
From Niche to Mainstream      

By Henk Wevers 

Step inside your car, seatbelt on? Turn the ignition switch, and the dashboard lights up like an 

airplane cockpit; among the signals: “Airbag On”. You feel reassured and ready to join the 

traffic.  

It was not always so. Seatbelts became standard equipment in cars in the early 1970s; airbags 

were not common in vehicles until the mid 1990s.  

In 1978 Jack Colley, Manager of the “Kingston Bus for the Handicapped,”  himself a 

quadriplegic, suggested to our embryonic team of interdisciplinary bio-engineers to help him 

with protecting passengers in accessible buses that provided transportation for people with 

physical disabilities using wheelchairs for their mobility in Kingston, Ontario.  His informal 

request was supported by Dr. J. P. Durance, MD, in the Department of Rehabilitation Medicine 

at the Kingston General Hospital and Queen’s University. Marion Webb, Chair Transportation 

Committee of the Ontario Advisory Council for the Physically Handicapped added her 

encouragement to take this challenge on as part of our research and design team. The core 

members were: Henk Wevers, Associate Professor in the Department of Mechanical 

Engineering, David Siu, Research Assistant and Civil Engineer, and Gerry Saunders, Technical 

Assistant. The “wheelchair restraint team” became part of a multi-disciplinary group of 

engineers and medical doctors called “The Clinical Mechanics Group” in 1984. This in turn 

evolved into the current “Human Mobility Research Centre” at Queen’s University and Kingston 

General Hospital.i 

Jack Colley and his team of accessible bus drivers had been using a wheelchair restraint system 

that evolved from a primitive stopper system with wood blocks placed before and after the 

wheels of the chair, to a structural perforated rail permanently bolted laterally on the floor of the 

van. This offered a means to hook the two ends of a polyester web belt, similar to a vehicle lap 

belt, into pockets of the rail.  The belt was placed around the abdomen or waist of the person in 

the wheelchair. While this lap-belt system kept the wheelchairs in place during transit and made 

flexible positioning of several chairs easy, it was also inherently dangerous since, during a 

frontal crash or even during sudden vehicle braking, the mass of the wheelchair would add to the 

forces on the person in the wheelchair chair, potentially causing abdominal and spinal injury. 

The absence of a shoulder belt was also potentially dangerous since the upper body and head 

were free to move forward and make contact with vehicle interior components, such as vehicle 

seats or other wheelchairs, or with other occupants.  In contrast, people sitting in vehicle seats 

rather than wheelchairs had been provided with a three-point lap/shoulder belt restraint system 

since the early 1970s. 

In a typical vehicle, the vehicle seats are attached firmly to the structural components of the 

vehicle floor and stays in place in almost all crash conditions.  During frontal collisions, 



occupants using the lap/shoulder-belt restraint system move forward but remain in the vehicle 

seat throughout the crash event.  The seatbelts are designed to keep the person from being 

ejected from the vehicle and prevent or minimize contact with vehicle-interior components 

during the impact, an event that lasts about one-tenth of a second - less than the blink of an eye. 

For example, the belt-restraint system helps to prevent a driver from contacting the steering 

wheel, or a front-seat passenger from contacting the windshield or dashboard.  In today’s 

vehicles, airbags supplement the protection provided by the vehicle seatbelts and further prevent 

contact with these components. ii The sudden catastrophic stopping of a vehicle in a frontal crash 

is lessened by the crumpling or crush of the car bumper and frontal structures, but, in most 

crashes, the forces needed to keep the body from moving forward that are developed during the 

crush of the front end are too high for an unrestrained occupant to keep themselves from being 

ejected out of the vehicle or from making injurious contact with the inside of the vehicle.  Forces 

generated during vehicle deceleration during a frontal collision at 50 km/hour can be more than 

twenty times one’s body weight. In short, during crash events, the vehicle crush zone, vehicle 

interior, and vehicle restraint systems significantly reduce the risk of serious injuries to vehicle 

occupants without drivers and passengers being actively involved. 

