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Introduction 
While flatfoot (FF) is often considered a benign abnormality, 

data suggests that individuals with significant flatfoot posture are 
at mildly higher risk for a variety of musculoskeletal problems 
[1,2]. When activity levels increase, for example running, the risk 
of musculoskeletal problems may increase [3]. In addition, foot 
weakness has been associated with specific musculoskeletal foot  

 
problems including [1,4,5] wearing of orthotics [4], flatfoot [6-
8], foot pain [5] and falls in the elderly [9]. Therefore, providers 
specializing in foot and ankle problems may recommend specific 
treatments like shoe wear or exercise for FF to mitigate a number 
of potential health related problems [5,9,10]. Interestingly, studies 
of the effects of shoe wear during running [11,12] and walking [13] 

Abstract

Background: Unexplored in individuals with flatfoot (FF) is the potential of foot specific exercise and barefoot weightbearing (BWB) to improve 
foot function. The purposes of this study were 

A.	To evaluate whether exercise and BWB alter foot muscle structure in participants with FF

B.	To evaluate whether exercise and BWB alters foot and ankle function in participants with FF 

C.	 To compare foot muscle structure and foot and ankle function between participants with FF to controls with neutral foot posture prior to 
exercise.

Methods: Twenty participants with FF and 12 participants with neutral foot posture participated.Participants with FF completed 8 weeks of 4 foot 
exercises and 2 hours of BWB.Pre and post-exercise tests included:

A.	Diagnostic ultrasound to quantify abductor hallucis cross sectional area (CSA)

B.	Embedded force plates to assess paper grip test (PGT) force

C.	 Heel rise height and repetitions

D.	The Foot and Ankle Ability Measure (FAAM), and qualitative data to capture potential benefits post-exercise.Control and FF data was compared 
pre-exercisewith independent t-tests.

Two-way repeated measures ANOVA’s were used to compare participants with FF pre and post-exercise.The effect size index (ESI) was used to note 
the degree of improvement.

Results: Participants with FF significantly improved in all variables except the FAAM. Muscle CSA increased from 0.27cm2 to 0.35cm2, a 12.9-
16.7% increase (P<0.05).The PGT showed increased force post-exercise from 13.2N to 13.7N (P<0.05). Post-exercise heel rise repetitions increased 
from 7.1-7.6 repetitions (P<0.05).Compliance was 87.7% of prescribed exercises and 111% of time targeted for BWB.

Conclusion: Foot specific exercises and BWB achieve sufficient training intensity to result in changes in foot function. The study confirms that 
training effects specific to the foot are achievable in participants with FF, and likely to patients with foot problems. 

Keywords: Flatfoot; Exercise; Heel rise; Abductor hallucis; Paper grip test; Barefoot

Abbreviations:FF: FlatFoot; BWB: Barefoot Weight Bearing; PGT: Paper Grip Test; ESI: Effect Size Index; FAAM: Foot and Ankle Ability Measure; FPI: 
Foot Posture Index; CSA: Cross Sectional Area;MTP: First MetaTarsophalangeal Joint; CP: Control Participants; BMI: Body Mass Index

http://crimsonpublishers.com/oproj/index.php
http://crimsonpublishers.com/oproj/index.php
http://crimsonpublishers.com/index.php


Ortho Res Online J
                   

  Copyright © Marcey Keefer Hutchison

255How to cite this article: Marcey K H, Jeff H  . Can Foot Exercises and Barefoot Weight Bearing Improve Foot Function in Participants with Flat Feet?.Ortho 
Res Online J. 3(4). OPROJ.000567.2018. DOI: 10.31031/OPROJ.2018.03.000567

Volume - 3  Issue - 4

postulate that shoe wear may overly brace foot joints, resulting in 
foot muscle weakness [4]. Some studies demonstrate differences 
in joint motion and muscle activation for unshod walking [13], 
however, the majority of studies are focused on unshod running 
[14,15]. Unexplored in these studies is the potential positive effect 
of exercise and barefoot weightbearing (BWB) for participants who 
are not runners. 

