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Yuliia Kotsiubynska, Nataliia Kozan, Valeriia Chadiuk

Ivano-Frankivsk National Medical University, Ministry of Health of Ukraine, Ivano-Frankivsk, Ukraine

Abstract. Forensic medical examination of injuries sustained from the use of electric scooters in
children requires a detailed study of injury mechanisms to correctly classify the injuries and establish causal
relationships. Understanding the specifics of the interaction between the child's body and an electric scooter
in various traumatic situations is critically important for forensic practice.

The aim of the study. To systematize the features of forensic examination of child injury
mechanisms from electric scooters and to identify characteristic morphological signs for different types of
traumatic situations.

Materials and methods. An analysis of forensic medical data from 50 injured children aged 4-18
years was conducted using anthroposcopic, morphological, radiological diagnostic methods, biomechanical
modeling of traumatic situations, and statistical analysis. Statistical analysis of the obtained data was
performed using Microsoft Excel 2019 / IBM SPSS Statistics 26.0. Given the nature of the study (analysis of
medical documentation) and the type of data obtained, descriptive statistical methods were used. Absolute
and relative frequencies (n, %), distribution of indicators by age groups and sex were calculated. The non-
parametric Pearson’s chi-squared (y?) test was applied to compare frequencies between groups. Differences
were considered statistically significant at p<0.05.

Scientific research. This study was carried out within the framework of the research work of the
Department of Forensic Medicine, Medical and Pharmaceutical Law of IFNMU "Comprehensive forensic
medical assessment of trauma and injuries in children" (state registration number: 0124U001982).

Bioethics. The study was approved by the Ethics Committee of IFNMU (Protocol No. 143/24, dated
20.03.2024).

Results. Eight main injury mechanisms were identified with characteristic localizations and types of
injuries. The most common mechanism is a forward fall (34%), leading to fractures of the distal radius (56%
of cases of this mechanism). A correlation was established between speed, child's age, and injury
localization.

Conclusions. The systematization of injury mechanisms enables higher-quality forensic medical
examinations with well-founded determination of injury circumstances. The developed schemes can be used
in forensic practice and preventive work.

Keywords: forensic medical examination, injury mechanism, child trauma, electric scooters, trauma
biomechanics.

OCOBJIMBOCTI EKCHHEPTHUX JOCJII’KEHD, ITOB'SI3AHUX 13 BABYEHHSIM
MEXAHI3MY JUTAYO0I TPABMHU, OTPUMAHOI BHACJIIAOK EKCIIJIYATAIII
EJIEKTPUYHUX CAMOKATIB

HOunia Komo6uncobka, Hatagnis Ko3anb, Banepis Yagiok

IBano-®paHkiBChKMH HalliOHATEHUN MeauYHUH yHiBepcuTeT MO3 Ykpainu, [Bano-®pankiscbk, Ykpaina

Pe3ome. CynoBo-MenuiHa €KCIEPTH3a TPaBM, OTPUMAHUX BHACHTIJOK EKCIUTyaTallii eJIeKTPHIHHX
CaMOKarTiB y JiTei, BUMarae IeTaJbHOTO0 BUBYEHHS MEXaHi3MiB TPaBMYBaHHS IS MIPABIIIbHOI KBasi(hikamii
VIIKO/DKEHb Ta BCTAHOBJICHHS NPUYMHHO-HACTIJKOBHX 3B'S3KiB. Po3yMmiHHS ocoOmmBocTeil B3aemomil
JUTSYOTO OpPraHi3My 3 EJNEKTPHYHAM CaMOKaTOM Yy pI3HMX TpPaBMAaTHYHUX CHTYallisiX Mae KpPUTHYHE
3HAYEHHS JUIs1 eKCIIEPTHOI MPaKTHUKH.

Mera pocaimkenHs. CucreMaTH3yBaTH OCOOJIHMBOCTI E€KCIIEPTHOTO JOCTIDKEHHS MeXaHi3MiB
JUTAY0I TPaBMH BiJl €JIEKTPUYHUX CAMOKATIB Ta BU3HAYMUTH XapaKTepHI MOPQOIOriyHi 03HAKH I Pi3HUX
THITIB TPAaBMAaTHIHUX CHTYAITiH.

