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Adult Acquired Flatfoot Deformity
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INTRODUCTION

Steven L. Haddad, MD

Most of the controversy surrounding management of the
adult acquired flatfoot deformity revolves around the correc-
tion of Stage II deformity. Stage I deformity, uncommonly
corrected surgically, involves tenosynovitis with preserva-
tion of tendon length and absence of structural deformity.
Attempts at tenosynovectomy in light of structural defor-
mity leads to operative failure, found in 10% of Teasdall
and Johnson’s 1992 patient population. Thus, with tenosyn-
ovectomy rarely becoming an operative situation, Stage II
deformity is the most common problem requiring operative
treatment of the adult flatfoot.

Stage II deformity patients present with swelling medially,
the inability to do a single heel raise, with a passively
correctable subtalar joint. The tendon is functionally torn.
In recent years, authors have subdivided Stage II deformity
even further into A and B subcategories, where A involves
less than 50% uncovering of the talonavicular joint, and
B more than 50%. Recently, Anderson has added a C
subtype, which may be applied to either A and B patients,
in patients who have forefoot varus. Thus, Stage II patients
suffer from pain that begins medially and progresses to the
subfibular region over time. Most important, recognition of
the continued sub-classification in Stage II disease echoes
the fact that this disorder is on a continuum, challenging the
surgeon to recognize subtleties that, if unrecognized, lead to
a poor patient outcome.

In this review, Myerson discusses treatment in Stage II
disease with the medial slide calcaneal osteotomy, which
realigns the hindfoot axis reducing valgus, improves the
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medial arch, protects the FDL tendon transfer, and allows
the Achilles tendon to become a strong inverter. Over shift
of the calcaneus can compromise the outcome, as will a lack
of recognition of the congenital subtleties such that a valgus
hindfoot can have a varus orientation to the calcaneus, both
leading to lateral overload. A pure medial slide of a calca-
neus that has a varus orientation does not correct deformity,
rather, it creates it. Thus, an axial calcaneal view must be
studied carefully, for a varus orientation may be corrected via
a closing wedge osteotomy commensurate with the medial
shift of the tuberosity.

As noted above, the flexor digitorum longus tendon
transfer is the staple procedure to replace the damaged
posterior tibial tendon. This transfer balances the eversion
power of the peroneal tendons, works in phase with the
former posterior tibial tendon in the stance phase of gait, and
replaces a painful diseased posterior tibial tendon. However,
over tensioning the transfer results in a tenodesis rather than a
functional tendon transfer, the relative weakness of the FDL
tendon (30% as strong as the PTT) creates difficulty with
heel rise, and inappropriate transfer to distal tarsal bones may
compromise the result by limiting torque from the transferred
tendon. Finally, preservation of the posterior tibial tendon
in combination with the transferred FDL tendon remains
a consideration without answer, though Rosenfeld (2005)
suggests a substantial improvement in strength through PTT
preservation.

Failure of the above protocol for treating Stage II disease
most often revolves around the insufficient corrective power
of the tandem procedures in longstanding ruptures. As
noted by Anderson, according to Guyton (2001), only 50%
of patients report a perception in deformity improvement
following FDL/calcaneal osteotomy procedures, and only 4%
report a significant improvement in pre-existing deformity.
Sangeorzan (2001) found such patients could not achieve
a painless plantigrade foot due to acquired ligament laxity
(primarily the spring ligament). Controversy revolves around
the inability to repair a damaged spring ligament, and tendon
weave procedures have been suggested to supplement the
diseased tissue. However, lack of clinical follow-up renders
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this type of reconstruction in its infancy in its current stage,
and the default reconstructive effort centers around length-
ening the lateral column.

Sangeorzan applied Evans’ pediatric procedure to adults
without confirming the pathomechanics of correction. Some
speculate the windlass effect on the plantar fascia creates
correction (refuted by Horton, 1998, finding the plantar fascia
is loosened by a lateral column lengthening), others believe
tightening the peroneus longus through lateral column
lengthening increases first ray plantarflexion, restoring the
medial arch. The real answer remains in question. Contro-
versy also remains in answering Cooper’s (1997) claim that
lengthening through the calcaneus creates static increase
in pressure about the calcaneocuboid joint (1.4 mPa total)
that may lead to an arthritic joint long term. Finally,
painful lateral overload following lateral column length-
ening remains a difficult problem to both prevent and
correct.

This last point leads to some considering the abandon-
ment of the lateral column procedure altogether, focusing
their efforts on restoration of the medial column. This group
focuses on the “C” type deformity noted by Anderson,
those with forefoot varus. Younger addresses this point in
his review, including the following comments. It is known
that the medial column is supported by the navicular, the
cuneiforms, and the first, second, and third metatarsals. While
a Cotton (opening wedge medial cuneiform) osteotomy,
a first tarsometatarsal joint arthrodesis, or a metatarsal
osteotomy has value, the surgeon must note that this
only corrects the first ray. More often than not, complete
correction of the medial column is best achieved through
naviculocuneiform joint arthrodesis. Standing radiographs
commonly reveal collapse at that level; however, surgeons
are reticent to perform such fusions in light of the higher
nonunion rate. Controversy not only revolves around tech-
nique and inclusion of this procedure, but in the avoid-
ance of iatrogenic lateral overload from the posted medial
column.

And finally, Davis will try to convince the American
orthopaedic foot and ankle specialists that an arthroereisis
has a reasonable role in correcting the adult acquired flatfoot!
We hate to continually need spell check when utilizing this
term, and thus we expect a strong argument from him to
change the tide.

From the above discussion, the reader will note that we
have a lot to cover. A few years ago, I spent 1 year
and one hundred pages trying to cover this disorder for
the Mann, Coughlin, and Saltzman textbook. In the end,
many of the points mentioned above remain unanswered.
Perhaps the following comments will assist us in making
some definitive decisions on the adult acquired flatfoot.
Read on!

