plates (PF-LCP) have been used with increasing 
frequency in the fixation of proximal femoral fractures in the pediatric population, there is a lack of literature regarding 
their use. The purpose of this study was to examine the failure rates of PF-LCP fixation in comparison to other 
accepted fixation methods within a pediatric population.

Methods: Retrospective review identified consecutive children treated for proximal femoral fractures from September 
2008 to February 2019, who had a minimum follow-up of 12 weeks. Patient charts and radiographs were reviewed, and 
demographic information was compiled. In the case of failures, timing and method of failure were documented.

Results: Sixty-four proximal femoral fractures (61 children) were studied. The average age at the time of presentation 
was 10.4 years. Twenty-six fractures were treated with PF-LCPs and 38 with other fixation methods (compression 
hip screws, rigid locked intramedullary nailing, cannulated screws, or a combination of hip screw side plate and 
intramedullary nailing). Failure occurred in four of the 26 fractures treated with locking compression plating (15.4%) 
compared to none of the 38 treated with other fixation types (p<0.05).

Conclusions: This study demonstrates a higher rate of failure in proximal femoral fractures, particularly basicervical 
and transcervical femoral neck fractures, treated with locking compression plates (12.9%) compared to 0% other 
fixation methods (no failures). As a result of this study, we no longer use locked plating systems for pediatric femoral 
neck fractures at our institution.

Level of Evidence: Level III
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Introduction
Pediatric proximal femoral fractures have an incidence 
of <1% of all fractures in children.1,2 They are a rare but 
serious injury with high risk of further complications 
and disability.3 Long-term complications include pain, 
osteonecrosis, coxa vara, proximal femoral physeal 
arrest, and nonunion. Complications are common, 
affecting up to 50% of patients. These fractures 
often result from high-energy trauma, such as a fall 
from height or motor vehicle collision and are often 
complicated by other injuries, such as head and facial 
trauma, splenic laceration, retroperitoneal hemorrhage, 
and perineal injury.3-5 Other musculoskeletal injuries are 
common as well, including pelvic ring and acetabular 
injuries, hip dislocation, and ipsilateral fractures of the 
femur.3

Treatment of pediatric proximal femoral fractures 
consists of anatomic reduction and stable fixation.6,7 
Several different forms of instrumented stabilization are 
available for definitive fixation including smooth pins, 
cannulated screws, pediatric sliding hip screw, blade 
plate, intramedullary nail, and proximal femoral locking 
plate.3 All of these fixation methods have different 
indications based on fracture classification and patient 
age as well as surgeon training and preference.

Proximal femoral locking compression plates (PF-LCP) 
were introduced to facilitate intertrochanteric and 
subtrochanteric osteotomies, but their indications 

have been expanded to include fracture fixation of the 
proximal femur.5 Initial biomechanical studies were 
promising, showing increased strength over similar 
locked angle constructs, and led to the plate being used 
for fixation in both adults and children. Clinical studies, 
however, began to show challenges in this plate’s use in 
adults such as increased rate of complications compared 
to biomechanical studies and mechanical failure in 
unstable fractures.8,9 Proximal femoral fractures are 
more common in adults than in children, which may 
account for the literature providing evidence of outcomes 
in adults earlier than children.10 Studies of the use of 
PF-LCPs in the pediatric population have been limited 
by small sample sizes and by combining osteotomy and 
fracture patients in the same analysis.11,12 The paucity of 
literature regarding the use of the PF-LCPs in children 
is likely due to a combination of factors, including the 
relatively recent introduction of the plate itself and the 
low incidence of these fractures.

The goal of this study was to examine the use of 
proximal femoral locking compression plates in 
pediatric proximal femoral fractures and determine the 
frequency of implant failure in these patients. A better 
understanding of these fixation methods will add to the 
pediatric orthopaedic trauma literature and improve 
patient outcomes by helping surgeons choose the most 
reliable implants. We hypothesized that the PF-LCP 

Key Concepts
•	 Proximal femoral fractures account for less than 1% of all fractures in children.