Martepiaau Ta meToau. IIpoBeneHo aHami3 CyaoBo-MeANYHUX AaHUX 50 MOCTpasKAaInX JiTed BIKOM
4-18 pokiB 3 BHUKOPUCTAaHHAM METOIIB aHTPOITOCKOMii, Mopdoiorii, NPOMEHEBOI HiarHOCTHKH,
0ioMexaHIYHOTO MOJIENIOBaHHS TPAaBMAaTHYHHUX CUTYAIlI Ta CTATUCTHUKH.
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HaykoBo-nociinna po6ora. Jlane moCiKEHHS TIPOBOIWIA B paMKaX HayKOBO-AOCTIAHOI poOOTH
Kadeapu cyqoBOi MEAMLMHHM, MEIUYHOro Ta ¢apmaueBTHuHOro mnpaBa IOHMY «KommiekchHa cynoso-
MEIUYHA OI[IHKA TPaBMH Ta TPaBMATH3MY Y IiTel» (HoMep mep:kaBHOi peectparii H/P: 0124U001982).

Bioetnka. JlocnikeHHsT cXBaJeHO KoMiciero 3 muTanb etukn [OHMY (mportokon N2 143/24 Bin
20.03.2024 p.).

PesyabTaTn pocainkeHnsi. BugineHo BiciM OCHOBHHX MeEXaHI3MiB TpaBMYBaHHS 3 XapakTepHHUMHU
JOKaizalisMA Ta THIIAMH YIIKO/KeHb. Haifwactimum wmexaHisMoMm € mafminas suepen (34%), mio
MPU3BOANUTH JI0 TIEPEIOMIB TUCTAJIBHOTO BIIAUTY MPOMEHEBOi KicTKH (56% BHIAOKIB LBOTO MEXaHI3MY).
BcraHoBNIEHO 3aNeXHICTh MK MIBUIKICTIO PYXY, BIKOM JUTHHH Ta JIOKATI3AI[€l0 TPaBM.

BucnoBku. CucteMaTn3alis MeXaHi3MiB TpaBMyBaHHS I03BOJISIE MPOBOJUTH SIKICHIIII CyIOBO-
MEIUYHI E€KCIEPTH3U 3 OOTPYHTOBAHWM BCTAHOBJICHHSM OOCTaBMH TpaBMHU. Po3poOiieHI CXeMH MOXYTb
BUKOPUCTOBYBATHCH JJIsl €KCIIEPTHOT MPAKTHKH Ta MPO(iIakKTHIHOT pOOOTH.

KirouoBi cioBa: cynoBo-MequuHa EKCIEPTH3a, MEXaHI3M TpaBMHM, AUTSIYA TPAaBMa, €JIEKTPUUHI
caMmokaTH, 6ioMexaHika TPaBMH.

Introduction. The growing popularity of electric personal mobility devices among children and
adolescents is accompanied by a dramatic increase in the number of injuries, which is acquiring the character
of a new epidemic in pediatric traumatology [1, 2]. Forensic medical examination of such injuries has its
own features related to the need to establish the exact injury mechanism, which is critically important for the
legal qualification of the event and the establishment of causal relationships.

Studies by Cohen et al. (2021) [3] and Avrahamov-Kraft et al. (2022) [4] revealed specific trauma
patterns in the pediatric population that differ substantially from similar injuries in adults. Understanding the
injury mechanism is particularly important for the correct interpretation of the morphological signs of
injuries.

The mechanism of injury determines the localization, nature, and severity of injuries. Blomberg et al.
(2019) [5] and Cicchino et al. (2021) [6] established a direct relationship between trip characteristics and the
type of injuries sustained. Systematization of injury mechanisms allows an expert to reconstruct the
circumstances of an event with high probability even in the absence of witnesses.

The aim of the study is to systematize the features of forensic examination of child injury
mechanisms from electric scooters and to identify characteristic morphological signs for different types of
traumatic situations, which will improve the quality of forensic medical examinations.

Materials and methods. The study material consisted of forensic medical data from 50 injured
children aged 4 to 18 years, obtained from inpatient records of the Municipal Non-Profit Enterprise “Ivano-
Frankivsk Regional Children’s Clinical Hospital” and during forensic medical examinations conducted in the
period 2022-2024. Age groups: 4-6 years (8 individuals), 7-9 years (2 individuals), 10-13 years (18
individuals), 14-18 years (22 individuals). A set of methods was used: anthroposcopic, morphological,
radiological diagnostic methods (radiography, computed tomography), biomechanical modeling of traumatic
situations, and statistical analysis.

Statistical analysis of the obtained data was performed using Microsoft Excel 2019 / IBM SPSS
Statistics 26.0. Given the nature of the study (analysis of medical documentation) and the type of data
obtained, descriptive statistical methods were used. Absolute and relative frequencies (n, %), distribution of
indicators by age groups and sex were calculated. The non-parametric Pearson’s chi-squared (y?) test was
applied to compare frequencies between groups. Differences were considered statistically significant at
p<0.05.

