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The main purpose of the study was to analyze the biomechanical conditions of intracranial injuries caused by a fall from
“own height”. The study was based on the analysis of forensic medical examination materials, examination data, and a preliminary
investigation of 190 people falling to the surface from their “own height”. The victims were divided into 6 age groups (<20, 20—
29, 30-29, 4049, 50-59, and >60). Intracranial trauma was identified in 97 individuals (51.1 %). It was found that both isolated
and combined intracranial trauma was registered predominantly in the age group >60. The analysis of the obtained results shows
that in all falls onto the surface, the brain, its membranes, and blood vessels are damaged. Thus, the study of biomechanical
conditions leading to damage to intracranial structures will significantly increase the objectivity of forensic experts' conclusions
about the mechanisms and circumstances of craniocerebral injuries resulting from falls “own height”.

Key words: fall from height, cranial fracture, intracranial injury, mortality.

I'A. I'yceiinoBa

BIOMEXAHIYHI ACIIEKTH BHYTPIIIHBOYEPEITHUX INOINKO/’KEHb,
BUK/IMKAHUX IMTAAIHHAM 3 BUCOTH «BJJACHOI'O 3POCTY» HA IIOBEPXHIO

OCHOBHOIO METOIO JOCIiKeHHs OyB aHali3 010MEXaHIYHUX YMOB BHYTPIIIHBOUEPEHHUX YIIKO/HKEHb, CIPUUYNHEHUX
MaJiHHSIM 3 BHCOTH «BJIACHOTO 3pocTy». JlOCHi/KCHHS MPOBOAMJIOCS Ha MiACTaBl aHaNi3y MaTepialiB CyIOBO-MEAWYHOL
EKCIIePTH3H, JaHUX OTJLLY Ta MONepeJHbOro po3ciimxyBanHs 190 ocif, siki BHaaM HA MOBEPXHIO 3 BHCOTH «BIACHOTO 3POCTY».
IMoctpaxnani Oymu po3mineHi Ha 6 BikoBux rpym (<20, 20-29, 30-29, 40-49, 50-59 i >60). BryTpimHbEOUYEepenHy TpaBMY
BusiBiieHo y 97 oci6 (51,1 %). BeraHoBieHo, 110 SK 13071b0BaHa, TaK 1 MOEJHAHA BHYTPIIIHBOYEPEITHA TPaBMa PEECTPYBAIACS
MepeBaXHO y BIKOBiIH rpymi >60 pokiB. AHalli3 OTPUMaHHX pe3yJbTATIB MOKa3ye, IO IPH BCIX HaJiHHSAX Ha MOBEPXHIO
YILIKOJUKYEThCS TOJIOBHUH MO30K, HOro 000JIOHKH Ta CyAMHHU. TakuM 4MHOM, BUBUCHHS 6i0MEXaHIYHUX yMOB, 1[0 IPU3BOIATH 10
HOIIKO/UKEHHS BHYTPILIHBOYEPEIHUX CTPYKTYP, NO3BOJIUTH CYTTEBO MiABULIMTH 00'€KTUBHICTH BHCHOBKIB CyIOBO-MEIMYHHX
EKCIEPTiB 010 MEXaHI3MiB Ta 00CTaBHH YEPEIHO-MO3KOBHX TPaBM, OTPUMAHHX BHACIIIOK MaAiHb 3 BUCOTH «BIACHOTO 3POCTY».

Knio4oBi c10Ba: magiHHs 3 BUCOTH, IIEPEJIOM deperia, BHY TPIlIHbOYEpeITHA TPaBMa, JICTAIBHICTb.

Craniocerebral injuries are a critical public health issue and a socio-economic problem worldwide
[6, 10]. These injuries are one of the most important aspects of forensic medical examination, as they
occupy the leading place among mechanical injuries.

In recent decades, there has been a steady increase in natural disasters, technological accidents,
transportation incidents, and military conflicts worldwide, which are accompanied by mass traumatic
injuries, particularly to the brain. Skull and brain injuries account for more than a third of all injuries, and
according to WHO data, they increase by at least 2 % annually [3].

Since the occurrence of craniocerebral trauma can be a consequence of especially dangerous crimes
against human life and health, the high social significance of determining the mechanism and origin of
identified craniocerebral injuries is undeniable. This is especially important in craniocerebral injuries
caused by “spontaneous” falls, as well as in cases where the victim is pushed to the surface as a result of
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extraneous intervention (acceleration) or a push. According to some authors, craniocerebral injuries
account for 30.5-77.6 % of fatal injuries [4].

The mechanism of craniocerebral injuries is quite diverse, but, according to forensic medical
examination data, in peacetime they more often occur as a result of impact with blunt hard objects (39.6 %)
and as a result of impact of a moving head against a stationary obstacle, including when a person falls on
a surface from a height of his “own height” (26.4 %) [9].

