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Fixator Assisted Internal Fixation of Paediatric Femoral Fractures
Introduction

Femoral shaft fractures represent 1.4%-1.7% of all fractures in children and are the
most common paediatric bony injury needing hospitalisation. (1, 2). Two-thirds of these
occur in children between the ages of 6 to 18 years old, with males are affected mostly (70%)
and motor vehicle accidents the most common mechanism of injury. Child abuse should

always be suspected and ruled out, especially in younger children (3).

Treatment options for this age group range between open plating, minimally invasive plating,
flexible intramedullary nailing, locked intramedullary nailing and external fixation(4, 5).
Neither published evidence nor established global guidelines favour one method over the
other. The National Institute for Health and Care Excellence (NICE) of the UK has advised
using flexible intramedullary nailing for the ages 4 to 12 years provided that the child’s
weight is less than 50kg. In contrast, trochanteric-entry locked intramedullary nailing, or
submuscular plating is used more often in children older than 11 years old or heavier than 50
kgs (6).

The AAQS Clinical Practice Guideline on the Treatment of Paediatric Diaphyseal Femur
Fractures has presented limited evidence to support the use of flexible intramedullary nailing
in the age group 5 to 11 years. There was limited evidence also to support minimally invasive
plating, flexible intramedullary nailing (FIN), and trochanteric entry locked intramedullary
nailing in the ages over 11 years (7).

Flexible intramedullary nailing, specifically elastic stable intramedullary nailing (ESIN), has
been established as a method that entails a shorter operative time, less blood loss and a
shorter hospital stay compared to the use of submuscular plates (8-10). Good results are
obtained in length stable fracture patterns, patients who are lighter than 50kg and after

surgery with an optimal configuration of the nails in the medulla (11, 12). However, some
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reports have associated flexible nailing with more malunion, delayed weight-bearing and
healing, and hardware irritation (13, 14).

Submuscular plating is a more dependable option for fracture fixation in length-unstable or
complex patterns and heavier children(15-17). The advantages of plating against FIN have
been shown biomechanically, especially with comminuted and length-unstable fracture
patterns . The clinical indications for this technique are often extended due to the advantages
of achieving better alignment and facilitating earlier weight-bearing(13, 14). Whilst the
submuscular plating technique is well described(18), surgical implementation can be
challenging from controlling fracture reduction, length and rotation intraoperatively prior to
insertion of the plate. Despite a decreased incidence of malunion reported with the classic
technique (16, 17), complex and unstable fracture patterns do not always spontaneously
reduce on traction. We believe introducing an intraoperative tool to facilitate and control the

reduction prior to fixation is paramount.

This report aims to describe a novel technique, used previously for deformity correction
but not for trauma (19, 20), that overcomes problems of accurate fracture reduction and
control prior to submuscular plating. It facilitates the omission of a fracture (traction) table
for these cases and, once practised, enables even the most complex fracture patterns to be
handled. The functional, clinical, and radiological outcomes, as applied to a case series of

paediatric femoral fractures, are included to emphasise the technique’s usefulness.
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Patients and methods

This retrospective case series included ten Children and adolescents between six and 16
years-old with closed femoral shaft fractures of all patterns, treated in a single centre (Benha
University Hospitals) between January 2020 and October 2020 by a single surgeon (AAE).
Informed consent was obtained from the parent or guardian. Open fractures, fractures with
vascular injuries, proximal and distal metaphyseal femoral fractures were excluded. Fractures
older than 21 days were also excluded, as the technique is indicated for fresh fractures where

a closed reduction is achievable.

A detailed clinical evaluation of the soft tissues, neurovascular integrity, and exclusion of any
ipsilateral injuries was undertaken. The age, sex, weight and mechanism of injury were
recorded. A radiological evaluation was done as per the ATLS protocol after stabilising the
patient’s condition. Standard anteroposterior (AP) and lateral views of the femur, hips and
knees were obtained. Computerised Tomography (CT) was done in proximal or distal
femoral fractures to exclude intraarticular extensions of fracture or a concomitant physeal
injury.

