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AbstrAct
background Previous studies have demonstrated a 
significant relationship between weather or seasons and 
total trauma admissions. We hypothesized that specific 
mechanisms such as penetrating trauma, motor vehicle 
crashes, and motorcycle crashes (MCCs) occur more 
commonly during the summer, while more falls and 
suicide attempts during winter.
Methods A retrospective review of trauma admissions 
to a single Level I trauma center in Springfield, 
Massachusetts from 01/2010 through 12/2015 
was performed. Basic demographics including age, 
Injury Severity Score (ISS), and length of stay were 
collected. Linear regression analysis was used to test 
the association between monthly admission rates and 
season, year, injury class, and mechanism of injury, 
and whether seasonal variation trends were different 
according to injury class or mechanism.
results A total of 8886 admissions had a mean age of 
44.6 and mean ISS of 11.9. Regression analysis showed 
significant seasonal variation in blunt compared with 
penetrating trauma (p<0.001), MCC (p<0.001), and 
falls (p=0.002). In addition, seasonal variation differed 
according to injury class or mechanism. There were 
significantly lower rates of MCCs in winter compared 
with all other seasons and conversely higher rates of 
total falls in winter compared with other seasons.
Discussion A significant seasonal variation in blunt 
trauma, MCC, and falls was observed. This has potential 
ramifications for resource allocation, including trauma 
prevention programs geared toward mechanisms of 
injury with significant seasonal variation.
Level of evidence  Retrospective Review, Level IV.

IntroDuctIon
Trauma is the leading cause of death in persons 
under the age of 46 and third leading cause of 
death in all ages.1 According to the CDC, in 
2010 combined fatal and nonfatal unintentional 
injury resulted in total medical costs greater than 
$73 billion, with an estimated $419 billion when 
accounting for loss of work.2 Community-based 
prevention programs have been shown to prevent 
injury-related morbidity and mortality and reduce 
healthcare costs.3 The American Association for 
the Surgery of Trauma suggests a 10-step process 
for developing an injury prevention program. The 
first step consists of gathering and analyzing data, 
while the second step is to target an injury and 
the population affected.4 In order to do this effec-
tively and efficiently, it would be ideal to target 
the most ‘at risk’ population near the most ‘at 
risk’ time.

Previous studies have demonstrated an associ-
ation of increased overall trauma admissions with 
weather and temperature.5–7 Ho et al showed signif-
icant variation of penetrating trauma with changes 
in temperature.8 Bhattacharyya et al found indi-
vidual weather changes such as maximum tempera-
ture and precipitation as independent predictors of 
trauma admissions.9

Studies have also reported that there is a high 
incidence of specific mechanisms of injury such 
as motor vehicle crashes (MVCs), falls, gunshot, 
stab, assault, and motorcycle crashes (MCCs).10 11 
Similarly, these are the most common mechanisms 
at our institution. However, there are no studies 
that have evaluated seasonal variation with specific 
mechanisms of injury.

The purpose of this study was to determine 
whether there is any seasonal variation in trauma 
admissions and whether this variation differs 
for specific mechanisms of injury that are either 
common (ie, MVCs, MCCs, falls, or penetrating 
trauma) and/or have historical data suggesting 
seasonal or temperate variation (suicide and elderly 
falls).12 13 We hypothesized that penetrating trauma, 
MVCs, and MCCs occur more commonly during 
the summer, while more falls and suicides attempts 
occur during winter.

MethoDs
After obtaining institutional review board exemp-
tion, all trauma patients admitted to a Level 
I trauma center in Springfield, Massachusetts 
between January 1, 2010 and December 31, 2015 
were retrospectively reviewed. Basic demographic 
variables were collected to provide context of the 
type of patients seen which include: date of injury, 
age, gender, Injury Severity Score (ISS), hospital 
length of stay, and mechanism of injury, and injury 
class (blunt or penetrating). Penetrating injuries 
were defined as injuries resulting from gunshot, 
stab wounds, impalements defined by Abbrevi-
ated Injury Scale, while blunt trauma were all 
other mechanisms of injuries excluding burns and 
penetrating trauma. Data were subdivided based 
on months of the year as well as seasons: Winter 
(December to February), Spring (March to May), 
Summer (June to August), and Fall (September to 
November).

