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Abstract Adult acquired flatfoot deformity (AAFD), em-
braces a wide spectrum of deformities. AAFD is a complex
pathology consisting both of posterior tibial tendon insuffi-
ciency and failure of the capsular and ligamentous structures
of the foot. Each patient presents with characteristic defor-
mities across the involved joints, requiring individualized
treatment. Early stages may respond well to aggressive con-
servative management, yet more severe AAFD necessitates
prompt surgical therapy to halt the progression of the disease
to stages requiring more complex procedures. We present the
most current diagnostic and therapeutic approaches to
AAFD, based on the most pertinent literature and our own
experience and investigations.
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Introduction

Adult acquired flatfoot deformity (AAFD), also known as
posterior tibial tendon (PTT) insufficiency, embraces a wide
spectrum of deformities [1]. The latter results from the pro-
gressive weakening of the PTT, the principal dynamic arch
support of the foot. The PTT is affected most often just distal
to and at the level of the medial malleolus, commonly evolv-
ing from tendinosis to partial and complete tear. However,
AAFD results from a combination of PTT insufficiency and
failure of both capsular and ligamentous structures of the
foot. The spring ligament (ie, calcaneonavicular) is the most
frequently affected [2], often leading to a combined plantar
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sag or forefoot abduction through the talonavicular and
subtalar joints. Consequently, a combination of plantar and
medial migration of the talar head leads to flattening of the
arch as the foot displaces from underneath the talus [3]. The
interosseous ligament connecting the calcaneus and talus is
also frequently involved, contributing to heel valgus. Dys-
function of the deltoid ligament can lead to medial ankle
instability with ankle deformity and foot deformity occurring
in the most advanced cases of AAFD. Tightness of the
gastrocnemius or Achilles tendon has also been suggested
as an aggravating valgus-deforming force [4]. Overall, flat-
foot deformity typically consists of a combination of plantar
sag, midfoot abduction, and heel valgus.

AAFD has a multifactorial pathology. It affects women
more frequently than men, peaking at 55 years of age [3]. A
pre-existing flatfoot, which increases stresses on the liga-
ments that support the arch and the posterior tibial tendon, is
present in most patients. Obesity, hypertension, diabetes, and
high impact sports have also been identified as risk factors
[5]- A tight gastrocnemius muscle or Achilles tendon also
contributes to the deformity [4].

The aim of the present paper is to present the most current
diagnostic and therapeutic approaches to AAFD, based on
the most pertinent literature and our own experience and
investigations.

Staging

The clinical manifestation of AAFD is as variegated as its
pathophysiology (Table 1). Four stages of the disease have
been described [1, 6-8]. Stage I presents without arch col-
lapse, but frequently with a relatively low lying arch that has
been present since childhood. Patients may complain of
medial ankle pain caused by posterior tibial tenosynovitis
and/or tendinosis [6]. Spondyloarthropathy has also been
associated with stage I AAFD in a subgroup of patients [1].



Curr Rev Musculoskelet Med (2013) 6:294-303 295
Table 1 Stages of adult acquired -
flatfoot deformity Stage Description
I No deformity (preexisting relative flatfoot often present)
Ila Moderate flexible deformity (minimal abduction through talonavicular joint, <30 % talonavicular
uncoverage)
1Ib Severe flexible deformity with either abduction deformity through talonavicular joint (ie, >30 %—
40 % talonavicular uncoverage) or subtalar impingement
I Fixed deformity (involving the triple-joint complex)
IVa Hindfoot valgus and flexible ankle valgus without significant ankle arthritis
Vb Hindfoot valgus with rigid ankle valgus or flexible deformity with significant ankle arthritis

Stage II AAFD manifests with a more significant deformity.
The latter is flexible and characteristically correctible through
passive inversion at the talonavicular joint and hindfoot.
Deland et al. [7] have further subdivided stage I AAFD in
stage Ila and stage IIb. Stage Ila is a mild to moderate flexible
deformity with minimal abduction through the talonavicular
joint as evidenced by less than 30 % talonavicular uncoverage
on a standing AP radiograph of the foot (Fig. 1). The
interosseous ligament is usually insufficient. Stage IIb presents