This retrospective study was approved by the research ethics committee (REC) of the
hospital. All procedures performed were in accordance with the ethical standards of the
institution and the national research committee and with the 1964 Helsinki declaration and its
later amendments.

Operative technique:

A traction table was not used. Under general anaesthesia, and in the supine position on a
radiolucent table, one or two 6 mm half-pins ( two if the bone segment was long) were
introduced in the distal segment and one or two bone screws in the proximal segment. These
pins were inserted in the sagittal plane with care taken not to over-penetrate the posterior

cortex. Predrilling was done before the half-pin insertion. Although quadriceps penetration
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was necessary for the sagittal plane insertion of these half-pins, this would not translate to a

postoperative problem as these were removed at the end of the surgery.

Polyaxial clamps and bars (Galaxy external fixation system, Orthofix SRL, Verona, Italy)
were used to connect the pins in each segment. These were tightened securely. A third bar
was then applied to connect the two bone segments. Fracture reduction was obtained using
manual traction and manipulation with guidance from image intensifier (C-arm) views. On
achieving an acceptable reduction (axially aligned on orthogonal views and with contact
between the fracture fragments), the clamps connecting the third bar to the proximal and
distal bone segments were tightened. Just prior to final tightening, x-rays were used to check
that over-distraction (with the ensuing reduction in fracture contact) had not occurred. If
found to be present, one of the clamps connecting the third rod was loosened very slightly
and slight tapping on this connecting rod with a mallet allowed the gap to close. Final

tightening of all clamps then confirmed the stability of the assembled construct.

The submuscular plate insertion was carried out as a fixation-in-situ, in the extraperiosteal
and submuscular plane. (15) Through small incisions at the proximal and distal ends of the
femoral shaft, the submuscular plane was identified and entered and a track created by careful
blunt dissection between the two incisions. The plate was then inserted gradually, taking care
to ensure satisfactory plate positioning in the lateral view. Plate contouring was sometimes
needed if the plate covered the proximal and distal third of the femoral shaft. Non-locking
screws were applied initially at both ends of the plate to bring the plate into contact with
bone. Subsequent screws were applied in the near-near, far-far fashion in relation to the
fracture. In one case with a segmental fracture, an extra small incision was needed to

manipulate the segment percutaneously before fixation by screws (Figure 1 a,b,c&d).
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On completing the fixation, the external fixator and half-pins were removed and the knee
ranged to ensure there was unimpeded motion. No plaster casts or external knee immobilisers
were used after wound closure. The inpatient after-care consisted of pain control and
monitoring of the vital signs. Patient discharge was determined by the general condition, the

level of post-injury and post-surgical discomfort and progress with rehabilitation.

Post-discharge rehabilitation:

The patient was instructed not to weight-bear for the first two weeks but maintain active
and passive range of motion of the hip, knee and ankle joints. Partial weight-bearing (at
50 %) was commenced between two and six weeks and advancing to increased amounts
after six weeks. Radiological evidence of progress in fracture union allowed weight-

bearing to be increased to ‘as-tolerated’ levels.

Follow up:

Regular follow up every two weeks allowed serial records of joint range of motion and for

wound issues or signs of infection.

The following data were recorded. Patient demographics included the characteristics of the
patients within the sample and the details of the injury. Logistic and treatment details
included delays to surgery for the cases and data surrounding the actual operations. A visual
analogue score (VAS — 10 cm scale) was used to record pain levels serially and the progress

of healing recorded through radiographs at regular intervals.