Since a 50-km/hour frontal collision is more severe than 95 percent of all frontal crashes, we 

used this level of crash severity for our design criterion.  We also initially set the upper limits for 

wheelchair mass at 39 kg and for passenger weight at 85 kg.  Later these limits would be 

expanded to include heavier wheelchairs when Canadian, USA, and International standards fully 

defined the requirements for wheelchair securement and occupant restraint systems. These 

standards were based on a consensus among bioengineers, medical professionals, transit 

operators, original equipment (vehicle) manufacturers (OEMs), trade groups and clients, all 

reflecting interests from broad community based sources. iii The standards are aimed at providing 

a comparable level of transportation safety for people who remain in their wheelchairs when 

traveling in motor vehicles to that available to users of automobiles sitting in the OEM seats and 

using OEM restraint systems that must comply with federal safety standards.  

After several design iterations the team chose a unique arrangement of a strap-type wheelchair 

securement system and seatbelt occupant-restraint system.  The wheelchair securement system 

consisted of two rear and two front straps to tie down the wheelchair and a separate lap belt 

anchored to left and right brackets that were bolted to both sides of the wheelchair frame just 

behind and below the hip of the wheelchair passenger.  These metal brackets also included a 

horizontal bar for easy attachment of hooks on the two rear tie-down straps.  A metal pin-

bushing connector on each half of the lap belt provided for attaching the lower end of the 

shoulder belt, which was anchored at the upper end to the vehicle side structure or pillar in a 

manner similar to OEM shoulder belts. This configuration separated securement of the 

wheelchair from restraint of the occupant so that, in a crash, the mass of the wheelchair would 

not add to the forces on the wheelchair occupant – that is, the wheelchair would be secured 

independent of the restraint of its occupant by the lap and shoulder belt that would decelerate the 



wheelchair user in a controlled manner and prevent or minimize contact of the passenger with 

hard objects or structural components in the vehicle. 

Since not every wheelchair user would have the brackets installed on their wheelchair when 

boarding a vehicle, we designed two stiff connector belts that anchored to the floor of the van 

and connect to the lap belt at the aforementioned locations just below and behind the wheelchair 

occupant’s hips. Over time, the organisations for the well-being of persons with physical 

disabilities, accessible-bus and school-bus operators, and wheelchair companies, would aim to 

have the lap-belt anchorage brackets pre-installed on the wheelchairs of occupants traveling in 

their vehicles. This was achieved either by after-market installation of brackets or by the original 

manufacturers of wheelchairs.  

With a promising in-house design, we applied in April, 1980 for a research grant to Milton 

Harmelink, Program Manager Transit Systems, Research and Development at the Ministry of 

Transportation and Communication, Downsview, Ontario.  A modest amount of $12,000 was 

granted, which enabled us to hire an international exchange student, Bernd Fredericks, from the 

University of Delft in the Netherlands, and the team continued by conducting static strength tests 

of the system.  

 

The first static test rig for loading the early designs of the Q’straint tie-down/restraint system. 

Forces were applied with a simple “come-along” via an abdominal block, chains, and a load 

cell with strain measuring box. The test proved the strength of the webbing arrangement of the 

occupant restraint system in conjunction with the load bearing capacity of the wheelchair.iv 



Credit for the design and manufacture of the rig: David Siu and Gerry Saunders. 

Through networking between provincial and federal ministries of transportation, Murray Dance, 

Research Engineer with Transport Canada, Ottawa, ON, offered our team a “piggyback ride” on 

a crash tests to ascertain compliance of full-size vans with automotive safety regulations.  His 

tests also involved the compliance of the seatbelt emergency locking retractor (ELR) mechanism 

of the earlier shoulder belts.v  At the first real crash test at 50 km/hour into an unyielding 

concrete barrier, our wheelchair tie-down system performed well and the crash-test dummy 

seated in the wheelchair was effectively restrained and remained in the wheelchair during and 

after the test, although the wheelchair was partially damaged by the high tie-down forces.  Most 

importantly, real-time impact photography showed that the crash-test dummy moved ahead of 

the wheelchair during the duration of the frontal impact of the vehicle into the barrier. This 

proved that our concept design was correct. 