•	 Locking compression plates are being more frequently used in pediatric proximal femoral fractures.

•	 Outcome studies are limited because of the low incidence of these fractures and relative recent introduction of this 
fixation method.

•	 Proximal femoral compression locking plates had a higher rate of early mechanical failure than other fixation 
modalities in this study.

•	 The increased risk of failure with proximal femoral compression locking plates should be considered before opting 
for these implants.
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would show a higher early mechanical failure rate than 
other forms of fixation in pediatric proximal femoral 
fractures.

Materials and Methods
After obtaining Institutional Review Board approval, 
an institutional database review identified 61 patients 
(64 fractures) who had fixation of proximal femoral 
fractures at our Level 1 pediatric trauma center between 
September 2008 and February 2019. All surgeries were 
performed by one of six fellowship-trained pediatric 
orthopaedic surgeons. The decision as to implant 
type was made based on fracture type, presence of 
comorbidities, and patient age along with surgeon 
experience and preference.

Inclusion criteria were age 18 years or younger at 
the time of injury, with a fracture of the proximal 
femoral region that could be appropriate for fixation 
with a PF-LCP, including femoral neck fractures, 
intertrochanteric fractures, and some subtrochanteric 
fractures. Fractures of this entire region of the proximal 
femur were chosen for study in order to capture as 
many injuries as possible because fractures of this 
area in the pediatric population are quite uncommon. 
Pathologic fractures were included. Exclusion criteria 

included age greater than 18 years. Femoral head 
fractures, slipped capital femoral epiphysis, and planned 
osteotomies were not included in record retrieval or 
analysis.

Demographics and patient information (Table 1), such 
as other medical conditions, mechanism of trauma, and 
presence of other traumatic injuries, were obtained. 
Fractures were classified according to location based on 
review of radiographs. Types of fixation were recorded: 
intramedullary nail, PF-LCP (Figure 1), cannulated 
screw, dynamic hip screw, and a combination of fixation 
types (Table 2). Follow-up information was collected 
with routine visit data—weight-bearing status and 
review of radiographs—up to 12 weeks postoperatively 
(Tables 3 and 4). We chose 12 weeks for the minimum 
follow-up period because union of these fractures in 
children typically can be expected by 12 weeks from 
the time of treatment and because our retrospective 
data were more complete at that time point than in 
subsequent time points due to many patients being 
lost to follow-up beyond that period. In cases of early 
implant mechanical failure, timing and mechanism of 
failure were recorded.

For continuous variables, t-tests were applied. For 
categorical variables, chi-square or Fisher tests were 

Table 1. Mechanism and Frequency of Injury by Fracture Classification

Mechanism of Injury Frequency Subtrochanteric Delbet I Delbet II Delbet III Delbet IV
Fall from height 14/64; 21.8% 3 0 0 3 8
Same level fall 13/64; 20.3% 6 1 3 0 3
Pedestrian struck 11/64; 17.2% 5 0 4 (1) 0 2
Motor vehicle collision 10/64; 15.6% 3 0 6 (1) 0 1
Pathologic fracture 6/64; 9.4% 0 0 0 3 (2) 3
All-terrain vehicle accident 5/64; 6.3% 2 0 0 2 1
Gunshot wound 1/64; 1.6% 1 0 0 0 0
Repeated stress 1/64; 1.6% 0 0 0 1 0
Direct blow 1/64; 1.6% 0 0 0 0 1
Unknown cause 2/64; 3.1% 1 0 0 0 1
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used. Differences were considered statistically significant 
for p < 0.05.

Results
Sixty-one children with 64 proximal femoral fractures 
met inclusion criteria. The average age at presentation 
in the 48 males and 13 females was 10.4 years (range, 
3 to 17 years). Twenty-six fractures were treated with 
PF-LCPs and 38 with fixation other than PF-LCP, 
including compression hip screw, intramedullary nail, 
cannulated screws, and a combination of methods. The 
average age of patients treated with PF-LCP was 7.7 
years compared to 12.2 years in those treated with other 
methods (p<0.001). The most common mechanism of 

injury was a fall from a height (14/64, 21.8%); the rest of 
the mechanisms are summarized in Table 1.

