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Abstract

Objective The management of length-unstable femoral shaft fractures(LUFSFs) in pediatric patients is still
controversial. This study aims to explore the clinical efficacy of ultrasound-guided closed reduction combined with
external fixation for treating LUFSFs in children.

Methods We conducted a retrospective analysis of clinical data from 19 pediatric patients with LUFSFs who
underwent ultrasound-guided closed reduction and external fixation between January 2018 and January 2023.
Ultrasound was employed not only to facilitate closed reduction of the fracture but also to guide real-time insertion
of Schanz pins and monitor pin length as it traversed the opposite cortex. Surgical time, intraoperative fluoroscopy
count, hospital stay length, fracture fixation duration, complication incidence, fracture reduction quality at the final
follow-up were recorded.

Results The patients'average age was 7.5 years(range: 5 to 11 years). The mean surgical duration was 70.4 min
(range: 48-105 min), and the average intraoperative fluoroscopy count was 6.5 (range: 2—16). Fracture fixation

lasted an average of 10.9 weeks (range: 7-20 weeks). All patients were followed up for more than one year. 6 cases

of superficial pin tract infection occurred, which resolved with oral antibiotics and enhanced needle tract care. No
deep infections were observed. Temporary stiffness of the knee joint was observed in 2 patients. According to Flynn's
efficacy evaluation system, fracture reduction quality at the final follow-up was rated as excellent in 11 cases and
satisfactory in 8 cases, yielding a combined success rate of 100% (19/19).

Conclusions The technique of ultrasound-guided closed reduction combined with external fixation offers favorable
outcomes for children aged 5 to 11 years with LUFSFs, reducing reliance on fluoroscopic guidance.
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Introduction
Femoral shaft fractures account for approximately 2%
of all pediatric fractures, with an annual incidence of
16 to 19 per 100,000, a major trauma in children [1, 2].
The management of pediatric diaphyseal femur frac-
tures remains variable and somewhat controversial [3].
Their treatment can be challenging, especially in cases
of length- unstable femoral shaft fractures (LUFSFs).
LUFSFEs have been defined as spiral, long oblique, or
comminuted fractures, with the length of the fracture
line being at least twice the diameter of the femoral shaft
at the level of the fracture [3—5]. While spica casting and
traction can be effective, they have drawbacks such as
excessive shortening, angular deformity, pain, and pro-
longed hospital stays. Heffernan et al. [6]. conducted
a multicenter comparative study and observed that in
comparison to spica casting, the use of titanium elastic
nails is a viable treatment option for femur fractures in
children. In children younger than 8 years old, both elas-
tic stable intramedullary nail and external fixation can
be considered as safe and effective choices for pediatric
femoral shaft fracture [7]. However, prior studies have
reported that LUFSFs treated with Titanium elastic nail-
ing have worse outcomes and a higher risk of reopera-
tions than length stable femur fractures [4, 5, 8, 9]. More
complications were observed in unstable femoral shaft
fractures treated with elastic stable intramedullary nail
[4, 5]. External fixation devices are a viable option for
stable fixation without anatomical reduction. There has
been an increasing interest in external fixation as a stan-
dard treatment for femoral fractures in children [10, 11] .

The reduction of radiation dose in X-ray imaging has
been recognized as a high priority in the medical com-
munity, especially for children who are the most vulner-
able patient population [12].In recent years, ultrasound
has emerged as a promising technology in the field of
pediatric fractures, providing a non-invasive, radiation-
free, and effective method for the diagnosis and treat-
ment of fractures. Ultrasound has been increasingly
utilized for the evaluation of musculoskeletal pathology
in pediatrics. Our team has been dedicated to the mini-
mally invasive treatment of pediatric fractures under
ultrasound guidance for more than 10 years, and have
achieved promising initial success, demonstrating the
potential of this approach in improving clinical outcomes
for young patients [13]. It has excellent testing character-
istics to diagnose long bone fractures in children com-
pared to the gold standard of plain radiographs [14, 15].
Yet, to our best knowledge, there is no research about the
intraoperative ultrasound-guided closed reduction and
external fixation of femoral shaft fracture.

This retrospective study aims to figure out the surgi-
cal outcomes of LUFSFs in children aged 5 to 11 years
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managed by ultrasound-guided closed reduction and
external fixation.