 

Our wheelchair-passenger restraint system is shown here restraining a 76-kg anthropomorphic 

test device (ATD), or crash-test dummy, inside a commercial full- sized van. The image from 

high-speed photography shows the first few mille-seconds of the impact at 50 km/hour into an 

unyielding concrete barrier. The total time of the impact is 100 milliseconds. Note that the test 

dummy starts to move forward, but is restrained by the lap and shoulder belts. The wheelchair 

also moves forward but not as far as the test dummy so that it doesn’t add to restraint force on 

the dummy. This was the dynamic response we had hoped for. The photo gave crucial evidence 

that our system would work well in real crashes. To see a current Q’Straint dynamic crash test 

see: http://www.iqresearchcentre.com/.  

http://www.iqresearchcentre.com/


In the three-year period from 1981 to 1984 our team attempted to identify and work with private 

partners to commercialise the final design. It was now clear that the idea of separating the 

wheelchair and occupant by two restraint systems so that the wheelchair and wheelchair 

occupant are restrained independently was fundamental to providing optimal crash protection for 

the wheelchair occupant. At the same time, our design was accepted by most transit officials for 

the physically disabled, and crucially, albeit reluctantly, by the drivers and assistants of each 

access bus in Kingston, and later, by transit authorities in Toronto and other larger cities. 

There was one attempt to commercialise the design by licensing it to a small eastern Ontario 

business that modified vans to accommodate passengers sitting in their wheelchairs. This did not 

work out. During that period, Queen’s University was in the process of forming a technology 

transfer office that would establish contacts with industry and businesses to licence inventions 

and new ideas, and promote revenue for the university as well as value for society as a whole. 

Our restraint system was branded “Q’Straint.”  The capital Q signified the origin of the invention 

and the word “Straint” is self-explanatory and would be instantly recognizable by transit officials 

and their clients. Later a little crown was inserted in the Q, an attractive marketing icon, just to 

remind people that Q’Straint has a touch of royalty. 

In 1984 Jean-Marc Girardin contacted our team and Dr. Cal Cupp, director of the technology 

transfer office, and started a dialogue aimed at the commercialisation of the invention.  Patents 

had been written and issued and this was a great advantage in the marketing of the device. vi  

Jean-Marc Girardin was encouraged by his family, owners of their large school-bus company in 

Quebec, to branch out and our restraint system seemed an idea that would fill a glaring void of 

providing a safe way for transporting persons with a disability who ride in specialised accessible 

vehicles. In the early 1980s, more than ten years after seatbelts were required in automobiles, the 

physically disabled were struggling to get attention for their safety needs, and Girardin saw an 

opportunity; he opened a small office in Cambridge, Ontario with a secretary and one 

sales/marketing assistant. Claiming this niche opportunity, the spin-off from the large Girardin 

Company in Drummondville, Quebec, had become a reality.vii  

Through his knowledge of the school-bus market, Jean-Marc Girardin started working with our 

design and introduced the first commercial system into his custom-made vehicles for physically 

disabled persons and their families. The company was eager to accommodate the special needs 

and ideas of the operators and their clients, and made the system more customer-friendly. At the 

same time, our team statically tested any of the modifications that were considered important, 

such as a variety of high-strength flexible belts, hooks, floor anchorage pockets, and more. 

In the meantime, through our collegial connections with Dr. Lawrence Schneider of the 

University of Michigan, Jean-Marc Girardin started to commission crash testing at the their 

Transportation Research Institute, with access to a dynamic testing laboratory that mimicked 

actual crash tests.viii 



In 1987 Queen’s University granted formal status to their fledgling technology transfer unit and 

named it Parteq Innovations; a formal patent licensing agreement between Girardin and Parteq 

governed our relationship. Relatively small financial royalties started to flow to Queen’s 

University and these were shared with the team of inventors. 

