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ABSTRACT

Background: Falls from low-height can cause severe injuries in the elderly population. This
study was conducted to determine characteristics of injuries from low-height falls.

Methods: We retrospectively review surveillance data on injured patients who presented

to six emergency departments from January 2011 to December 2015. Study subjects were
divided into severe group and non-severe group based on severity of injury. The general and
clinical characteristics were compared between the two groups and analyzed factors related
with severe injuries.

Results: Of 1,190 elderly patients, severe group comprised 82 patients (7%). The severe group
was 2 years younger than the non-severe group. In the severe group, 61% was men and 34% in
the non-severe group. In the non-severe, the injuries more commonly occurred at residential
facilities and indoors than those in the severe group. Paid work during injury occurrence was
15%, and the more patients presented with non-alert consciousness in the severe group. The
most common regions of major injury were head and neck in the severe group.

Conclusion: Paid work, non-alert consciousness, and major injury to head and neck are
relating factors to severe injuries in the elderly population.

Keywords: Elderly; Falls; Injury; Relating Factors

INTRODUCTION

Falls are a major cause of injury in all ages,! and account for 10% to 15% of emergency
department (ED) visits. Generally, falls from higher heights cause more severe injuries.23 In the
elderly population, however, even falls due to low-energy mechanisms are associated with higher
hospitalization rates, longer lengths of hospital stays, and higher rates of mortality compared
with younger adults.4-6 By 2000, the Republic of Korea had become an aging society, with the
elderly population increasing at the fastest rate in the world. According to the Korean Statistical
Information Service (KOSIS), elderly people aged 65 or older will account for 14% of the Korean
population in 2017 and 20% of the population by 2025. As the elderly population increases, the
burden of geriatric diseases is also increasing within the community. In particular, fall injuries in
the elderly population will be a major social issue,> and lead to increased health care costs.”
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The most effective means of reducing the incidence of any injury is prevention. Identifying
characteristics and relating factors to severe fall injuries in the elderly population is necessary
to select management targets and establish a prevention strategy.8 There have been many
studies on injuries associated with low-velocity falls (LVF) or ground-level falls (GLF) in the
elderly population>?; however, studies on the characteristics and relating factors to severe
injuries caused by low-height falls (LHF) are lacking.

This study was conducted to compare the characteristics of injuries from LHF and to identify
relating factors to severe injuries in the elderly population.

METHODS

With support from the Korea Center for Disease Control and Prevention (KCDC), we
retrospectively reviewed surveillance data on injured patients who presented to the EDs of
six general hospitals from January 2011 to December 2015. LHF were defined as falls from
a height of less than one meter.2:10 Only data from patients who were able to report the
height of the fall were included in this study. All patients were 65 years of age or older and
were divided into 2 groups based on severity of injury: severe group and non-severe group.
The severe group included patients who required emergency surgery, were admitted to the
intensive care unit (ICU), were transferred to another medical facility for specialized care,
or were either pronounced dead on arrival or death at the ED. The remaining patients were
placed in the non-severe group.2

First, the general and clinical characteristics of the severe group were compared with those
of the non-severe group. General characteristics of the patients included age, age range
(6574, 75-84, and > 85 years), season of injury occurrence, time of injury occurrence,
location of injury occurrence, whether the injury happened indoors or outdoors, specific
description of the indoor area, activities during injury occurrence, alcohol consumption,
education level, and occupation status. Patients were also sorted into groups based on the
season in which the injury occurred: spring (March—May), summer (June—August), autumn
(September—November), and winter (December—February). The time of injury occurrence
was divided into 6-hour intervals: 0:00 to 6:00, 6:00 to 12:00, 12:00 to 18:00, and 18:00 to
24:00. The location where the injury occurred was classified as a residential facility, medical
facility, sports facility, transportation area, work place, public or commercial facility, or other
outdoor area. The location of an indoor injury was subdivided into the kitchen, living room,
room or bedroom, store (including a mall) or office, hospital room, or other area. Activities
during injury occurrence were divided into paid work, unpaid work such as cooking and
cleaning, sports or leisure, daily activities such as showering, bathing and shaving, and other
activities. Education level was divided into elementary school or less, junior high school, high
school, and college or higher. Occupation status was classified as employed and unemployed.

