
Received 02/06/2024 
Review began 04/19/2024 
Review ended 04/25/2024 
Published 05/06/2024

© Copyright 2024
Warade et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

An Outcome Analysis of Pediatric Diaphyseal
Fractures Treated Surgically With the Titanium
Elastic Nailing System
Nikhil Warade , Supratim Roy , Aliasgar Moaiyadi , Bhavesh Patidar , Chandrashekhar M. Badole 

1. Department of Orthopaedics, Mahatma Gandhi Institute of Medical Sciences, Wardha, IND

Corresponding author: Aliasgar Moaiyadi, aliasger_pro07@outlook.com

Abstract
Introduction
Pediatric fractures account for one-fourth of all pediatric injuries. Stabilizing the fracture, regulating the
length and alignment, encouraging bone healing, and minimizing morbidity and problems for the child and
family are the objectives of treatment for diaphyseal fractures of long bones in children. Our goal is to
investigate how pediatric diaphyseal long bone fractures are treated with a titanium elastic nailing system
(TENS).

Methods
A prospective interventional study was conducted on 24 children who had displaced diaphyseal fractures of
major long bones, involving 31 diaphyseal fractures of long bones. Utilizing Flynn's grading standards, the
result was examined.

Results
The mean age was 12.20 years. The youngest child was seven years old and the eldest child was 16 years old.
There were 20 boys (83.33%) and four girls (16.67%). The male-to-female ratio was noted to be 5:1. The
commonest mode of injury was road traffic accidents (12 cases, 50%), followed by falls while playing (10
cases, 41.67%). Other causes included falls from height (one case, 4.17%) and blunt trauma (one case,
4.17%). The commonest bone to get fractured was the femur (37.50%), followed by both bones of the forearm
(29.17%), tibia (20.83%), humerus (8.33%), and ulna alone (4.17%). The middle third (21 fractures, 67.74%)
was the most prevalent location for fractures. Five fractures each (16.13%) accounted for in the proximal and
distal thirds. Twelve fractures (38.71%) were detected on the left side, while the majority of fractures (19
fractures, 61.29%) were seen on the right side. Most of the fractures in this group were transverse fractures
(18 fractures, 58.06%) followed by oblique fractures (eight fractures, 25.81%). Comminuted fractures
accounted for five fractures (16.13%). Of the 31 fractures, open reduction had to be done in two fractures,
after unsuccessful attempts at closed reduction. Closed reduction was done in 29 fractures. There were 15.12
weeks in the average union term. The range is six weeks to 39 weeks. The most frequent side effect was
discovered to be skin irritation at the entry site. The extraosseous portion of nails caused irritation at two
entry sites (6.45%). A case had delayed union (3.23%) and restricted knee range of movements.

Conclusion
For the treatment of juvenile diaphyseal fractures of the long bones, the TENS is the best option. It is a
quick, straightforward, safe, dependable, and efficient way to treat pediatric long-bone fractures in patients
aged five to 16 years. The healing process takes a fair amount of time, while the surgery takes less time. It
does away with the necessity for extended bed rest and significantly shortens hospital stays. It provides
stability and elastic mobility, which is perfect for early mobilization and quick union at the fracture site. It
has a low rate of complications and produces excellent functional results.

Categories: Pediatric Surgery, Orthopedics, Trauma
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Introduction
Injuries among children have become a major global public health issue. Several thousand youngsters are
thought to sustain non-fatal injuries and experience differing degrees of disability [1]. Fractures account for
10-25% of pediatric injuries, according to estimates [2]. The rise in traffic accidents and sports engagement
is the primary cause of the rising number of fractures among youngsters [3]. The child's age, the severity and
pattern of the fracture, and the surgeon's or the institution's preferences can all have a significant impact on
the treatment plan; fixing juvenile diaphyseal fractures should ideally result in an "internal splint" that
distributes weight, keeps the fracture smaller until a hard callus forms, and does not jeopardize with the
growth regions [4]. It is appropriate to use surgical therapies to prevent extended immobilization, as well as
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physical, social, and psychological consequences. These consist of elastic stable intramedullary nailing,
fixation with plates and screws, external fixators, and intramedullary nailing. Submuscular plating is an
extensive procedure. Intramedullary nailing can damage the physis. In order to prevent injury to the physis,
elastic stable intramedullary nailing has gained popularity as a treatment for pediatric diaphyseal shaft
fractures [5]. For the treatment of femoral shaft (long bone) fractures, the titanium elastic nailing system
(TENS) appears to be a more physiologically sound and successful approach [6]. The technique is
straightforward, quick, and safe, and it has the benefits of early union, early mobilization, and an early
return to function with little problems [7]. Our aim is to study the outcome of diaphyseal pediatric long-
bone fractures managed with TENS.

Materials And Methods
This was a prospective interventional study done on a total of 31 diaphyseal fractures of long bones in 24
children who were treated surgically in the Department of Orthopedics between July 2020 and August 2022.
Children between the ages of five and 16 with open growth plates coming to the Orthopedics outpatient
department/casualty with long-bone fractures and managed surgically with TENS were included in this
study, either through closed or open reduction.

Inclusion and exclusion criteria
The various inclusion criteria include children from five years to 16 years of age with open physis of long
bones, children of both sexes, with closed diaphyseal fractures, patients fit for surgery, and willing for
surgery. The exclusion criteria include patients who have polytrauma and compound fractures.