MEDIAL TRANSLATIONAL OSTEOTOMY OF THE
CALCANEUS FOR THE TREATMENT OF THE ADULT
FLATFOOT DEFORMITY

Mark S. Myerson, MD

There is a tremendous variation in the anatomy, config-
uration, and the location of deformity in the adult flat-
foot. As one would therefore expect, the treatment of these
deformities is controversial, largely because of the many
satisfactory operations that are available for correction, albeit
of a varied nature. We have in the past rarely compared
one exact type of pathologic deformity with another, and
this has largely been the failure of an adequate classification
system for the adult flatfoot. When we examine the results of
a tendon transfer combined with a calcaneus osteotomy for a
flatfoot deformity, are the patients and the deformities really
comparable? The approach to correction of deformity has to
be based on the flexibility of the foot, the apex of the loca-
tion of the deformity, the presence of rupture of the posterior
tibial tendon, the spring ligament or the deltoid ligament,
and the presence of any arthritis or secondary deformity of
the midfoot. Below is a summary of a previously reported
comprehensive classification system addressing the diversity
of deformity associated with the adult flatfoot deformity. This
scheme takes into account ankle and hindfoot valgus, forefoot
supination, forefoot abduction, and medial column instability.
It is a complete and thorough classification scheme of the
flatfoot which should help with decision making in surgical
correction.

Stage I: Tenosynovitis without deformity
In Stage I disease, the tendon is inflamed or partially

ruptured, deformity is absent or minimal and the overall
continuity of the tendon is maintained, and is subdivided
into three categories:

A. Inflammatory disease. Posterior tibial tendon (PTT)
rupture that results from a systemic disease such as
rheumatoid arthritis and the other inflammatory arthri-
tides is recognized as a separate entity. In Stage IA,
hindfoot anatomy is maintained and the foot alignment
is normal.

B. Partial PTT tear with normal hindfoot anatomy.
C. Partial PTT tear with hindfoot valgus. This is a slight

deformity to distinguish it from Stage II disease, and
represents an incipient rupture.

Stage II: Ruptured PTT and flexible flatfoot
Stage II disease implies PTT tendon rupture, as evidenced

on physical examination by a clinically apparent flatfoot,
weakness with inversion of the plantarflexed foot, and
inability to single leg heel rise. Because some patients exhibit
several of the following features, some degree of overlap
may exist.
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A. Hindfoot valgus. In Stage IIA, once the heel is reduced
from valgus to neutral, there is a minimal if any
residual forefoot supination.

B. Flexible forefoot supination. In Stage IIB, reducing
the hindfoot from valgus to neutral results in forefoot
supination, which is however flexible. If the ankle is
plantarflexed to relax the gastrocnemius muscle, the
forefoot supination is corrected.

C. Fixed forefoot supination. In Stage IIC, because of
long-standing hindfoot valgus, adaptive changes have
occurred in the frontal plane of the forefoot. Thus,
although the hindfoot deformity is supple and reducible
to neutral, the forefoot deformity becomes fixed once
the heel is held reduced. In other words, when the ankle
is plantarflexed while the hindfoot is held reduced, the
forefoot remains supinated.

D. Forefoot abduction. This may occur at the trans-
verse tarsal joint (most commonly) or at the first
tarsometatarsal (TMT) or naviculocuneiform joint. The
first TMT joint instability can be either a primary
deformity or a result of TMT joint arthritis. The
simplest way to determine this distinction is through
examination of the lateral foot X-ray (XR) image for a
gap at the plantar joint surface, which is present with
primary deformity. Primary deformity of the first TMT
joint may also result in secondary hindfoot deformity,
including rupture of the PTT.

E. Medial ray instability. As in Stage IIC (fixed forefoot
supination), the Stage IIE foot retains forefoot supina-
tion with reduction of the valgus heel to neutral. This
persists even with ankle plantarflexion. This is due
to instability of the medial column i.e. at the talon-
avicular, naviculocuneiform, or medial cuneiform-first
metatarsal joint, or a combination thereof. This situ-
ation is similar to IIA; however, after the heel is
corrected to neutral, the unstable medial ray will tend
to dorsiflex, and this dorsiflexion causes the foot to
collapse into pronation and leads to painful subtalar
joint impingement.

Stage III: Rigid hindfoot valgus
Stage III disease is generally associated with a more

advanced course of tendon rupture and deformity and is
typically characterized by rigid hindfoot valgus. Forefoot
deformity may also be present, and it usually consists of
rigid forefoot abduction or instability at the first TMT
joint.

A. Hindfoot valgus.
B. Forefoot abduction and or sagittal plane instability.

Stage IV: Ankle valgus
Stage IV disease occurs after chronic tendon rupture and

is associated with deltoid ligament rupture and medial
ankle instability, leading to ankle (tibiotalar) joint valgus
deformity. It often occurs in the setting of previous triple

arthrodesis. Several variants of this condition have been seen;
it may be associated with or without ankle instability and
arthritis and a flexible or rigid hindfoot.

A. Flexible ankle valgus.
B. Rigid ankle valgus. This is the more common presen-

tation of Stage IV disease.

Biomechanics and a historic perspective of calcaneus
osteotomy

In its anatomic position, with its insertion just medial to the
long axis of the subtalar joint, the Achilles tendon acts as an
inverter of the hindfoot. As the flatfoot deformity progresses,
the subtalar joint naturally assumes a valgus position, the
Achilles tendon forces are redirected laterally, and then it
acts as a powerful everter of the hindfoot, increasing the loss
of medial arch stability through unlocking of the transverse
tarsal joint. Additional contracture brings the hindfoot into
equinus and forces the talar head medially and plantarly,
further compromising the medial and plantar static structures
such as the spring ligament. Although the flexor digitorum
longus (FDL) transfer restores dynamic medial arch stability,
the calcaneal osteotomy helps maintain the integrity of
the transferred tendon by moving the weight bearing axis
of the lower leg to a more medial position with relation
to the subtalar joint. Displacing the calcaneal tuberosity
medially increases the dynamic stability of the hindfoot by
redirecting the pull of the Achilles tendon medial to the axis
of rotation of the subtalar joint, where it can function as
an inverter and stabilizer of the hindfoot. The mechanism
by which medial shift of the calcaneal tuberosity improves
clinical and radiographic parameters has not been clearly
identified. It can be theorized that the plantar fascia, one
of the static stabilizers of the longitudinal arch, is tightened,
thereby raising the height of the arch. However, it has been
demonstrated that the plantar fascia actually lengthens as the
calcaneal tuberosity is shifted medially and, thus, does not
appear to contribute to the documented changes. Although
numerous studies have noted the short- and intermediate-
term benefits of calcaneal osteotomy and tendon transfer in
terms of reduced pain and increased function, there may be
long-term benefits to the subtalar and ankle joints as well.
Because pes planus involves a subtalar and later an ankle
valgus deformity, the malpositioning of the hindfoot has
the potential to cause subtalar and tibiotalar joint arthrosis
over time. Calcaneal osteotomy has been shown to reduce
contact stresses in the tibiotalar joint and may, therefore, be
beneficial in preventing future joint degeneration.

