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Abstract
Introduction
Drones are unmanned aerial vehicles controlled by a person on the ground, used for recreational purposes.
The purpose of the study is to describe characteristics and patterns of injuries reported in children from
recreational drones.

Methods
We extracted data from the National Electronic Injury Surveillance System involving (NEISS) over a period of
10 years from 2010 to 2019 regarding injuries to children for ages zero up to 18 years. We included the
subjects with drone-related injuries. All other toy-related injuries were excluded. We applied descriptive
statistics to calculate proportions and confidence intervals for categorical variables and median for
continuous variables.

Results
We included a total of 26 subjects. In our sample, the number of male subjects (65%; n = 17) was higher than
the number of females (35%; n = 9). Head and face were the commonly affected body parts (58%, n = 15). The
most common diagnoses were lacerations (42%; n = 11) and contusions/abrasions (27%; n = 7). The majority
of the subjects were treated and discharged from the emergency department (92%; n = 24). A significant
number of injuries were caused by the direct impact of drones (65%; n = 17).

Conclusion
Drones have the potential to cause injuries. Precautions are warranted to decrease the incidence of these
injuries in children.
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Introduction
Drones, also known as unmanned aerial vehicles (UAV) or unmanned aircraft systems (UAS), have become
popular as recreational devices in recent years. There are more than one million registered recreational
drones in the United States [1]. Drones are now a multi-billion dollars industry [2]. With the use of these
drones, injuries are being reported [3,4]. Other than recreational activities, drones are also being tested for
their utility in the field of emergency medicine. Their time to deliver automated external defibrillators is
better than the traditional emergency medical services in out of hospital cardiac arrests [5,6]. They are also
being considered for faster delivery of blood products and other emergency equipment [7,8]. Although
drones are being considered for medical usage, injuries reported in the literature are from recreational
drones. Our paper will also focus on recreational drones.

Drones are rapidly mobile vehicles with speeds up to 45 m/s and with mass up to 55 pounds (25 kilograms) as
allowed by regulations [9]. With this speed and mass, the chances of impact injuries are high [10]. Skull
fractures can occur from the direct impact of drones with speeds as low as 22 m/s [11]. The purpose of our
study is to describe the pattern of injuries related to non-military recreational drones in children.

Materials And Methods
We conducted a retrospective review and descriptive analysis of data obtained from the National Electronic
Injury Surveillance System (NEISS) in June 2020. NEISS is a database operated by the United States
Consumer Product Safety Commission (CPSC), which tracks injuries reported from a representative sample
of emergency departments across the country.
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We searched NEISS using toy vehicle  (excluding riding toys) with NEISS code 5021 for patients between zero
and 18 years of age over a period of 10 years (2010 to 2019) [12]. Initially, we obtained 3,230 records in the
form of Excel sheets for each year. We searched next for the words drone, aircraft, and aerial vehicle in the
narrative section of each Excel sheet. With this search, 26 records were obtained and were included in the
study. The remaining toy-related injuries were excluded.

For the subjects included, we retrieved the data on age, sex, race, diagnosis made in the emergency
department, body parts affected, and disposition. The proportions are reported in percentages with a 95%
confidence interval (CI), whereas continuous variables are reported in the median with the interquartile
range (IQR). The mechanism of injuries was further categorized into two groups: Injuries by the direct impact
of drones and injuries by other objects while handling drones .

We used PubMed, Medline and Google scholar to search for drones-related injuries. We used the words drones,
aerial drones, unmanned drones and combined these words with “ injuries” and children. We were able to find
three case reports on injuries related to children and two papers focused on the whole population but did
not answer the questions regarding injuries related to drones in children [3,4,13-15]. We could not determine
whether these case reports were reported to NEISS. So, we ran the analysis only on the NEISS data.

The research involved public data, and our Institutional Review Board (IRB) determined that this study did
not meet the definition of human subject research, as the data obtained does not contain private individually
identifiable information.