The clinical characteristics of the patients while they were in the ED included blood pressure,
consciousness, mode of transportation to the ED, major injury region, excess mortality
ratio-adjusted injury severity score (EMR-ISS), result of ED treatment, surgical treatment,
and injury severity. Consciousness was classified simply as alert or non-alert. Mode of
transportation to the ED was classified as public ambulance, transfer from another medical
facility, and individual transportation. Major injury regions were divided into head and neck,
thorax, abdomen, hip and thigh, and other extremity. The EMR-ISS is an injury severity
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scoring systems based on the International Statistical Classification of Diseases and Related
Health Problems 10th Revision (ICD-10). Every injury registered in the ICD-10 code was
graded on a scale of 1-5 using the calculated excess mortality ratio for all ICD-10 codes from
the Korean national injury database. EMS-ISS was calculated as the sum of squares of three
maximum severity grades.1113 If several diagnoses were registered, only the main diagnosis
was selected. Results of ED treatment were categorized as discharge from ED, transfer to
another medical facility, admission to the general ward, admission to the ICU, or dead on
arrival or death at the ED.

In addition, the gender specific subgroup analysis was performed to determine the different
characteristics between men and women in injuries from LHF.

Statistical analysis

The o test, t-test, and Fisher's exact test were used to compare the severe versus non-severe
group. Univariate logistic regression analysis was used using the significant variables (P < 0.2)
from the univariate comparison analysis to identify factors related with severe injury in the elderly
group. Multivariate logistic regression was performed using statistically significant variables (P <
0.05) from the univariate logistic regression. We excluded clinical variables that directly related

to severe injury classification, such as the mode of transportation to the ED, the result of ED
treatment and surgical treatment. The gender specific subgroup analysis was compared using the
1 test. All data were analyzed using the Statistical Package for the Social Sciences version 21.0
(IBM Inc., Somers, NY, USA), and Pvalues < 0.05 were considered significant.

Ethics statement

This study was approved by the relevant Institutional Review Boards of Ulsan University
Hospital (approval No. 2017-07-013). All data were analyzed anonymously. The requirement
for informed consent was waived by the board.

RESULTS

During the study period, 1,190 patients were injured by LHF in the elderly population. The
severe group consisted of 82 patients, accounting for approximately 7% of all patients. The
mean age was 77 years in the non-severe group and 75 years in the severe group. Patients aged
65-74 years and 75-84 years had similar injury rates in the non-severe group; in the severe
group, the most common age ranged was 65-74 years (56.5%). In both groups, the most
common location of injury occurrence was a residential facility. However, the proportion of
elsewhere except the residential facility was 35% higher in the severe group than 23% in the
non-severe group. In the non-severe group, 85% of the patients were injured indoor and 72%
in severe group; thus, LHF injuries that occurred outdoors were more likely to be classified
as severe. The most common activity during which LHF injuries occurred was daily activities
(77%), followed by unpaid work (8%) in the non-severe group, but daily activities (70%), and
followed by paid work (15%) in the severe group. Alcohol consumption at the time of the
injury was more frequent in the severe group (Table 1).

In the severe group, the fewer patients presented with alert consciousness at the ED than in the
non-severe group. The most common mode of transportation to the ED was public ambulance
(40%) in the non-severe group, and transfer from another medical facility (44%) in the severe
group. As region of major injury, 35% of patients in the non-severe group and 71% in the severe
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Table 1. General characteristics of LHF injuries in elderly patients based on the severity of injury

