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Abstract
Background: Most of humeral shaft fractures in children could be treated satisfactorily by conservative
treatment. This study aimed to evaluate the application value of ultrasonography in conservative
treatment of humeral shaft fracture in children.

Methods: We retrospectively reviewed children admitted to our hospital, for humeral shaft fracture from
January 2014 to March 2018. The patients were divided into two groups: ultrasonography group and X-
ray group. All patients were instructed to evaluat the prognosis according to the Disabilities of Arm,
Shoulder and Hand (DASH) score at 12 months.

Results: A total of 37 children were divided into ultrasonography group, 32 children were divided into X-
ray group. There was no signi�cant difference in DASH between the two groups. The mean number of
radiation exposures of ultrasonography group was less and ultrasonic examination found radial nerve
injury, and using ultrasound reduced the chance of direct or in direct contact with infected peoples.

Conclusions: Ultrasound is a non-invasive, non-radioactive test, which could decrease risk of COVID-19
infection and detect the vascular nerve injury caused by fracture. Ultrasonography may be the
examination method for follow-up conservative treatment of humeral shaft fracture in children during the
epidemic period.

Background
Fractures of the humeral shaft are relatively rare in children, which account for approximately 0.4-3% of
all pediatric fractures[1–3]. Most of pediatric humeral shaft fractures are treated conservatively, such as
skin traction, casts and functional bracing, and demonstrate good prognosis. The widely accepted
indication for operative treatment of pediatric humeral shaft fractures are open fractures, pathologic
fractures and neurovascular compromise[4].

Due to the lack of rigid internal �xation of fracture, conservative treatment of humeral shaft fracture is
accompanied by high risk of increasing displacement of fracture, and X-rays need to be re-examined
frequently. Excessive radiation exposure increases patient’s family anxiety about radiation damage. At 7
AM Beijing Time, on January 26, 2021, the cumulative number of con�rmed cases of COVID-19 in the
world had exceeded 100 million. There was report showed environmental contamination of radiology
departments resulting in cross-infection of COVID-19[5]. X-rays are often required for out-patient review of
pediatric humeral shaft fractures, but febrile children with high infection risk of COVID-19 also need X-
rays. If children with fractures contact with febrile children, it will increase the potential risk of COVID-19.

In recent years, as ultrasonic technology advance, the advantages of non-invasive, portable and safe are
increasingly prominent, and it is more widely used in the diagnosis and reduction of fracture in children[6,
7]. Bodner G et al study showed that ultrasonography has obvious advantages compared with X-ray for
accurate evaluation of the radial nerve in patients with nerve palsy associated with humeral shaft
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fracture[8]. This study aimed to evaluate the application value of ultrasonography in conservative
treatment of humeral shaft fracture in children and evaluate whether ultrasonography could be used as
an alternative to X-ray for humeral shaft fracture review during the epidemic period.

Methods

Setting
The date of this study collected from our hospital, which is the largest Children hospital in southwest
China. We retrospectively reviewed children with humeral shaft fractures admitted to our hospital from
January 2014 to March 2018. The inclusion criteria were as follows: 1. The patients were under 16 years;
2. patients with humeral shaft fractures and underwent conservative treatment by skin traction or
functional bracing. And the exclusion criteria were: 1. Open fractures, multiple fractures, pathological or
comminuted fractures; 2. Brachial plexus, or vascular injury requiring surgery; 3. Conservative
management failed, surgical intervention was required; 4. Incomplete follow-up. The patients who were
followed up by ultrasound were included in the ultrasound group, and others were included in the X-ray
group. The patients of ultrasound group were instructed to re-examined by ultrasound at 1 day, 5 days, 10
days, 15 days, 1 month, 2 months, 6 months and 12 months, and re-examined by X-ray at 1 mouth, 6
mouths from the date of fracture reduction. If the great fracture displacement was detected by ultrasound
or cartilage couldn’t be found 15 days after injury, X-ray should be reviewed promptly. The patients of X-
ray group were instructed to re-examined by X-ray at 1 day, 5 days, 10 days, 15 days, 1 month, 2 months,
6 months and 12 months from the date of fracture reduction. All patients were evaluated the prognosis
according to the Disabilities of Arm, Shoulder and Hand (DASH) score at 12 months (Fig. 1).

