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Clinical and radiographic evaluation of femoral shaft fractures in a

pediatric population treated with titanium elastic nails

Titanyum elastik civi ile tedavi edilmis pediatrik populasyondaki femur saft
kiriklarinin klinik ve radyografik olarak degerlendirilmesi
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ABSTRACT

Aim: The main goal of study is to evaluate the clinical, functional and radiographic results of titanium
elastic nail (TEN), which is among the most preferred methods in the treatment of pediatric femoral
shaft fractures.

Materials and Methods: In this study, 33 patients, the ages of from 4 tol14 years and weighing less
than 50 kg, who were diagnosed with femoral shaft fractures between January 2018 and December
2019 and operated on with the TEN method in our clinic, were evaluated retrospectively. The
demographic information of the patients, injury mechanism, fracture pattern, duration of surgery,
radiographic union time, degree of residual deformity in the coronal and sagittal planes after union,
nonunion rate, leg length discrepancy and postoperative weight-bearing times were examined.

Results: Femoral shaft fractures were seen 2.3 times more often in boys than in girls. Patients are
often injured as a result of high-energy trauma such as traffic accidents and falls from a height.
According to radiographic measurements, mean residual deformity of 3.23 + 2.46 degrees in the
coronal plane and 4.56 + 3.78 degrees in the sagittal plane was measured and a mean discrepancy of
1.36 + 0.85 cm was found between the two legs. Radiographic union time was calculated as 10.41 +
3.55 weeks on average.

Conclusion: If applied with the right indication and the right technique, the TEN method is extremely
important and successful in the treatment of femoral shaft fractures in pediatric patients younger than
15 years old and weighing less than 50 kg.
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0z
Amag: Bu ¢alismadaki amag cocuk femur gaft kiriklarinin tedavisinde sik tercih edilen yéntemlerden
biri olan titanyum elastik ¢ivinin klinik, fonksiyonel ve radyografik sonuglarini degerlendirmektir.

Gerec¢ ve Yontem: Calismada Ocak 2018-Aralik 2019 tarihlerinde femur saft kirigi tanisi almig ve
klinigimizde titanyum elastik ¢ivi yéntemiyle tedavi edilmis, 4-14 yas arasi ve 50 kg altindaki 33 hasta
geriye doéniik olarak degerlendirildi. Hastalarin demografik bilgileri, yaralanma mekanizmasi, kirik
paterni, cerrahi siresi, radyografik kaynama siresi, kaynama sonrasi koronal ve sagital planlardaki
rezidii deformite derecesi, kaynamama orani, bacak boyu egitsizligi ve ameliyat sonrasi yik verme
sdreleri incelendi.
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Bulgular: Femur saft kirigi erkek ¢ocuklarinda kiz gocuklarina gére 2,3 kat fazla gérilmustir. Hastalar
genellikle trafik kazasi ve ylksekten disme gibi yiksek enerjili travmalar sonucu yaralanmigtir.
Radyografik élgtimlere gbre koronal planda ortalama 3,23 + 2,46 derece, sagital planda ise 4,56 +
3,78 derece rezidii deformite dlglilmiis olup, her iki bacak arasinda ortalama 1,36 + 0,85 cm esitsizlik
tespit edilmistir. Radyografik kaynama sliresi ise ortalama 10,41 + 3,55 hafta olarak hesaplanmistir.

Sonug: Dogru endikasyonla ve dogru teknikle uygulandigi takdirde titanyum elastik ¢ivi tedavisi,15
yasindan kliglik ve 50 kg’dan daha az pediatrik poplilasyondaki femur saft kiriklarinin tedavisinde son

derece 6nemli ve basarili bir yéntemdir.

Anahtar Sézciikler: Femur saft kirigi, Flynn kriterleri, radyografik élgtim, titanyum elastik ¢ivi.

INTRODUCTION

Femoral shaft fractures, including supracondylar
and per trochanteric fractures, account for
approximately 1.6% of all fractures in the
pediatric population (1). They usually occur after
high-energy trauma such as a fall from a height
or a traffic accident. These fractures are
approximately 2.6 times more common in the
male population and have a bimodal distribution
between 2 and 12 years (1).

Although several classification systems have
been described for femoral shaft fractures, few of
them focus on pediatric patients (2). Regardless
of the classification system used, femoral shaft
fractures present challenges for orthopedic
surgeons due to the internal stability of the
fracture and the possibility of displacement (3).
The iliopsoas muscle pulls the proximal part into
flexion and external rotation, while the gluteus
medius muscle pulls it into abduction (4, 5). In
addition, the quadriceps, hamstrings and
adductor muscles play a role in the displacement
and shortening of the femoral shaft. The
combination of all these results in compressive
forces in the medial cortex and tensile forces in
the lateral cortex (2).