Methodology
This study has used titanium elastic nails (6% aluminum and 7% niobium alloy) in all patients. All operated
patients were called for follow-up at three weeks, six weeks, 12 weeks, 24 weeks, and nine months. All these
findings were recorded in the proforma.

Statistical analysis
Chi-square tests of significance were used in the statistical study, which included both descriptive and
inferential statistics. Graph Pad Prism 7.0 (GraphPad Software, San Diego, USA) and IBM SPSS Statistics for
Windows, Version 27 (Released 2020; IBM Corp., Armonk, New York, United States) were the software
versions utilized for the analysis, and a level of significance of p < 0.05 was applied.

The final outcome was assessed by Flynn's scoring criteria as described below in Table 1 [8]. The parameters
included in this criterion are limb length inequality, malalignment, pain, and complications. 

Parameter/result Excellent Satisfactory Poor

Limb length inequality <1.0 cm <2.0 cm >2.0 cm

Malalignment 50 100 >100

Pain None None Present

Complications None Minor and resolved Major/lasting morbidity

TABLE 1: Flynn’s scoring criteria [8]

Results
The observations of this study are based on 31 diaphyseal fractures in long bones among 24 children who
were treated surgically at the Department of Orthopedics between July 2020 and August 2022.

The majority of the patients (17, 70.83%) belonged to the 11-16 age range. There were seven kids between
five and 10 years old. The average age was found to be 12.20 years as shown in Figure 1.
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FIGURE 1: Age-wise distribution of patients

There were 20 boys (83.33%) and four girls (16.67%) as shown in Figure 2. The male-to-female ratio was
noted to be 5:1.

FIGURE 2: Gender-wise distribution of patients

A higher number of physical activities may be responsible for the higher number of male children. The
commonest mode of injury was road traffic accidents (12 cases, 50%), followed by falls while playing (10
cases, 41.67%). Other causes included falls from height (one case, 4.17%) and blunt trauma (one case, 4.17%)
as shown in Figure 3.
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FIGURE 3: Distribution of patients according to mode of injury

The commonest bone to get fractured was the femur (37.50%), followed by both bones of the forearm
(29.17%), tibia (20.83%), humerus (8.33%), and ulna alone (4.17%) as shown in Figure 4.

FIGURE 4: Distribution of patients according to bones fractured

The middle third (21 fractures, 67.74%) was the most prevalent location for fractures. Five fractures each
(16.13%) accounted for in the proximal and distal thirds. Twelve fractures (38.71%) were detected on the left
side, while the majority of the fractures (19 fractures, 61.29%) were seen on the right side as depicted
in Figure 5.
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FIGURE 5: Distribution of fractures according to the side of injury

Transverse fractures accounted for a major proportion of this series (18 fractures, 58.06%) followed by
oblique fractures (eight fractures, 25.81%) while comminuted fractures accounted for five fractures (16.13%),
as observed in Figure 6.

FIGURE 6: Distribution of fractures according to radiological type of
fracture

A total of 18 cases (75%) came to the hospital on the same day of trauma. Five cases (20.83%) arrived at the
hospital between one and 10 days after the trauma, while one case (4.17%) arrived 10 days after the trauma.
The mean interval between the trauma and presentation to the hospital was found to be 1.08 days. The mean
interval between the admission and surgery was 5.33 days. The mean interval between the trauma and
surgery noted was 6.41 days. Of the 31 fractures, open reduction had to be done in two fractures after
unsuccessful attempts at closed reduction. Closed reduction was done in the remaining 29 fractures. The
mean period of union was 15.12 weeks. The range is between six and 39 weeks as shown in Figure 7.
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FIGURE 7: Distribution of fractures according to period of union for
fractures

The distribution of fractures according to various complications can be seen in Figure 8. The extraosseous
portion of nails caused irritation at two entry sites (6.45%), which was relieved after analgesics. This was a
minor complication that resolved completely. These two cases also had a restricted range of movements in
the knee joint which improved with physiotherapy. One case had delayed union (3.23%) and restricted knee
range of movements. Except for this case, all other cases had a full range of adjacent joint movements at the
union. We did not encounter any case of deep infection or implant failure in our study.

FIGURE 8: Distribution of fractures according to complications

We have assessed the findings of our study which can be seen in Figure 9 using the scoring standards
outlined by Flynn et al. [8]. It was found that 28 fractures, or accounting for 90.32% of all fractures, had
favorable (excellent) outcomes for the most part. Two fractures (6.55%) healed satisfactorily, while only one
fracture (3.23%) had a bad (poor) result.
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FIGURE 9: Evaluation of results

