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The plantar fascia is a broad sheath of connective tissue that stabilizes the medial arch during the 
gait cycle. As the foot contacts the ground, it stretches to store and return energy, offloading 
neighboring muscles; during propulsion, it transfers force from the Achilles tendon into the 
ground, stabilizing the midfoot by preventing the arch from collapsing. The plantar fascia is one 
of the strongest tissues in the body, capable of withstanding tensile forces exceeding 3.7 times 
body weight with each running stride (1).  

The plantar fascia's inherent strength comes from parallel type I collagen fibers organized into 
three bands (Fig. 1). Of these 3 bands, the central band is by far the thickest and strongest; 
however, its lack of elasticity makes it susceptible to injury and microtearing, particularly at its 
proximal attachment to the calcaneus (2). Despite its strength and resilience, plantar fascial 
disorders are surprisingly common, affecting more than 10% of the population and prompting 
over 2 million physician visits each year (3). 

A Sex-Based Injury Gap 

Though rarely discussed, plantar fascial injuries are significantly more common in women, as a 
6-year study of over 130,000 people showed that females are nearly twice as likely to develop 
this frustrating injury (4). Even worse, a 15-year study by Hansen et al. (5) found that women are 
more likely to develop chronic plantar fascial pain as they respond less favorably to conventional 
plantar fascial treatment programs. The authors offered no clear explanation for the sex-based 
differences in injury frequency and chronicity, attributing them vaguely to "hormonal, physical, 
shoe wear, or some other factor."  

To better understand women’s greater susceptibility, Shiotani et al. (6) used shear wave 
ultrasound to assess sex differences in plantar fascial mechanical properties and found that 
women have notably stiffer plantar fascias throughout the entire structure, not just at the 
proximal attachment. The authors speculate that because women have weaker arch muscles, 
which normally offload the plantar fascia during propulsion, they place greater stress on the 
plantar fascia due to inadequate muscular stabilization, leading to chronic injury, adhesions, and 
reduced flexibility.  



Fig. 1. The medial, lateral, and central bands of the plantar fascia. The medial band of the 
plantar fascia is only 0.6 mm thick (20), making it the weakest of the 3 bands. This band 
originates from the midportion of the central band, wraps around the abductor hallucis and 
inserts into the plantar plate and capsule of the 1st MTP joint. The lateral band of the plantar 
fascia covers the proximal portion of the abductor digiti minimi muscle and has a small slip that 
inserts into the base of the 5th metatarsal (A). Because the lateral band is approximately 2.3 
mm thick (20), it is relatively strong and is an important stabilizer of the lateral column. The 
central band of the plantar fascia is divided into medial (M), central (C), and lateral portions 
(L), with the central portion being the thickest and the strongest (21). The average elongation 
of the central band of the plantar fascia is less than 6%, and the average thickness is 
approximately 4 mm (20). The central band originates from the medial tubercle of the 
calcaneus and has firm attachments to the plantar plates of the MTP joints and the 
undersurface of the flexor digitorum brevis muscle. In particular, the proximal portion of the 
central band of the plantar fascia has a direct attachment to flexor digitorum brevis (14), 
explaining why tightness or weakness of this muscle can contribute to plantar fascial 
pathology. 



In a follow-up study evaluating plantar fascial and Achilles tension in males and females, 
Shiotani et al. (7) performed MRIs on 20 men and 20 women in a device specifically designed to 
measure tension in the Achilles and plantar fascia as the foot and ankle were moved into a 
dorsiflexed position. Using this detailed analysis, the authors determined that men have 
significantly stiffer Achilles tendons with more compliant plantar fascias, while women have 
stiffer plantar fascias with more flexible Achilles tendons. Since stiff connective tissue is more 
prone to failure under high loads, this research provides the most plausible theory explaining 
why women are twice as likely to injure their plantar fascia, while men are more prone to 
Achilles tendon injuries.   

