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ABSTRACT
Objective: To compare foot defects, deformities and diseases in middle, long distance shod and barefoot Runners.
Method: 51 barefoot runners, 61 shod runners and 65 healthy controls were screened for foot defects, deformities and diseases
in this study using validated clinical tools.
Results: Foot defects vary significantly among the three groups compared as p value was 0.001 showed high significance.
When foot deformities are concerned, they vary significantly among the three groups compared as the p value was 0.001.
Whereas foot diseases vary significantly among the three groups compared as p value was 0.001.
Conclusion: The analysis of this study revealed that the prevalence foot defects, deformities and diseases have been found to
be highly significant among three groups.
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INTRODUCTION
Millions of runners across world take to the streets,
tracks and trails every day. People usually run for health,
for fitness, for stress relief and for fun. Despite these differences, all runners are susceptible to foot problems.
Common foot and ankle conditions in runners include
blisters, foot fungus, heel pain, hallux valgus, rigidus,
stress fracture and achilles tendonitis, ankle sprain, neuroma, ingrowing toe nail, black toe, plantar wart and burning foot, corns1,2,3.
M.kuchi et al4observed a significant morphological
changes in foot between runners and non runners.
Aydog et al5 who had explored the morphological features of foot between runners, wrestlers, weight lifters,
hand ball, gymnasts players and non runners reported
that arch index of foot had varied significantly between
wrestlers ,soccer players, handball players, weightlifters,
gymnasts, and non-athletic controls.
Morimoto and Okada6 had found long distance runners
to have lower dorsal arch than throwers, jumpers and

sprinters. They had reasoned it to sports specific mechanical stress, the effects of overall body build for the
differences observed in foot morphology between long
distance runners and non-athletes.
Bertrand 7 (2007) found increased occurrence of hallux
valgus over time through his study on historical population in France. Researchers8,9,10 reported that athlete’s
foot does not occur among people who traditionally go
barefoot. They claimed that wearing shoes could facilitate this problem. Some experts believe that most athletic shoes with inflexible soles, structured sides and
super-cushioned inserts keep feet so restricted that they
may actually be making your feet lazy, weak and more
prone to injury.
Doud et al 11 reported out of prospective study that habitually rearfoot strike (shod) had approximately twice
the rate of repetitive stress injuries than individuals who
habitually forefoot strike (barefoot runners). They found
hip pain, knee pain, low back pain, tibial stress injuries,
plantar fasciitis, and stress fractures were 2.7 times more
likely to occur in rearfoot strikers. Yet their study did not
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explain reason for this general difference. As a result,
barefoot training is gaining more attention among coaches, personal trainers and runners. K. D’Aou et al12 stated
that footwear that fails to respect natural foot shape and
function will ultimately alter the morphology and the
biomechanical behaviour of the foot.
Till date there was not a study which has exclusively
compared the occurrence of foot deformities, defects
and diseases among barefoot and shod runners. Thus
the purpose of this study to explore the occurrence of
defects, deformities, diseases among shod and unshod
long, and middle distance runners.

MATERIALS AND METHODS
Materials used in this study were stadiometer, vernier
caliper, weighing scale, goniometer ruler and validated
life size photographs of hallux valgus deformity and foot
diseases, colour ink, graph sheets, colour marker, pencil,
knee hammer, scientific calculator and magnifying glass,
Sony camera 16 mega fixal(10 optical zoom)
51 barefoot runners, 65 controls and 61 shod endurance runners overall 177 participants were screened
for foot defects, deformities and diseases who fit into
inclusion criteria across Dakshina kannda district, Karnataka. Alva’s institutional review board ethical approval was obtained. CTRI registration was done
(CTRI/2013/06/003776Medical). Adult long, middle
distance shod and barefoot runners with minimum three
years of participation and age group between 18 to 55
years and controls of same age group were included.
Both genders were included. Individual with congenital
deformities of foot, trauma in the feet other than sports
related, systemic disease affecting lower limb, having a
history of diabetic, gout and any other neurologically affected foot were excluded.
Screened foot defects were black toenail, thick toenail,
Bunions, neuromas, march fracture, jones fracture. tarsal tunnel syndrome, blisters, corns, callosities, fissures,
Ingrown toe nail, calcaneal prominence. Screened foot
deformities were overriding toe, hallux valgus, curly
toe, hammer toe, hallux flexus, hallux rigidus, pes
planes, claw toe, mallet toe, foot splaying, calcaneo
varus, calcaneo valgus, forefoot valgus, forefoot varus.
Screened foot diseases were plantar warts, tinea pidea
and toe nail Fungus. Hypothesis was that whether foot
defects, foot deformities and foot diseases vary significantly among these three groups.

METHOD
Three groups were stratified for this study namely shod
runners, barefoot runners and controls. Subjects were
Int J Cur Res Rev | Vol 7 • Issue 6 • March 2015

explained about the benefit of this study and procedure.
Then consent was taken.