In the past, most pediatric femoral shaft fractures
were treated with skeletal traction and a hip spica
cast (6, 7). However, the biggest handicap of this
method was that the patient stayed in the hospital
for a long time. The treatment method has been
changing over time in parallel with the
development of many alternative osteosynthesis
methods such as external fixators, sub muscular
plates and intramedullary nails. Thanks to these
methods, the success of the treatment has
increased, and the costs of hospitalization have
decreased (8, 9).
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In recent years, titanium elastic nail (TEN), which
is frequently preferred in the treatment of femoral
shaft fractures in the pediatric population, have
been shown to be most appropriate (10, 11). TEN
is the most recommended method in the
treatment of displaced femoral shaft fractures in
children between 6-15 years and weighing less
than 50 kg (12). It is widely accepted in the
treatment of femoral shaft fractures, especially in
the transverse and short obliqgue pattern (13).
TEN has advantages such as being minimally
invasive and offering a short hospital stay, early
mobilization and low complication rates (13). In
addition, there is no risk of developing femoral
head osteonecrosis.

The aim of this study is to evaluate femoral shaft
fractures in a pediatric population treated with
TEN, considering the clinical and radiographic
results.

MATERIALS and METHODS

First of all, approval was obtained from the ethics
committee of our hospital for this study (ID: E2-
20-44 Date: 30/12/2020). Forty-five patients who
were admitted to the emergency department of
our hospital between January 2018 and
December 2019 and were treated with TEN for a
diagnosis of femoral shaft fracture were
evaluated retrospectively. The study’s inclusion
criteria were as follows: patients between 4-14
years, weighing less than 50 kg and diagnosed
with a closed femoral shaft fracture and treated
with  TEN. Exclusion criteria were as follows:
patients younger than 4 years and older than 14
years, patients weighing over 50 kg, those with
open fractures or pathological fractures, those
with additional fracture in the ipsilateral extremity,
patients with  congenital deformity and
musculoskeletal dysplasia and those without
regular clinical follow-up. Finally, the study
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continued with 33 patients who met these criteria.
The demographic information of the patients,
injury mechanism, fracture pattern, duration of
surgery, radiographic union time, degree of
residual deformity in the coronal and sagittal
planes after union, nonunion rate, leg length
discrepancy (LLD), and postoperative weight-
bearing times were recorded. In addition, patients
were categorized according to the Flynn criteria.
The parameters examined in the Flynn criteria
are presented in (Table-1).

Surgical technique

All patients were operated on under general
anesthesia. The fracture line was closed with
traction and the reduction was confirmed by
fluoroscopy. From the preoperative radiographs,
the medullary canal diameter of the patients was
measured; two TENs were selected to be 1/3 of
the diameter of the medullary canal (Figure-1).
Then, with the help of fluoroscopy, the distal
femur physis was determined and bilateral mini-
incision was made approximately 1 cm proximal
to the physis line. After opening the entrance
from the cortex to the medulla with the help of an
awl, the TEN, placed laterally and medially, were
advanced up to the greater trochanter and
femoral neck, respectively and fracture fixation
was completed. The operation was terminated
after fracture alignment was confirmed by
fluoroscopy.

Rehabilitation

All patients started knee and hip range of motion
(ROM) exercises on the same day after surgery.
All patients were discharged one day after
surgery. According to the radiographic and
clinical assessment, all patients were given
partial weight-bearing between 4-6 weeks and full
weight-bearing 8-10 weeks after the surgery.

Radiographic assessment

All patients underwent anteroposterior (AP) and
lateral femoral radiography every two weeks for
the first three months and monthly for three
months to one year. Control radiographs were
taken at regular intervals to determine residual
deformity. Union criteria were determined
radiographically with three of four cortex unions
and absence of pain during weight-bearing.

Radiographic measurements were made in the
clinic one year after surgery. The degree of
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residual deformity in the coronal and sagittal
planes was calculated by measuring the angles
between the alignments of the proximal and distal
parts to the fracture line. The LLD was found by
measuring the difference between the line
passing through each acetabular tear drops and
the lines passing through the lesser trochanters
parallel to this line on pelvis AP radiography.

Statistical analysis

All statistical analyses were performed using
SPSS 15.0 (SPSS Inc., Chicago, IL, USA). Data
are presented as mean = standard deviation (SD)
and minimum-maximum. The suitability of the
data to normal distribution was evaluated with the
Kolmogorov-Smirnov test and it was seen that all
data were suitable for normal distribution.

