
LOADING RATES TO PREDICT IMPACT SHOCK MAGNITUDE: WHICH METHOD OF 

CALCULATING A LOADING RATE SHOULD WE USE? 

Andrew Greenhalgh
1,2

, Jonathan Sinclair
3
, Laurence Protheroe

3
 & Nachiappan Chockalingam

2
 

1
Writtle College, UK, 

2
Staffordshire University, UK, 

3
University of Central Lancashire, UK. 

SUMMARY 

Impact shock measured using accelerometers 

attached to the musculoskeletal system can be used 

to identify increased risks of overuse injuries in 

athletes. Ground Reaction Forces (GRFs) measured 

using force plates can be used to predict relative 

impact shock magnitudes demonstrated by research 
identifying correlations between vertical impact 

force peaks. This research investigated the 

relationship between various GRF variables 

measured in previous human locomotion research 

to identify which was best used to predict the 

magnitude of the tibial shock experienced. 

Participants ran at 4.0ms-1 along a 20m runway. A 

shank-mounted tri-axial accelerometer and a force 
plate operating at 1000Hz were used.  

The results reported significant correlations 

between peak tibial acceleration and peak 

instantaneous loading rate r=0.469; average loading 

rate r=0.274; average loading rate from 20 To 80% 

of impact peak r=0.439; average loading rate from 

20 To 90% of impact peak r=0.439; time to peak 
loading rate r=0.359; and time to impact peak 

r=0.336. 

Due to the stronger reported correlation and not 

having to identify the initial impact force peak, it 

was recommended that the peak instantaneous 

loading rate should be reported in all similar human 

locomotion research in the future. 

 

INTRODUCTION 

Impact shock measured using accelerometers 

attached to the musculoskeletal system can be used 

to identify increased risks of overuse injuries in 

athletes [1-2]. Ground Reaction Forces (GRFs) 

measured using force plates can be used to predict 

relative impact shock magnitudes demonstrated by 

research identifying correlations between vertical 

impact force peaks (VIFP), time to VIFP, loading 

rates and the magnitude of the peak impact 

acceleration (PIA) measured directly by 
accelerometers mounted to the human body. The 

advantage of using a force plate to predict the 

magnitude of the transient impact shock wave is 

that it requires no attachment of measuring devices 

and also through normalisation through 

measurement in terms of bodyweights (BWs), 

allows comparisons between participants and 

different research studies. Many of these methods 

for reporting GRF data require the manual 

identification of a VIFP occurring within the first 

50ms after initial ground contact, during the heel 

strike phase of running. However not all humans 

produce a single and easily identifiable VIFP 

during running. This presents a problem when 

using manually identified force peaks to report 

their magnitude, the time to reach the VIFP and 

also the rate of loading.  This potential human error 
means the same data may produce different results 

between groups of scientists. This is clearly not a 

desirable outcome for research in the area of human 

locomotion kinetic analysis. Loading rates that do 

not involve identifying a VIFP are used in previous 

research [3-4]. By measuring the loading rate over 

a fixed increase force or by calculating the loading 

rate between each data point and reporting the peak 

value (often referred to as the Instantaneous 

Loading Rate), a value that has previously reported 

high correlations with impact shock magnitude can 
be reported without VIFP identification. 

This research aimed to investigate the relationship 

between various GRF variables measured in 

previous human locomotion research to identify 

which was best used to predict the magnitude of the 

tibial shock experienced. The GRF variables 

reported were VIFP, Peak Instantaneous Vertical 

Loading Rate (PIVLR), Average Vertical Loading 
Rate (AVLR) measured from foot contact with the 

ground and the VIFP, Average Vertical Loading 

Rate From 50N to 50N Plus BW 

(AVL50NT50NBW), Average Vertical Loading 

Rate from 20 To 80% of  VIFP (AVL20T80), 

AVL20T90 = Average Vertical Loading Rate from 

20 To 90% of VIFP (AVL20T90), Time to peak 

vertical loading rate from foot to ground contact 

(TPVLR) and Time to VIFP from foot down 

(TVIFP). 