Fig. 1 This weight-bearing, AP radiograph of the foot demonstrates a
patient with flatfoot deformity associated with minimal forefoot abduc-
tion as evidenced by less than 30 % talo-navicular uncoverage (arrow)

with a flexible deformity. Commonly, there is more than 30 %
talonavicular uncoverage (Fig. 2), determined by a more sub-
stantial failure of the spring ligament and secondary restraints
of the arch [2]. This results in greater forefoot abduction. The
interosseous and superomedial deltoid ligaments are also fre-
quently stretched or torn. Care should be taken to ensure that x-
rays are taken with the patient letting their arch collapse so that
a true depiction of the deformity is obtained. Also, patients
with lateral impingement at the subtalar joint from deformity
should be considered stage I1b.

Stage III AAFD clinically presents with rigid deformity,
which is not passively correctible beyond neutral. The rigidity
arises at the triple joint complex (talonavicular, subtalar, and

Fig. 2 This weight-bearing, AP radiograph of the foot demonstrates a
patient with a more severe flatfoot deformity associated with a large
amount of forefoot abduction as evidenced by more than 30 % talo-
navicular uncoverage (arrow)
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calcaneocuboid joints) leading to fixed hindfoot valgus and
abduction through the midfoot [3].

Stage IV AAFD is a foot deformity aggravated by valgus
ankle joint deformity (with or without arthritis) [1]. Ankle
valgus results from the lateral tilt of the talus as a consequence
of the deltoid ligament failure (Fig. 3). Every patient with
advanced deformity (stage IIb or above) should have a stand-
ing AP ankle x-ray to rule out talar tilt, as heel valgus may be
driven by either ankle or hindfoot valgus. Patients with the
most severe stage of AAFD should be thoroughly examined -
clinically and radiographically - to correctly assess talar tilt, as
heel valgus may be driven by either ankle or hindfoot valgus.
Stage IV AAFD is further divided into stages [Va and IVb [1].
Stage IVa is characterized by hindfoot valgus with flexible
ankle valgus without significant ankle arthritis. Stage IVb
refers to hindfoot valgus with rigid ankle valgus or flexible
ankle valgus with significant arthritis.

Diagnosis

Clinical

Along with a long history of a low-lying foot arch, female
gender, middle age (ie, mid 50°s), and obesity, patients often

initially present to the physician with a complaint of “ankle
pain”. Medial pain is typically secondary to PTT tendonitis,

Fig. 3 A weight-bearing, mortise radiograph of the ankle demonstrates
valgus talar tilt and opening at the medial edge of the ankle joint line
suggestive of early deltoid ligament insufficiency in the setting of
flatfoot deformity
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but can improve and be absent after elongation or complete
rupture of the tendon. Therefore, the intensity of the pain is
not necessarily associated with the severity of AAFD. As the
deformity progresses, patients commonly experience lateral
foot pain, arising at the angle of Gissane from talocalcaneal
impingement or in more rare cases from fibular abutment
against the calcaneus [9¢].

Physical examination is paramount to diagnose AAFD.
The area posterior to the medial malleolus should be exam-
ined for swelling, which has been correlated with tendinitis,
tenosynovitis, and tendinosis of the PTT [10°]. As most
patients present after the onset of deformity, the foot usually
appears flattened and with a significant valgus deformity of
the heel. Stage IV AAFD patients will present with ankle
valgus as well. The “too many toes” sign (Fig. 4) is also
indicative of AAFD, but can occur with other conditions and
is therefore not pathognomonic.

Palpation along the distal portion of the PTT is highly sug-
gestive of PTT degeneration. Eliciting pain at the lateral aspect
of the hindfoot is suggestive of lateral impingement. Patients
with stages III or IV may also experience pain on palpation of
arthritic joints (ie, talonavicular, subtalar, calcaneocuboid, and
ankle). The inability to perform a single heel rise is highly
suggestive of PTT insufficiency. Ankle range of motion must
also be evaluated, as dorsiflexion is often compromised due to
gastrocnemius/Achilles tendon tightness [4].

