
Foot Strengthening



Why worry about 
foot strength?

• Arch support

• Stress fracture risk

• Reduced risk of ankle injuries

• Reduced risk of plantar fasciitis

• Reduced risk of HAV

• Reduced risk of sesamoiditis, neuroma, etc.

• Reduced forefoot pressure areas and therefore also 
diabetic ulceration

• Increased sport performance i.e. sprinting

• Improved balance and significantly reduced risk of 
falls



Foot Injuries Associated with Digital 
Weakness:

Metatarsal stress fractures, metatarsalgia, and HAV.

Ferris L, Sharkey N, Smith T, et 
al. Influence of extrinsic plantar 
flexors on forefoot loading 
during heel rise. Foot Ankle. 
1995;16:464-473.



You waste from the ground up!

• Older adults have toe strength declines of more 
than 35%. Females v Males

• Correlates strongly with increased risk of fall. 

• Elderly people that fall have 20% less foot strength 
that those who don’t fall. 1

• When you increase big toe plantar flexion strength 
by 1 percent of your body weight, your risk of 
falling decreases by 7%. 2

1. Mickle, K, et al., ISB Clinical Biomechanics Award 2009: Toe weakness and deformity increase the 
risk of falls in older people. Clinical Biomechanics. 2009. 24:787-791.

2. Mickle K, et al. Efficacy of a progressive resistance exercise program to increase toe flexor strength 
in older people. Clinical Biomechanics. December 2016;40:14-19.



Reduced sporting performance

• Middle-aged runners slow down not because they get 
weaker in their hips or knees, but because they get weaker 
in their calves and feet. 1

1. Paquette M, DeVita P, Williams D. Biomechanical 
implications of training volume and intensity in aging 
runners. Med Sci Sports Exerc. 2017:Oct. 9.



Muscle Maintenance
Between the ages of 50 and 82, you will lose nearly 50% of your available muscle fibers. 

The prevalence of sarcopenia is increasing with each generation, and the number of frail elderly is 
expected to double within the next 40 years.



Some facts 
about toes

• We started wearing shoes around 
30,000 years ago

• This was noted because of a 
sudden dramatic change in our toe 
bone girth 

• Theorised that shoes reduced 
loading of toe bones substantially.

• Trinkaus, Erik, and Hong Shang. 
"Anatomical evidence for the 
antiquity of human footwear: 
Tianyuan and Sunghir." Journal of 
Archaeological Science 35.7 (2008): 
1928-1933.



How do we test foot 
strength?

• Imaging – MRI and US

• Functional tests – e.g. single leg stand, 
paper grip test

• Dynamometers – Mainly research based



Dynamometers



Functional tests

• Vele Test

• Gutmann G, Vele F. Das aufrechte Stehen. 
Westdeutscher Verlag. Forschungsberichte des 
Landes Nordrhein-Westfalen No. 2796. 
Fachgruppe Medizin, 1978.

• ‘Upright Standing‘ 

• The Vele test determines fall “envelope”.

• Inspiration for the ToePro leaning concept

• Learning to "Catch" your body-weight when 
leaning forward



Functional tests



Paper Grip 
Test

The Paper Grip Test became the inspiration for the 
ToePro Dynamometer.

de Win, Maartje ML, et al. "The paper grip test for 
screening on intrinsic muscle paralysis in the foot of 
leprosy patients." International journal of leprosy and 
other mycobacterial diseases 70.1 (2002): 16-24.



The Paper Grip Test 
became the 

inspiration for the 
ToePro Dynamometer.



ToePro Dynamometer

Menz, Hylton B., et al. "Plantarflexion strength of the toes: age 
and gender differences and evaluation of a clinical screening 

test." Foot & ankle international 27.12 (2006): 1103-1108.

Adapted from work by Hylton Menz, et al.



Assessing 
foot strength

Young healthy males should 
produce at least 10% BW in 
1st toes and about 7% in 
their lesser toes. 

Young healthy women 
should produce at least 5% 
BW in 1st toes and about 4% 
in their lesser toes. 

The lesser toes will generally 
be 50-70% of the great toe 
strength. 

It is also not uncommon to 
see 10-20% reductions on 
the non-dominant side.

70 years of age, both men 
and women produce about 
4-5%  BW.

Barefoot walkers and 
athletes can get results of up 
to 20% BW

Assess intrinsic foot strength 
with a toe strength 
dynamometer as part of 
annual diabetes assessment 

Normal results have been developed from shod populations.



Low strength results

• Immobilisation will cause substantial strength loss. 

• If the patient is very weak, not older than 70, has not had 
significant immobilisation of a lower limb, then you should look 
closely at the medical history. Neurological disease, 
chemotherapy, diabetes and spinal lesions are common causes 
of substantially reduced intrinsic muscle strength.



How do we strengthen feet?



