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Abstract: Background: Flexible intramedullary nailing (FIN) has become the standard treatment for pediatric femoral
fractures in the 6-14 years age group. The other treatment options include traction plus spica casting and external
fixation. In spite of excellent results described, there is disunity in the orthopedic fraternity regarding its usefulness
and nail material. The aim of our study is to determine the outcome of pediatric femur fractures treated with Stain-
less steel FIN. Methodology: Between 2014 to 2018, 45 children within the age group of 6-12 years with femoral
shaft fractures were included in the study. Two Stainless steel nails of predetermined size were inserted in a retro-
grade fashion under fluoroscopy. Patients were followed up at regular intervals to assess clinical and radiological
parameters. Final results were evaluated using Flynn’s clinical criteria. Results: There were 29 boys and 16 girls with
an average age of 10.2 years. Fracture patterns included transverse (n=8), oblique (n=20), spiral (h=12) and com-
minuted (n=5). Open injuries were present in two cases and five patients had associated injuries. The mean injury to
surgery interval was 2.9 days, mean hospital stay was 4.8 days and mean time to union was nine weeks. Complica-
tions included deep infection with delayed union in one case, superficial infection in two cases, malunion in three
cases, limb length discrepancy of >10 mm in one patient and skin irritation from prominent nail tips in five patients.
Results were excellent in 36 patients, satisfactory in eight patients and poor in one patient. Conclusion: FIN is safe,
reliable and efficacious method of fixation because of its simplicity, minimal invasiveness, ease of insertion and re-
moval with better cosmesis, rapid union with short rehabilitation, less psychosocial stress to the patient and family.
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Introduction than 15 years old are treated with interlocking
intramedullary nail as in adults [5]. Children in
the age group of 6-14 years have various treat-
ment options including traction followed by
casting, retrograde Flexible intramedullary nail-
tion, creating considerable short term disabili- ing (FIN), submuscular plating and external fixa-
ty with physical and psychological stress to tion with no clear uniformity in the literature
both the patient and the family [2]. The ma- [6-8].

jority of these fractures in older children are

Fractures of the femoral shaft are common in
children, representing about 2% of all bony in-
juries [1]. These injuries require hospitaliza-

caused by high energy trauma such as motor
vehicle accidents and significant falls [3]. The
treatment of these injuries depends mainly on
the age, fracture location and pattern and
whether the fracture is closed or open. There
is little altercation regarding the treatment me-
thod in children less than five years or more
than 15 years old. Fractures in children less
than five years are treated with skin traction
followed by casting or early spica casting with
good results [4]. Fractures in patients more

More fractures in this age group are now treat-
ed operatively rather than conservatively. Non-
operative treatment with traction and casting
results in prolonged bed rest, psychosocial
disruption, increased hospital stay, knee stiff-
ness, malunion and plaster complications [4,
6]. The benefits of operative treatment are pro-
per reduction, stable fixation, rapid mobiliza-
tion, decreased hospital stay, less disruption of
social life, early return to school and can be
used in patients with open fractures, multiple


http://www.IJBT.org

FIN in pediatric femur fractures

injuries, head trauma, floating knees [9-12].
External fixation, mainly used in open injuries
are associated with complications of pin tract
infection, knee stiffness and refracture follow-
ing removal of fixator [7, 13]. The use of rigid
antegrade intramedullary nail risks the devel-
opment of avascular necrosis of femoral head,
growth arrest of greater trochanter with sec-
ondary coxa valga and thinning of femoral neck
[5, 14].

Elastic or flexible retrograde intramedullary
nails (FIN) are now preferred for treating fe-
moral fractures in age group of 6-14 years.
Initially introduced by Nancy group in 1979
[9], several authors have reported favorable
results with FIN [11, 12, 15]. FIN acts as a
load sharing internal splint providing relative
stability for callus formation, maintains align-
ment and length of bone and permits rapid
mobilization of adjacent joints [16]. It is a mini-
mally invasive procedure with easy insertion
and removal, no risk of physeal damage or
refracture and is cosmetically appealing. Both
titanium and stainless steel nails can be used
with advantages of each over other. Stainless
steel nails are much cheaper than titanium
nails and have been associated with lower rate
of complications than titanium nails [17]. We
used cheaper stainless steel nails as vast
majority of patients visiting our trauma center
are poverty stricken. We conducted a prospec-
tive study to assess the clinicoradiological out-
come and complications of pediatric femoral
shaft fractures treated with Flexible intramed-
ullary nailing in 6-12 years age group.