RESULTS

The patients had a mean follow-up period of 23.3
months and their demographic information is
shown in (Table-2). Femur shaft fractures were
seen 2.3 times more often in boys than girls.
There were patients in all age groups between 4-
14 years. The weight and height measurements
of the patients showed a wide distribution. When
evaluated according to body mass index (BMI),
underweight and normal weight children were
affected more by femoral shaft fractures than
overweight and obese children.

Injury mechanisms and fracture pattern
distributions of the patients are presented
respectively (Figure-2 and 3). It was observed
that the patients were predominantly exposed to
high-energy traumas such as traffic accidents
and falls from a height. When the fracture pattern
was evaluated radiographically, oblique fractures
were the most common, followed by transverse,
spiral, and butterfly fractures.

Table-3 shows the surgical and radiographic
evaluation of the patients. The mean duration of
surgery was less than one hour. When AP and
lateral radiographs were evaluated, the union of
three of the four cortices was considered as
radiographic union and the mean union time was
found to be 10.41 + 3.55 weeks (Figure-4 and 6).
In addition, patients began to weight-bearing
without pain approximately two weeks before the
mean time of radiographic union. Although there
was residual deformity in the coronal and sagittal
planes after fracture union on the radiographs,
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the average values in both planes were
calculated below 5°. Although an average
lengthening of 1.36 + 0.85 cm was detected in
the affected extremity after union compared to
the healthy extremity, no clinical effects were
observed in any patients. In addition, no
rotational deformity was seen in any of patients
with clinical signs, even though radiographic
measurements were not performed.

When the results were evaluated according to the
four parameters included in the Flynn criteria, 28
of 33 patients had excellent and 4 had
satisfactory results, while only one patient had a
poor result.

Table-1. Functional results according to Flynn criteria.

Infection occurred in one patient at the incision
line in the early postoperative period. This patient
was treated with wound debridement and
antibiotic therapy without implant removal. In
another patient, revision surgery was performed
because of nonunion and loss of reduction in the
fracture line. The TEN in the femur were
removed, a thicker TEN was placed, and the
fracture line was grafted with an autograft
harvested from the iliac crest. In follow-up,
complete radiographic union was achieved in this
patient. There were no complications other than
these.

Excellent Satisfactory Poor
LLD (cm) <1 <2 >2
Malalignment (°) <5 5-10 >10
Pain None None Present
Complication None Minor and resolved Major and/or

lasting morbidity

LLD: Leg length discrepancy, (°): Angle

Table-2. Demographic characteristics of the patients.

Parameters Mean £ SD Min-Max
Gender (n)
Male 23
Female 10
Age (year) 8.23 +3.38 4-14
Weight (kg) 25.74 +12.26 9-48
Height (cm) 121.38 £ 17.85 88-162
Body mass index (kg/m?) 17.25 £5.04 11.24-32.45
n: Number of patients, SD: Standard deviation, Min: Minimum, Max: Maximum
Table-3. Information on surgical and radiographic evaluation of patients.
Parameters Mean £ SD Min-Max
Surgery time (minute) 51.45 + 18.92 27-71
Radiographic union time (week) 10.41 £ 3.55 7.4-19.7
Coronal plane residual deformity (°) 3.23+2.46 0-8
Sagittal plane residual deformity (°) 456 +3.78 0-11
LLD (cm) 1.36 £ 0.85 0-2.8
Post-surgery weight bearing time (week) 8.47 + 1.66 5.8-11.3

(°): Angle, LLD: Leg length discrepancy, SD: Standard deviation, Min: Minimum, Max: Maximum
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Figure-1. Titanium elastic nails used in the treatment
of femoral shaft fractures in the pediatric
population and surgical instruments used to
apply these nalils.

Injury mechanism of patients

= Simple fall
= Fall from a height

In-vehicle traffic accident
Non-vehicle traffic accident

37% 24% = Bicycle accident

Figure-2. The distribution of the patients according to
the injury mechanism is shown.

Fracture pattern of patients

= Transverse
= Obligue
Spiral

u Butterfly

Figure-3. The distribution of the patients according to
the fracture pattern is shown.
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Figure-4. Fracture of the femoral shaft seen in the AP
and lateral femoral radiographs of a 12-
year-old female patient who was brought to
the emergency room after a non-vehicle
traffic accident.

Figure-5. AP and lateral femur radiographs in the early

postoperative period of the patient treated
with titanium elastic nail.