Linear regression was used to analyze seasonal 
trends in mean monthly admissions across all 
patients by season, year and injury class (blunt or 
penetrating), or season, year, and mechanism of 
injury for selected mechanisms: motor vehicle 
collisions, motorcycle collisions, suicide attempts, 
falls, and falls in age greater than 65 years old. To 
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examine interactions between seasonal trends and mechanism of 
injury, predicted mean monthly admission rates by season within 
each mechanism were computed based on the linear regression. 
Pairwise comparisons were used to identify seasons with exces-
sive rates over the reference group (in the absence of any a priori 
hypothesis for comparisons, we chose the season with the lowest 
rate as the reference group). The p value used for significance 
was set at 0.005 to adjust for multiple comparisons. Finally, a 
subset of poly-traumatic and more severely injured admissions 
(ISS>15) was separately analyzed.

resuLts
During the enrollment period, 8886 patients with trauma were 
admitted to our Level I trauma center. Of these patients, 5923 
(66.7%) were male and 2963 (33.3%) were female. The mean age 
was 44.6 and the mean ISS was 11. Penetrating trauma accounted 
for 9.7% of trauma admissions, while 90.3% sustained injuries 
due to blunt trauma. MVCs were the most common mechanism, 
accounting for 17.4% of all traumas, followed by falls. These 
two mechanisms in addition to motorcycle collisions, suicide 
attempts, and falls in age greater than 65 years old accounted for 
50% of all trauma (4444 of 8886 cases) (see table 1).

Figure 1 shows crude monthly admissions for the entire study 
period separately for blunt and penetrating admissions. Lowest 
rates occurred during the winter months in all years for both 
types of admission.

A linear regression analysis on number of admissions per 
month, with season, injury class, and year included as covari-
ates was performed (table 2). These accounted for 94% of the 
variance in admissions by month (adjusted R2=0.94). The refer-
ence group for each covariate in the model represents the group 
with the lowest admission rates (eg, spring for season). Coef-
ficients represent the difference in admission rates between all 
other groups and the reference group, after adjusting for other 
covariates in the model. Table 3 shows mean monthly admis-
sions predicted from the regression. There were significant 
trends in admissions by season—winter had the lowest admis-
sion rates (after controlling by year) and summer the highest. 
When considering monthly admissions by year, 2010 had the 
highest rate and 2013 the lowest, but there was no linear trend 
in admissions by year. There was also no significant interaction 
between season and year, meaning that trends by season were 
constant across years.

With respect to injury class, there were significantly higher 
monthly admission rates for blunt admissions across all seasons, 
after adjusting for year. There was a significant interaction 
of season and blunt injuries, with the greatest excess of blunt 

table 1 Trauma demographics

Total admissions 8886

Average age, years 
(range)

44.6 (1–102)

Average ISS (range) 11.9 (1–75)

LOS, days (range) 5.2 (1–104)

N %

Gender

  Male 5923 66.7

  Female 2963 33.3

Injury class N (%)

Penetrating 864 (9.7)

Blunt 8022 (90.3)

Mechanism of injury 
(n=4444)

(N, % of total)

  MVC 1546 (17.4)

  Falls 1389 (15.6)

  Falls aged >65 898 (10.1)

  MCC 430 (4.8)

  Suicide 181 (2.0)

ISS, Injury Severity Score; LOS, length of stay; MCC, motorcycle crashes; MVC, motor 
vehicle crashes; N, count. 

Figure 1 Trauma admissions by month and year. ISS, Injury Severity Score.
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admissions in summer (p<0.001) and fall (p=0.001) compared 
with winter.