Materials and methods

The prospective hospital based study was
conducted in our department from 2014 to
2018 after obtaining ethical clearance from
the College Research committee. Proper infor-
med consent was taken from all the children’s
guardians for participating in the study. A total
of 49 cases of femoral shaft fractures in the
age group of 6-12 were enrolled in the study
out of which four patients were lost to follow-
up and 45 were available at final follow-up.

Inclusion criteria

All closed fractures and Gustillo Anderson
Open type | injuries were included.

Exclusion criteria

Pathological fractures, Gustillo Anderson type
Il and lll Open injuries, grossly comminuted
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fractures (Winquist Hansen type IV), and frac-
tures in patients with neuromuscular weakne-
ss or metabolic bone diseases.

Preoperative preparation

After admitting the patients, detailed history
was taken with emphasis on age and sex,
mode of injury, duration of trauma and asso-
ciated injuries. The limb was examined for
swelling, any wound, bruising and neurovas-
cular status. Radiographs were ordered and
evaluated for fracture type, location, commi-
nution (Winquist Hansen classification) and
width of isthmus. Fixed traction was applied
for pain relief and all necessary preoperative
investigations were done. Patients were oper-
ated as early as possible. The nail diameter to
be used was calculated based on Flynn’s for-
mula (Nail diameter =0.4 x width of isthmus)
[11]. Statistical analysis was carried out us-
ing SPSS software version 17.0 (SPSS Inc.,
Chicago, lllinois, USA). Student’'s t-test was
used to examine the differences between gr-
oups. All data between two groups were com-
pared using x>-test analysis. Statistical signifi-
cance was set at p value <.05.

Surgical technique

Patients were operated under spinal/general
anesthesia on a fracture table after adminis-
tering prophylactic antibiotic. A small skin inci-
sion was given and entry made with an awl in
distal metaphysis two cm above the distal
femoral physis, both medially and laterally.
Nails of precalculated size were slightly bend
gently so that apex lies at level of fracture
site. Both the nails were advanced to fracture
site, the fracture was reduced and nails were
passed into the proximal fragment in a C con-
figuration. The nails were advanced to level of
greater trochanter laterally and femoral neck
medially. If the fracture was not reduced by
closed means, mini open reduction was done
in a few cases. In Open fractures, the wound
was debrided, lavaged with saline and frac-
tures were reduced. Distally the nails were cut
and bend so that about 1.5 cm remains out-
side the bone. In the latter cases, we did not
bend the nail tip but kept them flush with the
metaphyseal bone. The whole procedure was
done under fluoroscopic control.

Postoperative protocol and follow-up

Patients were taught quadriceps exercises
from day one and toe touch assisted weight
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Table 1. Flynn’s clinical criteria [11] for functional evaluation at final follow-up

Excellent result

Satisfactory result

Variables (n=36, 80%) (n=8, 17.8%) Poor result (n=1, 2.2%)

Leg length inequality <1.0cm <2.0cm >2.0cm

Malalignment 5 degrees 10 degrees >10 degrees

Pain Nil Present

Complication Nil Minor and resolved  Major complication and/or lasting morbidity

Table 2. Anthony Radiological criteria [18] for grading the progression of fracture union

Grading Description

Grade O No identifiable fracture healing (n=0)

Grade 1 Primary bone healing with little or no periosteal new bone formation (n=0)
Grade 2 Periosteal new bone formation on two sides of femur (n=0)

Grade 3 Periosteal new bone formation on three or four sides of femur (n=45, 100%)

Table 3. Demographic details of patients in our study

rotational malalignment. Clinically

Patient Variable

Results (n=number, percentage)

patients were evaluated for limb

Gender Males (n=29, 64.4%)

Females (n=16, 35.6%)

Side involved Right (n=20, 44.4%)
Left (=25, 55.6%)