Discussion
The most common surgical technique for treating pediatric long bone fractures is not crossing the epiphyseal
growth plate, which prevents growth disruptions and carries a low risk of sequelae [8]. In the current
investigation, the predominant demographic comprised 17 patients within the age range of 11-16 years,
constituting 70.83% of the study population. Additionally, seven patients (29.17%) fell within the age group
of five to 10 years. The youngest participant was seven years old, while the oldest individual was 16 years
old. The average age across the sample was calculated to be 12.20 years. This distribution of age groups
reflects the diversity within the study cohort, providing a comprehensive overview of the population under
consideration. Similar results related to the mean age were observed by Sankar et al. and Furlan et al. [9,10].
Sankar et al. observed the average age of the patient as 12.2 years (7.2-16 years range) [9]. Furlan et al.
observed the average age of the patient as 11.7 years [10]. Baig et al. observed the age group 13 to 16 years
old ranked second (33.3%) [11]. Raut et al. reported a distribution of patients in their study, revealing that
the highest percentage, 36.7%, fell within the age range of six to eight years [12]. Following closely, 33.3% of
patients were in the age group of nine to 11 years, while 30% were within the 12-14 years age bracket. This
breakdown underscores the diverse age representation within the participant cohort and provides valuable
insights into the demographics of the population under examination. In the study by Gavaskar and Singh, 16
cases (53%) were observed in the age group of nine to 12 years, while 14 cases (47%) were observed in the
five to eight-year age group [13]. Naorem and Temjensunep noticed that this is mainly because physical
activity in children increases with age, thereby increasing the risk of sustaining a fracture [14]. Flynn et al.
had a mean age of 9.5 years (range four to 16 years), while Rennie et al. noticed an overall average age was
9.7 years [8,15]. Sarkar et al. observed an average age of eight years (range of six to 14 years) [16].
Bandyopadhyay noticed a mean age of 7.5 years (four to 12 years range), while Khuntia et al. observed a
mean age of 9.3 years (range of six to 15 years) [17,18].

In our study, there were 20 boys (83.33%) and four girls (16.67%). The male-to-female ratio was noted to be
5:1. Many studies observed male preponderance. Raut et al. observed male preponderance (63%) [12]. Verma
et al. observed that the boy-to-girl ratio was 2.35:1 (151 were boys and 64 were girls) [19]. In the study of
Fernandez et al., there were 354 boys (64%) and 199 girls (36%) [20]. The study by Sarkar S et al. observed
that 53 (74.28%) were boys and 18 (25.72%) were girls [16]. The male-to-female ratio was 2.89:1. In their
study, Naorem and Temjensunep found that there were 22 males (73.33%) and eight females (26.67%) [14].
Ghilley et al. observed 64% boys and 36% girls [21]. In his study, Choudhury found 25 males and 11 females
with a male-to-female ratio (2.3:1) [22]. Kumar et al. noticed 14 (70 %) males and six (30%) females, while
Kayaokay and Aktuglu noted an equal distribution, with 15 females (50%) and 15 males (50%) [23,24].

In our study, road traffic accidents were the most common mode of injury (12 cases, 50%) followed by
falls while playing (10 cases, 41.67%). Fall from height accounted for one case (4.17%), while blunt trauma
also accounted for one case (4.17%). Several studies have noted road traffic accidents as the most common
cause of injury. Gavaskar and Singh observed road traffic accidents were the mode of injury in 12 patients
(40%) while falling from height in 18 patients (60%) [13]. According to Raut et al., 20% of fractures were
caused by falls, while 80% of fractures were caused by motor accidents [12]. Ghilley et al. noted that falls
from height occurred in four instances (28%), while automobile accidents accounted for eight cases (60%) of
fractures [21]. Choudhury reported that the majority of fractures (69.44%) were attributed to traffic
accidents, while the remaining fractures were caused by falls from height and injuries sustained during play
[22]. Others, however, noticed harm modes other than the prevalent one of motor accidents. In their
investigation, Naorem and Temjensunep observed that 21 instances (or 70%) were ascribed to unintentional
falls, five (16.67%) to traffic accidents, and four (13.33%) to falls from height [14]. In their study, Reddy and
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Dhaniwala found that among the 28 cases, the most common mode of injury was a fall while playing in 18
cases. Additionally, five cases were attributed to road traffic accidents, three to falls from height, one to
blunt trauma, and one to another cause [25]. Bandyopadhyay observed that among the 49 patients' domestic
falls in 27 cases, road traffic accidents in 10 cases, sports injuries in seven cases, and falls from bicycle in five
cases [17]. Tandon et al. observed the various modes of injury like 47% at home [26]. The most frequent type
of injury in the current study is road traffic accidents. The number of motor vehicles on the road is
increasing, and traffic laws are not being properly enforced. Poor socioeconomic situation makes it difficult
for working parents to watch over their kids, which has increased the number of traffic accidents.

In our study, the most frequently fractured bone was the femur, observed in nine cases (37.50%). This was
followed by fractures of both bones in the forearm in seven cases (29.17%), the tibia in five cases (20.83%),
the humerus in two cases (8.33%), and the ulna alone in one case (4.17%). A similar result was observed by
many authors (fracture femur as the most common long bone involved). In their study of 30 cases of
diaphyseal long bone fractures, Gavaskar and Singh observed 13 cases of femoral fractures (44%), nine cases
of forearm fractures (30%), seven cases of tibia fractures (23%), and one case of humerus fracture (3%) [13].
Bandyopadhyay observed that among the 49 patients with long bone diaphyseal fractures, the femur
accounted for 40, the tibia in six, and the humerus in three patients [17]. Khuntia et al. found that out of 30
pediatric long-bone fractures, there were five tibial fractures, eight forearm fractures, one humerus fracture,
and 15 femur fractures [18]. In their investigation of 30 patients with diaphyseal fractures of long bones,
Baig et al. found that 17 (56.7%) of the patients had femoral fractures, seven (23.3%) had tibial fractures, one
(3.3%) had humeral fractures, and five (16.6%) had forearm fractures [11]. In their other investigations,
Reddy and Dhaniwala found that long bones other than the femur were frequently affected [25]. In their
investigation of long bone fractures, Furlan et al. noted 35 tibial, 42 forearm, 41 femoral, and 55 humeral
fractures [10]. In their prospective investigation on the therapy of long bone fractures, Raut et al. noted that
50% of the forearm bone was affected, followed by the tibia (23.3%), femur (23.3%), and humerus (3.33%)
[12].