A separate linear regression was performed on the subset of 
patients with the five major mechanisms (n=4444). Predicted 
mean monthly admission rates by season and mechanism, 
adjusting for year, are shown in table 4 and figure 2. Suicides had 
the lowest predicted mean monthly admission rates in all seasons and MVCs the highest. The p values in the table represent the 

significance of pairwise comparisons within mechanism for each 
season compared with the season with the lowest admission 
rate (reference group). There was significant seasonal variation 
for falls and MCCs. For MCCs there were significantly higher 
rates for all seasons compared with winter, with an excess of 
predicted monthly admissions in spring of 5.2 and fall of 5.9, 
but the biggest excess occurred in summer (11.0). There were 
also significantly more falls in winter compared with summer (an 
excess of 4.8 per month). When analyzing separately for patients 
with ISS greater than 15, the effect of season or year was no 
different than for all patients.

DIscussIon
Traumatic injury is often thought to be predominantly unin-
tentional and intentional thereby not occurring in any predict-
able pattern. However, previous studies have demonstrated 
an association between the number of trauma admissions and 
temperature, precipitation, hours of sunshine, day of the week, 
and time of day.7–9 14 The ability to predict the volume of total 
trauma admissions could enable better allocation of nondurable 
resources and personnel. However, in order to adjust staffing 
models a significant amount of lead-time may be required. 
According to the American Meteorological Society, ‘The current 
skill in forecasting daily weather conditions beyond 8 days is 
relatively low’.15 Furthermore, multiple factors including time of 
day, day of the week, temperature, rain or sunshine are at play, 
attempting to develop an equation to unify these into a clinically 
relevant resource needs assessment would be extremely difficult.

The intent of this study was to first determine if seasonal vari-
ation of specific trauma mechanisms exist in Western Massa-
chusetts. In our location, an urban city with a population over 

table 2 Regression on monthly admissions by season, injury class, 
and year

coefficient se t p Value 95% cI

Season (vs Winter)*
  Spring 6.7 4.4 1.5 0.129 −2.0 to 15.4

  Summer 5.6 4.4 1.3 0.205 −3.1 to 14.3

  Fall 2.6 4.4 0.6 0.562 −6.2 to 11.3

Injury class (vs 
Penetrating)

  Blunt—all seasons 87.2 4.4 19.8 <0.001 78.5 to 95.9

Season/Class (vs 
Winter/Blunt)

  Spring/Blunt 5.2 6.2 0.8 0.403 −7.1 to 17.5

  Summer/Blunt 22.7 6.2 3.7 <0.001 10.4 to 35.0

  Fall/Blunt 21.1 6.2 3.4 0.001 8.7 to 33.4

Year (vs 2013)

  2010 14.8 3.8 3.9 <0.001 7.3 to 22.4

  2011 14.3 3.8 3.7 <0.001 6.7 to 21.8

  2012 6.7 3.8 1.8 0.083 −0.9 to 14.2

  2014 7.4 3.8 2.0 0.054 −0.1 to 15.0

  2015 12.6 3.8 3.3 0.001 5.0 to 20.1

*Total admissions.

table 3 Predicted mean monthly admissions

Mean (95% cI)

Season
  Winter 51.9 (47.5 to 56.2)

  Spring 61.2 (56.8 to 65.5)

  Summer 68.8 (64.5 to 73.2)

  Fall 64.9 (60.6 to 69.3)

Class

  Penetrating 12.0 (8.9 to 15.1)

  Blunt 111.4 (108.3 to 114.5)

Season/Class

  Winter/Penetrating 8.3 (2.1 to 14.4)

  Spring/Penetrating 15.0 (8.8 to 21.2)

  Summer/Penetrating 13.9 (7.7 to 20.0)

  Fall/Penetrating 10.8 (4.7 to 17.0)

  Winter/Blunt 95.4 (89.3 to 101.6)

  Spring/Blunt 107.4 (101.2 to 113.5)

  Summer/Blunt 123.8 (117.6 to 129.9)

  Fall/Blunt 119.1 (112.9 to 125.9)

Year

  2010 67.3 (61.9 to 72.6)

  2011 66.7 (61.3 to 72.0)

  2012 59.1 (53.8 to 64.4)

  2013 52.4 (47.1 to 57.7)

  2014 59.8 (54.5 to 65.2)

  2015 65.0 (59.7 to 70.3)

table 4 Predicted mean monthly admissions

Mechanism season Mean (95% cI)
excess versus 
reference p Value

Suicide Spring 3.3 (1.1 to 5.5) 1.7 0.273
Winter* 1.6 (−0.6 to 3.7)

