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Principals. Throughout the world, falls are a major public health problem and a socioeconomic burden. Nevertheless there is
little knowledge about how the injury types may be related to the aetiology and setting of the fall, especially in the elderly. We
have therefore analysed all patients presenting with a fall to our Emergency Department (ED) over the past five years. Methods.
Our retrospective data analysis comprised adult patients admitted to our Emergency Department between January 1, 2006, and
December 31, 2010, in relation to a fall. Results. Of a total of 6357 patients 78% (n = 4957) patients were younger than 75 years.
The main setting for falls was patients home (n = 2239, 35.3%). In contrast to the younger patients, the older population was
predominantly female (56.3% versus 38.6%; P < 0.0001). Older patients were more likely to fall at home and suffer from medical
conditions (all P < 0.0001). Injuries to the head (P < 0.0001) and to the lower extremity (P < 0.019) occurred predominantly in
the older population. Age was the sole predictor for recurrent falls (OR 1.2, P < 0.0001). Conclusion. Falls at home are the main
class of falls for all age groups, particularly in the elderly. Fall prevention strategies must therefore target activities of daily living.
Even though falls related to sports mostly take place in the younger cohort, a significant percentage of elderly patients present with
falls related to sporting activity. Falls due to medical conditions were most likely to result in mild traumatic brain injury.

1. Introduction

Throughout the world, falls are a major public health problem
and a socioeconomic burden [1-6]. Approximately one-third
of the population over the age of 65 falls each year, rising
to over 50% by the age of 80 [5, 7-10]. Falls and fall-related
injuries are a major cause of disability and personal and
professional impairment [3, 6-8]. According to the leading
Swiss Accident Insurance provider (SUVA), the prevalence
of falls in Switzerland is approximately 295,000 cases per
year: 55,000 at work, 140,000 during leisure time, and 100,000
at home [11]. These figures have increased in recent years,
in particular in the leisure sector [11]. Particularly in the

elderly population, falls are associated with increasing costs,
due to the greater morbidity in this population [1, 9]. As a
consequence, the initiation of fall prevention programs is of
high priority [1, 8].

Even though much has been written about fall prevention,
less is known about fall environment and settings and the
injuries related to them. Emergency department (ED) data
can provide valuable information on fall environment and
setting, as both inpatient and outpatient data are included.
We have therefore assessed all patients presenting with a
fall to our Emergency Department in a five-year period.
The primary aim of this study is to assess fall environments
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and settings and related injuries in geriatric patients in
comparison to the younger cohort.

2. Material and Methods

2.1. Data Collection and Retrospective Survey. Our retro-
spective data analysis comprised adult (>16 years) patients
admitted to our Emergency Department between 1 January
2006 and 31 December 2010 in relation to a fall. A fall was
defined as “unintentional coming to rest at ground level or
at another lower level” [10]. All patients presenting to the ED
with a fall during the study period were initially eligible for
study inclusion. They were identified using the appropriate
search string in the diagnosis or medical history field of
our computerized patient database (Qualicare Office, Medical
Database Software, Qualidoc AG, Bern, Switzerland). The
following clinical data was extracted from medical records:
admission date, aetiology of the fall, localisation of injury,
type of injury, anticoagulant medication, hospitalisation,
duration of hospitalisation, in-hospital mortality, and num-
bers of falls during the study period (termed “recurrent
falls”). Demographic data, such as gender, age, nationality,
and profession, were also assessed. Geriatric patients were
defined as being equal to or more than 75 years of age. All
medical records were reviewed by an internal specialist, a sur-
gical specialist and a specialist in emergency medicine. Fall
environment and related injuries were extracted according
to diagnosis and history; no ICD 10 coding was used. The
fall environment or setting was categorized into seven classes
(home, public space, sport, work, intoxication, medical con-
dition, and other). Each patient was categorized into only
one group. All specialists had to agree independently on the
classification. Patients with medical fall setting compromised
patients presenting with a medical condition (e.g., syncope,
seizure, and stroke) and a fall. Patients with falls related to
public space fell while ambulating as a pedestrian (including
traffic accidents) or in public buildings, such as a railway
station. Falls in at home were defined as falls in the house itself
or its close surroundings (e.g., in the garden). Patients with
the aetiology “others” included all patients involved in some
sort of violence (e.g., being pushed or hit). All intoxicated
patients were categorized as such. If a patient was intoxicated
and fell at home he was classified as intoxication. The same
classification pattern was applied to patients suffering from
a fall due to a medical condition or others. The location
of the injury and the injury pattern were extracted from
the diagnosis and radiological imaging. Categorization was
performed according to the most serious injury. Multiple
injury was defined according to Zelle et al: “> 2 severe
injuries, with at least one injury or the sum of all injuries
being life threatening” [12]. These injuries were categorized
as “multiple including the head” or as “multiple without
including the head” Mild traumatic brain injury was defined
as GCS >13 with a loss of consciousness for less than 5
minutes, nausea and emesis, or amnesia for the fall. Severe
traumatic brain injury was defined as GCS <12. Injuries to the
pelvis were categorized as “lower extremity” injuries; injuries
to the shoulder girdle (including the clavicle) were classified
as “upper extremity” injuries. “Severe injury” was defined
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as either severe traumatic brain injury or multiple injury.
Patients with duplicated records (n = 233), a fall in their
medical history unrelated to the presentation (n = 457)
and incomplete records (n = 1561) (aetiology of fall not
extractable from the medical history), were excluded from the
analysis.