In our study, the commonest location of fracture was the middle third (21 fractures, 67.74%), proximal third,
and distal third accounted for five fractures each (16.13%). Various studies observed the middle third as the
most common level of fracture. Gavaskar and Singh observed the level of fracture as middle third in 23 cases
(77%), in the upper third in three cases (10%), and in the lower one-third shaft in four cases (13%) [13]. In
their study, Raut et al. found that among the 30 patients, the majority had fractures of the middle one-third
of the diaphysis (73.3%), while 26.7% had fractures of the upper one-third of the diaphysis [12]. During their
study of diaphyseal fracture of long bones, Reddy and Dhaniwala observed the most common level of
fracture as the middle third (59.52%) [25]. Flynn et al. noted that among the 58 fractures studied, the most
common pattern observed was mid-shaft in 42 cases, with seven being distal and nine being proximal [8].
Bandyopadhyay observed fracture location in proximal one-third in five cases and middle one-third in 44
cases [17].

In our study, most of the fractures were seen on the right side (19 fractures, 61.29%), whereas 12 fractures
(38.71%) were seen on the left side. A similar result of right-side involvement is noticed in many studies.
Gavaskar and Singh reported right-side involvement in 18 patients (60%), while left-side involvement in 12
patients (40%) [13]. Raut et al. observed right-side predominance compared to the left-side (60% vs. 40%)
[12]. Naorem and Temjensunep observed that 19 patients (63.33%) had right-sided fractures and 11 patients
(36.67%) had left-sided fractures [14]. Bandyopadhyay in their study among 49 patients, the right side was
involved in 27 cases (55.10%), and the left side was involved in 22 cases (44.89%) [17]. Ghilley et al. observed
amongst the 14 cases, 10 cases (71%) were right-sided [21].

In our present study, transverse fracture accounted for a major portion of this series (18 fractures, 58.06%)
followed by oblique fractures (eight fractures, 25.81%). Comminuted fractures accounted for five fractures
(16.13%). Various studies observed similar results related to transverse fracture patterns. Naorem and
Temjensunep reported amongst the 30 patients, 19 were transverse fractures (63.33 %), seven were oblique
fractures (23.33%), four were segmental fractures (13.33%), and there were no comminuted fractures [14].
Reddy and Dhaniwala observed that transverse fractures accounted for the majority of instances (32 cases,
76.19%), with oblique fractures (six cases, 14.29%) coming in second [25]. In their investigation, Gavaskar
and Singh found that 50% of the fractures were transverse, 20% were spiral, seven cases were short oblique,
one case was segmental, and one case was comminuted [13]. Ghilley et al. observed that the majority of the
patients in six cases (44%) had a transverse fracture pattern followed by a short oblique pattern in two cases
(15%) and a long oblique in three cases (25%) [21]. Baig et al. discovered that 10 patients (33.33%) had
transverse fractures, eight cases (26.7%) had comminuted fractures, seven cases (23.3%) had oblique
fractures, and five cases (16.7%) had spiral fractures [11]. In their investigation, there were no segmental
fractures. However, Kumawat et al. in their study of pediatric diaphyseal femur fractures among 30 patients
observed an oblique pattern as the most common fracture type, occurring in 15 cases (50%), followed by
transverse fractures in 12 cases (40%), with other patterns noted in three cases (10%) [27]. We found that
transverse fractures were the most common and that TENS was the best way to stabilize them.

In our study, the majority of patients (20, 83.33%) underwent surgery within 10 days following the trauma,
whereas four patients (16.67%) had an interval of more than 10 days. The observed average time between
trauma and surgery was 6.41 days. Several studies examined the time between surgery and trauma. Baig et
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al. and Raut et al. investigated intramedullary elastic nailing for the treatment of long bone fractures,
examining a total of 30 cases [11,12]. These findings revealed variations in the injury-to-surgery interval
among the participants. Specifically, 10 patients (33.3%) underwent surgery within 24 hours of sustaining the
injury. For a majority of cases, comprising 14 patients (46.7%), the injury-to-surgery interval ranged from
one to two days. Additionally, a smaller subset of patients, totaling six (20%), experienced a longer delay,
requiring more than two to three days before undergoing the surgical procedure. This insight into the timing
of surgical interventions provides valuable information on the management and timelines associated with
intramedullary elastic nailing in the context of long bone fractures. Bandyopadhyay found that among 49
patients with diaphyseal long bone fractures, the mean interval between injury and surgery was three days
(range one to five days) [17]. Of the 31 fractures, open reduction had to be done in two fractures of both bone
forearm (in the same patient), after unsuccessful attempts at closed reduction. Closed reduction was done in
the majority of the fractures (29 fractures). Among the 537 patients with forearm fractures in the series,
Fernandez et al. reduced 13 ulna and 18 radius fractures in an open manner [20]. Shams et al., in their use of
TENS for treating femoral shaft fractures, discovered that while 44 fractures could be reduced closed, eight
required open reduction [28]. In their analysis of 36 femoral shaft fractures, Rahman et al. found that while
31 fractures could be repaired with closed methods, five required open reduction [29].