Cause of injury

Sports (n=3, 6.7%)
Proximal (n=7, 15.6%)
Middle (n=28, 62.2%)
Distal (n=10, 22.2%)

Fracture location

Fracture pattern

Spiral (n=12, 26.1%)

Comminuted (n=5, 11.7%)

Winquist and Hansen (type) | (n=24, 53.3%)
Il (n=16, 35.6%)
Il (n=5, 11.1%)
IV (n=0)
Gustillo Anderson (type) I (n=2)
Il (n=0)
Il (n=0)

Motor vehicle accidents (n=31, 68.9%)
Fall from height (n=11, 24.4%)

Transverse (n=8, 17.8%)
Oblique (n=20, 44.4%)

length discrepancy, limb rotation
and alignment, knee motion and
nail tip irritation at each follow-up.
Patients were followed up at two
and four weeks, two; three and
six months and final follow-up at
1 year. Patients were allowed to
bear weight progressively depend-
ing upon callus formation and frac-
ture site tenderness. At the end of
six months and one year, patients
were evaluated with Flynn’s clinical
criteria (Table 1) and Anthony ra-
diological criteria (Table 2) [11, 18].

Results
Patient demographics

There were 29 boys (64.4%) and
16 girls (35.6%) in our series with
an average age of 10.2 years
(range 6-12). Most of the pati-
ents were in the age group of 9-

bearing was allowed from second postop-
erative day (excluding patients with head in-
jury and associated fractures). In patients with
comminuted fractures, non-weight bearing
mobilization was started with the help of thigh
braces. Antibiotics were continued for three
days and patients were discharged mostly on
second postoperative day. Postoperative ra-
diographs were evaluated for quality of reduc-
tion, implant position, any sagittal coronal or
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12 years (n=25, 55.6%). Fractur-
es were predominant on left side
(n=25, 55.6%) than on the right side (n=20,
44.4%). The average weight of patients was
28.5 kg with a range of 19-46 kgs. The me-
chanism of injury included motor vehicle acci-
dents (n=31, 68.9%), fall from height (n=11,
24.4%) and sports activities (n=3, 6.7%) (Table
3). Five patients had associated injuries inclu-
ding head injury in three patients, ipsilateral
fracture both bone forearm in two cases and
clavicle fracture in one case.
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Fracture characteristics

Most of the fractures were located in the dia-
physis (n=28, 62.2%), followed by distal (n=
10, 22.2%) and proximal shaft (n=7, 15.6%).
Fracture patterns were transverse (n=8, 17.8%),
oblique (n=20, 44.4%), spiral (n=12, 26.7%)
and comminuted (n=5, 11.1%). Winquist and
Hansen’s classification was used to classify
fractures and included type | (n=24, 53.3%),
type Il (n=16, 35.6%), type Il (n=5, 11.1%).
Fracture description according to AO classifi-
cation included 32 Al (n=10, 22.2%), 32 A2
(n=16, 35.6%), 32 A3 (n=8, 17.8%), 32 B (n=11,
24.4%). There were two cases (4.5%) of Open
injuries type I. The most common stainless
steel nail size used was 3.5 mm in 28 patients
(62.2%), 3 mm in 14 patients (31.1%) and 2.5
mm in 3 patients (6.7%).

The mean time from injury to surgery was 2.9
days (range 1-9 days). Patients with head in-
jury were operated in the second week after
injury. The mean duration of surgery was 50
minutes (range 35-75 minutes). The average
hospital stay was 4.8 days (range of 3-14
days) with head injury patients having a long-
er stay upto two weeks. Two patients with
closed fractures having soft tissue interposi-
tion required mini open reduction. In two pa-
tients with open injuries the wound was thor-
oughly lavaged and debrided, among which
one patient developed deep infection.

Follow-up

Most of patients (n=38, 84.4%) started toe
touch weight bearing mobilization on second or
third postoperative day, except patients with
head injury (n=3) and deep infection (n=1),
where delayed mobilization at two weeks was
commenced. Mobilization was progressed to
partial weight bearing on initial appearance of
callus at fracture site usually at four weeks
(range of 3-12 weeks) and to full weight bear-
ing with presence of union at fracture site
at an average of nine weeks (range of 7-22
weeks). Patients with ipsilateral upper limb
fractures (n=3) were mobilized at 4-6 weeks
depending upon healing of upper limb frac-
tures. Union was defined when patient had
no pain and tenderness with Grade lll callus
present on radiographs (Anthony et al criteria).
Patients were instructed to bear full weight on
seeing clinical and radiological union. All the
patients were followed up for minimum of 12
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months and a maximum of 48 months with an
average follow-up of 16 months.

