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KEY WORDS Abstract:

Background: Traumatic spinal fractures is a serious condition with significant morbidity and
mortality, commonly caused by falls. However, data on patient characteristics and
Epldemlology epidemiological patterns are limited. This study aims to describe the epidemiological features of
. . fall-related traumatic spinal injuries in Markazi Province, in center of Iran.

Level ofmjury Methods: A retrospective cohort study was conducted on 337 hospitalized trauma patients
Trauma diagnosed with spinal injuries due to falls during 2022-2023. The patients' information including
Spinalfracture demographic and clinical characteristics were gathered. Mechanism of fall was considered low
(less than 3 meters) and high height (more than 3 meters). Data analysis was done with SPSS24
Fall mechanism
software.

Results: The mean (SD) age of the patients was 48.59 (SD = 17.73) years, with a range from 1
to 94 years. Among the patients, 240 (71.2%) were male, and 246 (73%) sustained injuries from
falls at a low height. The variables of age, sex, length of stay, number of injured vertebrae, ICU
hospitalization, surgery, level of injury, presence of spinal cord injury, and occupation all showed
a significant relationship with the mechanism of the fall (p less than 0.05). Additionally, the level
of injury was associated with age, ICU hospitalization, presence of spinal cord injury, in-hospital
mortality, length of stay in ICU, and ASIA classification (p less than 0.05).

Conclusions: Our study identifies distinct patterns in fall-related spinal fractures by age and
demographics, with high-energy falls linked to greater severity and low-height falls more common
in older adults and women. Findings underscore the need for targeted prevention in occupational
Received: 2024-10-30 and domestic settings and suggest that clinical and demographic factors can aid in early
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identification of high-energy mechanisms.
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Introduction falling from elevated surfaces such as furniture, ladders,
scaffolding, buildings, or other high locations.!2 Falls are

rauma from falls occurs when an individual lands a widespread and serious issue that impose significant

T after slipping, tripping, colliding with an object, or healthcare costs on families and society.> Notably,
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unintentional falls from heights can result in increased
rates of disability and mortality. Spinal injuries
frequently prompt individuals to seek treatment at
healthcare facilities following falls, and these injuries can
result in permanent disability, functional impairment, and
total paralysis.> ¢ This type of injury is one of the leading
causes of disability worldwide.”: 8

The worldwide incidence of traumatic spinal injury
(TSI) is roughly 10.5 cases per 100,000 people, with
variations depending on the region. This rate s
significantly higher in low- and middle-income countries,
which report 13.69 cases per 100,000, compared to 8.72
cases per 100,000 in high-income countries.” In
developed regions, the incidence of TS| is estimated at
about 39 per million, with Australia documenting 16 cases
per million and Eastern Europe reporting 15 cases per
million. 910 In Iran, the incidence is estimated to be 318.45
per million."" Furthermore, spinal injuries occur more
frequently in men than in women. Most research indicates
that traffic accidents and falls are the leading causes of
spinal injuries, influenced by various demographic, socio-
economic, and geographic factors affecting trauma
patients.!2-14

Falling from a low height accounts for 58% of traumas
in the elderly, and trauma due to falling from a low height
increases with age.'>'¢ Fifty-eight percent of spine
fractures are due to fall and slipping.'”” Falls alone
accounts for half of spine fractures in people over 50
years old.’® Also, among spine trauma patients due to
falls, the frequency of cervical injuries increases in people
over 70 years old.!9-20

Thus, given that the characteristics of trauma patients
with spinal injuries from falls may differ from those with
injuries caused by other factors, and to our knowledge, no
study has yet explored the epidemiological features of
traumatic spinal fracture due to falls in Iran. It should be
noted that the present study is geographically limited to
the central region of Iran. Therefore, while we aim to
provide insights into the epidemiological features of
traumatic spinal fracture due to falls, the findings may not
be fully representative of the entire country. Future studies
with broader recruitment sites across different regions of
Iran are needed to provide a more comprehensive

national perspective.

Materials and Methods

This article is part of project with the specific Ethics ID code
IR.ARAKMU.REC.1403.006. The present cross-sectional
analytical study was conducted on 337 patients with
spinal cord injuries due to falls hospitalized in Valiasr
Hospital in Markazi province during 2022-2023.

Demographic, clinical, and outcome-related data
were collected from medical records or prospectively
during hospitalization. The following variables were
extracted and categorized as described: Age
(categorized as 0—20, 21-40, 41-60, and >60 years),
Gender (classified as male or female), ICU admission
(categorized as Yes or No), Occupation or Job
(categorized as: private sector, retired, laborer, driver,
staff, farmer, student, housewife, or unknown), Marital
status (classified as: married, single, or other (including
divorced, widowed) cohabiting, dead wife), Education
level (grouped as illiterate, elementary school, middle
school, high school, diploma (post-secondary non-degree
or vocational training), and college and more (including
undergraduate, postgraduate degrees, and PHd),
Glasgow Coma Scale (GCS) scores (categorized as: 3—
8 (severe impairment), 9—12 (moderate impairment),
and 13—-15 (mild impairment or normal), Spinal cord
injury (recorded as: Yes or No), Transportation to
hospital (classified as: ambulance (including emergency
medical services) or non-ambulance (e.g., private
vehicle, walk-in, or transfer by family)), In-hospital
mortality (categorized as: survived or death). Surgical
intervention (categorized as: Yes or No), American
Spinal Injury Association (ASIA) Impairment Scale
(categorized as: A (complete injury), C (motor
incomplete, with most key muscles below the neurological
level having strength <3/5), D (motor incomplete, with
at least half of key muscles below the neurological level
having strength >3/5), or E (normal sensory and motor
function), Neurological level of injury (classified
anatomically as: cervical, thoracic, lumbar, or multiple),
Length of stay (LOS) was recorded in days. The results
were presented according to the level of injury (multiple-
lumbar-thoracic-cervical) and mechanism of fall (defined
as falls from a height greater than 3 meters (vs. low-
height falls <3 meters)). Data analysis was done using
chi-square, ANOVA, Kruskal-Wallis, and Mann-Whitney
tests by SPSS24 software. The significant level of tests

was considered to be 5%.