Why Calf Stretches Aren't Enough for Women  

The clinical significance of Shiotani’s research is huge, as the most commonly applied 
intervention for managing plantar fasciitis is to restore ankle mobility with calf stretches. 
According to Shiotani et al. (7), these stretches will not alter plantar fascial tension in women 
because their overly flexible Achilles tendons will absorb force that would otherwise have gone 
into stretching the plantar fascia. As a result, conventional calf stretches will increase Achilles 
flexibility in women (which is not necessary) but will not alter tension in their chronically tight 
plantar fascias. While men respond favorably to calf stretches, women need alternate stretches 
that specifically focus on lengthening their plantar fascia in isolation.  

In 2003, DiGiovanni et al. (8) proved that a plantar fascia-specific stretching protocol yields 
significantly better results compared to conventional calf stretching (Fig. 2). In their study of 101 
patients with chronic plantar fasciitis, DiGiovanni et al. (8) found that individuals performing the 
plantar fascia-targeted stretch showed greater pain reductions (83% vs. 58%), better 
improvements in daily function (50% vs. 11%), and overall higher patient satisfaction rates (91% 
vs. 61%). While the authors did not report sex-stratified outcomes, two-thirds of participants 
were female, which may partly explain the program’s strong results, given that women with 
stiffer plantar fascias stand to benefit most from direct fascial stretching.  

Fig. 2. The plantar fascia stretch described by 
DiGiovanni et al. (8). This stretch is performed 
by simultaneously stretching all the toes (arrow) 
while applying approximately 20 pounds of 
thumb pressure to the plantar fascia. The stretch 
is held for 10 seconds and repeated 30 times per 
day. 



Despite DiGiovanni’s impressive outcomes, no studies have been done to determine if there are 
alternate stretches that might more effectively improve plantar fascia flexibility. In 2026, 
researchers from Boston (9) embedded strain gauges into 12 cadaveric plantar fascias and tested 
a series of alternate plantar fascial stretches (Fig. 3). The DiGiovanni stretch produced modest 
lengthening of the plantar fascia, but adding 20–30 pounds of axial load through a small ball 
positioned beneath the midfoot nearly doubled plantar fascial elongation. The results of this 
study suggest that the best way for women to reduce stiffness in their plantar fascias is with the 
stretch illustrated in figure 4.  

Fig. 3. Alternate plantar fascial stretches. Momenzadeh et al. (9) embedded strain gauges 
into cadaveric plantar fascias and measured tensile strain present in the plantar fascia during 
the DiGiovanni stretch (A), and while applying 10, 20, and then 30 pounds of pressure through 
a ball with a diameter of approximately 2.5 inches (B). The stretches were performed with all of 
the toes dorsiflexed 45° and again when only the central 3 toes dorsiflexed 45° (inset). Notice 
in graph C that applying between 20 and 30 pounds of pressure with a ball produced 
significant increases in plantar fascial tension, regardless of whether all of the toes or just the 3 
central toes were dorsiflexed. This is a clinically meaningful finding, as it suggests that patients 
with 1st MTP joint osteoarthritis can still elongate the plantar fascia by combining central three-
toe stretching with direct pressure over the fascia's midportion. 



What Men Need Instead 

While targeted plantar fascial stretches are crucial when treating women with plantar fasciitis, 
men should prioritize improving medial gastrocnemius and Achilles tendon flexibility without 
overloading the plantar fascia. Calf tightness, specifically tightness of the medial gastrocnemius, 
is a proven predictor of plantar fasciitis because it forces the heel to leave the ground 
prematurely, which greatly stresses the central band of the plantar fascia (10,11) (Fig. 5).  

As confirmed in a cadaveric study by Ballal et al. (12), tightness of the medial gastrocnemius 
increases the potential for plantar fasciitis because there is a continuation of medial 
gastrocnemius fibers through the Achilles tendon directly into the plantar fascia. As a result, 
tightness of the medial gastrocnemius is transferred almost immediately into the plantar fascia 
following heel lift. 

The best way to lengthen the medial gastrocnemius and Achilles tendon is to perform the long-
duration stretches illustrated in figure 6. As demonstrated by Panidi et al. (13), performing 
prolonged stretching routines 5 times per week for 12 weeks increased ankle dorsiflexion by a 
remarkable 22%. This dramatic increase in ankle motion appreciably offloads the plantar fascia 
as the heel no longer leaves the ground prematurely.  

