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Abstract
This literature review investigated the subtle cavovarus foot 
with a search in Pubmed and Google Scholar using the fol-
lowing keywords: Subtle cavovarus foot, cavovarus foot or 
cavus foot and one or more of the following: Associations, 
injuries, ankle sprains, ankle instability, sports, plantar pres-
sure, dynamic pedobarography, Tekscan and footprint, 
from January 1980 to February 2019.

Subtle cavovarus foot can alter foot and ankle biomechan-
ics but reference values are lacking for dynamic pedobarog-
raphy assessment. Subtle cavovarus foot is associated with 
peroneal tendinopathy, metatarsal stress fractures, and re-
current lateral ankle sprains, potentially leading to chronic 
ankle instability due to altered walking central control pat-
terns. Treatment includes flexible/semi-rigid orthotics to 
laterally offload the foot, or surgery in rigid cases. Subtle 
cavovarus foot is associated with chronic foot and ankle 
pathologies. Unfortunately, diagnosis is often difficult or 
delayed. Early conservative management, with appropriate 
foot orthotics, favors a safer return to sports.

Strength of Recommendation Taxonomy (SORT): B

Level of evidence: Level IV clinical review
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tion [1-4]. It is a more common and mild, but often un-
diagnosed, form of the cavovarus foot deformity, which 
consists of a high medial plantar arch and varus of the 
hindfoot. These two conditions are the result of hind-
foot inversion, forefoot supination, and a plantarflexed 
first ray; this causes altered foot mechanics during gait, 
instability, lateral foot pain, an increased risk of injury, 
and a longer recovery time [5]. Lateral soft-tissue struc-
tures of the ankle are stretched out, [4] putting the 
subject at risk for lateral ankle sprains caused by exces-
sive plantarflexion, inversion, and internal rotation of 
the ankle [6]. As a result, there is an increased risk of 
developing chronic ankle instability, and patients will 
tend to report feeling their ankle “giving way” [2,7,8]. 
The aim of this report is to review the subtle cavovarus 
foot, including its clinical evaluation, radiological find-
ings and plantar pressure measurements. Associations 
between subtle cavovarus foot and other pathologies, 
such as ankle sprains, chronic ankle instability, peroneal 
tendon pathologies, and stress fractures will be exam-
ined as well.

Etiology
There are two main etiologies for cavovarus foot de-

formity: idiopathic and neurogenic. Half of the neuro-
genic cases are the result of the Charcot-Marie-Tooth 
disease [9,10]. However, when cavovarus is subtle, it is 
most commonly idiopathic [3,5,8].

Introduction
The subtle cavovarus foot, originally known as the 

underpronator due to its naturally supinated position, 
is estimated to affect as much as 25% of the popula-

https://doi.org/10.23937/2643-3885/1710048
https://doi.org/10.23937/2643-3885/1710048
https://doi.org/10.23937/2643-3885/1710048
https://orcid.org/0000-0002-8024-0527
http://crossmark.crossref.org/dialog/?doi=10.23937/2643-3885/1710048&domain=pdf


DOI: 10.23937/2643-3885/1710048 ISSN: 2643-3885

• Page 2 of 9 •Green et al. Int J Foot Ankle 2020, 4:048

from an anterior view of the foot (Figure 1). With 
normal foot alignment, the heel pad cannot be 
viewed. This should be followed by a posterior 
view of the hindfoot for confirmation, although 
it will only be positive in more severe cavovarus 
deformities [3,8].

2. The Coleman block test [2,4,6,9] detects if the 
hindfoot varus is of primary origin or is second-
arily caused by the plantarflexion of the first 
metatarsal [11,13]. The subject’s heel and lateral 
border are supported by a 1-inch block to unload 
the first ray (Figure 2). If the hindfoot varus is cor-
rected, the deformity is forefoot driven (caused 
by the first ray plantiflexion). This test also con-
firms the flexible nature of the deformity and the 
potential for a foot orthotic to effectively realign 
the foot [2,5].

3. The Silfverskiöld test [11,13] checks for equinus 
(limited dorsiflexion) of the ankle, or gastrocn-
emius tightness [2,3]. Normal dorsiflexion should 
be 10 and 20 degrees above neutral in passive and 

Biomechanics
From a biomechanical point of view, hyperactivity 

of the peroneus longus tendon induces plantarflexion 
of the first metatarsal, leading to a forefoot-driven ca-
vovarus deformity and a flexible hindfoot with limited 
eversion. Over time, due to bone remodelling, the bones 
in the midfoot become more trapezoidal in shape, in-
creasing plantarflexion of the first ray [4]. As a result, 
the hindfoot cannot evert and has decreased mobility 
[11]. The foot has increased rigidity [2,3], decreased 
energy dissipation, and is prone to stress injuries, espe-
cially at the fourth and fifth metatarsals [12]. Usually, 
the subtle deformity is forefoot-driven and even though 
it is mild, the pressure on the lateral part of the foot is 
increased, leading to chronic pathologies [2].