Harris mat score

Coughlin and Kaz [11] reported significant correlations be-
tween Harris mat imprint and heel valgus, lateral talometatarsal

Fig. 4 This clinical photograph demonstrates the finding of the “too
many toes sign.” When looking at the heel from the back of the patient,
only the fifth toe and part of the fourth toe are seen in a normal foot. Ina
flatfoot, more toes are seen (arrow). In this case, the patient has bilateral
hindfoot valgus and flatfoot. However, the left is more severe
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angle, and first metatarsocuneiform height. Harris mat scores
may therefore be useful to quantify the extent of the acquired
flatfoot deformity.

Radiographic

Clinical suspicion of AAFD should be confirmed with weight-
bearing AP and lateral foot, and AP ankle radiographs. These
views will help assess arch collapse (ie, perhaps best assessed
by Meary’s or the lateral first tarsometatarsal angle), forefoot
abduction (at the talonavicular joint), talar head uncoverage
[3, 12], and talar tilt in stage [V AAFD. Talar head uncoverage
can be calculated either as a percentage (>30 % or <30 %) or as
the lateral talonavicular incongruency angle, which correlates
well with the coverage angle and uncoverage percent [12]. On
the lateral view of the foot, naviculocuneiform and first
tarsometatarsal joint collapse should also be investigated.
Hindfoot valgus can be evaluated with either a hindfoot align-
ment view [13] (Fig. 5) or long axial view [14]. All radiographs
should be carefully examined to identify arthritic changes that
could substantially affect treatment choice (ie, joint fusion vs
soft tissue procedures and osteotomies).

MRI is not crucial to further investigate AAFD, although
it helps assess the extent of cartilage, tendon, and ligament
involvement. Bone edema on T2-weighted scans may reveal
signs of lateral bony impingement, particularly between the
talus and calcaneus at the angle of Gissane. Assessment of
spring ligament integrity is important for surgical planning

Fig. 5 A weight-bearing, hindfoot alignment view of both feet demon-
strates bilateral hindfoot valgus deformity as evidenced by the lateral
and valgus position of the calcaneus with respect to the axis of the tibia.
The left (labeled “L”) is much more severe than the right (/abeled “R”)

and ligament reconstruction for patients with large amounts
of deformity.

In recent years, we have utilized weight-bearing, multiplanar
axial imaging of the hindfoot [9e, 12] to overcome radiographic
limitations related to patient and radiographic beam position-
ing. We have shown that lateral pain in patients with flatfoot
deformity most commonly occurs from the above mentioned
impingement at the angle of Gissane, but can be multifactorial
as well.

Treatment
Conservative management

All patients affected by any stage of AAFD should undergo
non surgical treatment before considering surgery. Nielsen
et al. [15] reported on 64 consecutive patients with a diag-
nosis of PTT tendinosis treated with physical therapy mo-
dalities; medications, such as nonsteroidal anti-inflammatory
drugs (NSAIDs); oral administration or local infiltration of
corticosteroid; and orthotics or bracing such as a foot ortho-
ses, an arch and ankle brace, a low-articulating ankle-foot
orthosis (LAFO) or similar AFO, cast-boot (“cam” walker),
or shoe modifications. The authors reported an 87 % success
rate defined as not requiring further surgical treatment. Sim-
ilar results have been reported by other authors assessing
non-operative management of PTT insufficiency with suc-
cess rates ranging from 67 %—90 % [16—18]. In particular,
Alvarez et al. [18] treated 47 consecutive patients with stage
I or II posterior tibial tendon dysfunction. Patients were
treated in a short, articulated AFO or foot orthosis, high-
repetition exercises, aggressive plantarflexion activities, and
an aggressive high-repetition home exercise program that
included gastrocsoleus tendon stretching. The strengthening
exercises were for the posterior tibial, peroneals, anterior
tibial, and gastroc-soleus muscles and included isokinetic
exercises, exercise band, heel rises (double and single sup-
port), and toe walking. Success was defined as 10 % strength
deficit (compared with the uninvolved side), the ability to
perform 50 single-support heel rises with minimal or no pain,
the ability to ambulate 100 feet on the toes with minimal or
no pain, and the ability to tolerate 200 repetitions of the home
exercises for each muscle group. With this treatment proto-
col, 89 % of patients were satisfied.

