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KEY POINTS

� There is not as much role for the Coleman block test to determine flexibility of the foot, and
this has led to many failures where we believed the foot to be flexible, and indeed an os-
teotomy was insufficient treatment.

� The apex in the sagittal plane is either in the midfoot or the hindfoot and determines the
location as well as the type of the procedure that should be performed.

� The typical tendon transfer for the cavus foot is to use the posterior tibial tendon and place
it in a position that is beneficial for the foot and ankle, particularly with respect to regaining
some dorsiflexion power. There is a multiplanar deformity and the procedures are not per-
formed at multiple levels (apices).

� An adductovarus deformity of the midfoot is a more severe variant of the cavus foot and
can be an adductus of themidfoot associated with varus of the hindfoot or adductus asso-
ciated with hindfoot varus and forefoot cavus as well as equinus.

� Beware of the patient with a significant callosity under the base of the fifth metatarsal. This
is always associated with a severe hindfoot varus and supination of the midfoot and also
at times associated with adduction of the midfoot.
INTRODUCTION

Published results of the triple arthrodesis for cavus foot deformity demonstrate vari-
able outcomes. There is a range of procedures available for correction of deformity,
and the mainstay of correction for severe deformity is an arthrodesis of some form,
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generally including the hindfoot. This article discusses more severe deformities and
focus on the causes of deformity, without a discussion of the more minor and moder-
ate deformities. It is a common error to assume that cavus feet are similar. Almost
every cavus foot that the authors treat is slightly different from the next.
A RIGID AND NOT A FLEXIBLE DEFORMITY IS PRESENT

Please see Mark S. Myerson and C. Lucas Myerson’s article, “Cavus Foot: Deciding
Between Osteotomy and Arthrodesis,” in this issue for a more extensive discussion
on this topic.1–4 Suffice it to state that although it is easy to determine the presence
of severe deformity, those that are mild and moderate frequently lead to difficulties
with decision making and recurrent deformity.5 This complication is highlighted in
Fig. 1, a case of a 31-year-old man who presented with recurrent deformity after
attempted correction with a calcaneus and first metatarsal osteotomy. The subtalar
joint remains in varus, the midfoot is supinated, there is overload of the fifth metatarsal,
and the hindfoot is in varus alignment (see Fig. 1).
Fig. 1. A case of recurrent cavus foot deformity after attempted correction with a calcaneus
and first metatarsal osteotomy. Note the subtalar joint remains in varus on the lateral view
(A), the midfoot is supinated on both lateral and AP views (A, B), there is overload of the
fifth metatarsal (A), and the hindfoot is still in varus alignment (C).
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Fig. 2. A case of recurrent cavus foot deformity after a first metatarsal osteotomy and a dou-
ble arhtrodesis in the hindfoot. Note that the apex of the midfoot cavus was at the level of
the first TMT joint before the surgery (A), yet a first metatarsal osteotomy was performed
(B), leading to a dorsiflexion malunion of the metatarsal.

Failure of Surgical Treatment of Cavovarus Deformity 363
THE CORRECTION IS NOT PERFORMED AT THE APEX OF THE DEFORMITY

The apex in the sagittal plane is either in themidfoot or the hindfoot and determines the
location and type of the procedure that should be performed. The medial column of
the foot is always more plantarflexed than the lateral column, but the lateral column
tends to be more fixed and rotated. Thus, when correcting the plantarflexion of the first
ray, rotational malalignment also must be addressed or else the foot is left in a supi-
nated position with continued overload of the lateral column.
Occasionally, the apex of the deformity is more distal, that is, at the level of the

tarsometatarsal joint (TMT), and an arthrodesis of this joint, in particular the first
TMT joint, should be performed and not a first metatarsal osteotomy (Fig. 2). In
such a situation like the case in Fig. 2, a first metatarsal osteotomy instead of a first
TMT joint arthrodesis was performed, leading to a dorsiflexion malunion of the first
metatarsal. Jahss6 described a truncated wedge arthrodesis of the entire TMT joint
for this type of deformity, but a global cavus at the level of the TMT joints is rare. The
TMT truncated wedge arthrodesis procedure is technically easy to perform, but the
arthrodesis must be balanced, removing more bone from the first TMT joint and then
less at the second and third. It is extremely rare that an arthrodesis of the fourth and
fifth metatarsal joints is performed, unless a very severe midfoot cavus is present.
Instead, the arthrodesis of the medial 3 joints is performed in conjunction with an
osteotomy of the cuboid in order to elevate and then rotate the lateral foot and cor-
rect the overload on the fifth metatarsal. It is rare that a wedge needs to be removed
from the cuboid metatarsal articulation. Even if the apex is at the TMT, the rest of the
foot cannot be ignored, and complete correction must be performed. In the case
illustrated, the medial apex does seem to be at the first TMT joint preoperatively,
but the rest of the deformity was not taken into consideration during the correction.
The midfoot remains significantly rotated with the fifth metatarsal close to the floor,
and although there has been some correction at the first TMT joint, there is persistent
deformity present (Fig. 3). A different error was noted in a patient with a cavus foot
but mostly as a result of a calcaneus deformity, with a very high pitch angle of the
calcaneus associated with arthritis of the hindfoot and a global cavus of the forefoot
with no midfoot rotational deformity. Although the triple arthrodesis was a logical pro-
cedure to perform, this should have been corrected in conjunction with a calcaneus
osteotomy, shifting the tuberosity cephalad to decrease the pitch angle. This is tech-
nically easy to perform using the same screw for the osteotomy as the subtalar
arthrodesis (Fig. 4).7,8