Findings

In this study, a total of 337 patients with spinal
injuries were evaluated. The mean (SD) age of the
patients was 48.59 (SD = 17.73) years, with a range
from 1 to 94 vyears, and the mean length of
hospitalization was 6.2 days (SD = 7.9). Among the
participants, 240 were male, accounting for 71.2% of
the total. Among the participants included in this study,
506 had injured vertebrae and had undergone
surgery(mean(SD): 1.5(2.06)).
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There were 5 fatalities, representing 1.5% of the
patients. Notably, over 53.1% of the injuries were lumbar
in nature. Approximately 75% of the patients had
education levels below a diploma. The highest incidence
of injuries occurred among workers and housewives.
Additionally, 39.8% of the patients underwent surgery,
while 4.5% experienced spinal cord injuries. Table 1
presents the demographic and clinical characteristics of
the traumatic spinal injury patients based on the level of
injury.

The mean age of patients with thoracic injury was
higher than at other injury sites. The length of
hospitalization of patients with lumbar injury was longer.
The highest frequency of cervical and multiple injuries was
in 21-40 years old, and thoracic and lumbar in 41-60
years old. Fifty-seven point six percent of women had
lumbar injuries. Forty-nine point six of the operated
vertebrae were in the lumbar vertebrae. The level of
injury was significantly related to age, hospitalization in
ICU, having spinal cord injury, death in hospital, length of
hospitalization in ICU, and ASIA (P<0.05). The frequency
distribution of the cause of falls according to the level of
injury is presented in Table 2.

Table 2 shows falls from the building or structures were
the most common (22.8%), followed by falls from a
ladder (16.9%), falls on the same level (slipping, tripping)
(15.7%), falls from stairs and steps (13.9%). We
investigated the relationship between the spinal injury
level and causes of falls and found a significant
association (p=0.006).

In the following, the distribution of the demographic
and clinical attributes of the patients according to the fall
mechanism is presented in Table 3.

In this study, 73% of the victims suffered spinal injuries
due to falling from low height. The mean age of patients
falling from a low height was 50.2 and there was a
significant difference between the ages of patients in the
two fall mechanisms (p<0.01). Sixty percent of those
injured from low height were over 60 years old. Falling
from a high level was observed in 17.6% of women.
Furthermore, based on the results of Table 3, age, sex,
length  of stay, number of injured vertebrae,
hospitalization in ICU, surgery, levels of injury, having
spinal cord injury and job were statistically significantly
related to the fall mechanism (p<0.05).

The logistic regression analysis identified factors
associated with high-energy falls, defined as falls from a
height greater than 3 meters (vs. low-height falls <3
meters). In univariable analysis, a higher number of
vertebrae injured, longer length of stay (LOS), ICU
admission, female gender, age >60 years, non-
ambulance transport, spinal cord injury, surgery, retired

or housewife occupation, unknown job, lower education
levels (elementary to diploma), ASIA C impairment, and
multiple-level spinal injury were significantly associated
with increased odds of high-energy falls. However, in the
multivariable model adjusting for potential confounders,
only the number of vertebrae injured, LOS, ICU
admission, multiple-level spinal injury, age >60 years,
non-ambulance transport, and unknown occupation
remained independently significant. Specifically, each
additional vertebra injured was associated with a 32%
increase in odds (aOR = 1.32, p = 0.012), and each
additional day of hospital stay increased the odds by
4% (aOR = 1.04, p = 0.031). ICU admission was linked
to more than double the odds of a high-energy fall (aOR
= 2.35, p = 0.002), and patients with multiple-level
spinal injuries had 86% higher odds (acOR = 1.86, p =
0.029). In contrast, patients aged >60 years had 78%
lower odds compared to those aged <20 years (aOR =
0.22, p = 0.021), non-ambulance transport was
associated with 36% lower odds (aOR = 0.64, p =
0.013), and individuals with unknown occupation had
76% lower odds compared to those in the private sector
(atOR = 0.24, p = 0.030). These findings are
summarized in Table 4.

Moreover, in this study, 480 injured vertebrae were
operated. Figure 1 shows the distribution of the
frequency of operated vertebrae by fall mechanism

Figure 1 shows that most of the injured vertebrae
required surgery are thoracic (220 vertebrae) and
lumbar (192 vertebrae) in both injury mechanisms, so
that the most operated vertebrae were L2,T12,L1,T11,
and L3 in low height, respectively. In the fall from high
height L1, L2, L3, T11, and T12 were the most operated
vertebrae, respectively.

In the following, Figure 2 presents the level of injury
by age group.

Figure 2 shows that with increasing age, the
frequency of thoracic increased, but the frequency of
multiples decreased. At ages over 20 years, more than
50% of injuries were in lumbar.