Examination procedure
In this study, the ultrasound machine was Philips-CX50 color ultrasonic diagnostic apparatus (Philips,
Amsterdam, Netherlands), select high frequency linear probe L3-12, probe frequency 5-MHz, the bedside
X-ray machine was Japanese R-20C (Toshiba Corporation, Tokyo, Japan), the highest tube voltage
150kVP. The procedure of high frequency ultrasound examination: after the affected limb was supported
by skin traction or functional bracing, and applied coupling agent (Corfu Medical Technology Co Ltd,
Changsha, China) on the skin surface of fracture, transverse and longitudinal scanned with ultrasonic
probe in anterior, medial and lateral position of fracture. Determined the location of continuous
interruption of hyperechoic optical band of bone cortex according to ultrasonic image, evaluated the
angle, displacement, shortening of the fracture site, and judged whether existed soft tissue incarceration
or nerve disconnection (Fig. 2). The procedure of X-ray examination: Bedside anteroposterior �lm of
humerus for children with skin traction, anteroposterior and lateral �lm of humerus for children with
functional bracing or outpatient review.

Statistical Analysis
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The statistical analysis was performed using SPSS 25 (IBM, Armonk, New York, USA) and differences
were assessed with Pearson χ2 for categorical variables. The critical P-value for signi�cance was set at
0.05.

Results
A total of 39 boys and 30 girls with humeral shaft fractures were enrolled in the study, and 37 children
were divided into ultrasonography group, 32 children were divided into X-ray group (Table 1). We
assessed the prognosis of fractures by DASH questionnaire at 12 months after fractures. The mean score
of ultrasonography group was 10.73±5.84 and X-ray group was 9.53±6.36, there was no statistically
signi�cant difference between two groups. The mean number of radiation exposures
of ultrasonography group was 3.22±0.48, and the X-ray groups was 10.28±0.58, the radiation exposure
time of the ultrasonography group was signi�cantly shorter than that of the X-ray group (Figure 3). There
were 4 children showed radial nerve with a circumscribed swelling by the B-ultrasound image, the nerve
swelling disappeared during conservative treatment of fracture and patients did not show signs of the
radial nerve injury after the fractures were healed.

Table 1: The general results of this study.

  ultrasonography group X-ray group P

Gender      

Male 21 18 0.966

Female 16 14  

Mean age (years) 5.68±3.58 6.72±4.42 0.282

Treatment methods      

   Skin traction 23 19 0.813

   Functional bracing 14 13  

DASH (mean score) 10.73±5.84 9.53±6.36 0.418

Frequency of radiation exposure 3.22±0.48 10.28±0.58 0.05

Discussion
The healing ability and plastic ability of fracture in children were better than adults, as such, the preferred
treatment for humeral shaft fractures in children is conservative treatment[1, 9, 10]. As lack of rigid
�xation at fracture sites during conservative treatment, frequent X-ray examination was in need to ensure
position of fracture broken end and growth of fracture callus. But frequent X-ray examination means
more radiation exposure time, children are considerably more sensitive to the carcinogenic effects of
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radiation than adults, and the risk of cancer increases with increasing time of radiation exposure time
such as cancer of the thyroid, breast, brain and skin, as well as leukemia. Risks of radiation-related cancer
are greater as patients younger, also these risks will last a lifetime[11-13]. Therefore, it is an inevitable
trend of medical development to �nd methods of examination which would not cause additional damage
in the process of diagnosis and treatment.

Ultrasonography was originally used for soft tissue examination, as its real-time imaging, multiplanar
capabilities, cost-effectiveness, portability, patient comfort and absence of radiation exposure,
ultrasonography was widely used in musculoskeletal system examination[14, 15]. HERREN et al[16] used
ultrasound to examine 201 children with forearm fractures, the sensitivity and speci�city of diagnosing
fractures were higher than 99.5%. Ultrasound also was used to treat displaced radial neck fractures by
our hospital, ultrasonography guidance can reduce X-ray radiation exposure and the risk of posterior
interosseous nerve injury[7]. In this study we used ultrasonography and X-ray to follow up humeral shaft
fracture children with conservative treatment, the DASH score did not show a statistical difference, and
radiation exposure time of ultrasonography group was signi�cantly less than the X-ray group.

It has been more than a year since COVID-19 pandemic was �rst reported in China at the end of 2019[17],
but the epidemic has not been well controlled, the number of newly infected individuals and daily number
of deaths were increased every day. As CT and X-ray were important tool for screening, preliminary
diagnosis and severity assessment of COVID-19[18], the radiology department inevitably became a
gathering place with infected and potentially infected patients. Although countries and hospitals
presented relevant measures to prevent the spread of the epidemic in the radiology department[19-
21], there was report showed radiology departments as infectious source in cross-infection of COVID-
19[5].