The concept of calcaneal osteotomy for pes planus is cred-
ited to Gleich, who in 1893 advocated a medial closing
wedge osteotomy with displacement of the posterior frag-
ment forward, medially, and downward in an attempt to
reestablish the normal calcaneal pitch angle. For patients
with cerebral palsy, Dwyer in 1960 advocated a lateral
opening wedge osteotomy with insertion of a tibial graft
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for both mobile flatfoot and flatfoot secondary to spas-
ticity. In 1971, Koutsogiannis reintroduced the concept of a
medial displacement calcaneal osteotomy through the poste-
rior tuberosity for treatment of the flatfoot deformity. In
1995 and 1996, Myerson and colleagues described the use
of the medial displacement osteotomy and adjunctive FDL
transfer for the treatment of PTT dysfunction. Since that
time numerous clinical and biomechanical studies have been
reported on the success of the medial translational osteotomy
of the calcaneus and its integral role in correcting a flatfoot
deformity.

The indications for a medial translational osteotomy of the
calcaneus in the adult flatfoot are:

1. Combined with tenosynovectomy of the posterior tibial
tendon.

2. Combined with tendon transfer to correct a rupture of
the posterior tibial tendon.

3. Combined with a repair or reconstruction of the spring
ligament.

4. Combined with a triple arthrodesis where slight ankle
valgus deformity is already present.

5. Combined with ankle valgus associated with a rupture
of the deltoid ligament.

6. In any condition where it is desirable to shift the axis
of the calcaneus more medially.

If one assumes that tenosynovitis represents an incipient
rupture of the PTT (whether Stage IA, B, or C), then one
can also assume that mild hindfoot valgus is likely to be
present. Therefore in these patients the addition of a medial
translational osteotomy of the calcaneus, along with the
tenosynovectomy, may be prudent. Certainly, this would be
a good idea if minor fissuring indicative of early rupture
were present and were associated with the tenosynovitis.
The correction of a flexible flatfoot deformity with either
a tear of the posterior tibial tendon or spring ligament begins
with the lateral approach, including a calcaneal osteotomy.
The medial translational osteotomy is primarily indicated
for correction of hindfoot valgus deformity (Stage IIA). If
abduction of the forefoot is present, particularly if there is
marked uncovering of the talonavicular joint, then some form
of lengthening of the lateral column (whether by length-
ening calcaneal osteotomy or lengthening arthrodesis of the
calcaneocuboid joint) is necessary. The medial translational
calcaneal osteotomy is an extremely utilitarian procedure,
and I use the medial translation osteotomy for correction
of multiple types of deformities whenever hindfoot valgus
is present and when the medial side of the foot needs to
be supported. Restructuring the medial column of the foot,
leaving the hindfoot in valgus, will not correct the hind-
foot deformity. The osteotomy can be used to improve the
mechanics of the tibiotalar joint because medial translation
will increase the contact pressure on the medial aspect of
the tibiotalar joint when valgus deformity is present in the
ankle. The osteotomy can also be added to a triple arthrodesis

to improve the mechanical support of the ankle in a Stage
IV rupture of the PTT in conjunction with reconstruction of
the deltoid ligament. This is an extremely reliable operation,
and nonunion does not occur, although over-correction of
the hindfoot placing the heel in too much varus is possible,
albeit rare. With internal fixation, the tuberosity can be
shifted at least 12mm without any fear of instability or
nonunion.

Surgical technique: medial translational osteotomy
An incision is made 1 cm below the tip of the fibula in

line with the peroneal tendon, is deepened into subcutaneous
tissue, and immediately the sural nerve and lesser saphenous
vein must be identified and retracted. A soft tissue retractor
(Weitlaner) is inserted to separate the skin and subcutaneous
tissue, and then once the nerve is retracted, the incision is
deepened onto periosteum to expose the calcaneus. After
subperiosteal dissection, two curved soft tissue retractors
(Hohman) are inserted on the dorsal and inferior aspect of
the tuberosity (Figure 1). The inferior retractor is pushed
between the calcaneus and the plantar fascia and serves as
a retractor of the soft tissues during the osteotomy. The
cut is made perpendicular to the axis of the tuberosity
at a 45-degree angle with respect to the calcaneal pitch
angle using a wide saw blade. A punching action of the
saw is used for the osteotomy to “sense” the position
of the saw when it perforates the medial aspect of the
tuberosity. It is essential to avoid cutting the medial soft
tissue with the saw. Placing the opposite hand on the medial
surface of the heel provides tactile feedback as well as firm
countertraction.

A smooth laminar spreader with no teeth is inserted
into the osteotomy site to distract the calcaneus, and the
medial periosteum is separated (Figure 2). If there is any
osteoporosis, insertion of the laminar spreader can cause
crushing into the tuberosity, and as much of the blade of

Fig. 1: The incision is 1 cm inferior to the fibula and dorsal to the sural
nerve. Hohman retractors are inserted to expose the calcaneus.
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Fig. 2: Following the osteotomy, a smooth lamina spreader is inserted into
the osteotomy to distract it apart.

Fig. 3: A temporary pin is inserted into the calcaneus from posterior and
lateral to anterior and central to hold the osteotomy reduced with a 10- to
12-mm medial shift.

the laminar spreader should be inserted as possible. If the
osteotomy cannot be easily opened then there may be a
residual bone bridge present on the superior or inferior
margin of the osteotomy. The medial translation is then
performed, avoiding any cephalad translation. The calca-
neus is temporarily fixed with a guide pin or Kirschner
wire in the desired position with about 10 to 12 mm of
medial translation (Figure 3). It can then be secured with one
or two 6.5- or 7.0-mm cannulated screws introduced from
inferolateral to anteromedial. One screw may be sufficient,
and two screws are necessary when the bone quality is poor.
As an alternative to screw fixation of the tuberosity, a custom
locking calcaneus plate, may be used to secure the position of
the tuberosity (Orthohelix Inc. Akron, OH) (Figure 4). This
may have the advantage of permitting early weightbearing
on the limb. It is important to remove the overhanging

A

B

Fig. 4: A custom plate is inserted (A) which slides into the calcaneal
osteotomy and is fixed with locking screws to secure its position (B).

lateral ledge of bone following the medial translation of the
tuberosity (Figure 5). If left behind, it can cause irritation of
the soft tissues and sural nerve. This can either be performed
using a bone tamp, or my preference is to use a small saw
and scrape the edge of the overhanging ledge. One problem
with the use of a tamp is that the cortex does not impact
correctly, and “springs” back so that the edge of the bone
must be removed with a rongeur.

