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Abstract | Original Research Article

Introduction: Femoral fractures are common fractures in the pediatric age group. There are various methods to
treat such cases. Titanium elastic nailing is one of them and an established and reliable method for treating these
types of fractures. The ideal treatment of fractures in the age group of 5 to 14 years is still a matter of debate as
no consensus has been achieved till now. Aim of the study: The aim of this study was to evaluate the outcome of
using Titanium Elastic Nails (TEN) in pediatric femoral fractures. Methods: This observational prospective study was
conducted at the Department of Orthopaedics in Prime Medical College and Hospital, Rangpur, Bangladesh during the
period form January 2019 to December 2019. A group of 55 children with femoral fractures selected to treat with
titanium elastic nailing was finalized as the study population. All the information along with the outcomes of the
participants were collected, assessed, and disseminated by several tables and charts of the MS Office program. Result:
We found a superficial infection, mal-union, deep infection, and nail breakage as a complication in 20%, 14%, 4%,
and 2% cases respectively. As the final outcome of this study, we found that the results were excellent in 34 patients
(68%) successful in 12 (24%), and poor in 4 patients (8%) as per the scoring criteria for TEN by Flynn et al. Entry site
irritation occurred in 3 patients, limb lengthening (<1.5cm) was found in 3 cases both clinically and radiologically,
which was clinically insignificant. Nail removal at 5th month, due to wound breakdown at entry sets in one case.
Results were better for children aged under 10 years. Conclusion: Titanium elastic nailing is the method of choice for
simple pediatrics femoral fractures, as it is minimally invasive and shows good functional and cosmetic results. The
surgical technique of this procedure is simple and reproducible. It allows short hospital stay and quick recovery from
pain and it is cast-free.
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fractures in children under 6 years can be treated in the
INTRODUCTION conservational way, as they possess rapid healing and
spontaneous correction of angulation [3]. The problem
arises when operative stabilization becomes necessary
due to the failure of obtaining or maintaining an
acceptable reduction of the fracture by conservative
methods. The best treatment for those aged between 6
and 16 years of age is a matter of debate. In the last 20
years, patents over six years of age have been opting for
a more operative approach [2]. External fixation,
compression plating and rigid intramedullary nailing are
some of the older methods of operative stabilization of
pediatric femoral shaft fractures [4]. There are quite a
few types of flexible intramedullary nails used over the
years. Ender's nails and titanium elastic nails are some
of the most used ones among them [5]. Titanium Elastic
Nailing, which is often known as Elastic Stable
Intramedullary Nailing, has become the primary choice
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Femoral fractures are common types of
fractures in those aged between 0-18 years. There are
various methods to treat such cases. Titanium elastic
nailing is one of them and is an established and reliable
method for treating these types of fractures. No
consensus has been achieved about the ideal treatment
of fractures in the age group of 5 to 14 years, keeping it
a matter of debate till date. Fractures of femur are the
most common but incapacitating fractures in children.
They account for approximately 1.6% of all bony
injuries in children [1]. In fact, femoral fracture is one
of the most common major paediatric orthopaedic
injury requiring hospitalization.  Generally, the
treatment for this has traditionally been age-related. It is
also influenced by the type of the fracture location and
other associated injuries [2]. Most of the femoral shaft
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of stabilization in pediatric long bone fractures,
particularly for the femoral shaft fractures. The
determination of ideal treatment of femoral shaft
fracture in each child depends on the age of the child,
the location and type of the fractures, the family
environment, the knowledge and the ability and
preferences of the surgeon [6], and even the financial
implications are some of the factors that determines the
ideal treatment method of femoral shaft fracture. But as
children under 5 years of age have rapid healing and
spontaneous correction of angulation, conservative
method is still the primary way to treat those with
fracture shaft femur [7, 8]. Near the end of skeletal
maturity angular deformity is not correctable by growth,
so, accurate reduction is necessary [9]. The availability
of locked intramedullary nail has played a big part in
developing the treatment of femoral shaft fractures in
skeletally matured children. However, the best
treatment between 5 and 14 years of age is a matter of
debate [10]. It is generally believed that the
biomechanical properties of titanium are superior to
those of stainless steel for intramedullary fracture
fixation, and in-vitro mechanical studies have showed
an equal or superior fixation of pediatric femoral
fractures by using titanium elastic nails when compared
with stainless steel elastic nails [11]. There are many
perceived advantage of this technique, including the
early union due to repeated micro motion at fracture
site, respect for early mobilization, scar acceptance,
early weight bearing, high patient satisfaction rate, and
easy implant removal. We found many positive features
of this technic. This study was conducted to evaluate
the outcome of using titanium elastic nails (TEN) in
pediatric femoral fractures

