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Abstract: Objective: To investigate the effects of external fixation on hospitalization time, fracture healing time and
complication rate of pediatric fracture. Methods: Eighty children with fracture treated in our hospital from January
2015 to January 2017 were selected and divided into external fixation group (n=40) and internal fixation group
(n=40) in accordance with therapeutic methods. Children in internal fixation group were treated by internal fixation
while those in external fixation group were treated by external fixation. Hospitalization time, fracture healing time
and postoperative total complication rates of children in two groups were statistically analyzed. Results: Hospitalization time and fracture healing time of children in external fixation group were significantly shorter than those
in internal fixation group (P<0.05). Postoperative complication rate in external fixation group (10.0%, 4/40) was
significantly shorter than that in internal fixation group (20.0%, 8/40, P<0.05). Conclusion: External fixation is more
effective than internal fixation in reducing the hospitalization time as well as fracture healing time and lowering the
total complication rates of pediatric fracture, which is worthy to be popularized in clinic.
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Introduction
The 20th century has witnessed the huge development of internal fixation with steel plate,
intramedullary nail, etc. as fixation materials. It
is widely used in fracture and orthopaedic treatments, but limited in clinical application to
some extent because of its drawback of high
infection rate when the normal tissues are cut
via surgery and the fixation materials are
enclosed in vivo [1]. In recent years, however,
influenced by the high causative factors of limb
damage such as traffic accident, etc., trauma
tends to have increasingly complex forms and
growingly serious injuries. The principle of
external fixation is to insert into steel needle on
the bone through soft tissues like skin, meanwhile, assemble into some kind of mechanical
construction like connecting rod with extracorporeal device; this mechanical configuration is
firm and can effectively correct and treat fracture [2]. For better treatment on complex traumas, biomechanics of external fixation is further researched in clinic and the mechanics of