Materials and methods

Patient selection

The retrospective study was approved by our Institu-
tion’s Ethics Committee. The clinical data of children
with length-unstable femoral shaft fractures, who were
treated at our hospital between January 2018 and Janu-
ary 2023, were included after obtaining written consent
from their guardians. The study enrolled 19 pediatric
patients, among whom 11 presented with long oblique
fractures, 4 with spiral fractures, and 4 with comminuted
fractures. Children aged 5 to 11 years old were eligible
for inclusion. The inclusion criteria were as follows: (1)
length-unstable femoral shaft fracture confirmed on
AP and lateral radiographic images; (2) treatment with
ultrasound-guided closed reduction and external fixa-
tion; and (3) a follow-up period of more than one year
post-surgery. Length-unstable fractures were defined as
comminuted, spiral, or long oblique. According to the
AO Pediatric Comprehensive Classification of Long Bone
Fractures [16], the fractures analyzed in this study should
be classified as 32-D/5.1 and 32-D/5.2. Exclusion criteria
included: (1) bilateral femur shaft fracture; (2) pathologi-
cal fracture resulting from cerebral palsy, bone tumor, or
osteogenesis imperfecta; and (3) follow-up periods of less
than one year.

Ultrasonic apparatus
GE LOGIOe ultrasonic instrument(GE Healthcare, Mil-
waukee, WI, USA), 7.0~12.5 MHz variable frequency,
shallow surface transducer(GE Healthcare, Tokyo).
Optimal instrument settings significantly enhance the
sensitivity of the apparatus; consequently, the frequency
and penetration depth were meticulously adjusted to
acquire images of exceptional quality.
All surgeries were performed by the same experienced
pediatric orthopedic surgeon (PZ).

Surgical techniques
Under general anesthesia, the patients were placed in a
supine position with the surgical site being painted and
draped. An adequate quantity of sterile ultrasonic cou-
pling gel was applied to the sonographic transducer,
which, along with the connecting cable, was subsequently
enveloped in sterile plastic sleeves. Sterile bandages were
used to wrap and fix the plastic sleeve on the transducer’s
surface to prevent sliding. Throughout the surgical pro-
cedure, sterile coupling gel, povidone-.

iodine, alcohol, or even normal saline could be
employed between the sheathed ultrasonic transducer
and the skin surface of the patient’s thigh, enhancing the
clarity and resolution of ultrasound images.
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Closed reduction of a fracture was performed under
ultrasonic guidance using manual manipulation. The leg
was examined from four main directions: anterior, poste-
rior, medial, and lateral. The nature of cortical bone causes
reflection of ultrasound waves and produces a clear dis-
tinction from soft tissue, generating a hyperechoic reflec-
tion from the bony surface. The fracture is characterized
by a discontinuity in the hyperechoic reflection. Initially,
sagittal scanning was performed. The transducer was
positioned anteriorly on the thigh, systematically scan-
ning from the proximal to distal femur. The location of
the discontinuous hyperechoic reflection indicated the
fracture site. By evaluating the displacement of fractures
displayed in different directions on ultrasound images,
we can understand the extent of fracture displacement
and perform manipulative reduction in real time. Ultra-
sonography enables surgeons to precisely understand the
true angular position of femoral shaft fractures and to
continuously monitor reduction across multiple planes.
Similarly, coronal scanning and reduction was performed
subsequently. Prior to the insertion of the initial Schanz
pins, fractures were reduced under the guidance of
ultrasonography. The displacement, which encompasses
anterior or posterior, medial or lateral, and shortening
or lengthening directions, could be identified approxi-
mately. With gentle traction applied to the thigh by an
assistant, the surgeon skillfully realigned the fragment’s
tip using lateral digital pressure.

In cases where fracture reduction could not be achieved
by manipulation, a 2.5-mm to 3.0-mm K-wire was intro-
duced percutaneously, depending on the patient’s age
and size, under ultrasonographic supervision. Analogous
to the Kapandji [17] technique for treating distal radius
fractures, the K-wire was percutaneously inserted from
an anterolateral approach to the fracture site, function-
ing as a lever arm (K-wire leverage technique) to facilitate
fracture reduction.If an adequate reduction still could
not be achieved satisfactorily, we would insert Schanz
pins on both sides of the fracture. The primary surgeon
would grasp the Schanz pins on either side of the frac-
ture with both hands, using them as leverage to further
reduce the fracture in a precise manner. Typically, once
the Schanz pins had been positioned, only slight adjust-
ments were needed.