In our study, out of 24 cases, the majority of patients (17 cases, 70.83%) had a hospital stay of more than
seven days, while seven cases had a hospital stay of seven days or less. The mean hospital stay found in our
study was 9.66 days (range six to 20 days). Our study result is comparable with Baig et al. who observed a
mean duration of hospital stay of 11.6 days in their study of diaphyseal fractures across all bones among 30
patients [11]. In our study involving 24 cases, the majority of patients (16 cases, 66.67%) had a surgery
duration between 46 and 60 minutes. Four patients (16.67%) underwent surgery lasting between 61 and 75
minutes, three patients (12.50%) had surgery completed within 30-45 minutes, and one patient (4.17%) had
a surgery duration ranging from 76 to 100 minutes. The mean duration of surgery in our study was found to
be 58.33 minutes. The mean operative time is comparable to that reported in studies by Raut et al. and Baig
et al. [11,12]. In their conducted study, Raut et al. observed diverse durations for surgical times among the 30
patients undergoing a specific procedure. Specifically, five patients (16.7%) experienced surgical durations
ranging from 30 to 45 minutes, while a larger proportion, comprising 12 patients (40%), fell within the 45- to
60-minute timeframe. Furthermore, seven patients (23.3%) underwent surgery with durations spanning 60
to 75 minutes, and the remaining six patients (20%) had operative times extending from 75 to 90 minutes.
These findings provide a comprehensive overview of the variability in surgical durations among the
participants, offering insights into the procedural aspects of the investigated medical intervention. The
average operating time was 68 minutes [12]. Baig et al. noted a mean duration of surgery of 59.9 minutes in
their study of diaphyseal fractures across all bones among 30 patients [11]. Bhat et al. and Lohiya et al. in
their study of 73 cases of femoral shaft fractures noted average operative time as 37 (25-110) minutes
[30,31]. Shams et al. studied 44 femoral shaft fractures and noted the mean time of surgery as 38 (30-45)
minutes [28]. Kumar and Kisan in their study of fracture of femur noted the median duration of surgery as
45 minutes (30-75 minutes) [32].

In our study in 24 cases, the maximum number of patients (16 cases, 66.67%) had a duration of surgery
between 46 and 60 minutes, four patients (16.67%) had surgery duration between 61 and 75 minutes, three
patients (12.50%) surgery was completed in a range of 30-45 minutes while in one patient (4.17%) surgery
duration ranged from 76 to 100 minutes. The mean duration of surgery in our study was found to be 58.33
minutes. The mean operative time is comparable to studies of Raut et al. and Baig et al. [11,12]. Within their
investigation of 30 patients, Raut et al. found that seven (23.3%) and six (20%) had operative periods
between 60-75 minutes and 75-90 minutes, respectively. Additionally, five (16.7%) and 12 (40%) patients
had operative times between 30-45 minutes and 45-60 minutes, respectively [12]. A total of 58.83 minutes
were spent on surgery. Baig et al. noted a mean surgery duration of 59.9 minutes in their study of diaphyseal
fractures across all bones among 30 patients [11]. In their study of 30 patients with forearm fractures, Bhat et
al. found that the duration of surgery varied from 25 to 45 minutes. Specifically, in cases requiring open
reduction, the surgery lasted 45 minutes [30]. Lohiya et al. in their study among 73 cases of femoral shaft
fractures noted average operative time as 37 (25 to 110) minutes [31]. Shams et al. [28] studied 44 femoral
shaft fractures and noted the mean time of surgery as 38 (30-45) minutes. Kumar and Kisan [32] in their
study of fracture of femur noted the median duration of surgery as 45 minutes (30-75 minutes).

Among the 31 fractures in our study treated with TENS, we observed complications in three fractures
(9.68%). Two cases experienced entry site skin irritation (6.45%) accompanied by pain, while one case
showed signs of delayed union (3.23%) with a 12-degree (varus) angular deformity and 2 cm of shortening.
Amongst the two cases of entry site skin irritation, one case of fracture shaft femur right side in a 15-year-
old female with a fracture in the middle one-third shaft presented with irritation on the lateral aspect of
distal femur right side (at entry site) with restriction of knee range of motion during follow-up. The fracture
was united by 24 weeks. Entry-site skin irritation was relieved with analgesics and implant removal. The
patient was advised to do regular physiotherapy. Later, it improved with satisfactory results at the end of 39
weeks of follow-up. In another case, a 13-year-old male patient with a fracture proximal one-third of the
shaft femur right side presented with irritation on the lateral aspect of the distal femur right side (at entry
site) with restriction of knee range of motion during follow-up. The fracture union was seen for 24 weeks. He
was treated with analgesics and physiotherapy with satisfactory results for 39 weeks of final follow-up. The
patient was advised of implant removal. Shams et al. [28] in their study of 52 pediatric femoral shaft
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fractures managed by TENS various complications were noted in 22 cases. They observed entry site skin
irritation/bursitis in eight cases due to friction caused by cut ends of the nail. The nails were removed after
an average of 47 weeks (40-54 weeks range). Flynn et al. examined 58 cases of pediatric femur fractures and
observed soft tissue irritation in five cases. Consequently, in one instance, the nail had to be removed
earlier, within a period of four to 10 weeks [8].

In one case we observed delayed union, the patient was a 15-year-old male with an oblique fracture of the
distal third shaft femur of the right side operated with two TENS of 3.5 mm each. Postoperatively and during
follow-up X-rays, minimal distraction was observed at the fracture site. There was no infection at the
fracture site/no skin irritation or bursitis. On subsequent follow-up, the fracture was united in minimal
varus with angulation of 12 degrees and 2 cm of shortening. The resulting outcome was poor at the end of
the final follow-up. Bandyopadhyay in his study of 49 patients observed delayed union in two patients which
took 24 weeks for union [17]. Moroz et al. assessed a total of 229 children with 234 fractures of the diaphysis
of the femur and observed delayed union in two cases (0.9%) [33].