Final results

Functional evaluation was done using Flynn’s
criteria. Results were excellent in 36 patients
(80%), satisfactory in 8 patients (17.8%) and
poor in 1 patient (2.2%) (Figures 1A-D, 2A-C,
3A-C).

Complications

In our series of 45 patients, deep infection oc-
curred in one patient (2.2%) with type | Open
fracture. Thorough wound debridement was
done on day three, but nails were retained.
Antibiotics (2 weeks intravenous and 4 weeks
oral) were continued for six weeks and infec-
tion subsided. Radiographs at 10 weeks show-
ed diffuse periosteal reaction, osteopenia and
slight callus formation. Fracture united at 22
weeks showing delayed union (Figure 4A-C).
The same infected patient developed knee
stiffness which did not improve with continu-
ous passive motion exercises. At eight mon-
ths, after substantiating fracture union, knee
manipulation under anesthesia coupled with
removal of nails was done as the prominent
nail tips were hampering his knee motion. At
final follow-up, his knee motion was compara-
ble to opposite side. Superficial infection at
incision site occurred in two cases (4.4%), whi-
ch resolved with dressings and oral antibiotics
(Table 4).

Skin and soft tissue irritation due to prominent
nail tip with overlying bursa formation occurred
in five patients (11.1%). It subsided with early
removal of nails in the first year itself, after
establishing fracture union. Observing this,
nails were slightly bend and kept flush with
metaphyseal bone which negated this compli-
cation in other cases. In one case the nail tip
penetrated the skin migrating distally; it was
treated by cutting the nail further and burying
its end within the soft tissues (Figure 5). Limb
shortening of less than 10 mm was present in
3 cases, all in comminuted fractures. The
infected patient had shortening of 18 mm at
final follow-up, which was treated by shoe raise.

Malunion in coronal, sagittal and transverse
planes were uncommon. Two patients had va-
rus malunion of <10° and one patient had
external rotational malalignment of 10° (6.7%)
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Figure 1. (A) Preoperative Anteroposterior (AP) and lateral radiograph of fe-
mur showing fracture of proximal femoral shaft. (B) Postoperative AP and
lateral radiographs showing fixation with FIN and excellent alignment. (C) AP
and lateral radiographs at 1 year follow-up showing united fracture and after
removal of nails (D).

(Figure 6A-C). The deformities were not appar-
ent clinically but were seen on radiographs.

At final follow-up, patients were counselled for
nail removal after confirming solid union. Nails
were removed in 38 patients till date. No com-
plications whatsoever were observed in extract-
ing the nails or thereafter.

Discussion
Over the past two decades, pediatric femoral
shaft fractures are treated operatively in pati-

ents older than six years because of reduced
hospitalization and immobilization, shorter
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rehabilitation period, less psy-
chological impact to child
[19]. Studies comparing oper-
ative versus conservative tr-
eatment method reflects the
trend towards operative man-
agement of these fractures
[20, 21]. Flexible intramedul-
lary nail (FIN) has emerged to
be the implant of choice for
treating these fractures. It
works on the principle of three
point fixation providing axial,
translational, rotational stabil-
ity at fracture site. It has a
short learning curve with mini-
mal complications when per-
formed properly. There is ab-
undant callus formation, early
union due to nails permitting
micromotion at fracture site
and no disruption of fracture
hematoma [22].

Ligier JN et al at Nancy
Hospitals first reported the
outcome of FIN in 123 pe-
diatric femur fractures [9].
They had one case of bone
infection treated by drainage
and removal of nail. No pa-
tient had limp or gait abnor-
mality at final follow-up. They
calculated the cost reduction
of over 70% by using this
technique compared to con-
servative treatment. In vari-
ous other series using FIN,
infection has been uncom-
mon [11, 12, 15]. We had
one case of deep infection in type | Open frac-
ture which was managed by debridement and
intravenous antibiotics without nail removal.
Although we thoroughly debrided and washed
the wound at time of fracture fixation, conta-
mination of wound or unsterile surgical tech-
nique might have contributed to development
of infection in our patient. In Open fractures
with contamination, external fixation should be
preferred over FIN to minimize complications.

