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Abstract

Background: The increasing rate of fall - induced trauma cases leads to an increase in mortality rates and lengthy hospital stay
across the globe. The current study aimed at investigating the fall - related mortality in the age - group of 15 years and over.
Methods: The current cross sectional study was conducted in 2016 on patients visiting Shahid Rajaee Hospital of Shiraz, Iran, for fall
-induced injuries by census sampling method. The researchers completed a questionnaire including demographic data, accident
type, and height of fall, duration of hospital stay, injured body regions, type of activity in time of accident, injury severity score, and
death. Data were categorized and analyzed.

Results: There were 544 subjects in the current study, with a mean age of 49.3 £ 22.42 years; 67% of the patients were male and 33%
female, and 74.8% were married; the gender ratio was 2.02. There was no significant difference between the mean ages of injured
females (59.15 £ 21.43 years) and males (44.43 + 21.03 years) (P = 0.92). There was a significant relationship between injury site and
fall - related mortality in the age group of 60 years and over (P = 0.02). Most cases of falls occurred during daily and occupational
activities, mostly in the evenings. Around 54.2% of the injuries included multiple - organ injuries. Fall - induced injuries were more
severe among the age group of 15 - 40 years and patients over 60 years old.

Conclusions: According to the high mortality and severity of injuries in the more active age - group of the society (due to occupa-
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tional activity), as well as the elderly, fall prevention plans seem a necessity among at risk groups.

1. Background

Injuries are major causes of mortality worldwide (1). In
this regard, the highest level of injury pertains to cases of
high energy blunt trauma, such as falls from heights and
road - traffic accidents (2). Trauma due to falls increased
in recent years and was the leading cause of non - fatal in-
juries and the third leading cause of fatal injuries in the U.S
(3)- According to numerous studies related to trauma in
Iran, falls are the most common mechanism of injury after
road crashes in this country (4-6). According to the 2010 re-
port published by the global burden of disease study on fall
-induced trauma 1990 - 2010, disability - adjusted life years
were increased by more than 50% among such patients (7).
The increasing rate of fall - induced trauma cases leads to
an increase in mortality rates and lengths of hospital stay
across the globe (8, 9); it is also the main cause of mortal-
ity in the age group of 65 years and over (10). Fall - induced
trauma is of special significance due to the high - risk in-
juries involved (11). Age, gender, history of falls, weakness

in lower extremities, impaired balance, psychedelic drug
use, and arthritis are the leading risk factors for falls (12).

Males and females experience falls to the same degree;
however, females tend to get injured more often. Around
10% - 20% of the injuries include fractures, and most fre-
quently hip fractures. Half of the elderly with fractured
hips never return to their normal lives and experience
certain levels of disability; about 20% of them pass away
within a year. Head injuries, vertebral fractures, broken
ribs, soft tissue injuries, and injuries to internal organs are
all common types of fall - induced injuries (13, 14).

The trauma caused by such incidents imposes heavy
socioeconomic costs on the society, directly and indirectly
(15). For this specific purpose, policy - makers and health-
care officials attempt to take preventive measures and put
emergency plans into action in order to care for the vic-
tims. These policies lead to decreased mortality rates, over-
all recovery of severely injured patients, and reduction of
socioeconomic burden in various countries (16, 17).

To successfully implement preventive plans to reduce
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injuries and mortality rates further researches in the field
are required. Primary prevention is the most effective way
to reduce the burden of fall - induced injuries and death
(18). According to the current study review of literature,
most fall-related trauma studies are conducted among the
elderly. Due to the high prevalence and significance of falls
from heights, the current study aimed at discussing the fall
types, time of accident, injury severity indices, and mortal-
ity rates among patients with fall - induced trauma of all
age - groups visiting the emergency room in one year.

2. Patients and Methods

2.1. Study Population and Sample Size

The current descriptive, cross sectional study was con-
ducted on 544 individuals in 2015. Population consisted of
all patients with fall -induced trauma referred to the emer-
gency ward of Shahid Rajaee Hospital, a trauma center in
the Fars Province, Iran; sampling was conducted through
census. Inclusion criteria were fall - induced trauma and
age over 15 years. Cases with altered information, inac-
cessible clinical files, or imprecise patient history were ex-
cluded from the study.

