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Abstract

Backgrounds: Pediatric femur fractures comprise a major portion of fractures that are repaired in emergency
rooms. Treatment options include conservative methods, and surgical methods. Different problems such as
angulation, malrotation and shortening may be observed both treatment methods.

Methods: In this study twenty-two pediatric femoral fractures which treated with external fixators in past
five years were evaluated retrospectively. Advantages, and disadvantages of external fixation were
investigated.

Results: Results were satisfactory. In conclusion, external fixator application is an easy to perform and quick
method.

Conclusions: Despite some disadvantages, it may be one of the treatment methods that should be considered
in the first plan in pediatric femoral fractures due to reasons such as short length of hospital stay, early
mobilization, ease of family care, rapid child and family compliance, early return to school, and reduced
treatment costs.
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Oz

Amagc: Pediatrik femur kiriklari acil servislerde karsilasilan kiriklarin 6nemli bir bolimiinii olusturmaktadir.
Tedavi secenekleri arasinda konservatif yontemler ve cerrahi yontemler bulunmaktadir. Agilanma,
malrotasyon ve kisalik gibi farkli sorunlar her iki tedavi yonteminde de goriilebilir.

Metot: Bu ¢alismada son bes yil i¢inde eksternal fiksasyonla tedavi edilen 22 pediatrik femur kirikli hasta
retrospektif olarak degerlendirilip, eksternal fiksator tedavisinin avantajlari ve dezavantajlari incelenmistir.
Bulgular: Calismada elde edilen sonuglar tatmin edici idi. Eksternal fiksator uygulamasi kolay ve hizli bir
yontemdir.

Sonuc¢: Bazi dezavantajlarina ragmen, hastanede kalis siiresinin kisa olmasi, erken mobilizasyon, aile
bakimi, cocuk ve aile uyumu, kisa stirede okula geri donebilme ve maliyet etkin bir yontem olmasi gibi
nedenlerle ¢cocuk femur kiriklarinda ilk planda uygulanabilir bir tedavi yontemi olabilir.

Anahtar Kelimeler: Eksternal Fiksasyon, Femur, Kapali Kiriklar, Cocuk

m Harran Universitesi Tip Fakiittesi Dergisi (Journal of Harran University Medical Faculty) Cilt 12. Sayi 1, 2015



s Fxternal Fixation in Pediatric Femur Fractures

Introduction

Pediatric femur fractures comprise a major portion
of fractures that are repaired in emergency rooms
(1, 2). Most of these fractures are caused by falls
and traffic accidents, while a minority is due to
child abuse and non-traumatic causes (3).Today, a
variety of treatment methods are used, while these
fractures were previously treated conservatively
until the last 20 years (4-7). Treatment options
include conservative methods such as direct
pelvipedal casting, pelvipedal casting following
bed rest with skin or skeletal traction and external
fixation as well as several internal fixation
methods (4, 8-17).

Problems such as angulation, malrotation and
shortening may be observed, particularly
following traction and cast treatments and the
correction of these problems can sometimes be
very difficult. Today, surgical treatment has
become the major management option for both
early mobilization and reduction in length of
hospital stay and treatment costs. Surgical
treatment has become more preferred in recent
years due to reasons such as family and patient
compliance, costs, efficacy, and early return to
school (3, 18).

Titanium elastic nailing procedures (TEN) has
been the treatment method of choice in children
between 6-12 years of age for the last 15-20 years
(19), although external fixator applications still
remain popular due to reasons including
associated tissue defect, compartment syndrome,
the need to provide early fixation or temporary
fixation and the ease of access to implants (4).