As Q’Straint evolved, the research team remained in touch with the different associations and 

user groups that had an intense interest in promoting safety for transportation of persons with 

disabilities: school children and adults that needed access to school, work, shopping, and 

recreational activities. A need emerged to standardise the restraint system to offer a level of 

safety that already was prescribed by government standards for automobiles, school buses, and 

other specialised vehicles. ix Jean-Marc Girardin and Henk Wevers supported this activity, each 

from their own perspective and background. Together with other professionals and users of the 

system, they actively participated in the time-consuming writing of a standard that aimed at 

formal, government legislated, consumer protection. The creation of this Canadian standard for 

wheelchair tie-down and occupant restraint systems (or mobility aid securement and occupant 

restraint systems), which was being developed simultaneously with similar voluntary industry 

standards in the USA (SAE Recommended Practice J2249) as well as internationally (ISO 

10542), involved many meetings convened under the auspices of the Canadian Standards 

Association, CSA. Starting in 1990, and over several years, the Canadian standard “CAN/CSA-

Z605-03 (R2012) - Mobility Aid Securement and Occupant Restraint (MASOR) Systems for 

Motor Vehicles” became the Canadian standard to address the design and performance of 

aftermarket wheelchair securement and occupant restraint systems. x   

From the beginning Jean-Marc Girardin worked tirelessly to combine service to the standard-

writing organisations with ongoing product development, marketing, and manufacturing of the 

Q’straint system. He was recognised for his work when, in 1991, Q'Straint was asked by the 

USA National Highway Traffic Safety Administration, NHTSA, to contribute its expertise in 

development, testing, and real-world experiences in transit organisations for the physically 

disabled, to the development of wheelchair transportation regulations related to the Americans 

with Disability Act (ADA).xi   

In addition, more than ten years after being one of the first original equipment manufacturers of 

wheelchair tie-down and occupant restraint equipment to fully comply with CSA, SAE, and ISO 

standards, Q'Straint products continue to be fully compliant with all of these standards, such that 

Q’Straint is recognised worldwide.xii  

Jean-Marc Girardin excelled in promoting the Q’Straint products at transportation shows and 

conferences. He was, equally adept at providing abundant product information through 

advertising, listening to customers, in-house training of vehicle operators and their supervisors, 

maintaining quality, running a frugal business while spending and investing wisely and 

generously in areas that mattered, such as in development of national and international standards. 



He welcomed professional and staff input that enhanced the range of tie-down/restraint products 

that the company manufactured.  As a result, Q’Straint became a North American success. 

But there would be more… 

Testimonials of users of Q’Straint equipment, including vehicle attendants, drivers, and 

consumers, were a powerful tool to convince the general public, transit authorities, and clients 

that the system worked and significantly reduces injury risk in non-crash emergency incidents, 

such as a sudden emergency braking, as well as in moderate-to-severe collisions. One such 

accident occurred in the City of Kingston, the birthplace of Q‘Straint.  On Saturday, March 28, 

1998, the Kingston Whig Standard reported: “Bus for the disabled collides with van.”  The 

article continued: “The accident at the corner of …left the bus with a bashed-in front end…The 

van, its passenger side crushed, ended up on the lawn next to the Palace Road Fire Hall, where 

firefighters had to extricate the driver and sole occupant who was seated in wheelchair secured 

by a Q’Straint four-point tie-down system and using the Q’Straint lap/shoulder belt restraint 

system. Bob Vansanten, executive director of residential services for Ongwanada Resource 

Centre …gave full credit to the safety systems on the bus for preventing any injuries. Vansanten 

said; ‘Absolutely, they are second to none. ‘Yesterday’s accident was the worst in the institutions 

history with the buses.’ ”  

 

This is a photo of the article in the Kingston Whig Standard on March 28, 1998.  Note that the 

passenger in the wheelchair exited the accessible bus safely and was wheeled away from the 

accident scene. Firefighters were at the scene immediately since the accident occurred in front of 

their fire station. Photo credit: Michael Lea.  

