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Abstract...

Objectives: Femoral shaft fractures associated with multiple injuries are commonly encountered
in school-age children. Clinical outcomes of non-surgical management of pediatric femoral shaft frac-
tures with high-energy multiple injuries are not well characterized. In this study, we evaluated the
early and mid-term clinical outcomes of non-surgical management of pediatric femoral shaft frac-
tures with high energy multiple injuries in our setting.

Patients and methods: Retrospective review of school-age children with femoral shaft fractures
managed non-surgically at the orthopedics department over a 3-year period.

Results: Eleven patients (6 boys and five girls; mean age: 7.2 years) with femoral shaft fractures
associated with multiple injuries qualified the inclusion criteria. All fractures in this study population
were sustained in road traffic accidents. Seven patients recovered very well. Basic functional recov-
ery of lower limbs was satisfactory. Two patients had residual joint dysfunction, 4 patients showed
abnormal gait, while 4 patients showed varying degrees of limp because of lower limb length dis-
crepancy.

Conclusion: Clinical outcomes of non-surgical management of pediatric femoral shaft fractures at
our center were comparable to the outcomes of other management approaches. Conservative man-
agement that shortens the duration of hospital stay without increasing cost of management should
be encouraged.
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Introduction

Femoral shaft fracture is a common injury in children that
accounts for about 33.7% of long bone fractures [1] and about
10% of all lower limb fractures [2]. It is most common in pre-
school-age children (age <6 years) and the peak age at onset
is approximately 5 years [3]. The ratio of male to female pa-
tients is approximately 3:1, and the late preschool period is
another peak period of its occurrence [4,5]. The predominant
cause of femoral shaft fracture in the early preschool period is
low-energy injuries and most of these are simple femoral shaft
fractures. However, in school-age children femoral shaft frac-
tures are often caused by high-energy injuries, such as road
traffic accidents or fall from height, and are often accompanied
by compound injuries [6,7]. Femoral shaft fracture heals rap-
idly. Minimal overlap, angulation, or shortening tend to correct
spontaneously with remodeling. Several studies have compared
the clinical outcomes of conservative and surgical management
of these fractures in school-age children [8,9]. However, there
is no consensus on the optimal method for treatment of pe-
diatric femoral fractures, especially with respect to long-term
outcomes [8]. The selection of therapeutic modality between
non-surgical treatment with home traction [10,11] and surgi-
cal management with internal or external fixation [12,13] is in-
fluenced by several factors, including age of the child, fracture
site and location, associated trauma, surgical timing, and family
circumstances [14,15].

Nonetheless, few studies have assessed the clinical out-
comes of non-surgical management of pediatric femoral shaft
fractures with high-energy multiple injuries. Therefore, in the
present study, we evaluated the early and mid-term clinical out-
comes of non-surgical management of pediatric femoral shaft
fractures with high-energy multiple injuries in our setting.

Material and methods

This study was a retrospective analysis of all school-age chil-
dren with femoral shaft fracture who were managed nonsurgi-
cally at the Orthopedics Department of the Children’s Hospital
Affiliated to Soochow University between January 2015 and
June 2017 (Table 1).

The inclusion criteria were: patients aged <15 years who pre-
sented with multiple trauma at the time of admission.

The exclusion criteria were: patients with osteogenesis im-
perfecta congenita, cerebral palsy, intra-articular or growth-
plate fracture, pathological femoral shaft fractures (including
bone cysts, metabolic bone disorders, or osteomyelitis), or
open femoral shaft fractures. Data pertaining to the following
baseline characteristics were extracted from the medical re-
cords: sex, age, parents’ occupation, schooling status, cause of
femoral shaft fracture, time interval from fracture occurrence
to presentation, and details of any associated injuries.

Table 1: Demographic and clinical characteristics of the study population.

