Slide 1 – Title: The Effects of Seatback Reclined Positions of Occupants in Motor Vehicles Collisions by the Seattle CIREN Team.  Authors: Bulger, Dissanaike, Kaufman, Mack, from the University of Washington and Harborview Injury Prevention and Research Center.

Slide 2 – Background: This slide outlines the background for the study. Motor vehicle crashes are a major cause of death in the US. There are several vehicle and occupant factors that effect outcome such as vehicle type, seatbelt use, airbag deployment, occupant height and weight and the direction and force of the crash. Seat recline position has not been previously evaluated as a factor that may effect outcome.

Slide 3 - Crash Safety testing: Crash safety testing of automobiles is conducted by both the National Highway Transportation and Safety Administration and the Insurance Institute for Highway Safety. Vehicles are tested under several different conditions along with occupant dummies of varying body habitus but the seat back is always positioned within 12 degrees of vertical.

Slide 4 - However: Many occupants travel with their seats reclined including passengers on long trips who are sleeping and many young urban drivers.

Slide 5 - Study Question: Does reclining your seat impact your outcome from a motor vehicle accident?

Slide 6 - Methods: This study includes two components. Phase one involved a review of cases of occupants in crashes who were fully reclined based on data from the CIREN network. Phase two involved an analysis of outcomes for those that were fully and partially reclined using the National Automotive Sampling System Crashworthiness Data set.

Slide 7 - Phase 1: CIREN case review, restricted to front seat occupants in fully reclined position

Slide 8 - Reclined CIREN cases: 11 cases were identified with a mean age of 32.4 years, 54% male, 3 drivers,/8 passengers. Eight were frontal impacts with a mean change in velocity of 47.4 km per hr.

Slide 9 - CIREN case summary cont: 54.5% of occupants were wearing a seatbelt and had airbags deploy. The mean injury severity score was 27.8 and there were three deaths (27.3%).

Slide 10:  Title slide: CIREN case reviews for subjects in crashes with their seatbacks in fully reclined positions.

Slide 11 – CIREN case review 1.  This crash was a full frontal head-on crash on a freeway with a speed limit of 70mph/112kmph.  The scene drawing shows the case vehicle heading southbound when a second vehicle made a U-turn on the freeway heading in the opposite direction.  The front of both vehicles collided.

Slide 12 – CIREN case review 1 vehicle.  This slide shows the subject’s vehicle, a 2003 Chevrolet Cavalier with moderate frontal crush.  The principal direction of force was assessed at 12 o’clock and an oldmiss smash routine generated a 27 mph/ 44kmph delta V.

Slide 13 – CIREN case review 1. This slide shows an image of the CIREN case occupants front right seating position.  The case occupant is a 27 year old female who had the manual lap and shoulder belt buckled with the seatback fully reclined.  This occupant also stated she was asleep at the time of the crash.

Slide 14 – CIREN case review 1 occupant contacts.  Images are showing a scuff mark located on the door panel near the right edge of the instrument panel from contact from this case occupant’s right knee and leg.

Slide 15 – CIREN case review 1 occupant’s injuries included a serious spinal injury and a serious lower extremity injury.

Slide 16 – CIREN case review 1 occupant kinematics.  This slide shows CIREN case 1 seating area with a body shape drawn into seat in the fully reclined position.  The seatbelt is also drawn in to show the distance of the shoulder belt from the chest.  The right knee is shown making contact with the door panel contact as the occupant moved forward during the impact and the resulting lower extremity injury.

Slide 17 – CIREN case review 1 occupant kinematics. This slide then continues to show the occupant kinematics of this subject as the chest comes into contact with the shoulder belt causing the spinal injury.

Slide 18 – Title slide for CIREN case review 2 showing the scene drawing of an intersection crash where the front of the subjects vehicle the front of a second vehicle.  

Slide 19 – This slide shows the CIREN case review 2 vehicle, a 2003 Honda Civic two-door coupe.  An image shows the front of V1 with moderate crush.  The principal direction of force was documented at 12 o’clock and a reconstruction delta V was calculated at 24 mph / 38 kmph.  

