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A Prospective Study on the Functional Outcome of Diaphyseal Fractures
of Femur Treated with TENS Nailing in Pediatric age Group (5-15 years)

Chiranjeevi K.P', K.Meenakshi Sundaram?, Srinivasa Reddy Suggu®, Soundararajan Karuppanan?,

Hari M Sivanandan®, Somejoy Moitra®
Learning Point of the Article:
Studies conducted on the effectiveness of TENS nailing for the treatment of femoral shaft fracture among children is sparse in this part of
the country which prompts a need for this current study.

Introduction: The objective of the study was to evaluate the effectiveness of elastic stable intramedullary nailing titanium elastic nailing system
(TENS) in the treatment of femoral shaft fractures among children (5-1S years) with particular importance to functional outcome and
complications.

Methods: A hospital-based prospective study was conducted among 30 children with fracture shaft of femur who underwent elastic stable
intramedullary nailing (TENS) in the department of Orthopaedics in Vinayaka Mission’s Kirupananda Variyar Medical College and Hospital,
Salem. The study was conducted for a period of 2 years from January 2020 to December 202 1. Postoperatively, the patients were followed up for
clinical and radiological outcome and complications after internal fixation by Titanium elastic nailing at 6 weeks, 12 weeks, 6 months, and 1 year
following surgery. Flynn criteria were used to assess the functional outcome during follow-up. To analyze the Data Statistical Package for the
Social Sciences Version 21 is used. Categorical variables such as gender, side of fracture, and mode of injury are expressed as frequency and
percentages. Continuous variables such as age and duration of surgery are expressed asmean (SD) or median (IQR). Statistical analysis was done
using Chi-square test for categorical variables and independent samples t-test was used to determine the association for continuous variables
with functional and radiological outcomes. To be considered as statistically significant, the P-value should be <0.0S.

Results: With regard to outcome based on Flynn criteria, excellent outcome was observed among 22 (73.3%) children and satisfactory outcome
was observed among 8 (26.7%) children. None of the children had poor outcome.

Conclusion: TENS is a safer and an effective procedure in terms of functional and radiological outcome among the children with fracture shaft
offemur.

Keywords: Femoral shaft fractures, titanium elastic nailing system, Flynn criteria, functional outcome.

Introduction peak at 6 and 16 years. Long bone fractures in children typically

One of the most important and common fractures in children is Occur due to trauma, speciallyroad trafficaccidents[3,4] and the
fracture of femur and they are the most incapacitating fracture in second main cause being the abuse.

children. Approximately 1.6% of all the injuries related to bone Low velocity traumaleads to transverse fractures and high-speed
are accounted by fracture of femur in children [1, 2]. These causes comminuted or segmental fractures [S]. These fractures
fractures have a bimodal distribution with respect to age with a are more commonly seen in males withasexratio of2:1[6].
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Table 1: Flynn criteria for the functional outcome

Table 3: Functional outcome according to Flynn criteria scoring
(n=30)

Conventionally, the treatment of these fracturesisinfluenced by
age, location of fracture, type of fracture, and the associated
injuries.

These fractures commonly heal rapidly along with spontaneous
correction of angulation and are considered as the characteristic
feature of these fractures. Hence, conservative treatment with
spica cast immobilization generally results in good outcomes
[7, 8]. The conservative methods of Hip Spica in femur is an
acceptable standard of care for young children (<6 years), butin
older children complications such as mal-union, shortening,
angulation, joint stiffness, and delay in functional recovery are
not uncommon [9, 10]. In addition to the above mentioned
drawbacks, the conservative methods also results in longer
period of hospital stay and hence imposes an economic burden

[11].
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Graph 1: Distribution of participants by pattern of fracture
old child.

Case 1: Pre and post-operative X-rays of a S-year-

Table 2: Post-operative complications among the study participants

Due to failure to obtain an acceptable reduction by the use of
conservative methods, open fractures among the children and
association with head injuries, multiple injuries, there is an
increasing trend toward managing these fractures using surgical
methods. In terms of operative treatment of these fractures,
external fixation along with compression plating and
intramedullary rigid nailing is considered as the best modalities
(8,12,13,14,15,16].

These methods also have its own complications such as
infection of pin tract, loss of reduction, chances of refracture,
and avascular necrosis of the femoral epiphysis [ 17]. Hence, the
management of femoral diaphyseal shaft fracture among
children in the intermediate age group has always been
controversial and a point of debate. Moreover, the available
literatures do not have enough evidence to support one
procedure over the other.

