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Structure of long bone fractures of lower limbs at a car injury
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The most traumatized body region in road traffic accidents is
the lower extremities, however, the structure of fractures has
not been adequately studied. Objective: to study the structure
of long bones fractures of the lower extremities in various non-
lethal car injuries. Material and methods. The research mate-
rial was 116 reports of primary forensic medical examinations
of victims with fractures of the femur and/or shin bones result-
ing from a car injury. When studying the frequency of damage
to various areas of the body and the frequency of fractures
of long bones of the lower extremities, it was taken into account
that 28 victims with polytrauma had multiple injuries, and thus
116 patients revealed 232 injuries of various areas of the body
and 138 fractures of long bones of the lower legs. Research
methods — retrospective analysis, descriptive statistics. Results.
The main contingent of those injuries in the car accident was
car drivers (8.5%) and pedestrians (47.3 %) aged 31-50 years.
In the general group, the shin (37.9 %), thigh (21.6 %), head
(13.8 %) were most injured areas, in the group of car drivers —
neck, thigh, chest, shin, in the group of passengers — head, shin
and thigh; pedestrians — shin, thigh, head. Due to the predomi-
nance of anterior (41.4 %) and anterolateral collisions of a mov-
ing car in the group as a whole, in cases of the of pedestrians
injuries as well as in cases of in-cabin injuries, the presence
of bumper fractures of the lower leg bones, as well as fractures
of the femur of various localization, was observed. Conclusions.
According to the initial forensic medical examination, a colli-
sion of a moving car with a pedestrian (78.4 %) and a colli-
sion of moving vehicles (21.6 %) were observed in the structure
of non-lethal car accidents. In this case, diaphyseal fractures
of the femur (29.8 %) and the shin bones (47.1 %) in the gene-
ral group and in the group of pedestrians (20.4 and 40.7 %,
respectively) predominated. Fractures of the femur of various
localization were most often detected also in the in-cabin in-
Jjuries (50.0 % of the total number of fractures in drivers and
passengers). Key words: road traffic injury, femoral fractures,
fractures of shin bones.

Haiibinvw 6pasnugor 301010 6 pasi 00POAHCHbO-MPAHCNOPMHOT
npueoou ([ATIl) € Hudcui KiHyieKu, npome cmpykmypa nepe-
JI0Mi6 IXHIX doseux Kicmok docniodcena Heoocmammuvo. Mema:
GUEUUMU CMPYKIYPY NePesioMi8 0082UX KICIOK HUICHIX KIHYI-
60K V DI3HUX YUACHUKIE HelemalbHOI a8moMOOiNbHOI mpasmil.
Memoou: npoananizosano 116 axmie nepsunnux cy0o8o-me-
OUYUHUX eKCHnepmuU3 NOCMPAXCOANUX i3 nepeiomMami. CmezHo8oi
Kicmku ma/a6o Kicmok 2omiiku, ompumanux ynacrioox JTII.
Yepes me, wo y 28 nocmpascoanux iz norimpaemoro 6yau MHo-
JHCUHHI yuKoOxcenus, y 116 ocib eusasneno 232 ypasicenus pis-
HUX Oinanox mina ma 138 nepenomie 0o82ux KiCMOK HUNCHIX
Kinyieok. Ilposedeno pempocneKmuHull aHani3, 6UKOPUCIAHO
Memoou onucogoi cmamucmuku. Pesynomamu. ocHoeHutl KOH-
muneenm nocmpasicoarux ynacaioox JTII — 600ii neckosux
asmomo6inis (8,5 %) i niwoxoou (47,3 %) y eiyi 31-50 poxis.
3acanom nativacmiwe mpagmosano 2omiaky (37,9 %), cmezno
(21,6 %), eonosy (13,8 %); y epyni 600diie asmo — wiuio, cmezHo,
2pYOHY KIAIMKY, 2OMIIKY, Y 2PpYNi nacadcupie — 20108y, 2OMIIKY
ma cmeeHo, y niuoxo0ie — 20MINKY, cmezHo, 207108Y. V pe3ynb-
mami nepegasicanns nepeonvoeo (41,4 %) i nepednvobokosozo
(32,8 %) 3imknenv pyxomo2o agmomoobina 3a2aniom no epyni,
y pasi niwoxooHoi, a maxKoxc 6HymMpiuHbOCAIOHHOT MPABM,
0y1a XapaxkmepHo HAAGHICMb OAMNEPHUX NeperoMis KICOK
2OMINKU, CMe2H080I KicmKu pi3Hoi noxkanizayii. Bucnosku:
YV CIMpYyKmypi HeemanbHoi asmompagmu 3a OaHUMU NePEUHHOT
CY0080-MeOUUHOI excnepmu3u cnocmepieanu 3iMKHeHHs pyXo-
Mo20 agmomobins 3 niwoxooom (78,4 %) abo pyxomux mpanc-
nopmuux 3aco6ie (21,6 %,). llpu yvomy nepesasicanu oiagizapHi
nepenomu cmeenosoi kicmru (29,8 %) i kicmox eominku (47,1 %)
sazanom y epyni ma cepeo niuoxodie (20,4 i 40,7 % 6i0nogiono).
Ilepenomu cmeenogoi Kicmxku pisHoi noxanizayii natyacmiuie
susegneni 6 pasi enympiwnvocanonnoi mpasemu (50,0 % 6io 3a-
2anvHoi Kinbkocmi nepenomie y 600iie i nacasxcupis). Kniouogi
€1108a: 00OPOACHLO-MPAHCHOPINHA MPABMA, NePeloMU CTeSHO-

