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between the risk of AS in sport and the anatomical 
features of the foot.

In a group of female infantry recruits, Mei-Dan 
et al13. saw an increase in the incidence of AS in 
subjects with a low longitudinal arch of the foot. In 
adolescent athletes with a history of AS, Saki et al.14 
found that navicular drop may have a greater risk of 
lateral AS.

Murphy et al.11 noted a conflict and a lack of 
consistency between the results of studies that 
examined the association between foot morphology 
and lower limb injuries. In a literature review about 
inversion ankle injury in general population, Morrison 
et al.15 report an increased risk of ankle sprain in 
subjects with cavovarus deformity. In a prospective 
study on female collegiate athletes, Beynnon et al.16 
believe the alignment of the hindfoot in combination 
with the lower extremity an important anatomical 
feature when evaluating the risk of ankle trauma. 

Other Authors17,18 found no correlation between 
sport ankle sprains, pronation, supination, or normal 
position of the foot, foot type.
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Ankle sprain (AS) is the most common sports injury that can be complicated by chronic joint instability. The aim of this 
study was to examine the relationship between foot types and the ankle sprain events suffered during the sport career 
in female volleyball players. In this retrospective study, we randomly selected 98 female volleyball players competing in 
several divisions. Data were obtained from self-administered questionnaires in which the athlete noted data about volleyball 
practice, whether they had had ankle sprains and the number of these events. Plantar footprint was photographed by a 
plantoscope classifying each foot as normal, flat or cavus (196 feet). Of the 196 feet, 145 (74.0%) were normal, 8 (4.1%) 
were flat 43 and (21.9%) were cavus. Thirthy-five athletes reported at least one AS during volleyball practice. In total 65 
sprain injuries were reported (35 to the right side and 30 to the left side). In 22 ankles (14 right, 8 left) sprain reinjure 
(AS ˃1) have been reported. A higher AS reinjury rate is correlated to the cavus footprint pattern (p = 0,005). Cavus foot 
associates to a higher risk of reinjury for ankle sprains in female volleyball players. Knowing the athletes which are more 
likely to sustain a reinjure may be helpful for the orthopedic surgeon to plan preventive strategies. 
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INTRODUCTION

AS is a frequent injury that can complicate with joint 
instability, recurrences, post-traumatic osteoarthritis 
of the ankle joint, and sometime need surgery1-4.

Sports practice increases the risk of AS5: in the 
USA about 50% of all AS treated in emergency 
departments occurred during sports practice6. AS 
account for nearly 10% to 30% of all sports injuries7.

In volleyball, a non-contact sport, AS is the most 
common injury, accounting for 41% of all volleyball 
related injuries8. Its incidence is approximately 0.9 
injuries/1,000 player hours9. Volleyball, with soccer 
and basketball are the most represented sports in 
scientific literature about recurrent ankle injury and 
sprain and chronic ankle instability10.

The risk factors for ankle injury in the athlete 
can be extrinsic (i.e., level of competition or 
playing surface) or intrinsic, lay in single variables 
(ei. Sex, Body Mass Index (BMI), and anatomical 
characteristics)11,12.
Literature is ambiguous about the relationship 
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and a physiatrist (AT) to all players and the foot 
type were discerned. Foot was normal when the area 
between the front and rear supports (isthmus) was 
between a third and half of the metatarsal support, 
flat when the isthmus was greater than half of the 
metatarsal support, and cavus if the isthmus was less 
than a third of the metatarsal support19-21 (Fig. 1).

All data were initially entered into an Excel 
database (Microsoft, Redmond, Washington 
– United States) and the analysis was performed 
using the Statistical Package for the Social Sciences 
Windows, version 15.0 (SPSS, Chicago, Illinois, 
USA). Descriptive statistics consisted of the mean ± 
standard deviation (SD) for parameters with gaussian 
distributions (after confirmation with histograms 
and the Kolgomorov-Smirnov test), was performed 
with the ANOVA one-way for parametric variables 
while the Chi-square test or Fisher’s exact test (if 
cells<5) for frequencies variables. A p value of 
<0.05 was considered statistically significant. Taking 
into account the probability of a different foot type 
between the right and left legs, the association with 
the AS events were estimated for each foot.