Variables Non-severe (n =1,108) Severe (n = 82) P value
Age, yr 771 +7.7 75.2+7.2 0.033
Age range, yr (%) 0.012
65-74 449 (40.5) 47 (57.3)
75-84 450 (40.6) 924 (29.3)
> 85 209 (18.9) 11 (13.4)
Gender, men (%) 376 (33.9) 50 (61.0) 0.000
Season of injury occurrence (%) 0.756
Spring (March-May) 252 (22.7) 22 (26.8)
Summer (June-August) 2892 (25.5) 21 (25.6)
Autumn (September-November) 324 (29.2) 20 (24.4)
Winter (December-February) 250 (22.6) 19 (23.2)
Time of injury occurrence (%) 0.160
00:00-06:00 135 (12.2) 7(8.5)
06:00-12:00 360 (32.5) 29 (26.8)
12:00-18:00 363 (32.8) 926 (31.7)
18:00-24:00 250 (22.6) 27 (32.9)
Location of injury occurrence (%) 0.010
Residential facility 848 (76.7) 53 (64.6)
Medical facility 102 (9.2) 10 (12.2)
Sports facility 7 (0.7) 3(3.7)
Transportation area 47 (4.2) 7 (8.5)
Work place 47 (4.2) 4 (4.9)
Public or commerecial facility 35(3.2) 1(1.2)
Other outdoor area 20 (1.8) 4 (4.9)
Indoor or outdoor fall injury (%) 0.002
Indoor 942 (85.0) 59 (72.0)
Specific indoor area (%) n =929 n =59 0.544
Kitchen 16 (1.7) 0 (0.0)
Living room 157 (16.9) 11 (18.6)
Room or bedroom 634 (68.2) 38 (64.4)
Office or store 93 (10.0) 9 (15.3)
Others 29 (3.1) 1(1.7)
Activity during injury occurrence (%) 0.003
Paid work 58 (5.2) 12 (14.6)
Unpaid work 89 (8.0) 2(2.4)
Sports or leisure activity 65 (5.9) 5(6.1)
Daily activity 850 (76.9) 57 (69.5)
Others 44 (4.0) 6 (7.3)
Alcohol consumption, No./total (%) 8/838 (1.0) 3/59 (5.1) 0.031
Education (%) n=60 n=8 0.533
Uneducated or elementary school 42 (70.0) 5(62.5)
Junior high school 9 (15.0) 1(12.5)
High school 7 (1.7) 1(12.5)
College or higher 2(3.3) 1(12.5)
Occupation (%) 0.506
Employed 43 (9.2) 8 (11.8)
Unemployed 4923 (90.8) 60 (88.2)

Data are presented as means = standard deviation (range).

LHF = low-height falls.

https://jkms.org

group suffered injuries of the head and neck. After analyzing the results of ED treatment, most
patients in the non-severe group (58%) were discharged from the ED and most patients in the
severe group (70%) were admitted to the ICU. The patients who underwent surgery comprised
39% of the severe group compared with 7% of the non-severe group (Table 2).

Results of the univariate logistic regression analysis demonstrated that severe injuries
caused by LHF in the elderly population were more likely to occur in those aged 65-74 years
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Table 2. Clinical characteristics of LHF injuries in elderly patients based on the severity of injury

Variables Non-severe (n =1,108) Severe (n = 82) P value
Blood pressure, mmHg n =592 n=>51
Systolic blood pressure 140.0 + 25.4 137.9 £ 31.5 0.563
Diastolic blood pressure 78.1+£14.2 79.1+16.8 0.645
Consciousness at ED (%) n =493 n =40 0.000
Alert 480 (97.4) 29 (72.5)
Non-alert 13 (2.6) 11 (27.5)
Mode of transportation to ED (%) n=1104 n=282 0.000
Public ambulance 440 (39.9) 26 (31.7)
Transfer from medical facility 199 (18.0) 36 (43.9)
Individual transportation 465 (42.1) 20 (24.4)
Major injury region (%) 0.000
Head and neck 391 (35.3) 58 (70.7)
Thorax 66 (6.0) 3(3.7)
Abdomen 108 (9.7) 3(3.7)
Hip and thigh 300 (27.1) 14 (17.1)
Extremity 243 (21.9) 4 (4.9)
EMR-ISS 9.7+ 7.5 (n = 665) 10.4 + 8.0 (n = 53) 0.520
Result of ED treatment (%) 0.000
Discharge from ED 642 (57.9) 0 (0.0)
Transfer to another medical facility 39 (3.5) 4 (4.9)
Admission to general ward 427 (38.5) 15 (18.3)
Admission to intensive care unit 0 (0.0) 57 (69.5)
Death on arrival or death at ED 0 (0.0) 6 (7.3)
Surgery, No./total (%) 52/725 (7.2) 25/65 (38.5) 0.000

