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Abstract

Purpose To evaluate the safety and period of hospital-
ization of the treatment of femoral shaft fractures with
titanium elastic nails (TEN) in the age range 5 to 14 years.
The hypothesis was that TEN might be a low-cost treat-
ment, with good clinical results and short length of
hospitalization.

Methods Thirty children with femur fractures were sur-
gically treated with TEN.

Results The patients spent an average of 9.4 days in
hospital. The average period for the healing process was
7.7 weeks. Partial weight bearing was permitted 3.3 weeks
after surgery. The incidence of overgrowth was 60%, with
an average of 0.40 cm.

Conclusions The surgical method brings few complica-
tions and results in good limb alignment, with a short
period of hospitalization and early return to daily activities
and school.
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Introduction

Femur fracture is the most common orthopedic lesion
found in the pediatric population, resulting from high-
energy traumas. There are two peaks of incidence: one
around the age of 2 years and the other around the age
of 12 years. Regarding these lesions, 70% affect the
femoral shaft and its treatment has been discussed
thoroughly [1].

The conservative choice of treatment is based on skin or
skeletal traction, followed by cast, which is a universally
used and accepted method [2—4]. Concerning open frac-
tures and multiple traumas in children over the age of
10 years, the surgical approach is the most often recom-
mended. In this situation, intramedullary rods came into
use, initially with the rigid Kiintscher rods, followed by the
semi-rigid Ender rods [5, 6]. More recently, elastic stable
intramedullary nails (ESIN), or simply titanium elastic
nails (TEN), were introduced, with great applicability in
children over the age of 5 years [7, 8].

In addition to the age, the fracture aspects and the sta-
bility patterns also influence the choice of treatment. The
TEN treatment is more appropriate for transverse and/or
short oblique fractures than for long oblique or commi-
nuted fractures, which respond better to external fixation or
traction followed by spica cast [1]. Other variables, such as
social, economic, and psychological factors, should be
considered when choosing the treatment that best suits each
patient [9, 10].

This study analyzes the efficacy, safety, and period of
hospitalization of the treatment of femoral shaft fractures
with ESIN made of titanium (TEN) in the age range
5 to 14 years. The hypothesis was that TEN might pro-
vide good clinical results requiring short length of
hospitalization.
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Methods
Setting

This study was carried out in a large university hospital
with public funding. Therefore, the costs of treatment are
held by the government, and access to intramedullary nails
is narrowed by public budget. Since this study began when
the use of TEN for this particular population was relatively
new, it was difficult to obtain financial support for the
acquisition of the nails. This is, thus, the first Brazilian
study on TEN in the treatment of femoral shaft fractures in
children by public funding.

Design and patients

All consecutive patients between the ages of 5 and 14 years
with femur fractures and treated in our hospital between
June 2001 and February 2004 were included in this retro-
spective observational study. The institutions’ Ethical
Committee approved the project.

The criteria for inclusion were: the presence of femoral
shaft fractures treated exclusively with ESIN, TEN, and with a
follow-up of at least 24 months after fracture. Patients pre-
senting osteometabolic diseases, bone dysplasias, and patho-
logical fractures associated to neuromuscular syndromes were
excluded. Patients treated with spica casts or with other sur-
gical techniques (such as those with multiple traumas or at the
risk of death, or with bone, skin, or soft tissue conditions that
would not allow the insertion of TEN, were excluded). After
exclusions, a total of 30 children were assessed.

Patient characteristics

The age range of the patients varied from 5.4 to 13.5 years
(9.6 years on average, standard deviation of 2.16). There
were 16 (53.3%) male patients.

In the majority of the cases (63.3%), the cause of the
fracture was being run over by a vehicle (Table 1). All femur
fractures were unilateral. Among the patients studied, 33.3%
(10 patients) presented lesions other than fracture of the
femur: 13.3% of them were leg fractures (50% ipsilateral and
50% contralateral). Much less frequent were fractures of the
skull or the humerus, lesions of soft tissues, clavicle fracture,
nose fracture, and fracture of the fifth metatarsal. The femur
fractures were transverse in 60% of the cases, oblique in
26.7%, spiral in 6.7%, and 6.7% of the cases were commi-
nuted. There were only two open fractures (Table 1).