external fixators is constantly designed and
assessed at the same time; thus, external fixation has been widely used with each passing
day since 1950s [3]. External fixation has
unique advantages in the treatment of high
energy damage, long bone defect, etc. External
fixation plays a key role in the creations of suitably biomechanical and mechanobiological
environment for fracture healing and bone
lengthening [4]. It is mainly applied in the fixation of fracture at first, and it relies on external
fixators in the process of fixing the far end and
proximal end of fracture, which is more stable
than indirect external fixation such as splint and
gypsum [5]. In 1897, doctor Parkhill from
America designed the first modern external fixator [6]. For more than a century, it is continually updated, and today, circular fixation and
multi plane fixation have become popular.
External fixation makes full use of thinner mental needle or mental nail while penetrating into
the bone. Connecting with external fixator
makes strong fixation in vitro and expands fixed
range in the meantime. This process is strictly
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conducted on the basic of actual demand with
features of minimally invasion, convenience,
etc., that is why it is more suitable in fixing complexly traumatic fracture and correcting bone
malformation [7].
In clinical practice, manual reduction and gypsum fixation can correct the fracture of most
children. The greatest advantage of plaster
immobilization is noninvasive. But if the fracture lacks of stability, for example, if there
exists a trend of displacement and shortening
at the fracture end of short oblique fracture of
tibia and fibula, it will be difficult to effectively
maintain the fracture reduction when only
relies on plaster immobilization. The older the
children get, the slower the fracture healing is.
The joints of adjacent parts of fracture will
become stiff under the impact of plaster immobilization for a long time. Osteoporosis and disuse muscle atrophy will occur when lower limbs
are non-weight-bearing for a long time [8].
Internal fixation can achieve reliable fixation
and anatomic reduction, but the surgery will
certainly further damage soft tissues and may
cause infection and fracture nonunion, which
needs re-operation to take out internal fixator
and will increase children’s pain as well as the
charge; what’s worse, it will leave big and permanent surgical scar [9]. While closed reduction is the main approach of external fixation
fracture reduction and anatomic reduction.
Percutaneous pinning is performed in fixing
fracture and external fixator is fully used to
reduce the secondary damage to fracture site.
Closed reduction provides good preconditions
for fracture healing. Also, demolition of external
fixator is simple to operate and there is no need
to perform re-operation generally [10]. To better treat pediatric fracture and effectively improve the prognosis, this study compared the
therapeutic effects of external fixation with
internal fixation on pediatric fracture, finding
the former had more positive influences on
hospitalization time, fracture healing time and
total complication rates. Reports are as follows.
Materials and methods
General materials
Eighty children with pediatric fracture treated in
our hospital from January 2015 to January
2017 were selected. Inclusion criteria: All children were diagnosed with fracture via X-ray and
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CT examination. Themselves and all their parents were informed and signed informed consents. Exclusion criteria: Exclude those without
complete clinical data. Divide these 80 children
into external fixation group (n=40) and internal
fixation group (n=40) based on their therapeutic methods.
Methods
Children in internal fixation group were treated
by internal fixation technique, and then performed conventional open reduction and internal fixation [11]. Epidural anesthesia or general
anesthesia was performed for children first.
The fracture site was exposed by surgery, and
the fracture end was fixed. According to the different condition of fracture, various internal fixation was chosen to keep the position after
restoration. Priority should be given to vascular
compression or injury, and there was no soft
tissue between fracture ends. Calf anterolateral incision was made from the fracture end for
lower 1/3 tibial fracture, periosteum was
stripped, and soft tissues in the fracture end
was cleaned. Fracture reduction was performed
under the direct view, plate screws were pressured to fix, and two gramme needles were
intersected for supracondylar fracture of humerus. After humerus fracture end was exposed, local hematoma was removed. Then,
one gramme needle was inserted intomedial
epicondyle, and one was into lateral epicondyle, directed towards the upper part of the lateral condyle, the internal and external fracture
blocks was prized to make reduction of intercondylar fractures, and reduction condition
was observed by X-ray. If it was good, two original gramme needles were inserted into proximal fracture ends or two newgramme needles
were inserted into proximal fracture ends from
medial and lateral epicondyles to cross fix intercondylar fractures. And in the end, after total
hemostasis, the incision was sutured. Children
in external fixation group were treated by external fixation technique. Specific operation: patients underwent epidural anesthesia or intravenous anesthesia. Perform closed manual
reduction at first to those with closed fracture.
After that, put external fixator inside for traction
and fixation. If closed reduction failed or fracture displacement occurred, firstly open reduction should be performed in principle and then
external fixation followed. Fracture site was
opened, blood clots and soft tissues impacted
at the fracture broken end should be thoroughInt J Clin Exp Med 2017;10(8):12179-12185
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ly cleared. Fracture site was performed at the
fracture broken end under direct vision and
fixed temporarily. In this process, self-tapping
screws and external fixator for external fixation
were made full use. Then the fractured end was
further adjusted in order to recover the length
and biomechanical line of the fractured limbs.
For the patients with open fractures, the pollutants, small pieces of fractured bones, etc. in
their injury sites were removed completely, at
the same time, their periosteum and soft issues
at the fracture broken end were protected in
priority. For the patients with humeral fractures,
their radial nerves were protected effectively
and injuring radial nerves was avoided strictly.
For patients with large oblique bones existed in
the fracture broken end, self-tapping screws
were fixed in the main fracture segments at
first, to promote the increase of stability of fracture; then situ suture fixation of small fractured
fragments was carried out, and in this process,
absorbable lines were used to twine fractures.
Postoperative treatments
A drainage tubes was placed into the postoperative wound, and pulled out according to
patients’ physical conditions after 2 days. At
the same time, patient’s injured limb was raised
higher than the levels of his heart to provide a
good precondition for diminishing local edema.
Patients were allowed to carry out knee joints
and ankle joints exercises 2 days after operation, and do weight-bearing exercise 2 weeks
after operation. We did regularly X-ray examination every two weeks according to their fractured degrees during this period, and inspected
their fracture sites and healing degrees. In general condition, 6-12 weeks later, external fixation devices could be removed gradually according to patients’ fracture healing degrees
strictly. Patients should active their distal or
proximal joints of tibia fractures as early as
possible so as to recover functions of joints.
Observation indexes
The hospitalization time and fracture healing
time in the two groups were observed and
recorded. Meanwhile, wound infections, traumatic arthritis, traumatic ossification, ankylosis
and other postoperative complications in the
two groups were collected.
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Statistical analysis
SPSS20.0 statistical software was used to analyze data, postoperative complications and
other enumeration data were presented as percentage (%), Chi-square test was adopted to
test comparisons between the two groups;
_
standard deviation ( x ±s) was used to express
hospitalization time and fracture healing time
and other measurement data, t test was adopted to test comparisons between the two
groups, and the test criterion was a=0.05.
Results
Comparison of the general data between the
two groups
Among children in the external fixation group,
there were 25 males and 15 females from 3 to
12 years old, with an average age of (7.1±3.2)
years old; their course of disease was 0.6h-3d,
with an average course of (5.4±2.2) d. As for
classifications of fracture, 30 cases were
closed fracture, and 10 cases were open fracture; as for types of fracture, 15 cases were
fracture of middle lower 1/3 segment of tibia,
11 cases were humeral shaft fracture, 9 cases
were supracondylar fracture of humerus, 5
cases were intercondylar fracture of humerus;
as for sites of fracture, 23 cases were one site,
17 cases were two sites or more; as for causes
of fracture, 26 cases were caused by traffic
accident injury, 10 cases were falling-down
injury, 3 cases were crashing injury, 1 case was
chopped injury. Among children in the internal
fixation group, there were 23 males and 17
females from 4 to 12 years old, with an average
age of (7.6±3.1) years old; their course of disease was 0.5 h-3 d, with an average course of
(5.2±2.3) d. As for classifications of fracture,
31 cases were closed fracture, and 9 cases
were open fracture; as for types of fracture, 16
cases were fracture of middle lower 1/3 segment of tibia, 10 cases were humeral shaft
fracture, 8 cases were supracondylar fracture
of humerus, 6 cases were intercondylar fracture of humerus; as for sites of fracture, 24
cases were one site, 16 cases were two sites
and more; as for causes of fracture, 25 cases
were caused by traffic accident injury, 11 cases
were falling-down injury, 2 cases were crashing
injury, 2 cases were chopped injury. There was
no significant difference among gender, age,
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Table 1. Comparison of the general data between the two groups
Variable