Studies of foot exercise tend to document recruitment but 
they do not document if the exercise results in a training effect 
(i.e. muscle hypertrophy, improved strength, or participant 
reported improvement in foot function) [4,6,16,17]. Studies 
document exercises that selectively activate foot muscles [1,18-
20]. Specifically, short foot exercises or “doming” [7,20-22], toe 
spreading [17], single leg standing trunk rotation [23] and tibialis 
posterior exercises [24,25] have demonstrated muscle recruitment 
specific to foot muscles. However, because foot intrinsic (i.e. 
abductor hallucis) and extrinsic muscles (i.e. tibialis posterior) 
are difficult to record from during exercise, studies document 
recruitment but not if recruitment is sufficient to achieve a training 
effect [13,26]. Training effects are typically observed when exercise 
intensity is sufficiently high, often 80% of one repetition maximum 
[27,28]. One study suggested that higher muscle intensity is 
achieved in individuals with FF when shod, raising the possibility 
that participants with FF may not respond similarly to controls 
when barefoot [25]. Therefore, data documenting a training effect 
in response to exercise in participants with FF are beneficial to 
understand 

A.	 The potential effects on foot muscles

B.	 Whether FF posture influences these effects

Current studies note 

A.	 Greater foot muscle support in people with FF 

B.	 Interdependence of foot and ankle function [6,16]

McPoil et al. [16] demonstrated greater flexibility of the foot 
in participants with FF. Angin et al. [6] suggested hypertrophy 
of foot muscles was associated with FF, theoretically to control 
the increased motion within the foot. Biomechanic studies using 
3-D motion analysis support this explanation [29-34]. Three-
dimensional motion analysis studies during basic activities such 
as walking [29,34], heel rises [30,32], and step-ups [35], show that 
foot movement is important to heel rise height and ankle plantar 
flexion power. Specifically, two studies of heel rise performance 
[30,32] showed that first metatarsal plantar flexion accounted 
for approximately 40% of heel rise height and was decreased in 
participants with FF. Other biomechanic studies associate increased 
power within the foot with muscle control [35], supporting the 
study by Angin et al. [6] which emphasized the importance of foot 
muscle hypertrophy as a positive adaptation in participants with 
FF. Although unexplored in previous studies, there is support for 
improvement in heel rise performance (height and repetition) as a 
result of foot specific exercises. 

Purpose
The purposes of this study were 

A.	 To evaluate whether exercise and BWB activities lead to a 
training effect in foot muscle structure in participants with FF

B.	 To evaluate whether exercise and BWB activities improves 
foot and ankle function in participants with FF

C.	 To compare foot muscle structure and foot and ankle 
function between participants with FF to control participants 
with neutral foot posture prior to exercise.

The hypothesis for purpose #1 was that foot specific exercise 
and BWB would significantly increase: 

A.	 Foot intrinsic muscle size and 

B.	 Foot strength (paper grip test). 

The hypothesis for purpose #2 was that foot specific exercise 
and BWB would significantly increase heel rise height and 
repetitions. The hypothesis for purpose #3 was that participants 
with FF and participants with neutral foot posture would be 
similar prior to exercise on measures of foot muscle structure 
and foot and ankle function. A secondary purpose was to assess 
if participants perceived a benefit of the foot specific exercise and 
BWB intervention using 

A.	 Foot and Ankle Ability Measure (FAAM)

B.	 Qualitative data gathered in a subset of participants at the 
end of the exercise period. 

Methods
Sample

A convenience sample of participants with FF and participants 
without FF were recruited via flyers and word of mouth. The 
general inclusion criteria were 

18 to 60 years old, 

1.	 No recent foot or lower extremity pain in the last 6 
months, 

2.	 No history of foot or ankle surgery, 

3.	 Able to complete an exercise program 5 times a week. 

Exclusion criteria:

1.	 Participants screened by the physical therapist for current 
foot disorders including problems such as hallux rigidis, 
bunions, and plantar fasciitis