2.2. Statistical Analysis. All statistical analyses were perfo-
rmed with the SPSS 20.0 Statistical Analysis program (SPSS
Inc., Chicago, IL). Descriptive statistics (i.e., numerical,
percentage data, means, and standard deviations) were used
to analyse most of the data. The significance of the data
was analysed with the X2 test (Pearson, Fisher exact test) for
qualitative data and the unpaired ¢-test and unidirectional
ANOVA (Tamhane-T2) for quantitative data. Correlation
was assessed by Spearman’s analysis and multivariate linear
regression. All P values were two tailed and at a level of
significance of 0.05.

2.3. Ethical Considerations. The study was approved by the
Ethics Committee of the Canton of Bern, Switzerland.

3. Results

Out of 320,000 ED visits over a five-year study period, a total
of 6357 patients were eligible for the study. Table 1 lists the
patient characteristics. 78% (n = 4957) patients were younger
than 75 years. 509 patients (9.6%) presented with recurrent
falls.

The main environment or setting for falls was at home
(n = 2239, 35.3%), followed by sports (n = 1160, 18.2%),
public space (n = 1006, 15.8%), medical conditions (n = 877,
13.8%), intoxication (n = 497, 7.8%), work (n = 445, 7.0%),
and others (n = 133, 2.1%). For an overview of injury types
and related environments and settings see Figure 1. Patients
suffering a fall in public space (OR 1.2, P < 0.015), a fall at
work (OR L6, P < 0.0001), or an injury during sport (OR
1.2, P < 0.004) were at increased risk of severe injury. A fall
due to a medical condition is negatively associated with severe
injury (OR 0.4, P < 0.0001). Multiple injuries were most often
caused by falls at home (n = 247, 31.7%), followed by falls
during sport (n = 179, 23.0%) and falls at work (n = 155,
19.9%) (see Table 2).

Information on hospitalisation was available for 6030
patients. 57.4% (n = 3650) of patients were outpatients and
37.4% (n = 2380) inpatients. The mean time in hospital was 6
days (1-132). 4.2% (n = 262) of our patients died.