With the introduction of flexible intramedullary nailing, the
surgeons have developed enthusiasm in the operative
management of fractures of the lower limb of children [18].
This procedure was developed by Metaizeau and team from
Nancy, France in 1982 [19]. It allows stable reduction and
maintenance of reduction along with early mobilization [20]. It
allows results in the early development of callus and allows
restores the bone continuity very early when compared to other
procedures particularly among children aged 5-14 years. This
procedure is advantageous since it is relatively simple, does not

17
U1 ouaL camera.

Case 2: Pre-, post-op, and follow-up X-rays in a
child.
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Case 3: Illustration: Pre- and post-op X-
rays of A S-year-old child.

Case4: 13-year-old child pre op X-ray.

violate the physics due to its load sharing internal splint and
allows early mobilization with alignment. The basic principle of
action of titanium elastic nailing system (TENS) is three point
fixations which provide flexible, translational, axial and
rotational stability. The callus formation by external bridging is
fastened by the micro-motion which is provided by the
elasticity of fixation. Since it is a closed procedure, it results in
lesser risk of infection and relatively lesser disturbance in
fracture hematoma and lessens the disturbance of periosteum
[21].

Added to all of the above advantages, it is a minimally invasive
procedure and it results in early removal of implant when
compared to the plates.

To the best of our knowledge, studies conducted on the
effectives of TENS on the functional and radiological outcome
along with the complications for the treatment of femoral shaft
fracture among children is sparse in this part of the country.
Hence, this study was conducted among the children (5-15
years) admitted with fracture shaft of femur who underwent
flexible intramedullary nail with TENS in a tertiary care center
Salem to determine the functional outcome and to determine
the complications.

Materials and Methods
Study design

A hospital-based prospective study was conducted among the
children with fracture shaft of femur who underwent elastic
stable intramedullary nailing (TENS) in the department of

Orthopaedicsin Vinayaka Mission’s
Kirupananda Variyar Medical
College and Hospital, Salem.

Study duration

The study was conducted for a
period of 2 years from January 2020
toDecember2021.

Studypopulation
All children with fracture shaft of

femur who underwent elastic stable
intramedullary nailing (TENS) in
the department of Orthopaedics in
Vinayaka Mission’s Kirupananda
Variyar Medical College and
Hospital, Salem, were included in
the study.

Inclusion criteria

Case $: Follow up X-ray in A 4-year-old Children aged 5-15 years with
child.

diaphyseal (shaft) femur fracture.
Exclusion criteria

The following criteria were excluded from the study:

«  Patients (with)

o  Fracture of distal 1/3rd of femoral shaft

«  Notwilling for surgery

«  Comminuted fractures

«  Segmentalfractures.

Sample size and sampling.

Samplesize

A total of 30 children with fracture shaft of femur were selected
purposivelyuntil the sample size was reached.

Studyprocedure

After obtaining permission from the institute ethics committee
and informed consent from the parents of the children, a pre-
defined pro forma was used to obtain the socio-demographic
and clinical characteristics of the children. Then, the clinical
examination was performed for all the participants. Fracture
anatomy was assessed with X-rays and computed tomography
scans whenever needed. Routine investigations and assessment
were performed before the surgery and all the patients were
subjected to elastic stable intramedullary nailing. Following
surgery, plain X-ray femur (antero-posterior and lateral view)
including hip joint and knee joint was taken and the knee was
splinted usinga Thomas splint.

Follow-up

Postoperatively, the patients were followed up for clinical and
radiological outcome of internal fixation by Titanium elastic
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nailing at 6 weeks, 12 weeks, 6 months and 1 year following
surgery. The patients were also followed up for the
complications at 6 weeks, 12 weeks, 6 months, and 1 year
following surgery.

Studyvariables
Independentvariables

« Ageinyears

«  Gender

«  Complaints

«  Modeofinjury

« Sideofinjury

« Typeoffracture

« Locationoffracture

«  Weightbearingin weeks.
Outcome variables

«  Functionaland radiological outcome
«  Perioperative complications.
Statisticanalysis

Data were analyzed using Statistical Package for the Social
Sciences V21 for Windows. Categorical variables such as
gender, side of fracture, and mode of injury are expressed as
frequency and percentages. Continuous variables such as age
and duration of surgery are expressed as mean (SD) or median
(IQR). Statistical analysis was done using Chi-square test for
categorical variables and Independent samples t-test was used
to determine the association for continuous variables with
functional and radiological outcomes. To be considered as
statistically significant, the P-value should be <0.05.

