Emerging Insights On The

Collapsible
Cavus

Asserting that most pathologic flexible flatfoot deformities
are higher arched cavus feet that have collapsed
and become misshapen, the author says having an
understanding of this concept can help guide conservative
and surgical treatments.
By Joseph C. D’Amico, DPM

M

ost flat feet are actually cavus
feet in disguise. In the strict
sense, a true flatfoot is low to
flat when the patient is seated and does
not change much when the patient is
standing. Except for the rocker bottom
flatfoot, peroneal spastic flatfoot and a few
other isolated pathologies, most of these
off-weightbearing and weightbearing flat
feet function well since that is their particular characteristic architecture.
These feet act much like a low-arched
42

bridge that is designed to operate smoothly
in that position. Problems arise when you
have a “bridge” that is designed to be higharched and starts to collapse when the
patient places weight on it. This is true of
the foot that exhibits a high arch with the
patient seated and no arch when standing.
So when patients say “I have flat feet”
but present with significant elevation of
the medial longitudinal arch seated and a
complete absence when they stand, that is
not truly a flatfoot but rather a “flatten-
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ing” foot. In this instance, the foot should
not be flat but due to some inherent or
acquired mechanical or systemic imperfection, it is flat.
Depending upon its attendant etiology,
this abnormally collapsing foot results in
a myriad of problems for the individual,
including not only foot and ankle pain/
deformity but also knee, hip and back
symptomatology. Furthermore, these
pathologic superstructural manifestations
due to abnormalities in the weightbear-

Collapsible Cavus

Here one can see a collapsible cavus
foot type off weightbearing. Note the
plantarflexion of the forefoot on the
rearfoot with a metatarsocuneiform
prominence.

This photo shows the same cavus
foot weightbearing with end-stage
pathologic collapse of the medial
longitudinal arch with medial convexity
and lateral concavity.

ing foot posture are not always linked together as cause and effect by the patient
or practitioner.

nal arch functions properly, it allows activation of the windlass effect of the plantar fascia, enabling the foot to provide a
rigid lever for propulsion. Etiologic factors implicated in the medial longitudinal
arch’s collapse have included: hereditary
or acquired structural imperfections, delayed ontogenesis, evolutionary “scars,”
ligamentous laxity, obesity, systemic disease, inflammatory arthridities, equinus
influences, compensation for limb length
discrepancy, trauma, etc.7-10
In his lectures in the 1920s and publications in the 1930s and 1940s, Morton
ascribed collapse of the medial longitudinal arch upon weightbearing to pathologic bony alignment, the first and foremost
being an atavistic short first metatarsal in
conjunction with lax ligaments.11,12 Basmajian and Stecko studied musculature
activity in the foot through electromyography.13 They concluded that it is the bony
structure and alignment of the foot, along
with its ligamentous attachments, that are
the primary restraints in maintenance of
the longitudinal arch. The musculature
only comes into play with excessive loads.
Mann and Inman noted that these muscles
do play an active role in stabilization of the
foot during propulsion.14
Researchers describe the flexible flatfoot as a reduction in the height of the
medial longitudinal arch upon weightbearing, often in conjunction with rear-

Understanding The Impact
Of Medial Longitudinal Arch Height
On Foot Function And Stability
The height of the arch is a variable and
unreliable indicator of foot and limb function. Both the high and the low arched
foot may function well.1 According to
Tax in an article on the health hazards
of developing children, there is a serious
misconception on the part of the public
as well as a great number of professionals
in equating the problem of flat feet with
excessively pronated feet.2 This is a matter
of grave concern since flatness of the arch
can be a normal or abnormal finding in
foot posture whereas the excessively pronated foot is flattened as part of a structural malposition that is present at birth.2
Stability of the medial longitudinal arch
is an integral segment of the structural
framework, allowing the body to move
forward over the supporting limb freely
and efficiently.3 Increasing or decreasing
medial longitudinal arch height may positively or negatively affect foot function and
stability, as well as improve or disrupt mechanical alignment of the lower extremity.4
Authors have linked a decrease in medial longitudinal arch height to abnormal
pronation.5,6 When the medial longitudi-