2.	 Participants with musculoskeletal or nervous system 
injuries of either limb in the last 6 months; 

3.	 Participants stating they have diabetes with neuropathy 

4.	 Participants with a body mass index (BMI) greater than 
40. Participants were screened for FF or neutral foot posture 
using the Foot Posture Index (FPI)[36,37]. 
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The validated FPI categorizes participants into either a FF, 
neutral or supinated foot based on a 12-point scale. Scores from 7 to 
12 indicate a FF (10 to 12 indicate extreme FF). The FPI is validated in 
large samples of participants against walking plantar pressure and 
clinical data [36,37]. All procedures were approved by the internal 
review board and informed consent was obtained from all participants.  
Intervention

Participants with FF were instructed in a home exercise 
program and asked to weightbear without shoes for the 8-week 
study period (Appendix). The home exercise program included: 
short foot (foot doming), toe spreading, foot doming in standing 
with trunk rotation (progressed with resistance band applied to 
trunk rotation), and seated tibialis posterior exercise (progressed 

with heavier resistance band). Each exercise was shown to be 
effective at recruiting specific foot muscles in previous studies 
[17,21,23,24,38]. Participants received written (Appendix) and 
verbal instruction and demonstrated competency in performing 
the exercises at their initial session. Exercises were performed 
bilaterally with dosage set at 3 sets of 10 repetitions, 5 days per 
week for 8 weeks. Participants were also asked to spend 2 hours 
per day, 5 days a week in BWB. The 2 hour time frame was selected 
in an attempt to maximize the effect of weight bearing without 
compromising compliance. Barefoot weight bearing activities 
were considered any activity that required them to be full weight 
bearing barefoot, wearing socks or light-weight, indoor slippers 
that provided no arch support. 

Appendix: Foot exercises: Do 3 groups of 10 repetitions for each exercise.

Exercise Instructions

Short Foot: Sitting in a chair, imagine you are 
going to create a dome under your arch. Be-
gin: create your dome by pulling the ball of 
your foot back towards your heel.  Don’t curl 
your toes or lift your heel. Hold the dome up 
for 5 seconds.

Progression: Once you can do the short foot seated, progress to performing while standing and then standing on one foot at a time (ok to touch something lightly 
for balance).

Toe spread: Sit in a chair with both feet 
placed flat on the floor. Begin: spread all your 
toes apart as far as possible. Hold the spread 
for 5 seconds then relax 2 seconds.

Progression: Wrap resistance band around toes.

Posterior Tibialis: Seated, cross legged, 
loop resistance band around foot. Anchor 
other end of band underneath your other 
foot (as shown). Begin: Keep ankle relaxed, 
and move foot upwards towards ceiling. Re-
turn to start position slowly.

Progression:  Different color band (increased resistance) or doubling the band
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Standing Twist with Arch Raised: Stand 
on RIGHT leg with arch lifted (try using the 
short foot dome). Stand next to a wall on your 
left side. Begin: Reach your R arm around the 
front of your body and touch the wall on your 
L side, return arm to your right side. Hold 
your arch up throughout the entire move-
ment.

Progression: Attach band to a doorknob 
next to the foot you are standing on, twist-
ing your trunk, use both hands to pull it tight 
across your body, hold 5 seconds.  Import-
ant: maintain domed or raised arch posi-
tion entire time.

Going Barefoot: go completely barefoot or wear either socks, slippers without supports, or flip flops

Standing activities: doing dishes, watching TV, talk on the phone; key is that you are standing on your feet

Walking Activities: walking inside or outside of the home or workplace, consider walking in the grass

Social Activities: dancing, yoga (as long as you are on your feet and not laying down)

Goal:  Work up to 2 hours of barefoot activity per day, 5 times a week as soon as you feel comfortable.