Figure 3 shows the distribution level of injury by
mechanism of fall. According to Fig. 3, in both
mechanisms, the lumbar spine was the most frequent. In
the fall from a high height, the frequency of multiples
was more than that of Thoracic Alone, but in the fall from
a low height, the frequency of Thoracic fracture was
higher

Figure 4 illustrates that the frequency of falling from
a low and high height increases up to the age of 60, but
in injured patients over 60 years old, the frequency of
falling from a high height was three times more than
falling from a low height.
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Table 1: Demographic and clinical characteristics of traumatic spinal injury patients by level of injury

Level of injury

Variable level cervical thoracic lumbar Multiple fotal p-value
Age 44.5(23.1) 52.8(18.3) 48.8(16.9) 44(16.7) 48.59(17.73) 0.03¢
LOS inICU 2.5(5.9) 0.76(3.3) 0.21(1.3) 2.1(47) 0.8(3.1) 0.001°
LOS total 5.6(5.5) 5.7(6.6) 6.1(87) 7.9(7.6) 6.3(7.9) 0.78>
0-20 3(15) 3(4.1) 7(3.8) 5(8.5) 18(5.3)
Age (year) 21-40 7(35) 16(21.9) 53(28.6) 23(39) 99(29.4) 0.048
41-60 4(20) 28(38.4) 80(43.2) 18(30.5) 130(38.6)
>60 6(30) 26(35.6) 45(24.3) 13(22) 90(26.7)
e female 5(25) 23(31.5) 58(31.4) 11(18.6) 97(28.8) A
male 15(75) 50(68.5) 127(68.6) 48(81.4) 240(71.2)
o No 15(75) 67(91.8) 178(96.2) 45(76.3) 305(90.5)
ICU admission 0.001
Yes 5(25) 6(8.2) 7(3.8) 14(23.7) 32(9.5)
private sector 3(15) 7(9.6) 19(10.3) 9(15.3) 38(11.3)
retired 2(10) 8(11) 10(5.4) 3(5.1) 23(6.8)
laborer 3(15) 19(26) 53(28.6) 22(37.3) 97(28.8)
driver 2(10) 3(4.1) 2(1.1) 2(3.4) 9(2.7)
Job staff 0(0) 1(1.4) 8(4.3) 0(0) 9(2.7) 0.29¢
farmer 2(10) 6(8.2) 16(8.6) 6(10.2) 30(8.9)
student 3(15) 2(2.7) 5(2.7) 4(6.8) 14(4.2)
house wife 3(15) 16(21.9) 44(23.8) 8(13.6) 71(21.1)
unkown 2(10) 11(15.1) 28(15.1) 5(8.5) 46(13.6)
married 15(75) 61(83.6) 151(81.6) 46(78) 273(81)
Marital status single 5(25) 7(9.6) 25(13.5) 12(20.3) 49(14.5) 0.36
other 0(0) 5(6.8) 9(4.9) 1(1.7) 15(4.5)
illiterate 8(40) 23(31.5) 48(25.9) 10(16.9) 89(26.4)
Elementary school 4(20) 19(26) 38(20.5) 15(25.4) 76(22.6)
e Middle school 1(5) 12(16.4) 29(15.7) 10(16.9) 52(15.4) 0.66
High school 2(10) 5(6.8) 23(12.4) 6(10.2) 36(10.7)
diploma 4(20) 12(16.4) 35(18.9) 16(27.1) 67(19.9)
college and more 1(5) 2(2.7) 12(6.5) 2(3.4) 17(5)
3-8 1(5) 1(1.4) 1(0.5) 1(1.7) 4(1.2)
GCs 9-12 1(5) 0(0) 3(1.6) 111.7) 5(1.5) 0.41¢
13-15 18(%0) 72(98.6) 181(97.8) 57(96.6) 328(97.3)
Cord injury No 18(90) 72(98.6) 180(97.3) 52(88.1) 322(95.5) i
Yes 2(10) 1(1.4) 5(2.7) 7(11.9) 15(4.5)
T e Ambulance 17(85) 49(67.1) 130(70.3) 40(67.8) 236(70) 046
services Non-ambulance 3(15) 24(32.9) 55(29.7) 19(32.2) 101(30)
In hospital Survived 18(90) 73(100) 184(99.5) 57(96.6) 332(98.5) 0.003¢
mortality death 2(10) 0(0) 1(0.5) 2(3.4) 5(1.5)
srgery No 12(60) 41(56.2) 113(61.1) 28(47.5) 194(57.6) 0.32
Yes 8(40) 32(43.8) 72(38.9) 31(52.5) 143(42.4)
A 1(5) 1(1.4) 0(0) 6(10.2) 8(2.4)
ASIA C 1(5) 1(1.4) 3(1.6) 0(0) 5(1.5)
IMPAIRMENT 0.004¢
SCALE D 1(5) 4(5.5) 6(3.2) 2(3.4) 13(3.9)
E 17(85) 67(91.8) 176(95.1) 51(86.4) 311(92.3)

a: ANOVA test; b: Kruskal-Wallis test; c: Fisher-exact test; the other p-value from chi-square test
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Table 2: causes of falls by level of injury
Cause

Fall from building or structure

Fall from ladder

Fall on same level (slipping, tripping)

Fall from stairs and steps

Fall from tree

Fall from scaffolding

falling objects

other

cervical
4(21.1)
1(5.3)
4(21.1)
4(21.1)
1(5.3)
2(10.5)
2(10.5)

2(10.5)

thoracic
11(15.3)
11(15.3)
14(19.4)
12(16.7)
6(8.3)
4(5.6)
4(5.6)

11(15.3)

lumbar
38(20.7)
40(21.7)
31(16.8)
29(15.8)
16(8.7)
16(8.7)
8(4.3)

7(3.8)