All children underwent ultrasound-guided closed
reduction and external fixation using AO-type hybrid
frame biplanar external fixators. The fractures were usu-
ally reduced before insertion of the Schanz pins under
ultrasonography guidance.After achieving satisfac-
tory realignment, four Schanz pins (Apex self-drilling)
with diameters of either 3.5-5 mm were meticulously
positioned via the anterolateral aspect of the femur
along the designated safe zone, thereby circumvent-
ing potential injury to the neurovascular structures.
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The initial proximal-inferior pin was inserted through a
lateral approach, utilizing minimal transverse skin inci-
sions and a manual drill, at a distance of approximately
2-3 cm proximal to the fracture line. During this process,
soft tissue preservation was ensured by employing a drill
sleeve. Subsequently, the second proximal-superior pin
was inserted into the femoral shaft along the same plane,
maintaining a perpendicular orientation to the shaft and
a parallel alignment to the first pin. The distal-proximal
pin was carefully inserted close to the fracture fragment,
while the distal-inferior pin was inserted approximately
3—4 cm to the epiphysis. During the drilling process,
ultrasonography was utilized to dynamically check the
direction of the needle in real time, to detect whether
the pins has protruded, and to measure the length of
the protrusion. It is essential to avoid placing the pins
too posteriorly or too proximally. After the insertion of
the pins, a rod was held with the clamp when the frac-
ture was deemed satisfactorily reduced without affecting
knee Range of Motion (ROM). Fluoroscopy is required
for confirming the entire location of external fixation
because US can identify only the near cortex of the bone.

Pin sites were enveloped by sterile gauze at surgery.
After surgery, full weight bearing was allowed. Physio-
therapy, including quadriceps strengthening exercise,
was provided during the hospitalization period, primarily
focusing on initiating mobilization utilizing crutches or
a walking frame. Knee ROM exercises were started 3—5
days postoperatively.

Caregivers or the children themselves were instructed
on the proper care of pin sites. Upon observation of
radiographic confirmation of union and the patient’s
ability to ambulate independently without experiencing
discomfort, external fixators would be removed in an out-
patient setting without anesthesia. Following the external
fixator’s removal, no external protection was used, and
the patients were permitted unrestrained weight bearing
except for a temporary delay in sport activities for 3 to 4
weeks.

Evaluation tools
Information about age, gender, body mass index (BMI),
laterality, fracture pattern, mechanism of injury, associ-
ated lesions, surgical time, intraoperative fluoroscopy
count, hospital stay length, fracture fixation duration,
complications, limb length discrepancy, and other addi-
tional pertinent findings was collected.[Tables 1 and 2].
After treatment, clinical and radiographic data were
collected during the follow up period. The patients were
followed up in the first month, second month, estimated
healing, sixth month after the injury and annually there-
after. At the last follow-up, the quality of reduction of the
femoral shaft fracture was assessed using Flynn’s grad-
ing system [18]. This system encompasses limb length
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Table 1 Characteristics of pediatric patients with LUFSF treated by US-guided closed reduction and external fixation

Case Age Gender BMI Laterality Fracture Pattern AO/OTA Injury Mechanism Associated Lesions
(kg/m2)

1 6.9 Female 15.2 Left long oblique 32-D/5.1 Fall -

2 7.1 Female 17.1 Right long oblique 32-D/5.1 Fall -

3 9.2 Male 16 Right spiral 32-D/5.1 vehicle accident -

4 84 Male 17.7 Left long oblique 32-D/5.1 Fall -

5 76 Female 18 Right spiral 32-D/5.1 Fall -

6 6.8 Male 153 Left long oblique 32-D/5.1 Fall -

7 8.6 Male 18.2 Left spiral 32-D/5.1 Fall -

8 9.1 Male 17.2 Left long oblique 32-D/5.1 Fall -

9 6.9 Female 14 Right comminuted 32-D/5.2 vehicle accident -

10 7.0 Male 17.7 Right long oblique 32-D/5.1 Fall -

11 5.1 Female 12.5 Left long oblique 32-D/5.1 Fall -

12 83 Male 237 Left comminuted 32-D/5.2 Fall -

13 6.3 Male 14.3 Left long oblique 32-D/5.1 Fall -

14 58 Female 17.1 Left long oblique 32-D/5.1 vehicle accident scalp

hematoma

15 11 Male 17.3 Right spiral 32-D/5.1 Fall -

16 6.2 Male 16.6 Right long oblique 32-D/5.1 vehicle accident -

17 6.8 Male 15.2 Right long oblique 32-D/5.1 Fall -

18 55 Male 15.8 Left comminuted 32-D/5.2 vehicle accident -

19 10.2 Male 18.7 Left comminuted 32-D/5.2 Fall -

Table 2 Surgery related information and postoperative information

Case Surgical time Intraoperativ-e  Hospital stay Fixation duration Complications LLD (mm) Flynn'’s
(min) fluoroscopy (days) (weeks) scale
count