Table 1 summarises the characteristics of the geriatric and
younger patients. The median age of geriatric patients was
82.5 (range 75-100). In contrast to the younger patients, the
older population was predominantly female (56.3% versus
38.6%; P < 0.0001). Older patients were more likely to fall in
the house, suffer from medical conditions that resulted in a
fall, and to fall due to other conditions (all P < 0.0001). In
contrast to the geriatric patients, younger patients were
predisposed to fall due to sport, in public space, intoxication,
or at work (all P < 0.0001). Fractures were more common
in the elderly (P < 0.0001) and were associated with
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TABLE 1: Patients characteristics.
N (%) N (%) N (%) P value
Total <75 >75
Demography
Number 6357 (100) 1400 (22) 4957 (78)
Mean age (range) 50.9 (16-100) 43.6 (16-74) 82.5 (75-100)
Men/women 3654/2702 (57.5/42.5) 3042 (61.4)/1914 (38.6) 612 (43.7)/788 (56.3) 0.0001
Fall Environment/setting
Home 2239 (35.2) 1523 (30.7) 716 (51.1) 0.0001
Public space 1006 (15.8) 925 (18.8) 81(5.8) 0.0001
Sport 1160 (18.2) 1021 (20.6) 139 (9.9) 0.0001
Work 445 (7.0) 397 (8.0) 48 (3.4) 0.0001
Intoxication 497 (7.8) 460 (9.2) 37 (2.6) 0.0001
Medical condition 877 (13.8) 534 (10.8) 343 (24.5) 0.0001
Others 133 (2.1) 97 (2.0) 36 (2.5) 0.0001
Type of Injury
Contusion 1498 (26.9) 1235 (24.9) 263 (18.8) 0.0001
Flesh wound 798 (14.2) 615 (12.4) 183 (13.1) 0.52
Distorsion 179 (3.2) 174 (3.5) 5(0.4) 0.006
Luxation 85 (1.5) 69 (1.4) 16 (1.1) 0.59
Fracture 1703 (30.5) 1275 (25.7) 428 (30.6) 0.0001
Mild traumatic brain injury 1174 (21.0) 843 (17.0) 331(23.6) 0.0001
Severe traumatic brain injury 142 (2.5) 93 (1.9) 49 (3.5) 0.001
Multiple injury 780 (12.3) 653 (13.2) 127 (8.9) 0.0001
Severe Injury 922 (14.5) 746 (15.0) 176 (12.4) 0.014
Anticoagulation 1083 (17.0) 589 (11.8) 494 (35.3) 0.0001
Hospitalisation
Hospitalisation rate 3650 (57.4) 1557 (31.4) 823 (58.8) 0.0001
Mean hospitalisation duration (days) 6 (1-132) 8 (1-132) 10 (1-115) 0.001
In-hospital mortality 262 (4.1) 126 (2.5) 136 (9.7) 0.0001
Recurrent fall 509 (9.6) 409 (8.3) 200 (14.3) 0.0001

female gender (P < 0.0001). Injuries to the extremities in
the elderly were associated with increased risk of a fracture
(lower extremity: 2.29, CI 1.92-2.52, P < 0.0001; upper
extremity 2.2, CI 2.18-2.92), but not contusion (OR 0.92,
CI 0.69-1.34, P < 0.91). Elderly patients with falls due to
medical conditions (OR 0.68, CI 0.55-0.85, P < 0.0001)
were at decreased risk of fractures. For all other fall classes,
no significant association with fracture was found. Mild
traumatic brain injuries occurred more often in the female
elderly (P < 0.0001), as did falls due to medical conditions
(OR 1.47, CI 117-1.74, P < 0.001). Multiple injuries in the
elderly were most likely to occur due to falls in public space
(OR 1.95, CI 1.12-3.43, P < 0.027), followed by sports (OR
1.85, CI 1.19-2.78, P < 0.011).

Older patients took anticoagulant medication signifi-
cantly more often (35.3% versus 11.8%; P < 0.0001). 58.8%
(n = 823) of our older patients were hospitalized, compared
to 31.4% of the younger patients (n = 1557, P < 0.0001).
Elderly patients were hospitalised for longer (10 versus 8 days,
P < 0.0001) and were at increased risk of dying after a fall (OR
3.82,3.02-4.83, P < 0.001) (see Table 2 for a risk analysis).

Age was the sole predictor for recurrent falls (OR 1.2, P <
0.0001).

4. Discussion

We aimed to characterise fall environments and settings and
the injury patterns related to them in geriatric patients in
comparison to younger patients in an academic teaching
hospital ED over a 5-year period. Our results show that
geriatric patients compromise 22% of all patients admitted
with a fall to our Emergency Department, with more than half
experiencing a fall in their home.