Figure-6. In the AP and lateral femur radiographs

taken at the 10th week of the postoperative
follow-up of the same patient, complete
union was obtained in the fracture line.
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DISCUSSION

Surgical or conservative management of femoral
shaft fractures in the pediatric population is still a
topic of controversy among orthopedic surgeons.
According to the literature, conservative
treatment methods may cause union defect, joint
stiffness, delayed functional recovery in older
children, prolonged hospital stay and increased
hospital costs (14). All of these complications
increase the frequency of surgical treatment of
femoral shaft fractures in the pediatric population.

In the surgical treatment of femoral shaft
fractures in the pediatric population, TEN has
surpassed other surgical techniques in recent
years due to high rates of union, early
mobilization, limited surgical dissection and short
hospital stay (15). Clinical and biomechanical
studies have shown that the TEN method applied
for lower extremity fractures in children and
adolescents is reliable, reproducible, effective in
fracture  union, minimally invasive and
biomechanically stable (16, 17). Forty-two
patients with femoral shaft fractures treated with
TEN were followed and all fractures healed in an
average of 88 days after the injury (18).
According to another study, 31 femoral shaft
fractures treated with TEN were followed
regularly and all fractures healed within 12 weeks
without delayed union (19). In our study,
radiographic union was obtained in all patients
except one in a mean of 10.41 weeks.
Radiographic improvement was obtained after
revision surgery in the sole case of nonunion and
we think that the problem was insufficient fixation
after the first surgery.

TEN is generally recommended for the treatment
of displaced femoral shaft fractures in patients
between 6-15 years and weighing less than 50 kg
(20). In one study, a high complication rate was
reported in children over 50 kg with displaced
femoral shaft fractures treated with TEN (21). In
another study, complications such as LLD and
malunion were detected in children over 50 kg
with displaced femur shaft fractures after the TEN
technique (22). In our study, due to the
complications that could have occurred, we did
not apply TEN for any patient over the age of 14
or heavier than 49 kg and we thus remained
within the recommended limits.

There are alternative techniques to TEN in the
surgical treatment of femoral shaft fractures in
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the pediatric population. In one study, 51 patients
who were diagnosed with femoral shaft fractures
and treated with TEN or locking compression
plate were evaluated retrospectively and
although equal results were obtained with both
treatments, shorter operation time, less blood
loss during surgery and shorter hospital stay
were observed in these patients (13). In another
study, it was reported that open reduction and
plate fixation should be avoided in the treatment
of pediatric femoral shaft fractures because
excessive soft tissue dissection leads to
displacement of the fracture line (3). In another
study, 38 patients with femoral shaft fractures
treated with TEN or bridge plating were
evaluated; no significant difference was found
between the two groups functionally or
radiologically and acceptable results were
obtained (23). In a similar study, 65 patients
treated with TEN or sub muscular plating were
retrospectively examined and although
functionally and radiologically equivalent results
were found, the duration of surgery, blood loss
during surgery and hospital costs were
significantly higher in the group treated with sub
muscular plating (24). In our study, although we
did not have a control group, we obtained
satisfactory radiographic and functional results in
33 patients treated with TEN. Surgery times and
radiographic union times were similar to those of
previous studies. In addition, we obtained
excellent or satisfactory results in 32 (97%)
patients according to the Flynn criteria.

LLD or residual angulation seen in the coronal or
sagittal plane after radiographic healing in
femoral shaft fractures in the pediatric population
is an important problem. Angulation of >10° in the
coronal plane, >15° angulation in the sagittal
plane, and LLD greater than 2.5 cm may lead to
poor clinical results (22). In a previous study, 24
patients who were treated for femoral shaft
fracture were evaluated retrospectively and
although varus deformity developed in four
patients and procurvatum deformity was seen in
one patient after radiographic healing, no clinical
effect was determined because all deformities
were <10° (25). In a similar study, means of 5°
varus and 5.4° procurvatum deformity were
observed after radiographic recovery in the
patient group treated with TEN, but these results
did not reflect negatively on the clinical results
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(23). In another study, 30 patients treated by the
TEN method were evaluated retrospectively, and
although an average of 3.2° varus, 0.53° valgus,
and 2.4° procurvatum deformities and a mean of
0.71 cm LLD were detected, none of the patients
were functionally affected (26). In our study, a
residual deformity of less than 5° in the coronal
and sagittal planes and an average LLD of 1.36
cm were obtained, but the patients did not
experience functional loss. We think that
obtaining good radiographic results affects the
future clinical and functional results.

Our study has some limitations: it is a
retrospective study and patients with femoral
shaft fractures who were treated only with TEN
were evaluated and we did not have a control
group. Although all radiographic measurements
were made by the same observer, there may
have been a margin of error since the
measurements were made manually. While
evaluating the patients according to the Flynn
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