1 56 7 6 8 - 6 Excellent

2 63 6 8 10 pin-site infection 5 Satisfactory
3 54 7 5 8 - 4 Excellent

4 48 5 9 9 - 8 Excellent

5 79 16 6 16 pin-site infection 5 Satisfactory
6 66 6 8 20 pin-site infection 11 Satisfactory
7 69 5 7 8 - 7 Excellent

8 72 4 8 8 - 3 Excellent

9 65 5 5 19 Knee joint stiffness 13 Satisfactory
10 58 4 6 8 pin-site infection 3 Satisfactory
11 95 14 4 7 - 4 Excellent
12 90 7 7 15 - 4 Excellent
13 68 2 4 8 pin-site infection 7 Satisfactory
14 105 13 8 8 - 8 Excellent
15 70 4 6 7 - 5 Excellent
16 76 6 5 20 Knee joint stiffness 6 Satisfactory
17 61 2 5 10 - 9 Excellent
18 65 3 8 10 pin-site infection 6 Satisfactory
19 77 7 6 9 - 7 Excellent

LLD, limb length discrepancy
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discrepancy, angular deformity, and complications, with
the excellent category defined as having a limb length
discrepancy of less than 1.0 cm, angular deformity less
than 5°, and no complications. The satisfactory cat-
egory is defined as having a limb length discrepancy of
1.0-2.0 c¢m, angular deformity less than 10°, and few or
resolvable complications. The poor category is defined
as having a limb length discrepancy of more than 2.0 cm,
angular deformity greater than 10°, with severe or persis-
tent complications.

Results

The study included 19 patients diagnosed with LUFSFs
who underwent treatment with ultrasound-guided closed
reduction and external fixation. Of the patients, 13 were
male and 6 were female. Table 1 provides a summary of
their general information. The patients’ ages ranged from
5.1 to 11 years, with an average age of 7.5 years. Of the 19
fractures, 11 occurred in the left limb and 8 in the right,
all of which were closed fractures. The causes of injury
were vehicle accidents for 5 patients and falls from height
for 14 patients. Based on the AO/OTA classification of
fracture type [16], 4 patients had type 32-D/5.2 and 15
patients had type 32-D/5.1. The average surgical time for
this group of patients was 70.3 min (ranging from 48 to
105 min), with an average number of 6.5 intraoperative
fluoroscopy count (ranging from 2 to 16). The external
fixation was removed at an average of 10.9 weeks (rang-
ing from 7 to 20 weeks), and no re-fractures occurred.
All patients were followed-up for more than 12 months
after surgery. At the final follow-up, the affected limbs
showed good function, with no restrictions in hip and
knee joint mobility compared to the unaffected side. At
the last follow-up, the reduction quality of femoral shaft
fractures was assessed using the efficacy evaluation sys-
tem proposed by Flynn et al. [18]. The results showed
that the reduction quality was excellent in 11 cases and
satisfactory in 8 cases, yielding a combined success rate
of 100% (19/19).All patients had no obvious deformities
such as angulation, shortening, overgrowth or rotational
malalignment, and the lower limb axis was restored well.
Although pin site infections were frequently observed
(6 out of 19), they were superficial and were effectively
managed with local pin care and a brief course of oral
antibiotics. None of the patients experienced any deeper
infections. None of the patients required intravenous
antibiotics or early removal of the external fixator due
to loosening. Temporary stiffness of the knee joint was
observed in 2 patients. At the last follow-up visit, two
patients exhibited a lower limb discrepancy greater than
10 mm. See Fig. 1 for typical case images.
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Discussion

Children are not miniature adults, and they possess
unique physiological characteristics. In cases of LUFSFs,
anatomical reduction is often unnecessary due to their
exceptional molding potential. Although both spica cast-
ing, or traction, followed by spica casting have the poten-
tial to achieve good healing effects, there are still many
problems. For example, early spica casting can easily lead
to excessive shortening and angular deformity, and there
are also many disadvantages for traction methods, such
as pain, skin complications, and prolonged hospital stay.
Due to enhanced understanding of the biology underly-
ing fracture healing alongside advancements in fixation
methods and operative techniques, there has been a gen-
eral trend towards operative intervention for stabilizing
femoral shaft fractures in the pediatric population [19].
While plate fixation effectively stabilizes fractures, it
involves longer surgical times and greater trauma com-
pared to other methods, such as elastic intramedullary
nailing, and is more likely to cause deformities like dis-
tal femoral valgus [20, 21]. Flexible intramedullary nail-
ing can be challenging in LUFSFs due to potential risks
of unacceptable shortening [22]. A strong note of ESIN
caution was struck by the Denver Children’s Hospital
group [5].They presented a shocking 62% overall com-
plication rate (major and minor) with the flexible nail
technique and largely attributed the risk of such com-
plications to LUFSFs. They concluded that in patients
with LUEFSFs, consideration should be given to methods
of treatment other than titanium flexible intramedullary
nails. While elastic intramedullary nails require higher
precision in fracture reduction to be effectively inserted
and fixed, external fixation devices are well-suited to the
physiological characteristics of pediatric femurs, as they
can achieve stable fixation without requiring anatomical
reduction, thereby facilitating early rehabilitation for the
young patients. Additionally, external fixators are asso-
ciated with lower levels of trauma than intramedullary
nails, and can be easily removed in an outpatient setting
without requiring a second hospitalization or anesthesia.
External fixation offers advantages in the stabilization of
these fractures, such as technical ease of manipulation,
minimal complication rates, and a low risk of physeal
damage, which can make it a beneficial option compared
to intramedullary nails or plating under specific circum-
stances [23].