Case Sex Age (years) Shock Traction time Che‘st ar_‘d. Head injury Pelvic injury Poly Fractures Comminuted
(days) abdominal injury fractures
1 Boy 9 Yes 28 Yes Yes Yes No Yes
2 Boy 7 Yes 46 No No No Yes Yes
3 Boy 11 Yes 57 No No Yes Yes Yes
4 Girl 5 Yes 28 Yes Yes No Yes No
5 Girl 5 No 28 No Yes No Yes Yes
6 Girl 5 No 26 Yes Yes No Yes Yes
7 Boy 6 Yes 23 No No Yes Yes No
8 Boy 6 No 33 Yes No Yes Yes Yes
9 Girl 8 No 28 No Yes No Yes No
10 Girl 6 No 28 No No Yes No No
11 Boy 7 No 0 No No No Yes Yes

Therapeutic procedures

Femoral shaft fractures were confirmed by anteroposterior
and lateral x-rays of the femur after patient resuscitation. The
pattern was defined including site of fracture, degree of com-
minution, and displacement. Based on the site of the fracture,
skin or bone traction was applied from the ankle to just above
the knee. For children <3 years of age, skin traction is the com-
monly used method for treatment of femoral shaft fractures.
For children >5 years of age, continuous and stable bone trac-
tion facilitates fracture reduction and maintenance of stability
and tends to correct the angulation and shortening caused by
muscle spasm.

Weights used for skin or bone traction depended on the age
and weight of the patient. Weights of all school age children

were determined by subtracting the weight of the mother from
that measured while the mother carried the child in her arms.
Clinically, we determined the exact amount of weight by gaug-
ing the length of the injured leg and comparing it with that of
the uninjured limb. X-rays were reviewed weekly during hospi-
talization, and hip herringbone plaster fixation was performed
after appearance of continuous and abundant callus on the x-
rays. 4-6 weeks later, patients were gradually required to bear
weight and walk according to the condition of fracture healing
on x-rays. Bone traction was usually applied to the distal femur
or proximal tibia with appropriate positioning. However, for
some school-age children with life-threatening injuries to head,
chest, abdomen, or pelvis, hip herringbone plaster fixation was
performed in emergency. After the vital signs are stable, bone
traction or surgical treatment would be carried out.
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Results

A total of 11 children [six boys and five girls; mean age: 7.2
years (range, 5-12)] qualified the selection criteria and were
included in this study (Figures 1-4). All patients had sustained
femoral shaft fracture in a road traffic accident. None of the pa-
tients were treated by one-stage surgery. The follow-up time
ranged from 3 months to 45 months. During the follow-up pe-
riod, strong healing with blurring or disappearance of the frac-
ture line was observed on x-rays. None of the patients devel-
oped pressure sores, infection, osteomyelitis, delayed healing,
or nonunion (Table 2).

Seven patients had varying degrees of angulation deformity
at the fracture end. Six patients had sagittal angulation while
2 patients had coronal angulation deformity. One patient de-
veloped redness and swelling around the nail canal. Two pa-
tients developed joint dysfunction, 4 patients had abnormal
gait, while 4 patients had varying degrees of limp because of
unequal length of lower limbs. Functional recovery was satisfac-
tory in the remaining patients.

Seven patients recovered very well. However, the remaining
4 patients had slightly poor outcomes. Their details are sum-
marized below.

Figure 2 shows the x-ray of a patient who presented with
bilateral femoral shaft fracture with comminution of the left
femoral shaft. Post-treatment residual length difference be-
tween the two lower limbs was approximately 0.5 cm and the
patient walked with a limp (Figure 2). Figure 3 shows the x-ray

Table 2: Clinical outcomes in the study population.