The effectiveness in improving pain is, however,
counterbalanced by the cumbersome nature of the braces
and the restriction in motion that they cause [17]. For such
reasons, braces are seldom recommended for more than 2-
months if they fail to improve symptoms [3]. Obesity has
also been suggested as a possible risk factor for failing
conservative management [15]. This observation is of par-
ticular interest given that AAFD patients are often obese [5].
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As yet, no study has shown that braces or orthotics can
prevent progression of PTT insufficiency and AAFD.

The authors prefer to immobilize patients in a removable
boot (“CAM” type) for 3 to 6 weeks. In cases of mild/moderate
deformity and a good response to immobilization, patients are
progressed in a comfortable shoe with an orthotic with arch
support and a medial heel post to correct hindfoot valgus. More
significant deformities may be addressed with a short articu-
lated AFO or an Arizona brace [3]. Physical therapy consisting
of Achilles tendon stretching, inversion, and toe flexor
strengthening along with proprioception exercises is recom-
mended once the pain has subsided.

Surgical management
Stage 1

Surgery is indicated in patients who did not respond to 3-

months or more of conservative management, but is rarely
needed. The condition of the PTT will dictate the type of
procedure to perform (ie, tenosynovectomy, repair, tendon
transfer), but in our experience soft tissue surgery alone can
be insufficient. In order to protect the PTT from excessive
stresses, we often combine PTT surgery in many cases with a
medializing calcaneal osteotomy to correct heel valgus even
though it is not as severe as in the other stages [3, 19]. Heel
valgus determines overload along the medial side of the foot,
which could consequently lead to failure of the newly repaired
PTT. In our hands the combination of a PTT-related procedures
and calcaneal osteotomy provides good long-term relief in
symptomatic stage I AAFD patients [3]. Subtalar arthroereisis
represents a more recent option to treat flexible AAFD, with or
without additional soft tissue procedures. Despite some good
results associated with subtalar arthroereisis [20, 21], this
procedure has a high incidence of sinus tarsi pain until the
screw is removed [21] and is therefore controversial. This will
be discussed further with respect to the other stages.

PTT procedures and medializing calcaneal osteotomy re-
quire postoperative non—weight bearing in a splint for 2 weeks
followed by a removable cast for 4 or more weeks. The patient
may then be progressed to full weight bearing over a 4 week
period. Range-of-motion exercises are begun at 2 weeks, and
progressive strengthening exercises are begun at 12 weeks
after surgery.

Stage 11

The surgical management of asymptomatic stage Il deformi-
ty or symptomatic deformity responding to conservative
management is controversial [18, 22—-24]. Given the substan-
tial limitations associated with arthrodesis of joints involved
in AAFD [25, 26¢], we believe that patients should be sur-
gically treated before progression to stage III.
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Stage Illa

As noted above, stage Ila AAFD presents with a mild to
moderate flexible deformity associated with <30 % talar
head uncoverage. Different operative approaches are avail-
able to treat the deformity, including sinus tarsi implants
(ie, arthroereisis screws), medial column fusion, calcaneal
osteotomies, and tendon transfers.

Subtalar arthroereisis has been increasingly used to treat
flatfeet in children [21]. This is achieved by inserting a
screw-like device into the sinus tarsi, which restricts hindfoot
valgus and vertically orients the calcaneus beneath the ankle
joint [21]. Moreover, the talus is dorsiflexed and externally
deviated, which helps correct talonavicular subluxation [21].
Sinus tarsi implants are also being used to treat stage Ila
AAFD [20, 21, 27] as an alternative to medializing calcaneal
osteotomies. Despite lacking prospective randomized con-
trolled trials, the literature reports good mid-term clinical
and radiographic results with subtalar arthroereisis [20, 21,
28]. Although the procedure prevents complications such as
malunions, non-unions, neurovascular lesions, and prolonged
immobilization associated with calcaneal osteotomies, it is not
exempt from its own complications, which include persistent
pain, implant dislocation, implant fracture, talar cysts or
osteonecrosis, and foreign body reaction [27]. The most com-
mon complication is sinus tarsi pain, reported in over one third
of patients [20, 21, 27, 28]. Although the pain disappears with
removal of the implant, persistent pain may be experienced
[21, 27] and the procedure is less likely to be successful in
more advanced deformities.