Slide 20 – This CIREN case review 2 subject was the driver who was 17 years old and was not wearing a seatbelt and the frontal steering column mounted airbag deployed.  An image shows the driver’s seated position with gauge sticks and the seatback in a fully reclined position.  

Slide 21 – CIREN case review 2 occupant kinematics.  Shown is the view of this CIREN case review 2 driver position and a drawing of the driver’s body as it would have moved forward with both lower legs and knees contacting the knee bolsters.  The drawing also shows the lower chest and abdomen impacting the steering column and deforming the lower half of the steering rim.

Slide 22 – CIREN Case Review 2 contacts.  Shown are two images of the steering column completely collapsed off the shear capsules and profile view of the deformity to the lower steering rim. 

Slide 23 – CIREN case review 2 steering column shear capsules photos.  Close up images are showing the complete collapse of the shear capsules.

Slide 24 – CIREN case review 2 contact from the left knee to the knee bolster.  Two images show the location and deformity of the knee bolster from the left knee/leg contact.

Slide 25 – CIREN case review 2 contact of the right knee.  This slide has two images showing the contact from the left knee and shin.  Evidence of clothing, skin and hair are shown in a close-up view.

Slide 26 – CIREN case review 2 contact from the left hand.  This slide shows two images from the exterior and interior of the windshield contact with the left hand.  The inside view shows a highlighted contact that had skin and hair.  The second image shows the exterior hood had intruded into the windshield from the under ride impact to the front.

Slide 27 – CIREN case review 2 injury summary.  The summary of this subject’s injuries included a serious injury to the right lower leg, a serious to left lower leg, a moderate injury to the left hip, and a moderate injury to the hand.  Two close-up images from the previous slides showing the contact from both legs are included.

Slide 28 – Seatback CIREN case review 3.  This slide shows the scene drawing of the case vehicle as it departed the roadway to the left and struck a tree head on with the front of the case vehicle.

Slide 29 – CIREN case review 3 vehicle information.  This subject’s vehicle was a 2006 Toyota/Scion TC two door hatchback.  Two images show the moderate frontal crush profiles.  The principal direction of force was 12 o’clock and the reconstruction delta V was calculated at 30 mph/ 48 kmph.

Slide 30 – CIREN case review 3 was seated in the front right seat fully reclined.  This slide is information about the driver who was a 70 year old male who had the seatback in the upright position and was wearing the manual lap and shoulder belt.  The front steering column and the knee bolster air bags deployed on impact.

Slide 31 – This slide continues to show images of the driver’s seated position with close up views of the seatbelt loading that occur at the B-pillar anchorage and the slide latch plate.   

Slide 32 – This slide shows the driver’s airbag location and a view of the knee bolster air bag with a scaled gauge.

Slide 33 – This slide shows the injury summary of this driver that involved a moderate injury to the chest and a serious injury to the L-spine.  

Slide 34 – CIREN case review 3. This slide introduces the CIREN case review 3 subject who was a 65 year old female seated in the front right position with the seatback in a fully reclined position.  She has the manual lap and shoulder belt connected and the pre-tensioner activated on impact.  The front instrument panel mounted air bag also deployed.  An image shows this case occupant’s seating area.  

Slide 35 – CIREN case review 3 contacts.  This slide has two images showing the contact evidence from both lower legs of this case occupant with a close up of the scuff marks.

Slide 36 – CIREN case review 3 contacts continued.  This slide shows additional close up photos of the bilateral knee contacts with deformity and scuff marks. 

Slide 37 – CIREN case review 3 close-up view of the seatbelt webbing loading at the slide latch plate.  A close up image shows the evidence on the latch plate.

Slide 38 – CIREN case review 3 safety belt views.  This slides shows seatbelt webbing transfer that occurred inside the B-pillar.    

Slide 39 – CIREN case review 3 safety belt.  This slide shows images and close-ups of the loading transfers on the webbing that occur at the B-pillar anchorage point.