For each case, a detailed analysis of the injury mechanism was conducted based on interviews with
the injured, witnesses of the event, and objective data. Biomechanical modeling was performed taking into
account the anthropometric features of children of different age groups, the speed of the electric scooter, and
the characteristics of the body’s interaction with the road surface.

Scientific research. This study was carried out within the framework of the research work of the
Department of Forensic Medicine, Medical and Pharmaceutical Law of IFNMU "Comprehensive forensic
medical assessment of trauma and injuries in children™ (state registration number: 0124U001982).

Bioethics. The study was approved by the Ethics Committee of IFNMU (Protocol No. 143/24, dated
20.03.2024).

Results. Based on the analysis of 50 trauma cases, six main mechanisms of child injury during the
operation of electric scooters were identified, each characterized by specific morphological manifestations and
injury localizations.

The most common injury mechanism was a fall from a moving electric scooter, observed in 68% of


http://forensic.bsmu.edu.ua/
http://forensic.bsmu.edu.ua/

Forensic-medical examination, 2026, Nel http://forensic.bsmu.edu.ua

cases (34 victims), subdivided into three main variants depending on the direction of fall.

Forward fall occurred in 34% of all cases (17 victims). The general initial position is characterized by
the child standing on the electric scooter deck with both feet (one foot in front, the other behind), holding the
handlebars with both hands, while the scooter moves forward horizontally on the road surface at a speed of 15-
25 km/h in the studied group. The main causes of the fall were sudden braking (47% of cases of this
mechanism), shifting the center of gravity forward when attempting to increase speed, excessive forward tilt of
the torso, and loss of balance due to road surface unevenness. The injury mechanism unfolds as follows: the
child loses balance with a forward tilt of the torso, the child’s body detaches from the scooter deck and flies by
inertia forward-downward at an angle of approximately 30-45° to the horizontal, the hands release the
handlebars or the child flies over the handlebars, the scooter continues to move forward separately or falls to
the side, while the speed of body flight depends on the initial speed of the scooter. The sequence of contact
with the road surface has a clear pattern: first, contact occurs with the palms of the outstretched hands (a
protective reaction observed in 94% of cases), then the wrists and forearms, knees (if the legs are bent during
the fall), face, forehead (with insufficient hand protective reaction in 41% of cases), chest and abdomen, with
possible sliding on the asphalt on the abdomen observed in 29% of cases (Fig. 1a, b, ¢, d). Typical injuries
from this mechanism include fractures of the distal radius in the typical location (56% of cases of this
mechanism, most commonly a Colles extension fracture), abrasions on the palms localized on the palmar
surface of the thenar and hypothenar eminences, wrist injuries (ligament sprains — 35%), facial trauma in the
form of contusions of the facial soft tissues, fractures of the nasal bones (24%), dental injuries (18%),
traumatic brain injury of varying severity (concussion — 47%, mild brain contusion — 29%), abrasions of the
knees with characteristic localization on the anterior surface, and chest contusions.

a) b) c) d)
Figure 1: a, b, c, d. Schematic illustration of the forward fall mechanism from an electric scooter.

Backward fall was observed in 20% of all cases (10 victims). The causes of the fall were sudden
scooter acceleration (60% of cases of this mechanism), backward tilt of the torso upon loss of balance, loss
of footing on the deck, and forward sliding of the feet on the deck due to inertia. The injury mechanism is
characterized by the center of gravity shifting backward beyond the support area, the child falling backward-
downward along an arc with a fall height corresponding to the child’s height, the hands releasing the
handlebars, the body flying backward with possible rotation around the transverse axis, and the scooter
potentially continuing forward without control or falling. The sequence of contact with the road surface
begins with an impact on the buttocks or sacral area, followed by the lumbar region of the back, the
interscapular region, the occiput or the back of the head, and a possible blow to the elbows when trying to
protect oneself (observed in 50% of cases) (Fig. 2a, b, c). Typical injuries include contusions of the soft
tissues of the gluteal region (90% of cases), compression fractures of the lumbar vertebrae (20% of cases,
most commonly L1-L2), traumatic brain injury with a characteristic localization — brain contusion in the
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occipital area with a contrecoup injury in the frontal region (70% of cases of this mechanism), fractures of
the olecranon (30% of cases), and subarachnoid hemorrhages in the occipital region.

2) b) ©)
Figure 2: a, b, c. Schematic illustration of the backward fall mechanism from an electric scooter.