Data are presented as means = standard deviation (range).
LHF = low-height falls, ED = emergency department, EMR-ISS = excess mortality ratio-adjusted injury severity score.

compared with those aged more than 74 years. Other factors related with severe injuries
were men vs. women, outdoor fall vs. indoor fall, paid work activity vs. daily activity, alcohol
consumption, non-alert vs. alert consciousness at the ED, and head and neck vs. extremity as
the major injury region. Based on the multivariate logistic regression analysis, elderly people
injured by LHF were at greater relation of severe injuries if patients were injured during paid
work, presented with non-alert consciousness at the ED, or if the major injury involved the
head and neck (Table 3).

In the gender specific subgroup analysis, men comprised 36% and women 64% in the elderly
population. The most common time of injury occurrence was between 12:00 to 18:00 in men
and between 06:00 to 12:00 in women. In both groups, the most common locations of injury

Table 3. Univariate and multivariate logistic regression analysis for relating factors to severe injury by a LHF in
elderly patients

Variables OR 95% Cl
Univariate logistic regression
Age range 65-74 yr vs. > 74 yr 1.971 1.252-3.103
Gender, men vs. women 3.042 1.919-4.822
Fall injury, outdoor vs. indoor 2.212 1.329-3.681
Paid work vs. daily activity 3.085 1.568-6.071
Alcohol consumption 5.558 1.435-21.530
Consciousness at ED, non-alert vs. alert 14.005 5.774-33.972
Head and neck vs. extremity as major injury region 9.012 3.231-25.136
Multivariate logistic regression
Paid work vs. daily activity 8.777 1.124-68.528
Non-alert vs. alert consciousness at ED 14.261 3.591-56.635
Head and neck vs. extremity as major injury region 12.480 1.290-120.750

LHF = low-height falls, OR = odds ratio, Cl = confidence interval, ED = emergency department.
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were residential facilities, respectively 67.0% and 80.8%. The most patients were injured
indoors; this was more in women (90%). Especially, LHF injuries occurred most commonly in a
room or bedroom. In both groups, the most common activity was daily activity, but the second
most common activity was paid work (12%) in men. In men, more patients were educated and
employed than in women (Table 4). The most common major injury regions were head and
neck followed by extremity in men and head and neck followed by hip and thigh in women.
Severe injuries were more common in men compared with those in women (Table 5).

Table 4. General characteristics of LHF injuries in elderly men and women

Variables Men (n = 426) Women (n = 764) P value
Age, yr 75.2+7.3 77.9 £7.7 0.000
Age range, yr (%) 0.000
65-74 296 (53.1) 270 (35.3)
75-84 147 (34.5) 397 (42.8)
>85 53 (12.4) 167 (21.9)
Season of injury occurrence (%) 0.686
Spring (March-May) 98 (23.0) 176 (23.0)
Summer (June-August) 115 (27.0) 188 (24.6)
Autumn (September-November) 124 (29.7) 220 (28.8)
Winter (December-February) 89 (22.9) 180 (23.6)
Time of injury occurrence (%) 0.031
00:00-06:00 56 (13.1) 86 (11.3)
06:00-12:00 114 (26.8) 268 (35.1)
12:00-18:00 152 (35.7) 237 (31.0)
18:00-24:00 104 (24.4) 173 (22.6)
Location of injury occurrence (%) n =424 n =764 0.000
Residential facility 284 (67.0) 617 (80.8)
Medical facility 34 (8.0) 78 (10.2)
Sports facility 7(1.7) 3(0.4)
Transportation area 34 (8.0) 20 (2.6)
Work place 36 (8.5) 15 (2.0)
Public or commercial facility 15 (3.5) 21 (2.7)
Other outdoor area 14 (3.3) 10 (1.3)
Indoor or outdoor fall injury (%) n =426 n =764 0.000
Indoor 310 (72.8) 691(90.4)
Specific indoor area (%) n=303 n =685 0.410
Kitchen 4(1.3) 12 (1.8)
Living room 54 (17.8) 114 (16.6)
Room or bedroom 196 (64.7) 476 (69.5)
Office or store 39 (12.9) 63(9.2)
Others 10 (3.3) 20 (2.9)
Activity during injury occurrence (%) n =424 n =764 0.000
Paid work 51(12.0) 19 (2.5)
Unpaid work 40 (9.4) 51(6.7)
Sports or leisure activity 34 (8.0) 36 (4.7)
Daily activity 282 (66.5) 625 (81.8)
Others 17 (4.0) 33 (4.3)
Alcohol consumption, No. (%) 10 (3.0) 1(0.2) 0.000
Education (%) n=28 n=40 0.030
Uneducated or elementary school 14 (50.0) 33 (82.5)
Junior high school 7 (25.0) 3(7.5)
High school 5(17.9) 3(7.5)
College or higher 2 (7.1) 1(2.5)
Occupation (%) n =180 n =354 0.000
Employed 36 (20.0) 15 (4.2)
Unemployed 144 (80.0) 339 (95.8)
Data are presented as means + standard deviation (range).
LHF = low-height falls.
https://jkms.org https://doi.org/10.3346/jkms.2018.33.e221 6/10
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Table 5. Clinical characteristics of LHF injuries in elderly men and women