In this study, pediatric femoral shaft fractures
managed with external fixation and followed-up at
our clinic over the past five years were
retrospectively evaluated and the advantages and
disadvantages of this method were investigated.
Materials And Methods

The study was initiated after receiving approval
from the local ethics committee of Gaziantep

University. Twenty-two pediatric femoral fractures
treated with external fixators at the Orthopedics and
Traumatology Clinic of Gaziantep University
between January 2007 — December 2012 were
retrospectively evaluated. Among the etiological
factors, traffic accidents were the most common with
a rate of 45.5%, traumas that occurred during sports
and playtime activities were the second most
common with a rate of 40.9%, falling from a height
was the third most common with a rate of 9.1%, and
gunshot wounds were the fourth most common with a
rate 0f 4.5%. The mean age of the patients was 8 years
(range, 3-13 years). Seventeen patients were male
and five patients were female. Nine patients had right
femoral fractures and 13 had left femoral fractures.
Six (27.3%) fractures were in the proximal 1/3, two
(9.1%) were in the distal 1/3 and 14 (63.6%) were in
the femoral shaft. Nine (40.9%) of the fractures were
transverse fractures, nine (40.9) were oblique
fractures and four (18.2%) had a complex fracture
pattern. Seven fractures were open fractures (31.8%).
Open fractures were classified according to the
Gustilo Anderson classification. Of the open
fractures, one was Type I (Figure I), four were Type
I, and two were Type III. The subtype of one of the
Type III open fracture cases was IIIC and vascular
repair was performed concurrently with bone
fixation in this case. The other case was type I1IB and
repeated debridements were done following
emergency bone fixation. Free flap was performed
when it was feasible. The growth plates of all patients
were open.

Surgical Technique: Patients were administered
prophylaxis with Cefazolin Na in the preoperative
period. The operation began with the patient under
general anesthesia and in the supine position in all
cases. The surgical area was cleaned with 10%
povidone iodine solution. Reduction was done under
scopic control and through 5mm incisions opened
lateral to the femur with scalpel, three Schanz Screws
were inserted in the proximal and distal regions of the
fractures of each (Figure II). Attention was paid to
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avoid shortening and rotation during reduction
and fixation was achieved with one unilateral
external fixator. The pin tracts were sterilely
covered and the operation was terminated.
Parenteral antibiotherapy was continued for 24
hours postoperatively in patients with closed
fractures and for 72 hours postoperatively in
patients with open fractures. During
hospitalization, caregivers received training on
cleaning the external fixator and the pin tracts.
Passive and active joint movements were
commenced on the first postoperative day.
Mobilization was started as soon as the patient
could tolerate it. The implants were removed when
adequate union was established on the x-ray
images of the patients returning for control visits
(Figure I1I).

Evaluation of Results: Times to surgery,
operation times, lengths of hospital stay, the
problems encountered during follow-up, union
times, refracture rates, length imbalances
following union and final functional status of the
patients were evaluated. Student's t-test was used
for statistical analysis.

Results

Time to operation was <12 hours in five patients
(22.7%), 12-24 hours in six patients (27.3%), 1-3
days in ten patients (45.5%) and >3 days in one
patient (4.5%).

The mean duration of surgery was 46.4 minutes
(range, 27 — 68 minutes). The mean length of
hospital stay was 8.5 days (range, 5—50 days).

No complications were observed in 16 patients
(72.7%) during the follow-up period. The most
common complication was pin tract infection and
it was found in only two (9.1%) patients.
Osteomyelitis was observed only in one patient
(4.5%) with open fracture.

Refracture was observed in one patient (4.5%) and
one patient (4.5%) had malunion. Re-reduction
was performed in one patient (4.5%) after loss of
position was observed. No patients had implant

failure. No technical complications occurred
during or after the operations.

Implants were removed in cases with union on
their control x-rays. The mean time to implant
removal of the patients was 73 days (range, 50-180
days). For implant removal, 14 patients (63.6%)
required sedation, while sedation was not required
in eight patients (36.4%).

Knee and hip joint range of motion was full in all
patients during the control visit on the 15th day
following implant removal.

Discussion

Until the last 15 years, conservative treatment
methods were commonly preferred treatment
methods in pediatric patients. In recent years,
however, surgical treatments began to be preferred
due to the increasing popularity of child- and
family-focused treatment options and the cost of
hospital stay. Among these surgical techniques,
plating, intramedullary fixation techniques and
external fixator applications have become more
popular. The disadvantages of conservative
treatment methods may include prolonged
hospital stay, reduction loss, joint stiffness due to
immobilization, difficulty of family and child
compliance with treatment, and difficulty of cast
care (20, 21).Intramedullary nailing, plating and
TEN procedures provide good reduction.
However, there is an increased risk of femoral
head avascular necrosis after nailing
(22).Moreover, disadvantages may include
increased infection rates following intramedullary
nailing, TEN and plating procedures, and the need
for general anesthesia and an additional surgical
procedure during implant removal(23). In our
study, pin tract infection was found only in one
patient and considered to be due to inappropriate
care by the family.