Lateral fall occurred in 14% of all cases (7 victims). The causes of the fall were skidding of the
scooter on a turn (43% of cases of this mechanism), uneven road surface, a lateral impact against an obstacle,
a sharp turn of the handlebars, and loss of lateral balance due to asymmetric weight distribution. The injury
mechanism consists of the scooter tilting sideways and falling to the side together with the child or
separately; the child falls sideways (right or left), the body follows a parabolic trajectory sideways-
downward, with possible rotation of the body around its longitudinal axis during the fall; the height of the
child’s center of gravity fall is 0.8 to 1.4 m depending on age. The sequence of contact with the road surface
occurs on one side of the body: first, the lateral surface of the thigh or knee makes contact, then the hip area
or the greater trochanter of the femur, the elbow and shoulder on the same side, and the lateral surface of the
head (parietal-temporal region), with possible sliding on the asphalt on the side observed in 57% of cases
(Fig. 3a, b, c, d). Typical injuries include femoral neck fractures (14% of cases of this mechanism), elbow
joint fractures, predominantly radial head fractures (43%), clavicle fractures (29%), traumatic brain injury in
the form of a brain contusion in the parietal-temporal region (71% of cases of this mechanism), multiple
linear abrasions along the lateral surface of the body from sliding on the asphalt with a characteristic
direction from front-to-back or top-to-bottom, and soft tissue contusions of the thigh.
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a) b) c) d)
Figure 3: a, b, c, d. Schematic illustration of the lateral fall mechanism from an electric scooter.

Fall due to collision with an obstacle was the second most common injury mechanism, observed in
6% of cases (3 victims). The injury mechanism unfolds as follows: the child operates the electric scooter
moving forward at 15-25 km/h, an obstacle (stones, road unevenness, a curb 5-15 cm high, or a pothole) lies
ahead on the road, the front wheel of the scooter hits the obstacle and suddenly stops or bounces upward, the
rear part of the scooter rises due to the conservation of kinetic energy, the child continues to move forward
by inertia with acceleration, detaching from the deck and flying over the handlebars, the body follows a
parabolic trajectory forward-upward-downward with a trajectory height of up to 1.5-2 m, and landing occurs
on the road surface behind the obstacle at a distance of 1.5-3 m from the scooter’s stopping point. The
contact sequence is characterized by initial contact with the outstretched hands (a pronounced protective
reaction is observed in 100% of cases), followed by the head (forehead, parietal region), shoulders, and
chest, with a characteristic absence of injuries to the lower limbs (Fig. 4a, b, c, d). Typical injuries include
fractures of both radii (100% of cases), severe traumatic brain injuries (moderate to severe brain contusion —
67%), bilateral clavicle fractures (33%), multiple abrasions on the anterior surface of the body, and absence
of injuries to the posterior body surface and lower limbs.

a) b) c) d)
Figure 4: a, b, c, d. Schematic illustration of the fall mechanism due to collision with an obstacle.
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Collision of the electric scooter with a motor vehicle was observed in 18% of cases (9 victims). The
injury mechanism involves the child riding the electric scooter in one direction (most often crossing the
roadway or riding along it), while a vehicle moves in a perpendicular or opposite direction at 30-60 km/h; a
collision occurs in which the bumper or side of the vehicle contacts the lateral side of the electric scooter at
wheel or deck level, the child receives a lateral impact at the level of the lower limbs or pelvis, the child’s
body is thrown sideways or upward with great force, the child is launched from the scooter a distance of 3-10
m depending on the vehicle’s speed, and the body’s flight may be accompanied by rotation around various
axes. The injury sequence includes a primary impact — contact of the bumper with the child’s lower limbs or
pelvis — and secondary injuries from the fall onto the road surface — landing on the side of the body (thigh,
pelvis, shoulder, head) with possible rolling and multiple successive impacts by different body parts (Fig. 5a,
b, c, d). Typical injuries include multiple bone fractures (mean 3.2 fractures per child), fractures of the tibia
and femur on the impact side (89%), pelvic fractures (44%), severe traumatic brain injuries (severe brain
contusion — 56%, epidural and subdural hematomas — 33%), internal organ injuries (liver and spleen
lacerations — 22%), multiple abrasions and contusions over the entire body surface, and characteristic
asymmetry of injuries with predominance on the impact side.

a) b) c) d)

Figure 5: a, b, ¢, d. Schematic illustration of the mechanism of electric scooter collision with a motor
vehicle.

