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The aim of the current investigation was to examine the effects cooled footwear on patellofemoral and                
Achilles tendon kinetics during running. Ten participants completed running trials at 4.0 m/s in two               
identical footwear one of which was cooled for 30 min. Lower extremity kinematics were obtained using an                 
eight camera motion capture system and force data was obtained using a force platform. Differences               
between cooled and normal footwear temperatures were examined using paired samples t-tests. The results              
showed that peak Achilles tendon load was significantly larger in the cooled footwear (5.86 ± 1.06 B.W) in                  
comparison to non-cooled (4.89 ± 1.04 B.W). In addition Achilles tendon loading rate was also               
significantly larger in the cooled footwear (48.95 ± 10.17 B.W/s) in comparison to non-cooled (42.49 ±                
10.40 B.W/s). This study indicates that running in cooled footwear may place runners at increased risk                
from the biomechanical parameters linked to the aetiology of Achilles tendinopathy. 
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unners are known to be extremely susceptible      
to chronic lower extremity pathologies;     
19.4-79.3 % of all runners’ will suffer from a         

chronic pathology over the course of one year [1]. The         
knee and ankle joint are the most commonly injures        
musculoskeletal structures and are associated with up to       
one-fifth of all running injuries [1]. The running shoe        
represents the main interface between the runners and        
the surface during running [2], and has thus been         
strongly advocated as a mechanism by which the injury         
rate can be mediated. One of the most important         
aspects of the running shoe is the mechanical        
dampening properties of the midsole [3]. The majority       
of running shoes utilize a copolymer called      
Ethylene-vinyl acetate as it is both durable and flexible         
even at low densities [3]. Ethylene-vinyl acetate like        
most polymers exhibits viscoelastic properties [4], and       
thus its mechanical properties are temperature     
dependant [5].  

 The effects of different midsole temperatures have been       
examined previously. Kinoshita & Bates [6] investigated       
the influence of different environmental temperatures      
on the shock absorbing characteristics of running shoe       
midsoles using mechanical testing. Their findings     
showed that with increasing temperature, peak     
acceleration and energy absorption decreased, and the       
total peak deformation of the midsole increased.       
Sinclair et al., [7] examined the effects of cooled         
footwear on the kinetics and kinematics of running in        
comparison to identical footwear maintained at room       
temperature. Their findings showed that the cooled       
footwear were associated with significantly increased      
vertical loading rate and also peak angle of eversion/         
tibial internal rotation.  
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There has yet to be any published information        
concerning the effects of footwear midsole temperature      
on the loads experienced by the frequently injured knee         
and ankle joints. Therefore the aim of the current         
investigation was to examine the effects cooled       
footwear on patellofemoral and Achilles tendon kinetics       
during running in comparison to footwear at normal       
temperature.  

Methods 

Participants 

Ten female runners took part in this study. All were          
injury free and provided written informed consent. The        
mean characteristics of the participants were: Age =        
21.55 ± 2.58 years, Height = 1.67 ± 0.07 m, Mass =            
61.29 ± 5.01 kg. The procedure utilized for this        
investigation was approved by the University of Central        
Lancashire, ethical committee.  

Procedure 

Two identical trainers (Nike Free run 5.0+; sizes 4-7        
UK) were used one of which was artificially chilled         
(cooled) and one was maintained at room temperature       
(normal). The temperature of the experimental      
footwear was reduced by placing them inside a freezer         
which maintained a constant temperature of -25°C for        
30 mins [7]. 

Kinematic data were obtained via an camera       
optoelectric motion capture system (Qualisys Medical     
AB, Goteburg, Sweden) using a capture frequency of       
250 Hz. Participants completed five trials running at 4.0        
m/s in both cooled and normal footwear conditions. A         
maximum deviation of 5 % from the predetermined        
velocity was allowed. The participants struck a force        
platform (Kistler Instruments, Model 9281CA)     
sampling at 1000Hz with their right (dominant) foot.       
Locomotion velocity was measured using timing gates       
(SmartSpeed Ltd UK). The stance phase of running was        
defined as the duration over which > 20 N vertical          
force was applied to the force platform [8]. 

 To model the thigh, shank and foot segments calibrated        
anatomical systems technique was utilized [9]. To define       
the segment coordinate axes of the right; foot, shank         
and thigh, retroreflective markers were placed      
unilaterally onto 1st metatarsal, 5th metatarsal, calcaneus,       
medial and lateral malleoli, medial and lateral      
epicondyles of the femur. The centres of the ankle and         
knee joints were delineated as the midpoint between the        
malleoli and femoral epicondyle markers. The hip joint        
centre was taken as a point one-quarter of the distance          
from the ipsilateral to the contralateral greater      
trochanter [10]. The centres of the knee and ankle joints          
were taken as the midpoint between the malleoli and        
femoral epicondyle markers [11, 12]. Carbon fibre      
tracking clusters were utilized to track the shank and         
thigh segments, whereas the foot was tracked using the        
1st metatarsal, 5th metatarsal and calcaneus markers.      
Static calibration trials were obtained allowing for the       
anatomical markers to be referenced in relation to the         
tracking markers/ clusters.  
 