In our investigation, the duration of follow-up varied from six to 39 weeks. Three patients finished the 12-
week follow-up, eight patients finished the 24-week follow-up, and 12 patients finished the 39-week nine-
month follow-up. For six weeks, one patient was monitored. The average follow-up period was 29.25 ± 11.02
weeks. Various studies have reported differing average follow-up periods. Reddy and Dhaniwala found an
average of 22.08 weeks [25]. Khuntia et al. recorded a longer average follow-up duration of 28 months [18].
Bandyopadhyay reported an average follow-up period of 18.8 months [17]. Meanwhile, Furlan et al. observed
the longest average follow-up period among the studies, at 41.3 months [10].

We have used the scoring criteria described by Flynn et al. for evaluating the results of our study [8]. Results
were evaluated at the end of the last follow-up. A total of 31 fractures in 24 children were included for
outcome evaluation at the final follow-up. Only one fracture (3.23%) had poor outcome. 

Limitations
Our study has limitations, as the sample size and follow-up period were limited. The outcome of our study
compared with various other studies is depicted below in Table 2.

Studies Results

 Excellent Satisfactory Poor

Present study 90.32% 6.45% 3.23%

Flynn et al. [8] 65.5% 31.03% 1.72%

Raut et al. [12] 83.3% 16.7% -

Bandyopadhyay [17] 82% 18% -

Reddy and Dhaniwala [25] 76.92% 17.95% 0.13%

Baig et al. [11] 73.33% 26.67% -

Vaish et al. [34] 73% 27% -

TABLE 2: Outcome in various studies compared to the present study

Conclusions
For patients aged five to 16, this is a safe, straightforward, uncomplicated, quick, dependable, and efficient
way to treat long bone fractures in children. It requires less time during surgery and a suitable amount of
time for the bone to recover. It notably shortens hospital stays and does away with the requirement for
extended bed rest. It provides elastic mobility, stability, and fast union at the fracture site, all of which are
perfect for early mobilization. It is linked to a low incidence of complications and a high degree of functional
results.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

2024 Warade et al. Cureus 16(5): e59716. DOI 10.7759/cureus.59716 10 of 12

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Concept and design:  Aliasgar Moaiyadi, Nikhil Warade, Supratim Roy, Bhavesh Patidar, Chandrashekhar
M. Badole

Acquisition, analysis, or interpretation of data:  Aliasgar Moaiyadi, Nikhil Warade, Supratim Roy,
Bhavesh Patidar, Chandrashekhar M. Badole

Drafting of the manuscript:  Aliasgar Moaiyadi, Nikhil Warade, Supratim Roy, Bhavesh Patidar,
Chandrashekhar M. Badole

Critical review of the manuscript for important intellectual content:  Aliasgar Moaiyadi, Nikhil Warade,
Supratim Roy, Bhavesh Patidar, Chandrashekhar M. Badole

Supervision:  Supratim Roy, Chandrashekhar M. Badole

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Mahatma Gandhi
Institute of Medical Sciences, Wardha, India issued approval 4445. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References
1. López AD, Murray CJ: The global burden of disease: a comprehensive assessment of mortality and disability

from diseases, injuries, and risk factors in 1990 and projected to 2020. World Health Organization,
Massachusetts; 1996.

2. Landin LA: Epidemiology of children's fractures . J Pediatr Orthop. 1997, 6:79-83.
3. Kumar R, Shetty S: Surgical management of long bone fracture of lower limb in pediatric by titanium elastic

nails. IJSS J Surg. 2015, 1:12-6.
4. Sachdeva G, Kamble S: Management of diaphyseal fractures of long bones in children with intramedullary

flexible nail nailing. J Med Thesis. 2013, 1:37-41.
5. Kapil Mani KC, Dirgha Raj RC, Parimal A: Pediatric femoral shaft fractures treated by flexible intramedullary

nailing. Chin J Traumatol. 2015, 18:284-7. 10.1016/j.cjtee.2015.05.002
6. Gale OneFile: Health and medicine . (2015). Accessed: April 18, 2024: https://www.gale.com/c/onefile-

health-and-medicine.
7. Batra A, Jain A, Khanna M, Lamba D, Bhuriya S, Dhiman A: Paediatric femoral shaft fractures managed with

TENS. Indian J Sci Res. 2016, 7:119-124.
8. Flynn JM, Hresko T, Reynolds RA, Blasier RD, Davidson R, Kasser J: Titanium elastic nails for pediatric

femur fractures: a multicenter study of early results with analysis of complications. J Pediatr Orthop. 2001,
21:4-8.

9. Sankar WN, Jones KJ, David Horn B, Wells L: Titanium elastic nails for pediatric tibial shaft fractures . J Child
Orthop. 2007, 1:281-6. 10.1007/s11832-007-0056-y

10. Furlan D, Pogorelić Z, Biočić M, et al.: Elastic stable intramedullary nailing for pediatric long bone fractures:
experience with 175 fractures. Scand J Surg. 2011, 100:208-15. 10.1177/145749691110000313

11. Baig MS, Thutari N, Kodandapani K, Vadlamani KV, Tilak M: Comprehensive study of management of
diaphyseal fractures of long bones in children by titanium elastic nailing system. J Evol Med Dent Sci. 2019,
8:969-74.

