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INTRODUCTION

School bus transportation is one of the safest forms of transportation in the United States. Every year nearly 394,000 public school buses travel approximately 4.3 billion miles to transport 23.5 million children to and from school and school related activities (1). Since 1984, 11 passengers per year have died in school bus crashes (2). 

We report 4 school bus crashes within a period of 3 years in the catchment area of a rural hospital and its impact on its trauma system.

MATERIAL & METHODS:

The Emergency Room at Sage Memorial Hospital in Ganado, Arizona  (SMH ER) maintains a hand written register of all visits to the ER. Incidents of school bus crashes recorded between January 2000 and December 2003 were identified from this register. In addition we searched the Hospital Information System – Meditech software and networking – for both validation and for information that was not available in the patients’ chart. The individual charts were then examined in detail for patients’ weight, airway, pulse, systolic blood pressure, central nervous system (CNS) status, presence of fractures, wounds and various other findings. The pre-hospital care report was also considered for the circumstances surrounding each accident. The information gathered was tabulated using Microsoft Excel and each patient was assigned a Pediatric Trauma Score (PTS), which is a trauma scoring tool for use in evaluating the severity of injury in the pediatric patient in Oklahoma.   The parameters considered in the PTS and the scoring guidelines are documented in Table 1 (3). Statistical evaluation of data was performed with the descriptive statistical tools available in Microsoft Excel.

RESULTS:

To simplify dealing with school bus crashes we will be using a classification system; based on the data from this study as well as other available data (1-4), we consider useful to grade school bus cashes in 3 categories:

Grade (Category) 0:  no injuries for bus passengers/driver; only property damage reported. PTS for all bus passengers are all 12; and there are no serious injuries among non-passengers. Most school bus crashes tend to be in this category and most likely at time of impact the school bus was moving relatively slow (25mph or less).

Grade (Category) 1:  minor wounds, fractures closed or suspected, temporary loss of consciousness, low systolic blood pressure and any other condition requiring acute medical intervention among bus passengers/driver and/or non-passengers. Although some injuries may be severe, nobody is in critical condition. PTS will be less than 12 but more than 8 for one or more passengers. Most bus crashes in this category will be either cruising at speeds greater than 25 mph or involve side impact.

Grade (Category) 2:  major wounds, at least one patient in critical condition; PTS 8 or less for one or more passengers. Presence of fatalities places a crash in this category. Most accidents in this group involve a bus speed in excess of 45 mph, rollovers and/or side impacts.

The 4 school bus accidents encountered between January 2000 and December 2003 involved a total of 99 passengers and drivers, divided as following: 45 patients were seen on January 31, 2000, 16 patients on November 3, 2000, 15 patients on January 19, 2001 and 13 on April 1 2003. 

By far the most severe accident recorded during the 4 years and the only one we classified as Category 2 was the one that took place in November 2000 and involved rollover; NTSB also investigated this crash. SMH ER received only a part of the school bus passengers (15 of 37). From the patients brought to SMH, a 26 year old sleeping at the time of impact suffered sternum fracture and head contusion; and a 16 yo female had a fracture of the right clavicle with displacement. Patients with more severe wounds were transported to the closest hospital: Chinle IHS Hospital, one patient was flown in serious condition to Albuquerque and one person died (5). 

The severity of injuries and need for extensive evaluation was reflected in the total time spent for initial evaluations and time per initial patient evaluation (10 minutes), which was the highest – Table 2. The first patient was triaged at 11:45, the last at 14:15. Also, there was virtually no patient without complaints. 

There was only one Category 1 crash – the one from 1/31/00 – and it involved frontal collision with a motor vehicle (pickup truck) on icy road conditions; collision speed was estimated around 45 mph. Although there were only 2 patients with PTS less than 12 and about 29% of patients had no complaints, we classified this crash as Category 1 because of the number of patients involved – 45, and the serious injuries among the occupants of the pickup truck (left acetabular comminutive fracture, right anterior shoulder dislocation, left anterior hip dislocation, etc.)

Additionally on 1/31/00 there were 4 more patients seen in the SMH ER at the same time with the school bus crashes because of an accident involving two vehicles not far from the school bus crash site; those patients were not included in our analysis although they presented with the most severe trauma.

There were two Category 0 crashes, whose impacts on SMH ER were not as extensive as the previous two. The 1/19/01 crash involved a side impact: as the bus pulled from the school into the main road it was hit by a midsize sedan. It is important to note that while this was the accident in which the bus was moving at the slowest speed (less than 10 mph), it also had the second most high number of complaints (after the rollover accident) and also the time per initial evaluation of patients was the second-highest. Those observations underscore the fact that school bus occupants are offered little protection in side impacts.

The other category 0 crash involved a frontal collision on the highway at relatively slow speed The school bus hit a cow, which according to the EMS incident report was “walking around away from the scene appears to have broken front leg” – this means that the driver had time to brake and probably the speed at impact was less than 25 mph. This was the most benign of all 4 accidents; more than three quarters of bus occupants had no complaints.

A common trait of those accidents is the road condition in this rural area: three of the crashes occurred in the cold season and involved icy roads or fog, and the one that happened on April 1st (the most benign) involved a specific occurrence that is not common to urban schools, namely a collision between a school bus and a careless cow.

For those specific situations – high number of patients brought simultaneously to the ER – SMH has in effect a “code green” or “disaster code” policy. This is called when the ER staff will be potentially overwhelmed by the number or severity of trauma patients brought to SMH ER. During this code any and all medical staff on the hospital campus is expected to help in the ER (from Outpatient Clinic, Walk-in Clinic, Diabetes Clinic and any medical staff who is on the campus but off work).