foot eversion and/or medial lower leg displacement and abduction of the forefoot
(“too many toes” sign).15-17 Jack’s test (or
the Hubscher maneuver) or forefoot supination are able to restore the arch.17 The
flexible flatfoot may be symptomatic or
asymptomatic. Symptomatic flexible flatfoot may be associated with postural pain,
Achilles tendinopathy, plantar fasciitis,
lower limb cramping, fatigue, etc.16,18-23
The adult-acquired flatfoot has been
associated with posterior tibial tendon
dysfunction or insufficiency.24 Numerous
articles stress the influence of equinus in
the manifestation of flatfoot.24-32 In fact,
there is a separate classification for the development of foot deformities associated
with equinus compensation.25 Harris and
Beath, in the classic Ottawa Foot Survey
of almost 4,000 Canadian soldiers, were
the first to describe pes equinovalgus using the term “hypermobile flatfoot.”32
Characteristics of this flexible foot type
include “correction” when unloaded, a
contracted tendo-Achilles, an abnormal
relationship of the tarsal osseous segments
and presence of the hypermobile flatfoot
since childhood.3
The incidence reported in the literature
of flexible flatfoot in the adult population
is approximately 20 percent.32,34,35 According to Taha and colleagues, most patients
with flat feet do not present with acute
symptomatology but rather with problems related to cosmesis or shoe wear.17
Those with symptomatic flat feet often
complain of pain increasing with the type
and amount of activity they perform, and
rest usually relieves the pain. Depending
upon severity and duration, patients may
describe the pain as an aching or gnawing pain affecting the forefoot, midfoot or
medial and/or ankle regions. Gait may be
antalgic, apropulsive and exhibit forefoot
abduction. Talar protrusion is obvious as
is an absent medial longitudinal arch. The
rearfoot is in valgus with medial displacement of the line of gravity and lower third
of the tibia.17

Keys To Measuring Medial
Longitudinal Arch Height
The measurement of arch height is a
method of characterizing foot shape
and structure. It also allows comparison between the off-weightbearing and

www.podiatrytoday.com • February 2017 • Podiatry Today®

43

Collapsible Cavus

Here one can see dorsiflexory sagittal
plane loading of the forefoot to
resistance with the subtalar joint held in
a neutral position.

Note the severe plantarflexion of the
forefoot on rearfoot at the Lisfranc joint,
requiring additional ankle joint dorsiflexion.
This may also be apparent laterally.

weightbearing foot. First described by
Williams and McClay, the arch height
index is the ratio of the standing or sitting dorsal arch height measurement at
50 percent of foot length divided by 50
percent of the truncated foot length.36
For example, the measurement is the
distance from the calcaneus to the first
metatarsophalangeal (MPJ) articulation.
Arch height index values less than 0.31
mm indicate a low arch, 0.31 to 37 mm
indicates a neutral arch and more than
0.37 mm indicates high arched feet.37
The arch rigidity index is the standing
arch height index divided by the sitting
arch height index. The arch drop is the
arch height at 50 percent of foot length
with the patient sitting subtracted by the
arch height at 50 percent of foot length
with the patient standing.37

foot, if not the idiopathic variety, is often
linked to neuromotor disease processes
such a muscular dystrophy, Charcot-Marie-Tooth, poliomyelitis, syringomyelia,
peroneal nerve trauma, Friedreich’s ataxia,
or post-cerebrovascular accident.38
Shaffer first described the cavus foot in
1885 and researchers have sometimes referred to it as a “Shaffer foot.”39 Characteristically, this is essentially a semi-rigid to
rigid foot type that exhibits a varus rearfoot, a plantarflexed and adducted forefoot,
and calcaneal inclination of 30 degrees or
higher. There is a marked reduction in the
available weightbearing surface contact
area. In essence, the higher the arch, the
lower the surface contact area.
The incidence of cavus foot is reportedly 8 to 15 percent although in a clinical
and radiographic study of 2,047 skeletally
mature adult patients with diabetes, the
incidence of pes cavus was 24 percent.40
Surprisingly, in this same study, the incidence of flatfoot was only 19 percent.40