801 KiCmKU, nepeiomu KiCmok 2oOMIinKU.
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Introduction

Over the years, road traffic accidents (RTA) re-
main a constant endemic phenomenon and a heavy
economic and medical-social burden for many count-
ries of the world. According to the report of the World
Health Organization (WHO) in 2018, 1.35 million le-
thal (fatal) RTA were recorded in 2016, which resulted
in road traffic injury taking the 8" place among causes
of death in the general population and the 1 place —
in children and young people aged 5 to 29 years [1].
In high-income countries, in 2016, deaths from road
accidents between the ages of 15 and 49 reached
9.5 % (9.0-9.9), amounting to approximately 255 mil-
lion DALYs (Disability- adjusted life year) [2]. Given
the potentially lost years of life, the socio-economic
losses of society due to fatal accidents exceed similar
indicators for malignant diseases, heart diseases and
cerebrovascular diseases [3].

In Ukraine, 4 687 fatal RTA (76 % of men, 24 %
of women) were recorded in 2016, according to WHO,
their number was 6 089; per 100 000 of the popula-
tion — 13.7 deaths from road traffic injuries, which
exceeds the average in Europe (10.4 per 100 000
of the population) and the USA (12.4 per 100 000
of the population) [1]. In Ukraine, mortality of pedes-
trians (42 %), passengers (18 %) and drivers (16 %)
of 4-wheeled vehicles occurs the most in RTA. A dif-
ferent structure of fatal RTA is observed in highly
developed countries. In the United Kingdom and
the USA, the percentage of mortality among pedes-
trians is 24 and 15 %, respectively; for 4-wheeled ve-
hicles: among passengers 14 and 17 %, respectively;
among drivers — 33 and 47 %, respectively [1].

Epidemiology and risk factors for fatal RTA are
studied comprehensively at both the national level
and the WHO. At the same time, the structure of non-
lethal road traffic injuries is less known. It is been
reported that, regardless of the type of RTA (colli-
sion of vehicles, collision of a vehicle and a pedes-
trian, collision of a vehicle with a fixed obstacle) and
its participants (pedestrian, driver and/or passenger
of a car/motorcycle/scooter/bicycle), the lower limbs
are most often injured [4—6]. However, the structure
of lower limb injuries in various types of injured in
non-fatal RTA has not been sufficiently studied.

Objective: to study the structure of lower limb
fractures in various participants in non-lethal car
injuries.

Material and methods

The research material — 116 reports of primary
forensic medical examinations of victims with frac-
tures of the femur and/or lower leg bones resulting

from a non-lethal car accident. In all cases, an expert
assessment of the nature of traumatic injuries was
carried out at the Kharkov Regional Bureau of Foren-
sic Medical Examination (KRBFME) for a period not
exceeding month after an injury. Reports of primary
forensic medical examinations were selected by ran-
dom sampling for the period February—June 2018.