Medializing calcaneal osteotomy, flexor digitorum longus
(FDL) transfer, and gastrocnemius recession represents our
treatment of choice in stage Ila AAFD. A tight gastrocnemius
or Achilles tendon, which could be responsible for causing or
aggravating heel valgus [4], is addressed with either a gas-
trocnemius recession or a percutaneous Achilles lengthening,
respectively. The Silfverskiold test [29] can be performed
intraoperatively and if the equinus improves with knee flexion
a gastrocnemius recession is preferred since it is not likely to
overlengthen the Achilles, while allowing for a quicker recov-
ery [30]. A medializing calcaneal osteotomy is performed to
realign the hindfoot from heel valgus. This oftloads the spring
ligament and increases the inversion moment arm of the
gastrocsoleus complex. The FDL tendon transfer to the navic-
ular compensates for the lost function of the degenerated PTT.
Recent evidence suggests that significant clinical and radio-
graphic improvements are achieved and maintained when
preoperative lateral talometatarsal and tibiocalcaneal angles
were <25° and <15°, respectively [31¢°]. Finally, an elevated
medial column can be lowered to treat forefoot supination
or varus persisting after hindfoot realignment (ie, to restore
the “foot tripod”). If the first TMT joint is stable (ie, not
hypermobile), an opening wedge medial cuneiform osteotomy
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(ie, Cotton osteotomy) (Fig. 6) can be performed to bring
down the first ray with respect to the second metatarsal
[32-34]. Conversely, an unstable or arthritic first TMT joint
can be addressed with a fusion of the joint in the desired
position [34] (Fig. 7a and b). Overall medium and long-term
functional results of medializing calcaneal osteotomy, FDL
transfer, and gastrocnemius recession are reported to be ex-
cellent [19, 31ee, 35, 36, 37¢]. However, maximal benefit
from the procedure is usually observed after 1 year from
surgery [37¢].

Stage 1Ib AAFD presents with severe flexible deformity
associated with abduction deformity through the talonavicular
joint and >30 % talonavicular uncoverage. The treatment for
this stage is controversial in terms of adding lateral column
lengthening (LCL) to the medializing calcaneal osteotomy,
FDL transfer, gastrocnemius recession, and medial column
procedures [38, 39]. The purpose of the LCL is to correct
talonavicular joint abduction and to increase the foot arch.
The lateral column is typically lengthened by means of an
Evans-type procedure or calcaneocuboid distraction arthrode-
sis (Fig. 7a and b). As successful as these procedures have
proved to be in terms of foot realignment [40—42], the most
frequently observed complication is lateral foot discomfort
affecting up to 45 % of patients in 1 study [7]. Pain and
discomfort may arise as a consequence of lateral overload in
the hindfoot and possibly the forefoot [41, 43+, 44, 45]. At our
institution we have found the incidence of lateral overload/pain
to decrease significantly (from 15 % to 6 %) with the use of
intraoperative metal wedge templates to maintain mean normal
eversion of the hindfoot. Such wedges allow the surgeon to

Fig. 6 A weight-bearing, lateral radiograph of the foot shows the
position of the plate used to fix (large arrow) the osteotomy of the
medial cuneiform (ie, “Cotton osteotomy”). The radiograph also dem-
onstrates fixation of a lateral column lengthening (small arrow) and a
calcaneal heel slide (asterisk)

intraoperatively assess the correction of abduction through the
talonavicular joint and confirm near normal eversion motion
[43e¢]. Other complications resulting from LCL include non-
union, fifth metatarsal stress fractures, and stiffness [41, 42,
43e¢]. Although the ideal amount of LCL is unknown, in our
experience the key is to lengthen the lateral column just
enough to reasonably reduce talonavicular abduction and heel
valgus, Normal eversion motion through the subtalar joint
should be maintained. Most importantly, LCL resulting in
excessive stiffness on the lateral side must be avoided.