Data processing 

Ground reaction force and kinematic data were filtered       
at 50 and 15 Hz respectively using a low-pass        
Butterworth 4th order filter using Visual 3-D      
(C-Motion, Rockville, MD, USA). Kinematic measures     
from the knee and ankle joints which were extracted for         
statistical analysis were 1) angle at footstrike, 2) peak         
angle and 3) relative range of motion (representing the        
angular displacement from footstrike to peak angle.       
Joint moments were calculated using Newton-Euler     
inverse-dynamics, which allowed net knee and ankle       
joint moments (Nm) to be calculated. The net joint        
moments were normalized by dividing by body mass       
(Nm/kg).  

Patellofemoral kinetics were examined through     
extraction of peak knee extensor moment (KEM),      
patellofemoral contact force (PTCF) and patellofemoral      
contact pressure (PTS). PTCF was normalized by      
dividing the net PTCF by body weight (B.W).  
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PTCF during running was estimated using knee flexion        
angle (kfa) and KEM through the biomechanical model       
of Ho et al., [13]. This model has been utilized         
previously to resolve differences in PTCF and PTS in        
different footwear [14-16]. 
 
The effective moment arm of the quadriceps muscle        
group (QM) was calculated as a function of kfa using a          
nonlinear equation, based on information presented by      
van Eijden et al., [17]:  
 
QM = 0.00008 kfa 3 – 0.013 kfa 2 + 0.28 kfa + 0.046 
 
The force (N) of the quadriceps (QF) was calculated         
using the below formula: 
 
QF = KEM / QM 
 
Net PTCF (N) was estimated using the QF and a         
constant (C): 
 
PTCF = QF * C 
 
The C was described in relation to kfa using a curve          
fitting technique based on the nonlinear equation       
described by van Eijden et al., [17]: 
 
C = (0.462 + 0.00147 * kfa 2 – 0.0000384 * kfa 2) / (1 –                
0.0162 * kfa + 0.000155 * kfa 2 – 0.000000698 * kfa 3) 
 
PTS (MPa) was calculated using the net PTCF divided        
by the patellofemoral contact area. The contact area was        
described using the Ho et al., [13] recommendations by        
fitting a 2nd order polynomial curve to the data of          
Powers et al., [18] showing patellofemoral contact areas        
at varying levels of kfa. 
 
PTS = PTCF / contact area 

Achilles tendon force (ATF) (B.W) was determined by       
dividing the plantarflexion moment (MPF) by the       
estimated Achilles tendon moment arm (mat). The       
moment arm was quantified as a function of the ankle          
sagittal plane angle (ak) using the procedure described        
by Self and Paine [19]: 
 
ATF = MPF / mat 
 
mat = -0.5910 + 0.08297 ak – 0.0002606 ak2 

 Statistical Analysis 

Descriptive statistics (means and standard deviations)      
were obtained for each footwear temperature.     
Differences in patellofemoral and Achilles tendon load       
parameters between cooled and normal footwear      
conditions were examined using paired samples t-tests,      
with statistical significance was accepted at the P≤0.05        
level [20]. In addition minimum clinically important      
differences (MCID) were calculated as being 2.3 * the        
pooled standard error. All statistical tests were      
conducted using SPSS v22.0 (SPSS Inc, Chicago, USA). 

Results 

Table 1 and figures 1-2 present the patellofemoral and        
Achilles tendon parameters observed as a function of       
footwear temperature.  

 

 

 

Figure 1 Knee joint kinetics and kinematics as a function of                     
cooled footwear (a. = knee sagittal angle, b. = knee sagittal                     
moment, c. = PTCF, d. = PTS) (black = cooled and grey =                         
noncooled). 
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  Noncooled  Cooled  MCID    
   Mean  SD  Mean  SD      
Knee moment (Nm/kg)  2.72  0.51  2.70  0.46  0.32    
PTF (B.W)  3.59  0.77  3.63  0.69  0.48    
PTF load rate (B.W/s)  50.33  9.18  49.44  8.72  5.94    
Time to PTF (ms)  72.11  11.26  74.89  8.84  6.67    
PTS (Mpa)  9.34  1.91  9.35  1.71  1.20    
Ankle moment (Nm/kg)  2.33  0.49  2.80  0.49  0.33  * 
ATL (B.W)  4.89  1.04  5.86  1.06  0.70  * 
Time to ATL (ms)  118.78  11.60  121.17  10.86  7.46   
ATL load rate (B.W/s)  42.49  10.40  48.95  10.17  6.05  * 

 

Table 1 Patellofemoral and Achilles tendon load parameters as a function of footwear temperature. 
Notes : * = significant difference 

 

 

Figure 2 Ankle joint kinetics and kinematics as a function of                     
cooled footwear (a. = ankle sagittal angle, b. = ankle sagittal                     
moment, c. = ATF) (black = cooled and grey = noncooled). 