 

METHODS 

Thirteen adults (10 males and 3females)  (Age 30.0 

+ 9.4 years; Height 1.74 + 0.06 m; Mass 70.6 + 8.1 

kg) volunteered to take part in this study. All were 

injury free at the time of data collection and 

completed an informed consent form. Participants 

ran at 4.0ms-1+5% along a 20m runway, velocity 

was controlled using infrared photocells. A trial 

was considered good when the participant landed 
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with their right foot fully in contact with no 

evidence of targeting. A tri-axial accelerometer 

(Biometrics ACL300) was mounted to a 

lightweight carbon-fibre plate. The carbon-fibre 

plate was firmly attached to the shank via surgical 

adhesive tape. By using skin stretching techniques 

the plate was attached tightly so the accelerometer 

was positioned on the distal anterior-medial aspect 

of the tibia and 8cm above the medial-malleolus. 
The accelerometer was orientated to measure the 

acceleration along the longitudinal axis of the tibia. 

The accelerometer system used had an in-built 

filter that excluded the proportion of the signal due 

to gravity. The accelerometer signal was processed 

through a Butterworth low-pass filter set to 60Hz. 

This filter was used to exclude the component of 

the signal due to skin artefact and the resonance of 

the device [5]. Software was developed to process 

and calculate the GRF variables incorporating 

manual identification of the GRF peaks from 

graphical data. The results were checked for 
consistency by analysing the GRF data individually 

using Microsoft Excel. The results from both 

methods were found to be consistent. 

 

RESULTS AND DISCUSSION 

The GRF and tibial acceleration data generated 

peaks with characteristics as would be expected, 

including PIAs and Peak loading rates occurring 

prior to the identified first vertical force peak.  

A first impact peak was easily identifiable for most 

of the data recorded, however in some cases where 

there were double peaks or only some minor 

deformation of the vertical-force time graph it was 

necessary to take a best estimation of the impact 

peak from the graphed data. The mean impact force 

peak values reported were similar to those from 

previous human locomotion research [6-8].  

The correlations reported in Table 1 were not 

generally as high as has been reported in previous 

research [3, 9]. The GRF variables analysed 

identified that the strongest correlation (r=0.469, 

p<0.001) exists between the PIVLR and the peak 

tibial acceleration. The AVL20T80 and AVL20T90 

provided a stronger correlation compared to the 

AVLR suggesting this may be a more favourable 

option. The other loading rate analysed 

AVL50NT50NBW provided a weaker correlation 

than all but the AVLR. 

The strongest correlation is found in the PIVLR. 

This stronger correlation compared to AVLR 
agrees with previous research [2-3]. This GRF 

variable does not require identification of a force 

peak and was calculated using software developed 

for this research. The advantage of this method of 

calculating a loading rate is that data analysed by 

different researchers should produce the exact same 

results. This allows more confident comparisons 

between studies and increased confidence in the 

outcome of comparative studies.  

 

CONCLUSIONS 

This study suggests that the most effective way of 
predicting tibial accelerations is by measuring the 

PIVLR. This method does not require identification 

of a VIFP which is dependent on the individual 

researcher identifying the peak. In some cases this 

may be difficult and lead to errors. The PIVLR can 

be identified by software efficiently without the 

time consuming identification of VIFPs. It is 

therefore recommended that in all similar future 

research, the PIVLR should be reported. 
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Table 1:  Correlations between ground reaction force variables and peak tibial accelerations. 

 VIFP PVLR AVLR 

AVL50NT5

0NBW AVL20T80 AVL20T90 TPVLR TVFP1 

Pearson Correlation -.051 .469
**

 .274
**

 .291
**

 .439
**

 .439
**

 -.359
**

 -.336
**

 

Sig. (2-tailed) .595 .000 .004 .002 .000 .000 .000 .000 

. *=p<0.05, **=p<0.001 