Summer 3.0 (0.8 to 5.2) 1.4 0.358

Fall 2.2 (0.0 to 4.4) 0.7 0.671

MVC Spring* 19.1 (16.9 to 21.2)

Winter 22.2 (20.0 to 24.4) 3.2 0.044

Summer 21.4 (19.2 to 23.6) 2.3 0.138

Fall 23.2 (21.0 to 25.4) 4.2 0.008

MCC Spring† 5.7 (3.5 to 7.8) 5.2 0.001

Winter* 0.4 (−1.7 to 2.6)

Summer† 11.4 (9.3 to 13.6) 11.0 <0.001

Fall† 6.3 (4.2 to 8.5) 5.9 <0.001

Falls Spring 18.2 (16.0 to 20.3) 0.5 0.75

Winter† 22.5 (20.3 to 24.7) 4.8 0.002

Summer* 17.7 (15.5 to 19.8)

Fall 18.8 (16.7 to 21.0) 1.2 0.458

Falls>65 Spring 11.5 (9.3 to 13.7) 0.1 0.972

Winter 15.3 (13.2 to 17.5) 3.9 0.014

Summer* 11.4 (9.3 to 13.6)

Fall 11.6 (9.4 to 13.8) 0.2 0.915

*Represents reference.
†Represents significance.
MCC, motorcycle crashes; MVC, motor vehicle crashes.
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150 000, the winter temperature has a temperature range of 
15°F–34°F (−9°C to 1°C), compared with the range of 33°F–
56°F (0.5°C–13°C) and 55°F–78°F (13°C–26°C) in spring and 
summer.16 17 Our study found an increase in blunt trauma during 
summer and fall. While there are many postulated factors such 
as a sudden rise in temperature fostering more outdoor activity, 
there is likely a complex milieu of factors including social, 
economic, and weather factors that encompass a season and 
account for this variation. Although determining exact weather 
and temperature factors may be interesting, it may be too unpre-
dictable to develop a targeted trauma prevention program. 
Instead, focusing on prevention leading up to and during seasons 
of increase incidence may lead to a reduction in traumatic injury 
mechanisms. Of course understanding patient demographics, 
socioeconomic factors, and environmental factors (eg, a partic-
ular road with increased rate of MVCs) is crucial to create any 
successful trauma prevention program.

Contrary to our hypothesis, there were higher rates of MVCs 
in fall and winter than in the spring. While most would predict 
that during summer months, the weather would allow more 
outdoor activity and increase motor vehicles on the road, 
which would lead to increase MVCs. Our data trended toward 
significance demonstrating a higher rate of MVCs in fall and 
winter. Although we did not evaluate specific weather trends 
in Western Massachusetts, it is known to have harsh weather 
conditions including heavy precipitation and snowfall in fall 
and winter months. Eisenberg et al demonstrated significant 
links between snowfall and fatal crashes.18 Similarly Saha et 
al described a high rate of adverse weather-related fatalities 
during months with high rain and wet conditions.19 Although 
there are multiple risk factors for MVCs including alcohol and 
drug use, road conditions, not using a seat belt, and so on, 
finding a higher rate of MVCs during specific seasons may be 
useful when devising a trauma prevention program regarding 
MVCs.

Nearly half of the MCCs occurred during summer. While 
most New Englanders would have predicted very few MCC 
during winter weather months due to the cold temperatures and 

the associated snow and ice, these data reinforce the need for 
a focused MCC prevention program leading up to and during 
spring and summer.

Falls were significantly more frequent during winter and 
close to significance in those greater than 65 years of age during 
winter in this study. A WHO report on falls prevention had a 
similar finding and cited potential reasons for this as slower reac-
tion time triggered by hypothermia and/or slippery conditions 
related to ice.20 Given that falls during winter comprised nearly 
30% of all trauma admissions, it would seem important to target 
prevention resources during this time.

