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Summary

Injuries among children resulting from the use of personal electric mobility devices are common and contribute to a range of
adverse societal outcomes, including increased financial strain on healthcare systems, instances of disability, pediatric mortality, and
other related consequences. Consequently, investigating the characteristics of pediatric injuries associated with this type of trauma is
of paramount importance, as the findings may serve as a foundation for the development and implementation of preventive strategies.

Objective. To delineate the structure of pediatric trauma and injury mechanisms associated with personal electric mobility
devices across different age groups; to compare injury patterns resulting from electric scooters, hoverboards, and electric
bicycles; and to examine the correlation between the use of basic protective equipment and the manifestation of trauma.

Materials and Methods. The study utilized forensic medical data, including radiographic and computed tomography (CT)
imaging, sourced from inpatient records at the Ivano-Frankivsk Regional Children’s Clinical Hospital and forensic medical
examinations conducted at the Ivano-Frankivsk Regional Bureau of Forensic Medicine. The sample comprised 50 children aged
4-18 years who sustained injuries while using personal electric mobility devices.

Results. Traumatic brain injuries accounted for 72% of cases involving electric scooters, 24% for hoverboards, and 3%
for electric bicycles. Neck trauma was observed in 75% of electric scooter cases, 25% for hoverboards, and none for electric
bicycles. Upper limb injuries were reported in 45% of electric scooter cases, 48% for hoverboards, and 6% for electric bicycles.
Lower limb injuries were documented in 56% of electric scooter cases, 37% for hoverboards, and 5% for electric bicycles. Chest
trauma was most prevalent in electric bicycle cases (75%), followed by hoverboards (20%) and electric scooters (5%). The
absence of basic protective equipment was found to significantly influence the frequency of injuries among children.

Conclusions. The study elucidated the structure of pediatric trauma associated with the use of personal electric mobility
devices. The findings demonstrated that the lack of basic protective equipment significantly impacts the incidence of injuries
among children across various age groups.

Keywords: Traffic Injury; Childhood; Personal Electric Mobility Device Injury; Injury Mechanism; Traumatic Brain Injury.

Introduction

The 21st century marks a period of significant
advancement in micromobility, characterized by the rapid
proliferation of light electric vehicles, such as e-scooters and
e-bikes, in urban centers and metropolitan areas. In Ukraine,
the development of personal light transport has been
particularly notable, encompassing over 12 types of devices,
including Segways, electric unicycles, rollerblades, electric
rollerblades, hoverboards, and others. Concurrent with the
increasing prevalence of personal electric micromobility
devices on roadways, there has been a consistent rise in
traffic-related accidents and associated injuries [1-4].

Annually, thousands of individuals, including children,
sustain injuries or disabilities due to accidents involving
personal electric mobility devices, leading to profound
impacts on family life and broader societal well-being [5-7].

The anatomical and physiological characteristics
of children render them more susceptible to distinct
injury mechanisms and higher injury rates compared to
adults, potentially exerting detrimental effects on their
development [8-9]. Consequently, investigating the
structure, mechanisms, and consequences of pediatric
injuries resulting from the use of personal electric mobility
devices is of considerable relevance. Such research
can inform the development of preventive measures,
including age restrictions and mandatory use of basic safety
equipment, to mitigate the risk of injuries among children
utilizing these devices.

Objective. To determine the structure of pediatric
trauma and injury mechanisms associated with personal
electric mobility devices across different age groups, and
to compare injury patterns resulting from electric scooters,
hoverboards, and electric bicycles.

Materials and Methods

The study utilized forensic medical data, including
radiographic and computed tomography (CT) imaging,
obtained from inpatient records at the lvano-Frankivsk
Regional Children’s Clinical Hospital and forensic
examinations conducted at the Ivano-Frankivsk Regional
Bureau of Forensic Medicine. The study cohort comprised
50 children aged 4-18 years who sustained injuries while
using personal electric mobility devices. Injuries were
categorized by age group: Group 1 —males and females
aged 4-6 years (10 individuals); Group 2 —aged 7-9 years
(10 individuals); Group 3—aged 10-13 years (10 individuals);
Group 4 —aged 14-18 years (10 individuals).

Inclusion criteria consisted of voluntary consent from
parents or guardians and an age range of 4-18 years for
individuals injured while using personal electric mobility
devices. For cases involving forensic examinations,
additional consent was obtained from the relevant
investigative authority (police investigator). The scope
and methods of the comply with Helsinki Declaration
principles on biomedical research (1974), as amended at
the 41st International Assembly in Hong Kong (1989),
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involving human subjects. The study ensured adherence to
core principles: respect for persons, informed consent, and
risk-benefit assessment.

Results and Discussion

Analysis of morphological injury characteristics across
different age groups and device types (electric scooter,
self-balancing hoverboard (hereafter hoverboard), electric
bicycle) revealed characteristic neck, upper and lower limb,
chest, and traumatic brain injuries (Fig. 1).