Evaluation

Clinical
The diagnosis of subtle cavovarus foot relies on a 

physical examination [2]:

1. The peek-a-boo heel [4,13] sign is ascertained 

 

Figure 1: Subtle cavovarus identification on a patient with bilateral cavovarus feet. (A) Clinical evaluation from the front shows 
prominence of heel pads; (B) The back view reveals varus angulation.

 

Figure 2: Coleman test. (A) Cavovarus foot without block; (B) Correction with block (positive Coleman test).
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be inspected to detect pressure points, as weight will 
be concentrated laterally (Figure 4) and perhaps over 
the first metatarsal head [5,14]. A medial plantar callos-
ity under the first metatarsophalangeal (MTP) joint and 
lateral border of the foot is common [2].

Imaging
The radiographic evaluation is of secondary import-

ance, because correlation with clinical findings is min-
imal [2]. The four main radiological findings, namely: 

active knee flexion, respectively (Figure 3) [2]. If 
dorsiflexion is limited only when the knee is in ex-
tension, this indicates an isolated contracture of 
the gastrocnemius. However, if dorsiflexion is lim-
ited with the knee in flexion and in extension, this 
indicates a contracture of the Achilles tendon or 
of the posterior ankle and subtalar joint capsule, 
or else an anterior impingement of the ankle [2].

The foot and the wear pattern on the shoes should 

 

Figure 3: Silfverskiöd test assessing passive ankle dorsiflexion in (A) Knee configurations; (B) Knee flexion.

 

Figure 4: Used shoe of a cavovarus left foot, showing wear on the lateral edge of the shoe.

Table 1: Measurements on lateral radiographs in a standing weight-bearing position.

Clinical measurement Normal values ± standard deviation Pathological values
Meary’s angle 0 ± 4° [2] If ≥ 18°, increased 1st metatarsal plantarflexion [6]

Calcaneal pitch angle 24.5° ± 3.5 [29] ≥ 30°, cavovarus [6,9]

Hibbs’ angle ≤ 45° Up to 90° in cavovarus foot [5]

Medial arch height around 10 mm [2] > 14 mm [2]
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pressure values in the stance phase of gait [22]. A typ-
ical, normal gait cycle has the most pressure located at 
the heel and forefoot, whereas the medial midfoot has 
significantly less pressure [23].

There is evidence [1,20] of progression from a flat-
foot pattern in normal young children (under 2-years-
old) to a curvilinear pattern in older children (over 
5-years-old). As age increases, there is an increase in the 
percentage of maximum force at the heel and medial 
forefoot, while there is a decrease in maximum force 
percentage and time spent on the medial midfoot [20]. 
Consequently, appropriate age-matching should be 
taken into account when examining pediatric plantar 
pressure [20].

Subtle cavovarus foot
Subtle cavovarus foot with forefoot-driven cavo-

varus (positive Coleman block test) [14] presents with 
increased pressure on the heel, and perhaps the first 
metatarsal head. In a static standing posture, the subtle 
cavovarus footprint shows lesser or decreased pressure 
on the midfoot compared to a normal foot [10,24] (Fig-
ure 6). However, during gait, as the condition progress-

Meary’s angle [1,6], the calcaneal pitch angle [1,15], 
Hibb’s angle [1,5], and the medial arch height [2], can 
be seen in a lateral weight-bearing radiograph (Figure 
5A and Table 1). The transverse talocalcaneal angle [16] 
(or Kite’s angle [17]) (Figure 5B), the talus rotation [18] 
and the fibula posterior translation [3,4,19], are seen in 
standing AP radiographs [3].

Plantar Pressure Measurement

Validation
Current literature [15,20,21] suggests that dynamic 

pedobarography is the ideal method for healthcare pro-
fessionals (clinicians) to evaluate foot deformities and 
function, by analyzing plantar pressure values and dis-
tribution. More specifically, it is helpful for orthopaedic 
surgeons in the pre- and post-operative evaluation and 
classification of mild-to-moderate cavovarus deform-
ities [15,21,22].