Ethical approval

The ethical approval was sought from the Institutional Ethics
Committee. Informed consent was obtained from the
informants of the children before data collection. Data were
analyzed in aggregate and access to the collected data was
limited only to me, my guide and co-guide. Confidentiality is
maintained.

Observations and Results

A total of 30 children aged 5-15 years with fracture shaft of
femur were included in the study. All the children underwent
elastic stable intramedullary nailing (TENS) and followed up at
regular intervals till 1 year of surgery. The mean age of the
children was 9.7 (2.5) years. The median age of the study
participants was 10.0 (8.0-12.0) years with a minimum of §
years and a maximum of 15 years. Majority (66.7%) of the
children with fracture shaft of femur were males with a M:F of
2:1. Distribution of participants by mode of injury majority of

the fractures (63.3%) were due to road traffic accidents and the
remaining 11 children had fracture due to accidental fall. The
mean age of the patients with fractures due to RTA was higher
when compared to the mean age of the patients with fractures
due to accidental fall, but it was not found to be statistically
significant (P =0.089).

Distribution of participants by side of injury shows that the
injury was more common on the right side, with majority
(63.3%) children having injury on the right side. Distribution of
participants by pattern of fracture shows that majority of
patients (56.7%) had transverse pattern of fracture followed by
spiral and oblique pattern which was present in 26.7% and
16.6% children, respectively.

Distribution of participants by time between injury and surgery
and duration of surgery shows that the median duration
between the fracture and the surgery was 3.5 (2.0-5.25) days.
The mean duration of surgery was 60.1 (18.8) min. The mean
duration of hospital stay was 11.6 (4.2) days. The median
duration of hospital stay was 10.5 (8.0-14.25) days with a
minimum of 6 days and a maximum of 22 days.

Distribution of participants according to time for union of
fracture, the median duration of union was 12 (range: 10-20)
weeks that more than 4/5th (83.4%) patients had their fracture
united between 10 and 13 weeks of follow-up after surgery.
Only one patient had the union at 18 weeks and it could be due
the wound infection in that patient. The median duration of full
weight bearing was achieved in 11 (range: 8-20) weeks. Limb
length discrepancy (LLD) among the study participants shows
that more than 3/4th (76.7%) children did not have any limb
length discrepancy. Limb shortening and limb lengthening
were noticed among three and four children, respectively,
during the follow-up. Mal-alignment among the study
participants shows that mal-alignment was noticed among five
children operated with TENS for fracture shaft of femur.
Angulation of <10° was present in two children and angulation
of more than 10° was present among three children. Post-
operative complications among the study participants shows
that wound infection and pain was noticed among three and two
children, respectively. Functional outcome according to Flynn
criteria scoring shows that excellent outcome was observed
among 22 (73.3%) children and satisfactory outcome was
observed among 8 (26.7%) children. None of the children had
poor outcome.

This table shows that excellent outcome was observed among
22 (73.3%) children and satisfactory outcome was observed
among 8 (26.7%) children. None of the children had poor
outcome.

Discussion
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Fracture shaft of femur is one of the common pediatric
orthopedic injuries in day to day practice. The femoral shaft
fractures are treated by surgical methods among the adults;
however, conservative treatment is mainly adopted among the
children, mainly due to the better acceptance by the parents and
children. However, it has a disadvantage of longer period of
union and prolonged immobilization due to casting. For the
treatment of lower extremity long bone fractures in this pediatric
age group an ideal implant for should be load sharing, and should
allow early mobilization, should not disrupt the blood supply of
epiphyseal growth plates, it maintains limb length and alignment
till the fracture heals which will be marked by bridging callus.
Recently, after the introduction of flexible intra medullary
nailing, the management of pediatric femoral shaft fractures, the
procedure had gained popularity both in terms of acceptance and
reduction in the loss of school days. Hence, it became imperative
to determine the functional and radiological outcomes of
fracture shaft of femur treated with TENS along with the
complications among the children aged 5-15 years in a tertiary
care Centre.