While there are several limitations to this study (including its 
retrospective nature), one notable limitation is that this study 
was conducted at a single center located in a region with a highly 
variable climate. Although evaluating specific climates during 
seasons is beyond the scope of this project, Western Massachu-
setts is noted to be reliably cold with snow and ice in winter 
months and conversely hot and more humid in summer months. 
Studies in different climates would be required before any asser-
tion of generalizability could be made. However, we believe the 
concept of identifying mechanisms of injury with seasonal vari-
ation may be important for all trauma centers. Potential bene-
fits include a better understanding of institutional epidemiology 
and the ability to allocate preventative and treatment resources. 
Based on our institutions’ findings, future trauma prevention 
programs geared toward the prevention of blunt trauma, falls, 
and MCCs will be adapted to seasonal variation. For example, 
targeting MCCs in the spring and peaking in the summer with 
the hope of demonstrating a significant reduction of these inju-
ries. Future directions include educating the public regarding 
these seasonal trends and focusing hospital resources to improve 
outcomes related to these traumatic injuries.

concLusIon
At a single Level I trauma center in Western Massachusetts, we 
found a significant seasonal variability in blunt trauma, MCCs, 
and falls. These findings are likely related to multiple factors 
including weather and socioeconomic factors. Future studies 

Figure 2 Predicted mean monthly admissions by season and mechanism.
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on seasonal trauma prevention programs geared toward mech-
anisms of trauma with significant seasonal variation appears 
warranted.

Acknowledgements  The authors would like to thank Ann Marie Mongeon for her 
assistance in data collection. 

contributors JN initiated the project, collected and analyzed data, drafted and 
revised the paper. He is the guarantor. SP assisted in data collection, drafted and 
revised the paper. AD helped develop the project and revised the paper. JG analyzed 
the data and helped write the statistical analysis section. RIG helped develop the 
project and revised the paper.

competing interests None declared.

Patient consent Detail has been removed from this case description/these case 
descriptions to ensure anonymity. The editors and reviewers have seen the detailed 
information available and are satisfied that the information backs up the case the 
authors are making.

Provenance and peer review Not commissioned; externally peer reviewed.

open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

RefeRences
 1 Rhee P, Joseph B, Pandit V, Aziz H, Vercruysse G, Kulvatunyou N, Friese RS. Increasing 

trauma deaths in the United States. Ann Surg 2014;260:13–21.
 2 National Center for Injury prevention, control. Nonfatal hospitalized injuries, both 

sexes, all ages, United States, 2010 [Internet].CDC https:// wisqars. cdc. gov: 8443/ 
costT/ (cited 2016 Aug 15).

 3 Bonnie RJ, Fulco CE, Liverman CT, Institute of Medicine (US) Committee on Injury 
Prevention, Control. Trauma Care. US: National Academies Press, 1999.

 4 A Community Guide to Injury Prevention [Internet]. http:// www.aast.org/Libr ary/ Trau 
maPr even tion/ InjuryPre venti onGu ide. aspx (cited 2016 Oct 3).

 5 Rising WR, O’Daniel JA, Roberts CS. Correlating weather and trauma admissions at a 
level I trauma center. J Trauma 2006;60:1096–100.

 6 Friede KA, Osborne MC, Erickson DJ, Roesler JS, Azam A, Croston JK, McGonigal MD, 
Ney AL. Predicting trauma admissions: the effect of weather, weekday, and other 
variables. Minn Med 2009;92:47–9.

 7 Parsons N, Odumenya M, Edwards A, Lecky F, Pattison G. Modelling the effects of 
the weather on admissions to UK trauma units: a cross-sectional study. Emerg Med J 
2011;28:851–5.

 8 Ho VP, Towe CW, Chan J, Barie PS. How’s the weather? Relationship between weather 
and trauma admissions at a Level I Trauma Center. World J Surg 2015;39:934–9.

 9 Bhattacharyya T, Millham FH. Relationship between weather and seasonal factors and 
trauma admission volume at a Level I trauma center. J Trauma 2001;51:118–22.

 10 Ovadia P, Szewczyk D, Walker K, Abdullah F, Schmidt-Gillespie S, Rabinovici R. 
Admission patterns of an urban level I trauma center. Am J Med Qual 2000;15:9–15.