Ultrasound-guided reduction and external fixation has
distinct advantages in the treatment of LUFSFs. Firstly,
without the use of radiation, real-time ultrasound can
be used to observe the fracture end and determine the
direction of displacement from the four longitudinal sec-
tions of the femur’s anterior, posterior, medial, and lateral
sides. During reduction, the first and second assistants
maintain continuous traction, while the surgeon uses
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Fig. 1 (a, b) :a long oblique femur shaft fracture in an 5.8-year-old girl; (c, d): postoperative radiographs; (e, f):removal of EF; (g): X-ray AP and lateral view
of the same patient 18 months postoperative.(a;b’):The ultrasound image before the reduction of the fracture; hyperechoic lines representing the cortical
bone at both sides of the fracture indicated by the arrowhead. The high density of the cortical bone induces the reflection of a substantial proportion of
ultrasonic waves, consequently constraining ultrasonography to the examination of just one side of the cortical bone. However, this limitation does not
hinder our intraoperative observations and assessments of fractures from various directions.(c,d’):Real-time ultrasound-guided reduction and fixation had
been performed at the fracture site and the alignment of the fracture improved markedly. (c’,d"):the curved arrow in ¢”indicated the entry point of the
Schanz pin, while the arrowhead indicated the distal femoral epiphysis. The curved arrow in d”indicated the exit point of the Schanz pin.The ultrasound
imaging features facilitated the selection of appropriate needle insertion points, avoiding the growth plate and fracture site, and providing real-time

information on the length of Schanz needle penetration, obviating the need for repetitive fluoroscopic guidance

ultrasound to examine the fracture’s distal end from the
four longitudinal sections to determine the direction of
displacement and instruct the assistants to adjust the
traction direction and force to reduce the fracture.
Secondly, the surgeon can adjust the fracture alignment
under ultrasound guidance by holding the Schanz pins at
both ends of the fracture. The Schanz pins appear as bright
signals on the ultrasound image, allowing us to monitor
whether the pin has penetrated the opposite cortical bone
and measure its protruding length during the needle-pene-
tration process without relying on fluoroscopy. Ultrasound-
guided treatment of LUFSFs can effectively reduce surgical

time, and when the ultrasound examination shows good
alignment of the fracture end on the four longitudinal sec-
tions, indicating good reduction, the combination of exter-
nal fixation can be performed under ultrasound guidance
and monitoring. Ultrasonography was used in the diagnosis
of children forearm fractures, with a sensitivity of 91.5% and
a specificity of 87.6%, no better or worse than X-ray [24].
Thanks to the real-time ultrasound system, surgeons can
continuously observe the translation and angulation while
manipulating the distal segment to reduce the fracture with-
out radiation exposure [25].
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Thirdly, ultrasound examination can accurately identify
the femoral distal epiphysis and facilitate needle insertion
for the distal segment’s fracture location, avoiding epiphy-
seal injury and repeated needle penetration, which can-
not be shown by X-ray examination due to the cartilage
covering the epiphysis. In addition, ultrasound can reduce
radiation exposure to both doctors and patients during the
operation. Intraoperative fluoroscopy produces ionizing
radiation, and although the current clinical radiation dose
is small, children’s growing bone tissue is more sensitive to
radiation and more susceptible to X-ray damage [26]. Zhang
et al. conducted a comparative study between ultrasound-
guided reduction and fixation of pediatric femoral shaft
fractures and traditional radioscopy-guided reduction and
fixation. The findings revealed that the average number of
radioscopy instances in the radioscopic group was 51.6
times, while the intraoperative average number of radios-
copy instances in the ultrasound group was only 13.8 times.
Notably, the utilization of ultrasound guidance resulted in
a significant reduction (p<0.05) in the average number of
radioscopy instances during the procedure, as compared
to the procedures that relied solely on radioscopy guidance
[27]. In the group of our study, the average number of intra-
operative fluoroscopy was only 6.5 times. This data not only
highlights the reduced radiation exposure compared to tra-
ditional fluoroscopy-guided surgery and ultrasound-guided
ESIN fixation, but also emphasizes ultrasound’s efficacy in
minimizing radiation exposure during complex or unstable
fracture treatments.