External fixator application is preferred as a cost-
effective method due to no need for additional
anesthetic intervention for implant removal,
longer intervals between x-ray controls, and short
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length of hospital stay (20, 24,25).

External fixator applications are preferred in
multitraumas and patients with grade 2-3 open
fractures (26-28) and accompanying vascular-
nerve injuries (17, 29-31), as well as in cases with
isolated closed fractures (4, 14, 16,27,32).Among
the 22 patients in the current study, 15 (68.2%) had
isolated closed femoral fracture. Seven patients
(31.8%) had open fractures. In only two of those
seven patients, external fixator application was
required as the definitive first option due to
extensive tissue defect and vascular injury.
However, external fixator application was also
preferred in the other patients.

In their study, Weinberg et al. reported that the
mean length of hospital stay of 121 children was
5.1 days (4). Platz A. et al. reported a mean length
ofhospital stay 0of 9.1 days for 30 pediatric patients
who were treated with external fixator (33).
Aranson et al. reported in their study a mean length
of hospital stay of 6.9 days in 139 patients with
femoral shaft fractures who were treated with
external fixators (14). In the current study, the
length of hospital stay was 8.5 days (range, 5-50
days). We thought that the longer than expected
hospital stay in our study was due to the fact that
the length of hospital stay was 50 days in one of
our patients who required prolonged debridement
and flap and 40 days in one of our patients who
required prolonged follow-up.

Some studies report longer follow-up times in the
hospital for pediatric femoral fractures treated
with other methods (34, 35).This period was
reported to be longer in cases undergoing traction
followed by casting (34, 36).1t is likely that a
shorter length of hospital stay causes external
fixator applications to be a more preferable option.
In the study of Hanne Hedin et al., it was reported
that 83 of 98 (85%) pediatric femoral shaft
fracture cases were operated on within 24 hours
(37).In the current study, time to operation was
<12 hours in five patients (22.7%), 12-24 hours in

six patients (27.3%), 1-3 days in ten patients
(45.5%) and >3 days in one patient (4.5%) due to
additional systemic problems.

In their study, Weinberg et al. reported that the
mean operation time was 66 minutes, the mean
number of control x-rays was 4.3 and the mean
length of scopic control was 1.2 minutes (4).In the
current study, the mean operation time was 46.4
minutes (range, 27-68 minutes), the total
intraoperative scopic control duration was 1.4
minutes and the mean number of control x-rays
until implant removal was five (range, 3-8). While
this difference in operation time is related to
surgery experience and fracture localization, it is
also caused by open reduction procedures that
may be required in some cases (38).

The proponents of plate fixation reported that they
minimized scopic exposure as far as possible
(39).Previous studies in the literature report that
the mean number of x-rays performed during the
control period range from 5-15 regardless of the
surgical method (34).This number may be even
greater than 20, especially in patients undergoing
closed reduction and casting.

The advantages of external fixator applications
include a more rigid fixation, earlier mobilization,
faster patient compliance, and shorter length of
hospital stay (25,30).The disadvantages include
pin tract infection (24-26), slow union, refracture,
and scarring (17, 39).

One of the most important reasons for the decrease
in the popularity of external fixators is pin tract
infection (24-26, 40).Weinberg et al reported a
rate of pin tract infections of 7.4% in 121 pediatric
femoral fracture patients who were treated with
external fixators (4). Blasier et al. reported that
this rate was 36% in 139 patients (24). In their
study, Aranson et al. reported that this rate was
36% in 139 patients with femoral shaft fractures
who were treated with external fixator application
(14). In the current study, however, only two
patients (9.1%)had pin tract infection and
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recovered with oral antibiotherapy. In their
studies, Weinberg et al. (4) and Blasier et al. (24)
reported no cases of osteomyelitis. In the current
study, osteomyelitis was observed inonly one
patient; this was the patient with Type 3C open
fracture

External fixation method has little similarity to the
other surgical methods in terms of implant
removal. Weinberg et al reported that they
removed external fixators after a mean period of
55.3 days (range, 36-94 days) (4). In the current
study, the median time to implant removal was 73
days (range, 5-180 days). External fixator
replacement was performed on one patient due to
loss of position within one week. During implant
removal, 63.6% of the patients required no
medication, while 36.4% of the patients were
administered sedation. All patients were
discharged on the same day of the procedure.