Pertinent Insights On Pes Cavus
We typically think of the classic cavus foot
and the literature typically refers to it as
an abnormal elevation of the medial longitudinal arch upon weightbearing. It is a
high-arched, rigid foot type with the posterior tibial and peroneus longus tendons
consistently stronger than the anterior
and the brevis. The etiology of the cavus
44

A Closer Look At The Types And
Pathomechanics Of The Cavus Foot
Manoli in 2005 and Chilvers and Manoli
in 2007 discuss a “subtle” cavus foot type
in which there is a higher arch than nor-
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Assess the optimum heel height to
encourage normal sagittal plane
mechanics by neutralizing plantargrade
forefoot deviation, thereby negating the
additional dorsiflexory requirement.

mal, but one that is not associated with
neuromuscular disease. This less severe
form of pes cavus occurs more commonly
in the normal population but researchers
offer no rate of occurrence.41,42
The authors go on to describe forefootand hindfoot-driven cavus foot types. The
forefoot-driven type is due to plantarflexion of the first ray resulting in a supinated
longitudinal axis of the midtarsal joint
during midstance throughout propulsion.
The hindfoot-driven cavus occurs as a result of severe varus alignment and function of the rearfoot exerting an excessive
repetitive supinatory moment beginning
at heel contact and continuing throughout the stance phase of gait.This foot type
may begin as forefoot-driven and then
progress to hindfoot-driven.41,42
Like most classic cavus feet, there is
a preponderance of supinatory motion
and diminished, if any, adaptive phase,
shock-absorbing subtalar joint pronation. Therefore, this foot type is frequently associated with chronic lateral
ankle instability, peroneal tendinitis and
overuse syndromes, lateral knee, hip and
back pain, postural instability, lateral fascial band strain, etc. Upon weightbearing, this foot retains its high-arched ap-

Collapsible Cavus
Why The Collapsible Cavus
Is Not A Flexible Flatfoot

Note the pathologic collapse of
the medial longitudinal arch in this
weightbearing foot.

Here one can see the same foot on
weightbearing. Note the forefoot
abduction, “too many toes” sign and
valgus deviated rearfoot.

pearance with a varus-directed hindfoot,
which, when viewing this anterior to
posterior, exhibits the pathognomonic
“peek-a-boo” heel sign.42
These forefoot- and hindfoot-driven
cavus foot types are in essence analogous
to the anterior and posterior classification schematic for cavus feet.The anterior
type represents plantarflexion of the first
ray and/or entire forefoot either at the
tarsometatarsal articulation or midtarsal
joint. The posterior type has a significant
calcaneal inclination angle but no forefoot equinus.38 Additionally, there can be
a combination of the two types, which is
referred to as a global cavus.
We may simply classify cavus feet as
either flexible or rigid. The flexible type
possesses enough ankle joint or, if necessary, midtarsal joint dorsiflexion to allow
anterior equinus deficiencies to be compensated for upon weightbearing. The
uncompensated type of cavus foot has a
higher incidence of genu recurvatum and
an inability of the anterior tibial musculature to negate the plantigrade position
of the foot during static stance and gait.43
Whitney and Greene first described
and categorized the anterior cavus foot in
1982 in their classic article entitled “Pseudoequinus.”44 They described the entity

