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* Background: original case-crossover study
* Key results of case-crossover study

* Approach to delving deeper into streetcar
track injuries

e Factors associated with streetcar track
Injuries among 276 injured Toronto cyclists

* Could wider wheeled bikes prevent track
Injuries? visit to retailers

e Media interviews
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differences in cycling injury rates
Europe v. North America

Netherlands B Fatalities per 100 million km
Injuries per 10 million km
Denmark
Germany

United Kingdom

Canada - BC

United States
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[data sources: International - Pucher & Buehler Transport Reviews 2008;28:495-528
BC - Motor Venhicle Branch, 2005 to 2007, TransLink” s 2008 Trip Diary Survey, Census 2006]



Most
effective

Hierarchy of Controls

Physically remove
' the hazard
Substitution Replace
' the hazard

- R Eng"‘eerlng / Isolate people
X Controls o from the hazard

Administrative 4 I Change the way

people work

Controls

Protect the worker with
Personal Protective Equipment

Least
effective

Source: NIOSH
https://www.cdc.gov/niosh/topics/hierarchy/




Challenges to studying route

infrastructure
« Comparing locations > are you sure R AT L e &L
the number of users travelling through RSt s iy ERIMIVA R D
these locations is comparable? T T A0 S Een s o
CEA AL ! ‘,,/
;:m;z‘t, — N\ e e,

« Comparing injured to non-injured
individuals > are you sure any risk
differences can be attributed to route
design?




Bicyclists’ Injuries & the Cycling Environment
BICE

« Ultilitarian cycling
* Infrastructural characteristics
* (Case-crossover design



Participating cities

Vancouver
2 participating hospitals

0.6 million people
rain in winter, temperate summer
lots of hills

26 km of bike lanes & paths per 100,000
population

3.7% of trips by bike

Toronto
3 participating hospitals

2.5 million people
snow in winter, heat in summer
mostly flat

11 km of bike lanes & paths per 100,000
population

1.7% of trips by bike
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Interview to map route & choose
control sites

Sequential Number:

1.5t Michael's
GH

3.51. Paul's

4.VGH

Hospital:

Date Aftended ED: /
oD MM YYYY
Came by ambulance:  0.No
1.Yes
Admitted o Hospital:  0.No
1.Yes

cras:

INTERVIEW FORM

Thanks so much, [name of parficipant], for agreeing to take part in this study. The interview should take about
45 minutes.

'l ask you about the route you cycled when you were injured, including the injury site. and two other sites,
randomly selected along the route.

Did you receive a copy of the consent form with our letter of infroduction fo the study?
(w0, give a copy]
[Tfyes:] Do you have it with you?
1f o, give a copy.]
Do you have any questions about ife

if you haven't aiready done so, could you please read it and sign 2 of them? I'llkeep one, and you keep
one.

[Proceed when the consent form has been signed.]
Are there any questions you'd ike me to answer before we begin the interview?
[Give ime 1o anser]

Feel free to stop me and ask questions at any fime during the inferview. If there is a question that you feel
uncomfortable answering, you are welcome to let me know that you don't want fo answer it

Interviewer:

Date of interview: ___/
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Observations of injury & control sites

Soauentol & - e 10

SITE OBSERVATION FORM

1. Instructions & Site ID

control
site 1

control
site 2



Case-crossover design features

Control sites randomly selected from injury trip: controlling for exposure to
risk, i.e., distance ridden on each route type

Trafkahate S
' . S
aage S

n

Person-trip . .

Person-trip 3

Person-trip 2

Person-trip 1
Py

Sites observed by researchers blinded to site status
(INnjury or control): preventing observation bias

Control Site

using conditional likelihood method in Proc Logistic

Comparisons cumulated over all person-trips,

Comparisons made within a person-trip:
controlling for personal & trip characteristics



0%

Car

Bus or truck

Vehicle door
Streetcar or train track
Other cycling surface
Infrastructure

Cyclist

Pedestrian

Dog

Other collision

Avoiding motor vehicle collision
Avoiding other collision

Loss of balance

Bike malfunction

Braking too hard

Item caught in wheel

Cornering

Clipped into toe clips

Other fall

% of injury events

5%

10%

15% 20% 25%

Collisions
Nn=497

Falls
Nn=181

B \Motor vehicle involved, n=331
¥ No Motor vehicle involved, n=347



Key conclusions — overall risk analyses

. reduce obstacles/obstructlons

Streetcar tracks construction traffic circles
OR: 3.0, 95% Cl: 1.8to 5.1 OR: 2.1, 95% Cl:1.3t0 2.9