In an attempt to reduce pain following LCL, Griend
described a “Z” osteotomy of the anterior calcaneus [46].
At the present time, no medium or long-term clinical studies
are available to assess the efficacy of the abovementioned
technique, despite its interesting underlying biomechanical
principles. The theoretical advantages are that the risk of
malunion may be reduced by not needing to use iliac crest
graft (whether autograft or allograft), minimizing the risk of
elevation of the distal fragment because the osteotomy has a
longitudinal arm not dependent upon healing of the bone
graft. In addition, lateral foot overload may decrease [47].

Spring ligament repair or reconstruction is also performed
at our institution in conjunction with other bony and soft-
tissue procedures. While there is no clear clinical data
reporting on the precise guidelines for the need for spring
ligament reconstruction, spring ligament tear or degeneration
has been observed in 70 % of patients with AAFD, com-
monly in its superomedial portion [48]. The lesion may not
necessarily be the cause of AAFD, but it likely participates in
the development of the deformity. In our experience, spring
ligament reconstruction is indicated in those patients having
a LCL, but who are not gaining sufficient correction of
forefoot abduction with relatively large grafts [49, 50ee]. It
is crucial to preserve normal hindfoot eversion motion when
doing a LCL as noted above. If the patient has adequate
correction and good eversion motion, then the spring liga-
ment is not reconstructed. Conversely, if the correction is
inadequate, a spring ligament reconstruction is performed to
maintain normal eversion motion by avoiding larger lateral
column grafts [49]. In our experience [50e¢], spring ligament
reconstruction using a peroneus longus autograft tendon
transfer has yielded very good clinical and radiographic re-
sults at a mean of 9 years after surgery. At the present time,
we use an allograft Achilles tendon to reconstruct the spring
ligament which seems to give good results. However, medi-
um and long-term results are not yet available.

In either stage Ila or stage IIb AAFD reconstruction,
postoperative care consists of non—weight bearing in a
splint for the first 2 weeks, followed by a cast or remov-
able boot for at least 6 weeks. Range-of-motion exercises
are initiated at 2 weeks after surgery. Progression to full
weight bearing is allowed between weeks 8 and 10, depending
on healing.
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Fig. 7 Weight-bearing, AP (a) and lateral (b) radiographs of the foot
demonstrate a first tarsometatarsal fusion fixed with 2 cross screws
(large arrow) and an Evans lateral column lengthening fixed with a

Stage 111

Stage III AAFD consists of fixed deformity involving the triple-
joint complex (ie, subtalar, calcaneocuboid, and talonavicular
joints). Correction is achieved by fusing the talonavicular and
subtalar joints, where most of the deformity occurs. Whenever
possible, we try to spare the calcaneocuboid joint, unless frank-
ly arthritic and symptomatic [51]. Indeed, triple arthrodesis
results in notable foot rigidity and difficulty to adapt to uneven
ground, while increasing the risk of developing ankle arthritis
[25].

Triple arthrodesis is usually performed through 2 inci-
sions. However, Myerson [52] presented a single medial
incision technique to access all 3 joints. In their hands,
91 % of the talonavicular joint, 91 % of the subtalar joint,
and 90 % of the calcaneocuboid joint could be prepared. A
recent case series on 18 feet undergoing double arthrodesis
through a single medial incision reported an 11 % non-union

Table 2 Surgical treatment options for stage IV AAFD

claw plate (small arrow). A medializing calcaneal heel slide was also
performed and stabilized with 2 screws (asterisk)

rate [53¢]. In high risk patients, the lateral incision for ar-
throdesis eliminates the risk of lateral wound complications.

When correcting the flatfoot deformity, the heel should be
fused in <5° of valgus with the forefoot in neutral (ie,, no
forefoot supination or elevation of the first ray and no fore-
foot pronation). If heel valgus persists after achieving neutral
of the forefoot and triple-joint complex, then a medializing
calcaneal osteotomy can be added. It is important to not
place the triple joint complex in overcorrection to achieve
good alignment of the heel as lateral overload can result from
fixed supination deformity. A first TMT procedure (fusion or
osteotomy) may be added in patients with an elevated first
ray. Besides non-union, stiffness and valgus malalignment
are potential complications of triple arthrodesis, which can
lead to failure of the deltoid ligament and ankle valgus [54].