Statistical Analysis

Data management and statistical analysis were done using SPSS version 25. (IBM, Armonk,
New York, United States). Quantitative data were assessed for normality using the Shapiro-

Wilk test and direct data visualisation methods. According to normality, numerical data were
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summarised as means and standard deviations. Categorical data were summarised as numbers
and percentages. Correlations between time to union and other parameters were done using
Pearson’s or Spearman’s correlation. Time to union was compared according to different
parameters using independent t-test. All statistical tests were two-sided. P values less than

0.05 were considered significant.

Results

The mean age at surgery was 12 years (range, 9 to 14). Five were boys (50%) and five girls
(50%). The mean body weight at surgery was 41.6 kg (range, 30 to 66). The left femur was
involved in eight patients and the right femur in two only. There were seven fractures

affecting the middle part of the shaft, two in the proximal third and one in the distal third.

Fracture patterns and mechanisms of injury are presented in Table 1 (Table 1: Chacteristics of
the patients, mechanisms of injury and a classification of the fractures.). The mean delay to
surgery was 7.2 days (range 1 to 18 days). The mean preoperative haemoglobin concentration

of 12.18 g/dl (range 11.3 to 13 g/dl).

The operative time averaged 122 minutes (range, 100-150 minutes). A broad locked LCP —
DCP was used in all cases. The length depended on the segment of femoral shaft needing to
be spanned (12 to 18-hole plates were used). No blood transfusion was needed
intraoperatively or postoperatively. The pain levels (VAS) as recorded on the following
postoperative day averaged 5 (range 2 to 9). Subsequent serial measurements showed patients
reporting no pain (0) at a mean of 1.5 weeks (range, one to three weeks). The hospital stay

after the surgery averaged 1.8 days (range 1 to 4 days).
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On average, follow-up after surgery was 38 weeks (range 16 to 48 weeks). All fractures
united at a mean of 9.5 weeks (range 6 to 12 weeks). No wound healing problems nor deep
infections were encountered. The knee joint range of motion was full in all patients at six
weeks postoperatively with no pain reported at this time. There was no mechanical irritation
from the inserted plate. At final review, all fractures united fully without malalignment nor

length discrepancy (Figures 2 a,b and c).

Discussion

The introduction of a plate in a submuscular fashion represents an atraumatic method to
stabilise a femoral shaft fracture. Whilst the external fixator-assisted technique has been used
in conjunction with corrective osteotomies in deformity surgery, it is not used for acute

fractures. (19, 20). The advantages of this novel technique are several:

1. itavoids the use of a traction table, which takes time in setting up, patient positioning,
and adjustment to gain fracture reduction.

2. it allows greater control over fracture reduction and prevents excessive use of traction
and over-distraction of the fracture segments which may lead to delays in union.

3. the sagittal application of pins and the fixator permit full access for the femur’s lateral

submuscular plating (SMP).

A standard trauma fixator with poly-axial clamps was used (21, 22). Similar principles have
been applied in studies in fracture fixation of tibial fractures in adults (23, 24). Femoral
distractors have also been used to achieve traction for fracture reduction but, in comparison,

there is less accurate control or the ability to ensure contact between the fracture fragments.
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Joystick reduction techniques to facilitate intramedullary nail (locked and flexible) insertion
have been reported for adult and children’s fractures (25, 26). A particular device was
described to aid fracture reduction and facilitate FIN application in one study (27). An
external fixator was used to facilitate the open reduction and internal fixation by plate of
three supracondylar femoral fractures (28). However, the use of an external fixator as a
fracture reduction and fracture control tool for minimally invasive plate osteosynthesis of

fractures of the femoral shaft has not been reported previously.

Controversy remains over the optimum treatment method for femoral shaft fractures in
children from the age of 6 to 16years. Both AAOS and NICE guidelines (6, 7) do not favour
one method over the other and consider FIN, trochanteric entry rigid nails or submuscular
plates as acceptable techniques in children above 11 years old. Both advocate use of FIN in
younger children, provided the weight is less than 50kg. The fracture pattern and
maintenance of length have not been commented upon specifically in these guidelines, both

of which influence stability achieved after reduction and fixation.