Collision of the electric scooter with a stationary object was observed in 4% of cases (2 victims). The
injury mechanism is characterized by the child riding the electric scooter forward at a certain speed (15-25
km/h in the cases studied), with a stationary vertical object (a street lamp, tree, fence, or building wall)
ahead; the front wheel and handlebars of the scooter strike the stationary object, the scooter suddenly stops,
and the child continues to move forward by inertia. Two possible scenarios exist: the body tilts forward, the
chest and abdomen contact the handlebars, and the head may strike the object; or the child flies over the
handlebars and strikes the object with the anterior part of the body (face, forehead, chest) (Fig. 6a). Typical
injuries include severe facial trauma (multiple fractures of the facial skull bones — 100%), severe traumatic
brain injury (contusion of the frontal and temporal lobes — 100%), chest contusions (rib fractures — 50%),
abdominal organ contusions, characteristic localization of all injuries on the anterior body surface, and
absence of injuries to the limbs and posterior body surface.

Collision with a pedestrian was observed in 2% of cases (1 victim) and is a rare mechanism with
characteristic injuries in the form of lower limb trauma to the pedestrian and the child falling from the
scooter with corresponding consequences (Fig. 6b). Collision of two electric scooters was also observed in
2% of cases (1 victim) and is characterized by mutual falls of both children with the possibility of body-to-
body collision and subsequent fall onto the road surface (Fig. 6¢).
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a) b) c)

Figure 6. Schematic illustration of the mechanisms of collision with: a) a stationary object,
b) a pedestrian, and c) another electric scooter.

Discussion. The systematization of injury mechanisms in children during the operation of electric
scooters has important practical significance for forensic medical expert activities. The identified features
allow an expert to establish the circumstances of trauma with high probability even in the absence of
objective witnesses to the event, which is confirmed by the studies of Buongiorno et al. (2022) [7].

The most common mechanism — a forward fall — is characterized by a specific set of injuries, among
which the Colles fracture predominates (56% of cases of this mechanism). This is consistent with data from
Coelho et al. (2021) [8] regarding the high incidence of distal radius fractures in falls from electric mobility
devices. An important diagnostic sign is the presence of abrasions on the palmar surface of the hands,
indicating an attempted protective reaction.

Backward falls are associated with the most severe traumatic brain injuries (70% of cases of this
mechanism), which is explained by a direct impact of the occipital region on the road surface with no
possibility of protective hand reaction. The characteristic “coup-contrecoup” mechanism leads to brain
contusion in the occipital region with a contrecoup injury in the frontal region, which is of great importance
for differential diagnosis with other trauma mechanisms.

Collision with a motor vehicle is characterized by the greatest injury severity and the highest rate of
multiple injuries. The mean number of fractures — 3.2 per victim — significantly exceeds the figures for other
mechanisms. Asymmetry of injuries with predominance on the impact side is a pathognomonic sign of this
mechanism.

An important feature is the age-related dependence of injury mechanisms. Younger children (4-6
years) more often fall forward or backward due to insufficiently developed coordination abilities, while
adolescents (14-18 years) more frequently are involved in collisions with motor vehicles due to higher
speeds and riskier road behavior.

Biomechanical modeling of traumatic situations established a relationship between the electric
scooter’s speed and the severity of injuries. At speeds exceeding 20 km/h, the risk of severe traumatic brain
injury increases 4.2-fold (p<0.001), which justifies the legislative need to limit speeds for the pediatric age
group.

The developed schematic illustrations of injury mechanisms can be used as visual materials when
conducting forensic medical examinations, as well as for educational and preventive work among children
and parents.
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Conclusions.

1. Eight main mechanisms of child injury during the operation of electric scooters were identified: forward
fall (34%), backward fall (20%), lateral fall (14%), collision with a motor vehicle (18%), fall due to
collision with an obstacle (6%), collision with a stationary object, a pedestrian, or another electric scooter
(2-4% each). Each mechanism is characterized by a specific set of morphological signs and injury
localizations.

2. It was established that the most common mechanism is a forward fall, characterized by fractures of the
distal radius (56% of cases of this mechanism), palm abrasions, and facial injuries. Backward falls are
associated with the most severe traumatic brain injuries (70% of cases) with the characteristic “coup-
contrecoup” mechanism.

3. It was determined that collision with a motor vehicle results in the most severe and multiple injuries
(mean number of fractures 3.2 per victim) with characteristic asymmetry and predominance of injuries on
the impact side, which has important differential-diagnostic significance.

4. An age-related dependence of injury mechanisms was identified: children aged 4-6 years more often fall
forward or backward (80% of cases in this age group), while adolescents aged 14-18 years more
frequently are involved in collisions with motor vehicles (27% of cases in this age group), which is
associated with different speeds and behavioral characteristics.

5. The injury mechanisms in children during the operation of electric scooters were systematized, enabling a
forensic medical expert to establish the circumstances of trauma with high probability based on the
morphological signs of injuries, which is of great practical importance for expert activities and the legal
qualification of events.
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