. mcrease trafflc separatlon/protectlon

cycletrks local streets with traffic diverter
OR:0.12,95% C1 0.03 to 0.60 OR 0.04, 95% C1 0.003 to 0.60
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Toronto cyclist dies after wheel gets
trapped in unused streetcar track
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Cross tracks
carefully ata
YES right-angle.

http://www1.toronto.ca/wps/portal/contentonly?
vgnhextoid=7a430995bbbc1410VgnVCM10000071d60f89RCRD

&vgnextchannel=bfb5970aa08c1410VgnVCM10000071d60f89R
CRD

http://www.startcycling.ca/img/safety/streetcaffracks.png




PHOTO OF THE DAY: Queen and
Spadina

Bicycles and
Streetcar Tracks in
Toronto: Getting
into a Better
Groove!




Participating cities

Toronto
3 participating hospitals

2.5 million people
snow in winter, heat in summer
mostly flat

11 km of bike lanes & paths per 100,000
population

1.7% of trips by bike



Questions and approaches

* In depth analysis of 276 Toronto crashes
* Examine participant descriptions of circumstances

* Compare crashes involving streetcar tracks to those occurring in
other circumstances: what distinguishes streetcar track crashes?

* Visit bicycle shops:
* Could wider tires on commonly available bicycles reduce vulnerability
to crashes?

* Do patrons request advice on avoiding streetcar track crashes? What
do retailers advise?



276 cyclists
INnjured In
Toronto

87 injured in
a crash
directly

INnvolving
tracks

52 others
INnjured on a
street with
tracks

137 others
Injured, but
not on a
street with
tracks




Bike tires caught in rail flangeways — 85 % of track crashes

“I had been cycling on the right side of the road but | wanted to
make a left turn and while moving to the centre of the lane my bike
wheels got caught in the streetcar tracks.”

“As | approached an intersection, there was a car in front of me
turning right. To go straight, | moved around the car into the left lane
but as | did, my front tire got stuck in the streetcar track.”

“I had a green light so | proceeded through the light. A cyclist turned
right onto the bike path | came from. | swerved to avoid her and my
wheel got caught in the train track.”



Bike tires caught in rail flangeways — 85 % of track crashes
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“As | was cycling in the curb lane, a truck passed me, stopped and
turned on his hazards. | went around him on the left which put me
petween the street car tracks. As | was going over the street car
tracks my back wheel got caught.”

“I was biking in the right hand lane and in front of me a woman
opened her car door. | moved to the center lane, but as | was

moving back to the right lane my front tire got caught in a
streetcar track.”

“There was another cyclist ahead of me. | moved into the left lane
and passed her. When | attempted to move back into the right
lane, my front wheel got caught in a street car track.”



Bike tires slipped on rails — 15 % of track crashes

“The roads were very wet and slick. | was travelling south, turning left.
| I'was leaning into the turn. | hopped over the first streetcar rail and

~was getting ready to cross the next rail when my back tire slipped on
the track.”




= Track rails & flangeways at an intersection
= left turns, very high'i |n|ury odds

No cycling infrastructure,’‘parked cars
= highest frack injutyiodds of dll route types

No cycling infrastructure,'no parked cdrs
- lowerlodds ofttrack:i |n|ury
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Painted bike lane
> lower odds of track injury |

Dedicated streetcar right of way
—> no track injuries

Table 3 Factors associated with crashes directly involving
streetcar or train track vs. other or unknown circumstances

OR® 95 % CI”

Route type

Major street with parked cars, 10 ref

no bike infrastructure

Major street, no parked cars, 0.44 (0.22, 0.86)

no bike infrastructure

Major street with painted bike lane 0.15 (0.04, 0.43)

Residential street 0.12 (0.02, 0.46)

Sidewalk or multiuse path 0.12 (0.03, 0.38)
Intersection status

Non-intersection 10 ref

Intersection, straight through 084 (038, 1.77)

Intersection, right turn 103 (0.12, 7.26)