Case Duration of follow-up (M) | Leg shortening Limp
1 16 Yes Yes
2 26 Yes Yes
3 45 Yes Yes
4 19 Yes Yes
5 34 No No
6 30 No No
7 27 No No
8 14 No No
9 16 No No
10 17 No No
11 32 No No

of a patient who presented with fracture of different parts of
the femur on both sides, and the right proximal femur had a
comminuted fracture. Moreover, the limb length discrepancy
was approximately 4 cm, and patient walked with a limp. Post-
treatment, hip joint mobility was affected by hip varus defor-
mity. Figure 1 shows the x-rays of a patient who presented with
comminuted femoral shaft fracture with central nervous sys-
tem injury. One year post-treatment, he showed limb shorten-
ing with healed deformity. In addition, there was overlapping
and lateral angulation at the fracture site (Figure 1). Another
patient had sustained a transverse fracture of the right femoral
shaft. His right lower limb was shortened by approximately 0.5
cm with a sagittal angle of about 30° after one and a half years
of treatment; the patient walked with a slight limp (Figure 4).

rrrrrr

Figure 1: A 9-year-old child with left femoral shaft fracture.
Follow-up x-ray shows coronal angle of approximately 25° and
sagittal angle of approximately 20°.

Pain Range of motion | Sagittal angle | Coronal angle
No Less 20 25
No Good 0 20
Yes Limited 0 0
No Good 30 0
No Good 10 0
No Good 5 (Left) 0
No Good 0 0
No Good 5 0
No Good 0 0
No Good 10 0
No Good 0 0

Figure 2: A 7-year-old child with bilateral femoral shaft comminuted fracture. Follow-up x-ray shows 20° coronal angle in the
right leg.
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Figure 3: An 11-year-old boy with right femoral comminuted
fracture of proximal end and left distal femoral shaft comminuted
fracture. Right lower limb shortening is about 4 cm with coxa
vara.

Figure 4: A 5-year-old girl with right femoral shaft fracture.
Follow-up x-ray shows right lower limb shortening by approxi-
mately 0.5 cm; the sagittal angle is about 30°.

lllustrative cases

Case 1: A 9-year-old boy suffered from central nervous sys-
tem injury, epidural hemorrhage, contusion of both lungs and
spleen, and fracture of the left femoral shaft. He was admitted
to the ICU of our hospital. The child was delirious at admission,
accompanied by acute central system damage and shock. His
vital signs were: heart rate, 164 beats/minute; respiratory rate
30/minute; oxygen saturation (pulse oximetry), 84%; blood
pressure, 110/64 mmHg. He was intubated and placed on venti-
latory support. Blood transfusion and antibiotics were adminis-
tered to maintain vital signs. Each department considered con-
servative treatment after consultation. Femoral shaft fracture
was treated with tibial tubercle bone traction. Eight days later,
his vital signs gradually stabilized, and he was transferred to the
common ward. Review x-ray showed satisfactory alignment and
signs of callus formation. His parents requested conservative
treatment. Finally, he was discharged from the hospital after
plaster fixation (Figure 1).

Case 2: A 5-year-old girl sustained severe injuries in a road
traffic accident which included lung contusion, spleen contu-
sion, right femoral fracture, left supracondylar fracture of hu-
merus, and multiple skin contusions. The girl was in shock at
admission and was admitted to the ICU of our hospital. Her
heart rate was 143 beats/minute and blood pressure was 96/55
mmHg, which gradually decreased to 79/47 mmHg. She was
placed on ventilator support after endotracheal intubation.
Symptomatic treatment such as blood transfusion and antibiot-

ics were administered to maintain vital signs. After consultation
with various departments, a conservative line of treatment was
adopted. Tibial tubercle bone traction was applied for the right
femoral fracture. Owing to gradual stabilization, she was trans-
ferred to the general ward after 13 days. X-ray showed callus
formation at the fracture site. Since the operation time was lost,
conservative treatment was continued. The patient was dis-
charged after replacing plaster fixation at four weeks (Figure 4).