At the completion of the calcaneal osteotomy, the incision
is sutured, and the patient turned from the lateral to the supine
position, followed by the tendon and ligament reconstruction
procedure medially. Although rupture of the posterior tibial
tendon is often present, at times the tendon is perfectly intact,
and a tear of the spring ligament may be present (Figure 6).
In the latter patient, the anatomic reconstruction of the spring
ligament was performed using a hamstring tendon graft
which was inserted into the sustentaculum (Figure 7A) and
the navicular (Figure 7, B and C), tensioned and secured at
both ends with interference screws.
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Fig. 5: The overhanging bone is compressed using a small saw then a bone
tamp to prevent subcutaneous irritation.

Fig. 6: The rupture of the spring ligament is demonstrated with a normal
intact posterior tibial tendon.

The postoperative care and rehabilitation following the
calcaneal osteotomy depends on the additional procedures
performed. If an isolated medial translational osteotomy is
performed, then with the fixation outlined above immediate
bearing of weight may begin according to comfort. When
combined with a tendon transfer, it is preferable to wait
for 2 to 3 weeks before initiating ambulation, which is
permitted in a boot with the hindfoot positioned in varus
using a soft felt pad placed in the boot. The rehabilitation
following a spring ligament reconstruction in conjunction
with the osteotomy is slower, and weight bearing is permitted
after 6 weeks. Physical therapy and topical massage are
important over the calcaneus to improve tissue healing,
decrease swelling and minimize sural nerve irritation during
recovery.

A

B

C

Fig. 7: A to C, The spring ligament reconstruction is performed with
a hamstring allograft tendon, secured with appropriate tension into the
sustentaculum and the inferior pole of the navicular, both with interference
screws.
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MEDIAL COLUMN FUSIONS

Alastair Younger, MD

The patient with a symptomatic adult flatfoot will have
a combination of hindfoot valgus, external rotation of the
forefoot in the transverse plane and forefoot varus on the
hindfoot.

Forefoot varus on the hindfoot can be assessed by bringing
the hindfoot to neutral and looking at the position of the
forefoot with respect to the long axis of the tibia (Figure 8).
Hindfoot varus can be assessed with the patient standing from
behind, and external rotation of the forefoot can be assessed
using the “too many toes” sign.

The combined deformity lateralizes the joint reaction force
at the level of the ankle. This results in impingement laterally
in the sinus tarsi, and puts tension on the medial structures.
The deltoid ligament may tear, and the tibialis posterior has
to correct the foot position, causing overload.

Fig. 8: Forefoot varus on the hindfoot.

If nonoperative treatment fails and the patient consents
to surgical intervention, then fusions and osteotomies can
be used to correct the foot shape and hence resolve the
mechanics of the hindfoot.3

A lateral column lengthening will correct the forefoot
external rotation and hindfoot varus. The heel cord may
become tight in the corrected position and a heel cord length-
ening may be required.

However correction of the hindfoot and forefoot in the
transverse plane will increase the forefoot varus. Leaving a
residual forefoot varus leads to a poor outcome.2,4

The medial column is supported by the navicular, the
cuneiforms and the first, second and third metatarsals. A
Cotton (opening wedge of medial cuneiform) osteotomy, first
TMT fusion or first metatarsal osteotomy will only correct
the first ray. Complete correction of the medial column is
best achieved by a naviculocuneiform fusion. This is also
the point of collapse of the medial column on standing
radiographs (Figure 9).1

Procedure

The patient should be positioned with the foot neutral and a
thigh tourniquet used with the leg draped to above the knee.
The lateral column lengthening is performed first to bring
the forefoot into neutral in the transverse plane. This can be
assessed by flexing the knee to 90 degrees, and looking at
the relationship between the long axis of the femur and the
second ray. When enough lengthening has been performed
the position will be neutral. A lengthening of between 7 mm
to 1.1 cm is usually required.

The hindfoot position is checked. The hindfoot should
come to neutral or slight valgus compared to the center of
the knee and ankle.

The forefoot varus is then assessed. If it is more than 10
to 15 degrees then a NC fusion is required.
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A

B

Fig. 9: (A), AP view of a planovalgus foot before NC fusion and lateral
column lengthening. (B), Lateral view of the same foot.

The NC joint is approached from the dorsal side. The joint
is exposed from the medial cuneiform to the lateral cuneiform
and the entire cartilage surface denuded (Figure 10). The
subchondral bone is penetrated with a drill and feathered
with an osteotome.

The forefoot is then brought into the corrected position
and the joint held transfixed with a Kirschner wire or drillbit.
The forefoot position is checked against the long axis of the
tibia. The forefoot should be neutral to 10 degrees varus at
this time. Additional iliac crest graft can be obtained to assist
in the fusion.

Fixation is achieved using crossed screws. Ideally six
screws are used, two for each cuneiform. Using a 3.5-mm
drill bit, a laghole is placed distal to proximal in each
cuneiform. The 2.5-mm drillbit is then placed obliquely
through the lag hole to increase the correction and drilled
into the navicular. Cortical screws are then placed across the
joint and compression achieved.

Proximal to distal fixation is achieved using three screws
from the dorsum of the navicular into the cuneiforms. One
goes to the medial cuneiform, one to the intermediate and
one to the lateral.

Occasionally a medial to lateral screw from the medial
cuneiform to the intermediate may be required to stabilize
the cuneiforms as the medial cuneiform to navicular joint
is the most likely to fail to unite. If there is any dorsal
gapping then the fusion site is grafted with iliac crest
bone. Intraoperative imaging is performed to ensure correct
position of the hardware.

Fig. 10: Approach used.
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Fig. 11: (A), Standing postoperative AP view. (B), Standing postoperative
lateral view.