12. Raut S, Jain D, Gohil P, et al.: Prospective study of management of long bone fracture by intra-medullary
elastic nailing in children. Int J Res Orthop. 2020, 6:353-9. 10.18203/issn.2455-4510.IntJResOrthop20200738

13. Gavaskar B, Singh R: Management of diaphyseal long bone fractures in paediatric age group by TENS . Int J
Orthop Sci. 2020, 6:460-3. 10.22271/ortho.2020.v6.i1i.1907

14. Naorem K, Temjensunep L: Treatment of forearm fractures in children and adolescents with titanium elastic
nails (TENS): a prospective study. Int J Orthop Sci. 2018, 4:939-42. 10.22271/ortho.2018.v4.i2n.133

15. Rennie L, Court-Brown CM, Mok JY, Beattie TF: The epidemiology of fractures in children . Injury. 2007,
38:913-22. 10.1016/j.injury.2007.01.036

16. Sarkar S, Bandyopadhyay R, Mukherjee A: Titanium elastic nail - complications in the treatment of
paediatric diaphyseal fracture of femur. Open Orthop J. 2013, 7:12-7. 10.2174/1874325001307010012

17. Bandyopadhyay A: Pediatric long-bone diaphyseal fracture fixation using titanium elastic nails results in a
low rate of easily manageable complications, and is cost-effective - at least in a developing country. Int J
Contemp Med Surg Radiol. 2021, 6:A7-12.

18. Khuntia S, Swaroop S, Patro BP, Sahu S: Paediatric long bone fractures managed with elastic intramedullary
nails: a retrospective study of 30 patients. Cureus. 2020, 12:e7847. 10.7759/cureus.7847

19. Verma S, Lal N, Lodha R, Murmu L: Childhood trauma profile at a tertiary care hospital in India . Indian
Pediatr. 2009, 46:168-71.

20. Fernandez FF, Langendörfer M, Wirth T, Eberhardt O: Failures and complications in intramedullary nailing
of children's forearm fractures. J Child Orthop. 2010, 4:159-67. 10.1007/s11832-010-0245-y

21. Ghilley SK, Meena MK, Jhanwar P, Jain HK: Use of flexible intramedullary nailing in treating diaphyseal

2024 Warade et al. Cureus 16(5): e59716. DOI 10.7759/cureus.59716 11 of 12

https://iris.who.int/bitstream/handle/10665/41864/0965546608_eng.pdf
https://journals.lww.com/jpo-b/Abstract/1997/04000/Epidemiology_of_Children_s_Fractures.2.aspx
https://pesquisa.bvsalud.org/portal/resource/pt/sea-173481
https://journalmedicalthesis.com/wp-content/uploads/2013/12/JMT.2347-5595-014.pdf
https://dx.doi.org/10.1016/j.cjtee.2015.05.002
https://dx.doi.org/10.1016/j.cjtee.2015.05.002
https://www.gale.com/c/onefile-health-and-medicine
https://www.gale.com/c/onefile-health-and-medicine
https://www.ijsr.in/upload/823884080Chapter_18.pdf
https://pubmed.ncbi.nlm.nih.gov/11176345/
https://dx.doi.org/10.1007/s11832-007-0056-y
https://dx.doi.org/10.1007/s11832-007-0056-y
https://dx.doi.org/10.1177/145749691110000313
https://dx.doi.org/10.1177/145749691110000313
https://go.gale.com/ps/i.do?id=GALE%7CA584978391&sid=googleScholar&v=2.1&it=r&linkaccess=abs&issn=22784748&p=HRCA&sw=w&userGroupName=anon%7E969373d6&aty=open-web-entry
https://dx.doi.org/10.18203/issn.2455-4510.IntJResOrthop20200738
https://dx.doi.org/10.18203/issn.2455-4510.IntJResOrthop20200738
https://dx.doi.org/10.22271/ortho.2020.v6.i1i.1907
https://dx.doi.org/10.22271/ortho.2020.v6.i1i.1907
https://dx.doi.org/10.22271/ortho.2018.v4.i2n.133
https://dx.doi.org/10.22271/ortho.2018.v4.i2n.133
https://dx.doi.org/10.1016/j.injury.2007.01.036
https://dx.doi.org/10.1016/j.injury.2007.01.036
https://dx.doi.org/10.2174/1874325001307010012
https://dx.doi.org/10.2174/1874325001307010012
https://www.ijcmsr.com/uploads/1/0/2/7/102704056/ijcmsr_520_v1.pdf
https://dx.doi.org/10.7759/cureus.7847
https://dx.doi.org/10.7759/cureus.7847
https://www.researchgate.net/profile/Rakesh-Lodha/publication/24039469_Childhood_Trauma_Profile_at_a_Tertiary_Care_Hospital_in_India/links/00b7d52458d638f664000000/Childhood-Trauma-Profile-at-a-Tertiary-Care-Hospital-in-India.pdf
https://dx.doi.org/10.1007/s11832-010-0245-y
https://dx.doi.org/10.1007/s11832-010-0245-y
https://www.semanticscholar.org/paper/Use-of-flexible-intramedullary-nailing-in-treating-Ghilley-Meena/97782e4a4732346c6b57fafdcca23a0372c5ecf9


fractures of long bone of lower limb in children. J Orthop Traumatol Rehabil. 2019, 11:21.
22. Choudhury G: A clinical study on titanium elastic nail system in the treatment of diaphyseal tibial fractures