Postoperative care consists of non—weight bearing in a
cast for 10 to 12 weeks, followed by progressive weight-
bearing in a removable boot for 4 weeks.

Foot/ankle deformity Non-arthritic, flexible ankle

Rigid or flexible/arthritic ankle

Flexible foot
Rigid foot

Flatfoot reconstruction with deltoid reconstruction

Triple arthrodesis with deltoid reconstruction

Flatfoot reconstruction with either ankle fusion or TAR.

Triple arthrodesis with TAR or pantalar fusion

AAFD adult acquired flatfoot deformity, 7AR total ankle replacement

@ Springer



Curr Rev Musculoskelet Med (2013) 6:294-303

301

Stage IV

Stage IV AAFD consists of foot deformity and ankle defor-
mity (lateral talar tilt), which can be either flexible (stage [Va)
or fixed (stage [Vb). Stage IVa AAFD can be addressed with
joint-sparing procedures, while stage IVD is typically treated
with foot procedures to correct the flatfoot deformity in con-
junction with ankle fusion or replacement. As discussed pre-
viously, it is important to note that all patients with advanced
deformity (ie,, stage IIb, III, IV) should have standing AP
ankle x-rays to make sure ankle deformity is not missed (ie,
hindfoot valgus can be caused by either foot deformity, ankle
deformity, or both).

Stage IVa deformity is eligible for foot reconstruction
without having to fuse or replace the ankle joint. Deltoid
ligament reconstruction can be performed with a variety of
techniques employing autografts, allografts, or tendon trans-
fers [55, 56, 57-60]. At our institution deltoid ligament
reconstruction has been described using a peroneus longus
tendon autograft [55, 56¢]. The procedure requires proximal
transection of the peroneus longus tendon. The tendon is
then passed through a tunnel in the talus and the medial
malleolus to replicate the fibers of the deep deltoid. Although
now we are using allograft with the same drill holes, the
results are not available at this time. Patients need to have
cartilage remaining in the lateral ankle and correction of
deformity in the foot must be done at the same time so the
first ray is stable (ie, not elevated) and that valgus of the heel
and ankle are corrected. To date, the technique presented by
Deland et al. [55] is the only one with long-term clinical and
radiographic results available in the literature [56¢]. At al-
most 9 years follow-up [56¢], results in a small cohort of
patients were encouraging: the mean valgus talar tilt was 2°,
the mean FAOS score was 68, the mean SF-36 score was 76,
the mean visual analogue scale was 4, and the mean ankle
range of motion was 47°.

Stage IVb AAFD may be addressed in different ways.
At our institution patients older than 60 years of age, in
good neurovascular and metabolic (ie, no diabetes) condi-
tions, and without severe ankle deformity (<15° valgus) are
eligible for total ankle replacement (TAR). This procedure
preserves ankle motion and limits strain across the other
joints [61] that are otherwise stressed in the setting of an
ankle fusion [62]. The remaining foot deformities can be
addressed by means of triple arthrodesis. Moreover, the
deltoid ligament complex must be evaluated with distrac-
tion from the replacement. Most often, though, enough
correction with the implant occurs so that deltoid recon-
struction is not necessary. Patients not eligible for TAR are
treated with an ankle or pantalar fusion, while the flatfoot
can be corrected with either joint-sparing or joint-
sacrificing procedures based on their clinical presentation
[26°] (Table 2).

Conclusion

The growing complexity of the procedures necessary to
address advanced stages of AAFD raises a still unanswered
question: how soon should a patient be recommended to
undergo surgery? Given the substantial limitations associat-
ed with arthrodesis of joints involved in AAFD [25, 26¢], we
believe that patients should be surgically treated before pro-
gression to stage III, or even IIb if possible. Many foot and
ankle orthopaedic surgeons approach AAFD in distinct and
personalized ways. These differences are especially evident
for stages II and IV. Whatever the approach chosen to ad-
dress the flatfoot deformity, it is paramount to achieve cor-
rect alignment of both the foot and ankle and to preserve as
much flexibility as possible: the greater the stiffness, the
worse the outcome.
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