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Outcome of Pediatric Femoral Shaft Fractures Treated with Titanium
Elastic Nailing: A Prospective Study

Ismail Pandor', Abhishek Sharma’, Anshuraj _]agdale1 , Alim Shaikh', Abhishek Doifode’, Nilay Rank'

Learning Point of the Article:
TENS is a reliable and minimally invasive treatment for pediatric femoral shaft fractures, offering fast union, early weight-bearing, and
excellent functional outcomes with minimal complications.

Introduction: Conservative management has always been used for pediatric fractures. However, surgical management has shown outstanding
results. Closed reduction and titanium elastic nailing (TEN) is one of the procedures that is used for the management of pediatric injuries. We
undertook this study to see the outcome of pediatric fractures treated with TEN.

Materials and Methods: A prospective study conducted at Krishna Institute of Medical Sciences, Karad. Thirty children with femoral fractures
managed with TENs were included in this study. Patients were followed up till 12 months postoperatively for limb length discrepancy, pelvic
asymmetries, rotational deformity, axial angulation, and hip and knee range of motion. Scoring criteria for TEN by Flynn et al. [t2.1]was used,
and results were classified as excellent, satisfactory, or poor.

Results: There were 19 boys and 11 girls in this study. The mean duration of surgery was 50 min. Radiological union was achieved in an average
time of 7 weeks. Full weight bearing was achieved in a period of 7 weeks. As per the Flynn et al. criteria, the results were excellent in 24 patients,
successfulin 5, and poorin 1 patient. One patienthad varus angulation, 3 patientshad entry site irritation, and 2 had limb length discrepancy.
Conclusion: The TENS isan efficientand acceptable form of treatment in selected cases of femoral diaphyseal fractures in children.
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Introduction results and represent the gold standard treatment [4]. However,

The management of femoral fractures in pediatric age group
(0-18 years) has always been a matter of debate. Several
conservative as well as surgical treatments have been proposed
[1]. However, the treatment of choice is typically based on the
patient’s age, fracture type [2], associated injuries, and the
physical characteristics of the child. Diaphysis fractures of the
femur in children <6 years of age are usually treated with
conservative methods, such as casting, tractions, or Pavlik
harness [3]. These methods show good clinical and radiological

conservative treatments are not suitable in specific cases such as
polytraumatized patients, unstable fractures with risk of
redisplacement, and difficulty in obtaining an acceptable
reduction. Other concerns associated with conservative
treatments such as the long hospitalization, the necessity of
general anesthesia and treatment in the operating theater,
prolonged weight-bearing restrictions, and the high cost have
ignited an increasing interest in surgicalmanagement [ S ]. During
the past few decades, some forms of internal fixation in the form
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Figure 1: Titanium elastic nailing.

of plate fixation, rigid intramedullary (IM) nailing, enders
nailing, and titanium nailing have been advocated, but the
controversy regarding the ideal implant still exists. For the age
group of 6-16 years, which implant is superior to the other is
still a matter of dilemma [6]. IM nailing with titanium elastic
nails (TENS) offers several advantages, including early union,
lower rate of malunion, spare of the physis, early mobilization
and weight bearing, mini-invasive approach with easy implant
removal, and high patients’ and parents’ satisfaction rates [7, 8,
9]. Good results at mid-term follow-up have been reported in
children older than 6 years of age [10]. We undertook a
prospective study to evaluate the outcome of pediatric femoral
fractures managed with TENS.

Materials and Methods

This was a prospective study conducted at Krishna Institute of
Medical Sciences, Karad. The study was approved by the
Institutional Ethics Committee of Krishna Institute of Medical
Sciences, Karad. Written informed consent was obtained from
parents/guardians and assent from children when appropriate.
Thirty children with femoral fractures managed with TENs
were included in this study. Patients were followed up till 12
months postoperatively for limb length discrepancy, pelvic
asymmetries, rotational deformity, axial angulation, and hip
and knee range of motion. Scoring criteria for TEN by Flynn et
al. [11] were used and results were classified as excellent,
satisfactory, or poor (Fig. 1).

Inclusion criteria

« Children aged 4-14 years with diaphyseal femoral shaft
fractures

« Closed fractures or Gustilo type I-Il open fractures

« Closed reduction is achievable or reducible under
fluoroscopy.

Exclusion criteria
« Severe open fractures
« Pathological fractures

« Fractures extending into the proximal/distal physes (peri-
articular fractures requiring other fixation)

« Associated ipsilateral femoral fractures or pelvic fractures
preventing standard TENs fixation.

Pre-operative investigations

« Plain radiographs: Anteroposterior (AP) and lateral views of
the femur, including hip and knee

« Routine blood tests: Complete blood count, coagulation
profile, blood glucose, and basic biochemistry (urea, creatinine)

« Pre-anesthetic evaluation and fitness clearance
« Perioperative/follow-up investigations

o Intraoperative fluoroscopy to confirm reduction and nail

position

Figure 2: (aandb) Pre-operative anteroposterior and lateral radiographs.
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« Postoperative radiographs (AP and
lateral) immediately, at 2, 6, and 12
weeks, then at 6 and 12 months (or
until union and hardware removal)

« Clinical assessment at each visit:
Wound/entry site check, range of
motion, limb length measurement,
and assessment for complications.