The outcomes of using FIN in femoral and tibial fractures in children weighing more than 50
kg were investigated (29). The authors concluded that length-unstable fracture patterns, older
children and higher weight represented risk factors for poor outcomes. A recent meta-analysis
compared the outcomes of flexible intramedullary nailing versus external fixation in
paediatric femoral shaft fractures for the ages of 3 to 15 years (30). In this meta-analysis,
external fixation had an increased overall complication rate, external fixation had a unique
problem of pin site infections, while FIN had soft tissue irritation issues. Consequently,

external fixators are reserved for complex open injuries and polytrauma patients (4, 5).

Comparisons of FIN to plating (8-10) have shown that FIN produces less blood loss, takes

less time to carry out, and incurs a shorter hospital stay than submuscular plating in the age
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group 5 to 11 years old. A detailed appraisal of these studies indicates that in one study (10),
they compared 50 FIN to 15 plates (5 open platings and 10 SMP), and there were only 14

length-unstable fractures in the FIN group, whereas half of the plated were length unstable.

In the second study, authors (9) compared 28 FIN to 30 SMP with unevenly distributed
fracture patterns. In those fractures treated by FIN, the majority were transverse patterns,
while the SMP group had the majority of comminuted fractures. In the third one (8), they
compared 29 patients treated by FIN to 22 open platings (LCP); there were comminuted
fractures in 38% of the FIN group compared to 55% of the LCP group. These three studies,
often quoted to support the continued dominance of FIN in treating femoral shaft fractures,

have to be interpreted with caution.

Two recent studies have advocated the advantages of submuscular plating (13, 14). Sutphen
et al. compared treatment methods in 198 children older than eight years; 61 patients were
treated by FIN, 102 by intramedullary locked nails (ILN), and 35 by SMP. The study
highlights the statistical correlation between the fracture pattern and the treatment type.
Transverse fractures represented 67% of those in the FIN group, 48% of the rigid ILN group
and only 9% of the SMP group. This reinforces the tendency to use SMP in length-unstable
fracture patterns. In this study, the authors reported a higher malunion and hardware irritation
issue with FIN, more limping and heterotopic ossification with rigid ILN and faster healing

and weight-bearing with SMP (13).

In the second study, Milligan et al. compared 28 patients, of which fourteen were treated by
FIN and another fourteen by SMP at the mean ages of 9.7 and 7.7 years, respectively. The

authors reported that the SMP group had a shorter stay, earlier radiological union, decreased
need for postoperative analgesia and a tendency for overall better outcomes than those in the

FIN group. There were six open reductions in the FIN group and 11 open reduction in the
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SMP group; this may reflect the complex fracture patterns involved but was not reported

clearly in the study (14).

This case series had a mean operative time of 122 minutes, shorter than one report (150 min)
(10) and comparable to three other studies (94, 104, 114 minutes) (8, 9, 31). This series
represented the first cohort for the treating surgeon, and the earlier cases represented
experience at the start of the learning curve. This was borne out as there was a trend towards

shorter operating times in the later cases.

Two studies estimated blood loss in the procedures (9, 10). There was more estimated blood
loss with plates than those treated by FIN. Another study (14) reported the need for
transfusion in two of 14 patients treated in the SMP group compared to one of 14 in the FIN

group. There was no need for blood transfusion in any patient in our study.

Hospital stay (Length of stay, LOS) is another variable that has been investigated. Two
studies reported shorter LOS with SMP (3.5 days and 6.3 days) than FIN (3.7 days and 7.8
days), respectively (10, 14). In contrast, one study reported shorter LOS with FIN (1 day
compared to 2 days in the SMP group) (9). We had a mean LOS of 1.8 days which is

comparable to the literature.

Postoperative pain and the need for analgesia were reported in a few studies. Milligan et al.
(14) reported less postoperative pain in the SMP group than FIN, whereas Allen et al. (10)
did not find any statistical difference between SMP and FIN groups in their postoperative
visual analogue scores (VAS). We found that patients made a rapid recovery after the

surgery, and there was no pain after a mean of 1.5 weeks.