Our study showed that the majority (66.7%) of the children with
fracture shaft of femur were males with a M:F of2:1 and the mean
age of the children was 9.7 (2.5) years. A study by Sandhu et al.
[22] had shown that males were 60.33% which is also
comparable to Heybeli etal. [23] and Gamal et al. [24] where the
males were 57.14% and 72.7%, respectively. This could be
explained by the fact that the boys tend to involve in outdoor
activities when compared to girls and more chance of road traffic
accidents. These results are supported by various other studies
conducted elsewhere [25, 26, 27, 28]. With regard to age,
literatures have shown that the fracture has a bimodal
distribution with the peak at age of two and at 17 years, which
mightbe due to various factors. Various other studies have shown
the similar results [29, 30]. Majority of the fractures (63.3%)
were due to road traffic accidents and the remaining 11 children
had fracture due to accidental fall. Our results are consistent with
studies conducted by Heybeli et al. [31], Sandhu et al., Khurram
and Humayun [32] and various other studies conducted across
various countries [33,34]. Our study also reported that there was
no association for mode of injury with gender and age of the

children.

Majority of patients (56.7%) had transverse pattern of fracture
followed by spiral and oblique pattern which was present in
26.7% and 16.6% children, respectively. Transverse fracture was
the common pattern of fracture in studies conducted by Lal,
Khazzam etal. [35], Yadav et al., Kumar [36], Crameretal. [31],
and Mann et al. [37]. However, a study by Venkataramana et al.
had shown that spiral type of fracture was the common type of
fracture in their study.

The median duration between the fracture and the surgery was
3.5 (2.0-5.25) days and the mean duration of surgery was 60.1
(18.8) min. In a study by Nama [23], the average operative time
was 35 min. The median duration of hospital stay was 10.5
(8.0-14.25) days in our study. According to the study by Sandhu
et al,, the average duration of hospital stay was 7.63 days and the
average time interval between admission and surgery was 2.06
days. The average hospital stay was 6.47 days in a study by
Agarwal et al. [38]. Similarly, the mean duration of hospital stay
was 6.5 days in a study by Lal [39]. Saikia et al. [40] study
observed amean duration ofhospital stay 0f9.8 days.

Our study showed that the median duration of union was 12
(range: 10-20) weeks and more than 4/5th (83.4%) patients had
their fracture united between 10 and 13 weeks of follow-up after
surgery. Only one patient had the union at 18 weeks and it could
be due the wound infection in that patient. The median duration
of full weight bearing was achieved in 11 (range: 8-20) weeks.
Our study results are similar to various other studies which
showed the similar time for union and full weight bearing among
the treated children. For instance, the average duration for union
was 8.2 weeks in a study conducted by Mishra et al. A study by
Agarwal et al. also had concluded that all the fractures healed in
10 weeks with an average time of union of 7.5 weeks. Bhuyan and
Singh [41] in their study had stated that full weight bearing was
achieved in 9 (8-12) weeks. The study also stated that
radiologically, union was achieved in all the fractures with callus
formation at 8-10 weeks of surgery. Similarly studies by
Venkataramana et al., Hossain et al., [42] Saikia et al., Yadavetal.,,
and Palanisamy et al. [43] had shown similar time for union and
full weight bearingamong their studies.

More than 3/4th (76.7%) children did not have any limb length
discrepancy in our study. Limb shortening and limb lengthening
was noticed among three and four children, respectively, during
the follow-up. Mal-alignment was noticed among five children
operated with TENS for fracture shaft of femur. Angulation of
<10°was present in two children and angulation of more than 10°
was present among three children. Wound infection and pain
were noticed among three and two children, respectively. A study
by Mishra et al. had concluded that about 82.5% children
achieved reduction without limb length discrepancy and limb
shortening was noted among three children and lengthening was
noted among four children. Mal-alignment of <5°, 5-10° and
>10° was noted among 31, 8, and 1 children, respectively.
Similarly a study by Agarwal et al. had shown that the
complication commonly encountered was soft tissue irritation at
the nail entry site seen in 2 Cases. Clinically, shortening was
noticed in 3 Cases, while no patient had lengthening and 6 Cases
had mal-alignment. However, a study by Siwach et al. [44]
showed higher rates of complications. The study concluded that
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three patients had exposed implant, and 15 patients developed
superficial infections among 63 children who underwent
surgery for fracture shaft of femur. Bhuyan and Singh in their
study among 40 children noticed limb lengthening in six
children, varus mal-alignment was seen among four children
and rotational mal-alignment in three children. Peri-operative
difficulties encountered were failure of closed reduction in four
cases and cork screwing of nails in two children. There were
eight patients with LLD of 1-2 cm in a study by Kayaokay and
Aktuglu [45]. A study by Nama observed only 1 Case with
superficial wound infection among 30 children. These results
show that the procedure was efficient in terms of complication
following surgery, which is also proved by numerous other
studies.