The cultural level of the patient and family should
be considered in determining the time to allow full
weight-bearing on the extremity with fracture
after external fixator applications. Weinberg et al.
switched to full weight-bearing in week 2.
Particularly in patients in the learning period,
exercises were administered to recover knee and
hip movements and increase the muscle strength
in the lower extremities in the first 3 weeks (4). We
switched to full weight-bearing in the
postoperative 3rd week.

Consolidation time may vary depending on the
fracture type, whether it is an open or closed
fracture and the reduction and fixation method.
Weinberg et al. reported that the consolidation
time was 57.6 £ 21.1 days in 52 cases with
transverse fracture pattern and 44.8 +23.3 days in
50 cases with oblique fracture pattern and there
was no statistically significant differences
between the two groups (4). Schmittenbecher et al.
reported that the consolidation time ranged from
50-65 days in cases in which they performed
intramedullary fixation (38). In their study,

Weinberg et al. reported a consolidation time of
55.3 £ 22.8 days. Klein et al. reported similar
results in their study (41). It was reported that the
mean consolidation time was 6-8 weeks in patients
that underwent plate fixation(34). In the current
study, the mean consolidation time was 75.5 days
(range, 50-180 days). The consolidation time in
the current study was 101.9 £+ 31.3 days in eight
transverse fracture cases, while it was 80.6 + 37.7
days in nine oblique fracture cases. No significant
differences were observed between transverse and
oblique fractures in terms of fracture pattern
(p=0.227, t-test). Among the cases in the current
study, the mean consolidation time was 97.6 +
36.8 days in open fractures and 95.5 + 41.7 in
closed fractures. The lack of difference in
consolidation times between open fractures and
closed fractures to the low number of our cases
(p=0.227, t-test).

The refracture rate was 3% in the study by
Weinberg et al. (4) and 2.9% in the study by
Aranson etal. (14). In the current study, re-fracture
was observed in only one case (4.5%). The fact
that the implant of the patient was removed after
50 days and re-fracture occurred within one week
of implant removal suggested that early implant
removal significantly increases the re-fracture risk
4).

In their study, Blasier et al. reported that they did
not observe nonunion in any their patients treated
with external fixators and found extremity
imbalance in only 18 patients (24). They reported
that 15 of these patients had overgrowth (8.7 mm)
and 3 had shortening (7.7 mm). None of these
patients required additional surgical treatment for
their extremities during the following years. The
current study revealed lower extremity imbalance
in a total of 11 cases among 22 children and 9 of
these had overgrowth (7 mm) and 2 had shortening
(8.4 mm). None of the patients required additional
surgical intervention.

Angulation values lower than 15 degrees are not
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clinically significant (33, 42) and values between
10-25 degrees can be tolerated during the recovery
(42); however, angulations of >25 degrees require
surgical correction. Malkawi et al. reported that
angulations on the sagittal plane have a faster
remodeling capacity compared to angulations on
the frontal plane (36).Long-term follow-up
revealed malangulation of <15 degrees in 10
patients (45.5%) and none of these cases required
additional surgical intervention. Only one patient
(4.5%) had a sagittal malangulation of 20 degrees
and this case was monitored.

Scarring of the pin tracts is another complication
that may develop following external fixator
applications (37).The current study revealed
scarring in one patient (4.5%) with pin tract
infection but no surgical intervention was

required.

Conclusion

In conclusion, external fixator application is an
easy to perform and quick method. External
fixator application is the first option particularly in
segmental, complicated and open fractures, in
fractures with accompanying vascular-nerve
injury, and in patients with polytrauma, while it
can also be reliably preferred in isolated closed
pediatric femoral fractures. Despite several
disadvantages, it may be one of the treatment
methods that should be considered in the first plan
in pediatric femoral fractures due to reasons such
as short length of hospital stay, early mobilization,
ease of family care, rapid child and family
compliance, early return to school, and reduced
treatment costs.