2.2. Measurements and Data Collection

Data were collected for all subjects using a checklist
consisting of demographic information, as well as data re-
lated to accident mechanism, trauma mechanism, level of
acuity (triage), type of accident, duration of hospital stay,
injured body regions based on abbreviated injury scale
(AIS), type of activity, time of accident, injury severity score
(ISS), and mortality.

The injury severity score is an anatomical scoring sys-
tem to evaluate patients with multiple injuries. The most
severely injured body regions were determined and each
corresponded to one of the six body regions (head, face,
chest, abdomen, extremities, including pelvis, and exter-
nal) defined by the AIS severity scale. Only the highest AIS
score in each body region was used in the calculations.
Then, the scores for the three most severely injured body
regions were squared and added together to reach the ISS
score; the ISS score range 1- 75 (19).

2.3. Statistical Analysis

Data were categorized through descriptive statistics.
The current study used the chi - square test and the Fisher
exact test to compare qualitative variables between the two
groups and quantitative variables were compared using t
test; in cases where data distribution was not normal, a
nonparametric alternative to t test (the Mann - Whitney U
test) was used. P< 0.05 was determined as the significance

level. Statistical Package for Social Sciences (SPSS) version
18 was used to analyze the data.

3. Results

There were 544 patients involved in the current study
with the mean age of 49.3 + 22.42 years, ranged 15 to 97.
Table 1 presents the patients’ basic information.

Of the patients under study, 66.9% were male, 33.1% fe-
male, and 74.8% were married; the gender ratio was 2.02.
The age group of 15 - 40 years formed the main body por-
tion of the current study population. An investigation of
fall locations revealed that 52.6% of the falls occurred at the
same level, 46% were falls from heights and 1.5% had un-
known causes. Most referrals were determined as level - 3
patientsin the triage; 45% of the patients were hospitalized
for longer than 48 hours and 54.2% of the cases involved
multiple-organ trauma. Overall, 76.3% of the patients were
discharged and 8.8% of the fall cases led to death. There
were no significant differences between the mean age of
injured females (59.15 = 21.43 years) and males (44.43 +
21.03 years) (P = 0.92). Most injured individuals were over
60 years old. The current study data showed that most inci-
dents happened during daily and occupational activities.
The statistical tests indicated a significant association be-
tween the type of activity and fall mechanism (P = 0.04).
Falls mostly occurred from 12:00 PM to 6:00 PM. Mean ISS
was 6.74 £ 8.24 years, hospital stay of longer than 48 hours
had the highest frequency, and there was a significant rela-
tionship between gender and type of fall (P < 0.001). Males
experienced more falls compared with females; 83.3% of
the females had same-level falls and 61% of the males had
falls from heights.

Table 2 addresses the relationship between mortality
and the variables under study, categorized by the two age
groups of over and under 60 years. These findings showed
a significant relationship between injury site and mortal-
ity in the over 60 years age group (P = 0.02). Overall, fall
- induced mortality was 8.8% in the current study. The
Fisher exact test showed no significant relationships be-
tween mortality and gender (P = 0.54). Although there
was no obvious significant difference between mortality
rates of females and males (8.7% among males and 8.8 %
among females), there were some differences in terms of
age group (Figure 1). The highest rate in mortality related
to males was in the age group of 40 - 60 years.

According to the current study data, 71.8% of the pa-
tients aged 15 - 40 years experienced falling from heights,
whilein the age group of 40- 60 years, 59.4% of the patients
had same - level falls; among the elderly (> 60 years old),
nearly all patients experienced simple falls.
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Table 1. Demographic Characteristics of the Injured Patients

Variable Frequency (%)
Gender
Male 364 (66.9)
Female 180 (33.1)
Age (year)
15-40 241(44.3)
41-60 133 (24.4)
> 60 170 (31.3)
Marital status
Single 137(25.2)
Married 407(74.8)
Triage level
One 1(2)
Two 36 (6.6)
Three 491(90.3)
Four and five 6(11)
Type of accident
Same level 286(52.6)
Height falling 250 (46)
Unknown falling 8(1.4)
Length of hospitalization
Less than 6 hours 130 (23.9)
6-24 hours 46 (8.5)
24 - 48 hours 123 (22.6)
More than 48 hours 245 (45)
Body region
Head and neck 67(12.3)
Face 5(1)
Thorax 12(2.2)
Abdomen 6(11)
Spinal cord 41(7.5)
Extremities 118 (21.7)
Multiple 295(54.2)
Type of activity
Daily activity 342(62.9)
Occupational activity 181(33.3)
Sport activity 21(3.9)
Time of occurrence
Morning (12:00 AM to 6:00 AM) 60 (11)
Noon (6:00 AM t012:00 PM) 111(20.4)
Afternoon (12:00 PM to 6:00 PM) 218 (40.1)
Night (6:00 PM to 12:00 AM) 155 (28.5)
Injury severity score
1-8 353(64.9)
9-15 152 (27.9)
> 16 39(7.2)
Outcome
With physician permission 415(76.3)
With patient satisfaction 77(14.2)
Transfer to other centers 4(0.7)
Dead 48(8.8)
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Figure 2. Injury Severity Score Stratified by Age