 

 

 Joint kinematics 

No significant (P>0.05) differences in knee joint      
kinematics were observed. The ankle joint was shown        
to be significantly (t (11) = 3.62, P<0.05) more        
dorsiflexed at footstrike in the non-cooled footwear. In        
addition peak dorsiflexion was significantly (t (11) = 3.77,        
P<0.05) larger in the non-cooled footwear. 

Patellofemoral loads 

No significant (P>0.05) differences in patellofemoral     
loads were shown (Table 1; Figure 1). 

Achilles tendon loads  

Peak plantarflexion moment was significantly larger (t       
(11) = 3.25, P<0.05) in the cooled footwear (Table 1;          
Figure 2b). In addition Achilles tendon load was        
significantly (t (11) = 3.56, P<0.05) greater in the cooled         
footwear (Table 1; Figure 2c). Finally the results also        
confirm that Achilles tendon load rate was significantly       
larger (t (11) = 2.99, P<0.05) in the cooled footwear         
(Table 1). 
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Discussion 

The aim of the current investigation was to investigate         
the effects of different footwear temperatures on the       
loads experienced by the patellofemoral joint and      
Achilles tendon. This represents the first investigation      
to explore the effects of footwear temperature on the         
specific loads experienced by the musculoskeletal      
structures during running. The current investigation     
may provide important investigation to runners      
regarding the effects of footwear temperature  

The first key observation from the current work is that          
patellofemoral loads were not significantly influenced      
by alterations in shoe midsole temperature.     
Patellofemoral pain syndrome is the most common      
chronic pathology associated with running and is       
considered to be caused by excessive patellofemoral       
loading [13]. Therefore importantly it appears based on        
the findings from the current work that footwear        
temperature does not appear to affect runner’s       
susceptibility to patellofemoral disorders.  

However the findings from this investigation did show       
that Achilles tendon load parameters were shown to be         
significantly larger in the cooled footwear condition in        
comparison to the footwear maintained at normal       
temperature. This observation is in agreement with       
those of Kulmala et al., [15] and Sinclair, [16] who          
demonstrated that different midsole characteristics can     
influence the loads experienced by the Achilles tendon.        
The increases in Achilles tendon loads may have        
specific clinical relevance regarding the aetiology of       
Achilles tendon injuries as the differences exceed the        
magnitude denoted by the MCID. When loads of high         
magnitudes are applied to the tendon too frequently in        
sports such as running, this can lead ultimately to         
degradation of the tendon itself [21]. Based on these         
observations it appears that running in cooled footwear        
places runners at increased risk from Achilles      
tendinopathy. 

It is proposed that this finding is due to the reduced           
midsole temperature of the cooled footwear. Sinclair et       
al., [7] found that cooled footwear midsoles offer       
reduced deformation and shock attenuating properties      
when compared to those at room temperature. The       
kinematic observations showed that the ankle position       
was significantly more plantarflexed in the cooled       
footwear throughout the stance phase when compared       
to the non-cooled condition.  

 This observation has been shown previously as an       
adjustment that most runners make in response to a        
increases in footwear or surface stiffness. Increases in       
ankle plantarflexion are associated with a shortening of        
the Achilles tendon moment arm, which leads to an        
increase in the load borne by the tendon itself [19]. 

A potential limitation of this study is that knee and          
ankle joint loading was estimated using a       
musculoskeletal modelling approach. This approach     
was necessary as direct measures of internal forces       
require invasive techniques. Nonetheless, the use of net        
extensor and plantarflexor moments as inputs into the       
calculation of patellofemoral and Achilles tendon      
kinetics means that antagonist forces acting in the       
opposing direction of the joint itself are not accounted         
for which may ultimately lead to an underestimation of        
joint loading. 

In conclusion, whilst previous investigations have      
considered the effects of shoe midsole temperature on        
biomechanical parameters the effect of changing the      
temperature of the midsole on knee and ankle loading        
has not been considered. The current investigation      
addresses this by providing a comparison of       
patellofemoral and Achilles tendon kinetics when      
running in cooled and normal temperature footwear.       
Importantly the current study shows that Achilles      
tendon loading parameters were significantly greater      
when running in cooled footwear. First and foremost       
this study provides further insight into the       
biomechanical effects of reducing footwear    
temperature. Furthermore, the current work indicates     
that running in cooler footwear places runners at        
greater risk from chronic Achilles tendon pathologies. 
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