Inclusion criteria — isolated fractures of the fe-
mur or lower leg bones; non-lethal polytrauma with
fractures of long bones of the lower extremities as
a leading injury received by drivers, passengers of ve-
hicles, pedestrians as a result of a collision with a car.

Exclusion criteria — non-lethal polytrauma, in
which fractures of the long bones of the lower ex-
tremities were a concomitant injury; car accident in
which the forensic medical examination was carried
out in terms exceeding month; fractures of long bones
of the lower extremities obtained as a result of other
mechanisms (except for car injury), fatal car injury.

All victims of road accidents were selected in
group 1 «car injury» (n = 116, 100 %); there were
also selected: for group 2 — drivers of a four-wheeled
(passenger car) vehicle (n = 11, 9.5 %); for group 3 —
drivers of 2-wheeled (bicycle, scooter) vehicles (n =4,
3.4 %); for group 4 — passengers of the front seat
of 4-wheeled vehicles (n = 6, 5.2 %); for group 5 —
rear-seat passengers of 4-wheeled vehicles (n = 1,
0.9 %); for group 6 — passengers of 2-wheeled (bi-
cycle, motorcycle) vehicles (n = 3, 2.6 %); for group
7 — pedestrians (n =91, 78.4 %).

When classifying injuries, resulted from car in-
jury, into isolated fractures of long bones of the lower
extremities, multiple and combined injuries, we con-
ditionally did not take into account injuries of the in-
tegumentary system (abrasions, superficial bruised
wounds, subcutaneous hematomas), qualified as light
bodily injuries (according to «Rules of forensic de-
termination of the severity of injuriesy», approved
by Ministry of Health of Ukraine Order No.6 dated
01.17.1995). Also, mild and moderate brain concus-
sion, superficial neck injuries, bone fractures and dis-
locations of the joints of the upper extremities, bruises
of the chest and abdomen, non-penetrating fractures
of the ribs, fractures of the pelvic bones without da-
maging internal organs were taken into account.

In the study of the frequency of damage to vari-
ous areas of the body and the frequency of fractures
to long bones of the lower extremities, it was taken
into account that, among 19 patients with multiple
injuries of the locomotor system, in 2 patients inju-
ries of the lower extremities in combination with dis-
location of the joint of the upper limb were defined; in
4 — in combination with damage to the upper limby;
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in 2 — a fracture of the pelvic bones and 2 frac-
tures of the bones in one segment of the lower limb;
in 2 — a fracture of the pelvic bones and damage
to 2 segments of the lower extremities; 1 — bone
fractures of 3 segments of the lower extremities;
in 8 — bone fractures of 2 segments of the lower
extremities. In the group of victims with combined
trauma in the 1% case, damage was defined in 2 seg-
ments of the upper limb and 3 segments of the low-
er extremities; in 4 — fractures of the pelvic bones
and 2 segments of the lower extremities; in 4 — da-
mage to 2 segments of the lower extremities. Thus,
in 116 victims of a car accident, 232 injuries of vari-
ous areas of the body and 138 fractures of long bones
of the lower extremities were recorded.

Research methods — retrospective analysis, de-
scriptive statistics.

Results and discussion

The average age of victims of a car accident was
(42.8 £ 24.3) years (10—81 years), a slight predomi-
nance of men was observed (54.3 %). The main con-
tingent of victims was car drivers (8.5 %) and pedes-
trians (47.3 %) in the age group of 31-50 years old,
and almost one third (24.2 %) of pedestrians were
older 51 years. It should be noted that, in the general
group 1, «the number of men: the number of womeny
ratio did not exceed 1.2 : 1, in the group of car drivers
it reached 4.5 : 1, and in the group of pedestrians it
was 0.98 : 1 (table 1).

Car accident was the result of 2 types of RTA:
collision of a moving car with a pedestrian (78.4 %)
and collision of moving vehicles (21.6 %). RTA pre-
vailed in the city (92.2 %); pedestrian collisions in
other settlements occurred in 6.0 % of cases, colli-
sion of moving vehicles on the roads — in 1.7 %.