Our study shows that falls at home affect all age groups,
but are most common in the elderly [3, 6, 13, 14]. Sartini
et al. [3] reported slightly lower figures than ours, with 46.3%
of all falls occurring at home. These authors also examined
activities undertaken at the time of the falls [3]. It showed
that individuals aged 65+ years were resting, sleeping, eating,
or engaging in other vital activities, whereas younger patients
were predominantly involved in leisure activities at the time
of fall [6]. This may explain why in our study older patients
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TABLE 2: Risk analysis.

OR 95% CI P value

Risk of severe injury

Age <75 1.04 1.01-1.08 0.01

Age > 75 0.84 0.73-0.97 0.01

House 0.9 0.8-1.1 0.31

Public space 1.2 11-1.4 0.015

Sport 1.2 11-1.4 0.004

Work 1.6 1.3-2.0 0.0001

Intoxication 0.7 0.6-1.1 0.07

Others 0.4 0.3-0.5 0.0001

Medical condition 0.4 0.3-0.5 0.0001
Hospitalisation rate

Age <75 0.6 0.56-0.64 0.0001

Age > 75 1.67 1.58-1.76 0.0001
Risk of in-hospital mortality

Age <75 0.92 0.91-0.94 0.0001

Age >75 3.82 3.02-4.83 0.0001
Risk of recurrent fall

Age <75 0.64 0.6-0.7 0.0001

Age > 75 1.2 11-1.3 0.0001

Gender 1 0.9-1.3 0.39
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FIGURE 1: Distribution of injury type.

predominantly fell in the house whereas the younger cohort
suffered from fall-related injuries attributed to sports. The
increased fall prevalence at home in the elderly may also be
related to the fact that elderly people tend to spend more time

in the home environment than younger people [15]. Chronic
medical conditions such as impaired sight and muscular
weakness may deter the elderly from going outside [9, 15-
19]. In conclusion, elderly people most often fall in relation
to activities of daily living.

Even though falls related to sports are predominant in the
younger cohort, our study shows that falls related to sports
are the third most common cause of falls in the elderly, a
finding that is quite remarkable. In the USA, sport injuries
in the elderly (older than 65 years) make up 8% of all sport
injuries, with an upward trend [20]. In our study, 9.9% of
all patients older than 75 suffered from a sport-related fall.
This number is distinctly higher than the findings from the
USA. Generally, the increased rates of falls related to sports
may be explained with the increasing tendency for people in
their 70s or 80s to have a more active lifestyle [20]. Moreover,
according to the US National Electronic Injury Surveillance
System, one reason that falls in the elderly have increased is
that older people now participate more often in more active
sports, such as skiing and in-line skating [20]. A number of
studies have shown that these activities make high demands
on coordination, reaction time, and balance [10, 21, 22],
abilities that decrease with age. Nevertheless sport in the
elderly also has positive aspects. Studies have shown that
moderate exercise programs in the elderly improve muscle
strength and balance and may therefore reduce the risk of
falling [20, 23].

In our study, mild traumatic brain injury was the second
most common type of injury in the elderly and the third
most common in the younger cohort. In the elderly, these
injuries occurred predominantly at home and in relation
to medical conditions. The high occurrence rate of mild
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traumatic brain injuries in the elderly is confirmed by Watson
and Mitchell [2]. The high prevalence of mild traumatic
brain injuries in relation to falls related to medical conditions
may be caused by the loss of consciousness accompanied by,
for example, syncope. Patients therefore might not use their
hands to protect their head and in consequence their fall
may not be decelerated by the hands as it normally would.
Additionally, falls in the elderly may more often result in mild
traumatic brain injuries than in the younger population, due
to inefficient reflexes and reduced ability to break their falls
[2].

In contrast to other studies, elderly patients in our study
were less likely to be injured more severely than were younger
patients [6, 14, 24]. This may be explained by the fact that we
are the only level I trauma centre in a large alpine region.
Surprisingly, falls at home, the leading environment of falls
in this study, was not correlated with severe injury. Only
speculation is possible here. One possible reason may be that
falls at home often occur on one single level. Furthermore,
falls at home usually do not involve further hazards that may
cause additional injury, such as high speed or a collision. The
same phenomenon may also explain why falls from medical
conditions even correlate negatively with injury severity.