Intersection, left turn 43.4 (7.54, 838)
Sex

Male 10 ref

Female 2.10 (1.13, 3.92)
Cycling frequency

Additional 100 times cycling per year 0.67 (0.44, 0.99)

* Odds ratios (OR) from multiple logistic regression, N = 276 injured cyclists in

Toronto. Bold indicates odds ratio is statistically significant

® 95 9 confidence interval (Q1)



Could wider tires/wheels avoid track catches?
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."‘es‘e Bikes can Use Wider Tires Up fo 700x40c = More Comfort + Stability ====>
Thinner = Faster <===> Wider = More Comfort

Image source




Most
effective

Hierarchy of Controls

Physically remove
' the hazard
Substitution Replace
' the hazard

- R Eng"‘eerlng / Isolate people
X Controls o from the hazard

Administrative 4 I Change the way

people work

Controls

Protect the worker with
Personal Protective Equipment

Least
effective

Source: NIOSH
https://www.cdc.gov/niosh/topics/hierarchy/




Visits to bicycle shops

* Recruited from bicycle shops serving
utilitarian/commuter cyclists around
the downtown core

* Participating shops: Bateman's
Bicycle Company, Broom Wagon
Cyclery, Curbside Cycle, The
Cyclepath Danforth, Duke’s Cycle,
Sweet Pete’s, and Urbane Cyclist

* Interviewed a retail staff member at
each location (n=7/|, then took
measurements of the tires/wheels of
commonly sold bicycles

) P
- - - , - -— - Dol

Image credit: BlogTO http://www.blogto.com/services/urbane-cyclist-college-toronto




Retailer interviews

* What types of cyclists shop at this store?

* Do any shoppers ask about ways to avoid streetcar track
Injuries? What advice do you give? To your knowledge, does
this store have a policy or standard recommendation for
customers concerned about streetcar track injuries?

 There are hundreds of tire sizes and styles. Do you sell any
tires (or do you know of any tires) that are less likely to get
caught in a streetcar track groove or slip on streetcar track

surfaces?

* Do you think there are any other bicycle, wheel, or tire design
elements that could reduce the risk of streetcar track injuries?



Retaller responses

 Commuter cyclists main customers, buying commuter, hybrid, comfort
and city bikes

* All personnel reported some customers asking about handling
streetcar tracks

* All indicated advice on track angle (minimum 45°, ideally 90°)

* Some reported selling wider tires to those concerned with tracks,
many reluctant to advise this:
* Consider wide tires slower and less efficient
* Only extreme (fat bike tires) thought wide enough
* Wide tires could get stuck
* Still risk slipping

* Other advice: two-stage lefts, plan route to avoid, tacky rubber



Wheel measurement results

50 % narrow enough to be Only 8 % wider than widest t-rail
caught in narrowest girder rail flangeway

flangeways

34.5to 37.5 mm 38 to 50 mm
—
- Toronto bike
share tire
width

49.5 mm




Preventing streetcar track injuries

* Training on angle of approach?

* Inexperience, younger age, gender significant in our comparison of
track injuries to non-track injuries

* BUT! Those injured on tracks not all that inexperienced (average 123
cycling trips/year) and reported having to make sudden maneuvers to
avoid other road users

* Bicycle tires: most tires on popular bicycles narrow enough to
be caught in any flangeway. Wider commuter bicycle tires could
prevent some “catches?”

* Infrastructure: remove car parking, increase separation,
Implement solutions at intersections



Media Interview
Experiences



Acknowledgements

* Co-authors: Kay Teschke, Jessica Dennis, Conor Reynolds,
Meghan Winters

* Participating bicycle shops

* TTC staff: provided information on flangeway widths/design

* Toronto Bike Share staff. provided specs of bike share wheels

* BICE study investigators, full list: http://cyclingincities.spph.ubc.ca/

* Injury Study funding: Heart and Stroke Foundation of Canada and
the Canadian Institutes of Health Research (Institute of
Musculoskeletal Health and Arthritis, and Institute of Nutrition,
Metabolism and Diabetes).




For more...

* Our published article in BMC Public Health is open access:
https://bmcpublichealth.biomedcentral.com/articles/10.1186/
s12889-016-3242-3

* The Cycling In Cities study website has many resources and
articles: http://cyclingincities.spph.ubc.ca/

* Email me: anne.harris@ryerson.ca
* Thank youl!