TEN insertion

All of the fractures were initially stabilized by skin or
skeletal traction. The patients with indication for surgical
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Table 1 Types of fractures and their causes among 30 operated
children

Variable Frequency (n = 30) Percentage
Mechanism of trauma
Pedestrian hit by vehicle 19 63.3
Car accident 4 13.3
Falls 4 13.3
Objects falling on the limb 1 33
Bicycle 1 33
Aggression 1 33
Associated lesions
Leg fractures 4 133
Skull fracture 1 33
Humerus fracture 1 33
Nose fracture 1 33
Jaw fracture 1 33
Fifth metatarsal fracture 1 33
Clavicle fracture 1 33
Soft tissues lesions 1 33
Fracture aspect
Transverse 18 60.0
Oblique 8 26.7
Spiral 2 6.7
Comminuted 2 6.7
Type of fracture
Closed 28 93.3
Open 2 6.7

treatment were then referred to the surgical center and
operated on as soon as their clinical conditions were
favorable.

They were placed on a radiotransparent table in the
supine position. The diameter of the chosen nail (TEN) was
roughly 40% of the respective medullary canal (isthmus).
The nails were placed in a retrograde fashion, with the aid
of an image intensifier, approximately two to three centi-
meters proximally from the femoral distal growth cartilage
(Fig. 1). The reduction of the fractures were all closed. No
casts for supplementary immobilization were used.

Post-operative care and follow-up

Depending on the fracture aspects and its reduction, early
weight bearing and joint movement were allowed, espe-
cially of the knee, and the patient was encouraged to do so
soon after the operation.

Anteroposterior and lateral radiographs were taken of
the affected limb within 2 weeks, 1 month, 1.5 months till
fracture healing, then within 6, 12, and 24 months. Sca-
nometry of the lower ends was performed within 6, 12,
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Fig. 1 Radiographs of one case of femur fracture, a girl, 9 years and
1 month old, who was submitted to initial treatment with skeletal
traction during 1 day, and definitive treatment with titanium flexible
nails. a Pre-operation, anteroposterior (AP) view. b Side view. ¢ Post-
operation AP view. d Post-operation side view

24 months, and at the last evaluation. The measures taken
on the last radiographs were analyzed, and only those
collected after 24 months were taken into consideration for
this study. Measures were taken concerning angle defor-
mities, discrepancies (in centimeters), excessive growth,
and final shortening.

The period of traction and hospitalization was recorded,
as well as the time until the patient was able to bear weight
on the limb and return to his/her daily activities, the period
of consolidation, the presence of complications, the num-
ber of subsequent hospitalizations, the complaints, and the
follow-up time.

After the fracture healing and remodeling, 6—8 months
later, the nails have to be removed surgically. The time
taken for the removal was only several hours (the patient
was admitted in the morning and dismissed by the after-
noon). Children could walk freely after nail removal, since
they had the fractures consolidated.

Data analysis

The data were analyzed as absolute and relatives frequen-
cies [11] for quantitative measures, and are presented as
means, frequencies (%), and standard deviations. Com-
parisons were made with the Fisher [12] and Mann—
Whitney [13] tests.

Results

Surgery and early post-operative period

The majority of patients were submitted to skeletal traction
(28, or 93.3%); only two patients received skin traction

(6.7%) and only two patients (6.7%) had open fractures
grade II of Gustillo and Anderson. The mean traction time

Table 2 Times for hospitalization, healing, activity, and follow-up
among 30 children operated for femur fractures

Variable Average SD  Minimum Maximum

Hospitalization time (days)  9.43 401 4 21

Healing time (weeks) 7.73 1.60 5 10

Resumption of activities 3.70 223 1 10
(weeks)

Total weight bearing 8.83 371 1 16
(weeks)

Partial weight bearing 3.33 204 0 8
(weeks)

Follow-up (months) 35.40 11.17 24 68

before surgery was 5.3 days, with a minimum of 1 and a
maximum of 14 days. All fractures were reduced by closed
reduction. The mean period of hospitalization for TEN
insertion was 9.4 days.