A more recent testimonial is from a driver with a physical disability in the USA, operating his 

private van: “I had a Q’Straint QLK-150 docking securement system installed in my 1995 Ford 

van last year, which I’m proud to say did its job on May 8, 2014 when I wrecked my van when I 

was headed home from work. The van went into the ditch; I hit three trees then flipped over on 



the driver side and landed up against a fourth tree. The Q’Straint QLK-150 held my power chair 

secured in the van. Thankfully, I was not injured and nobody else was involved in this crash.”xiii 

With success, competitors started paying attention and one infringed on the Q’straint system. 

Kinedyne Corporation, specialising in cargo tie-down products with a section of web-based 

strapping for wheelchair fastening in access busses, started to copy the Q’Straint design. As this 

was covered by Queen’s University patents, Jean-Marc Girardin rightly demanded that the rights 

which gave him the sole rights to commercialise our system would be defended. The Q’Straint 

Company and Queen’s University entered a legal complaint in which Kinedyne was challenged. 

The hearing took place in 1995 at the United States District Court D, Kansas, a location that the 

defendant chose. xiv During the two days of hearings and cross-examinations, we detected a shift 

in the proceedings.  Jean-Marc Girardin sensed that our attorney was not sufficiently prepared 

and it also appeared that our overconfident attorney was becoming anxious. At one moment 

during a recess, he confided, “I can’t get the expert witness (of the defendant) to budge, what to 

do?” Henk Wevers submitted that all one can do is to state the obvious unique aspect of our 

invention. However the judge, our attorney, and most of the participants in the case had no 

background in biomedical-engineering and would not recognise the inventive aspect of the 

separation of restraint forces between the wheelchair and the occupant; the verdict went against 

our patent.  After the verdict, Jean-Marc was very concerned that his company had lost its main 

advantage against Kinedyne, a company that had a dominating position in the USA market of tie-

down equipment.   Since the patent was not strong enough to ward off infringement, Jean-Marc 

argued that paying royalties on his sales to Queen’s University should no longer be required. The 

Director of Parteq Innovations at the time, John Molloy, agreed to a five-year bridging license to 

transfer the name “Q’Straint to Jean-Marc Girardin. His company then met the competition head-

on with superior quality, concern for their customers shown in extensive training of drivers and 

attendants, and sensitivity to customer’s needs, a strategy that succeeded brilliantly.  

The company moved in 1997 to Fort Lauderdale, Florida, to comply with the “Buy America 

Act.” All the U.S. original equipment manufacturers of specialised vehicles for persons with 

disabilities required the company to prove that the final assembly of the Q’Straint system was 

done in the USA.  Since the assembly was being done in Cambridge, Ontario, the product did not 

comply with the Buy America Act and this compromised the power to compete. After the move 

to Fort Lauderdale, a Q’Straint sales and distribution center remained in Cambridge, Ontario, 

servicing the Canadian market.   

Q’Straint held a big 25th anniversary party in 2009.  Hundreds of personnel, business associates, 

friends, and guest attended.  It signified success through devotion to hard work, attention to 

quality, superior testing, and openness to new ideas. This achievement was also due to a 

willingness to serve a group of disenfranchised persons with disabilities, who, during the late 

1970s and early 1980s, demanded from municipal, state, and federal governments to be counted 

as deserving citizens.  Through their own efforts, persons with disabilities have achieved 



astonishing freedom of movement since that time and Q’Straint keeps on helping them to do so 

in a safe and convenient manner. 

Today, Q’Straint remains a family company.  Jean-Marc Girardin and his three children, Julie, 

Eric, and Patrick continue to work at the leading edge of making transportation for persons with 

disabilities safe while guiding the company forward into the twenty-first century.  