4.1. Limitations. Our findings have to be considered with
some caution. Information was incomplete or unclear in 1561
patients and these patients had to be excluded. In conse-
quence, underreporting of falls, their environments/settings,
and the related injuries cannot be excluded. Additionally our
single centre study may not represent the population of all of
Switzerland and our results may therefore not be generaliz-
able. The division in to settings and environments may lead
to further bias as, for example, some of the patients suffering
from intoxication and a fall may have been in the house at the
time of the fall. The same applies to the patients with falls due
to medical conditions and others. Additionally, it is possible
that some of our patients suffered from recurrent falls during
the study period that did not require ED treatment or where
these patients were treated elsewhere (general practitioner,
different ED); it is therefore likely that our figures concerning
recurrent falls are underestimated. Furthermore our study
was limited to adults (>16 years of age), as children are treated
at a separate emergency department in the same hospital.
Therefore no information about the epidemiology of falls in
children can be drawn from this study. This would require
additional studies.

5. Conclusion

Falls in the elderly are very common. Falls at home are the
main class of falls for all age groups, particularly in the elderly.
Fall prevention strategies must therefore target activities of
daily living. Elderly patients presenting to the ED with a
fall at home should be screened specifically and if needed
appropriate action should be taken.

Even though falls related to sports mostly take place
in the younger cohort, a significant percentage of elderly
patients present with falls related to sporting activity. As

ageing is accompanied by a natural loss of musculoskeletal
and neurological abilities, it is particularly important to
establish appropriate screening and exercise programs. Falls
due to medical conditions were most likely to result in mild
traumatic brain injury; therefore, these patients should be
carefully evaluated.

Overall falls in the elderly are a huge problem; fall
aetiologies and settings should always be assessed in the
ED and appropriate actions should be taken. Further studies
should be performed on how to specifically screen elderly fall
patients in the ED.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

References

[1] S.Heinrich, K. Rapp, U. Rissmann, C. Becker, and H. H. Konig,
“Cost of falls in old age: a systematic review;” Osteoporosis
International, vol. 21, no. 6, pp- 891-902, 2010.

[2] W.L.Watson and R. Mitchell, “Conflicting trends in fall-related
injury hospitalisations among older people: variations by injury
type;” Osteoporosis International, vol. 22, no. 10, pp. 2623-2631,
2011.

[3] M. Sartini, M. L. Cristina, A. M. Spagnolo et al., “The epi-
demiology of domestic injurious falls in a community dwelling
elderly population: an outgrowing economic burden,” European
Journal of Public Health, vol. 20, no. 5, pp. 604-606, 2010.

[4] S. Ullah and C. E. Finch, “Functional data modelling approach
for analysing and predicting trends in incidence rates—an
application to falls injury;,” Osteoporosis International, vol. 21, no.
12, pp. 2125-2134, 2010.

[5] M. Moore, B. Williams, S. Ragsdale et al., “Translating a multi-
factorial fall prevention intervention into practice: a controlled
evaluation of a fall prevention clinic,” Journal of the American
Geriatrics Society, vol. 58, no. 2, pp. 357-363, 2010.

[6] R. Mitchell, K. Curtis, W. L. Watson, and T. Nau, “Age differ-
ences in fall-related injury hospitalisations and trauma presen-
tations,” Australasian Journal on Ageing, vol. 29, no. 3, pp. 117-
125, 2010.

[7] J. M. Caterino, R. Karaman, V. Arora, J. L. Martin, and B. C.
Hiestand, “Comparison of balance assessment modalities in
emergency department elders: a pilot cross-sectional observa-
tional study,” BMC Emergency Medicine, vol. 9, article 19, 2009.

[8] C. Annweiler, M. Montero-Odasso, A. M. Schott, G. Berrut, B.
Fantino, and O. Beauchet, “Fall prevention and vitamin D in
the elderly: an overview of the key role of the non-bone effects,”
Journal of NeuroEngineering and Rehabilitation, vol. 7, article 50,
2010.

[9] K. D. Frick, J. Y. Kung, J. M. Parrish, and M. J. Narrett,
“Evaluating the cost-effectiveness of fall prevention programs
that reduce fall-related hip fractures in older adults,” Journal of
the American Geriatrics Society, vol. 58, no. 1, pp. 136-141, 2010.