Fig. 3. A case of cavus foot deformity (A). The deformity recurred after correction focusing
only on the first TMT joint (B), whereas the rest of the midfoot deformity was neglected.
Note that the midfoot remains significantly rotated with the fifth metatarsal close to the
floor.
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MUSCLE IMBALANCE IS PRESENT AND A TENDON TRANSFER IS NOT PERFORMED

In the typical cavovarus foot, the deforming forces are the tibialis posterior and the
peroneus longus, which overpower the peroneus brevis and tibialis anterior, which
leads to the varus hindfoot and pronated and plantarflexed medial column. The typical
tendon transfer for the cavus foot is to use the posterior tibial tendon (PTT) and place it
in a position that is beneficial for the foot and ankle, particularly with respect to
Fig. 4. A case of cavus foot deformity with a very high pitch angle of the calcaneus associ-
ated with arthritis of the hindfoot (A, B). A triple arthrodesis had been done (C, D), but the
deformity recurred. Note the uncorrected high pitch angle (C), which should be addressed
with adding a calcneus osteotomy to the triple arthrodesis, shifting the tuberosity cephalad
to decrease the pitch angle.
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regaining some dorsiflexion power. Muscle power of any commonly transferred
tendon in the cavus foot, however, in particular the posterior tibial, is variable. It
must be recognized that the benefit of a tendon transfer not only is the dynamic func-
tion that it exerts on the foot but also, more importantly, the removal of the force of that
muscle, regardless of its power. When the muscle is weak, surgeons often do not use
it as a tendon transfer, believing it too weak for the transfer. This, however, creates a
failure because there is always some power left in the muscle that overcomes its
antagonist and gradually leads to recurrence of deformity. Cavovarus deformities
tend to be both dynamic and progressive and only a well-balanced foot is stable
over time. Soft tissue balancing contributes to the long-term success of the arthrod-
esis, because it removes the major deforming forces going forward.9–11

Soft tissue balancing, by means of tendon transfers and release of the plantar fascia
and occasionally the abductor fascia, must be included in the correction. If the defor-
mity is absolutely rigid with no function of the posterior tibial muscle present, then a
tenotomy of the tendon can be performed to assist with the revision correction
(Fig. 5). There are numerous reports of failure, specifically of triple arthrodesis, but
the authors believe this is the result of incomplete correction or, more importantly,
where muscle balance of the foot was not obtained. Muscle balance is essential to
the successful outcome of correction of the cavus foot. Considering the dynamic na-
ture of these deformities, and an arthrodesis, even a triple arthrodesis, cannot main-
tain correction of the deformity, because these tendons insert distal to the level of
the arthrodesis, and tendon balancing is a necessary part of the correction. This
concept is logical. The cause of every cavus foot is the result of muscle imbalance;
therefore, why should an arthrodesis, even a triple arthrodesis, be sufficient to correct
and then maintain correction of the deformity if muscle imbalance is still present? The
PTT inserts distal to the talonavicular joint, and unless the PTT is transferred, the
medial foot deformity gradually recurs, with onset of adductovarus. Therefore, if a
Fig. 5. A case of recurrent cavus foot deformity after attempted triple arthrodesis and
without any soft tissue balancing procedure. Note the persistent cavus and varus deformity
of the midfoot (A, B). In the revision surgery, a PTT transfer (C, D) and an abductor fascia (E,
F) and plantar fascia release (G, H) were performed. Note the midfoot adduction deformity
was remarkably corrected after the soft tissue balancing procedures (I, J).
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triple arthrodesis is believed the procedure of choice, it should be performed with
appropriate transfer of the PTT. There are cavus feet where there is no adductovarus
deformity present, and there is a global severe midfoot cavus with rotation of the
midfoot (equinus) of the first metatarsal and rotation of the lateral column. In these
cases where the predominant deforming force is the strong peroneus longus and a
weak anterior tibial muscle, the PTT still can be used to augment the power of dorsi-
flexion with a transfer through the interosseous membrane to the dorsum of the foot. In
the same example, the peroneus longus should be transferred into the peroneus bre-
vis to decrease the force on the medial forefoot.
For correction of severe hindfoot deformities, the traditional procedure for decades