After surgery, the mean time for healing was 7.7 weeks.
The average time for the patients to resume their daily
activities was 3.7 weeks (ranging between 1 and
10 weeks). Partial weight bearing was allowed after
3.3 weeks on average (ranging from 1 to 8 weeks). The
average time for total weight bearing allowance was
8.8 weeks (range 1 to 16 weeks). The minimum follow-up
time was 24 months (35.4 months on average). All of the
timings are described in Table 2.

Acute complications were seen in two patients (6.7%).
One had a migration of a nail and the other had a soft tissue
irritation. The first patient needed a second intervention in
order to have the tip of the nail cut. One felt pain during the
first week post-operatively and needed another surgery to
correct the loss of reduction of the fracture. There were two
ipsilateral tibial fractures; one was operated and fixed with
intramedullary nails (TEN) and the other was treated with a
short cast (under the knee) because it was a non-displaced
distal tibia fracture.

Late follow-up results

The percentage of patients that were hospitalized to have
the nails removed was 90% (27 patients): the other three
patients (10%) did not have the nails removed and were
lost to follow-up. Only one patient was hospitalized to have
the nail shortened due to nail migration. None of the
patients suffered a re-fracture.

The final shortening on the limb, after a follow-up
period of at least 24 months, occurred in 6.7% of the cases
(two patients), with 0.25 cm on average. There was over-
growth in 60% (18) of the patients and the overgrowth was
0.66 cm on average (range 0—1.50 cm). Each patient pre-
sented some type of deformity (Table 3), but the average of
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Table 3 Types of deformities and complaints of 30 children operated
for femur fractures

Variable Frequency (n = 30) Percentage
Valgus 12 40.0
Varus 3 10.0
Anterior angulation 23 76.7
Posterior angulation 5 16.7
Others hospitalizations 28 933
Complaints 3 10.0

Table 4 Limb shortening or overgrowth and deformities after sur-
gery for femur fracture among 30 children operated for femur
fractures

Variable Average SD Minimum Maximum
Shortening (cm) 0.25 0.06 0.25 0.25
Overgrowth (cm) 0.66 043 0 1.5
Valgus (°) 6.80 410 O 18.0
Varus (°) 4.30 0.60 O 4.0
Posterior angulation (°)  2.30 130 0 3.0
Anterior angulation (°)  6.60 370 0 14.0

the deformities did not exceed 10°. Shortening and defor-
mities are described in Table 4.

Complaints about the treatment were noted among three
(10%) of the patients. One patient complained about pain
in his knee. The second patient complained about knee pain
and about deformity (18° of valgus) as well. A third patient
complained about pain in his thigh.

When transverse and oblique fractures are taken into
account, excluding the less frequent spiral and comminuted
fractures, and comparing these results using Fisher and
Mann—Whitney tests, the results, shown in Tables 5 and 6,
indicate that neither the characteristics of the patients nor
the results of the treatment vary with regard to the types of
fracture, transverse or oblique (P > 0.05).

Discussion

There is controversy concerning the best method of treat-
ment for femoral shaft fractures in children at different
ages, especially for those between 6 and 10 years of age.
All of them can be treated well with a cast, but surgical
treatment has become attractive with regard to indepen-
dence: surgically treated children, without casts, can go to
school and do not need an adult to carry them.

The conservative treatment using an early spica cast is
indicated for children under the age of 11 years by many
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authors [2, 3, 14-17]. Others advocate the conservative
method, with a cast, only to children under 6 years of age
[4, 18]. Due to the possibility of significant limb shortening
and bad alignment in children over the age of 5 years,
traction may be used before the spica cast application [19].
However, the conservative methods still bring complica-
tions even with the traction, such as limb discrepancy,
angle deviation, longer hospitalization period, higher cost,
compartment syndrome from skin traction, and possible
psychological harm [5, 20, 21]. Yet, such treatments do not
bring the inherent risks of surgery and they can be per-
formed in every hospital.