Ultrasonography has the advantages of no trauma, simple inspection, easy to disinfect and repeatability,
separate ultrasound equipment can be provided in the hospital department or clinic. Children with
fractures could be reexamined by ultrasound in the hospital department or clinic, and the ultrasound
probe could be quickly disinfected after the examination. Some studies have shown that proper use of
ultrasound could reduce the risk of virus transmission[22, 23]. Using ultrasound to follow-up of children
with fractures signi�cantly reduces the possibility of direct or in direct contact with infected peoples and
minimized the transmission risk of COVID-19.

Due to the speci�city of ultrasonography for soft tissue imaging, besides fracture sites, vessels, nerves
and muscles are also well demonstrated with ultrasonography. It is signi�cant to detect the arterial
resistance index (RI) by ultrasonography to predict the prognosis of fracture, according to CARUSO's
study[24], when RI<0.6, it predicts good blood supply and fracture healing will be well, when RI>0.7, it
predicts poor blood supply and delay fracture healing or nonunion in fracture repair. Our previous studies
have shown that ultrasonography could detect callus earlier than X-ray, delay fracture healing could be
found early and treated timely[25].
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Radial nerve is one of the most vulnerable nerves in humeral shaft fracture[3]. Children often can’t
cooperate with physical examination well when injury because of their special age, and radial nerve injury
can’t be determined by physical examination, it is di�cult for doctors to decide whether to operate or not.
Ultrasonography has absolute advantages over X-ray in examining nerve damage, studies have shown
radial nerve injury can be detected early by ultrasound, and if there is no entrapment or rupture of the
radial nerve, most of the radial nerve injuries will be recovered after conservative treatment[8]. In this
study, there were 4 children showed radial nerve with a circumscribed swelling by the B-ultrasound image,
the nerve swelling disappeared during conservative treatment of fracture, and there were no special
manifestations of nerve injury on plain �lms in these 4 children. With the help of ultrasound, nerve injury
could be better de�ned, and clinicians would decide whether to have surgical treatments easier.

During the ultrasound examination, the doctor can communicate with the patient to eliminate the
patient’s fear. At the same time, the patients can tell the doctor how they feel and examine the speci�c
site to �nd the damage, unclear neurovascular injury can be further clari�ed by comparative examination
of both limbs. The epiphysis as unique tissue structure of children, which isn’t well displayed on plain
�lms, but the epiphyseal injury could be de�ned by ultrasound examination[26]. But ultrasound also has
some disadvantages, for example, 1.It requires an experienced operator with a great knowledge of the
ultrasound appearance of different soft-tissue structures; 2. Ultrasound is inferior to plain �lm in overall
view of fracture; 3.The ultrasound probe needs to be in direct contact with the children's skin[8]. Overall,
Ultrasonography could be used as an alternative to X-ray examination for humeral fractures.

Limitations

The main limitation of the study was mainly due to the characteristic of a limited sample size, and
patients were followed up for a short time. Bias during the research seemed to be unavoidable. 

Conclusions
This study shows that ultrasonography could be used as an examination method to follow up humeral
fractures in children, and basically replaced X-ray. The use of ultrasonography to follow up humeral
fractures has the following advantages: 1.Ultrasound is a non-invasive, convenient, and comfortable test
that can protect children from radiation damage from X-ray; 2.The humeral fractures were reexamined by
ultrasound could avoid direct or indirect contact between patients and gathered people, and ultrasonic
equipment could be quickly sterilized to further avoid the spread of COVID-19; 3. Ultrasonic examination
of vascular and nerve injury caused by fracture has obvious advantages over X-ray. The radial nerve is
the vulnerable nerve of humeral shaft fracture. Physical examination of children often fails to determine
the degree of radial nerve injury, but ultrasonography can intuitively show radial nerve injury and
determine whether or not surgery should be performed. In conclusion, ultrasonography may be the
examination method for follow-up conservative treatment of humeral shaft fracture in children during the
epidemic period.
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Figures

Figure 1

The �owchart of method.
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Figure 2

a: The end of the fracture was clearly shown (F); b: N indicated the swelling radial nerve; c: A represented
brachial artery at fracture site; d: schematic diagram of fracture examined by ultrasound.
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Figure 3

There was no statistically signi�cant difference in Disabilities of Arm, Shoulder and Hand (DASH) score
between ultrasonography group and X-ray group at 12 months after fractures.