Variables Men (n = 426) Women (n = 764) P value
Blood pressure, mmHg n =231 n=412
Systolic blood pressure 140.4 £ 25.5 139.7 + 26.0 0.751
Diastolic blood pressure 79.1+14.5 77.7 +14.3 0.232
Consciousness at ED (%) n =186 n =347 0.043
Alert 173 (93.0) 336 (96.8)
Non-alert 13 (7.0) 1 (3.2)
Mode of transportation to ED (%o) n =495 n =761 0.060
Public ambulance 152 (35.8) 314 (41.3)
Transfer from medical facility 98 (23.1) 137 (18.0)
Individual transportation 175 (41.2) 310 (40.7)
Major injury region (%) 0.000
Head and neck 199 (46.7) 250 (32.7)
Thorax 29 (6.8) 40 (5.2)
Abdomen 35(8.2) 76 (9.9)
Hip and thigh 78 (18.3) 236 (30.9)
Extremity 85 (20.0) 162 (21.2)
EMR-ISS 9.2+ 7.5 (n = 257) 10.0 + 7.7 (n = 4671) 0.165
Result of ED treatment (%) 0.000
Discharge from ED 227 (53.3) 415 (54.3)
Transfer to another medical facility 16 (3.8) 27 (3.5)
Admission to general ward 144 (33.8) 298 (39.0)
Admission to intensive care unit 35(8.2) 22 (2.9)
Death on arrival or death at ED 4 (0.9) 2(0.3)
Surgery, No./total (%) 35/278 (12.6) 49/512 (8.2) 0.047
Severe patients (%) 50 (11.7) 32 (4.2) 0.000

Data are presented as means = standard deviation (range).
LHF = low-height falls, ED = emergency department, EMR-ISS = excess mortality ratio-adjusted injury severity score.
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DISCUSSION

The mean age of elderly patients injured by LHF in this study was 77 years; this is 7 years
older than the age 70 that predicted GLF mortality in previous studies. Age alone is
considered to be a risk factor for severe injury and poor prognosis after a fall regardless of the
mechanism.3:14 Careful attentions should therefore be paid to elderly patients presenting to
the ED with fall injuries.