Results
In our study, the age of subjects ranged from three months to 17 years. The median age is eight years (IQR
2.75-14). Out of the 26 subjects, 65% (n = 17) are male and 42% (n = 9) female. Regarding the race, 58% (n =
15) are white, and 11% (n = 3) are African American, whereas race is not recorded for 27% (n = 7) of the
subjects (Table 1).
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Categories Sub-categories Number of subjects (percentage with 95% confidence interval)

Sex
Male 17 (65, 42–88)

Female 9 (35, 17–55)

Demographics  

White 15 (58, 37–77)

African American 3 (11, 2–30)

Other 1 (4, 0–20)

Not recorded 7 (27, 12–48)

Diagnosis  

Laceration 11 (42, 23–63)

Contusion/abrasion 7 (27, 12–48)

Sprain 2 (8, 0–25)

Blunt head trauma 1 (4, 0–20)

Fracture 1 (4, 0–20)

Ingested foreign object 1 (4, 0–20)

Smoke inhalation 1 (4, 0–20)

Unclear/not stated 2 (8, 0-25)

Body parts affected  

Head and face  15 (58, 37–77)  

Upper extremity 4 (15, 4–35)  

Lower extremity 4 (15, 4–35)

Trunk 1 (4, 0–20)

Internal organs injuries* 2 (8, 0–25) 

Disposition  
Treated and discharged  24 (92, 75–99)

Admitted 2 (8, 0–25)

Mechanism of injury  
Injury by the direct impact of drones 17 (65, 44–83)

Injury without direct impact of drones 9 (35, 17–56)

TABLE 1: Characteristics of subjects with drone-related injuries
*One subject swallowed a battery, and the other subject inhaled smoke.

There were no drone injuries reported from 2010 to 2014. From 2015 to 2019, drone-related injuries were
reported every year. Of all the drone-related injuries, one case (3%; 95 CI 0-20) was reported in 2015, four
cases (15%; 95 CI 4-35) in 2016, six cases (23%; 95 CI 8-44) in 2017, nine cases (35%; 95 CI 17-56) in 2018,
and six cases (23%; 95 CI 8-44) in 2019.

The most common diagnosis made in the emergency department was laceration, reported in 42% (n = 11) of
subjects, followed by contusions and abrasions in 27% (n = 7). Sprains were reported in 8% (n = 2), whereas
blunt head trauma and fracture were reported in 4% (n = 1) of subjects each (Table 1).

Among the body parts affected, the head and face were injured in 58% (n = 15) of subjects. Upper and lower
extremity injuries were reported in 15% (n = 4) of subjects each (Table 1). There were two cases coded as
internal organ injuries. One of these subjects, a nine-year-old female, accidentally swallowed a triple-A
battery from a drone, and the other subject, a three-month-old baby, inhaled smoke when a drone battery
exploded in the house (Table 2).
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Categories Brief description

Injuries during retrieval of
drone

Seven-year-old male threw a broom into the air that hit his face, causing facial laceration. He was trying to dislodge
his drone from a tree.

10-year-old female was climbing a tree to retrieve a drone and fell, causing left hip and lumbar pain.

13-year-old male jumped off the roof to retrieve a drone from a tree, causing a tibial fracture.

14-year-old male was climbing onto his roof to retrieve his drone when his hand slipped on a piece of metal, causing
right-fifth-finger laceration.

Injuries while chasing
drone

Eight-year-old was running while operating a drone in backyard and slipped, causing strain of knee.

11-year-old male was chasing a drone in his yard and hit his knee on a metal ladder, causing knee laceration.

14-year-old male stumbled while chasing a drone and inverted right ankle, causing ankle sprain.

Other
Nine-year-old female was holding a triple-A battery of the drone in her mouth and accidentally swallowed.

Three-month-old female exposed to smoke from a battery explosion in a drone. Carboxyhemoglobin level 1.4.