The patient is immobilized initially in a plaster splint and
later in a walker boot. Standard fusion postoperative protocol
is used. The position of the hardware can be seen on the
postoperative views (Fig 11). In this patient a 1-2-3 TMT
fusion was also performed.
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LATERAL COLUMN LENGTHENING IN THE
MANAGEMENT OF THE ADULT ACQUIRED FLATFOOT

Robert B. Anderson, MD

Introduction

It is quite fascinating that the adult acquired flatfoot
disorder, and its relationship to a dysfunctional posterior
tibial tendon, was not formally described until the late
1970’s. The various stages of this postural abnormality have
since been categorized, with much changing in the past thirty
years in regards to both operative and nonoperative manage-
ment. This evolution of treatment philosophies has included
the use and need for a lateral column lengthening in the
correction of the progressive adult flatfoot deformity.

Controversy exists regarding the treatment of the Stage II
flexible flatfoot deformity.3 We have recently reclassified the
Stage II deformities into A and B subtypes, this according to
the amount of navicular coverage that exists about the head
of the talus (Anderson, Instructional Course Lectures 2003).
This peritalar lateral subluxation correlates clinically to the
severity of the forefoot abduction present in conjunction with
pes planovalgus. The type A is a more mild presentation and
represents less than 50% of the talar head being uncovered by
the navicular. When the deformity is more severe and greater
than 50% of the head is exposed, the deformity is classified as
type B (Figure 12). We further subclassify based on the pres-
ence of forefoot varus (c), which may involve a number of
different joints along the medial column. Thus Stage II A(c)
and II B(c) deformities can be identified. Surgical decision
making is guided by recognizing the differing deformities
that are present to correct the flexible but misshapen foot,
now aided by an algorithm that addresses this subclassifica-
tion system.

Indication
A question often raised with these Stage II deformi-

ties is when to add a lateral column lengthening. Now I

Fig. 12: Illustration of a simulated AP foot radiograph depicting a Stage
IIB deformity with greater than 50% uncoverage of the talar head by the
navicular (talar coverage angle).

always utilize lateral column lengthening as an adjunct to
our basic surgical regimen, which includes a medial displace-
ment calcaneal osteotomy and FDL tendon transfer. In the
1990’s we were using the lateral column lengthening proce-
dure in isolation (but with an FDL tendon transfer) for the
management of the adult acquired flatfoot deformity, and
were often dissatisfied with the incomplete correction of
the hindfoot valgus.2,10 This has been rectified by adding a
medial displacement calcaneal osteotomy. Years ago, we also
utilized a significant amount of lengthening in our flatfoot
correction, often 12 to 16 mm in length. When combining
the medial displacement calcaneal osteotomy to the lateral
column lengthening, we found that less lengthening is neces-
sary, as well as less medial displacement of the posterior
tuberosity. As mentioned previously, we reserve the lateral
column lengthening in cases of significant abduction posture,
termed peritalar lateral subluxation. Again, this is based on
a standing AP radiograph in which greater than 50% of the
talar head is uncovered, our Stage IIB deformity.

Historical perspective

The pathophysiology of the adult acquired flatfoot has
been examined thoroughly over recent years. Once the poste-
rior tibial tendon becomes incompetent or nonfunctional, as
with Stage II disease, it is considered to be unsalvageable.
A tendon transfer, often incorporating the flexor digitorum
longus tendon (FDL), has been shown to be ineffective as
an isolated procedure, particularly in regard to deformity
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correction. Bony osteotomies were thus introduced to supple-
ment the soft tissue procedures to align the hindfoot and
help maintain long term correction. These bony procedures
are determined preoperatively according to our classification
system above (i.e., abduction, forefoot varus, first ray hyper-
mobility, etc.). Guyton has noted that the combination of
an FDL tendon transfer with a medial displacement of the
calcaneus lacks the power to correct deformity in a number
of patients.

The lateral column lengthening procedure was originally
described by Evans for use in congenital flatfoot defor-
mities, often spastic in nature.1,7,9 Sangeorzan et al. first
recognized that this lateral column lengthening procedure
could be utilized in correcting adult flatfoot as well, as long
as it was the flexible deformity seen in Stage II.12 When
forefoot abduction is present, subfibular/sinus tarsi impinge-
ment and pain may result. It is our belief that this more
severe deformity cannot be adequately corrected with only
an FDL transfer and a medial calcaneal osteotomy and a
lateral column lengthening is indicated. Hinterman was the
first to provide clinical evidence that the Evans lateral column
lengthening procedure was advantageous in the adult flatfoot
in 1999.14 He reported on 19 patients undergoing this proce-
dure in combination with medial soft tissue reconstruction
and found that all radiographs were improved and 17 patients
had a good or excellent result. One patient subsequently
required a calcaneocuboid arthrodesis. Multiple authors have
since described favorable results with this technique. There
has been some controversy as to the best location to lengthen

Fig. 13: Diagram of lateral column lengthening with interposition, situated
approximately 1.5 cm proximal to calcaneocuboid joint.

the lateral column, whether through the anterior process of
the calcaneus or at the calcaneocuboid joint itself.4,11 We
do not believe this is an age dependent decision, but rather
one based on pre-exisitng arthritis of the calcaneocuboid
joint. If the patient is free of symptomatic degenerative
joint disease of the calcaneocuboid joint then lengthening is
performed through the anterior calcaneus, typically 1.5 cm
proximal to the joint itself (Figure 13). A gastrocnemius
recession is typically included. No one has been able to
define exactly how the lateral column lengthening works
in regard to flatfoot correction, but theories have suggested
it “pushes” the forefoot into adduction by lifting the talar
head and tightening the spring ligament complex and plantar
fascia. This thereby increases the arch height, but this theory
has been disputed in cadaver studies. It may also tighten
the peroneus longus tendon, which in turn plantarflexes the
first ray; however, this has not been seen clinically. When
lengthening through the anterior process of the calcaneus,
some authors have expressed concern for the potential for
symptomatic arthrofibrosis of the subtalar joint, or progres-
sive arthritis of the calcaneocuboid joint. Cooper found that
compressive forces at the calcaneocuboid joint increased by
eight-fold with a lengthening procedure. This may create
subluxation and subsequent degenerative disease. If one
elects to lengthen through the joint, creating an arthrodesis
along that lateral column, they can anticipate an 18 to 30%
loss of subtalar motion and a 40% loss of talonavicular
motion.5

Surgical technique
Regional anesthesia is often used in conjunction with

a general anesthetic for the adult Stage IIB deformity
undergoing a lateral column lengthening. A bump is placed
under the ipsilateral hip. We will typically perform a gastroc-
nemeis recession first, followed by a medial displacement
calcaneal osteotomy. We have found that proceeding with
the medial approach to the diseased posterior tibial tendon,
and preparing for the FDL tendon transfer, prior to the lateral
column lengthening is helpful in regard to visualization of the
medial soft tissue structures. Specifically, this may include
an advancement or repair of a diseased spring ligament
complex.

