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Abstract

This study aimed to compare the effects of the traditional short- and long-term traction methods on the union and angulation of femoral fractures in pre-school children.
Thirty-six patients aged 0—6 years, with diaphyseal femur fractures, who had undergone a conservative treatment, were included in the study. The patients were divided
into two groups according to their traction times before the application of the hip spica cast: 0—10 days of traction (Group A) and 11-21 days of traction (Group B). After
the completion of the union and the removal of the casts, bone scans were performed and the angulations in the coronal and sagittal planes were comparatively evaluated,
as well as the lengths of the lower extremities. The mean age of the patients was 4.2 + 1.94 years. Hip spica casts were applied to 17 patients after short-term traction and
19 patients after long-term traction. The mean length of hospital stays of the patients who were applied the hip spica casts after short-term and long-term tractions were 8.4
and 19.3 days, respectively. A statistically significant difference was observed between groups A and B regarding hospital stay (p < 0.001). After the removal of the casts,
the angulation values of groups A and B were 13.5 + 5.28° and 13.69 + 8.84° in the coronal plane and 14.75 + 6.66° and 14.46 + 10.95° in the sagittal plane, respectively.
The shortness value of the groups was 1.67 + 0.75 and 1.56 + 0.95 cm, respectively. There was no statistically significant difference between both groups in terms of
angulation and shortness (p > 0.05). Hip spica casting after short-term traction can be used as a safe alternative method in the treatment of diaphyseal femur fractures in
preschool children due to its adequate stability and shorter length of hospital stay.
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Introduction Unlike in adults, fractures in pre-school children have a high
remodelling capacity due to their developing bone structure, the
presence of an open physis and a thick periosteal layer and the fact

that they have different biomechanical responses to mechanical

Diaphyseal femur fractures constitute approximately 2% of
all childhood fractures, and it is 2.6 times more common in

boys than in girls [1]. In school-age children and adolescents,
surgical methods such as flexible/rigid intramedullary nails, sub-
muscular plates and fixation with external fixators that allow early
mobilisation are preferred in the treatment of isolated diaphyseal
femur fractures, while non-surgical methods are more commonly
used in pre-school children [2].
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pressure. Thus, the conservative treatment has increased success
due to this high remodelling capacity [2,3].

Factors such as the patient’s age and weight, location of the
fracture, degree of angulation and shortness, whether it is an open
or a closed fracture and the existence of accompanying fractures
and injuries are vital when choosing the treatment method. Several
methods such as pavlik harness, closed reduction with immediate
spica casting and spica casting after skin and skeletal traction have
been described in the conservative treatment of diaphyseal femoral
fractures. Recently, closed reduction with immediate casting was
preferred over the traditional post-traction spica casting methods
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due to shorter hospital stay and better outcomes [4]. In the
traditional method, traction is performed until the solid callus is
formed in the third week, which can also be seen radiologically,
and this treatment extends the hospital stay. There is only a limited
number of studies on the efficacy of short-term traction application
in terms of its shortening of the length of hospital stay [5].

In this study, the treatment outcomes of diaphyseal femur fractures
in preschool children using a hip spica cast after a traditional long-
term traction versus short-term traction methods were compared
in terms of coronal and sagittal plan angulation, leg length
inequality and hospital stay. We hypothesised that hip spica casting
after short-term traction would yield comparable results as with
traditional long term traction, with adequate stability and a shorter
length of hospital stay.

Materials and Methods

Ethical approval for the study (with a file number of 06/25/2019-
2454) was obtained from our institutional ethics committee, and
informed consent could not be obtained from the patients due to
the retrospective design of the study.

Ninety-six patients were treated with conservative methods in our
hospital between 2001 and 2013. Of the 96 patients, 36 patients
with 36 diaphyseal femur fractures who were present for their last
follow-up visit were included in the study.

Patients under one year of age and over 6 years, those who
underwent immediate reduction with hip spica casting and those
with open fractures were excluded from the study.

Hip spica casts were applied under anaesthesia in the operating
room after 0—10 days of traction in patients with a shortness of
< 2-3 cm in the coronal-sagittal plane and an angulation of <
20 degrees (Figure 1). Traction was conducted for 11-23 days
in patients with a shortness of > 3 cm and an angulation of >
20 degrees. Patients who presented a radiological callus in their
weekly radiographies, loss of fracture sensitivity and pathological
movements were applied the hip spica casts in their own patient
wards.

