
 

 

PubMed search terms: ((age OR aging OR age-related OR older) AND (tendon stiffness) AND (achilles OR 
ankle OR calf OR triceps surae) NOT (child OR children)) 
  

Supplemental Figure 1. Summary of literature on age-related changes in Achilles tendon stiffness (kT). 
Papers were included if healthy older subjects and young subjects were included in the study and A) Achilles 
tendon stiffness was experimentally measured/calculated or B) Achilles tendon stiffness was estimated via 
alternative measures (e.g. using total muscle-tendon unit length and fascicle length to determine AT 
elongation). aAT stiffness calculated using MTJ position displacements from MRI images, bex vivo rat model, 
cAT stiffness calculated using MTJ displacement from ultrasound images, dAT stiffness calculated from the 
AT force-strain relationship. 



References 
Baudry, S., Lecoeuvre, G., & Duchateau, J. (2012). Age-related changes in the behavior of the muscle-

tendon unit of the gastrocnemius medialis during upright stance. Journal of Applied Physiology, 
112(2), 296-304.  

Clark, W. H., & Franz, J. R. (2019). Triceps surae muscle–subtendon interaction differs between young and 
older adults. Connect Tissue Res, 1-10.  

Csapo, R., Malis, V., Hodgson, J., & Sinha, S. (2014). Age-related greater Achilles tendon compliance is not 
associated with larger plantar flexor muscle fascicle strains in senior women. J Appl Physiol, 
116(8), 961-969.  

Danos, N., Holt, N. C., Sawicki, G. S., & Azizi, E. (2016). Modeling age-related changes in muscle-tendon 
dynamics during cyclical contractions in the rat gastrocnemius. J Appl Physiol, 121(4), 1004-1012.  

Delabastita, T., Hollville, E., Catteau, A., Cortvriendt, P., De Groote, F., & Vanwanseele, B. (2021). Distal‐
to‐proximal joint mechanics redistribution is a main contributor to reduced walking economy in 
older adults. Scand J Med Sci Sports.  

Franz, J. R., & Thelen, D. G. (2015). Depth-dependent variations in Achilles tendon deformations with age 
are associated with reduced plantarflexor performance during walking. J Appl Physiol, 119(3), 242-
249.  

Holt, N. C., Danos, N., Roberts, T. J., & Azizi, E. (2016). Stuck in gear: age-related loss of variable gearing in 
skeletal muscle. J Exp Biol, 219(7), 998-1003.  

Karamanidis, K., & Arampatzis, A. (2005). Mechanical and morphological properties of different muscle–
tendon units in the lower extremity and running mechanics: effect of aging and physical activity. 
Journal of Experimental Biology, 208(20), 3907-3923.  

Karamanidis, K., Arampatzis, A., & Mademli, L. (2008). Age-related deficit in dynamic stability control after 
forward falls is affected by muscle strength and tendon stiffness. J Electromyogr Kinesiol, 18(6), 
980-989.  

Kostrominova, T. Y., & Brooks, S. V. (2013). Age-related changes in structure and extracellular matrix 
protein expression levels in rat tendons. Age, 35(6), 2203-2214.  

Lindemann, I., Coombes, B. K., Tucker, K., Hug, F., & Dick, T. J. (2020). Age-related differences in 
gastrocnemii muscles and Achilles tendon mechanical properties in vivo. J Biomech, 112, 110067.  

Mademli, L., & Arampatzis, A. (2008). Mechanical and morphological properties of the triceps surae 
muscle–tendon unit in old and young adults and their interaction with a submaximal fatiguing 
contraction. J Electromyogr Kinesiol, 18(1), 89-98.  

Mian, O. S., Thom, J. M., Ardigò, L. P., Minetti, A. E., & Narici, M. V. (2007). Gastrocnemius muscle–tendon 
behaviour during walking in young and older adults. Acta Physiol, 189(1), 57-65.  

Onambele, G. L., Narici, M. V., & Maganaris, C. N. (2006). Calf muscle-tendon properties and postural 
balance in old age. J Appl Physiol, 100(6), 2048-2056.  

Onambélé, G. L., Narici, M. V., Rejc, E., & Maganaris, C. N. (2007). Contribution of calf muscle–tendon 
properties to single-leg stance ability in the absence of visual feedback in relation to ageing. Gait 
Posture, 26(3), 343-348.  

Panizzolo, F. A., Green, D. J., Lloyd, D. G., Maiorana, A. J., & Rubenson, J. (2013). Soleus fascicle length 
changes are conserved between young and old adults at their preferred walking speed. Gait 
Posture, 38(4), 764-769.  

Pardes, A., Beach, Z., Raja, H., Rodriguez, A., Freedman, B., & Soslowsky, L. (2017). Aging leads to inferior 
Achilles tendon mechanics and altered ankle function in rodents. Journal of biomechanics, 60, 30-
38.  

Stenroth, L., Cronin, N. J., Peltonen, J., Korhonen, M. T., Sipilä, S., & Finni, T. (2016). Triceps surae muscle-
tendon properties in older endurance-and sprint-trained athletes. J Appl Physiol, 120(1), 63-69.  



Stenroth, L., Peltonen, J., Cronin, N. J., Sipilä, S., & Finni, T. (2012). Age-related differences in Achilles 
tendon properties and triceps surae muscle architecture in vivo. J Appl Physiol, 113(10), 1537-
1544.  

Tomlinson, D. J., Erskine, R. M., Morse, C. I., Pappachan, J. M., Sanderson-Gillard, E., & Onambélé-Pearson, 
G. L. (2021). The combined effects of obesity and ageing on skeletal muscle function and tendon 
properties in vivo in men. Endocrine, 1-12.  

 