Other suggestions



Ideal strengthening 
requirements

• Functional lengthened positions

• Isometric contractions

• Functional loads

• Promotion of endurance and strengthening of 
all fibre types



The ToePro 
strengthening pad

Invented by Dr Thomas Michaud



Exercising toes in extended positions

• Exercising your toe flexors while they are in lengthened 
positions produces 4-times the strength gains compared 
with conventional exercises, such as elastic band exercises, 
marble pickups and short foot exercises. 

• 6 weeks of isometric toe exercises with the toes stretched 
resulted in:

• push-off strength in the foot and ankle more than doubles

• toe strength increases 10-15% 

• jump distance had increased on average about 7%. 1

• ALSO, muscle remodeling occurs more quickly when 
muscles are isometrically contracted in their 
lengthened positions.

1. Goldmann J, Maximilian Sanno, Steffen Willwacher, et al. The potential of toe flexor muscles to 
enhance performance. Journal of Sports Sciences. 2013;31:424-433.



Unpublished 
data on 
ToePro

30 people followed for 4 months

~ 30-100% increase in strength in 1 month

~70-150% increase in strength in 2 months

~100-300% increase in strength in 3 months

No significant further improvement noted after 3 months

All measurements done with a Toe-Strength Dynamometer



Training Muscles to Contract 
at the Right Time

• You need to do some gait retraining with toe use. 

• Spend 5 mins twice daily using your toes for propulsion when walking 

• Noehren B, Scholz J, Davis I. The effect of real-time gait retraining on hip kinematics, pain and 
function in subjects with patellofemoral pain syndrome. Br J Sports Med. 2011;45:691-696. 

• Researchers measured strength and performed three-dimensional gait evaluations on 10 runners with excessive inward 
collapse of the knees. The runners were all prescribed specific strengthening exercises targeting the hip abductors and 
external rotator muscles. Six weeks later, the strength and gait evaluations were repeated and while hip strength 
increased by almost 50%, there was absolutely no change in the faulty running style. The runners’ knees continued to 
collapse inward in spite of the significant strength gains.

Our favourite exercises for increasing external rotator strength



Hypermobility



Diabetes – Foot strength 
and ulceration



Claw Toe in 
Diabetes

• ~30% of people with diabetes have claw toe 
deformity

• ~85% of people with Hx of diabetic ulceration 
have claw toe deformity.1

• Claw toe deformity is the primary structural 
factor that predicts forefoot peak plantar 
pressures during walking in people with DM 
and PN.2

1. Holewski et al. J Rehab Research & Dev 1989

2. Mueller et al. - Journal of Biomechanics 36 
(2003) 1009–1017



Can we strengthen feet in Diabetes with and 
without neuropathy?

• Intrinsic atrophy is already present in a non-neuropathic stage of diabetes

• Increases with peripheral neuropathy

• Angela Hohne: INCREASED STRENGTH OF INTRINSIC FOOT MUSCLES IN DIABETES AND PERIPHERAL 
NEUROPATHY. Journal of Biomechanics 45 (2012): S201.

• ~50% increase in strength in 8 weeks of isometric only exercise 3 days per week – 4 sets of 12 each foot

• 5% increase in muscle volume

• Pts began with 30% of normal strength



Injuries 
associated 

with the use 
of minimalist 

running shoes:

• 10 out of 19 runners wearing the minimalist shoes developed a bone injury. 
The 10-fold increased rate of bone injury present in the minimalist shoes 
occurred in spite of the fact that the runners training in traditional shoes 
actually ran more miles per week.

• Ridge S, Johnson A, Mitchell U, et al. Foot bone marrow edema after 
10-week transition to minimalist running shoes. Med Sci Sports Exerc. 
2013; 45: 1363-1368. 

• 10 experienced runners transitioning to minimalist shoes, within 3 months of 
switching from conventional running shoes, the runners suffered total of 8 
metatarsal stress fractures, one fractured heel, and a one ruptured plantar 
fascia

• Salzler M, Bluman E, Noonan S, et al. Injuries observed in minimalist 
runners. Foot Ankle Int. 2012; 33:262 266. 

• Partial minimalist shoe group reported a significantly higher rate of injury 
incidence throughout a 12-week period. Runners in the full minimalist group 
(Vibram 5-Finger) reported greater shin and calf pain.

• Ryan M, Elashi M, Newsham-West R, Taunton J. Examining injury risk 
and pain perception in runners using minimalist footwear. Br J Sports 
Med. 2013; 0:1-6. 



Plantar Fasciitis -
Heel Pain

Reduced toe flexor strength

Reduced strength in the peroneal 
musculature

Volumes of intrinsic muscles are smaller than 
healthy feet 



Other things to 
recognise

• Boot immobilization results in more than a 
1% atrophy of the arch muscles daily.

• 6 weeks of wearing a walking boot can 
produce 35% asymmetries in toe strength. 

• Disuse atrophy following boot 
immobilization increases risk of plantar 
fasciitis and metatarsal stress fractures.

• Foot surgery results in even greater 
strength deficits and foot exercises are 
rarely recommended in the vast majority 
of post-operative treatment protocols.