Prior to lengthening through the anterior calcaneus, one
may wish to consider percutaneous pin fixation of the
calcaneocuboid joint in a reduced position so as to avoid any
subluxation that may occur as the calcaneus is lengthened.
Once the anterior calcaneus has been transected completely
through the medial aspect, distraction is applied through
the osteotomy to achieve the desired talar head coverage.
A distraction device with Kirschner wires on both sides of
the osteotomy may be helpful in this regard, or a laminar
spreader may be utilized. A simulated AP standing foot X-ray
is obtained via intraoperative fluoroscopy to determine when
the navicular head achieves adequate talar head coverage.
The amount of distraction imparted to achieve such coverage
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is then measured, and is therefore the size of wedge required
to maintain (Figure 14).

The interposition material is typically a trapezoidal wedge
of bone that matches line-to-line with the distraction distance
measured. Iliac crest allograft or autograft can be utilized,
and prior studies have shown equivocal success.6 Porous
metal wedges can also be utilized and have received FDA
approval (Figure 15). The wedge will typically measure
8 to 12 mm along the lateral aspect. When inserting the
wedge, it is important to maintain neutral rotation of the
midfoot/forefoot, specifically avoiding supination.

Internal fixation is applied over the area of interposition
to maintain proper position and length. This is usually in the
form of a staple, plate, or screw (Kimball et al. 2000). Once
completed, attention returns to the medial aspect of the foot
where securing of the soft tissue reconstruction is completed
and followed by layered wound closure.

In addition to the procedures mentioned above, one may
also wish to consider a transfer of the peroneus brevis to
longus at the site of lateral column lengthening. Such a

Fig. 14: Simulated intraoperative AP radiograph of the foot assessing for
talar head coverage with lengthening applied through the calcaneus. Distance
is measured and appropriately sized graft is inserted.

A B

Fig. 15: Lateral column lengthening completed with porous metal wedges
(done in conjunction with a medial displacement of the calcaneus). Fixation
can be added as a supplement.

maneuver will provide more power to the peroneus longus,
theoretically increasing the plantarflexion advantage of the
first ray and thus stabilizing the medial column. In addi-
tion, removing the peroneus brevis function likely aids the
mechanical advantage of the somewhat weak FDL tendon
transfer.

Postoperative management

Postoperatively the patient is placed into a splint non-
weightbearing. Suture removal and conversion to a cast is
considered two weeks thereafter. Nonweightbearing extends
for a period of 4 to 6 weeks. Thereafter, the patient is allowed
to weightbear in a boot with an arch support added. At
approximately 8 to 10 weeks postoperative, advancement
to a shoe with continuation of arch support is instituted.
Physical therapy is recommended for tendon strengthening
after a period of approximately 8 weeks. The patient should
be informed that a plateau may not be achieved until 6 to
12 months postoperatively.

Results

Our personal results of the lateral column lengthening
procedure, when performed in combination with a medial
displacement calcaneal osteotomy and medial soft tissue
reconstruction, have been quite good. We have observed
good relief of preoperative pain and improved arch and fore-
foot posture. The FDL tendon transfer itself appears to be
partially functional. These observations echo those of other
authors, which include Mosier-LaClair in which their 26
patients (28 feet) with 5-year followup had an AOFAS hind-
foot score of 90.8 Four of their feet developed degenerative
changes of the calcaneocuboid joint, of which one required
arthrodesis.

The major critique to this Evans lateral column length-
ening procedure in the adult population is in its poten-
tial complications. Many patients return with a frustrating
lateral column pain of unknown etiology. This appears to be
irrespective of retained hardware or supination/varus posi-
tioning. Some have theorized that it is a lateral overload
phenomenon, which may be minimized by adding a plan-
tarflexion osteotomy to the cuneiform (Cotton procedure).13

Fortunately, most patients with this vague lateral column pain
typically have spontaneous resolution over a period of 12
to 18 months. Other complications to the procedure include
nonunion of the interposition material, or frank graft collapse
and a secondary loss of correction. Additional potential prob-
lems include sural neuritis or neuroma, peroneal tendon
adhesion or irritation secondary to underlying hardware, and
prominent hardware itself.

When a patient does present with a symptomatic nonunion
of lateral column lengthening, one may need to consider
revision with bone grafting followed by bone stimulation,
versus conversion to a triple arthrodesis.
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Conclusion

It is important to understand that not all Stage II posterior
tibial tendon dysfunction patients presenting with an adult
acquired flatfoot deformity are the same. Subclassification
of the Stage II deformities has been helpful in regard to
determining what procedures are best suited for the patient,
and to what degree. A treatment algorithm can be created
with a subclassification system of the Stage II deformities,
and in which a lateral column lengthening may serve as
an adjunct in the more severe deformities that include
a significant amount of peritalar lateral subluxation with
forefoot abduction.
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FLEXIBLE ASYMMETRIC ADULT FLAT FOOT: THE
ROLE OF THE ARTHROERESIS SUBTALAR IMPLANT

W. Hodges Davis, MD

The history of the arthroeresis subtalar implant has been
fraught with controversy and possibly misunderstanding as
to its use and functionality in the treatment of the pathologic
adult flat foot.

In order to determine the role, if any, of the arthroeresis
subtalar implant, we first must come to an agreement about
what is happening to the subtalar joint in flat foot.

In the flat foot, the calcaneus will sublux laterally on
the talus. This can happen at weight-bearing transiently, but
also can, in a long-standing deformity, become a permanent
subluxation of the calcaneus on the talus. This is most often
called pronation in the hindfoot, and at the same time can
create a rotational deformity in the forefoot, forefoot varus.
The pathology of this subluxation creates a disassociation
between the talus and the calcaneus creating a “bag of bones”
in the flexible flat foot. In the asymmetric and pathologic
flat foot, this can lead to subsequent rupture of the posterior
tibialis tendon and progression to a painful and dysfunctional
foot and ankle. The question arises then, is there a role in
flat foot surgery for a device that blocks this subluxation?