Table 3: Demographic and clinical characteristics of spinal trauma patients by mechanism of fall

variable level
age
LOS
Number of injured vertebrae
<=20
21-40
Age (year)
41-60
>60
no
ICU
yes
private sector
retired
laborer
driver
Job

staff

farmer

student

house wife

unkown

Female
Gender

Male

married

Marital status single

Other*

low fall(<=3 m)
52.1(18.3)
4.95(6.6)
1.02(1.7)
9(3.9)
57(24.6)
86(37.1)
80(34.5)
221(95.3)
11(4.7)
22(9.5)
21(9.1)
49(21.1)
8(3.4)
7(3)
19(8.2)
8(3.4)

56(24.1)
42(18.1)

77(33.2)
155(66.8)
192(82.8)
26(11.2)

14(6)

high fall(>3 m)

40.97(13.7)

9.28(9.6)
2.57(2.4)
9(8.6)
42(40)
44(41.9)
10(9.5)
84(80)
21(20)
16(15.2)
2(1.9)
48(45.7)
1)
2(1.9)
11(10.5)
6(5.7)
15(14.3)
4(3.8)
20(19)
85(81)
81(77.1)

23(21.9)

(1)

Multiple
24(38.7)
5(8.1)
4(6.5)
2(3.2)
7(11.3)
5(8.1)
5(8.1)

7(11.3)

Total
48.59(17.73)
6.3(7.9)
1.5(2.06)
18(5.3)
99(29.4)
130(38.6)
90(26.7)
305(90.5)
32(9.5)
38(11.3)
23(6.8)
97(28.8)
9(2.7)
9(2.7)
30(8.9)
14(4.2)

71(21.1)
46(13.6)

97(28.8)
240(71.2)
273(81)
49(14.5)

15(4.5)

total
77(22.8)
57(16.9)
53(15.7)
47(13.9)
30(8.9)
27(8)
19(5.6)

27(8)

p.value
0.001¢

0.001°

0.001°

0.001

0.001

0.001

0.008

0.07
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Table 3 (cont.): Demographic and clinical characteristics of spinal trauma patients by mechanism of fall

variable level low fall(<=3 m) high fall(>3 m) Total p.value
illetrate 74(31.9) 15(14.3) 89(26.4)
Elementary school 53(22.8) 23(21.9) 76(22.6)
Middle school 30(12.9) 22(21) 52(15.4)
education 0.13
High school 21(9.1) 15(14.3) 36(10.7)
diploma 42(18.1) 25(23.8) 67(19.9)
college and more 12(5.2) 5(4.8) 17(5)
3-8 2(0.9) 2(1.9) 4(1.2)
GCs 9-12 4(1.7) 1(1) 5(1.5) 0.62¢
13-15 226(97.4) 102(97.1) 328(97.3)
cervical 16(6.9) 4(3.8) 20(5.9)
thoracic 55(23.7) 18(17.1) 73(21.7)
Level of injury 0.001
lumbar 134(57.8) 51(48.6) 185(54.9)
Multiple 27(11.6) 32(30.5) 59(17.5)
Transportation Ambulance 151(65.1) 85(81) 236(70) 0.003
services Non-ambulance 81(34.9) 20(19) 101(30) '
In hospital Survived 230(99.1) 102(97.1) 332(98.5)
0.16¢
mortality death 2(0.9) 3(2.9) 5(1.5)
No 154(66.4) 40(38.1) 194(57.6)
surgery 0.001
yes 78(33.6) 65(61.9) 143(42.4)
No 226(97.4) 96(91.4) 322(95.5)
Cord injury 0.02
yes 6(2.6) 9(8.6) 15(4.5)
A 2(0.9) 6(5.7) 8(2.4)
. c 3(1.3) 2(1.9) 5(1.5)
IMPAIRMENT 0.07
SCALE D 9(3.9) 4(3.8) 13(3.9)
E 218(94) 93(88.6) 311(92.3)

*divorce, widowed, dead wife, a: ANOVA test; b: Kruskal-Wallis test; c:

Fisher-exact test; the other p-value from chi-square test
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Table 4. Factors Associated with High-Energy Falls (>3 Meters): Results from Univariable and Multivariable Logistic Regression