RESULTS

Athletes’ characteristics are displayed in Table I. No 
statistically significant difference was found between 
subjects with (n = 35) and without (n = 63) history of 
AS for age, weight, height, body mass index(BMI), 
years of volleyball practice. Furthermore, for the 
anagraphic and anthropometric characteristics and 
years of volleyball practice no statistically significant 
difference was found between subjects with history of 
only one AS and those with reinjure (AS˃1) (Tables 
II,III).

A total of 196 podoscopic tests were perfomed:145 
(74.0%) show normal feet, 43 (21.9%) cavus feet, 8 
(4.1%) flat feet. Seven subjects have different foot 
types. Thirty-five athletes have reported a history of 

Podoscopic assessment of the foot print pattern is a 
quick and low cost method to discern among normal, 
flat and cavus foot: no studies about female volleyball 
players’ history of ankle sprain and foot type are 
reported in literature.

We hypothesize that different foot types associate 
to different risk of AS. 

The aim of this study is to evaluate the risk of AS 
in female volleyball athletes with respect to the type 
of foot.

MATERIALS AND METHODS

Subjects

In this retrospective study, from a 224 volleyball 
player database of the Department of Biomedicine 
and Preventative Medicine, collected from February 
2018 to December 2019, we randomly selected a 
sample of 98 female athletes applying the following 
inclusion criteria:

- subjects aged between 18 and 30 years;
-  more than 5 years of competitive activity;
The exclusion criteria were:
- history of inferior limbs fracture or having 

had surgery to inferior limbs;
- subjects reported ankle traumas outside 

volleyball practice; 
All the subjects were registered with Italian 

Volleyball Federation (FIPAV) and were playing in 
Italian teams into several divisions’ championship. 

Each subject compiled a self-administered 
questionnaire to obtain demographic information and 
data about volleyball practice, weekly training time, 
history of AS, training and competition.

The study was approved by the Institutional Review 
Board of the University of Rome Tor Vergata and was 
conducted in conformity with the ethical and humane 
principles of research.

Using a polarized light plantoscope, a podoscopic 
exam was performed by an orthopedic surgeon (GM) 

 
Fig. 1 — Podoscopic exams showing normal (A), flat (B) and cavus foot (C).
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or more ankle sprains, and those who never had AS 
compared to the type of foot. The results showed 
greater prevalence of AS reinjure in the cavus foot 
group than in the other groups (p = 0.005).

The cavus foot is a group of foot types characterized 
by the accentuation of the plantar vault, corresponding 
to the increase in height of the longitudinal arches of 
the foot20,22. The prevalence of cavus foot in adults 
varies depending on the population examined and the 
diagnosis method. Studies have reported a prevalence 
of cavus foot in adults of between 10 and 52%23-25; 
other authors believe that the true incidence of cavus 
foot is unknown in the general population26. A slight 
increase in the cavus feet fraction in this cohort is 
conceivable since, as hypothesized by Verni et al.27, 
the cavus foot stiffness supports the jumping athlete.

one AS event during volleyball practice. In total, 65 
ankle sprains injuries have been reported (35 right 
side, 30 left side). Fourteen athletes reported multiple 
sprain injuries to one or both ankles (AS ˃1); 22 
ankles have been reinjured (14 right side, 8 left side). 
A higher prevalence of AS reinjure correlate to a 
cavus footprint pattern (p = 0,005) (Table IV).