According to the nature of the injuries received, as
expected, combined damage prevailed (71.5 %). Iso-
lated fractures of long bones of the lower extremi-
ties and multiple injuries of locomotor system were
observed much less frequently with approximately
the same frequency: 12.1 % and 16.4 %, respectively.
For pedestrians, a similar distribution of the frequen-
cy of isolated and multiple damage to the locomotor
system was noted. A slightly different picture was
observed with in-cabin injury. If we take for 100 %
the number of victims in the passenger compartment
(n = 18), we can see the prevalence of multiple inju-
ries over isolated fractures of long bones of the lower
extremities: 33 % and 17 %, respectively (table 2).
The most frequently injured areas of the body in
the victims in car accidents were: shin (37.9 %), thigh
(21.6 %) and the head (12.5 %). The least injured
were the forearm and the foot (1.3 % each), the wrist
(1.7 %) (table 3). The frequency of injuries of various
areas of the body in various groups of participants in
an accident was as follows: in case of in-cabin injury
(n =18, 100 %), thigh injuries (for drivers — 38.9 %;
for passengers — 33.3 %), shin injuries (33.3 and
38.9 %, respectively), head injuries (38.9 and 27.8 %,
respectively) and neck superficial injuries (27.8 %
each) were characteristic. In addition, car drivers
were distinguished by injuries to the chest (33.3 %)
and abdomen (22.2 %). In pedestrians (n =91, 100 %),
the shin was mostly damaged (73.6 %); injuries
of the thigh area were noted in 35.2 % of cases, heads
in 14.3 % and pelvis in 12.1 %. Injuries of the up-
per extremities, chest and abdomen were noted less
frequently: 8.8, 4.4 and 6.6 %, respectively. Thus,
among injuries of various areas of the body, during
an car injury, fractures of long bones of the lower
extremities took a leading place both in general group

Table 1
Distribution by gender and age of injured in car accidents
The characteristic The groupe of victims
1 2 3 4 5 6 7

n=116; 100 % n=11595% n=4;34% n==6;52% n=1;09% n=3;2.6% n=091;78.4 %
Gender:
male 63; 54.3 % 9; 7.8 % 3;25% 4,34 % — 2;1.7 % 45; 38.8 %
female 53,457 % 2:1.7% 1; 0.9 % 2:1.7% 1; 0.9 % 1; 0.9 % 46; 39.7 %
Age (years):
10-20 4; 3,4 % — — — 1;0.9 % 1;0.9 % 2;1.7%
21-30 12; 10,3 % — 3;2,5% 1;0,9 % — 2;1.7 % 6;52%
31-40 43; 37,2 % 7; 6,0 % 1; 0,9 % 4;3,4% — — 31;26.6 %
41-50 28; 24,1 % 3;25% — 1;0,9 % — — 24;20.7 %
51-60 15; 12,9 % 1;0,9 % — — — — 14;12.1 %
> 61 14; 12,1 % — — — — — 14; 12.1 %
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1 (59.5 %) and in the groups of drivers, car passengers
(72.2 % each) and especially pedestrians (108.8 %)),
where damage was observed in two segments (thigh
and shin or both shins) (table 3).

In the structure of fractures of long bones of the low-
er extremities in the general group 1, shaft fractures
of the femur (29.8 %) and shin bones (47.1 %) pre-
vailed. Those fractures were a leading injury in
the group of pedestrians (20.4 and 40.7 %, respec-
tively). In addition, femur fractures were «leaders»
in case of in-cabin injury: for drivers and passengers
of cars (n = 18, 100 %), their total percentage was
50.0 % (table 4).

This nature of the damage corresponds to the mecha-
nism of car injury, in which the anterior (41.4 %) and
anterolateral (32.8 %) collisions of a moving car with
a pedestrian prevailed. As a result of the collision,
the frontal parts of the car collide with the lower
limbs of the pedestrian with the formation of bum-
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per fractures of the shin bones. Due to the impact
below the level of the center of mass of a person,
a torque arises, as a result of which the head, upper
limbs and upper half of the pedestrian's body deviate
towards the car, and the lower limbs are shifted up
and along the vehicle. Often, in this phase, a second
blow of the car’s hood on the pedestrian’s hips oc-
curs [7, 8]. Fractures of the diaphysis of the femur
and tibia, injuries of the knee joint and the distal tibia
also correspond to injuries during in-cabin injury [9].
Fracture of the acetabulum with a central dislocation
of the femur is a typical injury to a driver of a car in
a frontal collision [10].