TABLE 2: Brief presentations of subjects with injuries sustained without direct impact by drones

Regarding disposition, 92% (n = 24) were treated and discharged from the emergency department, whereas
two subjects were admitted to the hospital for further management. One of these subjects was 21 months
old and was hit in the right eye by a drone, which caused the corneal laceration. The other subject was the
nine-year-old female who accidentally swallowed a triple-A battery from a drone (Table 1). (This is the same
case that was coded to have internal organ injury.)

We divided the mechanism of injuries into two broad categories. Out of 26 subjects in our study, 65% (n = 17)
sustained injuries by the direct impact of drones, whereas 35% (n = 9) were injured without the direct impact of
drones (Table 1). Among the latter, four subjects (44%; 95 CI 14-79) were injured while trying to retrieve a
drone stuck on a tree or roof of a house, whereas three (33%; 95 CI 7-70) acquired injuries while chasing a
drone (Table 2).

Discussion
In our search, we found limited literature on injuries caused by the recreational uses of drones. Other than
case reports, there were no articles describing patterns of injuries from drones in the paediatric population.
In a case report by Chung et al., a 13-year-old male developed a skull fracture due to the impact of a drone
[13]. In another case report, Moskowitz et al. described a nine-year-old with a ruptured right eye globe after
being hit by a drone [14]. Similarly, Spitzer et al. reported cases of right-eye-globe rupture and conjunctival
laceration in nine-year-old and 21-month-old, respectively, caused by drones [15]. All these cases reported
injuries of head and face area by the direct impact of drones. Similarly, in our study, the head and face areas
were the most affected body parts. But in a study looking at drone-related injuries in all ages, laceration to
the hand and finger were noticed in 49% of their population, whereas in our study finger injuries were
reported in only two cases [3].

Injuries have been reported to occur directly by impact of drones as well as indirectly while handling drones.
According to Forrester, higher numbers of injuries are caused by direct impact [3,4]. Also, in our study, two-
thirds of injuries were caused by the direct impact of drones. Johnson et al. reported that "Propeller injuries
were the leading mechanism" for drone-related injuries and hobbyist aircraft injuries [4]. In another case
report, an adult man was hit in the face by propellers of the drone and sustained extensive ocular injuries
[16]. The percentage of hospitalization after drone-related injuries is at 2% according to previous studies
[3,4]. In our study, 8% of the subjects were admitted to the hospital. This number can be a false
representation considering the small number of subjects in our study.

The impact of different speeds and masses of drones has been studied on dummies and human cadavers
[10,17]. Drones have the capacity to fly at five to six times faster speed than the speed required to cause skull
fractures [17]. Previous literature discussed how increasing the mass of drones in an experimental
environment increased the risk of concussion [10]. The drones with masses as low as 500 grams travelling at
lower speeds can also produce enough energy to cause skull fractures [14]. Drones are regulated by the
Federal Aviation Administration (FAA). As per regulations by the FAA drones can fly at altitude of 400 feet
above the ground, with a maximum speed of 100 miles per hour [18]. At such speeds, and given the mass of
the drones, chances of high-impact injuries increase.
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Our study has several limitations. We have a small sample size. The data are derived from the NEISS database
which provides a limited description of cases. There are chances of coding errors so the number of cases may
be a misrepresentation of the actual incidences.

Conclusions
In our study, we described characteristics of drone-related injuries in children to provide awareness in the
era of the increasing use of drones. We conclude that lacerations and abrasions of the upper body, especially
the head and face, are common drone injuries. A majority of drone-related injuries are easily treatable, but
severe head and ocular injuries have been reported in the literature. These injuries are preventable. The FAA
has elaborate guidelines for operating recreational drones. We suggest adhering to these guidelines. Further
studies are needed to evaluate the utility of protective human equipment in operating recreational drones.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board Human Research & Compliance, Loma Linda University Health issued approval 5210214. The IRB has
determined that this activity does not meet the definitions of human subject research. This study does not
require IRB review or approval. If this activity is used in conjunction with any other human experimentation
or if it is modified in any way, it must be re-reviewed by IRB staff. Your cooperation in Loma Linda
University’s shared responsibility for the ethical conduct of research is appreciated. Animal subjects: All
authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.
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