Slide 40 – CIREN case review 3 injury summary.  This case shows a body diagram with a summary of the injuries this case occupant sustained in this crash.  The occupant was fatality injured.  Critical injuries occurred to the brain and C-spine.  Severe injuries occurred to the chest and serious injuries occurred to the abdomen and pelvis.

Slide 41 – CIREN case review 3 occupant kinematics.  This slide shows a body diagram of this occupant in the pre-crash position fully reclined and the seatbelt buckled some distance from the chest.

Slide 42 – CIREN case review 3 occupant kinematics.  This slide shows a drawing of the approximated at-crash position as the both knees impacted the instrument panel, the abdomen into the lap belt portion and the upper chest making contact with the shoulder belt portion with the head and neck continuing to move forward. 

Slide 43 – Mechanisms of fully reclined seatback CIREN case reviews.  Patterns of lower extremity injuries were noted on the CIREN seatback fully recline case reviews. There appeared to be more thoracic trauma in the restrained that occurred from contacts with the shoulder belt causing a “clothesline” type interaction into the chest.  The lap belt also appeared to result in upper abdominal injuries.  

Slide 44 - Phase II NASS analysis 

Slide 45 - Methods: Analysis was restricted to front seat occupants in frontal impact collisions. Data were collected for occupant factors including age, gender, height, weight, and seat belt use and crash factors including: vehicle type, rollover, ejection, change in velocity, and principal direction of force. Seat position was determined and outcome was assessed including mortality, and injury severity.

Slide 46 - Results: This slide shows the case selection process. From 1995-2005 there were 90,412 cases in the dataset. 28,944 were excluded for missing data on seat back position. Thus 61,468 were included in the analysis. Among there, 15,935 were upright, 45,250 were partially reclined and 280 were fully reclined. There were no statistically significant differences in occupant or collision factors for those with missing data in comparison to the study population.

Slide 47 - Demographics: This table shows the demographics of the patients in the three groups. Of note, fully reclined passengers were significantly younger and more likely to be male.

Slide 48 - Vehicle type: Fully reclined occupants were more likely to be in a passenger car than in an SUV or pickup truck.

Slide 49 - There was no difference between the three groups for change in velocity (delta V), principal direction of force, or incidence of rollover or election.

Slide 50 - Seat belt use: This graft illustrates the proportion of patients in each group that were wearing their seat belts. Fully reclined occupants were significantly less likely to wear a seat belt than those that were upright or partially reclined. 

Slide 51 - Outcome: Injury Severity Score (ISS). This table compares the injury severity among the three groups and demonstrates that fully reclined occupants had a significantly higher mean injury severity score and were more likely to have an ISS > 25.  

Slide 52 - Outcome AIS: This table illustrates the mean abbreviated injury score for each body region compared among the three groups. There is a trend toward higher scores for fully reclined patients with all injury regions except the lower extremities. 

Slide 53 - Is there a difference in mortality?: This slide illustrates the unadjusted mortality among the three groups and demonstrated a marked increase in mortality for the fully reclined group.

Slide 54 - Mortality risk: regression analysis: The difference in mortality persisted when the analysis was adjusted for age, gender, seatbelt use and type of vehicle with an Odds ratio of death for partially reclined occupants of 1.14 (95%CI 1.02-1.22) and for fully reclined of 1.77, (95% CI 1.13-2.78)

Slide 55 - Mortality stratified by seat belt use: Because fully reclined patients were less likely to be wearing seat belts, we repeated the analysis and stratified by seat belt use and the higher mortality persisted for fully reclined patients whether they were belted or unbelted. Evaluation of the interaction term also showed no significant interaction between the effect of seat position and seat belt use on mortality.

Slide 56 - Conclusion: Fully reclined occupants are predominantly young, male, and not wearing seat belts. One apparent injury pattern from the CIREN data set was a clothesline type impact with the thoracic and the tightened seatbelt resulting in chest and spinal injuries. 