To Identify Hallux valgus deformity

The Manchester Scale13,14 was used to identify hallux
valgus deformity. Life-size versions of laminated photographs were used. Subjects were asked to stand on
an elevated platform. Life size photographs were kept
alongside subject’s weight-bearing feet, and then hallux
valgus deformity was confirmed. Figure 1 Illustrate the
image of Life size photographs used to screen hallux valgus A. No deformity (grade 1), B. Mild deformity (grade
2), C. Moderate deformity (grade 3), D. Severe deformity (grade4).

To screen hallux rigidus of great toe

Coughlin MJ and his colleague’s criteria to screen hallux
rigidus of great toe15 was adapted.
To screen hallux rigidus, extension of first MTP (metatarsophalangeal joint) joint was measured with goniometer ruler while foot in plantigrade position. Subject was
made to stand on the wooden box while goniometer’s
immovable arm was placed parallel to the first metacarpal bone and movable arm placed to the bisection of the
proximal and distal phalanx of the great toe. Then subjects were asked to do great toe dorsiflexion (Figure 2).
If subject experiences pain with limited (< 450) great toe
extension, he was sent for radiograph analysis to screen
osteophyte formation and changes in MTP joint and was
to be diagnosed and conformed by orthopaedic surgeon.

To screen forefoot angle

Kirsten & Irene’s method was used to identify fore foot
& rear foot deformities16,17,18 The subject was asked to assume prone lying position with measuring foot and ankle
extended approximately 6 inches off the plinth. The opposite extremity will be placed in slight knee flexion and
with abduction, flexion and external rotation of the hip.
Evaluator’s thumb was used to palpate the medial aspect
of the talar head, which is slightly inferior and anterior
to the medial malleolus and proximal to the navicular
bone of extended foot. The index finger is used to palpate the lateral aspect of talar head, which is anterior
to the lateral malleolus and toward the midline of the
foot. During pronation and supination of subtalar joint
movement, subtalar joint neutral position was obtained
where the medial and lateral aspects of the head of the
talus become prominent simultaneously. (Figure3). Examiner then applied a dorsiflexion loading force to the
forefoot, with the thumb and index finger holding the
foot in the toe sulcus across the lesser toes until a firm
resistance was felt. Forefoot position at this point was
determined by placing the stationary arm of the goniometer perpendicular to the calcaneal bisection and the
movable arm parallel to the second to fifth metatarsal
16
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heads. If positive degrees obtained that is forefoot varus,
neutral if it (0º), or if negative degrees obtained that is
forefoot valgus (Figure4). Angle was determined as the
angle between the perpendicular to the bisection of the
calcaneus and an imaginary line drawn through the metatarsal heads.

To determine rear foot alignment

Subjects were made to assume same position adapted
for forefoot angle measurement. The vernier caliper was
positioned at the medial and lateral borders of the lower
leg at 8 and 6 inches above the calcaneum, and both the
midpoints were marked with a water soluble marker.
(Figure 5,6,7). A vertical line was drawn between the
two midpoints to create the bisection line in calf. To draw
a calcaneal bisection line, midpoints at both the superior
and inferior aspects of the calcaneum by palpating the
medial and lateral borders of the calcaneum and midpoint was located by using a flexible ruler marking a dot
at midpoints (Figure8). Then vertically connect this two
midpoints to make posterior calcaneal bisection line.
Then subject was asked to stand on the wooden box.
Evalutor used palpation technique to feel for talar dome
congruency, placed the subject’s foot in subtalar joint in
neutral position and goniometer ruler was aligned parallel to bisection of lower leg against calcaneal bisection
lines, the angle was recorded (Figure 9). More than 6
degree of calcaneal tilt from neutral was considered as
rear foot varus and valgus in either direction.

To screen type of foot arch

To screen the type of foot arch, normalized truncated navicular height (NTNH) 19 was measured. Subjects were
made to assume relaxed standing position with feet positioned shoulder width apart. Navicular tuberosity was
marked with water soluble marker (Figure 11). Navicular
height was measured using metal ruler placed perpendicular to navicular tuberosity to the supporting surface.
Then subjects were made to stand on two graph sheets
placed in front of them after dipping their feet in ink
diluted tray for generating foot print (Figure 10). Demarcation of first MTP joint in foot print is made maintaining
that position on the graph. To calculate truncated foot
length, distance between the two lines perpendicularly
drawn from first MTP joint and from the most posterior
aspect of the heel calculated (Figure 12). Then navicular height was divided by truncated foot length to derive
normalized foot arch height .Values are documented as
normal arch foot if NTNH value were 0.22-0.31. If NTNH
values were > 0.18 was documented as flat foot.
Standardized photographs of various foot diseases which
were approved by dermatologist the second author of this
study was used to grade various foot diseases and defects
are employed20,21Criteria for identifying corns, calluses
and verrucas were followed as per guidelines given by
17

Snider RK and others.22,23,24 callosities, corns, warts were
differentiated by its location, appearance, type of onset,
direct pressure, side to side pressure and confirmed by
dermatologist who is the second author of this study. Tinel’s sign was tested to screen if there were tarsal tunnel
syndrome (TTS). Figure 13 provides the image of heel
wart, Figure 14 the image of callosities. Figure 15 gives
the image of ingrown toe nail. Figure 16 shows the image
of tinea pedia. Figure 17 shows the image of corn with
hallux valgus.