In the elderly population, LHF injuries occurred most commonly in residential and medical
facilities. The most frequent indoor area where elderly patients fell was a room or bedroom
followed by the living room; LHF injuries also occurred mainly during daily activities. A
previous study showed a similar result, in that most fall injuries in the elderly population
occurred at home during daily activities such as bathing, sleeping, and eating.15 Therefore, in
this population, safety precautions should be taken, including the installation of low-height
beds and bed railings, not standing on furniture above the ground, and caution in slippery
areas such as bathtubs or toilets. Warning labels should also emphasize that elderly people
are more at risk of falling from equipment such as scaffolding or ladders. Also, the medical
staff and family members of elderly patients in long-term care facilities should strive to
prevent fall injuries. Several studies have reported that training in the form of pamphlets,
e-books, and electronic applications for elderly patients and their caregivers can reduce the
incidence of fall injuries; therefore, more education through these methods is needed.16,17

In addition, Helling et al.18 showed that many elderly patients suffered severe injuries
after falls from heights less than 6 meter, even when their vital signs were initially stable.
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Therefore, the elderly patients should be considered at risk for severe injury, even though
who presented to the ED with injury by mechanism of a LHF. It is also preferable to transport
elderly patients directly from the scene of an accident to the regional trauma center to avoid
aggravating the patient's condition. A trauma team should then promptly and carefully
evaluate an elderly patient upon arrival to the ED.

Rau et al.10 reported that the most common injury regions caused by falls were extremities at
all adult ages, including the hip and pelvis, regardless of the height of the fall. In particular,
extremity injuries were significantly more common in elderly patients, and head and neck
injuries were the second most common in both groups. In this study, the most common injury
regions were head and neck followed by hip and thigh, in the elderly population. These results
demonstrate that the injury characteristics of LHF are different from those of falls in general.
In the elderly population, head and neck injuries were the most common in both the severe and
non-severe groups; however, head and neck injuries were more than twice as common in the
severe group compared with the non-severe group. This suggests that the higher rate of non-
alert consciousness in the severe group is mostly likely due to serious injuries of the head and
neck. Results from the multivariate logistic regression show that head and neck injuries and
non-alert consciousness were both relating factors to severe injury in the elderly population;
thus, ED medical staff should be especially vigilant in evaluating these patients.

In this study, there are more woman patients (64%) in the elderly population. This is
consistent with results from previous studies showing that elderly women are more
frequently injured by falls and more likely to present with a fall injury to the ED.10,19,20

Recently, Gelbard et al.9 reported that men account for about half of all elderly patients
with fall injuries, and Con et al.8 reported that elderly men are much more likely to fall in
special situations (e.g., from a ladder) related to income activities or outdoor activities than
their woman counterparts. It has also been reported that severe fall injuries in the elderly
population are more common in men than women.1421 Consistent with these findings, we
found that the elderly men were more likely to suffer an injury from LHF than the elderly
women, especially in the severe group. Furthermore, injuries that occurred outdoors were
more likely to fall into the severe group than the non-severe group. In addition, the average
age of patients in the severe group was 2 years younger than the average age in the non-severe
group, and more than half of the patients in the severe group were in the 6574 years age
range. This suggests that relatively young, healthy, and active elderly men who participated
in income activities or outdoor activities,1922,23 were more likely to present to the ED with
severe injuries after a fall.24

This study is limited due to its retrospective design. This is not a population-based study,

and the data were limited to EDs from 6 general hospitals. There are also limitations due to
coding inconsistency, which is common in large multi-institutional registries. Because 5 out of
6 of the hospitals included in this study were tertiary hospitals, there may have been a higher
proportion of severely injured patients. It is also possible that the severe injury group may have
been underestimated in this study if the patients or guardians refused further treatment due
to the patient's age. The severity of fall injuries in the elderly population may vary depending
upon comorbidities,4:25 use of anti-coagulants,26 and the level of performance ability;
however, these factors were not taken into account in this study. In both the non-severe

group and the severe group, the value of variable consciousness at the ED was missing by
more than 50% of the data. The missing values were presumed mostly to be alert, however
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the data were not manipulated for more objective results. In the future, these problems

Severe Injury by Low-height Falls in the Elderly

can be complemented by improvement activities of data quality. Finally, it is a meaningful
result that paid work was the relating factor to severe injury, because income activities of the
elderly population will be increased with an extend life expectancy. Further studies should be
conducted focusing on occupation injury or physical activity in the elderly population.

Severe injuries can be occurred in about 7% of the total injuries caused by falls from even
low-height in the elderly population. The relating factors to severe injuries were paid work,
non-alert consciousness at the ED and major injury to head and neck.
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