The structure of RTA to a certain extent de-
pends on the economic, social, cultural characte-
ristics of the studied region. So, automobile injuries
lead in the developed countries of Europe and North
America, and motorcycle and bicycle injuries — in
the countries of Africa and Southeast Asia [11, 12].

The nature of damage to the musculoskeletal system in various injured in car accidents fable?
Parameters Nature of car injury (n = 116; 100 %)
isolated fractures multiple injury polytrauma total
of femur/ lower leg bones
abs. % abs. % abs. % abs. %

Car injury: 14 12.1 19 16.4 83 71.5 116 100.0

— drivers of 4-wheeled vehicles; 1 0.9 3 2.6 7 6.0 11 9.5

— drivers of 2-wheeled vehicles; 1 0.9 2 1.7 1 0.9 34

— front-seat passengers of 4-wheeled vehicles; 2 1.7 2 1.7 2 1.7 5.2

—rear-seat passengers of 4-wheeled vehicles; — — 1 0.9 — — 0.9

— passengers of 2-wheeled vehicles; — — 1 0.9 2 1.7 3 2.6

— pedestrians 10 8.6 10 8.6 71 61.2 91 78.4

Table 3
The structure of damage to various areas of the body in victims in a car accident
Injured segment The group of victims
1 2 3 4 5 6 7
(n=116) (n=11) (n=4) (n=6) =1 n=3) (n=91)

Head 29;12.5% 7;3.0 % 1;0.4 % 4,17 % 1;0.4 % 1;0.4 % 15; 6.5 %
Neck 1,47 % 5,22 % 1;0.4 % 4, 1.7 % — — 1;0.4 %
Shoulder 8:3.4% — 1; 0.4 % 1; 0.4 % — — 6;2.6 %
Forearm 3;1.3% — 1;0.4 % — — — 2;0.9 %
Wrist 4, 1.7 % 1,04 % 1;0.4 % — — — 2;0.9%
Chest 12; 5.2 % 6;2.6 % 1;0.4 % 1;0.4 % — — 4,17 %
Abdomen 11; 47 % 4, 1.7 % — 1;0.4 % — — 6;2.6 %
Pelvis 13; 5.7 % 2;0.9 % — — — — 11; 47 %
Thigh 50; 21.6 % 7;3.0 % 4,17 % 5:22% 1;0.4 % 1;0.4 % 32; 13.8 %
Shin 88;37.9 % 6;2.6 % 4, 1.7 % 6;2.6 % 1;0.4 % 4,17 % 67;28.9 %
Foot 3;1.3% — 1;0.4 % — — — 2;0.9%
Total 232;100.0 % | 38; 16.4 % 15; 6.5 % 22;9.5% 3:1.2% 6;2.6 % 148; 63.8 %
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The structure of fractures of long bones of the lower extremities in various injured in car accidents fabled
The nature of the lower limb injury The group of victims
1 2 3 4 5 6 7
(n=116) (n=11) (n=4) (n=6) (n=1) (n=3) (n=91)

E/riilcltzlalrceer(i{rta}ied?sclzts:tlil(l)fgfthe thigh L A - - - -
Medial femoral neck fracture 2:1.4% — — — — — 2:1.4%
Transtrochanteric fracture of the femur 1;0.7% — — — — — 1;0.7 %
Shaft fracture of the femur 41; 29.8 % 4,29 % — 4;29% | 1;07% | 1,0.7 % —
Fracture of the distal femur epimetaphysis 4:29% 1;07% | 1;07% | 1;0.7 % — — 1;0.7 %
Fracture of the proximal tibia epimetaphysis 11; 8.0 % 1;07% | 1;07% | 2;1.4% — 1;07% | 6;43%
Diaphyseal fracture of the lower leg bones 65;47.1 % 1507% | 2;14% | 3;23% | 1;07% | 2;1.4% | 56,40.7 %
Double diaphyseal fracture of the lower leg bones 1;0.7 % — — — — — 1;0.7 %
Fracture of the inner / outer ankle 7,51 % 3;23% | 1;07% | 1;0.7 % — — 2;1.4 %
Fracture of both ankles 4,2.9% 1;0.7 % — — — 10,7 % 2;1,4%
Total 138;100.0% | 13;9.4% | 8;,58% | 11;80% | 2; 1.4 % | 5:3.6 % | 99; 71.7 %