The treatment using fixing rods, on the other hand, is
more indicated to patients between the ages of 5 and 16
years, according to the literature [7, 8, 22, 23], although
more recently, we found reports of the use of this method
for preschool children [24]. The age group of 5 to 16 years
comprises the phase in which these patients attend school,
where independence is important during their treatment.
Furthermore, there is the possibility of reducing the hos-
pitalization period and the child can return to school earlier
without the associated social isolation and need for an adult
for caring, which makes the surgical method more
appealing. One should also consider the difficulty in
maintaining hygiene when treated with casts, its psycho-
logical implications, and prolonged hospitalization due to
the traction period [7, 8, 22, 23].

The type of the fracture also influences the method of
treatment. In children with long spiral or comminuted
fractures, external fixation is usually chosen, as well as in
open fractures, in multiple trauma, and head trauma [25-
27]. In this study, children with unilateral single fractures
of the femur were treated with TEN insertion. The use of a
dynamic compression plate (DCP plate) is less often used
in children due to the morbidity associated with the sur-
gery, such as infection and overgrowth; yet, it is still
indicated to multiple and skull trauma patients [9, 28].
Nowadays, however, the percutaneous technique (DCP
plate) is being warranted, in particular for comminuted
fractures of the femur (fractures with large comminution
should not be treated with flexible nails) [1, 29].

For children between the age of 5 and 16 years, the use
of TEN or semi-rigid Ender rods for transverse and short
oblique fractures is cited in the literature as the treatment of
choice. Using these methods, lesions to the growth carti-
lage are avoided. These nails allow the control of the length
of the extremity, they are of easy application, and they also
reduce the hospitalization period, with a faster recovery [7,
8, 10, 17, 22, 30]. The use of TEN has been accepted as a
good choice, even for subtrochanteric femur fractures, with
safeness [31]. Some authors reported problems to control
alignment and limb discrepancies in patients older than
11 years and heavier than 50 kg, and they advise, in these
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Table 5 Characteristics of 26 children operated for femur fractures and type of fracture
Variable Type Average DP Minimum Maximum n P value
Age when fracture occurred (years) Transverse 9.68 1.92 54 12.7 18 0.429
Oblique 10.30 2.71 5.7 13.5 8
Traction time (days) Transverse 5.56 2.99 1.0 14.0 18 0.978
Oblique 5.25 2.82 1.0 8.0 8
Hospitalization time (days) Transverse 9.56 4.02 4.0 21.0 18 0.644
Oblique 9.13 3.98 5.0 18.0 8
Healing time (weeks) Transverse 7.67 1.68 5.0 10.0 18 0.935
Oblique 7.75 1.58 6.0 10.0 8
Shortening (cm) Transverse 0.03 0.08 0.0 0.3 18 0.683
Oblique 0.00 0.00 0.0 0.0 8
Overgrowth (cm) Transverse 0.45 0.42 0.0 1.5 18 0.461
Oblique 0.34 0.50 0.0 1.2 8
Resumption of activities Transverse 3.89 222 1.0 10.0 18 0.311
Oblique 2.88 1.89 1.0 6.0 8
Total weight bearing (weeks) Transverse 9.56 3.35 4.0 16.0 18 0.080
Oblique 7.25 4.30 1.0 16.0 8
Partial weight bearing (weeks) Transverse 3.33 1.81 0.0 6.0 18 0.531
Oblique 2.75 2.05 0.0 6.0 8
Follow-up (months) Transverse 34.44 10.16 24.0 64.0 18 0.724
Oblique 36.38 15.18 25.0 68.0 8
Table 6 Results for the treatment of femur fracture among 30 children according the type of fracture
Variable Category Type Total P value
Transverse Oblique
n % n % n %
Traction Skin traction 0 0.0 2 25.0 2 7.7 0.086
Skeletal traction 18 100.0 6 75.0 24 92.3
Acute complications Yes 1 5.6 1 12.5 2 7.7 0.529
No 17 94.4 7 87.5 24 923
Shortening No 16 88.9 8 100.0 24 92.3 >0.999
Yes 2 11.1 0 0.0 2 7.7
Overgrowth No 6 333 5 62.5 11 423 0.218
Yes 12 66.7 3 37.5 15 57.7
Valgus No 11 61.1 3 37.5 14 53.8 0.401
Yes 7 38.9 5 62.5 12 46.2
Varus No 17 94.4 7 87.5 24 923 0.529
Yes 1 5.6 1 12.5 2 7.7
Anterior angulation No 7 38.9 0 0.0 7 26.9 0.062
Yes 11 61.1 8 100.0 19 73.1
Posterior angulation No 14 77.8 8 100.0 22 84.6 0.277
Yes 4 222 0 0.0 4 154
Others hospitalizations No 15 83.3 5 62.5 20 76.9 0.330
Yes 3 16.7 3 37.5 6 23.1
Complaints No 18 100 5 62.5 23 88.5 0.232
Yes 0 0 3 37.5 3 11.5
Total 18 100 8 100 26 100
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cases, the consideration of other methods, such as locked
nailing or plating [29, 32-34].