The definition of arthroeresis is an operation for limiting
motion in a joint in cases of undue mobility. Its origin is
in arthro (which equals joint) and G.Ereisis (which is a
propping up). This is in contrast to arthrodesis which is
creating a stiffening of a joint.

A number of operations have been proposed for limiting
calcaneal subluxation on the talus. The most common
procedures are fusion operations. Grice described his extra-
articular subtalar fusion. Harraldsson described an extra-
articular allograft wedge to prevent subtalar eversion. More
common in the literature is a restriction of this motion
by implant. Needleman in 2005 gave his classification of
subtalar implants as either an extra-articular screw or an
extra-articular block.2 Screws have become more popular in
recent years because of ease of insertion, as well as ease
of removal. Multiple types, sizes, and shapes have been
proposed.

The reported indications for a subtalar arthroeresis screw
are: (1) a skeletally immature patient; (2) symptomatic flex-
ible flat foot; and (3) dorsolateral peritalar subluxation. In
theory, the skeletally immature patient has the potential
to remodel, and that is why the indications most often
specify the skeletally immature. The question in the skele-
tally immature is can it create an arch where there was not
an arch before? Gutierrez and Lara in 2005 described their
experience with the Giannini prosthesis for flat foot. They
described 65 feet in 37 patients. All patients received the
subtalar implant, and in 60 percent had an additional an
Achilles lengthening. The pain reduction was almost full,
and 50 percent took up sport activity after the procedure.1
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The question then arises, what happens in the skeletally
mature patient, who in theory has no ability to remodel?
In my practice, the patient that is an ideal candidate for an
arthroeresis implant is the Type II flat foot patient who needs
just a little more support of the medial structures while they
are healing after a repair that includes osteotomies, as well
as a tendon transfer and possible spring ligament advance-
ment. The most common example is a “pear-shaped” patient
with valgus knees. In addition patients with isolated medial
soft tissue issues with associated flat foot including adult
accessory navicular and/or spring ligament tear patients. The
arthroeresis screw is beneficial in these patients because it
is easy and quick to insert and it is easily reversible once
the tissues on the medial side have healed. In contrast,
the reasons not to use a subtalar arthroeresis screw are
that: (1) it does not solve structural pathology as would an
osteotomy; (2) the adult does not have even a theoretical
chance of remodeling; and (3) to date, there has not been
any strong evidence to support the use of this device in an
adult. Dr. Needleman reported his series in 2006 where he
used a subtalar arthroeresis implant in 23 patients and 28 feet
with an average age of 53 years. The diagnoses were multi-
factorial. At an average followup of 44 months, he showed
some satisfaction, but 46 percent had persistent sinus tarsi
pain.2

In my hands, the role of the subtalar arthroeresis implant is
an adjunct to traditional flat foot approach with osteotomies
and tendon transfer. In addition, it gives lateral support to
medial structures in patients that present with in particular
a valgus knee with hyperflexible soft tissues. The ideal
patients would be first a Grade II flat foot with lateral sinus
tarsi pain and a valgus knee; secondly, an asymmetric flat
foot with spring ligament repair and in addition the need
for a displacement osteotomy; and finally a flat foot with
an accessory navicular requiring an advancement of the
posterior tibialis, as well as an osteotomy of the calcaneus.

The technique of the arthroeresis screw adds only a little
time to the traditional (osteotomies and tendon transfers) flat
foot approach. All osteotomies are finished first, most often
a medial displacement calcaneal osteotomy and/or a Cotton
osteotomy. The arthroeresis screw should not be used in an
Evans type lateral column lengthening, as the osteotomy is
placed in the exact location that the screw rests. Once the
other osteotomies are completed and the tendon transfers are
prepared but not secured, a small vertical incision is made at
the sinus tarsi. Most screw types have a guide pin that can be
placed into the sinus tarsi and underneath the talar neck. The
screw can be sized with trial implants to allow the surgeon to
test the amount of limitation of the lateral subluxation of the
calcaneus on the talus. In addition, a secondary benefit can
be the creation of an arch, though that is not necessarily a
desired end point in patients that have a contralateral flat
foot. The desired end point must be when the pronation
is sufficiently blocked to prevent medial stress. Once the
proper screw size is chosen, the screw is implanted under

direct fluoroscopic guidance. It is important to advance the
screw from lateral to medial at least half-way across the
talar neck. Beyond this, and the screw may affect the middle
facet anatomy, and less than half way increases the chances
for screw back out with motion and weight bearing. The so-
called 50 yard line of the talar neck should be crossed with
the implanted screw.

The question may be asked, where does the screw sit?
Arthroscopic views show that the screw sits directly in front
of the posterior facet and underneath the talar neck. The
resultant effect is elevation of the talar neck and resistance
to subtalar subluxation.

One may wonder if the subtalar implant resists subtalar
pronation and hindfoot disassociation in the adult. The
answer is definitively yes. The subtalar implant is a powerful
adjunct that aids in medial structure healing in the high risk
patient for soft tissues “stretching out”. It can easily be taken
out in the out-patient setting in the face of persistent sinus
tarsi pain and/or lateral column pain. At this time, I am using
it only in selected Grade I and Grade II posterior tibialis
insufficiency/asymmetric adult flat foot. Also, it is used in
adult accessory navicular and spring ligament patients with
valgus knees and concerning soft tissues. This implant is at
best an adjunct and does not replace the need for traditional
osteotomies and tendon transfers in the treatment of these
conditions.
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THE ALL-AMERICAN PROCEDURE

Arthur Manoli, II, MD

Dissatisfaction with the results of various arthrodeses of
the hindfoot led us to the development of the “All-American”
procedure in 1993. This was actually the amalgamation of a
number of pediatric procedures for the treatment of flat feet in
children (Figure 16). A few minor alterations to the technique
have been developed over the years, but, essentially the
combination of operations remains unchanged.

Useful for Grade II deformities
The foot should be reducible at the talonavicular joint

in equinus (Figure 17). As the heel cord is universally
contracted in these patients, the foot cannot be totally reduced
to neutral at a right angle. If the talonavicular joint does not
move enough to allow the heel to invert, and the forefoot to
be pronated to neutral, the deformity is really Grade III, and
a triple arthrodesis is preferred.
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Fig. 16: A View of the History of the Treatment of Posterior Tibial Tendon
Insufficiency.

Fig. 17: One should be able to invert the heel to neutral (5 degrees of
valgus) with the forefoot turned downward to neutral, and the foot in
equinus.