Before implementing this technique, the operator must
receive training in ultrasound imaging of the morphology
of the distal femoral epiphysis and shaft in children. Com-
paring the ultrasound images of the affected and unaf-
fected sides can facilitate the accurate diagnosis of fractures.
According to Hedlin et al. [28], physicians without prior
ultrasound experience can achieve the same level of diag-
nostic ability as experienced ultrasound imaging physicians
after attending a 1.5-hour course on ultrasound diagnosis of
pediatric distal radius fractures.A prospective observational
study conducted by Thomas et al. [29] revealed that, after a
standardized formal training session lasting 1 h, non-ultra-
sonographers were able to perform ultrasound-based detec-
tion of long-bone fractures with relative ease. Notably, none
of the physicians possessed prior ultrasonography expertise.
Following the training, the participating physicians com-
mented on the apparent ease of identifying mid-shaft frac-
tures of the femur or humerus.Ultrasound shows promise as
an effective diagnostic imaging tool in fracture detection.

It must be noted that with extremity fractures, the risk
of X-ray radiation exposure during surgery is much higher
for surgeons, assistants, and anesthetists than for patients,
due to the frequent nature of such procedures for them.
Compared with other radiation-exposed workers, ortho-
pedic surgeons are at significantly higher risk of developing
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malignant disease [30]. It is crucial to raise awareness of
radiation exposure among orthopedic surgeons, and to
make concerted efforts to minimize exposure during sur-
geries, not only for the health of surgeons themselves but
also for the entire surgical team [31]. Ultrasound-guided
surgery can reduce the need for fluoroscopy during proce-
dures, thereby lessening radiation exposure to the surgical
team. However, patients are not only exposed to radiation
during surgery; follow-up visits often require multiple X-ray
examinations, which also involve radiation. Although ultra-
sound is helpful for fracture reduction and fixation, it pri-
marily reduces radiation exposure during surgery. The use
of ultrasound to assess fracture healing post-surgery is still
not a mature technology and requires further research.

Typical soft tissue complications after external fixation of
femoral fractures encompass pin tract infections, pin site
scarring, and a reduced range of motion in the knee joint.
The most common complication is infection or inflamma-
tion at the site of the pin. Pin tract infection and drainage
were quite common during the application of an external
fixator[ [32]. In our study, 6 cases of superficial pin tract
infection occurred, which resolved with oral antibiotics
and enhanced needle tract care. No deep infections were
observed. In our cases, the visibility of resultant scars in our
cases was dependent on whether an infection has occurred
or not. If an infection occurred, the scarring at the pin site
usually became more noticeable. Another significant con-
sideration is the impediment to muscular motion, espe-
cially around the knee joint, due to the Schanz pins. This
can lead to obstacles in knee joint mobility. To mitigate this
issue, we've endeavored to insert the pins while the knee is
in a flexed position to minimize post-operative limb mobil-
ity impact. Early post-operative weight-bearing coupled
with active functional exercises has been our standard prac-
tice. However, temporary stiffness of the knee joint was
still observed in 2 patients but it returned to normal after
removal of the EF and subsequent rehabilitation.

There are still some limitations to this study. The study is
hampered by a relatively small sample size. The absence of
comparable groups that received alternative surgical tech-
niques serves as an additional limitation. Although all the
patients achieved clinical and radiographic union, further
studies with more patients and long-term follow-up are
necessary. When the operator uses the ultrasound probe
to examine the fracture site, two assistants are needed to
maintain continuous traction. In this group, intraoperative
fluoroscopy remained indispensable to confirm the align-
ment and the entire location of external fixation. Despite the
limitations, the findings of this study reveal that ultrasound-
guided closed reduction and external fixation provides
satisfactory outcomes, offering a viable alternative for the
management of LUFSFs in children.
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Conclusions

The technique of ultrasound-guided closed reduc-
tion combined with external fixation offers favorable
outcomes for children aged 5 to 11 years with LUFSFs,
reducing reliance on fluoroscopic guidance.
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LUFSFs  Length-unstable femoral shaft fractures
ROM Range of motion

BMI Body mass index
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Acknowledgements
Not applicable.