Besides the physical aspects of the trauma involved in those accidents, another finding related to the school bus crashes was psychological trauma. One student who was involved in a motor vehicle accident with his family just before the school bus crash was seen later in the clinic for psychological symptoms suggesting PTSD. The occurrence of PTSD tends to be much higher according to a British study (6), which showed that about 30% of children involved in road traffic accidents were found to suffer from PTSD.

Finally, we have found three requests for release of medical records to attorneys in the charts of three students even though the school bus crash that involved them was the one most benign in terms of physical injuries to the passengers. In our view this is an argument towards prevention of crashes rather than extra protection during crashes.

DISCUSSION:

A review of the most recent data presented by NTSB on school bus crashes (2) reveals that 50% of fatalities involve rollovers. Compartmentalization, which is the current protection mechanism employed in large school busses works very well for front and rear collisions but is not offering any protection during rollovers. This means that in half of the most serious accidents involving school busses we know that kids will be helpless. By comparison, this is three times more dangerous than playing Russian roulette, where no protection is conferred in 17% of situations.

It has been strongly suggested that the use of safety belts in school buses can be a major improvement for passenger safety, particularly in rollover (6-9), however NHTSA has found that the usefulness of safety belts on large school buses cannot be proved by using the available computer simulations (2). Comparing the safety record of school busses in states that already have mandated use of safety belts (California, New York) with those who have not (most) can give a better picture about the usefulness of safety belts in actual crashes that involve rollovers. 

Beyond the current argument (safety belt or not) the need for changes in bus design was also the conclusion of a recent paper in the Canadian Journal of Surgery (7), which analyzed a school bus rollover involving 13 students with 1 fatality. Authors’ recommendation was that in the absence of seat belts, extra padding to the sides of the bus, window headers and paneling may reduce injuries to the head, neck and spine – the most common types seen in rollover accidents (10).

Our data suggests that even with relatively minor crashes  - those in category 0 or 1 - the consequences for local hospitals, EMS, police and school are significant. Triage, transportation, medical examination, X-rays and other modalities will tie local resources and ability to respond to other emergencies. For example, the 1/31/00 bus crash coincided with at least other 2 vehicle crashes and created a unique situation in which the EMS and Fire Department personnel ran out of backboards for immobilizing patients properly, according to an EMT note. Furthermore, PTSD, physical injuries that may crush the hopes of an athlete and ensuing lawsuits are more arguments for trying to avoid school bus accidents of category 1 and 2 altogether with prevention measures rather than only trying to minimize the consequences when crashes do happen.

The prevention efforts can have multiple targets and can be done in parallel. Programs that provide additional training for the school bus operators for dealing with special road conditions and the specific road handling of school busses can be initiated. Increasing the time of transit (allotting more time for routes) so that speeding and dangerous shortcuts are avoided may also be helpful. However, because human error is a common encounter in traffic accidents, perhaps the most effective prevention measures can be directed to improving the design of the school bus.

Reducing the rollover risk is achieved most effectively by either lowering the vehicle center of gravity (VCG) and/or equipping the busses with electronic speed limiters, which can impose a top speed of 45 or 50 mph. More sophisticated systems may involve accelerometers that electronically correlate the speed of each wheel with lateral and forward acceleration and apply braking independently on each wheel to minimize the risk for rollover.

Lowering the VCG can be achieved relatively easy by changing the bus frame, from the current square, planar shape, to a configuration that will align the lower level of the frame with the lower level of the rear axle. Currently the frame sits on the rear axle; by “housing” the rear axle in a frame “pocket”, the VCG can be lowered by 6-10 inches without decreasing ground clearance, which will significantly improve bus handling.

The bus frame can be further improved by making it wider and raising its lateral sides, which will give added protection in side impacts. Furthermore, a wider track (lateral distance between wheels) can reduce the rollover risk.

The other major component of the bus, the passenger compartment or “box”, can be improved by making it from a tubular steel frame and attached panels (which can be opened by pushing or sliding in case of immersion of vehicle in water). Reinforced floor and tubular frame can give added strength in case of rollover. A decrease by 10-12” in box height will increase the box strength, as well as decrease the force of impact between the child’s body and the box ceiling during a rollover (by reducing the travel before impact).

To reduce the ejection danger, the bus windows can have an “X” design.

Finally, for crashes involving side impact, besides the raised frame sides and tubular frame structure for the box it may be helpful to install 2 smaller aisles for egress (one on each side of the bus) with all seats in the middle instead of the single aisle in the middle of the vehicle which is the current design.

CONCLUSION:

The extraordinary safety record of school buses (approx. 10 fatalities annually) dwarfs that of personal transportation (over 40,000 fatalities per annum); why then, one can ask, should we improve a product that is already vastly superior? The short answer would be: because it’s possible with relatively simple measures and every potential life saved (not to mention 5 or 10) is by itself a good enough reason for improvement.

Since the last recommendations of NHTSA (2) almost six years passed, and about 60 kids have died while adults are quarrelling over needed change. This situation is comparable to that where a few people see a man drowning and they start arguing about the best technique to save him instead of proceeding to help; fortunately a less sophisticated man skips the controversy, jumps in the water and rescues the man in need for help.

The inertia manifested by the school bus manufacturers on safety issues may be partially blamed on the potential for litigation; too many times admission of a problem is conducive not to a solution, but just a lawsuit. Shielding schools and bus manufacturers from lawsuits for fatalities potentially caused by design problems with the condition of implementing significant changes will encourage improvements and avoid spending resources on litigation.

The example of California’s zero-emission vehicle laws which were reversed after bitter and expensive legal fights between car manufacturers and environmental groups shows that true, lasting progress will be achieved by cooperation rather than imposition. We can only hope that the implementation of needed changes for school buses will be soon and swift.
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