in paediatric age group. Int J Health Clin Res. 2020, 3:124-31.
23. Kumar A, Gupta A, Thirugnanam B, Kareem, S: Orthopaedics titanium elastic nailing system (TENS) in

paediatric tibia fractures. Ann Int Med Dent Res. 2020, 6:11-5.
24. Kayaokay K, Aktuglu K: Titanium elastic nailing in pediatric femoral diaphyseal fractures in the age group

of 6-15 years mid-term and long-term outcomes. Pak J Med Sci. 2018, 34:1529-33. 10.12669/pjms.346.16297
25. Reddy SM, Dhaniwala NS: Outcome of surgically managed diaphyseal fractures in children-a prospective

study. J Evol Med Dent Sci. 2020, 9:393-7. 10.14260/jemds/2020/90
26. Tandon T, Shaik M, Modi N: Paediatric trauma epidemiology in an urban scenario in India . J Orthop Surg.

2007, 15:41-5. 10.1177/230949900701500110
27. Kumawat N, Bhati M, Vishnoi R, Sharma S, Kewalramani S, Raj D: Functional outcome of diaphyseal

femoral fractures treated with titanium elastic nail in paediatric age group (05 to 15 years). Int Multispec J
Health. 2020, 6:10-4.

28. Shams MAI, Mondal S, Hossain GMJ: Short term clinical, functional and radiological of fixation of paediatric
femoral shaft fracture by titanium elastic nail in paediatric patients. EAS J Orthop Physiother. 2022, 4:20-5.
10.36349/easjop.2022.v04i04.001

29. Rahman MM, Rahman M, Haque O, Beg MO: Short term outcome of closed intramedullary fixation with
titanium elastic nail in displaced femoral shaft fractures in skeletally immature children. EAS J Orthop
Physiother. 2021, 3:6-11.

30. Bhat SA, Kumar S, Pathak L, Upadhyay A, Goel S, Girdhar R: Titanium elastic nailing system, an effective
way of pediatric forearm fracture management. Trauma Mon. 2021, 27:498-503.

31. Lohiya R, Bachhal V, Khan U, et al.: Flexible intramedullary nailing in paediatric femoral fractures. A report
of 73 cases. J Orthop Surg Res. 2011, 6:64. 10.1186/1749-799X-6-64

32. Kumar P, Kisan D: Elastic nailing in diaphyseal fractures of femur in children . J Orthop Traumatol Rehabil.
2018, 10:107.

33. Moroz LA, Launay F, Kocher MS, Newton PO, Frick SL, Sponseller PD, Flynn JM: Titanium elastic nailing of
fractures of the femur in children. Predictors of complications and poor outcome. J Bone Joint Surg Br. 2006,
88:1361-6. 10.1302/0301-620X.88B10.17517

34. Vaish A, Patwardhan S, Shyam A, Sancheti P: Surgical and functional outcomes of results of titanium elastic
nailing system in paediatric diaphyseal fractures. J Med Thesis. 2016, 4:26-30.

2024 Warade et al. Cureus 16(5): e59716. DOI 10.7759/cureus.59716 12 of 12

https://core.ac.uk/download/pdf/335018784.pdf
https://www.researchgate.net/publication/343961460_Section_Orthopaedics_Titanium_Elastic_Nailing_System_TENS_in_Paediatric_Tibia_Fractures
https://dx.doi.org/10.12669/pjms.346.16297
https://dx.doi.org/10.12669/pjms.346.16297
https://dx.doi.org/10.14260/jemds/2020/90
https://dx.doi.org/10.14260/jemds/2020/90
https://dx.doi.org/10.1177/230949900701500110
https://dx.doi.org/10.1177/230949900701500110
https://zenodo.org/records/4010137
https://dx.doi.org/10.36349/easjop.2022.v04i04.001
https://dx.doi.org/10.36349/easjop.2022.v04i04.001
https://www.easpublisher.com/get-articles/1930
https://www.traumamon.com/article_153647.html
https://dx.doi.org/10.1186/1749-799X-6-64
https://dx.doi.org/10.1186/1749-799X-6-64
https://journals.lww.com/jotr/_layouts/15/oaks.journals/downloadpdf.aspx?an=01515657-201810020-00006
https://dx.doi.org/10.1302/0301-620X.88B10.17517
https://dx.doi.org/10.1302/0301-620X.88B10.17517
https://journalmedicalthesis.com/2016/01/surgical-and-functional-outcomes-of-results-of-titanium-elastic-nailing-system-in-paediatric-diaphyseal-fractures/

	An Outcome Analysis of Pediatric Diaphyseal Fractures Treated Surgically With the Titanium Elastic Nailing System
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Inclusion and exclusion criteria
	Methodology
	Statistical analysis
	TABLE 1: Flynn’s scoring criteria [8]


	Results
	FIGURE 1: Age-wise distribution of patients
	FIGURE 2: Gender-wise distribution of patients
	FIGURE 3: Distribution of patients according to mode of injury
	FIGURE 4: Distribution of patients according to bones fractured
	FIGURE 5: Distribution of fractures according to the side of injury
	FIGURE 6: Distribution of fractures according to radiological type of fracture
	FIGURE 7: Distribution of fractures according to period of union for fractures
	FIGURE 8: Distribution of fractures according to complications
	FIGURE 9: Evaluation of results

	Discussion
	Limitations
	TABLE 2: Outcome in various studies compared to the present study


	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