Author contributions

JW participated in the literature search, study design, and paper drafting and
editing. XS, TW and JL were in charge of gathering data and doing follow-up
evaluations. XC and YL were in charge of the language polishing and the
grammar revision.BT and PZ designed the study, modified and approved

the final version of the manuscriptAll authors read and approved the final
manuscript.

Funding

This study was supported by the Natural Science Fund of Hubei
Province(2013CKB026) and the Scientific Research Project of Wuhan Municipal
Health & Family Planning Commission(WX13C24 &WX14C49).

Data availability

The datasets used and analyzed during the present study are not
publicly available due to ethical considerations but are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

This study adheres to the principles of the Declaration of Helsinki and received
approval from the Ethics Committee of Wuhan Children’s Hospital (Wuhan
Maternal and Child Healthcare Hospital), Tongji Medical College, Huazhong
University of Science & Technology. Informed consent to participate in this
study was obtained from the legal guardian or next of kin for all patients. All
methods were carried out in accordance with the relevant guidelines and
regulations.

Consent for publication
Informed consent for the publication of their clinical data and accompanying
images was acquired from the legal guardian or next of kin of all patients.

Competing interests
The authors declare no competing interests.

Received: 28 May 2023 / Accepted: 26 July 2024
Published online: 05 August 2024

References

1. Heideken Jv, Svensson T, Blomqvist P, Haglund-Akerlind Y, Janarv PM. Inci-
denceand trends in femur shaft fractures in Swedish children between 1987
and 2005. J Pediatr Orthop. 2011,31(5):512-9.

2. Hinton RY, Lincoln A, Crockett MM, Sponseller P, Smith G. Fractures of the
femoral shaft in children. Incidence, mechanisms, and sociodemographic risk
factors. J Bone Joint Surg Am. 1999,81(4):500-9.

3. Kuremsky MA, Frick SL. Advances in the surgical management of pediatric
femoral shaft fractures. Curr Opin Pediatr. 2007;19(1):51-7.

4. Sink EL, Faro F, Polousky J, Flynn K, Gralla J. Decreased complications of
pediatric femur fractures with a change in management. J Pediatr Orthop.
2010;30(7):633-37.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 8 of 9

Sink EL, Gralla J, Repine M. Complications of pediatric femur fractures treated
with titanium elastic nails: a comparison of fracture types. J Pediatr Orthop.
2005;25(5):577-80.

Heffernan MJ, Gordon JE, Sabatini CS, Keeler KA, Lehmann CL, O'Donnell JC,
et al. Treatment of femur fractures in young children: a multicenter compari-
son of flexible intramedullary nails to spica casting in young children aged 2
to 6 years. J Pediatr Orthop. 2015;35(2):126-29.

Andreacchio A, Marengo L, Canavese F, Pedretti L, Memeo A. Comparison
between external fixation and elastic stable intramedullary nailing for the
treatment of femoral shaft fractures in children younger than 8 years of age. J
Pediatr Orthop Part B. 2016;25(5):471-77.

Narayanan UG, Hyman JE, Wainwright AM, Rang M, Alman BA. Complications
of elastic stable intramedullary nail fixation of pediatric femoral fractures, and
how to avoid them. J Pediatr Orthop. 2004;24(4):363-69.

Moroz LA, Launay F, Kocher MS, Newton PO, Frick SL, Sponseller PD, et al.
Titanium elastic nailing of fractures of the femur in children. Predictors of
complications and poor outcome. J Bone Joint Surg Br. 2006;88(10):1361-66.
Kong H, Sabharwal S. External fixation for closed Pediatric femoral shaft frac-
tures: where are we now? Clin Orthop Relat Research®. 2014;472(12):3814-22.
Wani MM, Dar RA, Latoo IA, Malik T, Sultan A, Halwai MA. External fixation of
pediatric femoral shaft fractures: a consecutive study based on 45 fractures. J
Pediatr Orthop Part B. 2013;22(6):563-70.

Burion S, Speidel MA. Funk T.A real-time regional adaptive exposure

method for saving dose-area product in x-ray fluoroscopy. Med Phys.
2013;40(5):051911.

Li XT, Shen XT, Wu X, Wang S. Ultrasound-assisted closed reduction and
percutaneous pinning for displaced and rotated lateral condylar humeral
fractures in children. J Shoulder Elb Surg. 2021;30(9):2113-19.

Galletebeitia Laka |, Samson F, Gorostiza I, Gonzalez A, Gonzalez C. The utility
of clinical ultrasonography in identifying distal forearm fractures in the pedi-
atric emergency department. Eur J Emerg Med. 2019;26(2):118-22.