In this regard, the victims of non-lethal car injuries
are active (drivers) and passive (passengers, pedes-
trians) road users of almost all age periods with
a predominance of people of working age and some
prevalence of men [13]. Road traffic injury involving
2-wheeled vehicles is seasonal (with an increase in
the number of RTA in the spring and summer [14]),
its victims are mostly young males (20—39 years old),
in which, in addition to the lower extremities, inju-
ries of the head, shoulder girdle and upper limbs are
recorded with high frequency [15, 16]. The frequency
of non-fatal and, especially, fatal motorcycle injuries,
regardless of the region (developed or developing
countries), is significantly higher in people with low
socio-economic status (unemployed, illiterate, literate
at the initial level, low-skilled workers) [17—19].

Fatal outcomes at the age of 65-74 years are un-
characteristic for RTA, although the level of hospi-
talization of older victims increases [6, 20]. Among
the risk factors affecting the gender distribution
of RTA victims, it is worth noting the risky beha-
vior of male vehicle drivers with less frequent use
of seat belts and frequent use of a mobile phone com-
pared to women [21]. Pregnant women also fall into
the same risk group and avoid using seat belts to pre-
vent fetal damage [22]. In RTA outside the city, men
participated 4 times more often than in urban acci-
dents [23].

Road traffic injuries are the most common cause
of fractures in human bones [24, 25], and fractures
of long bones of the lower extremities, regardless
of the circumstances of RTA, are the most frequently
damaged areas of the human body [2, 5, 6, 12, 26].
Isolated fractures of the femur or shin bones are rare

when vehicles collide with each other or hit a pedes-
trian at a low (30—40 km/h) speed. With an increase
in the speed of vehicles involved in RTA, the severity
of the injury and the number of skeleton fractures
increase accordingly. In non-lethal polytrauma, frac-
tures of the femur and shin bones with fractures with
the pelvic bones fractures, fractures of the long bones
of the upper extremities are most often recorded
[25-28]. Closed fractures of long bones of the lower
extremities are more typical for drivers and passen-
gers of automobiles [25], while a motorcycle injury
is distinguished by the predominance of open multi-
fragmented fractures of limb bones [27]. About 40 %
of victims with polytrauma and multiple bone frac-
tures exceeded speed [25], moreover, at a car speed
of 50 km/h, the risk of a fatal collision with a pe-
destrian is 26 %, at a speed of 58 km/h — 50 and
82 % — at 70 km/h [28]. At the same time, a de-
crease in vehicle speed from 40 km/h to 30 km/h
reduces the risk of collision with a pedestrian by
28 % [29].

Conclusions

In the structure of non-lethal road traffic injury
according to the initial forensic medical examination,
the most common types of accidents were a collision
of a moving car with a pedestrian (78.4 %) and a col-
lision of moving vehicles (21.6 %).

According to the initial forensic medical examina-
tion, the main contingent of victims of car injuries
was pedestrians, 47.3 % of them were 31-50 years
old and 24.2 % were older 51 years. In case of an
internal cabin injury (n = 18), car drivers (n = 10)
aged 31-50 years prevailed. For pedestrians, the gender
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distribution was almost the same with the ratio
of the number of men: the number of women was
0.98 : 1. Car drivers were dominantly men, in a ratio
of45: 1.

In injured from car injuries combined damage
prevailed (71.5 %); isolated fractures of long bones
of the lower extremities and multiple injuries were
observed with almost the same frequency in the gen-
eral group (12.1 and 16.4 %, respectively) and in
the group of pedestrians (n = 91, 11.6 % each). On
cases of in-cabin injuries, multiple injuries prevailed
(17.0 and 33.0 %, respectively).

In the structure of fractures of long bones of the low-
er extremities, diaphyseal fractures of the femur
(29.8 %) and shin bones (47.1 %) prevailed in the ge-
neral group and in the group of pedestrians (20.4 and
40.7 %, respectively). Fractures of the femur of vari-
ous localization were most often observed in the in-
cabin injury (50.0 % of the total number of fractures
in drivers and passengers).
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flict of interest.
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