of pseudoequinus as a functional dorsiflexion deficit of the ankle joint caused
by an inherent or acquired sagittal plane
structural deficiency. Since the forefoot is
plantarflexed on the rearfoot, additional
dorsiflexion at the ankle is required to allow the calcaneus to reach the supporting
surface, thereby employing most if not all
available dorsiflexion. The remaining required dorsiflexion is acquired via subtalar
and oblique midtarsal joint compensation,
thereby collapsing the foot.
Whitney and Green divided anterior
equinus into four categories depending upon which segment of the forefoot
exhibited sagittal plane plantarflexion
deformity.44 Metatarsus cavus deformity
occurs at Lisfranc’s articulation and primarily affects the first metatarsal. Lesser
tarsus cavus exhibits plantarflexion of the
forefoot on the rearfoot over the lesser
tarsal bones. Forefoot cavus occurs at the
midtarsal joint with pathognomonic talar
head prominence when the patient is offweightbearing. Finally, a combined type
of any of the preceding types may occur.
Whitney and Green go on to state if the
lesser tarsal area can completely absorb the
anterior cavus (equinus) deformity, the
foot may appear relatively normal in its
weightbearing state.
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The collapsible cavus foot, like the “subtle” cavus, is not associated with neuromotor disease and has an abnormally
high-arched appearance when the foot
is off weightbearing. However, unlike
the subtle cavus, it completely flattens
upon weightbearing. Additionally, unlike
the more rigid subtle cavus foot, which
presents with a propensity for excessive
supination, the collapsible cavus belies its
off-weightbearing architecture and excessively pronates with loading.
Yes, it is a flexible flatfoot in appearance but in its elemental form, it is actually a cavus foot gone astray. This collapsible cavus foot more closely resembles the
compensated anterior equinus foot with
increased tri-planar compensatory mechanisms taking place in a flexible system.
In a retrospective review that I conducted in my practice of the arch morphology, I observed off-weightbearing
and weightbearing in 100 randomly selected patients with a high-arched foot
off weightbearing.44 My review revealed
that upon weightbearing, 65 percent of
patients had flat feet, 28 percent had low
arches and 7 percent had medium arch
morphology. None of the randomly sampled patient population retained the high
arched morphology observed when they
were off-weightbearing.

What You Should Know About The
Etiology Of The Cavus Foot
The evolution of the human foot is still
incomplete. Our three-dimensional pedal architecture is still better suited for
grasping and climbing in a semi-arboreal
habitat than it is for walking on hard, flat
two-dimensional surfaces. As part of this
transition process, the heel has not yet
fully come down to meet the supporting
surface. Equinus influences in the foot and
ankle represent atavistic characteristics
that present a destructive force into the
foot of modern man. These evolutionary
“scars” create inherent biomechanical defects that are present in the feet of most
newborns and, as Tax has repeatedly stated, are responsible for most postural pathology of the lower extremity.2
Most flexible flat feet are only flat upon

Collapsible Cavus
mius equinus foot type, which results in
a rocker bottom flatfoot with attendant
symptomatology and deformity that is
obviously present with weightbearing and
off-weightbearing.
Photo courtesy of Bradley Lamm, DPM

Identifying The Collapsible Cavus

Photo courtesy of Bradley Lamm, DPM

Here is a preoperative clinical picture demonstrating a cavus deformity with increased
medial longitudinal arch height and digital contractures in a 42-year-old patient with
Charcot-Marie-Tooth disease.

This preoperative clinical picture shows a bilateral calcaneal varus deformity, which
is more severe on the left than the right in the 42-year-old patient.

weightbearing. Due to a host of etiologic
factors, the intended inherited anatomic
higher-arched architecture is disrupted
by an inability to maintain its shape upon
loading. In essence and in the vast majority of instances, underlying the observed
weightbearing flexible flatfoot is a flexible
cavus foot in need of realignment. This is
not a flat foot but a “flattening” foot.
A significant percentage of these flat
feet are not fundamentally flat feet at all
but actually higher arched feet that fail to
maintain their structure in function. For
the most part, the flexible flatfoot is a flex48