OBJECTIVES

General Objective

e To evaluate the outcome titanium elastic nails
(TEN) in pediatric femoral fractures.

Specific Objective
e To assess the complication of using titanium elastic
nails in pediatric femoral fractures.

METHODOLOGY & MATERIALS

This observational prospective study was
conducted at the Department of Orthopaedics in Prime
Medical College and Hospital, Rangpur, Bangladesh
during the period form January 2019 to December
2019. A group of 55 children with femoral fractures
(Winquist and Hansen Type | and Il) selected to treat
with titanium elastic nailing were finalized as the study
population. Exclusion criteria were segmental, Winquist
types Il and IV comminuted fractures, previously
diagnosed neuromuscular disease (Cerebral palsy),
metabolic  bone  disorders  (Osteomalacia), or
pathological fractures, history of previous fracture or
deformity in either limbs. The proper informed consent
were taken in favor of all the participants. After a linear
incision of about 2 cm, opening the fascia, and splitting

the muscle fibers, a hole was opened in the distal
femoral metaphysis about 2 cm proximal to distal
femoral physis plate with a curved owl and enlarged.
Then, each pre-bent titanium elastic nail was placed in
retrograde through the distal part of the femur. Each
nail was about 40% of the canal diameter at the
narrowest site of the femoral shaft. Those cases where
close reduction could not be achieved, open reduction
were done through 2.5 cm anterolateral incision at the
level of fracture. Nail was cut short to bury under the
soft tissue. Wound was closed with sutures.
Compression dressing was applied. All the patients
received  second-generation  cephalosporin as
prophylaxis, which was initiated just before the
operation and continued 72 hours postoperatively. Knee
bending exercises was started postoperatively as pain
tolerated. Patients were discharged after 3™ post-
operative days with non-weight bearing crutch walking
and followed up in outpatient department. Follow-up
visits were made at two weeks when sutures were
removed, six weeks when wound infection and progress
of union was observed in x ray. Besides these, patients
were allowed to bear weight as tolerated. Then the
patients were followed up every fortnight to see
progress of union. Nails were removed when union was
achieved radiologically as well as clinically.
Radiographs were reviewed for evidence of healing,
defined as bridged femoral cortices (three or four of
four cortices) on anteroposterior and lateral
radiographs. Clinical union was considered when
patient can walk comfortably without support. Limb
alignment and limb length discrepancy were assessed
immediate post operatively and at the final follow up
when nails were removed. Measurements of angulations
in the sagittal and coronal planes were done on
anteroposterior and lateral radiographs that were made
at the first post-operative day and at the time of removal
of the nail. Limb length discrepancy was also measured
in comparison to normal limb. Range of knee motion,
incision and skin infections were also assessed at each
visit. After six months post operatively all parents were
contacted by phone to find out any possible
complications. The complications were classified as
major or minor. Major complications were defined as
conditions leading to unscheduled nail removal or
operative treatment, including deep infection, implant
irritation, or pain and nail breakage and mal-union and
nonunion. All the information along with the outcomes
of the participants were collected assessed and
disseminated by several tables and charts of MS Office
program.