From this point of view, forensic examination of bodily injuries caused by a person falling on a
surface from his “own height” should be on a clear and scientific basis to answer several questions of great
importance for investigative authorities. These include clarification of the mechanism of occurrence of the
detected injury, especially the presence of external interference (push, blow, etc.), determination of the
force of impact, the nature of the impact surface, etc.

When falling on the surface, in addition to damage to the bones of the skull and soft covering
tissues of the head, there are also intracranial injuries characteristic of this mechanism of injury.

Epidural, subdural, and subarachnoid hemorrhages, erosive defects of the pia mater in the affected
area, hemorrhages and smearing of the cerebral cortex and white matter of the brain, intraventricular
hemorrhages and bleeding, and subependymal ventricular hemorrhages observed in craniocerebral injuries
caused by a fall on the surface. These injuries are not caused by a blow to the head of an immobile person.
For such an injury to occur, the head must be mobile [11].

Analysis of literature data shows that damage to intracranial structures, the formation of injuries,
and their main characteristics are almost completely unstudied. In practice, it is of great interest to
determine the mechanism of damage to intracranial structures - the brain and cerebral meninges. When
deciding on the mechanism and circumstances of the formation of craniocerebral injuries, a forensic expert
takes into account certain parameters: age, weight, and height of the victim; bone thickness in the place of
application of impact force (in the zone of force); and the nature of bone damage, as well as the
characteristics of the hardness of the impact surface and the kinetics of head energy. From this point of
view, in modern times there is a great need to study the main features and mechanisms of damage formation
in craniocerebral injuries [7].

The purpose of the study was to investigate the biomechanical properties responsible for damage
to intracranial structures as a result of a fall onto a surface from a height of “own height”.

Materials and methods. The main objects of the study were forensic examinations of living
individuals and corpses, primarily reliable information provided by law enforcement agencies and forensic
experts regarding the circumstances under which bodily injuries occurred. In all cases, a detailed analysis
of the causes of injuries was conducted in collaboration with law enforcement agencies in Baku. A total of
190 victims aged from 1 to 85 years falling onto a surface from a height of “own height” were investigated.
The victims were divided into <20, 20-29, 30-39, 40-49, 50-59, and >60 age groups. Cases of fatal and
non-fatal injuries in Baku city for 2006—-2023 were selected for the study. Suspicious cases (where it was
impossible to determine the circumstances of the injuries based on witness statements or other information)
were excluded from further analysis.

During the study, a statistical analysis of retrospective data, including the gender, age, weight,
height of victims, the location of the injury, the direction and cause of the fall, and the outcomes of the
injuries, was conducted. The comparison of the obtained quality indicators was carried out with the
Pearson's y2-test in the SPSS-26 statistical package.

Results of the study and their discussion. Craniocerebral injury was detected in 97 (51.1 %) of
those who fell on the surface (190 persons (141 males, 49 females)). When analyzing the frequency and
outcome of 97 people in the age group <20 (1-19) years, isolated trauma was recorded in 6 people and
combined trauma from falls on the surface was recorded in 7 people. In the age group 20-29 years, 12
people who fell on the surface had a combined and 5 people had an isolated intracranial injury. The least
number of falls occurred in the age group of 30-39 years old. Thus, of those who fell to the surface, 2
people had isolated intracranial trauma and 5 people had combined craniocerebral trauma. Craniocerebral
trauma occurred in 18 people aged 40—49 years when they fell to the surface. Of these, 7 people had isolated
intracranial trauma and 11 people had combined craniocerebral trauma. The third place by frequency of
craniocerebral injuries is occupied by the age group of 50-59 years old (17 people). Thus, 12 of those who
fell on the surface had a combined craniocerebral injury, and 5 had isolated intracranial trauma. Both
isolated and combined intracranial injuries were registered predominantly in the age group > 60 years (28
people). Thus, 10 of those who fell on the surface in this age group had combined craniocerebral trauma,
and 9 had isolated intracranial trauma (Table 1).
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Table 1
Distribution of intracranial injuries in falls on surfaces by age groups, direction, and outcomes of falls
Distribution of intracranial injuries in falls on surfaces by age groups
Isolated intracranial Combined inju 2;
No. Age group injury (intracranial injury + le<url{ fractures) XP
1 <20 6 (19.4 %) 7(10.6 %) ¥2=3.701;
2 20-29 2 (6.5 %) 12 (18.2 %) p=0.593
3 30-39 2 (6.5 %) 5(7.6 %)
4 40-49 7 (22.6 %) 11 (16.7 %)
5 50-59 5(16.1 %) 12 (18.2 %)
6 >60 (60-85) 9(29.0 %) 19 (28.8 %)
Distribution intracranial injuries depending on the direction of fall
Type of trauma Forward falls Backward falls Lateral falls Xg :
Isolated intracranial injury 14 (45.2 %) 8 (25.8 %) 9 (29.0 %) x2=2.104;
Combined injury (intracranial 20 (30.3 %) 20 (30.3 %) 26 (39.4 %) p=0.349
injury + skull fractures)
Distribution of outcomes of craniocerebral injuries
Result of injury Isolated intracranial injury (in tracrani(ejl?rilrll?lll?}e/c-li-nsll](l;ﬁ fractures) Xlz ’
Fatal (died) 28 (90.3 %) 64 (97.0 %) x2=1.906;
Non-fatal (survivor) 3(9.7 %) 2 (3.0 %) p=0.167