Discussion

Many therapeutic modalities have been developed for femo-
ral shaft fractures sustained as part of high-energy multiple in-
juries in school-age children that can be treated conservatively
or surgically. None of these approaches have yielded superior
long-term clinical outcomes [8,6]. There is no consensus on the
preferred management approach, although surgical procedures
are increasingly used, especially for older children [8,17]. Usu-
ally, transverse fractures in children aged >6 years are treated
using internal fixation with flexible intramedullary nails in the
middle 60% of the femoral diaphysis [18,19]. Surgical treatment
of femoral shaft fractures is resource intensive and is one of
the most expensive trauma to manage in school-age children
[20,21]. Financial constraints often lead to delay in surgical treat-
ment of femoral shaft fractures, which increases hospitalization
time before operation [22]. Moreover, surgical management of
school-age children with femoral shaft fractures combined with
high energy multiple injuries are not typically covered by health
insurance. In addition, some of these patients are not suitable
for surgical treatment or miss the optimum opportunity for sur-
gery and have to receive conservative treatment. Lastly, some
parents may themselves request conservative treatment [23].
Therefore, it is not surprising that skin traction is the most com-
monly used therapeutic modality for femoral shaft fractures in
school age children in our setting. To the best of our knowledge,
non-surgical management like early skin or bone traction fol-
lowed by spica cast application is cost-effective and often the
best method in school-age children [24-26]. In our study popu-
lation, bone traction for patients aged >5 years was only used
in patients who developed allergic reaction, plaster pressure
sore, or skin infection due to extensive abrasions of their leg.
Hip spica casting in our study population was utilized after a
short period of bone or skin traction (generally 3 weeks). The
use of hip spica casting was limited by the level of understand-
ing of most parents, level of education, and their ability to treat
a child with hip spica application at home. Early hip spica ap-
plication has the advantage of overall lower cost of manage-
ment and shorter length of hospital stay [11,27,28]. The major
challenge and drawback of non-surgical management is the
unequal length of lower limbs in our setting. It is the most com-
mon complication of femoral shaft fractures in children, mainly
manifested as overgrowth [29]. Most of these cases develop
limb length discrepancy in the first two years after the fracture,
especially in the first three months; subsequently, it tends to
disappear gradually within two years after the fracture. Some
cases had growth disorder of the affected limb. The main rea-
son was v-shaped epiphyseal injury, which caused premature
epiphyseal closure and the formation of bone-bridge. There
were 3 patients in this study, of which one patient with fracture
of tibia and fibula had unequal length of lower limbs during fol-
low up. This is likely attributable to the tendency of high energy
injury to cause v-shaped epiphyseal injury, and muscle contrac-
tion causes shortening of the fracture end. Especially for com-
minuted fracture, the unstable fracture end increases the risk of
shortening of the affected limb.A second challenge and draw-
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back of non-surgical management is angulation and rotational
deformity. For children aged 6—10 years, the coronal angle is
<10°, sagittal angle is <15°, and it is shorter than 15 mm on the
standard x-ray. However, for children older than 11 years, the
coronal angle is <5°, the sagittal angle is <10°, and it is shorter
than 10 mm. Rotational deformities cannot be corrected by
themselves. Residual rotational deformities <10° generally do
not affect the limb function. Considering that all the children in
our study had multiple high energy injuries, some of them were
treated with one-stage emergency bone traction because of the
life—threatening injuries. By the time the vital signs of the chil-
dren were stable, some of the fractures had healed abnormally,
thus losing the opportunity for surgery. Therefore, the chance
of adjusting the weight and direction of bone traction was lost.
The incidence of angulation and deformity healing is relatively
high for these children.

Conclusion

Owing to the life-threatening nature of high-energy injuries
and the priority given to life support, the opportunity for sur-
gical treatment of femoral shaft fractures may be lost in such
patients. This increases the incidence of angulation deformity
at the fracture site and the risk of limb length discrepancy and
joint dysfunction. However, the joint function tends to recov-
er well after functional exercises. To sum up, the clinical out-
comes of non-surgical management of pediatric femoral shaft
fractures in our environment is comparable to the outcome of
other management approaches. Further randomized controlled
studies are required to compare the clinical outcomes of non-
surgical with those of surgical management of pediatric femoral
shaft fractures.
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