Normal feet
A normal, neutral arch has the least possibility of in-

jury because of its even plantar pressure distribution. 
Any deviation from normal increases overall plantar 
 

Figure 5: Radiological evaluation and measurements of the right cavovarus foot of a 12-year-old female patient.
(A): Lateral weight-bearing radiograph showing A) Meary’s angle B) Calcaneal pitch angle C) Hibbs’ angle D) 
Medial arch height.
(B): AP radiograph showing Kite’s angle.
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[3,4,8,14], Morton’s neuroma [8,14], hallux valgus [8], 
and pain on the lateral aspect of the foot [6,10,11,13]. 
The Achilles tendon, which becomes a secondary invert-
er, is commonly pathologic as well [8,13,14].

es to involve rotation of the hindfoot and midfoot, there 
is increased pressure on the lateral aspect of the foot 
and heel [1,2]. For example, in a study by Shojaedin et 
al., there was significantly lower peak pressure at the 
medial midfoot, and greater peak pressure at the heels 
and toes in badminton players with cavovarus deform-
ity, compared to normal controls [25].

Studies of cavovarus feet with severe deformity have 
shown that only the lateral border bears significant 
weight when measuring foot pressure distribution [1]. 
In patients that simulated inverse walking patterns, the 
center of pressure was situated more laterally [26,27]. 
Severe varus feet had greater total pressure in the lat-
eral midfoot and lateral forefoot, and decreased pres-
sure in the medial forefoot [15]. They also had decreased 
and delayed initial peak forces of the hallux [22,26,28] 
while the first metatarsophalangeal joint displayed 
higher pressure compared to normal feet [29]. Dynamic 
pedobarography was able to detect an improvement in 
peak plantar pressure patterns, pressure-time integrals, 
and contact area in post-operative surgical correction 
of cavovarus deformity. It was also able to detect over-
corrections of the metatarsals [21].

Associated Pathologies/Injuries
The pathologies associated with subtle cavovarus 

foot (Figure 7) include ankle instability [3,4,6,8,13,21,30], 
peroneal tendon pathologies [2,3,8,13,14], stress frac-
tures [6,13] especially at the 5th metatarsal head [3,4], 
plantar fasciitis [3,8,10], ankle arthritis [11], forefoot 
equines [3,6], osteochondral talar lesion [8], mechan-
ical metatarsalgia [8,10,11], hallux sesamoid disorders 

 

Figure 6: Static standing pedobarography in (A) normal vs. (B) cavus feet.

 

Figure 7: Anatomical illustration showing the most frequent 
injuries observed in subtle cavovarus feet: Ankle instability 
(purple arrow), peroneal tendinopathy (green), plantar 
fasciitis (red), and stress fracture of the 5th metatarsal bone 
(blue).
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of their center of pressure and a more lateral gait. As 
a result, they hesitate when loading their forefoot and 
toes at the end of the stance phase, as they are unstable 
in plantarflexion [7,32]. This is significantly different 
from healthy controls and patients with lateral ankle 
sprains that have not developed chronic ankle instabil-
ity. It is thought that either greater rearfoot inversion or 
decreased eversion (due to decreased peroneal muscle 
activity) results in greater loading of the lateral rearfoot 
during gait.

Given the above information, it appears that cavo-
varus deformity of the foot may predispose subjects to 
chronic ankle instability. Further research is required to 
investigate if untreated subtle cavovarus foot is a pre-
dictor for chronic ankle instability. Moreover, cavovar-
us foot is predictive of operative failure when treating 
chronic ankle instability, if the deformity is not cor-
rected at the time of surgery [40].

Peroneal tendon pathologies
The subtle cavovarus foot condition causes lateral 

soft-tissue structures, such as the anterior talo-fibular 
ligament and the peroneal tendons, to be stretched 
during gait. This results in peroneal tendon hyperactiv-
ity and is associated with peroneal tendinopathy and 
tear [2,3,8,14].

The literature has also shown that chronic ankle 
instability can lead to deficits in peroneal strength, 
peroneal muscle reaction time, peroneal subluxation, 
and impaired ankle proprioception [34,36,40].

Stress fractures
Walking on the lateral aspect of the foot increases 

the risk of stress fractures of the fourth and fifth meta-
tarsal and of the cuboid [2,4]. The sesamoid bones, 
medial malleolus, tibia and fibula also have a higher in-
cidence of stress fractures, because there is significantly 
more pressure on the lateral aspect of the foot [1-3,12].