The appropriate traction type was applied according to the
fracture line location, patient’s age and weight and presence of
accompanying injury. Skeletal, split Russell’s and Bohler Braun
splint tractions were applied to 2, 14 and 20 patients, respectively
(Figure 2). Tractions with minimum and maximum weights of 1.5
and 3 kg, respectively, were applied. During the traction treatment,
skin and pin base checks were performed at regular intervals.

The main cast position consisted of hip spica casting at
approximately 60 to 90 degrees of hip and knee flexion, at 30
degrees of leg abduction and 15 degrees of external leg rotation
(Figure 3).

Patients were observed for 24 hours after the hip spica cast
application for the evaluation of compartment syndrome and
neurovascular complications.
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The first radiographs after cast application and radiographs
after the cast removal were evaluated. Valgus-varus angulation
(coronal angulation) was measured in the anterior-posterior
femur radiographs, and anterior-posterior angulations (sagittal
angulation) were measured in the lateral radiographs (Figure 4).

Figure 1. Hip spica cast aplication under anestesia

Figure 2. Bohler Braun splint traction
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Figure 3. Hip spica cast

Figure 4. Fracture and the last follow up x- rays

Limp-length inequality was determined through the bilateral
measurements and the comparison of the distance between the
anterior superior iliac spine and the medial malleolus. Patients
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were divided into two groups according to their traction time: 0-10
days (Group A) and 11-23 days (Group B). These two groups were
compared in terms of limp-length inequality as well as coronal and
sagittal angulation.

Statistical methods

All statistical analysis was performed with the statistical software
named SPSS ver. 22.0 (IBM-SPSS Inc., Chicago, Illinois). The
results were presented as mean + standard deviation. The Mann-
Whitney U Test was used in the measurement of the angulation in
coronal and sagittal planes and the duration of hospital stays and
cast. A p-value <0.05 was considered statistically significant.

Results

This study included 36 patients; 25 (69.4%) were males and 11
(30.6%) were females. The mean age of the 36 patients was 4.20 £
1.74 years, and the mean age of the female and male patients was
4.7 and 4 (range, 1-6 years old in both sexes), respectively.

Regarding injury mechanisms among our patients, our findings
were as follows: 15 fell at home (41.6%), two fell from stairs
(5.5%), three fell from a height (8.3%), two fell in the playground
(5.5%), five were injured in a traffic accident outside the car
(13,8%), three were injured in a traffic accident inside the car
(8.3%), four had a heavy object fall on them (11%) and two had
pathological fractures (5.5%) (osteogenesis imperfecta and spina
bifida).

Regarding the classification of diaphyseal femur fractures
according to their locations, six (16.7%) were located in the
proximal, 26 (72.3%) in the middle, and four (11%) in the distal
one-third.

Of the 36 patients, 17 were applied closed repositioning and a hip
spica cast after short-term (0—10 days) traction, and 19 were applied
a hip spica cast following long-term (11-23 days) traction after
a callus was observed in the radiograph, fracture sensitivity was
noticed on physical examination and the pathological movements
were lost.

Traction time was evaluated according to the condition of the
fracture, degree of angulation and shortness and the general
condition of the patient. The shortest traction time was 3 days as
the longest traction time was 23 days.

There was no statistical difference in the angulation and shortness
measurements between the cases with the short traction time (010
days) and long traction time (11-23 days) after the removal of the
cast (p > 0.05) (Table 1).

The casts were checked during the routine follow-up visits of
the patients, and the fracture line and fracture alignment were
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examined using the radiographs. The mean casting time of the
group A and B patients were 6.47 = 1.00 (5-8) and 4.84 + 0.68
(4-6) weeks, respectively. After the plaster was removed, patients
were gradually allowed weight-bearing.

Table 1. Comparison of shortness an angulation of two groups

Traction Time

0-10 Days (n=17) 11-23 Days (n=19)

After the cast

removal Mean£SD (median) Mean+SD (median) ”
Angulation AP 13.50+5.28 (13.00) 13.69+8.84 (10.00) 0.682
Angulation LAT 14.75+6.66 (12.50) 14.46+10.95 (10.00)  0.247
Shortness 1.67+0.75 (1.75) 1.56+0.95 (1.50) 0.561

* Mann-Whitney U Test

Discussion

There are many surgical and non-surgical treatment methods for
paediatric femoral fractures, and none of them have a certain
superiority over the other. There has been a tendency of using
surgical methods for treating paediatric fractures that can be
treated with conservative methods [6]. Among these treatment
options, only the method of acute casting and delayed casting after
traction have level 2 evidence in the guideline that was published
by the American Academy of Orthopedic Surgeons (AAOS)
for pre-school childhood period (from 6 months to 5 years old).
Evidence levels of all other surgical and non-surgical methods are
controversial and lower in all age groups [7,8].