unadijusted HR (95%

Variable Subgroup ) p.value adjusted HR (95% CI) p.value
Number of vertebrae 1.44(1.28, 1.62) <0.001 1.32(1.09, 1.85) 0.012
LOS 1.07(1.04, 1.11) <0.001 1.04(1.01, 1.08) 0.031
no 1 1
ICU admission
yes 5.02(2.32, 10.86) <0.001 2.35(1.29, 6.96) 0.002
Male 1 1
gender
Female 0.47(0.27, 0.83) 0.009 0.51(0.13, 2.01) 0.323
married 1 1
Marital status
single 1.02(0.65, 1.59) 0,913 1.43(0.55, 3.77) 0.470
<=20 1
age 21-40 0.74(0.27, 2.02) 0.552 0.51(0.05, 5.21) 0.559
41-60 0.51(0.19, 1.38) 0.186 0.49(0.05, 5.34) 0.562
> 60 0.13(0.04, 0.39) <0.001 0.22(0.02, 0.64) 0.021
3-8 1 1
GCS 9-12 0.25(0.01, 4.73) 0.355 0.13(0.12, 20.81) 0.440
13-15 0.45(0.06, 3.25) 0.430 1.22(0.04, 41.95) 0.920
no 1 1
Cord injury
yes 3.53(1.22,10.19) 0.02 0.21(0.01, 3.09) 0.262
Transportation Ambulance 1 1
services Non-ambulance 0.44(0.25, 0.77) 0.004 0.64(0.31, 0.88) 0.013
Survived 1
In hospital mortality
death 3.38(0.56, 20.55) 0.192 0.59(0.03, 11.69) 0.761
private sector 1 1
retired 0.13(0.03, 0.64) 0.012 0.53(0.08, 3.43) 0.509
laborer 1.35(0.63, 2.87) 0.441 2.11(0.79, 5.02) 0.141
driver 0.17(0.02, 1.51) 0.113 0.23(0.02, 2.47) 0.225
Job staff 0.39(0.07, 2.15) 0.281 0.46(0.06, 3.55) 0.457
farmer 0.84(0.32, 2.13) 0.649 1.89(0.58, 6.12) 0.290
student 1.03(0.33, 3.56) 0.961 0.41(0.03, 5.78) 0.512
house wife 0.37(0.16, 0.87) 0.023 0.45(0.09, 2.33) 0.344
unknown 0.13(0.04, 0.44) 0.001 0.24(0.05, 0.86) 0.030
No 1 1
surgery
Yes 3.21(1.99, 5.18) <0.001 0.82(0.2, 3.24) 0.75
A 1 1
ASIA IMPAIRMENT C 7.03(1.39, 35.49) 0.018 0.22(0.01, 5.53) 0.358
SCALE D 1.56(0.26, 9.51) 0.628 0.12(0.01, 2.12) 0.141
E 1.04(0.31, 3.47) 0.947 0.08(0.02, 2.29) 0.139
illiterate 1 1
Elementary school 2.14(1.02, 4.49) 0.044 0.69(0.26, 1.85) 0.461
Middle school 3.62(1.66, 7.92) 0.001 1.11(0.37, 3.35) 0.852
education
High school 3.52(1.48, 8.36) 0.004 1.02(0.32, 3.38) 0.998
diploma 2.94(1.45, 6.18) 0.005 0.85(0.26, 2.73) 0.783
college and more 2.06(0.63, 6.74) 0.232 2.15(0.42,11.7) 0.376
cervical 1 1
thoracic 1.31(0.39, 4.43) 0.665 2.11(0.51, 8.83) 0.425
Level of injury
lumbar 1.52(0.49, 4.77) 0.471 5.29(1.19, 23.57) 0.305
Multiple 4.72(1.41, 15.89) 0.012 1.86(1.24, 8.56) 0.029
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Figure 1: Frequency distribution of operaled vertebrae according to fall mechanism
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Figure 2: Distribution of level of injury by age groups
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Discussion

Considering that traffic accidents and falls are the
leading causes of trauma, and that the number of trauma
patients resulting from falls has been rising in recent
years, this study was conducted to examine the
characteristics of trauma patients with spinal injuries from
falls. It also aims to explore the relationship between the
level of injury and the mechanism of the fall in relation to
demographic and clinical characteristics.

Consistent with several studies, the current data show
that older adults are disproportionately affected by low-
height falls. For example, Bhattacharya et al. reported
that 78.4% of fall-related trauma patients were aged 65
or older?' substantially higher than the 25.3% in the
current study. This discrepancy may reflect differences in
population demographics or the inclusion of only Level 1
trauma centers in Bhattacharya’s study, which may
capture more severe, age-related injuries. The mean age
in the current study (48.59 years) falls within the range
reported in the literature. It is comparable to studies by
Tagyildiz et al. (54.4 years)??, Brotherton et al. (51.6
years),?> and Chen et al. (52.9 years),?* suggesting
similarities in the overall age distribution of fall-related
trauma patients across diverse settings. However, the
current findings contrast with studies reporting younger
populations, such as Bensch et al. (mean 42 years)?5> and
Althobaiti et al.?¢ in Saudi Arabia (37.34 years). The
younger mean age in Althobaiti et al.2¢ may reflect a
higher incidence of occupational or high-energy falls
among Yyounger, working-age males in that region.
Studies focusing on specific injury types or mechanisms
show more variation. Hall et al. in England reported a
much higher mean age (76.6 years) for spinal fracture
patients,?” likely because their cohort was restricted to
elderly patients with osteoporotic fractures from minor
falls. In contrast, Zhang et al. in China found only 8.5% of
fall patients were over 60, with low-height falls being
more common in older individuals (25.5%) than high-
height falls (2.1%), which supports the current study’s
observation of age-related patterns in fall height.!
Notably, Yang et al.2® and Khudor et al. in China
reported lower mean ages for high- height falls (42 and
33.8 years, respectively), reinforcing the global pattern
that high- height falls tend to occur in younger, more risk-
prone individuals, often in occupational or recreational
contexts, while low-height falls predominate in older
adults.?? In the study by Lomaz et al. in Brazil, fall was the
most frequent mechanism of trauma, accounting for
33.2% of cases. Individuals aged 40-59 vyears
constituted 54.7% of the study population, and falls
occurred in 36.6% of male patients.3°

The current findings align with existing research in
showing a bimodal pattern in fall-related trauma: older
adults are more prone to low-height falls, while younger
individuals are at greater risk of high- height falls.
Differences in mean age across studies reflect variations
in study design, population, location, and fall
mechanisms. These variations highlight the influence of
context on age trends and emphasize the need for age-
specific prevention strategies, such as fall prevention
programs for the elderly and safety measures for young
workers in high-risk occupations.