DISCUSSION

The aim of this study was to correlate the history 
of AS injuries with the athletes’ foot type in female 
volleyball players.  In the group of volleyball players 
studied, we saw 74% of normal feet, 4.1% flat feet and 
21.9% cavus feet. Our study showed no statistically 
significant difference between players who had one 

Foot Type Ankle Sprain<=1 
(n°=174)

Ankle Sprain>1 
(n°=22) p

Age     (years; mean ± ds) 22,8 ± 3,0 23,9 ± 3,2 0,336 (*)
Weight  (kg; mean ± ds) 65,4 ± 8,3 69,4 ± 7,1 0,157 (*)
Height  (cm; mean ± ds) 174,7 ± 8,6 176,1 ± 8,1 0,632 (*)
BMI    (kg/m2; mean ± ds) 21,41 ± 1,92 22,45 ± 2,75 0,198 (*)
(*) Anova oneway

Table III. — Anagraphic and anthropometric characteristics of the subgroup of the 
volleyball players Ankle Sprain<=1 vs Ankle Sprain>1 Reinjure.

Ankle n° 
Ankle mean ±sd Min ; Max p

Years of Activity 
all sample

Ankle Sprain =0 131 12,2 ± 4,7 5 ; 20 0,579 
(*)Ankle Sprain >0 65 11,7 ± 3,6 6 ; 20

Years of Activity  
Sample ankle 
Sprain>0

Ankle Sprain =1 43 11,8 ± 5,7 5 ; 20 0,409 
(*)Ankle Sprain >1 22 12,9 ± 4,8  6 ; 20

(*)Anova oneway

Table II. — Years of Activity of the volleyball players Ankle Sprain=0 vs Ankle Sprain>0; 
Ankle Sprain=1 vs Ankle Sprain >1.

n° Players Ankle mean ± sd Min ; Max p

Age
(years; mean ± ds)

63 Ankle Sprain=0 23,0 ± 3,8 18 ; 30 0,716 
(*)35 Ankle Sprain>0 23,2 ± 3,1 18 ; 30

Weight
(cm; mean ± ds)

63 Ankle Sprain=0 65,4 ± 8,5 50,0 ; 86,0 0,368 
(*)35 Ankle Sprain>0 67,0 ± 8.0 54,0 ; 81,0

Height
(kg; mean ± ds)

63 Ankle Sprain=0 175 ± 9,3 152 ; 196 0,871 
(*)35 Ankle Sprain>0 175 ± 8,3 160 ; 192

BMI
(kg/m2; mean ± ds)

63 Ankle Sprain=0 21,33 ±1,72 18,0 ; 26,8 0,232 
(*)35 Ankle Sprain>0 21,83 ± 2,31 18,7 ; 30,5

(*) Anova oneway

Table I. — Anagraphic and anthropometric characteristics of the volleyball players Ankle Sprain=0 vs 
Ankle Sprain>0.
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The longitudinal arch remains rigid instead of 
becoming flexible, and the tibia remains in some 
external rotation: the cavus foot cannot adapt to 
ground surfaces changes, leaving the ankle more 
vulnerable to sprain36.

Anyway, some athletes with cavus feet report no 
AS: in our series 22,9% (30 feet) cavus feet are not 
associated with sprain events. Further studies are 
needed to deepen the causes of the least susceptibility 
of these athletes to the AS.

Other authors suggest that sprains may remain rare 
in the pes cavus as long as it maintain elasticity27.
Our study has some limitations. In our sample, the 
effects due to the differences in training of athletes 
from different divisions were not evaluated. The 
plantoscope does not allow to evaluate the valgus 
of the heel as it would be possible with more 
technological tools37; besides, possible injuries of the 
lateral ligaments and syndestmosis were not assessed.

CONCLUSION

We found a greater prevalence of AS reinjures in the 
cavus foot group. Cavus foot may be a risk factor for 
ankle sprains reinjures in female volleyball players. 
Podoscopic footprint exam is a simple and inexpensive 
method, which can be used by both healthcare and 
technical staff. It can be helpful in early identifying 
the athlete at high risk of multiple ankle sprains, 
needing further individualized ankle injury prevention 
protocols. 

Future studies may investigate the foot structure 
with 3D imaging tools38 and find other causes of AS 
risk.
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