RESULT

In this study finally 55 subjects were as study
population. Among them, 30 were male which was 54%
and 25 were female which was 46%. So male were
dominating in number. In age distribution of the study
we found, the highest 31 patients were from 11 to 15
years’ age group whereas 24 were from 5-10 years’ age
group. In this study we found, in the highest number of

| © 2021 SAS Journal of Surgery | Published by SAS Publishers, India

[ 142 |




Haque MS et al., SAS J Surg, Mar, 2021; 7(3): 141-145

cases the mechanism of injury was RTA (Road traffic
accident) and it was 52%. Then in 42% it was ‘fall from
height’ and in 6%vcases it was ‘sport injury’. On the
other hand, in this study we found, in the highest
number of cases the side of injury was ‘right’ and it was
78% whereas in 22% cases it was ‘left’. The median
duration of surgery was 74 min (60-min-110min)
whereas the mean hospital stay was 10 days (7-20
days). All the patients were available for evaluation
after a period of 6 months follow up. Radiological
union was achieved in all cases in a meantime of 8
weeks (6week -12 weeks). Full weight bearing was
achieved in a meantime of 8 weeks (6 weeks -12
weeks). In this treatment technic we had noticed some
complications also. In 20%, 14%, 4% and 2% cases we
found superficial infection, mal-union, deep infection
and nail breakage as complication respectively. As the
final outcome of this study we found, the results were
excellent in 37 patients (68%) successful in 13 (24%)
and poor in 5 patient (8%) as per the scoring criteria for
TEN by Flynn et al. Entry site irritation occurred in 3
patients limb lengthening (<1.5cm) was found in 3
cases both clinically and radiologically, which was
clinically insignificant nail removal at 5th month, due to
wound breakdown at entry sets in one case. Results
were better for children in less than 10 years of age.

Fig-1: Gender distribution of participants (N=55)

Of the participating patients, the male
population was higher, with 54% male and 46% female
patients.

11-15Years

Fig-11: Age distribution of participants (N=55)

The study shows that majority of the patients
belonged to the age group of 11-15 years. Only 24
patients were under 11 years of age.

Table-1: Mechanism of injury among participants

(N=55)
Mechanism n %
Fall from height 23 42%
RTA 29 52%
Sport injury 3 6%
Total 55 100%

Analyzing the reason or method of injury
among the participants, over half had injury from traffic
accidents, 42% had injury after falling from height, and
only 6% had sports injury.
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Fig-111: Side of injury among participants (N=55)
Over 3/4" of the study sample side had injury
on their right side, and only 22% had injury on their left
side.

Table-11: Complications among participants (N=55)

Complications n %
Superficial infection 11 | 20%
Mal-union 8 14%
Deep infection 2 4%
Nail breakage 1 2%
No recorded complications 33 | 60%

Although 60% of the patients had no
complications, of the remaining 40%, 20% had
superficial infection, 14% had mal-union, 4% had deep
infection and 2% had nail breakage.

Table-111: Final outcomes among participants

(N=55)
Clinical results n %
Excellent 37 68%
Successful 13 24%
Poor 5 8%
Total 55 100%

Feedback from the patients after the operation
showed 68% had an excellent outcome, 24% had a
successful outcome and only 8% had a poor outcome.
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DISCUSSION