Henk Wevers retired in 1998 and enjoys the results of his research: almost any private vehicle 

adapted for a driver or passenger with a disability that requires them to travel in their wheelchair, 

and accessible public-transit vehicles across the developed world are now more than likely 

equipped with a Q’Straint wheelchair tie-down and occupant restraint equipment.  Invariably, 

when one approaches the drivers, attendants, and clients of the accessible vehicles and explains 

why one is interested in its restraint system, all respond positively about the efficacy of the 

Q’Straint system; their smiles speak volumes. 

Q’Straint emerged from a niche requirement to provide a world renowned product in the service 

of persons with disabilities; this is a legacy to be enjoyed by all who made it happen and now 

continue the good work. 

                                                 
i http://hmrc.engineering.queensu.ca/ and  http://hmrc.engineering.queensu.ca/about-media.php 
ii There is also a rebound at the end of the crash and every automobile seat is designed to give protection when the 

occupant is thrown back by the release of energy from the stretched seat belts and other reactive energy. In this case 

the seat’s back and head restraint provides protection. The back support of the wheelchair fulfills this function to 

some extent, depending on the design and make of the wheelchair.   
iii Canadian Standard Organisation CSA-Z- 605 
iv It is interesting to compare this with the advanced dynamic testing laboratory or Q’Straint in the UK. At: 

http://www.iqresearchcentre.com/ 
v The impact last for approximately one tenth of a second from full speed of 30km/hour to stand still against the 

concrete barrier. 
vi Wheelchair and occupant restraint system US 4427210 A at: http://www.google.com/patents/US4427210 and 

Positive locking tie-down system US 5044847 A at:  http://www.google.ca/patents/US5044847 
vii The Girardin family company was started by the father of Jean-Marc Girardin in the 1940s and is now the 

dominant maker of school buses and other specialized vehicles. See: http://www.girardinbluebird.com/content/en-

US/historique.aspx 
viii Lawrence W. Schneider, Ph.D., Research Professor, former Head of the Biosciences Division, and now Associate 

Director of  the University of Michigan, Transportation Research Institute. 
ix Henk Wevers became a corresponding member of the Canadian Standards Association, CSA Committee Z.605 

The Securement and Restraint System of Transportation of Mobility Impaired Persons. 
x Based on the Canadian standard the USA developed similar standards followed by several European countries. 

Q’straint complies now to all major standards for wheelchair bound drivers and passengers across the world. See: 

http://www.qstraint.com/en_af 
xi http://www.schoolbusfleet.com/channel/special-needs/articles/print/story/2009/10/q-and-a-still-secure-after-25-

years.aspx  Comment from Dr.  Larry Schneider, University of Michigan 

Transportation Research Institute: ADA transportation guidelines of 1990-91 were developed by the US Access 

Board, chaired by Dennis Cannon. The guidelines are aimed primarily at improving accessibility to transportation 

rather than transportation  safety.  
xii ISO 10542-1:2012;  Technical systems and aids for disabled or handicapped persons -- Wheelchair tie-down and 

occupant-restraint systems -- Part 1: Requirements and test methods for all systems. Also see: 

http://www.qstraint.com/en_na/company/the-qstraint-difference 

http://hmrc.engineering.queensu.ca/
http://www.google.com/patents/US4427210
http://www.schoolbusfleet.com/channel/special-needs/articles/print/story/2009/10/q-and-a-still-secure-after-25-years.aspx
http://www.schoolbusfleet.com/channel/special-needs/articles/print/story/2009/10/q-and-a-still-secure-after-25-years.aspx


                                                                                                                                                             
xiii Other grateful and sometimes eye popping testimonials with references at: 

http://www.qstraint.com/en_na/company/testimonials 
xiv QUEEN’S UNIVERSITY AT KINGSON, and Giram Company, Inc. Plaintiffs, versus KINEDYNE 

CORPORTAION, Defendant. See: http://www.leagle.com/decision/19951437910FSupp527_11339 
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