Operative procedure

Traction was applied using a fracture
table with the help of fluoroscopic
guidance to reduce the fracture.
Appropriately sized elastic nails of
2-3.5 mm diameter were selected.
Elastic nails were bent in an even

curve. The tip of the nail was further
Figure 3: (a,b, ¢) Three months postoperatively (anteroposterior (AP), pelvis and both hips -AP and lateral). bent 2 cm from one end at an angle of
40. This helps the nail to bounce off
the opposite cortexinto the canal rather than break it. After skin incision, insertion points were made one on the medial and another
on the lateral side of the distal femur, 2 cm proximal to the distal epiphyseal plate. Elastic nails were pushed right up to the fracture
site. Then one of the nails was passed across the reduced fracture site, which was followed by the second nail. The nails were directed
in such a way that the medial nail was introduced into the neck and the lateral just below the trochanteric apophasis in a fan-shaped
manner. Two divergent nails provide adequate fixation and stability in the adolescent femur [11, 12]. The distal end of the nail
should never project beyond the distal epiphyseal plate on IITV to prevent knee pain and problems of nail protrusion, and care
should be taken to avoid pending the distal end of nails. Knee bending and quadriceps exercises were begun as soon as the patient
could tolerate them. Non-weight bearing ambulation
was started within first few days, though partial weight
bearing was permitted only after radiological
evidence of callus formation. Full weight bearing was
allowed only on radiological evidence of a firm union

(Fig.2,3,4).

Results

Ages of children ranged from 4 to 14 years (mean 8
years). There were 19 boysand 11 girls. 25 of the cases

had fractures due to a fall from height, and 5 due to a
road traffic accident. The mean duration of surgery
was 50 min, and the average hospital stay was 7 days.
All patients were available for evaluation after 12
months of follow-up. Radiological union was
achieved in an average time of 7 weeks. Full weight
bearing was achieved in a meantime of 7 weeks. As per
the Flynn et al’s [11] criteria, the results were
excellent in 24 patients, successful in S, and poorin 1
patient. One patient had varus angulation, 3 patients

had entry site irritation, and 2 had limb length

diSCfePanCY- Functional range of movement was Figure 4: (aandb) Clinical photosat 3-month follow-up.
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Table 1: Flynn et al. [11] criterion for assessment of
results Table 2: Frequency and percentage of
Limb length 1\ g oy <2cm 52 cm _
discrepancy
Male 19 63.3
Malalignment | Up to 50 5-100 >100
Pain None None Present Female 11 36.7
Complications None Minor Major Total 30 100

achieved within a mean duration of 8 weeks. Out of 30 cases, 10
had spiral fractures, S had oblique fractures, 8 had transverse and
7 had comminuted fractures. No post-operative difference was
observed due to fracture pattern; hence, this signifies remodeling
ofthebone in thisage group (Table 1,2,3,4).

Discussion

Femoral shaft fractures constitute about 2% of pediatric injuries.
Ample modalities have been suggested for its management, and
theyinclude plates, external fixators, IM nails, and TENs. Widely
used plate osteosynthesis is associated with larger dissections,
longer time of immobilization, increased risk of infection, and
delayed union [13, 14]. The external fixator has risks of pin track
infection and generally takes longer for weight bearing to be
started [ 15, 16]. As far as IM nails are concerned, they have been
associated with avascular necrosis of the femoral head, coxa valga
[17,18].

TENs appears beneficial over other surgical methods,
particularly in this age group, because it is simple, is a load-
sharing internal splint that does not disrupt open physis, permits
early mobilization, and maintains alignment at the fracture site,
imitated by the elasticity of the fixation, and promotes faster
external bridging callus formation. The periosteum is not
troubled, and beinga closed procedure, there is no disturbance of
fracture hematoma thereby decreasing the risk ofinfection.

Table 3: Frequency and percentage of
mechanism

In a study conducted by Flynn et al., [11] they found TENs was
beneficial over hip spica in the treatment of femoral shaft
fracturesin children [6].

In another study, Buechsenschuetz et al. [19] came to the
conclusion that the titanium nail was superior in terms of union,
scar acceptance, and overall patient satisfaction compared to
conservative management. Likewise, Ligier et al. [20] treated
123 femoral shaft fractures with elastic IM nail. In that study, all
fractures united. Entry site irritation developed in 13 cases.
Lascombes et al. [21] stated that TENSs could be indicated in all
femoral diaphyseal fractures of children with an age of more than
6 years till the epiphysis closed, excluding severe Type III open
fractures. Narayanan et al. [9] found a good outcome in 79
femoral fractures stabilized with TENs.

Despite the wide base of literature showing TENs as an efficient
procedure [22], it comes with complications such as entry site
irritation, pain, limb length discrepancy, fracture angulation,
refractures, and infection. Entry site irritation and pain are the
most common complications of TENs [9, 11]. Entry site
irritation was noted in cases where longer nails were used, and
shorter nailsled to angulation of the fracture. In this study, we had
3 cases with entry site irritation, 2 had LLD, and 1 had varus
angulation.

We conclude by saying that the advantages of TENs are in
rehabilitation and healing with abundant callus, which is

Table 4: Clinical outcome

Excellent 24 80
Fall 25 83.3
RTA 5 16.7 Satisfactory 5 16.7
Total 30 100 Poor 1 3.3
RTA: Road traffic accident Total 30 100
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attributed to the non-rigid fixation achieved with it. This
results in quick fracture union and timely return to full weight
bearing while considerably dropping hospital stay and
treatment charges. In addition, the choice of treatment with
flexible nailing receives greater acceptance in the younger age
group [23].

Conclusion

The TENS is an efficient and acceptable form of treatment in

selected cases of femoral diaphyseal fracturesin children.

Clinical Message

TEN is a safe and effective option for treating pediatric femoral shaft
fractures. It allows early mobilization, quick union, and excellent
functional recovery with few complications, making it a reliable
choicein children over 6 years of age.
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