Fig. 4. The ideal plantar fascial stretch. To duplicate the tension in the plantar fascia created 
by Momenzadeh et al. (9), place the center of your arch on top of a soft foam ball that is 
positioned on a firm elastic band (A). Next, use your body weight to compress the ball into your 
arch, while simultaneously moving your toes up and down against resistance provided by the 
elastic band (B). Perform 12 repetitions moving your toes through a full range of motion and 
follow by stretching the plantar fascia for 45 seconds by bending your knee while keeping the 
toes fixed in an upward position (C). Repeat this routine 3 times and try to do it twice a day. 
Moving the toes up and down improves gliding between the plantar fascia and the flexor 
digitorum brevis muscle, which are often bound together by adhesions (14), while the prolonged 
stretch effectively lengthens even the stiffest plantar fascia. This stretch should never be 
uncomfortable, and people with extremely stiff plantar fascias should consider massaging their 
arches for a few minutes prior to beginning this stretch.  



Fig. 5. When the calf muscles are tight, the heel leaves the ground prematurely (A) just 
as the toes begin to move upward (B). These two actions pull the plantar fascia in different 
directions, setting the stage for chronic plantar fasciitis. Note that because the central portion 
of the proximal plantar fascia is so stiff, it is the first to break down (red). 

Fig. 6. Long-duration stretches to improve calf flexibility. Before beginning these 
stretches, massage the medial head of the gastroc for two minutes using a foam roller or a 
percussion massage tool. After rolling or massaging the medial gastrocnemius, hold stretches 
A through C for 60 seconds each, and repeat twice daily. The stretches should be held to the 
point of mild discomfort, and the stretch intensity in A and B is maintained by leaning forward 
so the heel is barely contacting the ground. In stretch C, pulling with greater force along the 
outside hand more effectively stretches the medial gastrocnemius (arrow). Throughout all of 
these stretches, the toes should be plantarflexed to better target the calf muscles and offload 
the plantar fascia. This entire routine should be performed 5 times per week for 12 weeks.  



Strengthening for Both Sexes 

Because the intrinsic and extrinsic arch muscles can markedly reduce plantar fascia tension 
during gait (14), strengthening these muscles is important for both sexes. In women, strong arch 
muscles may prevent chronicity by offloading the fascia following a plantar fascia-specific 
stretching routine. In men, it may reduce injury risk by stabilizing the plantar fascial origin 
during heel lift. The ToePro exercises illustrated in figure 7 efficiently target the peroneals and 
toe flexor muscles, which is important because weakness of these muscles strongly correlates 
with chronic heel pain (15). Because this device trains muscles while they are in a dorsiflexed 
position, strength gains occur up to four times faster than with conventional exercise (16). 
Osborne et al. (17) discovered that commonly prescribed exercises like short foot and marble 
pickups produce measurable EMG activity but fail to significantly enhance forefoot force output 
during gait. In contrast, the ToePro platform has demonstrated the ability to increase toe flexor 
strength by up to 35% in just six weeks (18). 

Fig. 7. As demonstrated by Sullivan et al. (15), people with plantar fasciitis are more 
likely to present with significant weakness of peroneus longus, brevis, and flexor 
digitorum brevis. These muscles are targeted with the ToePro exercise platform as this 
device angles down on each side to exercise the peroneal muscles in their lengthened 
positions (arrows in A), while the forward crest places the toe flexors in their lengthened 
positions, allowing for increased strength gains in the toes (B). 



Toward Individualized Care 

By creating an individualized treatment protocol that addresses the male/female differences 
between Achilles tendon and plantar fascia tension, it may be possible to improve clinical 
outcomes associated with this frustrating and difficult-to-treat condition. Of course, alternate 
interventions should also be considered, as a 2026 systematic review found that soft tissue 
massage improved clinical outcomes in people with chronic plantar fasciitis (19). Although not 
addressed in that study, it is likely that women are more likely to respond to soft tissue manual 
therapy applied to the plantar fascia, while men are more likely to respond to aggressive massage 
of the medial gastrocnemius. Interestingly, the authors state that in all of the studies included in 
their systematic review, manual therapy was most effective when coupled with stretching and 
strengthening exercises. 
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