Fixation failure was identified in four of 64 fractures 
(6.2%), all in patients with PF-LCP fixation (4 of 
26, 17.4%); no failures were seen with other fixation 
constructs (p<0.05). One of the four fixation failures 
was identified at the 2-week postoperative visit and 
three at 6-week postoperative visits. Failure of screws 
(breakage and bending) occurred in three of the four 
failures (Figures 2 and 3), and loss of reduction occurred 
in one.

Discussion
A variety of methods are available for surgical 
stabilization of fractures of the proximal femur in the 
pediatric population. In this retrospective review of a 
series of these injures, failures were uncommon and 
occurred only in patients treated with proximal femoral 
locking compression plates.

Pediatric proximal femoral fractures are a relatively 
rare injury that may have serious and lasting 
complications.6,13,14 They usually are a result of high-
energy trauma and frequently are not isolated injuries.15 
A variety of fixation modalities are available for 
fixation of these fractures, and the decision for which 
modality to use is based on multiple factors.2,16,17 
A relatively new implant is the PF-LCP, which was 
primarily designed to stabilize osteotomies following 
deformity correction surgeries in children and adults. 
Our study was designed to examine the use of PF-LCPs 
in only fractures, and it includes a larger population 
than has been studied previously. Based in part on 
higher reported failure rates with these implants 
in studies of adult proximal femoral fractures, we 
hypothesized that PF-LCPs would result in higher 
failure rates in pediatric proximal femoral fractures than 
other fracture fixation options.

Early biomechanical studies of the PF-LCP demonstrated 
high success rates in adults and showed the PF-LCP 
to be superior to conventional fixation in osteoporotic 
bone due to better mechanical fixation of the implant 

Figure 1. Proximal femoral fracture in a 3-year-
old boy.
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to the bone. Soon after introduction into clinical use, 
however, early studies showed inconsistent results with 
increased stiffness and a trend towards a higher number 

of load cycles before failure relative to other implants.18 
Mixed results soon followed, with complication rates of 
38% and 70% in two clinical studies.9,19 Those failures 

Table 2. Fracture Classification by Fixation Method

Fracture Classification PF-LCP Intramedullary Nail Compression Hip 
Screw

Cannulated 
Screws

Combination

Delbet I 0 0 0 1 0
Delbet II 2 (2) 0 6 4 1
Delbet III 5 (2) 0 2 1 1
Delbet IV 8 0 12 0 0
Subtrochanteric 11 8 2 0 0

Failures indicated by ().

Table 3. Fracture Classification by Weight-Bearing Status and Spica Cast Application

Fracture Classification Non-Weight-Bearing Touch Down Weight-Bearing Weight-Bear 
as Tolerated

Spica Cast*

Subtrochanteric 11 9 1 3
Delbet I 0 1 0 0
Delbet II 12 (2) 1 0 0
Delbet III 6 (2) 3 0 0
Delbet IV 7 12 1 1

Failures indicated by (). *Spica casting was not used as a single fixation method in any patient; the spica cast column denotes 
the number of patients in whom a spica cast was used in conjunction with other fixation method.

Table 4. Fixation Method by Weight-Bearing Status and Spica Cast Application

Fixation Method Non-Weight-Bearing Touch Down Weight-Bearing Weight Bear 
as Tolerated

Spica Cast

PF-LCP 18 (4) 8 0 3
IM Nail 3 4 1 0
CHS 9 12 1 1
Cannulated Screws 5 1 0 0
Combination 1 1 0 0

Failures indicated by (). *Spica casting was not used as a single fixation method in any patient; the spica cast column 
denotes the number of patients in whom a spica cast was used in conjunction with other fixation method.
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included loss of fixation, screw backout, screw fracture, 
and plate fracture.