Figure I: Radiographic Image of

Femoral Shaft Fracture (preoperatively)

References

1) Heyworth BE, Galano GJ, Vitale MA, Vitale MG.
Management of closed femoral shaft fractures in
children, ages 6 to 10: national practice patterns and
emerging trends. J Pediatr Orthop 2004; 24(5):455-9.

2) Galano GJ, Vitale MA, Kessler MW, Hyman JE,
Vitale MG. The most frequent traumatic orthopaedic
injuries from a national pediatric inpatient population. J
Pediatr Orthop 2005; 25(1):39-44.

3) Loder RT, O'Donnell PW, Feinberg JR. Epidemiology

Figure II: Radiographic Image of

Femoral Shaft Fracture

and mechanisms of femur fractures in children. J Pediatr
Orthop 2006;26(5):561-6.

4) Weinberg A.M, Leitner A, Lampert C, Laer L. External
Fixation of Pediatric Femoral Shaft Fractures: Treatment
and Results of 121 Fractures. European Journal of
Trauma 2000;26:25-32.

5) Domb BG, Sponseller PD, Ain M, Miller NH.
Comparison of dynamic versus static external fixation for
pediatric femur fractures. J Pediatr Orthop 2002;
22(4):428-30.

6) Canale, S.T. and V.T. Tolo, Fractures of the femur in

Figure I1I: Radiographic Image After
Removing Iplants. Adequate Union
was Established.

children. Instr Course Lect 1995;255-73.

7) McCartney D, Hinton A, Heinrich SD. Operative
stabilization of pediatric femur fractures. Orthop Clin North
Am 1994;25(4):635-50.

8) Kasser, J.R. Femur fractures in children. Instr Course
Lect 1992;403-8.

9) Guttmann GG, Simon R. Three-point fixation walking
spica cast: an alternative to early or immediate casting of
femoral shaft fractures in children. J Pediatr Orthop 1988;
8(6):699-703.

10) Herndon WA, Mahnken RF, Yngve DA, Sullivan JA.



s Fxternal Fixation in Pediatric Femur Fractures

Management of femoral shaft fractures in the
adolescent. J Pediatr Orthop 1989; 9(1):29-32.

11) Yandow SM, Archibeck MJ, Stevens PM, Shultz R.
Femoral-shaft fractures in children: a comparison of
immediate casting and traction. J Pediatr Orthop 1999;
19(1):55-9.

12) Aronson DD, Singer RM, Higgins RF. Skeletal
traction for fractures of the femoral shaft in children. A
long-term study. J Bone Joint Surg Am 1987;
69(9):1435-9.

13) Beaty, J.H. Femoral-Shaft Fractures in Children and
Adolescents. J Am Acad Orthop Surg 1995; 3(4):207-
217.

14) Aronson J, Tursky EA. External fixation of femur
fractures in children. J Pediatr Orthop 1992; 12(2):157-
63.

15) Evanoff M, Strong ML, MacIntosh R. External
fixation maintained until fracture consolidation in the
skeletally immature. J Pediatr Orthop 1993; 13(1):98-
101.

16) Gregory RJ, Cubison TC, Pinder IM, Smith SR.
External fixation of lower limb fractures in children. J
Trauma 1992;33(5):691-3.

17) Miner T, Carroll KL. Outcomes of external fixation
of pediatric femoral shaft fractures. J Pediatr Orthop
2000;20(3):405-10.

18) Ogden, J.A. Skeletal injury in the child. 2nd ed.
Philadelphia, 1990;930.

19) Wall EJ, Jain V, Vora V, Mehlman CT, Crawford AH.
Complications of titanium and stainless steel elastic nail
fixation of pediatric femoral fractures. J Bone Joint Surg
Am2008;90(6):1305-13.

20) Newton PO, Mubarak SJ. Financial aspects of
femoral shaft fracture treatment in children and
adolescents. J Pediatr Orthop 1994; 14(4):508-12.

21) Probe R, Lindsey RW, Hadley NA, Barnes DA.