Maintain 
Domed Arch

Weekly phone calls to participants monitored compliance 
and encouraged progression. If the participant reported that 
the exercises were becoming easier to perform then they were 
instructed to progress the intensity. The intensity was progressed 
by performing the exercises in standing (i.e. foot doming standing) 
or providing a band with greater stiffness. Participants were seen 
at 4 weeks (approximately a 15 to 30 minute session) to provide 
feedback on technique and to give advice for progression to a higher 
exercise intensity. On compliance logs, participants recorded the 
number of exercises performed and time spent in BWB activities 
on a daily basis. Compliance logs were reviewed at the week 4 
progress visit and were then collected at completion of the study.

Outcomes
The participants with FF were tested twice (pre- and post-

exercise) and the control group once. All testing sessions included 
diagnostic ultrasound, paper grip test (PGT), heel rise ability 
(repetition and height), and FAAM. Qualitative data was collected 
in 13 participants at the post-exercise session. For all post-exercise 
tests, assessors were blind to pre-exercise data. 

Diagnostic ultrasound
Diagnostic ultrasound is a validated approach to documenting 

changes in foot muscle CSA [6,39,40]. A diagnostic ultrasound unit 
(Philips Affinity model 50G, Phillips, Inc. N.V) with a 50 millimeter 
linear array probe was used to collect abductor hallucis CSA. 
Consistent with published data [6,39,40] the cross section of the 
abductor hallucis muscle was taken perpendicular to the anterior/

posterior axis of the foot just anterior to the medial malleolus. 
Studies note this is the thickest part of the abductor hallucis muscle 
and therefore may best relate to changes in muscle hypertrophy 
[6,39,40]. Images were imported into ImageJ (NIH ImageJ), the 
scale was calibrated for magnification, and the circumference of 
the muscle manually traced. Studies document high repeatability 
(Intraclass correlation>0.9) of abductor hallucis cross sections 
using this approach [39,40]. The estimated standard error of 
the measurement is reportedly 0.1cm2. Repeat testing, blinding 
assessors evaluating images (6 image pairs=2 images each side, 
n=3) in our lab resulted in errors of less than 0.08cm2. Anticipated 
increases in muscle CSA over an 8-week period is approximately 
10% [27,28]. If the exercise intensity is sufficient, this corresponds 
to an expected increase of 0.21 to 0.24cm2, larger than twice the 
potential error. 

Paper grip test
This study utilized the PGT that assesses first 

metatarsophalangeal joint (MTP) flexion strength. Although 
techniques to assess foot muscle strength [4,22] are evolving, this 
study used force during an established clinical test, the PGT [4,9]. 
The paper grip test asks participants to hold a piece of paper placed 
between the big toe and the floor while the examiner attempts to 
pull the paper out. Participants were seated in a chair with their 
backs touching the back of the chair, arms crossed over their chest, 
feet resting on the floor, and were required to keep their feet on 
the floor during the test. Participants sat with the pad of their 
big toe on an embedded force plate (AMTI, Watertown, MA). The 
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sensitivity of the force plate was adjusted so that the range was 
0 to 350N. The root mean square error was less than 2N at this 
setting. The sampling rate was 1000Hz. All participants conducted 
1 practice trial followed by 3 maximum efforts. Post processing was 
conducted using Visual 3D software (C-Motion Inc, Germantown, 
MD) to display force data and determine peak force for each trial. 
The 2 peak efforts were averaged and used in the data analysis. 
Repeatability for the PGT is high (Intraclass correlation>0.9) 
resulting in an expected standard error of the measurement of less 
than 6N [4].

Heel rises
A standardized heel rise test is widely used to assess ankle 

plantar flexion function. Both the number of heel rises and height 
of the heel are considered important [30,41,42]. Participants were 
positioned facing a wall and were allowed to use fingertip pressure 
for balance. Participants were asked to rise up on their toes as 
high as they could and then hold it. Once stable, heel height was 
measured with a ruler to the nearest half centimeter. A metronome 
(rate 25beats/minute) was utilized to pace participants and 
count repetitions The test was stopped when participants were 
unable to keep pace with the metronome or heel height declined 
to less than 75% using the ruler as a guide. Similar methods have 
achieved high levels of repeatability in previous studies (Intraclass 
correlations>0.9) resulting in an expected error of 3 repetitions 
between trials [41].