Traumatic brain injuries were most frequently
associated with electric scooters (72% of total cases),
followed by hoverboards (24%) and electric bicycles (3%).
Neck injuries were observed in 75% of electric scooter
cases, 25% of hoverboard cases, and none in electric
bicycle cases. Upper limb injuries were reported in 45%
of electric scooter cases, 48% of hoverboard cases, and
6% of electric bicycle cases. Lower limb injuries were

documented in 56% of electric scooter cases, 37% of
hoverboard cases, and 5% of electric bicycle cases. Chest
trauma was most prevalent in electric bicycle cases (75%),
followed by hoverboards (20%) and electric scooters (5%).

These findings are consistent with those reported by
McKay W, et al. 2023 [10], confirming that e-scooter and
hoverboard users predominantly experience traumatic
brain and limb injuries, whereas e-bike users are more
likely to sustain chest injuries, with fewer instances of limb
and brain injuries.

The absence of basic protective equipment was found
to significantly influence the frequency of injuries among
children. The correlation between injury frequency and the
presence or absence of basic protective equipment (e.g.,
helmets, knee pads) is illustrated in Fig. 2. These findings
are corroborated by other studies examining the impact
of helmet use on the occurrence and severity of injuries
among electric scooter users [11,12].

Fig. 1. Structure of pediatric injuries associated with personal electric mobility devices.

Fig. 2. Relationship between injury frequency and the presence or absence of basic protective
equipment.
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The study revealed that for children aged 4-6 years, the
most prevalent injury mechanism was falling from an elec-
tric scooter, with no reported collisions between scooters and

Cc

motor vehicles. A similar trend was observed in the 7-9 age
group, though a new mechanism emerged — scooter-vehicle
collisions —accounting for 2% of total injuries (Fig. 3).

Fig. 3. Injury mechanisms: A — electric scooter and vehicle collision, B — electric scooter
and pedestrian collision, C —falling from a moving electric scooter.

In the 10-13 and 14-18 age groups, falling from electric
scooters remained the predominant injury mechanism (57%
and 55%, respectively). These older age groups also exhibited
an increased frequency of scooter-vehicle collisions (Fig. 3).

Analysis of the results demonstrated that falling from
a scooter was a characteristic injury mechanism across
all age groups, consistent with findings from prior stud-
ies [13-14]. No scooter-vehicle collisions were reported
among children aged 4-6 years. Isolated instances of such
collisions were observed in the 7-9 age group. Notably,
a clear trend emerged: as the age of the children increased,
so did the frequency of scooter-vehicle collisions.

Conclusion

The study delineated the structure of pediatric injuries
associated with personal electric mobility devices: users
of e-scooters and hoverboards predominantly sustained
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OCOBJHUBOCTI TPABMYBAHHSI AITEW MMPU EKCIIJIVATAIIT EJEKTPUYHNX 3ACOBIB
MNEPCOHAJBHOI MOBLJIBHOCTI

10. 3. Koywouncvxa', H. M. Kozans*, B. 0. Yaowk*, T.JI. Komux', |. 5. Isacbreeuu’,

A. O. Komio0uncohKuii?
IBaHo-®paHKiBChbKHUiT HANIOHAJBLHUI MeIMYHUIT YHIBEPCUTET?,
IBano-®paHKiBCHKHI HANIOHAIBLHUI TeXHIYHUI yHiBepcuTeT HAQTH i rasy?
(m. IBaHo-®paHKiBChK, YKpaiHa)

Pesrome.

TpaBmyBaHHS AiTel M Yyac eKCIUIyaTamii eIeKTPUYHUX 3aC001B EPCOHATBHOT MOOIIBHOCTI € MOIIUPEHUM SBUILEM 1 TATHE 3a
c00010 psi/I coianbHO-HETAaTUBHUX HACTIKIB, TAKKX SK (piHAaHCOBE HABAaHTAKCHHS Ha JIIKYBAJIbHI 3aKJIa 11, IHBAIIU3aLlisl, CMEPTh 0Ci0
JUTSYOTO BiKy Ta iHIIi. ToMy BUBUECHHS 0COOMMBOCTEN YIIKOKEHB AITEH PU JAHOMY BHI TPABMH € TyXe BaXKIIUBHM, a/KE OTPUMaH1
PEe3yJIbTaTH MOXYTb JISI'TH B OCHOBY PO3POOKH Ta BIIPOBA/UKCHHS MPEBEHTHBHUX 3aXOJiB.