Figure 2 shows that 52.3% of the patients over 60 years
had an ISS of 9 - 15. The elderly were mostly injured due
to same - level falls. Meanwhile, in the age group of 15 -
40, 51.28% had an ISS of over 16; the high severity of in-
juries in this age group was the result of falls from heights.
The most severe injuries were witnessed in these two age
groups.

There was significant association between the type of
elevated falls and duration of hospital stay (P < 0.001); re-
sults also revealed that individuals fallen from heights had
the longest periods of hospitalization (over 48 hours).

A review of mean age among survivors (49.02 &+ 22.26
years)and the deceased (52.20 = 24.04 years) showed a sig-
nificant difference between the two groups (P < 0.001); in-
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Table 2. The Relationship between the Study Variables and Mortality in Two Age Groups

Variable Patients < 60 Year Patients > 60 Year Total
Survived, N (%) Dead, N (%) PValue Survived, N (%) Dead, N (%) PValue Survived, N (%) Dead
Gender 0.51 0.59
Male 260 (75.8) 24(77.4) 72(47.1) 8(471) 332(66.9) 32(66.7)
Female 83(24.2) 7(22.6) 81(52.9) 9(52.9) 164 (33.1) 16(33.3)
Marital status 0.55 0.47
Single 120 (35) 11(35.5) 5(3.3) 1(5.9) 125 (25.2) 12(25)
Married 223(65) 20 (64.5) 148 (96.7) 16 (94.1) 371(74.8) 36(75)
Body region 0.29 0.02
Head and neck 39 (11.4) 7(22.6) 20 (13.1) 1(5.9) 59 (11.9) 8(16.7)
Face 4(11) [ 1(0.6) 0 5(1) 0
Thorax 7(2.0) 0 5(33) 0 12(2.4) 0
Abdomen 4(12) 1(3:2) 0 1(5.9) 8(0.8) 2(4.2)
Spinal cord 27(7.9) (] 14(9.2) (0] 41(83) 0
Extremities 59 (17.2) 6(19.4) 49(32) 4(23.5) 108 (21.8) 10 (20.8)
Multiple 203(59.2) 17(54.8) 64 (41.8) 11(64.7) 267(53.8) 28(58.3)
Type of activity 0.70 0.84
Daily activity 122 (35.5) 9(29.0) 44 (28.8) 6(35.3) 166 (33.5) 15 (31.3)
Occupational activity 4(1.20) 0 13(8.5) 4(23.5) 17(3.4) 4(83)
Sportactivity 217 (633) 22(71) 96 (62.7) 7(41.2) 313 (63.1) 29(60.4)
Trauma index 0.85 0.78
ISS 6.34 7.45 7.51 6.47 6.70 7.10
Table 3. Age Category Stratified by Type of Falling 4. Discussion
Age Category Type of falling Frequency, N (%) The current study indicated a fall-induced mortality
15-40 year Same - level fall 64(26.6) of 8.8%, while this rate was reported as 9.6% by the World
Height falling 173 (71.8) Health Organization (WHO) in 2008. Even with increased
Unknown 4(16) age, males still have a higher fall - induced mortality
Total 241(100) rate comparing with females (20); according to the cur-
rent study findings, overall mortality was about the same
40-60year Same-levelfall 79(594) among males and females. Meanwhile, there was an in-
Lt ey 52(391) creasing rate of fall - induced mortality among females as
Unknown 2(15) age increased. The mortality rate diagram showed a sig-
Total 133(100) nificant increase among 40- to 60 - year - old males; this
60 year same. level fall 143 (341) could be due to the low number of referrals in this age
group, which can result in a high mortality rate. Individ-
Heightfalling 25(147) uals over 60 years had the highest mortality in the current
Unknown 2(12) study, which was consistent with the results obtained by
Total 170 (100) Adam and Akkose Ayedin (21, 22). Afzal Aghaee et al. (23),

dividuals over 60 years had the highest rate of mortality in
the current study.