Foot and ankle ability measure, qualitative data, and 
compliance

The FAAM and qualitative data were used to assess participant 
perceived benefit of the exercise and BWB activities [43]. Although 
the FAAM is validated in foot and ankle participants, it has not been 
used widely in asymptomatic participants. A possible ceiling effect 
was anticipated using the FAAM instrument. To gain an appreciation 
of participants’ perspective, responses of 13/20 participants to 2 
questions were recorded and transcribed: “Did you feel there was 
a benefit from participating in the study?” and “Was the exercise 
routine reasonable?” Also, compliance with exercise was calculated 
as the percent of prescribed exercises performed 

[ ]( )  /  100 .exercise compliance number recorded number prescribed= ×

Similarly, compliance with BWB activities was calculated as the 

percent of hours prescribed 

[ ]( )     /  100 .BWB activities compliance hours recorded hours prescribed ×=

Statistical analysis
Sample size was partly determined by a power analysis of a 

previous sample of 12 participants with FF after a 4-week exercise 
program. Significant improvements in heel rise repetition (average 
increase 7±15 repetitions) demonstrated in this pilot sample 
were used to estimate sample size to detect changes in heel rise 
repetitions. To achieve 80 % power (alpha=0.05) with the observed 
standard deviation, a sample size of 17 participants was sufficient 
to find significance of 7 repetitions increase pre- to post-exercise. To 
detect differences in foot muscle, the length of the exercise period 
was 8 weeks. To detect a minimum increase of 10% (0.25±0.5cm2) 
in muscle CSA a sample size of 15 participants was needed. To 
account for drop-outs and unanticipated variation, a minimum 
recruitment goal of 20 participants completing the pre and post-
exercise testing was set.

Two analysis were performed: the first testing the difference 
at baseline between control participants (CP) and FF participants, 
and a second analysis comparing the pre-exercise to post-exercise 
values in FF participants. Independent t-tests were used for the 
first analysis comparing CP to FF participants. Two way repeated 
measures ANOVA models including side (right and left) and time 
(pre- and post-exercise) were used to evaluate differences before 
and after exercise. Pairwise comparisons are reported for all pre to 
post-exercise variables. For the PGT and muscle CSA, correlations 
with age, weight, height, and BMI were explored as normalizing 
variables. Consistent with a previous study [44], none showed 
a significant correlation (r>0.4) so there was no advantage to 
normalizing these variables. To judge the size of the effects due to 
exercise and BWB activities, Cohen’s effects size index (ESI) was 
calculated (mean change/post-exercise standard deviation). A 
0.5 is equated to a medium effect and 0.8 or higher a large effect. 
Statistical software was used for all analysis (SPSS, version 25, 
Armonk, NY: IBM Corporation).

Qualitative analysis included analyzing the text recorded 
from the 2 questions for consistent themes. A table (Table 1) was 
constructed of the themes with quotes from participants coded 
according to theme. 

Table 1: Comparison demographics, foot posture, and clinical measures prior to exercise between flatfoot participants and control 

participants.

Outcome Statements Exercise Statements Weight Bearing Statements

Felt his arch was slower to fatigue (+) Overall volume per week was high and daunt-
ing; but the progression was good (D)(P)

More neural connection to his intrinsic foot 
muscles (NC)

Stronger (+) Easy to understand. Toe spread frustrating (D) Standing time was hardest to comply with 
(T)

Feet hurt less with walking all day (+) Exercises well manageable and easy to do 
during the day (D)(T)

Yes! Wish she started sooner (+) Wasn’t hard. Exercises were easy to fit in (D) Easy for barefoot time (T)

Felt more conscious of feet during standing (+) Exercises hard at first, got easier and more 
manageable (D)(P)
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Felt good progressing…stronger (+) Hard some days to do the exercises (D) Barefoot time easy to do (T)

Hips and butt stronger (+) Toe spread=awful. Easy to do Loved exercises 
(D)