This is probably due to the fact that the range of this group (60—85 years) is wider than other groups.
The analysis of the results shows that in all falls on the surface the membranes and brain matter were
damaged.

Analysis of the study materials shows that craniocerebral trauma occurred as a result of a fall
forward in 35.1 % of cases, a fall backward in 28.9 % of cases, and a fall sideways (right and left) in 36.1 %
of cases. It is seen that falling on the side is more common in patients with craniocerebral injury than other
directions.

Death occurred in 104 (54.7 %) of the fallen (190 people). 86 (45.3 %) people have survived.
88.5 % of deaths (92 persons) were due to craniocerebral injuries. The lethality for isolated and combined
intracranial injuries was 28 (90.3 %) and 64 (97.0 %), respectively. With isolated craniocerebral injury, 3
(9.7 %) persons survived, and with combined injury, 2 (3.0 %) persons survived. Overall, death was
recorded in 92 (94.8 %) individuals with craniocerebral injury. Only 5 victims (5.2 %) survived. Among
the deceased, 22 (23.9 %) were women and 70 (75.1 %) were men (Table 2).

Table 2
Distribution of intracranial injuries in falls on surfaces by gender, location and cause of falls
Distribution of injuries by gender of the victims
Gender Isolated intracranial Combined injury x2;
of the victims injury (intracranial injury + skull fractures) P
Man 23 (74.2 %) 52 (78.8 %) %2=0.254;
Woman 8 (25.8 %) 14 (21.2.%) p=0.614
Distribution of injuries depending on the location of the fall
Place of fall Isolated intracranial injury | Combined injury (intracranial injury + skull fractures) %25
P
Workplace 2 (6.5 %) 10 (15.2 %) x2=2.844
Street 16 (51.6 %) 38 (57.6 %) p=0.241
Home 13 (41.9 %) 18 (27.3 %)
Distribution of injuries depending on the cause of the fall
Cause Isolated intracranial Combined injury %25
of fall injury (intracranial injury + skull fractures) P
Spontaneous 26 (83.9 %) 50 (75.8 %)
With accelertion 5(16.1 %) 16 (24.2 %) )5:(;)386169

77.3 % (75 people) of persons with craniocerebral trauma were men, and 22.7 % (22 people) were
women. 55.7 % of injuries (54 people) occurred on the street, 32.0 % (31 people) at home and 12.4 % (12
people) at work.

76 people (78.4 %) who sustained traumatic craniocerebral injuries fell spontaneously without
external intervention, while 21 people (21.6 %) did so as a result of external intervention (acceleration).
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External interventions were identified in 4 individuals who fell forward, 3 individuals who fell backward,
and 14 individuals who fell sideways. No external intervention was detected in 76 individuals.

The role of body mass index (BMI) in the occurrence of cranio-cerebral injuries was also
investigated. It was found that 26 (26.8 %) of the fallers had a normal body weight, 60 (61.9 %) were
overweight, and 11 (11.3 %) suffered from obesity. Among the injured individuals with obesity, 9 fell
spontaneously — without external intervention — while 2 fell as a result of acceleration — external
intervention. The direction of the falls was forward for 3 individuals, backward for 3 individuals, and
sideways (to the right and left) for 5 individuals, with all cases resulting in death. 61.9 % (60 individuals)
of those who sustained traumatic brain injuries were overweight. This shows that there is a direct
correlation between excess weight and obesity and the outcome of the injury.

Craniocerebral injuries differ sharply from other injuries by their high polymorphism. According
to the literature, we have established that the severity and outcome of a traumatic brain injury, both isolated
and combined, are affected by the age, gender, height, and weight of the victim, the location of the injury,
the shape of the surface with which the head comes into contact at the moment of the fall, the cause and
direction of the fall, the kinetic energy of the head at the moment of the fall, and other factors [9, 11].

In the study, the majority (77.3 %) of the persons with craniocerebral injuries were males. In
general, men are more traumatized than women. This is confirmed by the data of other authors [5, 11, 12].