Speed to fracture union may favour one technique over the other. Some studies have used
functional outcome measures (9, 10) without reporting fracture union times. In one study,

authors reported a mean time to the union at 2.2 months, with no difference between SMP



YY¢

YYyo

AR

YYv

YYA

Yy4

Yéo

Yo

Yoy

YoY

Yoy

Yot

Yoo

yYou

YoV

11

and FIN groups(8). Sutphen et al. reported a shorter time to union in SMP (6.2 weeks)
compared to FIN (8 weeks). Milligan et al. (14) reported a similar outcome; they found more
united fractures at 12 weeks in the SMP group than the FIN group. In our study, all fractures

united at a mean of 9.5 weeks.

A particular focus on treating complex femoral fractures using SMP was analysed (16);
authors studied the outcomes of using SMP in 60 patients at a mean age of 9 years old (4 to
15), where 67% were unstable fracture patterns. Apart from one deep infection following
fixation of an open fracture and one bent 3.5 mm plate, there were no other major

complications.

The most recent meta-analysis published in 2020 (32) analysed 23 randomised controlled
trials that compared different paediatric femoral fracture fixation methods, including cast
application, flexible intramedullary nails, plate fixation, and external fixation. In terms of
joint stiffness, FIN had the best outcomes followed by plate fixation. There was no
statistically significant difference in malunion between the two groups. Patients treated by
FIN take less time to the union than plate fixation. There are several concerns over this meta-
analysis. Firstly, it is clear that classic plating methods were grouped together with modern
submuscular techniques as ‘plate fixation’. Both techniques are markedly different in terms
of operative time, blood loss, subsequent scarring and joint stiffness, and time to fracture
union. The mean age of the patients ranged from 3.7 to 10.4 years old, essentially those in the
prepubertal stages, and is lower than those patients in whom femoral shaft fractures pose
surgical challenges to stabilise. Many of the included studies also failed to separate the
fracture patterns into inherently stable ones from those not. Femoral shaft fractures in older
children, heavier than 50kg, and with unstable patterns are the real challenges to surgical

treatment and the results of the meta-analysis are therefore not applicable to this group.
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Limitations:

This is a case series and of retrospective design. The sample is small and extrapolation of the
findings into the population would need to take this into account. Other aspects of clinical
relevance were also not recorded and may be important. This includes the fluoroscopy time,
the estimated blood loss or functional scores postoperatively. This is part of an ongoing

prospective observational study.

Conclusion:

External fixator-assisted internal fixation of paediatric femoral fractures would facilitate the
accuracy and control of fracture reduction and allow plate application to be performed in the
manner of minimally invasive percutaneous osteosynthesis. It has significant advantages over
using a traction table or femoral distractor in surgery. Our study has shown a decrease in
overall operative time and an accompanying reduction in length of inpatient stay, prolonged
need for analgesia and postoperative rehabilitation. Used in conjunction with the submuscular
plating technique, it is a viable solution for older and heavier children with femoral fractures

that have unstable complex patterns.

Conflicts of Interest: The authors declare no conflict of interest.
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l-a Female,13 years old, had a road traffic accident (auto vs pedestrian), resulted in
closed midshaft multifragmented fracture femur (32 C2).

1-b Intraoperative fluoroscopy pictures of the reduction and fixation.

1-c Intraoperative fluoroscopy pictures of the reduction and fixation.

1-d (Left) postoperative x-rays, (Right) at final review five months postoperatively.

2-a Boy, 13 years old, had injury from a falling object, resulted in a spiral fracture
proximal third femur (32 Al)

2-b Intraoperative fluoroscopy pictures of the reduction and fixation.

2-C Knee range of motion and radiological signs of union at six weeks

postoperatively.