The most common complication associated
with FIN is skin irritation at entry site due to
prominent nail tips. Ligier JN et al reported
10% incidence of skin ulcerations secondary
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Figure 3. A. Preoperative AP and lateral radiograph of femur showing mid diaphysis spiral fracture. B. Postoperative
AP and lateral radiographs showing fixation with FIN. C. AP and lateral radiographs after removal of implant.

to prominent nail tip, settled by trimming the
nails, while Salonen A et al in his series of 32
patients had five cases of skin irritation at
entry site [9, 23]. They attributed this for not
bending nail ends towards the side of femur.
Flynn’s series had four cases of skin irritation
after bending the nail tip away from bone for
easy removal [11]. Narayanan et al advocated
the nail tip should be kept flush with metaphy-
seal flare without bending (about 10 mm) to
prevent this complication after noticing it in
41 out of 79 patients in his series [24]. Our
series had five cases of similar symptoms
with pain and bursa formation around distal
nail tip with problems in knee motion. They
were seen more in patients in whom the nail
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tip was acutely bend. After we kept nails tip
flush with metaphyseal bone, this complication
was rarely seen but in one patient, with pro-
gressive weight bearing the nail migrated dis-
tally and perforated the skin resulting in ex-
posed nail tip. We trimmed the nails later un-
der local anesthesia. The literature is still con-
fusing whether the nails should be bent or
kept flush with metaphyseal bone. However we
agree with Narayanan et al, that nail tip should
be kept flush with metaphyseal flare without
bending to avoid skin irritation.

Reeves et al did comparative study between
conservative and operative methods of treat-
ment for pediatric femur shaft fractures and
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Figure 4. A. Preoperative AP and lateral radiographs of femur showing diaphyseal fracture. The patient had Open
type Il injury. B. Postoperative AP and lateral radiographs at day 3 showing abscess shadows. C. AP and lateral ra-
diographs at 12 weeks showing delayed union with periosteal reaction, osteopenia.

Table 4. Various complications of our study

dy was 4.8 days which is comparable

Complications Descriptions

to other studies of Kapil Mani et al (4

Major complications (2.2%) Deep infection (n=1)

Minor complications (31.1%) Nail tip skin irritation (n=5)
Superficial infection (n=2)

Malunion: Varus (n=2)
Rotational (n=1)

Limb length inequality: <1 cm (n=3)

>1cm (n=1)

days), Luhmann et al (3.4 days) and
others [12, 15, 25]. The hospital stay
was prolonged for patients with head
trauma and one infected patient.

By preserving the fracture biology
due to physiological method of fixa-
tion, union rates have been excellent

Figure 5. Clinical photograph showing skin penetra-
tion by distal nail tip, treated by trimming the nail.

found more complications and increased hos-
pital stay duration with conservative method
(26 vs 9 days) [21]. They concluded operative
treatment is associated with shorter hospital
stay and has financial, psychosocial and eco-
nomic advantages with early return to school.
The mean duration of hospital stay in our stu-
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with FIN. Flynn et al, Lohiya et al and
Narayanan et al did not report any
union difficulty [11, 15, 24]. Luhmann et al
observed one case of hypertrophic nonunion
and delayed union each [25]. Our average un-
ion time of nine weeks is comparable to those
in above series. Transverse and short oblique
closed fractures united faster than comminut-
ed and open fractures. In our series, we had
no case of nonunion and one case of delayed
union (in a patient with deep infection).