In the present study, 71.7% of fall-related trauma
patients were male, with men accounting for 68.8% of
low-height falls and 81% of high-height falls. This
gender distribution is consistent with global trends,
though the proportion of male patients varies across
studies. In several countries, both developed and
developing, male prevalence was higher: Turkey
(73.5%),%? USA (79.4%),?* Finland (78%),?° and China
(82.2%),! with similar male predominance in both low-
and high-height falls. However, other studies reported
lower male representation, such as in the USA (38.2%
and 69%),2"" 23 Saudi Arabia (62.8%),2¢ China
(64.2%),22 and England (41.5%).2° The higher
proportion of male patients in this study likely reflects
greater male exposure to risky activities, especially in
occupational or recreational settings. In contrast, women
particularly those over 65, may experience higher injury
severity due to osteoporosis and postmenopausal bone
fragility, leading to more spinal injuries. This underscores
the need for prevention strategies tailored to sex and
age, addressing both behavioral risks in men and
biological vulnerabilities in older women.

In the present study, lumbar spine injuries were the
most prevalent, accounting for over 55% of cases. The
incidence of thoracic and lumbar injuries increased with
age, particularly up to 60 years, while cervical and
multiple-level injuries were less frequent in older
individuals. A significant association was observed
between the level of spinal injury and several clinical
factors, including age, ICU admission, spinal cord injury,
in-hospital mortality, ICU length of stay, and ASIA
impairment scale. These findings align with previous
studies highlighting the evolving epidemiology of spinal
trauma. While some international studies report cervical
injuries as the most common (Brotherton et al.: 47%;23
Hall et al.: 49.5%;?7 Chen et al.. 66.3%,%* lumbar
injuries predominated in our cohort and in the Brazilian
study by Lomaz et al., where falls accounted for 60—
69% of lumbar and thoracolumbar fractures.3° Notably,
fall-related injuries are increasingly recognized as a
major cause of spinal trauma, particularly among older
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adults. Wilson et al. found that 70% of cervical injuries in
individuals over 80 years were fallrelated.?’ Similarly,
the Norwegian study reported that falls caused 56% of
cervical injuries and constituted 56.7% of all injury
mechanisms, with a strong association with advancing
age.?? In contrast, Tagyildiz et al. in Turkiye reported a
lower lumbar injury rate (31%), underscoring geographic
and demographic variations in injury patterns.?22 Overall,
our results and supporting literature suggest a shift
toward fall-related, age-dependent spinal trauma, with
lumbar and thoracolumbar regions disproportionately
affected in middle-aged and older populations. Taking
into account that the frequency of injuries among spine
trauma patients varies based on the mechanism of falls
(low versus high altitude), it was observed that high falls
were more often work-related and typically resulted in
injuries to the waist area (thoracic and lumbar). In contrast,
low falls were more frequently linked to cervical fractures.
In this study, since the majority of falls occurred from low
heights, most of the injuries were concentrated in the waist
area.

In this study, 42.4% of the injured people underwent
surgery and the mean number of operated vertebrae was
1.4, and 1.6% of the injured died by the end of the study.
In Hall et al's study, the mean number of injured
vertebrae was 1.2 and 24.5% underwent surgical
intervention and 18.7% died and mortality increased
significantly with increasing age.?’ In Bensch et al.'s study,
the mean number of vertebral fractures was 1.6, and
56% of the fractured vertebrae underwent surgery.?° In
the case of fractures that involve the nerve, surgery is
usually performed, and for conservative treatments, the
use of medical equipment, physical therapy, and
occupational therapy is more common.33 Considering that
early surgery is recommended for neurological recovery
and reduction of complications, therefore, immediate
measures in early decompression of patients with
improvement of paraclinical support lead to a reduction
of hospitalization and thromboembolic duration and
reduction of spinal cord lesions and death in the injured.

In this study, 73% of the patients experienced falls
from a low height, with 82.6% of women and 69.4% of
men falling from this level. The mean ages of patients who
fell from low and high heights were 50.2 and 41.7 years,
respectively as indicated in the results presented in Table
3. Following adjustment for potential confounders,
multivariable analysis in our study identified the number
of affected vertebrae, length of hospital stay (LOS), ICU
admission, multi-level spinal injury, age >60 years,
absence of ambulance transport, and unknown occupation
as the only variables independently associated with the
mechanism of fall (Table 4). In the study by Zhang et al.,

25.5% of patients who fell from a low height were over
60 years old, whereas only 2.1% of those who fell from
a high height suffered injuries to the waist area.
Additionally, the proportion of men who fell from low
and high heights was 78.8% and 83.5%, respectively.
Also their study also found found significant associations
between fall mechanism and age, injury level, severity
(ASIA score), surgery, and length of stay.! Chen et al.
reported that high-height falls were linked to younger
age, male sex, and more severe spinal injuries.?*
Tagyildiz et al. identified fall height as a predictor of
injury severity and surgical need in tree-fall injuries.??
Bensch et al. noted that working-age males dominated
high-energy fall cases, with more complex fractures.?>

Furthermore, advanced age (=80 years),
comorbidities, polypharmacy, cognitive impairment, and
sensory deficits (e.g., hearing and vision loss) are
consistently recognized as major risk factors for falls
across various studies 3435,

This discrepancy may be attributed to differences in
how falls were classified and variations in the severity
of spinal cord injuries among patients in the two studies.
However, multiple studies have evaluated the
relationship between fall mechanism and variables such
as age, sex, injury severity, spinal level, need for
surgery, and outcomes. our study aligns with this body of
evidence by identifying similar significant associations.
The differences observed may reflect regional,
methodological, or population-specific factors such as
classification criteria for fall height or differences in
trauma systems but overall support the importance of
mechanism-based analysis in trauma research and

prevention planning.

limitations of the current study

Several limitations should be considered when
interpreting the findings of this study. First, the
retrospective study design restricts the ability to
establish causal relationships and relies on the accuracy
and completeness of existing medical records, which may
introduce information bias. Second, the relatively small
sample size may limit the statistical power of the analysis
and reduce the generalizability of the results,
particularly when examining subgroup differences or
less common outcomes. Third, there is a potential for
selection bias, as the study included only patients
referred to and treated at our teaching hospitals. This
may lead to an overrepresentation of more severe or
complex cases, as these centers often serve as tertiary
referral hubs, thereby limiting the applicability of the
findings to broader or community-based populations.
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Future prospective studies with larger samples are
needed to confirm and extend these results.