Benefitted. Feet stronger. More stable (+) Time. but fit well into daily routine. Liked the 
weekly check-ups (T) Barefoot time easier (T)

Yes. Benefitted. Arch got stronger (+) Couldn’t do short foot at first, was able to do it 
at the end (D)(P)

Holding exercises took longer so harder to 
do every day. 120 min/day was intimidating, 

splitting was better (T)

Gained knowledge from participating but no change in 
the foot (-) Amount+difficulty of exercises was good (D)

Not a lot of benefit (-) Exercises were reasonable. Maybe one less (D)
(T)

Didn’t feel any benefit/different after participation (-)
Would recommend one less exercise (T)

Amount of exercises, reasonable. Toe spread 
was hard to keep resistance band in place (D)

(T)

Outcome Statements: (+)=Positive, (-)=Neutral (grey cells)

Exercise Statements/Weightbearing Statements: (D)=Comments about difficulty, (P)=Noted progression, (T)=Noted time, (NC)=Not 
classified

Results
Pre-exercise comparison of flatfoot to control 
participants

A convenience sample of thirty-three participants, 23 with 
FF measured by the FPI (average=9.4±1.5, age=28.9±11.0) and 

10 CPs with a normal foot (FPI average=4.6±1.5, age=29.8±7.8) 
participated. Three participants (13%) dropped out for unknown 
reasons leaving 20 participants who completed all testing. With 
the current sample size pre-exercise FF and CP were statistically 
similar on all variables except FPI and heel rise repetition (Table 2).

Table 2: Means and differences from pre- to post-exercise in participants with flatfoot. 

Flatfoot Participants

(n=23)

Control Participants

(n=12) P*-value

Average±SD Average±SD

Age (Years) 28.9±11.0 29.8±7.8 0.79

Gender (Female %) 56.5 83.3 0.11

Weight (N) 706.6±142.7 685.3±128.2 0.77

Height (cm) 67.3±3.3 67.3±3.1 0.99

Body Mass Index (m/kg2) 24.6±3.8 23.9±3.9 0.64

Shoe size 9.3±1.3 8.5±1.5 0.15

Foot Posture Index (0-12)

Left 9.4±1.6 4.7±1.5 <0.01

Right 9.3±1.4 4.6±1.8 <0.01

Heel Rise

Left height (cm) 8.5±1.9 8.8±1.2 0.58

Right height (cm) 8.3±1.7 9.0±1.2 0.26

Left repetition (#) 28.6±9.3 36.7±16.0 0.03

Right repetition (#) 30.7±11.4 37.6±13.6 0.21

Abductor Hallucis Muscle Size

Right cross section (cm2) 2.1±0.36 1.9±0.41 0.20

Left cross section (cm2) 2.1±0.33 1.9±0.41 0.16

Foot and Ankle Ability Measure (%) 94.5±7.6 97.5±5.1 0.23

*Independent t-tests for parametric variables

Chi-square tests for non-parametric variables

SD: Standard Deviation 
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Improvements post-exercise in participants with flatfoot
Post-exercise FF participants significantly improved in all 

variables except the FAAM as compared to pre-exercise (Table 3). 
Heel rise height and repetition improved an average of 1.7 (P<0.001) 
to 1.8cm (P<0.001) (ESI=1.06-1.13) and 7.1 (P=0.002) to 7.6 
repetitions (P=0.009) (ESI=0.40-61), respectively (Figure 1). The 

PGT indicated increased first MTP force post-exercise bilaterally by 
an average of 13.2 (P=0.007) to 13.7N (P=0.046) (ESI=0.62-0.68). 
Similarly, abductor hallucis muscle CSA significantly increased 
bilaterally. The average increases in CSA were 0.27 (P<0.001) to 
0.35cm2 (P<0.001) (ESI=0.87-1.13) constituting a 12.9 to 16.7% 
increase.

Figure 1: The average and standard deviation of heel rise repetition pre and post exercise and barefoot weight bearing in the flat 
foot and control participants.