In our service, TEN is the choice treatment for trans-
verse and short oblique shaft fractures and in patients over
the age of 5 years. However, difficulties with the public
financial support for nails acquisition limited the inclusion
of patients in this study. Despite this, we treated two
patients with comminuted and two with spiral fractures
using flexible intramedullary nails. For the alignment
control of one of the comminuted fractures, the application
of three nails was needed. Excluding these four fractures,
the comminuted and the spiral ones, we compared statis-
tically the results of the two most common types of fracture
of our patients, transverse and oblique, and we did not find
any statistical differences between the results.

Newton and Mubarak [35] report a minimum hospital-
ization period for skin traction of 20.6 days prior to cast
placement, for skeletal traction of 20.8 days, for intra-
medullary nails of 8.5 days, and for early cast placement of
2.5 days. On the other hand, Ligier et al. [7] and Heinrich
et al. [10] analyzed fractures treated using flexible nails and
found a hospitalization period ranging between 4.5 and
8 days. The patients in this study, treated surgically, pre-
sented an average hospitalization period of 9.4 days. This
period may have been influenced, in our setting, by the
waiting time needed for nails acquisition and by the low
availability of operating rooms in a public trauma hospital
situated in a central part of a large metropolis as Sdo Paulo,
to which a high number of traumatized patients are referred
every day. In settings with operating rooms and nails
readily available, probably, this period of hospitalization is
lower.

According to Stans et al. [27], the use of flexible nails
allows a faster healing period with fewer complications
than with the external fixation. Ligier et al. [7] report that
the elastic movement of the nail promotes faster and more
abundant callus formation.

Some authors report earlier return to school of patients
treated with TEN compared to other treatments, because
the patient can walk with the aid of crutches (partial
weight bearing). This time varies from 2 days up to
4 weeks, and for total weight bearing, from 3 to 4 weeks
[7, 21, 22]. Other authors report an average of 10 to
11 weeks to begin partial weight bearing allowance [20,
21, 27]. In our group, the average time for fracture
healing was 7.7 weeks. The resuming of daily activities
begins when the patient is able to walk on his own, with
crutches, which corresponds to partial weight bearing
allowance. Partial and total weight bearing are allowed
after 3.3 and 8.8 weeks, on average, respectively. Total
weight bearing depends on consolidation.

The bone shortening incidence in this study was 6.7%,
an average of 0.25 cm, which is clinically very well
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tolerated. Flynn et al. [23] reported 48 patients with 49
fractures, and the largest inequality in the lower-extremity
length of their sample was 1 cm. They consider inequalities
between 1 and 2 cm as satisfactory results. Based on our
results, we believe that the intramedullary method of nail
insertion, in most cases, acutely corrects the shortening of
the limb. The recently suggested device using cups for
distal ends of nails threaded into the bone that can prevent
shortening and nail migration was not available in our
setting and should be considered, especially in comminuted
and long oblique fractures, and evaluated in future cases.