Inclusion and Exclusion criteria:

Patients were included if they had a confirmed spinal
fracture, a documented fall mechanism (from any height),
and a fall from a known or reliably estimated height.
Exclusion criteria included pathological fractures (e.g.,
due to malignancy or osteoporosis without significant
trauma), incomplete medical records, non-traumatic spinal
fracture, and falls occurring during motor vehicle collisions
or other high-impact mechanisms (e.g., crush injuries).

Conclusion

Spinal injuries from falls are common across all age
groups, with distinct patterns based on fall height and
patient demographics. High-energy falls are associated
with greater injury severity, including multi-level vertebral
involvement, ICU admission, and prolonged
hospitalization. In contrast, older age, absence of
ambulance transport, and unknown occupation were
linked to less severe presentations, suggesting lower-
energy mechanisms in these cases. In our study, low-height
falls were more frequent among individuals over 60 years
and among women, while over 85% of high-height fall
injuries occurred in adults aged 21-60. Notably, about
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half of the injured were workers or housewives,
underscoring the need for targeted prevention programs
in occupational and domestic settings. These findings
emphasize the value of clinical and demographic
patterns in identifying high-energy trauma mechanisms
and guiding preventive strategies.

Acknowledgments

We would like to express our sincere thanks to the
Vice-Chancellor of Research and Technology at Arak
University of Medical Sciences for their support of this
study.

Authors’ Contributions:
Study conception: GR, SJ, MS
Data collection: SJ, YP, DB, SB, AM, AS
Analysis: GR, AH, MS, AA
Investigation: SJ, AH, GR, MS, AS, AM
Writing: MS, FG, GR
Critical review and revision: all authors

Final approval of the article: all authors

Funding: None.

Competing interests: None declared.

Ethical approval: This study was approved by Clinical
Research Development Unit of Valiasr Hospital with the
specific Ethics ID code: IRRARAKMU.REC.1403.006.

. Zhang Z-R, Wu Y, Wang F-Y, Wang W-J. Traumatic spinal cord injury caused by low falls and high falls: a comparative study. J Orthop Surg Res.

2. Wang J, Chen Z, Song Y. Falls in aged people of the Chinese mainland: Epidemiology, risk factors and clinical strategies. Ageing Res Rev. 2010

Nov:9 Suppl 1:513-7.

3. Turgut K, Sarihan ME, Colak C, Given T, Gir A, Girbiz S. Falls from height: A retrospective analysis. World J Emerg Med. 2018;9(1):46-50.

4. Cripps RA, Lee BB, Wing P, Weerts E, Mackay J, Brown D. A global map for traumatic spinal cord injury epidemiology: towards a living data

repository for injury prevention. Spinal Cord. 2011 Apr;49(4):493-501.

5. Zhang S, Wadhwa R, Haydel J, Toms J, Johnson K, Guthikonda B. Spine and Spinal Cord Trauma: Diagnosis and Management. Neurol Clin. 2013

Feb;31(1):183-206.

6. Ahuja CS, Nori S, Tetreault L, Wilson J, Kwon B, Harrop J, Choi D, Fehlings MG. Traumatic Spinal Cord Injury-Repair and Regeneration.

Neurosurgery. 2017 Mar 1;80(3S):S9-S22.

7. Kumar R, Lim J, Mekary RA, Rattani A, Dewan MC, Sharif SY, et al. Traumatic Spinal Injury: Global Epidemiology and Worldwide Volume. World

Neurosurg. 2018 May:113:e345-e363.

8. Ergas Z. Spinal Cord Injury in the United States: A Statistical Update. Cent Nerv Syst Trauma. 1985 Spring;2(1):19-32.

9. Singh A, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG. Global prevalence and incidence of traumatic spinal cord injury. Clin Epidemiol. 2014 Sep

23;6:309-331.

10. Jazayeri SB, Ataeepour M, Rabiee H, Motevalian SA, Saadat S, Vaccaro AR, et al. Prevalence of Spinal Cord Injury in Iran: A 3-Source Capture-

Recapture Study. Neuroepidemiology. 2015;45(1):28-33.

11. Yadollahi M, Karajizadeh M, Bordbar N, Ghahramani Z. Incidence and pattern of traumatic spine injury in a single level | trauma center of

southern Iran. Chin J Traumatol. 2023 Jul;26(4):199-203.

J Inj Violence Res. 20: ...-.... . doi: 10.5249jivr....



ARTICLE IN PRESS J Inj Violence Res xxx (2025) xxx-xxx Injury & Violence 13

12. Khadour FA, khadour YA, Meng L, XinlLi C, Xu T. Epidemiology features of traumatic and non-traumatic spinal cord injury in China, Wuhan. Sci
Rep. 2024 Jan 18;14(1):1640.

13. Roshanaei G, Khoshravesh S, Abdolmaleki S, Bathaei T, Farzian M, Saatian M. Epidemiological pattern of trauma patients based on the
mechanisms of trauma: trends of a regional trauma center in Midwest of Iran. BMC Emerg Med. 2022 Dec 26;22(1):210.