STATISTICAL ANALYSIS AND RESULTS
Data was collected and comparison was made between
the groups namely barefoot runners, shod runners and
controls for screening foot defects, foot deformities and
foot diseases using spss version16. To test homogeneity between three groups for gender Chi-square test was
used Table 1. To test homogeneity for BMI and age, one
way ANOVAs analysis was used Table 2, 3. Then comparison of foot defects, foot deformities and diseases across
three groups was carried out Table 4,5,6. Mean values of
foot defects, deformities and disease for three groups are
given in Table 7.

DISCUSSION
51 barefoot runners were compared against 65 controls
and 61 shod runners for foot defects, foot deformities
and diseases. There were no other studies exclusively in
the past carried out to compare the prevalence of foot
defects, foot deformities and diseases among the three
groups chosen for this study. All outcome measure tools
used in this study are clinically well validated and proven
up-to-date. Gender homogeneity was found among three
groups as the chi square test p value is 0.409. Age range
homogeneity was found among three groups analysed as
one way anova test p value is 0.083. BMI has varied significantly among three groups analysed namely barefoot
runners, shod runners and controls as one way anova
test p value is 0.009.
Mean foot defects observed among barefoot runners, shod runners and control were 0.9608±.662,
1.442±.1.02 and 0.338±.53 were found to be highly significant across three groups as one way anova test p value
was 0.001. Mean foot deformities observed among three
groups were 0.745±.796, 0.868±1.16 and 0.23±.42
were found to be highly significant across three groups
as one way anova test p value were 0.001. Mean foot
diseases among barefoot runners, shod runners and controls were 0.588±.75, 0.426±.66 and 0.107±.35 were
found to be highly significant across three groups as one
way anova test p value were 0.001. Thus null hypothesis stands rejected. In this study mean foot defects were
Int J Cur Res Rev | Vol 7 • Issue 6 • March 2015
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more in shod runners to barefoot runners. As for foot deformities were concerned, more occurrences were found
with shod runners to barefoot runners. Yet mean number of foot diseases were more with barefoot runners to
shod runners group. Surprisingly in controls, very few
occurrence of foot defects, deformities and diseases are
found. This study results contradict the reports given by
researchers8,9,10 in which they reported fungus infection
was more with shod group. Yet APMA (2015)25 recommends athletes not to use barefoot pattern generally to
avoid acquiring athletic foot, warts. As a result of this
study, one can understand the influence of foot wear on
the occurrence of foot defects explained by Bertrand 7.
This study results have supported the claims of M.kuchi
et al4 and K. D’Aou, T. et al.12 Though there are number
of foot conditions common for runners, this study exclusively stratified runners in to shod and barefoot groups
in screening various foot disorders in order to shed more
light in devising prophylaxis measures.
When shod runner’s age and BMI were correlated to the
occurrence of foot defects, deformities and diseases exhibited poor correlation. So did with barefoot runners.
Number of barefoot runners was comparatively less in
this study might be a limiting factor. BMI varied significantly among three groups when age range, gender participation in three groups not varied significantly, thus
homogeneity might be compromised to some extent. But
when BMI was correlated to the incidence of foot defects, deformities and diseases in each group, it exhibited positive correlation with shod runners group. But
with barefoot runners group and controls, BMI negatively correlated. The reason is not known. Equal numbers of samples in each group with larger sample size
is recommended for future studies. Though less number
of female participated in this study, gender homogeneity
was found across three groups analyzed here. Shoe components can be correlated to the occurrence of the foot
disorders observed in this study for shod runners group.
This study has the advantage of stratifying samples and
also has included controls for comparison in order to
shed clear light in this area of research.

CONCLUSION
Three groups namely barefoot runners, shod runners and
controls were screened in this study for the prevalence
foot defects, deformities and diseases. Result of this study
revealed that foot defects, deformities and diseases have
been found to be highly significant among three groups.
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Table 1: Shows homogeneity testing of gender among three groups.

Table 2: Shows homogeneity testing of age among three groups.

Table 3: Shows homogeneity testing of BMI among three groups.
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Table 4: Shows comparison of foot defects between three groups.

Table 5: Shows comparison of foot deformities between three groups.
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Table 6: Shows comparison of foot diseases between three groups.

Table 7: Shows mean Foot defects, deformities and disease of the three groups.

Figure 1: Illustrate the Life size photographs used to screen
hallux valgus.
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Figure 2: Illustrates evaluation of first MTP Range of motion
with goniometer ruler.
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Figure 3&4: Illustrate how forefoot angle assessed.

Figure 11: Illustarate marking navicular tuberosity.

Figure 12: Illustrate how truncated foot length calculated.

Figure 5,6,7,8,9: Illustrate how calceneal angle measured

Figure 13: Heel wart

Figure 10: Truncated foot length calculated with foot prints.

Figure 14: Callosities
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Figure 15: Ingrown toe nail

Figure 17: Corn with hallux valgus

Figure 16: Tinea pedia
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