Since its introduction, the PF-LCP has been used and 
studied for a variety of indications. Streubel et al.,9 
in a series of 30 proximal femoral fractures with 
locking plate fixation in adults, showed a failure rate 
of 38%. Joeris et al.11 studied 30 pediatric patients 
with PF-LCP fixation for a variety of conditions, only 
three of which were fractures. None of these three 
patients had plate failures; however, 29 of 30 plates 
did require removal at a range of 6 to 34 months. We 
choose to focus our study on patients being treated for 
fractures without the inclusion of those with planned 
osteotomies.

We hypothesized that there would be an increased early 
mechanical failure rate in fractures treated with the 
PF-LCP compared to other fixation modalities. Of the 64 
fractures in our study, there were four early failures, all of 
which occurred in patients treated with PF-LCPs, while 
no failures occurred with other stabilization options. The 
reason for these failures remains unclear. The rigidity 
of the PF-LCP does not allow for compression across 
the fracture site for femoral neck fractures, which could 
have contributed to mechanical failure in some of these 
cases.8,19 As this was a retrospective study with different 
implant types and different treating surgeons in patients 
of various ages, there was no single surgical technique 
or postoperative protocol for weight-bearing, and some 
patients carried comorbid conditions into their traumatic 

D E
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Figure 2. A) Bilateral proximal femoral fracture in a 4-year-old girl. B) Intraoperative fluoroscopic view. C) After fracture 
fixation. D) First radiograph with evidence of failure. E) After revision.
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event; specifically, one of the patients with bilateral failure 
had a diagnosis of glioblastoma. There are many factors 
that could have led to the failures in our patient population, 
including the fracture location and pattern, comorbid 
conditions, treating surgeon, and postoperative protocol; 
nevertheless, the implant choice seemed to emerge as an 
important factor in the failures within this pediatric patient 
population particularly in the combination of PF-LCP 
plates and basicervical femoral neck fractures.

Islam et al.20 reported a series of 43 patients treated with 
PF-LCPs for both planned osteotomies and fractures; 
only three of the 43 patients had fractures. They showed 
good results with no hardware loosening among all 
patients, but their fracture sample size was small. 
All three fractures were classified as subtrochanteric 
fractures, and all healed successfully by 6 months with 

no complications apparent. The small sample size of 
these fractures makes it difficult to compare the results of 
these studies with our results.

There are limitations with this study. Because data 
were collected retrospectively, the choice of treatment 
modality was based on the information available at the 
time regarding patient age, fracture pattern, comorbid 
injuries, and surgeon preference. Additionally, patient 
demographics were fairly different, with a significantly 
different age of patients between the two groups. Another 
limitation of this study was the relatively short follow-up 
period. Union had been achieved in all patients in the 
non-PF-LCP group by the 12-week follow-up visit, so 
we believed that no additional implant failures would 
develop beyond that period. Also, many of our patients 
were lost to follow-up beyond 12 weeks, further limiting 

A

B C D E

Figure 3. A) Proximal femoral fracture in a 6-year-old boy. B) Intraoperative fluoroscopic view. C) After fracture fixation.  
D) First radiograph with evidence of failure. E) After revision.
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the amount of data available. There are a few strengths 
to this study as well. This is a sizeable patient population 
for a single institution and for a fairly rare fracture 
location in children. This study compares a number of 
different implant types and fracture locations.

In summary, there is a scarcity of literature concerning 
the use of PF-LCPs in pediatric proximal femoral 
fractures; this is likely due to the relatively recent 
introduction of the implant itself, the low incidence of 
these fractures, and the many implant choices available. 
Our results show that there is a higher rate of early 
mechanical failure with PF-LCPs, specifically in femoral 
neck fracture, than with other modalities. The increased 
risk of failure with PF-LCPs should be carefully 
considered before these implants are chosen.

Additional Links
•	 POSNA Annual Meeting Abstracts: Proximal Femoral 

Fracture

•	 POSNA Study Guide: Femur Fracture
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