With regard to outcome based on Flynn criteria, excellent
outcome was observed among 22 (73.3%) children and
satisfactory outcome was observed among 8 (26.7%) children.
None of the children had poor outcome. Choudhari et al. study
had shown that among 53 children in their study, excellent
outcome was observed among 36 children. Good and poor
outcome was observed among 14 and one child respectively.
Siwach et al. had also concluded that forty-eight patients had
excellent Flynn score, and 15 had a satisfactory score and none
of the children had poor outcome according to Flynn criteria.
Bhuyan and Singh study among 40 children with femoral shaft
fracture had shown a comparable result where excellent result
was achieved among 33 children (82.5%) and satisfactory
results were observed among 7 children (17.5%). The results
are similar with a study by Thapa et al. [46] where excellent
outcome was observed among 49 children. Satisfactory
outcome and poor outcome were observed among 6 and 1
child, respectively. Various other studies had shown similar
results [47,48,49]. Hence, it can be safelyargued that TENS isa
safer and an effective procedure in terms of functional and
radiological outcome among the children with fracture shaft of
femur. However, the sample size was smaller in most of the
studiesand hence the results are to be reported with caution.

Due to theless sample size, there is an issue of generalizability to
a larger population. However, our study results could be
generalized to the population of the similar setting. In addition
tot, there was no comparator procedure in our study and hence
the relative effectiveness of the procedure over the other
procedures could notbe ascertained.

Conclusion and Recommendations

Majority (66.7%) of the children with fracture shaft of femur
were males with a M:F of 2:1 and the mean age of the children
was 9.7 (2.5) years. Majority of the fractures (63.3%) were due to
road traffic accidents and 56.7% children had transverse pattern
of fracture. The median duration between the fracture and the
surgery was 3.5 (2.0-5.25) days and the mean duration of
surgerywas 60.1 (18.8) min.

The median duration of hospital stay was 10.5 (8.0-14.25) days.
The median duration of union was 12 (range: 10-20) weeks and
more than 4/5th (83.4%) patients had their fracture united
between 10 and 13 weeks of follow-up after surgery. The median
duration of full weight bearing was achieved in 11 (range: 8-20)
weeks. More than 3/4th (76.7%) children did not have any limb
length discrepancyin our study.

Limb shortening and limb lengthening were noticed among
three and four children, respectively, during the follow-up. Mal-
alignment was noticed among five children operated with TENS
for fracture shaft of femur. Angulation of <10° was present in two
children and angulation of more than 10° was present among
three children. Wound infection and pain was noticed among
three and two children, respectively.

With regard to outcome based on Flynn criteria, excellent
outcome was observed among 22 (73.3%) children and
satisfactory outcome was observed among 8 (26.7%) children.
None of the children had poor outcome. TENS is a safer and an
effective procedure in terms of functional and radiological
outcome among the children with fracture shaft of femur.

Based on the results from our study, we would suggest that TENS
can become the first line of management of pediatric long bone
fractures, especially in older children, more than S yearsand up to
1S years. Furthermore, in cases where maintaining reduction
witha closed casting is a challenge like in children who are obese,
with open fracture, mentally retarded, or those with
neuromuscular disorders or if there is any hindrance to further
rehabilitation and nursing care, surgical management with TEN
canbe preferred.

Further large multicentric studies comparing various other
procedures for the management of the pediatric fracture shaft of
femur should be done to add more strength to our study findings.

Clinical Message

Based on the results from our study, we would suggest that TENS nailing can become the first line of management of pediatric long bone

fractures, especially in older children, more than S years and up to 15 years. Furthermore, in cases where maintaining reduction with a closed

castingis a challenge like in children who are obese, with open fracture, mentally retarded, or those with neuromuscular disorders orif there is

any hindrance to further rehabilitation and nursing care, surgical management with TENS nailing can be preferred.
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