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*indicates a significant difference (p value <0.05) 

**indicates a very significant difference (p value <0.01) 

 

Introduction:  Previous studies have shown that low cost 

prosthetic feet have had a short lifespan in tropical nations 

(Jensen, 2006). This has been known to be linked to the 

lack of practitioners in these nations, and the low funds 

available to continue to replace damaged feet (Jensen, 

2006). Clinicians have observed that shoes tend to protect 

the prosthetic foot from wear, but it is unclear the 

magnitude of protection (Pye, 2015). This study 

investigated the effect of shoes on the preservation of the 

material properties of prosthetic feet when exposed to harsh 

UV and humid conditions. It is hypothesized that the 

mechanical properties of the feet would be maintained in 

both the forefoot and heel regions if shoes were worn over 

the prosthetic feet, and significantly deviate if no shoes 

were worn.  

 

Materials and Methods: ISO 10328 static testing was 

performed on six samples of the ICRC feet. Three samples 

were tested with shoes (S group), while the other three 

were tested without (NS group). Following this testing, the 

samples were put in an environmental chamber where they 

were exposed to UV light at 38°C and 98% humidity for 

400 hours. After this exposure, the samples were put 

through ISO 10328 static testing again along with the 

cyclic test. The cyclic test involves sinusoidally loading the 

heel and forefoot alternately between 50 and 1330N at a 

frequency 1Hz. Lastly, after 2,000,000 cycles, the ISO 

10328 standard prescribes a final static proof test identical 

to the initial static proof test unless failure is observed 

during the cyclic test. Additionally, the feet were checked 

for visible damage before and after testing. This was done 

using a systematic Qualitative Assessment form where the 

observer ranked the condition of each foot from 0 (Failure) 

to 3 (Excellent) 

Results:  

Quantitative Results 

Changes in stiffness, creep and max deformation for each 

group can be seen in TABLE 1. The foot was analyzed at 

the forefoot and heel individually due to inherent 

differences in mechanical properties. 

 

TABLE 1: Differences in mechanical factors in forefoot 

(FF) and heel (H) before and after testing. 

 FF  H 

 NS 

Group 

S 

Group 

 NS 

Group 

S 

Group 

Δ Stiffness 

(N/mm) 

125.7± 

28.1* 

79.9± 

44.7* 

 70.1 ± 

9.56* 

30.9 ± 

15.1 

Δ Creep (mm) 2.46 ± 

0.17* 

2.52 ± 

0.19* 

 2.15 ± 

0.06** 

0.37 ± 

0.08* 

Δ 

Displacement 

(mm) 

4.6 ± 

2.94** 

-9.96 ± 

7.76* 

 10.19 ± 

2.39* 

-5.73 ± 

3.14 

Qualitative Results 

Due to the small sample size, a Paired-Samples Wilcoxon 

Signed Ranks test was then used to assess whether or not 

qualitative changes in both categories were significant 

(α=0.05). JMP Pro 12 software was used to aid in performing 

the statistical analysis.  

Discussion:  

The hypothesis stated that the shoe group would show no 

significant differences after testing. When analyzing the FF 

region, it was found that the shoe group and the no shoe group 

both saw significant changes in maximum stiffness, creep, and 

maximum deformation from the baseline tests (TABLE 1) 

disproving this prediction. Interestingly, while creep and 

stiffness in the FF region increased significantly, max 

deformation saw a different trend. In the S group, the max 

displacement actually decreased significantly, while the NS 

group saw a significant increase.  Creep in this region is also 

thought to be affected due to the flexibility of the forefoot 

during loading, not just the deformation of the foot upon 

compression.  

In the H region, it was found that the shoe played a significant 

role in protecting the foot from changes in increases in 

maximum stiffness and maximum displacement. While the 

creep was still found to increase significantly with the 

application of a shoe, it was also significantly less than the 

change seen in the NS group. This could mean that the sole of 

the shoe works to adequately protect the H from changes in 

stiffness while ambulating in harsh environments.  

Limitations: 

Issues with the environmental chamber had to be fixed several 

times which resulted in inconsistent exposure during the 400 

hrs. Foot 4 was also overloaded to failure during final static 

testing due to a machine malfunction and left out of data 

processing due to the significant effect the outlier had on the 

small sample size. Small sample size was the result of time and 

foot donation limitations. Collected data values however, were 

consistent among groups and data trends are believed to be 

similar in a large sample size.  

Conclusions: 

Changes in mechanical properties of the heel region of the 

ICRC foot were significantly reduced by the application of a 

shoe in harsh environmental conditions. Further testing is 

needed with a larger sample size to confirm the preliminary 

results of this study. 

 

 