Table 3: Qualitative comments in participants with flatfoot.

Pre-Exercise

(n=20)

Post-Exercise

(n=20)
Mean Difference

(95%Confidence Interval)
Effect Size P*-value

Average±SD Average±SD

Heel Rise

Left height (cm) 8.1±1.7 9.8±1.6 1.7(0.9-4.8) 1.06 <0.001

Right height (cm) 8.1±1.6 9.8±1.6 1.8(1.1-5.3) 1.13 <0.001

Left repetition (#) 28.0±9.0 35.0±11.7 7.1(2.0-11.2) 0.61 0.002

Right repetition (#) 30.6±12.0 38.2±19.2 7.6(2.1-13.0) 0.40 0.009

Paper Grip Test

Right 1st MTP force (N) 39.7±18.3 53.4±20.2 13.7(5.1-22.2) 0.68 0.046

Left 1st MTP force (N) 29.7±13.3 42.9±21.4 13.2(6.2-20.2) 0.62 0.007

Abductor Hallucis Muscle Size

Right cross section (cm2) 2.10±0.36 2.44±0.31 0.35(0.24-0.46) 1.13 <0.001

Left cross section (cm2) 2.08±0.34 2.34±0.31 0.27(0.18-0.35) 0.87 <0.001

Foot and Ankle Ability Mea-
sure (%) 94.2±8.1 96.9±5.0 2.7(-0.2-5.7) 0.54 0.068

*P-values from pairwise comparisons of two-way ANOVA model
SD: Standard Deviation 

Foot and ankle ability measure, compliance, and 
qualitative data

The FAAM indicated a non-significant improvement (Table 3). 
Compliance logs indicated high participation: 87.7% completion of 
prescribed exercises and time BWB exceeded the prescribed time 
(111%). A total of 13 participants offered responses that were 

put into outcome, exercise, and weight bearing qualitative themes 
(Table 3). A total of 9/13 responses noted a positive outcome, 
3/13 neutral outcome, and 1 didn’t respond. The positive benefits 
included “strength”, “balance”, “hurt less”, “[less] fatigue”, and 
awareness (i.e. “conscious of feet”). A total of 11/13 participants 
commented on difficulty (easy/hard) of exercises, 5/13 commented 
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on exercise time, and 3/13 exercise progression (hard to easy). Only 
5/13 participants commented on BWB activities and all comments 
were associated with time (easy to comply with time or hard to 
comply with time). 

Discussion
This data supports the primary hypotheses that the exercise 

intensity is sufficient to induce a training effect in foot muscles 
in participants with FF. This improvement occurred despite the 
presence of FF posture. This is the first study of our knowledge 
to show that foot specific exercises have a significant influence on 
ankle plantar flexion function (i.e. increased heel rise repetition 
and height). However, as anticipated the FAAM showed a ceiling 
effect. Enthusiasm for the potential use of the exercises and BWB 
activities was supported by high compliance (88 to 111%) and 
positive qualitative data from a subset of participants (Table 1).

The sample is representative of participants with significant 
FF, that are young and of low BMI (Table 2). The average age was 
29 years old with a range of 20 to 60 in the FF group. The average 
BMI of 23 to 25 suggests both groups are normal weight. However, 
the FPI (average=9.3/12) documents significant FF deformity in 
the FF group. A FPI score of 6-9 is associated with foot pronation 
and 10-12 is considered highly pronated [36,37]. A total of 12/20 
(60%) participants were scored as highly pronated on the FPI. 
Large population based studies of the FPI in equivalent FF groups 
suggest that 7.4% have a similar highly pronated classification 
[37]. This level of FF deformity is associated with abnormal plantar 
pressure patterns [36,37] and injury [3]. At the pre-exercise testing, 
the FF group showed lower average heel rise height and repetition, 
however, only left side heel rise repetition was significant. 