showed no significant differences between gender and fall
-related mortality; the results were consistent with the cur-
rent study findings. In a study by Giandos (24) on the preva-
lence and mortality of trauma among the elderly, injuries
to the head, chest, abdomen, and spine significantly in-
creased the mortality rate. Results of the current study re-
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vealed a significant association between mortality and in-
jured body region.

Most cases of falls belonged to males in the 15- 40 years
age group; among females, the age group of 60 years and
above had the highest incidence of falling. The current
study showed that fall - related referrals mostly consisted
of males. A study by Zargar et al., on urban traumatic in-
juries reported males as the most vulnerable group. This
study also mentioned the high prevalence of trauma due
to motor - vehicle accidents and falls from heights (25). Oc-
cupation is identified as the reason behind this high in-
cidence of falls among males, which can be justified con-
sidering the social, cultural, and economic conditions of
Iran community (most females being housewives and the
higher involvement of males in the transportation sector).
The traumatic patients under study had the mean age of 49
years. Now, since the age group 15 - 40 years had the high-
est frequency, it can be concluded that most victims were
of working age. Most Iranian studies provided similar re-
sults (26, 27).

In the current study, hospital stay of longer than 48
hours and same - level falls both had the highest frequency.
In the meantime, males mostly had falls from heights,
while females mostly experienced same - level falls. Pre-
vious studies pointed to the osteoporosis caused by hor-
monal changes following menopause as the reason behind
falls among elderly females (28, 29). Therefore, it is of spe-
cial importance to detect osteoporosis in the elderly, espe-
cially females (30, 31).

Falls mostly occurred during daily or occupational ac-
tivities and in the evening hours. The WHO identified dan-
gerous high - altitude jobs, low mobility (especially in the
elderly), lack of balance, chronic diseases, neurological dis-
abilities, and socioeconomic conditions as the risk factors
for falls (20).

Lower extremities were the most common anatomic
sites for fall -induced injuries, followed by head - and - neck
region; a finding consistent with the results presented by
Aghaee etal. (27).

The height of a fall and the distance to the ground
would determine the severity of injuries in a victim (32).
In the current study, 52.6% of the elderly had an ISS of 9 -
15; in addition, 51.28% of the working group had an ISS >
16, and for 49.58% of them ISS was 0 - 8. Due to physical
disability and arthritis, the elderly experienced serious in-
juries in same - level falls, while in the age group (15 - 40
years), severe injuries were mostly caused by falling from
heights during occupational activities due to lack of work-
place safety.

Careful assessments should be made regarding fall pre-
vention plans to protect workers in the construction indus-
try (33).

Trauma Mon. 2019; 24(2):e14285.

In a study by Sterling et al., 512 patients with fall - in-
duced trauma were evaluated. A total of 333 patients were
over 65 years old and 1179 patients were in the younger age
groups; 65% of the elderlyand 11% of the youth had ISS> 15.
The lower rate of young individuals with serious injuries in
that study could be due to the proper workplace safety in
their society (34).

Previous studies on falls mostly included the elderly,
which is a different case in the current study. The current
study focused on an age-specific evaluation of fall-induced
trauma in patients of all age groups. For further research,
it is suggested to conduct epidemiological studies with
consideration to different variables affecting patient out-
comes, as well as body mass index (BMI) and its influence
on injury severity.

4.1. Conclusion

According to the current study results, fall -induced in-
juries were a significant safety and health issue for adults
in all ages. The variable of age was the determining fac-
tor for severity of injuries and mechanism of falls. Injuries
were more severe in the more active age - group of the so-
ciety (15 - 40 years) due to occupational activities; the el-
derly (60 years and above) experienced severe injuries as
well. Therefore, it is essential to design preventive plans
and strategies in order to reduce the risk of falls, as well as
the mortality associated with them, in the more vulnerable
groups of society; it is also important to pay attention to
the safety of houses and streets for the elderly and provide
a safe work environment for workers in the construction
industry.
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