Barata |, Spencer R, Suppiah A, Raio C, Ward MF, Sama A. Emergency ultra-
sound in the detection of pediatric long-bone fractures. Pediatr Emerg Care.
2012;28(11):1154-57.

Slongo TF, Audigé L, AO Pediatric Classification Group. Fracture and disloca-
tion classification compendium for children: the AO pediatric comprehensive
classification of long bone fractures (PCCF). J Orthop Trauma. 2007;21(10
Suppl):S135-60.

Kapandji A. Intra-focal pinning of fractures of the distal end of the radius 10
years later. Ann Chir Main. 1987,6(1):57-63.

Flynn JM, Hresko T, Reynolds RA, Blasier RD, Davidson R, Kasser J. Titanium
elastic nails for pediatric femur fractures: a multicenter study of early results
with analysis of complications. J Pediatr Orthop. 2001;21(1):4-8.

Hedin H. Surgical treatment of femoral fractures in children. Comparison
between external fixation and elastic intramedullary nails: a review. Acta
Orthop Scand. 2004;75(3):231-40.

Liu W, LiW, Bai R, Xu X, Zhao Z, Wang YE. Stable Intramedullary Nailing Versus
plate internal fixation for Pediatric Diaphyseal Femur fractures: a systematic
review and Meta-analysis. Indian J Orthop. 2024;58(5):484-94.

Heyworth BE, Hedequist DJ, Nasreddine AY, Stamoulis C, Hresko MT, Yen YM.
Distal femoral valgus deformity following plate fixation of pediatric femoral
shaft fractures. J Bone Joint Surg Am. 2013;95(6):526-33.

Wilton PJ, Burke CA, Inceoglu S, Nelson SC, Morrison MJ. External fixator-aug-
mented flexible intramedullary nailing of an unstable pediatric femoral shaft
fracture model: a biomechanical study. J Pediatr Orthop B. 2020;29(5):485-89.
Liau GZQ, Lin HY, Wang Y, Nistala KRY, Cheong CK, Hui JHP. Pediatric

femoral shaft fracture: an age-based treatment algorithm. Indian J Orthop.
2020;55(1):55-67.

Rowlands R, Rippey J, Tie S, Flynn J. Bedside Ultrasound vs X-Ray for the
diagnosis of Forearm fractures in Children. J Emerg Med. 2017,52(2):208-15.
Zhe Z, Jianjin Z, Fei S, Dawei H, Jiuzheng D, Fang C, et al. Intraoperative
ultrasound-guided reduction of femoral shaft fractures using intramedullary
nailing: a technical note. Arch Orthop Trauma Surg. 2018;139(5):589-96.
Bibbo G. Effective doses and standardised risk factors from paediatric diag-
nostic medical radiation exposures: information for radiation risk communi-
cation. J Med Imaging Radiat Oncol. 2018;62(1):43-50.

Wu Z,Yi X, LiY, Mao C, Wang W, Yan G, et al. Decreased Radiation exposure
using ultrasound-assisted reduction and fixation of femoral shaft fractures in
children: a pilot study. Ultrasound Med Biol. 2020;46(11):3154-61.

Hedelin H, Tingstrom C, Hebelka H, Karlsson J. Minimal training sufficient

to diagnose pediatric wrist fractures with ultrasound. Crit Ultrasound J.
2017:9(1):11.



Wu et al. BMC Musculoskeletal Disorders (2024) 25:622

29.

30.

Marshburn TH, Legome E, Sargsyan A, Li SM, Noble VA, Dulchavsky SA, et al.
Goal-directed ultrasound in the detection of long-bone fractures. J Trauma.
2004;57(2):329-32.

Mastrangelo G, Fedeli U, Fadda E, Giovanazzi A, Scoizzato L. Saia B.Increased
cancer risk among surgeons in an orthopaedic hospital. Occup Med (Lond).
2005;55(6):498-500.

Tamaki Y, Yamashita K, Nakajima D, Omichi Y, Takahashi Y, Takai M, et al. Radia-
tion exposure doses to the surgical team during hip surgery is significantly
higher during lateral imaging than posteroanterior imaging: a cadaveric
simulation study. J Occup Med Toxicol. 2023;18(1):27.

Page 9 of 9

32. LiJ RaiS, Ze R Tang X, Liu R, Hong P. Distal third femoral shaft fractures in
school-aged children: a comparative study of elastic stable intramedullary
nail and external fixator. Med (Baltim). 2020;99(27):e21053.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Ultrasound-guided techniques for managing length- unstable femoral shaft fractures in children
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patient selection
	﻿Ultrasonic apparatus
	﻿Surgical techniques
	﻿Evaluation tools

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