Treatment

Conservative treatment
An extensive review of treatment is beyond the 

scope of this review. Therefore, a brief overview will 
be provided. Identifying athletes’ foot type (or an in-
spection of the deterioration patterns of their foot-
wear) could prevent these overuse injuries by adapt-
ing footwear to their feet (Figure 8). Management of 
pathologies associated to subtle cavovarus foot should 
target the alignment pathology prior to any lateral liga-
ment/tendon repairs to avoid recurrence of symptoms 
[8,13]. The majority of cavovarus feet are flexible and 
conservative management could be indicated. Treat-
ment should include flexible or semirigid [35], neutral 
insole orthoses to offload the lateral forefoot (Figure 
9). Indeed, the only agreed upon protective interven-
tion in the literature was the prescription of semi-rigid 

Ankle sprains
Lateral ankle sprains are one of the most common 

sports injuries, especially in soccer, and much research 
has been done to examine its risk factors [31,32]. In-
creased supination of the subtalar joint, increased 
plantarflexion foot positioning (for example, during 
touchdown in soccer) and delayed reaction time of the 
peroneal muscles, are critical etiological factors of an-
kle sprain injuries. Cavovarus feet are more prone to 
lateral ankle sprains because the foot cannot pronate 
adequately, secondary to peroneal muscle dysfunction. 
Following the sprain, anatomic alignment is preserved 
with the exception of an increased inversion and ever-
sion subtalar range of motion in the injured ankle [33].

Studies report that muscle strength imbalances, such 
as an elevated eversion-to-inversion strength ratio, 
greater plantarflexion strength, and a smaller dorsiflex-
ion-to-plantarflexion strength ratio, all had a higher in-
cidence of inversion ankle sprains [33]. Other intrinsic 
risk factors included the cavovarus deformity or subtle 
cavovarus foot, a history of previous high-grade ankle 
sprains (strong evidence but not unanimous), physical 
activity, increased foot width, reduced ankle dorsiflex-
ion, increased calcaneal eversion, subtalar instability, 
nerve injury proximal to the lateral ligament of the 
ankle [32], and impaired proprioception [33,34]. Limb 
dominance may also be a risk factor, but it is unclear if 
there is increased risk only for the dominant ankle or if 
no risk difference exists between ankles [35]. It should 
be noted that generalized joint laxity, ankle ligament 
stability, and anatomic alignment (besides subtalar mo-
tion) of the foot were not significant risk factors for an-
kle sprain injury [33,35].

Extrinsic risk factors for acute ankle ligamentous 
sprain in sports included artificial turf, not stretching 
before exercising, inferior single leg balance, increased 
sport intensity (during competitions), and the use of 
shoes with air cells (but no other shoe types). Obesity, 
or more specifically, the moment of inertia (square 
height times weight), is highly predictive of ankle sprains 
[34,35].

Chronic ankle instability
Repetitive ankle sprains have been associated with 

late sequelae, such as chronic ankle instability, pain, 
crepitus, swelling, stiffness and arthritis, suggesting 
the importance of its prevention [36]. Patients that 
complain about their ankle giving way during move-
ments have either mechanical or functional instability 
[34,37,38].

Patients with chronic ankle instability tend to have 
a greater incidence of high foot arches, supination, and 
cavovarus deformities. Those with chronic ankle instab-
ility also have an altered gait pattern compared to nor-
mal controls [30,39]. They put a greater load on the 
midfoot and lateral forefoot, resulting in a lateral shift 
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Figure 8: A 16-year-old female soccer player with a fracture of the 5th metatarsal in her left foot. She was treated with a non-
weight bearing cast for 2 months, and progressively returned to sport. The same month, she fractured her 5th metatarsal bone 
(A, B). She wore a cast again and slowly healed. After 3-months, her subtle cavovarus foot was corrected with an insole. (C) 
After 6 months, she was clinically asymptomatic, returned to soccer with an insole and did not re-fracture.

 

Figure 9: Subtle cavovarus correction of a right foot using an orthosis. (A) Varus alignment of a right foot; (B) Plantar 
orthosis correcting the hyperflexion of the 1st metatarsal through a thinner medial portion highlighted in red and; (C) Foot 
correction with orthosis showing correct realignment.
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radiographs and, if available, dynamic pedobarography. 
Subtle cavovarus foot alignment should be looked for in 
any case of chronic lateral foot and ankle pathologies, 
to help treatment and prevent recurrence after return 
to sport. Early identification and intervention with con-
servative treatments, such as semirigid foot orthoses, 
could eventually become an injury prevention measure 
for athletes in sports at greater risk.
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