Non-surgical methods include pavlik harness application,
immediate casting and delayed casting. The treatment method
depends on many factors such as age, weight, swelling condition
of the extremity and the surgeon’s experience.

In recent years, closed reduction with immediate hip spica
casting has become increasingly common among the non-surgical
treatment methods in preschool children instead of the delayed hip
spica casting. The most important advantage of closed reduction
with immediate hip spica casting is that it shortens the length of
hospital stay. This is a more cost-effective method, which is more
affordable in terms of hospitalisation expenses and has social
advantages for the child and family [9]. Close follow-up is required
after the procedure, especially in the first weeks until the formation
of the soft callus (7-12 days), when adequate fracture stability
has been achieved [10,11]. The disadvantage of immediate spica
cast is the need for re-reductions and cast changes due to the loss
of reduction and shortening in this period [12]. Illgen et al. and
Thelogis reported a reduction loss of 21.7% and 27%, respectively,
and that new surgical and non-surgical interventions were needed
due to this loss [13]. This finding indicates that a loss of reduction
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occurs in one patient out of every 4-5 patients; however, in our
study, none of our patients who were applied traction required
any additional interventions due to a loss of reduction during the
follow-ups.

Although the treatment protocol may be different in each case,
post-traction casting in patients with high degrees of angulation
and shortness is a successful and reliable method and is used as
the primary treatment method for those who do not have any
surgical indication. Several studies reported that traction and
hip spica casting are safe treatment methods, having a low rate
of complications such as limb-length inequality and angular
deformity in paediatric closed diaphyseal femur fractures [14,15].

Diaphyseal femur fractures in preschool children can easily tolerate
15 degree of coronal and 20 degree of sagittal plane angulations
and a shortness of up to 2 cm due to their high remodeling potential
[16].

In our study, the coronal and sagittal plane angulations and
shortness values, which were obtained after the cast removal, were
reported to be within the acceptable limits. There was no statistical
difference between the two methods regarding angular deformities
and lower limb length inequalities. (p > 0.05).

In our study, the shortness in the group B patients was found to be
> 2-3 cm and angulation was > 20 degrees, indicating decreased
soft tissue support and increased fracture instability. However, we
believe that a traction period of 7-12 days will provide sufficient
reduction of the fracture, and the combination of the soft callus,
which is formed during this period, and the hip spica cast can
provide adequate stability as the solid callus, which is formed
during long-term traction.

Long hospital stay is the disadvantage of post-traction spica cast
treatment, and it also has negative psychosocial effects on children
and families and increases treatment costs. In most studies, post-
traction spica cast treatment was reported to have a higher cost
than all other treatment methods [17,18]. Serin et al., in a series of
61 cases, found that the mean traction duration was 19.8 days (16—
26 days) in 31 patients who underwent traction and were applied
spica casts [19].

In our study, the mean hospitalisation time of the patients who
were applied hip spica cast after short-term traction (group A) was
8.4 days, and the mean hospitalisation time of the patients who
received the conventional long-term traction and were applied
hip spica cast was 19.3 days (p < 0.0001). Spica cast treatment
after short-term traction reduces the length of hospital stay,
negative psychosocial effect on children, burden on the hospital
management and expenses of the patient’s family, similar to
immediate spica casting application when compared to traditional
casting after long-term traction.[20-22].
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Simple complications such as plaster softening, soiling and
superficial skin irritation are more frequent, especially in patients
treated with early hip spica cast [23]. Rarely, hip spica casting has
serious complications such as superior mesenteric artery syndrome,
peroneal nerve damage and compartment syndrome [24]. In
our study, no significant complications requiring a cast revision
(wedging or removing and re—spica casting) were encountered,
since the cast was applied after the swelling had resolved.

The retrospective nature of the study and the small number of
patients in the two groups are among the limitations of the present
study. Besides, the fact that we perform the casting process under
sedation in the short-term traction method creates a disadvantage
in terms of anaesthesia risks and costs compared to the long-term
traction method [25].

Conclusion

Preschool childhood diaphyseal femur fractures can be
successfully treated using many conservative treatment methods.
Due to its sufficient stability and short length of hospital stay, hip
spica cast application after short-term traction can be used as a safe
alternative method to immediate hip spica casting and hip spica
casting methods after traditional long-term traction.
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