Merta. BcTaHOBUTH CTPYKTYpY JUTSA4OI TPABMHU Ta MEXaHI3M YTBOPEHHS TIJIECHUX YLIKOJDKEHb, OTPUMAHUX BHACIIJOK TPABMH Ha
CJIIEKTPUYHMX 3aC00axX MEePCOHAIBFHOI MOOLTBHOCTI, y AiTEH Pi3HUX BIKOBHUX TPYIl, MOPIBHATH OCOOIMBOCTI TpaBMYBaHHA IiTeH BHa-
CITIJIOK EKCIUTyaTallii eJIeKTPOCaMOKaTiB, TIpOCKYTEpiB Ta eNCKTPOBEIOCHIIE/IIB; BCTAHOBUTH 3B’ 30K MK HasSBHICTIO 0a30BHX 3ac00iB
3aXHCTY Ta IPOSBOM TPABMH.

Marepianu i MmeTonu 10caiIKeHHs. Y TOCHTIIKEHHI BUKOPHCTOBYBAJIUCH CYAOBO-MEIMYHI 1aHi, Y TOMY YHCIi, pOTOpEHTreHOrpa-
MU Ta Pe3yJbTaTd KOMIT I0TepHOI ToMorpadii, oTpuMaHi 3 kapT cranioHapHux xsopux i3 KHII «IBano-®pankiBcbka ObnacHa qursada
kiiHiyHa JdikapHs [ OP» Ta mig yac mpoBeAeHHS CyI0BO-MEAMYHOI €KCIEPTU3HU AiTeH, KOTpi TpaBMYyBaJICA BHACIIIOK €KCILTyaTawii
CJIEKTPHUYHMX 3aC001B MepCOHAIBbHOI MOOLTBHOCTI, [BaHO-PpaHKIBCHKOTO 00JaCHOTO OIOPO CyAOBO-MEIUYHOI €KCIIEPTH3H CTOCOBHO
50-t1 oci6 Bikom Big 4 10 18 pokis.

Pe3yabraTu qociaiakeHHs. BctaHoBIeHO, 0 YepenHo-Mo3KoBa TpaBMa y 72,0% Bij 3araibHOI KiTbKOCTI BUITAIKIB TPAaBMYBaHHSI,
3ycTpivanacs ImpH eKCIUTyaTalii eJIeKTPUIHOTO caMOKaty. Y BHIIAJKY TPaBMYBaHHS Ha ripoOOpIi 4acToTa MposiBy YEPEmHO-MO3KOBO1
TpaBmu cranoBuia 24,0%, a 1yt TpaBMyBaHHS Ha eJIeKTpuaHOMY Berocurei — 3,0%; TpaBma mimi: y BUMaJkax TPaBMyBaHHS HA SIICK-
TPUYHOMY caMOKarti gacTtora ii nmposiBy craHoBmiaa 75,0%, y Bumaaky tpaBMmyBaHHs Ha Tipobopai — 25,0% Ta 30BciM He 3ycTpidaiacs
[IPY TPaBMYBaHHI Ha €JIEKTPUYHOMY BEJIOCHUIIEl; TpaBMa BepxHixX KiHIIBOK: 45,0% BumaakiB 3ycTpivanocs y BUIIAAKY TPaBMYBaHHSI
Ha enekrpocamokari, 48,0%, y Bumaaky TpaBMyBaHHs Ha ripo6opai ta 6,0% Ha enekTpoBenoCcHIe li; TpaBMa HIDKHIX KiHIiBOK: 56,0%
BHUIAJIKIB 3yCTPIUaocst y BUIIAKy TPaBMyBaHHs Ha enekrpocamokari; 37,0%, y Bumaaky TpaBMyBaHHs Ha ripodopai Ta 5% Ha enek-
TPOBEJIOCHIIC i ; TpaBMa rpyaHoi Kinitku: 75,0% BHmaakiB 3ycTpidanocs y BUIAAKy TpaBMyBaHHs Ha enekrposenocureni; 20,0%, y Bu-
majaKy TpaBMyBaHHs Ha ripodopai ta 5,0% enexrpocamokari. [CTOTHO Ha 9aCTOTY BAHUKHEHHS TUIECHHUX YIIKODKCHD Y [ITeH BILTUBAIO
BIJICYTHICTh 0a30BHUX 3aC0O0IB 3aXHUCTY.

BucnoBku. Pe3ynbratom mpoBeneHOi poOUTH CTano BCTAHOBICHHS CTPYKTYPU JUTAYOI TPAaBMH, MOB’S3aHOI 13 €KCILTyaTaIli€l0
CIIEKTPUYHHX 3aC001B MEPCOHAIBEHOT MOOUTBEHOCTI. JloCIiKeHO, O BiCYTHICTh 0a30BHX 3aC00IB 3aXHMCTY iICTOTHO BILITMBAE HA YACTOTY
TpaBMYBaHHS JiTEH Pi3HUX BIKOBHX IPYIL.

Ki11040Bi cj10Ba: TpancnopTHa TpaBMa, AUTAYMiL BiK; TpaBMa Ha €IEKTPHYHMX 3ac00aX IIepPCOHATbHOT MOOLIEHOCTI; MEXaHi3M
TpaBMYBaHHSI; YePEIHO-MO3KOBa TPaBMa.
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