 11 Champion HR, Copes WS, Sacco WJ, Lawnick MM, Keast SL, Bain LW, Flanagan ME, 
Frey CF. The Major Trauma Outcome Study: establishing national norms for trauma 
care. J Trauma 1990;30:1356–65.

 12 Luukinen H, Koski K, Kivelä SL. The relationship between outdoor temperature and 
the frequency of falls among the elderly in Finland. J Epidemiol Community Health 
1996;50:107.

 13 Massing W, Angermeyer MC. The monthly and weekly distribution of suicide. Soc Sci 
Med 1985;21:433–41.

 14 Abe T, Tokuda Y, Ohde S, Ishimatsu S, Nakamura T, Birrer RB. The influence of 
meteorological factors on the occurrence of trauma and motor vehicle collisions in 
Tokyo. Emerg Med J 2008;25:769–72.

 15 Weather analysis and forecasting [Internet]. https://www. ametsoc. org/ ams/ index. cfm/ 
about- ams/ ams- statements/ statements- of- the- ams- in- force/ weather- analysis- and- 
forecasting1/ (cited 2016 Oct 12).

 16 Population estimates. United States census Bureau [Internet]. 2016 https://www. 
census. gov/ quickfacts/ table/ PST045216/ 2567000.

 17 Climate at a glance [Internet]. National oceanic and atmospheric administration. 
2017 https://www. ncdc. noaa. gov/ cag/ time- series/ us (cited 9 May 2017).

 18 Eisenberg D, Warner KE. Effects of Snowfalls on Motor Vehicle Collisions, Injuries, and 
Fatalities. Am J Public Health 2005;95:120–4.

 19 Saha S, Schramm P, Nolan A, et al. Adverse weather conditions and fatal motor vehicle 
crashes in the United States, 1994-2012. Environ Health 2016;15:104.

 20 Yoshida S. A global report on Falls Prevention epidemiology of falls [Internet]. http://
www. who. int/ ageing/ projects/ 1. Epidemiology% 20of% 20falls% 20in% 20older% 
20age. pdf (cited 12 Oct 2016).

copyright.
 on A

pril 10, 2024 by guest. P
rotected by

http://tsaco.bm
j.com

/
T

raum
a S

urg A
cute C

are O
pen: first published as 10.1136/tsaco-2017-000120 on 7 S

eptem
ber 2017. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1097/SLA.0000000000000600
https://wisqars.cdc.gov:8443/costT/
https://wisqars.cdc.gov:8443/costT/
http://www.aast.org/Library/TraumaPrevention/InjuryPreventionGuide.aspx
http://www.aast.org/Library/TraumaPrevention/InjuryPreventionGuide.aspx
http://dx.doi.org/10.1097/01.ta.0000197435.82141.27
http://dx.doi.org/10.1136/emj.2010.091058
http://dx.doi.org/10.1007/s00268-014-2881-8
http://dx.doi.org/10.1097/00005373-200107000-00019
http://dx.doi.org/10.1177/106286060001500103
http://dx.doi.org/10.1136/jech.50.1.107
http://dx.doi.org/10.1016/0277-9536(85)90223-0
http://dx.doi.org/10.1016/0277-9536(85)90223-0
http://dx.doi.org/10.1136/emj.2007.056960
https://www.ametsoc.org/ams/index.cfm/about-ams/ams-statements/statements-of-the-ams-in-force/weather-analysis-and-forecasting1/
https://www.ametsoc.org/ams/index.cfm/about-ams/ams-statements/statements-of-the-ams-in-force/weather-analysis-and-forecasting1/
https://www.ametsoc.org/ams/index.cfm/about-ams/ams-statements/statements-of-the-ams-in-force/weather-analysis-and-forecasting1/
https://www.census.gov/quickfacts/table/PST045216/2567000
https://www.census.gov/quickfacts/table/PST045216/2567000
https://www.ncdc.noaa.gov/cag/time-series/us
http://dx.doi.org/10.2105/AJPH.2004.048926
http://dx.doi.org/10.1186/s12940-016-0189-x
http://www.who.int/ageing/projects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf
http://www.who.int/ageing/projects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf
http://www.who.int/ageing/projects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf
http://tsaco.bmj.com/