14. Safari M, Roshanaei G, Shakeri A, Hamta A, Mohammadi A, Amani A, Bayat S, Pourandish Y, Beigi D, jafari S, Epidemiology of Traumatic Spinal
Fractures Due to Road Traffic Accidents Referred to Valiasr Hospital in Markazi Province. Trauma Monthly. 2025; 30(3): 1476-1489.

15. Jawa RS, Singer AJ, Rutigliano DN, McCormack JE, Huang EC, Shapiro MJ, et al. Spinal Fractures in Older Adult Patients Admitted After Low-Level
Falls: 10-Year Incidence and Outcomes. J Am Geriatr Soc. 2017 May;65(5):909-915

16. Bergstrdm U, Bjsrnstig U, Stenlund H, Jonsson H, Svensson O. Fracture mechanisms and fracture pattern in men and women aged 50 years and older:
a study of a 12-year population-based injury register, Umed, Sweden. Osteoporos Int. 2008 Sep;19(9):1267-73.

17. Wang H, Zhang Y, Xiang Q, Wang X, Li C, Xiong H, Zhou Y. Epidemiology of traumatic spinal fractures: experience from medical university-
affiliated hospitals in Chongqing, China, 2001-2010. J Neurosurg Spine. 2012 Nov;17(5):459-68.

18. Weycker D, Li X, Barron R, Bornheimer R, Chandler D. Hospitalizations for osteoporosis-related fractures: Economic costs and clinical outcomes. Bone
Rep. 2016 Jul 30:5:186-191.

19. Eastell R, O'Neill TW, Hofbauer LC, Langdahl B, Reid IR, Gold DT, et al. Postmenopausal osteoporosis. Nat Rev Dis Primers. 2016 Sep 29:2:16069.

20. Radovanovic |, Urquhart JC, Rasoulinejad P, Gurr KR, Siddiqi F, Bailey CS. Patterns of C-2 fracture in the elderly: comparison of etiology, treatment,
and mortality among specific fracture types. J Neurosurg Spine. 2017 Nov;27:494-500.

21. Bhattacharya B, Maung A, Schuster K, Davis KA. The older they are the harder they fall: Injury patterns and outcomes by age after ground level
falls. Injury. 2016 Sep;47(9):1955-9.

22. Emre Tagyildiz A, Cekmen B, Uzun A, Cevher Cifici T, Berkay Uzuncu H, Serdar S, et al. A retrospective analysis of spinal and cranial injury patterns
caused by a fall from a tree in the Karabik province. Interdisciplinary Neurosurgery. 2022;30:101628.

23. Brotherton SS, Krause JS, Nietert PJ. Falls in individuals with incomplete spinal cord injury. Spinal Cord. 2007 Jan;45(1):37-40.

24. Chen Y, Tang Y, Allen V, DeVivo MJ. Fall-induced spinal cord injury: External causes and implications for prevention. J Spinal Cord Med. 2016
Jan;39(1):24-31.

25. Bensch FV, Kiuru MJ, Koivikko MP, Koskinen SK. Spine fractures in falling accidents: analysis of multidetector CT findings. Eur Radiol. 2004
Apr;14(4):618-24.

26. Althobaiti NM, Alzahrani NN, Alkhaldi LH, Althobaiti AA, Alsiali RM, Almutairi AA, et al. Patterns and clinical characteristics of traumatic spine
fractures in Taif, Saudi Arabia: a retrospective study. 2019. International Journal of Medical Research & Health Sciences. 2019; 8(12): 92-99

27. Hall S, Myers MA, Sadek A-R, Baxter M, Griffith C, Dare C, et al. Spinal fractures incurred by a fall from standing height. Clin Neurol Neurosurg.
2019 Feb:177:106-113.

28. Yang R, Guo L, Wang P, Huang L, Tang Y, Wang W, et al. Epidemiology of Spinal Cord Injuries and Risk Factors for Complete Injuries in
Guangdong, China: A Retrospective Study. PLoS One. 2014 Jan 28;9(1):e84733.

29. Khadour FA, Khadour YA, Meng L, XinlLi C, Xu T. Epidemiology features of traumatic and non-traumatic spinal cord injury in China, Wuhan. Sci Rep.
2024;14(1):1640.

30. Lomaz MB, Sales Netto LA, Garrote Filho MS, Alves AP, Canto FR. Epidemiological profile of patients with traumatic spinal fracture. Coluna/Columna.
2017;16(3):224-7.

31. Wilson KV, McDonnell JM, O'Malley S, Lynch D, Larouche J, Cunniffe GM, et al. Morbidity and mortality of traumatic cervical spinal cord injuries
in a geriatric cohort. Ir J Med Sci. 2023 Aug;192(4):1719-1725.

32. Utheim NC, Helseth E, Stroem M, Rydning P, Mejlcender-Evjensvold M, Glott T, and et al. Epidemiology of traumatic cervical spinal fractures in a
general Norwegian population. Inj Epidemiol. 2022 Mar 24;9(1):10.

33. Atinga A, Shekkeris A, Fertleman M, Batrick N, Kashef E, Dick E. Trauma in the elderly patient. Br J Radiol. 2018 Jul;91(1087):20170739.

34. Lubetzky AV. Balance, falls, and hearing loss: is it time for a paradigm shift?2 JAMA Otolaryngol Head Neck Surg. 2020 Jun 1;146(6):535-536.

35. Montero-Odasso M, van der Velde N, Alexander NB, Becker C, Blain H, Camicioli R, et al. New horizons in falls prevention and management for

older adults: a global initiative. Age Ageing. 2021 Sep 11;50(5):1499-1507.

Jjournal homepage : http://www.jivresearch.org


http://portal.revistas.bvs.br/pt/journals/?q=short_title:%22Coluna/Columna%22