External fixation Internal fixation
group (n=40)
group (n=40)

Classification

Gender
Male

25 (62.5)

23 (57.5)

Female

15 (37.5)

17 (42.5)

t/χ2

P

2.71

0.124

Age (year)

7.1±3.2

7.6±3.1

1.886

0.355

Course of disease (d)

5.4±2.2

5.2±2.3

1.638

0.256

4.61

0.655

1.32

0.325

2.77

0.352

4.11

0.325

Fracture classifications
Closed fracture

30 (75.0)

31 (77.5)

Open fracture

10 (25.0)

9 (22.5)

Fracture of middle lower 1/3 segment of tibia

15 (37.5)

16 (40.0)

Fracture of humeral shaft

11 (27.5)

10 (25.0)

Supracondylar fracture of humerus

9 (22.5)

8 (20.0)

Intercondylar fracture of humerus

5 (12.5)

6 (15.0)

One site

23 (57.5)

24 (60.0)

Two and more sites

17 (42.5)

16 (40.0)

Traffic accident injury

26 (65.0)

25 (62.5)

Falling down injury

Fracture types

Fracture sites

Cause of injury
10 (25.0)

11 (27.5)

Crashing injury

3 (7.5)

2 (5.0)

Chopped injury

1 (2.5)

2 (5.0)

Comparison of hospitalization expenses
between the two groups

Table 2. Comparison of hospitalization time_and fracture healing time between the two groups ( x±s)
Group
External fixation group
Internal fixation group
t
P

Case
40
40

Hospitalization Fracture healing
time (d)
time (d)
7.5±2.8
61.3±12.8
14.2±6.2
75.6±20.1
4.303
3.182
0.023
0.026

course of disease, types of fracture in the two
groups (P>0.05), so it was with comparability,
see Table 1.
Comparisons of hospitalization time and fracture healing time between the two groups
The hospitalization time, fracture healing time
of the external fixation group were significantly
shorter than those of the internal fixation group
(P<0.05), see Table 2 and Figure 1.
Comparison of intraoperative blood volume
between the two groups
There was no statistical significance in intraoperative blood volume between the two groups
(P>0.05), see Table 3 and Figure 2.
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There was no statistical significance in
differences of hospitalization expenses
between the two groups. (P>0.05), see
Table 4 and Figure 3.
Comparison of postoperative complications between the two groups

Postoperative complication rate in external fixation group (10.0%, 4/40) was significantly
lower than that in internal fixation group (20.0%,
8/40), (P<0.05), see Table 5.
Discussion
Pediatric fracture belongs to a kind of pediatric
trauma which is common clinically. The main
difference between pediatric fracture and adult
fracture is epiphyseal plate. If there is no proper treatment for pediatric patients with epiphyseal injury, it will lead to bone growth stagnation or deformity. Therefore, active and effective
protection should be carried out to epiphyseal
plate during the process of the treatment for
pediatric fracture [12]. Plaster splint external
fixation and open reduction with internal fixaInt J Clin Exp Med 2017;10(8):12179-12185
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Figure 1. Comparison of hospitalization time and fracture healing time between the two groups. A. Comparison of
hospitalization time between the two groups, *P<0.05; B. Comparison of fracture healing time between the two
groups, *P<0.05.

osteum, so the healing speed of fractureis seriously affected [14].