ible cavus foot type that collapses upon
weightbearing.
The incidence of truly flexible flatfooted individuals (i.e. both weightbearing and off-weightbearing) is smaller than
clinicians have commonly thought. In
fact, many of these true low- to no-arch
foot types are asymptomatic and function
quite well. I believe the reason for this
lies in the fact that the degree of collapse
upon weightbearing does not differ greatly from what we observe in the examination chair.There are some exceptions, one
of which is the compensated gastrocne-
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With the patient in the off-weightbearing
position with the subtalar joint in neutral
position, load the forefoot to resistance at
the ankle (see left photo on page 44). Note
the level of sagittal plane forefoot deviation
on the rearfoot as well as the level at which
it occurs (see center photo on page 44).
One can also suggest recommendations
on appropriate heel height based on this
measurement (see right photo on page 44).
Proceed to classify arch height into categories such as flat, low, medium or high. I further grade high-arched feet from +1 to +6
in ascending severity. Alternately, you can
break it up into mild, moderate and severe,
or use the arch rigidity index and/or arch
drop measurements depending upon your
personal preference.
Have the patient stand and note whether the arch height has been maintained,
lowered or flattened (see left photo on
page 46). If arch height is significantly
lowered or flattened, observe talar head
prominence, marked valgus rearfoot position, medial displacement of the line of
gravity, the “too many toes” sign, convexity to the medial border of the medial
longitudinal arch, convex lateral border
with shortening, etc. (see right photo on
page 46). Palpate the foot in subtalar joint
neutral position and note the difference
between ideal alignment and foot posture
upon weightbearing.
A historical method of determining arch
collapse is the measurement of “scaphoid or navicular differential” or “navicular
drop.” Depression or lowering of the navicular from a subtalar neutral position of
more than 3/8 inches or 9 mm with or
without symptomatology is pathologic.45,46
First described and utilized by Schuster, another method to evaluate the degree of pathologic arch collapse is to use
a free-swinging protractor or level finder
to measure the plane of the forefoot at the
first and fifth metatarsophalangeal articulations both in the relaxed stance and subtalar joint neutral position. The difference
between the two is the measurement of

Collapsible Cavus
the total varus influence on the foot. The
higher the number, the more pathomechanically dysfunctional the foot.47,48

In Conclusion
Most pathologic flexible flatfoot deformities are actually cavus feet that have collapsed and become misshapen as a result
of pathomechanical compensation for
some specific phylogenic and ontogenic
defect, deficiency or systemic disease process. They are not fundamentally flat feet
but actually higher arched feet that have
failed to maintain their structure in function. For the most part, the flexible flatfoot is a flexible anterior cavus foot type
that collapses upon weightbearing.
Understanding and appreciating this
fact will allow the astute practitioner to improve both conservative- and
surgical-based management outcomes.
Knowledge of the underlying etiology
that has created the presenting complaint — be it pain, deformity or both
— will allow the surgeon to select more
appropriate procedures, thereby targeting the cause as well as its effect. Conservative management allows the clinician more efficient, precise and timely
control of deforming forces, thereby
reducing pain, improving function and
stabilizing, and at times improving deformities. Conservative management
may include prescription foot orthoses,
muscle strengthening and/or stretching, fitness activity counseling, footwear
counseling and modifications, local modalities, etc. In some cases, we may of
necessity use surgical intervention to
augment conservative management to
correct the underlying deformity at the
precise level of its occurrence.
Habbu and colleagues from the American Orthopaedic Foot and Ankle Society
performed a retrospective review of 374
patients who had surgery to treat stage II
adult-acquired flatfoot deformity.24 The
procedures included a metatarsocuneiform fusion, a metatarsal shortening osteotomy, hallux valgus and hammertoe
repair, and gastrocnemius recession. The
authors concluded that a combination of
all these procedures together produced
the best results with the highest patient
satisfaction rates. They further went on to
state “restoration of normal foot and ankle
50

mechanics by addressing the underlying
etiology at the time of surgery is important in the prevention of deformity recurrence and also in patient satisfaction.”
Recognition of the fact that many of
these pathologic flat feet are fundamentally higher arched feet that have collapsed with the likelihood of pseudoequinus-induced sagittal plane compensation
as their etiology will undoubtedly improve patient outcomes. After all, isn’t
this what Root, Weed, Sgarlato, Schuster,
Tax, Ganley, McGlamry, Subotnick, Gerbert, Scherer, Schoenhaus, Kirby, LaPorta,
Greene, Dananberg, Valmassy, Blake and
other luminaries in the field of podiatric
biomechanics and surgery have been advocating for the past 50 years? n
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For further reading, see “Keys To Correcting Cavus Foot Deformities” in the May 2016 issue of Podiatry Today or “Assessing
And Treating The Subtle Cavus Foot Deformity” in the June 2015
issue.
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