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Introduction: As autonomous vehicle technologies are developed, there are
increased possibilities of vehicle seats with recline capabilities. Recent work has
begun to investigate recline child configurations during frontal and lateral
impacts2, but the initial position of the child in these tests was likely not
naturalistic. The effect of seat recline angle on static belt fit for children in
boosters has not been assessed particularly when multiple reclined trials are
proposed. The examination of reclined static postures can inform the initial child
position in future sled testing and finite element simulations. Children may
“slouch” as they settle into their comfortable posture3. Measuring child posture in
recline conditions over multiple trials could potentially be biased due to a child’s
“slouching” behavior which may also influence belt fit. Therefore, it is crucial to
evaluate if the order of conditions influenced belt fit measurements.

Objective: Evaluate the influence of condition order on child seatbelt fit in
reclined vehicle configurations.

Methodology: Institutional Review Board (IRB) approval was obtained

(2023H0261). Forty-three children between 4-12y were recruited. Each child was
evaluated in a mock-up vehicle seat under six conditions: with and without a
backless booster in each of three recline angles (upright (25°), moderately reclined
(45°), and reclined (60°)). The order of the trials for each participant was
randomized; however, all booster or vehicle trials were grouped together. During
each trial, the child assumed a comfortable position and settled into their self-
selected posture. A 3D coordinate measurement device was then used to measure
anatomic and seatbelt landmarks (such as left and right anterior superior iliac
spine (ASIS), sternal notch, etc.) according to the SAE J211 coordinate
system4.Seatbelt fit metrics included the Y and Z positions of the shoulder belt with
respect to (wrt) sternal notch and the X and Z positions of the lap belt wrt the
ASIS. The “detailed order” variable represents the sequence of each condition (1-
6) corresponding to the order the participant completed the trials. The “simple
order” (1 or 2) represents the overall order of seating conditions (booster or
vehicle) for each participant, without considering recline angle. Variation in belt fit
with seating configuration order and the order of the all trials was assessed using
nonparametric Wilcoxon/Kruskal-Wallis tests (alpha=0.05).



Results: Detailed or simple order were not significantly related to most belt fit
variables, with a few exceptions (highlighted in yellow, Table 1). The left lap belt
wrt ASIS Z was significant across condition order on the booster. Similarly, the
right lap belt wrt ASIS Z in the vehicle condition. While the differences in means
were relatively small, it may indicate changes in child posture and belt fit
throughout all the trials.

Conclusions: Overall, the condition order may influence some aspects of seatbelt

fit for this test methodology. This suggests that condition order may need to be
considered in future comparisons of the belt fit observed across recline angles in
this test setup. In addition, other aspects, such as variation in child behavior in
posture in the reclined configurations over time, must also be considered.
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