Contrary to the findings of some authors [14], craniocerebral injuries are more common in the >60
(60-85) age group (28.9 %). This is also due to the fact that elderly people, especially those over 60 years
of age, fall due to loss of balancing ability [13]. The least number of craniocerebral injuries is observed in
the age group of 30—39 years. Thus, the number of those who fell in this group amounted to only 15 people.
Of these, 7 persons (46.8 %) sustained intracranial injuries. From the <20 age group, a total of 22 persons
fell, and 13 of them (59.1 %) sustained craniocerebral injuries. Taking into account that the number of
victims in the <20 age group is smaller than in other groups and 59.1 % (13 people) of those who fell
suffered intracranial trauma, it can be concluded that craniocerebral trauma occurs most often in this age
group. This is related to the more active lifestyle of people belonging to this age group [2]. Although the
total number of people who fell in the 20-29 age group was the largest — 44 people the number of those
who received intracranial trauma was 14 people (31.8 %). 18 people in the 40—49 age group (18.6 %), and
17 people in the 50-59 age group (17.5 %) received intracranial trauma. The number of people with
intracranial trauma in these age groups is almost the same.

According to some authors, most victims are people aged 50 to 60 years [1]. However, in contrast,
our study showed that the majority of individuals with intracranial injury are aged >60 years. It has also
been established that even relatively mild injuries in older individuals within this age group can lead to
fatal outcomes [7]. Thus, all individuals who sustained an intracranial injury in this age group (28 people
— 100 %) died. Of these, 9 individuals (32.1 %) died from isolated injuries, while 19 individuals (67.9 %)
died as a result of combined cranio-cerebral trauma.

78.4 % of falls with intracranial injury were spontaneous, while 21.6 % occurred as a result of
external intervention, which is consistent with data from other authors [7, 12, 13].

Regarding the place where the injuries occurred, contrary to some literature data, in our
observations most of the intracranial injuries occurred in the street (55.7 %) and in the home (32.0 %), least
of all in the workplace (12.4 %) [7].

We encountered some inconsistencies in the literature data regarding the direction of fall. Thus, of
those who fell from their own height, 78 (44.1 %) fell forward, 51 (26.8 %) fell backward, and 61 (32.1 %)
fell sideways. However, intracranial injury was found in 34 people who fell forward (35.1 %), 28 people
who fell backward (28.9 %) and 35 people who fell sideways (36.1 %). Among those who fell forward and
backward, the number of victims with intracranial trauma was very close, 34 and 35, respectively [9]. This
refutes the opinion of some authors that intracranial injuries occur more often as a result of forward falls

(8]

Mortality analysis shows that 92 (94.8 %) of those who received intracranial trauma died; only 5
(5.2 %) survived. Among those who died, 70 (76.1 %) were males and 22 (23.9 %) were females. 30.4 %
of the deceased had isolated intracranial injuries, and 69.6 % had combined injuries (intracranial injuries +
skull fractures). All survivors were males. Of them, 3 persons had isolated, and 2 persons had combined
craniocerebral trauma. The analysis of the causes of death of those who died from craniocerebral trauma
shows that the majority of the deceased (69.57 %) suffered from combined trauma and had subdural and
subarachnoid hematomas and crushing of the brain (contusion) tissue.

The role of body mass index (BMI) in the occurrence of intracranial injuries was also investigated.
It was found that 26 (26.8 %) of the fallers had a normal body weight, 60 (61.9 %) were overweight, and
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11 (11.3 %) suffered from obesity. The prevalence of overweight individuals among craniocerebral trauma
victims indicates a direct correlation between overweight and obesity and the outcome of the injury.

Finally, we also examined the effect of height on the severity of injuries. It was discovered that as
height increases, the probability of sustaining an injury also rises. Only 2 individuals (180 cm and 162 cm,
respectively) did not have skull fractures. However, both had recorded intracranial injuries.

Thus, the age, sex, height, and body weight of the victim, the place where the injury occurred, the
nature of craniocerebral injuries, the features of the surface with which the head comes into contact at the
time of the fall, and the kinetic energy of the head at the time of the fall are the main factors that determine
the severity and outcome of the injury (death and recovery).

Conclusion

These results are of great clinical importance in all fields of medicine, both for first aiders
(emergency workers) and physicians providing qualified medical care. Based on this result, physicians will
be able to make a more accurate and comprehensive assessment of casualties of different ages. In particular,
even minimal damage to intracranial structures in elderly and old people should be paid close attention to,
the condition of victims should be in the constant focus of attention of all medical personnel, and
appropriate therapeutic measures should be taken to prevent fatal outcomes.

Thus, studying the biomechanical conditions that lead to injuries of intracranial structures will
significantly enhance the objectivity of forensic experts' conclusions regarding the mechanisms and
circumstances surrounding craniocerebral injuries resulting from a fall from “own height.”
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