Refracture of adolescent femoral shaft fractures: a
complication of external fixation. A report of two cases. J
Pediatr Orthop 1993; 13(1):102-5.

22) Chung SM. The arterial supply of the developing
proximal end of the human femur. J Bone Joint Surg Am
1976; 58(7): 961-70.

23) Kesemenli CC, Subasi M, Kirkgoz T, Necmioglu S,
Kapukaya A. Comparison of external fixation and
pelvipedal cast treatments in closed femur diaphysis
fractures in children. Acta Orthop Travmatol Turc 2000;
34(34):40-44.

24) Blasier RD, Aronson J, Tursky EA. External fixation
of pediatric femur fractures. J Pediatr Orthop 1997;
17(3):342-6.

25) Kapukaya A, Subasi M, Necmioglu S, Arslan H,
Kesemenli C, Yildirim K. Treatment of closed femoral
diaphyseal fractures with external fixators in children.
Arch Orthop Trauma Surg 1998; 117(6-7):387-9.

26) Alonso JE, Horowitz M. Use of the AO/ASIF external
fixator in children. J Pediatr Orthop 1987; 7(5):594-600.
27) Kirschenbaum D, Albert MC, Robertson
WW Jr, Davidson RS. Complex femur fractures in
children: treatment with external fixation. J Pediatr
Orthop 1990; 10(5):588-91.

28) Robertson P, Karol LA, Rab GT. Open fractures of the
tibia and femur in children. J Pediatr Orthop 1996;
16(5):621-6.

29) De Sanctis N, Gambardella A, Pempinello C, Mallano
P, Della Corte S. The use of external fixators in femur
fractures in children. J Pediatr Orthop 1996; 16(5):613-
20.

30) Kesemenli CC, Subasi M, Arslan H, Tiztiner T,
Necmioglu S, Kapukaya A. Is external fixation in
pediatric femoral fractures a risk factor for refracture? J
Pediatr Orthop 2004; 24(1):17-20.

31) Hull JB, Bell MJ. Modern trends for external fixation

of fractures in children: a critical review. J Pediatr Orthop B
1997;6(2):103-9.

32) Van Tets WF, van der Werken C. External fixation for
diaphyseal femoral fractures: a benefit to the young child?
Injury 1992;23(3):162-4.

33) Platz A, Kiach K. Management of unstable shaft
fractures of the lower extremity in children using the
external fixator. Swiss Surg 1996;2(2):284-289.

34) Greene WB. Displaced fractures of the femoral shaft in
children. Unique features and therapeutic options. Clin
Orthop Relat Res 1998;353:86-96.

35) Ligier JN, Metaizeau JP, Prévot J, Lascombes P. Elastic
stable intramedullary pinning of long bone shaft fractures in
children. Z Kinderchir 1985;40(4): 209-12.

36) Malkawi H, Shannak A, Hadidi S. Remodeling after
femoral shaft fractures in children treated by the modified
blount method. J Pediatr Orthop 1986; 6(4):421-9.

37) Hedin H, Hjorth K, Rehnberg L, Larsson S. External
fixation of displaced femoral shaft fractures in children: a
consecutive study of 98 fractures. J Orthop Trauma 2003;
17(4):250-6.

38) Schmittenbecher PP. Standardindikation zur
intramedullaren Osteosynthese im Wachstumsalter.
Erfahrungen bei 100 Patienten. Akt Chir 1995; 30(30):171-
179.

39) Krettek C, Haas N, Walker J, Tscherne H. Treatment of
femoral shaft fractures in children by external fixation.
Injury 1991;22(4):263-6.

40) Tolo VT. External fixation in multiply injured children.
Orthop Clin North Am 1990; 21(2): 393-400.

41) Klein W, Pennig D, Brug E. Use of unilateral external
fixation in pediatric femur shaft fracture within the scope of
polytrauma. Unfallchirurg, 1989; 92(6):282-6.

42) Wallace ME, Hoffman EB. Remodelling of angular
deformity after femoral shaft fractures in children. J Bone
Joint Surg Br 1992; 74(5):765-9.

Harran Universitesi Tip Fakiittesi Dergisi (Journal of Harran University Medical Faculty) Cilt 12. Sayi 1, 2015