Titanium Elastic Nail (TEN) is an elastic
stable intramedullary nail. It works on the principle of
symmetric bracing action of two elastic nails having
same modulus of elasticity; which causes three-point
fixation & gives rotational, axial, transitional as well as
bending stability by counteracting the distraction and
compression forces working on diaphysis of femur. TD
Bhattacharya et al. said that, Titanium Elastic Nail
(TEN) does not provide adequate stability in
comminuted, long oblique or spiral fractures or even if
it is contemplated post-operative immobilization is
essential [12]. The best indications are transverse, short
oblique, short spiral with minimum comminution. There
are not enough comparative studies regarding efficacy
between Enders nail [13], Rush nail and TEN. Risk of
complication of operative procedure is always there
[13]. Studies have found that TEN is advantageous over
hip spica in femoral shaft fracture in children as a
treatment method [14]. Advantages of TEN are reduced
hospitalization [15] and early mobilization. The result
of Femoral Intramedullary Nail done in preschool
children will achieve recovery milestones much faster
than those treated with traction and spica cast study of
72 cases [16]. TEN is indicated in all femoral
diaphyseal fractures of children above 6 years till
physical closure [17]. In our study TEN was found as a
good and cost-effective option considering less hospital
stay and early return to walk. Although this method has
some drawbacks over other methods of treatment, these
are of course just the issue of perspective [18].
Important advantages like the fact that the periosteum is
not disturbed must also be noted. Also, since this is a
closed procedure, there is no disturbance of fracture
hematoma and chances of infection decreases greatly.
TEN as a retrograde technique of nailing have less
chances of AVN of femoral head [19]. Often times,
pediatric femoral shaft fractures are usually treated by
either skin traction followed by hip spica or primary hip
spica. Fractures readily unite with some amount of
overlapping and angulations which is believed to get
corrected by remodeling potentiality in children [20].
This treatment requires prolonged hospitalization or
immobility which has raised awareness of the possible
social, economic, educational, and emotional burden of
prolonged immobilization [21]. After publication of
good outcomes by the Nancy group in the early 1980s,
Elastic Stable Intramedullary Nailing (ESIN) has
become a well- accepted method of surgical treatment
of long bone fractures in children and adolescents [22].
Compared to plating, flexible intramedullary nailing of
the femoral shaft fractures in patients provides better
results [23]. There are many reasons for this acceptance
including absence of postoperative casting in most
cases, primary bone union without growth plate injury,
rapid recovery of joint motion and return to physical
activities, minimally invasive surgery allowing small
and aesthetic scars, low infection rate, and shortened
hospital stays [24]. In this study, the male population
was higher than the female study population. This can

be explained by the fact that male children are more
active physically and so they are prone to get more
injuries. In this study finally 55 subjects were selected
as study population. Among them 27 were male which
was 54% and 23 were female which was 46%. So, the
male subjects were dominating in number. Average
union time was 12.8 week which is in comparison with
the other series [25, 26]. In this current study in 20%,
14%, 4% and 2% cases we found superficial infection,
mal-union, deep infection and nail breakage as
complication respectively. We encountered 5 (12.5%)
cases of mal-union but this mal-union did not present
any clinical and functional disability. Our rate of mal-
union is less that other series [27]. Biomechanical
evidence provided by some studies suggested that
patients weighing more than 40 to 45 kg who undergo
stabilization of a transverse midshaft femur fracture
with ESIN are often at a risk for loss of reduction in the
sagittal and coronal planes [28]. We believe that
remodeling potentiality in children will rectify
angulation over period of time as shown in series of
Flyn et al. where 20 degree angulation was remodeled
to 7 degrees over a period of one year [29]. In our series
we encountered 10 cases of superficial infection which
resolves after removal of nail. This problem occurred in
our initial cases where the nail was left long. This was
protruding under the skin and cause infection. In later
cases we used to cut the nail only one centimeter out of
bone. Although many complications like osteomyelitis,
re-fracture, asymptomatic proximal nail migration,
delayed healing or nonunion were described in various
studies, no such complications were encountered in this
study [30].

Limitations of the study

This was a single centered study with a small
sized sample. So the findings of this study may not
reflect the exact scenario of the whole country.

CONCLUSION

Titanium elastic nailing is the method of
choice for the simple pediatrics femoral fractures, as it
is minimally invasive and shows good functional and
cosmetic results. Surgical technique of this procedure is
simple and reproducible. It allows short hospital stay
and quick recovery from pain and it is cast-free.

RECOMMENDATIONS

For getting more specific findings we would
like to recommend for conducting more studies
regarding the same issue with larger sized sample.
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