Several authors have described malunion with
this form of fixation. Heinrich et al in a study
of 77 cases reported 11% coronal malalign-
ment and 8% sagittal malalignment [26]. In
Flynns series of 58 cases, there were six
cases with malalignment of 5-10° [11]. Nancy
Hospital group had 14 cases of 5-10° angula-
tion out of 123 fractures [9]. Ligier et al did
not use any postoperative immobilsation, whi-
le Flynn et al, Luhmann et al, Moroz et al used
selective spica cast or femoral braces in their
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Figure 6. A. Postoperative AP and lateral radiographs of femur at 6 weeks showing varus alignment with early callus
formation. B. AP and lateral radiographs at 8 months with fracture united in varus. C. After removal of nails.

series [9, 11, 25, 27]. In our series there were
two cases of varus angulation of 10° and
one case of external rotational malalignment
of 10° (all fractures were unstable) which is
less as compared to other series as we
routinely used femoral bracing and delayed
weight bearing in comminuted, unstable frac-
tures. FIN is an ideal implant for transverse
and short oblique fractures of midshaft femur,
if used in patients with comminution or long
spiral fracture configuration additional protec-
tion should be given with femoral brace, de-
layed mobilization or non weight bearing mo-
bilisation. The use of FIN should be avoided
in patients weighing more than 45 kgs and
above 14 years of age as it does not stabilize
the fracture enough and often fails on weight
bearing leading to implant failure or malunion.

The presence of different nail sizes is an ad-
vantage in choosing the correct implant diam-
eter. We used two stainless steel flexible nails
of same size in all cases after determining the
nail size by Flynns formula [11]. In a series by
Narayanan et al, mismatched and smaller nail
sizes accounted for angulations and malrota-
tions in three patients [24]. Salonen et al
calculated nail diameter (ND)/medullary canal
diameter (MD) ratio in his patients, with four
patients having ND/MD ratio of <60% and
two patients requiring reoperation [23]. We did
not have any problems with medullary canal
and nail mismatch in our patients due to pre-
cise preoperative evaluation. While many se-
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ries report lengthening after femoral fractures
due to increased physeal blood supply, we
had no case of lengthening [28]. Kapil Mani et
al reported four cases of lengthening (average
7 mm) while Luhmann et al had lengthening
in six patients (average 8 mm) and shortening
in two patients (average 12.5 mm) [12, 25]. We
had shortening of <1 cm in three patients with
comminuted fractures and 18 mm shortening
in a patient with deep infection. Long term fol-
low-up is needed to determine the final leg
length discrepancy at skeletal maturity.

Most authors recommend routine nail removal
after union, the timing for such removal is not
well defined in the literature. Despite complica-
tions after early removal, many authors have
reported good outcomes after removing nails
at three months [9, 11]. Most authors have typi-
cally removed nails around one year after sur-
gery with excellent outcomes [29]. We removed
nails within the first year in 18 cases and 38
cases in total till final follow-up.

Flynn et al had one poor result in 58 cases,
while Vransky et al in a series of 141 fractures
had universally good results without a single
complication [30]. Luhmann et al reported a
complication rate of 49%, but only two major
postoperative complications [25]. Lohiya et al
reported a complication rate of 44% with only
four poor results in 73 cases [15]. We had a
complication rate of 33.3% with only one major
complication that included deep infection. The
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patient required revision surgery and had a
poor outcome. Functional evaluation done by
Flynns criteria revealed excellent results in 36
patients, satisfactory in 8 and poor in 1 patient.

Our study had various limitations as we had
no control group and did not compare our
results with that of other methods of treat
ment. Although we used cheaper stainless
steel nails, cost effective analysis of this treat-
ment modality was not established in relation
with conservative management or titanium
elastic nails. We consider this procedure to be
worthwhile in countries with limited resources
and prevalent poverty. Our follow-up was medi-
um and long term follow-up is needed to deter-
mine the effects of this procedure on final limb
length discrepancy.

Conclusion

Flexible intramedullary nailing with Stainless
steel nails is an excellent choice for treatment
of pediatric femur fractures. The procedure
has a short learning curve with superior repro-
ducible results and an acceptable rate of com-
plications. It is safe, technically simple, mini-
mally invasive, stable fixation method allowing
rapid healing with early motion of adjacent
joints, mobilization and return to school. The
complication rate can be decreased by proper
selection of patients and strict adherence to
basic techniques. The indications can be ex-
panded to include certain metaphyseal frac-
tures. With literature advancing in favour of
this procedure, FIN may become an ideal im-
plant in managing pediatric femoral fractures
in near future.
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