The significant increase of foot specific variables (abductor 
hallucis CSA and PGT force) validate that the dosage of exercises 
and BWB was sufficient to induce hypertrophy of foot muscles 
(Table 3). The 12.9% to 16.7% increase in abductor halluces muscle 
CSA and 34.5% to 44.4% increase in PGT force is consistent with 
muscle hypertrophy of multiple foot muscles (i.e. flexor halluces 
longus, flexor halluces brevis and abductor halluces) [27,28]. The 
gains occurred in spite of 60% of the participants having severe 
pronation and all intervention activities were performed without 
arch support [25]. This result suggests the increased loading due to 
exercise or regular intervals of BWB activities was above a training 
threshold (60 to 80% 1 repetition maximum) [4]. This finding is 
significant because it is difficult clinically to identify when patients 
are at a sufficient training intensity when customizing foot exercises 
and BWB activities. Specific for participants with FF, the benefits of 
abductor hallucis hypertrophy and increase in first MTP force may 
be increased support of the medial longitudinal arch in FF [6].

The significant increase in ankle planter flexion height and 
repetition may be a result of increased muscular support of the 
medial longitudinal arch (Table 3) [6,19]. Confidence in heel 
rise height and repetition measures derive from the fact that 
assessors were blind and the magnitude of the improvement is 
nearly doubles the expected repeatability errors [41]. In fact, 
the ESI reflect moderate to large effects (up to 1.1). Also, this 

interpretation is consistent with current 3-D motion analysis data 
supporting a link between foot and ankle biomechanic variables 
[30-33]. For example heel rise height is associated with arch raising 
[30]. And, power generation within the foot is associated with the 
increased arch height [33]. Both increased arch angle and power 
generation within the foot may occur as a result of improved foot 
muscle strength [29-33]. Future studies should consider examining 
whether exercise improves foot motion and power generation to 
confirm the effects of foot muscle hypertrophy on foot and ankle 
function and in patients with various foot conditions that may 
benefit from strengthening exercises (i.e. plantar fasciitis). 

Data on the participants’ view of the exercise program show 
a majority of participants identify important benefits and that the 
exercise/BWB program is feasible. Despite a 2.7 point improvement, 
the FAAM demonstrated a ceiling effect given its pre-test score of 
94.5%. However, in the qualitative analysis, participants perceived 
benefits of improved strength, balance, fatigability, less pain, 
and foot awareness. These benefits match identified problems 
experienced by participants with flatfoot deformity in other studies 
[5,9]. The qualitative comments also suggest that exercise should be 
tailored to a participants’ ability and time constraints (Table 1). The 
compliance data suggests (87.7 % exercises, 111% BWB activities) 
participants were successful in striking a balance between meeting 
their time constraints and performing the exercise and BWB 
activities. Overall, the compliance and qualitative data support that 
the exercise and BWB activities are likely to lead to a number of 
benefits, given the time and motivation to participate. 

There are several significant limitations. This level 3, case 
control, study shows proof of concept. Future, higher level studies 
are needed to evaluate the effect of placebo and influence of 
symptoms on participant responses. This data is valuable as a 
confirmation of possible effect sizes and variables that might be 
explored in higher level studies. A follow-up time point would also 
be valuable to determine if there is retention of any of the observed 
benefits. Although the sample included participants with a wide 
range of ages, the average age is younger. In addition, the sample 
size was not powered to detect subtle differences at baseline 
between participants with neutral foot posture as compared to 
participants with FF postures. Variables such as heel rise repetition 
may be significant in a larger sample. For example, a power analysis 
suggests a sample of 25 per group (n=50) would be sufficient to 
define differences in heel rise repetition using the observed means 
and variance. 

Conclusion
This study confirms that foot specific exercises achieve 

sufficient training intensity to strengthen foot muscles. The study 
also confirms that these training effects specific to the foot are 
achievable in participants with significant FF deformity. Qualitative 
data supports several possible benefits of the exercise program 
and noted high compliance over an 8-week period. An interesting 
finding is that ankle function improved without training of the calf 
muscle. Future studies should consider replicating this finding 
using additional measures of ankle function and a placebo control. 
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