Overgrowth is associated with surgical treatment.
Ligier et al. [7] report, in cases treated with ESIN, an
average overgrowth of 1.2 mm, and a greater overgrowth
in transverse fractures (average of 2.06 mm), with four
cases of lengthening of more than 10 mm (11, 15, 17, and
23 mm). Spiral fractures present an average overgrowth
of 0.7 mm. Heinrich et al. [10] report, in children treated
with TEN between the ages of 6 and 9 years, that 22%
have an average overgrowth of 11 mm, and in children
over the age of 10 years, 14% of the children have an
average overgrowth of 7 mm. Overgrowth was present in
60% of our patients, with an average of 0.66 cm. This
result is comparable to those found in the literature [7, 8,
10, 19, 26, 28, 36].

Some angular deviation is accepted (because neither
aesthetics nor function is altered) when considering the
patient’s age. Cadman and Neer [36] accept angulation and
rotation of 15° as a maximum. Heinrich et al. [10] and
Buford et al. [37] accept, in children over the age of 6
years, varus and valgus deviation, and anterior and pos-
terior angulation below 10°. Other authors, such as Buehler
et al. [16], accept, for any limb treatment in children over
the age of 6 years, greater values, with varus and valgus
deviation less than or equal to 20° and anterior and pos-
terior deviation less than or equal to 30°. All of the patients
in the present study present some type of deviation. The
average varus, valgus, and rotational deviations were
always lower than 10° (anterior angulation of 6.6°, pos-
terior angulation of 2.3°, varus of 4.3°, and valgus of 6.8°).
Only one girl with ipsilateral humerus fracture and con-
tralateral tibia fracture had 18° of valgus. These three
fractures were operated and fixed by the intramedullary
method. However, this patient did not follow the medical
instructions and walked without crutches after 1 week.
These angulations were perceived during the follow-up and
this is the reason why the authors did not use a comple-
mentary cast. According to Flynn et al. [8], an angulation
lower than 10° is considered to be satisfactory; thus, we
can regard our results as being in accordance with the
literature.

We should also take into consideration the fact that the
cases treated surgically require further hospitalization for
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the removal of the nails. Our choice is to remove the nails
after 6-8 months after their implantation, which is in
accordance to other authors, such as Buford et al. [37] and
Flynn et al. [8]. Around this time, the fracture presents a
very solid union. Ligier et al. [7] recommend nail removal
after 3 months of surgery. Despite this, we had some
patients that had their nails removed later because of dif-
ficulty in returning to the hospital. We had also three
patients lost to follow-up. In our group, in addition to
hospitalization for nail removal, there was one case in
which the patient needed yet another hospitalization,
besides the time to remove the nails, in order to have the tip
of one nail that migrated cut.

Some authors report a reduction in the associated psy-
chological problems with the use of nails compared with
traction plus cast placement, for they reduce the period of
hospital stay, avoid prolonged traction, and allow the
patient to return home earlier, with equivalent or lower
costs [8, 10]. However, the use of TEN for this morbidity
and population was never studied in a public hospital of a
developing country. The experience shown in this study
prompts the beginning of an economic investigation about
the cost of hospitalization versus the conservative (spica
cast) treatment.

The majority of the complications occur, according to
Flynn et al. [8], in the proximal, distal, and comminuted
fractures, with TEN being the ideal implant for transverse
fractures of the medium third of the diaphysis. As we
described previously, we had one patient that had a
migration of one nail that probably occurred because the
fragments had slid. Finally, one patient had the nails
removed early, at 4 months, because of soft tissue irritation
caused by the tip of the nails, which were too long. Flynn
et al. [38], in 2002, reported that the most common prob-
lem they encountered was irritation at the nail insertion site
with 18% of the cases.

Conclusion

Patients older than 5 years of age, with femoral shaft
fracture, especially oblique and transverse fractures, are
well treated with flexible intramedullary insertion, with
good alignment, short period of traction and hospitaliza-
tion, early return to daily activities and school, and few
complications.
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