
IMPACT DAMPING TEST FOR WHEELCHAIR CUSHIONS: EFFECT 
OF CALCULATION METHODS AND NEW TEST METRIC

A wheelchair cushion must be capable of 
distributing loads to reduce the 
concentration of pressure in tissues, 
providing adequate support to optimize 
seated posture, improving comfort and 
absorbing shock during propulsion. 
The impact damping under normal loading 
conditions test (IDT) characterizes the 
ability of a wheelchair cushion to absorb 
impact loading on tissues and to help 
maintain postural stability by means of 
reducing accelerations profiles.
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Materials 
❖ Impact Damping Indenter
❖ Rigid Base support plate
❖ Supporting block to raise plate at to 10°
❖ Accelerometer
❖ Alignment board

Impact damping test method 

Data Analysis

Reliability of the protocol  

No baseline Initial Baseline Final Baseline
ICC(S) ICC(A) ICC(S) ICC(A) ICC(S) ICC(A)

Impact 1 0.919 0.972 0.932 0.976 0.920 0.972

Impact 2 0.949 0.982 0.964 0.988 0.949 0.983

Damping time
ICC(S) ICC(A)
0.959 0.986

Influence of the baseline on the 
measurements

Relation of the damping time with 
the current parameters

Correlations No baseline Initial Baseline Final Baseline
Damping time 
with Impact 1

0.037, ns 0.051, ns 0.059, ns

Damping time 
with Impact 2

0.481, * 0.642, ** 0.615, **

Damping time 
with Ratio

0.742, *** 0.725, *** 0.724, ***

Author #
cushions

Impact 1
(m/s2)

Impact 2
(m/s2)

Impact Ratio 
(%)

Cushions 
within 

ranges of 
ISO (14% –

38%)
Mean (SD) Mean (SD) Mean (SD)

This 
study

21 (NB) 27.28 (4.36) 11.04 (3.45) 38.85 (9.25) 11

21 (IB) 26.01 (4.01) 9.42 (3.07) 36.18 (9.64) 14

21 (FB) 27.20 (4.33) 10.61 (3.27) 38.90 9.27 11

B.M. 
Chung

3 29.03 (7.75) 5.660 (2.08) 26 (11) 3

Sprigle
et al.

5 26.42 (8.71) 6.185 (3.29) 22.60 (8.64) 5

Baseline adjustment: NB= No baseline, IB= Initial Baseline, FB=Final Baseline

ns=no significance, **=moderate, ***=p<0.001 

Comparison of results with reported 
studies

Conclusions

No baseline vs 
Initial Baseline

No baseline vs 
Final Baseline

Initial vs Final 
Baseline

Impact 1 <0.0001 0.456 <0.0001

Impact 2 <0.0001 0.356 <0.0001

Ratio <0.0001 0.15 <0.0001

Our results showed that the baseline
considered in the calculations affected the 
results in both the measurements and 
whether a cushion fell within the ranges 
specified in the standard as typical. The 
results of this study contribute to the 
understanding of the protocol and the 
metrics calculated. The test is intended to 
characterize the performance of cushions.

❖ The results are consistent within the 3 
trials. 

❖ The calculation of the impacts has not 
been clearly described.

❖ The results of this study showed a similar
impact 1 but higher impact 2 and ratios 
than other reported studies.

❖ The baseline adjustment used for the 
calculations of the impacts not only 
affects the values of the ratios but also 
whether these values fell within the 
typical ranges specified in the standard. 

❖ The damping time is correlated with the 
ratio and the second impact. This could 
be related to the number of rebounds
specified in the old version of the 
procedure.

❖ The importance of a clear understanding 
of the application of the standards will 
achieve better results.
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The results were higher than ranges 
observed in Annex B of the ISO standard, 
and some cushions were out of the range. 
The results showed a difference depending 
on the baseline adjustment considered for 
the calculations.  

Purpose of this study:
❖ To clarify the methodology described by 

the ISO standard
❖ To evaluate the repeatability of the IDT 

protocol 
❖ To investigate whether various 

interpretations of the calculation 
method affect the results

❖ To explore a new metric: damping time, 
and investigate relationships with the 
current metrics.

Impact damping measurements following 
the ISO 16840-2:2018 protocol were made 
on 21 commercially available wheelchair 
cushions of different materials such as 
foam, air, gel, honeycomb and a 
combination of materials. 

Parameters specified in the standard: the 
magnitude of the first impact, the magnitude 
of the second impact, mean values of Impact 
1 and Impact 2 of the three repetitions and 
the ratio of the second impact to the first 
impact as a percentage
Damping time was defined as the amount of 
time for the acceleration to be diminished to 
1 % of the maximum.
The results were analyzed in three aspects: 
❖ Repeatability of the three trials
❖ Influence of the baseline in the measuring 

of the impacts
❖ Relation between the parameter 

proposed with the parameters currently 
reported.

The ICC’s almost equal to 1 indicates that 
no trend of systematic differences was 
found between replications of the test.

Damping time metric is 
independent of the baseline.

Results for each paired t-test comparing 
measurements using different baselines.

Pearson’s correlation coefficients for the 
comparison between damping time and 
the current parameters.