Table 3. Comparison of intraoperative
blood volume
_
between the two groups ( x±s)
Group
External fixation group
Internal fixation group

Case
40
40

Intraoperative
t
P
blood volume (ml)
125.3±10.4
1.476 0.255
130.2±10.3

Figure 2. Comparison of intraoperative blood volume
between the two groups, ns, P>0.05.

tion are traditional methods of treating pediatric fracture commonly used in clinic. Besides,
plaster splint external fixation lacks precise fixation and has many complications, so it easily
causes fracture deformity on corresponding
fracture site, thereby leading to obstacle of
limb movement [13]. Open reduction with internal fixation has great damage to body and
causes serious skeletal injury in some cases.
Serious adverse effects will occur in pediatric
skeletal growth and development once epiphyseal plate is damaged. And due to fast healing
speed of pediatric fracture, open reduction and
internal fixation easily causes damage to peri12183

In the treatment of trauma, superiorities of external fixation are reflected in
the following aspects specifically. First,
it has wide range of application. Modern
external fixator has high quality, good
stability and flexible and diverse assembling
forms. It is extremely useful in all kinds of complex or simple fractures of the trunk and limbs,
especially for severe bone defect, comminuted
fracture, etc. It is effective in maintaining the
length and force line of injured limbs, thereby
providing effective prerequisite to necessary
follow-up treatment and fracture healing.
Second, it has flexible fixed range. According to
the design principle of external fixator, fixed
range can be selected based on actual requirements: fix a single bone or fix bones across
joint. Over-articular fixation can increase fixation stability in the course of treatment of intraarticular fracture and adjacent joint fracture.
Furthermore, it has reliable fixed effect. Modern
external fixation fully utilizes conical screw nails
fixation and other techniques to promote the
stability of system. Fracture angulation and
bone displacement caused by unstable external fixator rarely occur in the course of fixation.
A stable system can effectively eliminate the
shearing stress that leads to adverse effect of
fracture healing and provides a good prerequisite for micro-axial motion of fracture healing.
Meanwhile, it effectively guarantees early postoperative activities and load-bearing needs of
patients, as well as provides a good prerequisite for rehabilitation and early return to society
of patients. In addition, it is able to deal with
open injury of soft tissues simultaneously. The
Int J Clin Exp Med 2017;10(8):12179-12185
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allows simultaneous treatment
of bone and soft tissue damage,
as well as osseous apposition
Hospitalization expenses
Group
Case
t
P
and orientation won’t be affect(thousand Yuan)
ed after fracture reduction. Last,
External fixation group 40
11.1±2.2
1.533 0.645
the operation is minimally invainternal fixation group 40
10.2±3.1
sive. Percutaneous needle/nail
will damage the soft tissues,
which is the only surgical trauma of external
fixation, and patients almost have no blood
loss, so it won’t directly affect the fracture site.
Removal of the external fixator does not promote the second surgical trauma [17, 18]. The
results of this study showed that the postoperative total complication rate of pediatric patients
in the external fixation group was (10.0%, 4/40
significantly lower than that in the internal fixation group (20.0%, 8/40, P<0.05), indicating
that the external fixation is more effective in
reducing the incidence of complications in
pediatric fracture patients. This probably due to
the fact that external fixation can maximize the
protection of epiphyseal plate and periosteum
so that it will not be damaged, which contribFigure 3. Comparisons of hospitalization expenses
utes to the reduction of the impact of bone
between the two groups, ns, P>0.05.
development in children and provides a good
prerequisite to relatively fast healing speed of
results in this paper showed that the hospitalpediatric fracture [19]. Therefore, compared
ization time and fracture healing time in the
with other treatment methods, external fixation
external fixation group were significantly shorttreatment has a significantly treatment effect.
er than those in the internal fixation group
Meanwhile, small surgical operation difficulty,
(P<0.05). It may because the external fixator
less trauma and less complication enable
can provide the exact external fixation to preexternal fixation technique extremely applicavent displacement of fracture segments effecble in primary hospitals [20].
tively during the treatment of pediatric fracture.
In conclusion, the external fixation technique is
Meanwhile, longitudinal traction can enable
valuable to be applied extensively in clinic,
stress occur on the longitudinal direction of
because it is more effective in shortening the
fracture segment, to provide a good prerequihospitalization time and fracture healing time
site for fracture healing.
and reducing complication rate of pediatric
patients than the internal fixation technique.
High-energy injury results in serious fracture
However, due to the small sample capacity of
and easily induces severe soft tissue injury,
this study, the results may not have representasuch as large area of skin stripping injury and
tiveness and universality; more samples should
open fractures. Additionally, relevant medical
be added to further studies by relevant medical
studies have confirmed that the infection rascholars.
tes of contaminated wounds increase to a large
extent under the effect of metallic foreign body
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needle of the external fixator and wound can be
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fairly far, which effectively avoids the direct
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fixation needle can give a full play of drainage
Province, China. Tel: +86-0539-2225007; Fax: +86to significantly reduce the morbidity of severe
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intraosseous infection. Stable external fixation
Table 4. Comparison
of hospitalization expenses between the
_
two groups ( x±s)
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Table 5. Comparison of postoperative complications between the two groups (case, %)
Group
External fixation group
Internal fixation group
χ2
P

Case
40
40

Infection Traumatic arthritis Traumatic ossification
0 (0)
1 (2.5)
1 (2.5)
3 (7.5)
1 (2.5)
2 (5.0)
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