[10] S. Thomas, S. Mackintosh, and J. Halbert, “Does the “Otago
exercise programme” reduce mortality and falls in older adults?
A systematic review and meta-analysis,” Age and Ageing, vol. 39,
no. 6, pp. 681-687, 2010.



(11]

(12]

(13]

(16]

(17]

(20]

[21]

[22]

Provider S-SAI, 2011, http://www.suva.ch/startseite-suva/prae-
vention-suva/arbeit-suva/stolpern-ch-suva/fit-durch-den-win-
ter-suva.htm.

B. A. Zelle, S. R. Brown, M. Panzica et al., “The impact of injuries
below the knee joint on the long-term functional outcome
following polytrauma,” Injury, vol. 36, no. 1, pp. 169-177, 2005.
B. Kool, S. Ameratunga, E. Robinson, and R. Jackson, “Hospi-
talisations and deaths due to unintentional falls at home among
working-aged New Zealanders,” Injury, vol. 38, no. 5, pp. 570—
575, 2007.

L. A. Talbot, R. J. Musiol, E. K. Witham, and E. J. Metter, “Falls
in young, middle-aged and older community dwelling adults:
perceived cause, environmental factors and injury,” BMC Public
Health, vol. 5, article 86, 2005.

C. W. Runyan, C. Casteel, D. Perkis et al., “Unintentional inju-
ries in the home in the United States—part I—mortality,” The
American Journal of Preventive Medicine, vol. 28, no. 1, pp. 73—
79, 2005.

K. Wareham, A. Johansen, M. D. Stone, J. Saunders, S. Jones,
and R. A. Lyons, “Seasonal variation in the incidence of wrist
and forearm fractures, and its consequences,” Injury, vol. 34, no.
3, pp. 219-222, 2003.

J. A. Stevens and E. D. Sogolow, “Gender differences for non-
fatal unintentional fall related injuries among older adults,
Injury Prevention, vol. 11, no. 2, pp. 115-119, 2005.

N. Adekoya, D. J. Thurman, D. D. White, and K. W. Webb,
“Surveillance for traumatic brain injury deaths—United States,
1989-1998" MMWR. Surveillance Summaries, vol. 51, no. 10, pp.
1-14, 2002.

P. O’Connor, J. Creager, S. Mooney, A. M. Laizner, and J. A.
Ritchie, “Taking aim at fall injury adverse events: best practices
and organizational change,” Healthcare Quarterly, vol. 9, pp. 43—
49,2006.

C. Sherrington, S. R. Lord, and C. E. Finch, “Physical activity
interventions to prevent falls among older people: update of
the evidence,” Journal of Science and Medicine in Sport, vol. 7,
supplement 1, pp. 43-51, 2004.

M. Kallinen and A. Markku, “Aging, physical activity and sports
injuries. An overview of common sports injuries in the elderly;’
Sports Medicine, vol. 20, no. 1, pp. 41-52,1995.

American College of Sports Medicine Position Stand, “Exercise
and physical activity for older adults,” Medicine and Science in
Sports and Exercise, vol. 30, no. 6, pp. 992-1008, 1998.

A. Barnett, B. Smith, S. R. Lord, M. Williams, and A. Bau-
mand, “Community-based group exercise improves balance
and reduces falls in at-risk older people: a randomised con-
trolled trial,” Age and Ageing, vol. 32, no. 4, pp. 407-414, 2003.
D. Demetriades, J. Murray, C. Brown et al., “High-level falls:
type and severity of injuries and survival outcome according to
age,” Journal of Trauma, vol. 58, no. 2, pp. 342-345, 2005.

The Scientific World Journal


http://www.suva.ch/startseite-suva/praevention-suva/arbeit-suva/stolpern-ch-suva/fit-durch-den-winter-suva.htm
http://www.suva.ch/startseite-suva/praevention-suva/arbeit-suva/stolpern-ch-suva/fit-durch-den-winter-suva.htm
http://www.suva.ch/startseite-suva/praevention-suva/arbeit-suva/stolpern-ch-suva/fit-durch-den-winter-suva.htm