“All-American” operation
The following sequence is preferred for the multiple

procedures.

Excision of Posterior Tibial tendon (PTT)
The tendon is excised from the navicular tuberosity to the

area of the medial malleolus. A small stump is left distally,
if one wants to transfer the flexor digitorum longus (FDL)

to the PTT insertion. Histologically, the tendon has become
fibrocartilage, and has areas of mucinous degeneration and
intratendinous clefts. Therefore it cannot be tightened or
salvaged.

FDL exposure

This tendon is found through the PTT sheath, and exposed
beyond the Master Knot of Henry, to the area where it
becomes larger, as it becomes the four slips which travel
to the lesser toes. It is sectioned here. A transfer of the distal
portion of the FDL to the flexor hallucis longus (FHL) tendon
is not necessary, as the intrinsic muscles of the foot will
continue to flex the lesser toes.

Heel cord lengthening

A triple-cut lengthening is performed percutaneously, two
hemisections medially, and one laterally (Figure 18).

Distal calcaneal osteotomy

This is performed vertically, 1.2 cm proximal to the
calcaneocuboid joint. This cut falls between the anterior and
medial calcaneal facets, although they cannot be seen from
this approach. The peroneal tendons and sural nerve are
protected inferiorly. The osteotomy is spread open with a
lamina spreader, correcting the foot abduction and creating
an arch. Tightening of the long plantar ligament is probably
responsible for the bowstringing effect of the osteotomy.

Fig. 18: Cadaver demonstration of the triple section heel cord lengthening.
The gaps fill in over time, and the tendon is lengthened.
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Calcaneal tuberosity osteotomy

The tuberosity is cut with a saw, perpendicular to the long
axis of the calcaneus. The osteotomy is spread open with a
large lamina spreader to free and stretch the medial perios-
teum and muscles. The tuberosity is then shifted medially 5
to 10 mm, depending on the magnitude of the deformity. It
may be held there temporarily with a stout Kirschner wire.
Two 6.5-mm short-threaded lag screws are placed across the
osteotomy site (45 to 55 mm long). They are stacked verti-
cally. Axial and lateral radiographs confirm that the screws
are in the bone.

Illiac crest bone graft

Usually, a tricortical structural graft is taken from the
anterior iliac crest, behind the lateral femoral cutaneous
nerve. It is cut with a small saw, with a slight taper. The
length is determined from how much is needed to fill the
space in the spread distal calcaneal osteotomy. We have used
grafts from 5 to 16 mm in length, depending on the size of
the patient and the amount of the deformity.

The graft is inserted into the spread distal calcaneal
osteotomy. Bone tamps are used and the lamina spreader
is gradually withdrawn as the graft is inserted (Figure 19).
Avoid tapping in the center of the graft to prevent breakage.
Lining up the cortices will prevent late collapse. A nonlagged
cortical screw (3.5 to 4.0 mm diameter) is placed from the
tip of the anterior process of the calcaneus, aimed posteri-
orly, across the graft, into the lateral portion of the calca-
neus. Anteroposterior and lateral radiographs of the hindfoot
confirm graft and screw placement.

The FDL tendon is then attached to the stump of the PTT
by looping it through a stab incision in the stump, medially
(Figure 20). Alternatively, it may be placed through 4.5-mm
drill holes in the navicular or medial cuneiform bones.

Fig. 19: Insertion of the tricortical bone block used for the lateral column
lengthening. The small lamina spreader is inserted in the upper part of the
osteotomy, which keeps the distal fragment from translating dorsally.

Fig. 20: The FDL tendon is looped throught the stump of the posterior tibial
tendon and sewn to itself and the stump.

Additional procedures

Occasionally a plantarflexing, opening wedge osteotomy
of the first metatarsal base may be added to further
“desupinate” the first ray (Figure 21). An additional small
wedge graft may be taken from the iliac crest, placed in a
transverse metatarsal base osteotomy, and fixed with a screw
(Figures 21). Alternatively, the base of the first metatarsal
can be fused to the medial cuneiform, with or without a
wedge graft, if the joint is arthritic or hypermobile. The
naviculocuneiform joint may be treated similarly.

A tenotomy of the peroneus brevis tendon may be done if
it is excessively tight, or a peroneus brevis to longus transfer
may be done, if preferred.

A gastrocnemius slide procedure may be substituted for the
heel cord lengthening in active patients with mild to moderate
deformities, if desired.

A

B

Fig. 21: A, Lateral radiograph showing an opening wedge osteotomy of the
proximal first metatarsal, with a wedge bone graft and a transfixing screw.
B, Anteroposterior view.
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Fig. 22: A, Grade 2 posterior tibial tendon insufficiency in a patient with
Ehlers-Danlos Syndrome. There is an extreme flatfoot deformity due to the
joint hyperelasticity. B, Anteroposterior radiograph of the foot of the patient
with Ehlers-Danlos syndrome. Note the severe lateral peritalar subluxation.
C, Postoperative lateral radiograph showing the standard, double calcaneal
osteotomies and the additional medial column fusions. D, Anteroposterior
radiograph.

Aftertreatment

A bulky Jones-type of dressing is applied postoperatively.
The foot is maintained at neutral. At 3 weeks, the sutures are
removed and the patient is placed in a cam “walker” boot, but
is not allowed to bear weight. They may remove the boot and
do gentle dorsiflexion-plantarflexion exercises throughout the
day. Eight weeks postoperatively, they may begin partial
weightbearing in a large shoe, gradually adding approxi-
mately 25 pounds every 3 days until full weightbearing is
reached.

At 3 months postoperatively, the foot is still somewhat
swollen, stiff and tender. This is normal and is called the “3-
month blues.” Reassurance is needed, and at 4 months most
of the symptoms resolve. If pain or tenderness continues
posteriorly or laterally, screw removal after 4 to 6 months

generally resolves the problem. The screws can be removed
as an outpatient, and the patient may bear weight quickly.
Approximately one-third of the patients will need some or
all of the screws removed.

Complications

Painful hardware is common. Undercorrection, overcor-
rection, block nonunion, and late collapse have been seen
infrequently. The procedure may fail in patients with diabetic
neuropathy and a fusion should be performed instead. With
hyperelasticity, the foot may collapse later and require a
triple arthrodesis. If recognized preoperatively, additional
medial column arthrodeses for stability have been successful
in hyperelasticity (Figure 22).
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