has been a triple arthrodesis or various modifications of this procedure; however, the
literature from the 1970s indicated that a triple arthrodesis was not associated with
long-term success in the cavus foot. Santavirta and colleagues11 reviewed 15 consec-
utive patients treated for Charcot-Marie-Tooth (CMT) disease, of whom 21 were
treated with triple arthrodesis. Six of these feet underwent simultaneous soft tissue
procedures, and 5 feet in 3 patients needed subsequent additional soft tissue proced-
ures to improve foot balance after healing.11 Wukich and Bowen12 followed 34 feet
that underwent triple arthrodesis for pes cavus and reported that 22 of the feet had
continued pain and 19 feet had plantar callosities. They noted that residual deformity,
including cavus, varus, and cavovarus, was present in 15 of 34 feet (45%). They com-
mented and support the authors’ hypothesis that a fusion cannot be relied on without
balancing the muscular forces. Even with a well-performed triple arthrodesis, there are
still forces on the midfoot, such as the tibialis posterior, tibialis anterior, and peroneus
longus imbalance, and the long extensors, which if left in place, continue to act as
deforming forces. Wetmore and Drennan13 reported on 30 feet in 16 patients for an
average of 21 years and reported 30% fair and 47% poor results, with persistent varus
and cavus noted in 9 feet and recurrence of cavovarus occurred in 7 feet (23%) that
had originally been correctly aligned. They recommended that a triple arthrodesis
should be performed with muscle-balancing procedures to reduce the risk of recur-
rence. The results of this study should serve as a warning to the surgeon who plans
to rely on bony correction alone for the cavus foot, and each of these studies, dis-
cussed previously, demonstrates what is bound to happen without the addition of
soft tissue balancing, that is, tendon transfer. The authors strongly believe that these
types of outcomes can be avoided when the appropriate tendon transfer is performed
at the time of the arthrodesis.
When approaching the rigid cavus deformity, it is possible to perform an anatomic

correction of the foot initially, even with a triple arthrodesis, but this procedure is insuf-
ficient in the long term if muscular imbalance remains. Integral to the success of any of
these procedures is a corrected foot posture, a plantigrade hindfoot relative to the
forefoot, and muscle balance. Even with perfectly executed surgery, if the posterior
tibial muscle is overactive relative to the evertors of the hindfoot, the foot ultimately
will fail, with further adductovarus deformity. The posterior tibial muscle, therefore,
must be transferred in many if not most of these procedures. Frequently, a cavus
deformity is associated with slight weakness of the anterior tibial muscle, and the
PTT can be transferred as part of this corrective procedure. Usually, the transfer,
therefore, is made through the interosseous membrane to the dorsum of the foot. If
the anterior tibial muscle is strong and the predominant deformity is adductovarus,
then the peroneus longus is transferred into the peroneus brevis tendon, but the
deforming force of the posterior tibial muscle must still be considered, and at times
this too is transferred and inserted more laterally, that is, in the cuboid, to maintain
correction of deformity.5,14,15
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The peroneus longus-to-brevis tendon transfer is a useful procedure when the per-
oneus longus muscle is working and is flexible, which is the usual situation, whether a
flexible or a rigid cavus foot. Regardless of the strength of the peroneus brevis tendon,
this transfer augments the weak peroneus brevis muscle. Ideally, this procedure is
done in younger patients and even in children to achieve maximal advantage or
when the foot is more flexible. Surgeon must be careful using this transfer in young
patients to augment the eversion strength when a PTT transfer is performed simulta-
neously in the absence of a hindfoot arthrodesis.
It is always essential to keep inmind the principles of correction of a cavus foot defor-

mity, because, as discussedpreviously,muscle balancemust be obtained. In somepa-
tients, this requirement is obvious, because they have a paralytic deformity, such as a
foot drop, in addition to the cavus deformity. The authors try to use whatever tendon is
available, in particular whichevermuscle is a deforming force on the foot and ankle. This
applies to the extensor hallucis longus, the extensor digitorum longus, the PTT, the per-
oneus longus, and any other tendon that may be used to correct deformity.

A MULTIPLANAR DEFORMITY IS PRESENT

It is not common to have a foot that is simply deformed in the sagittal plane, that is, a
cavus is present, regardless of the apex of the deformity. In addition to the cavus, the
hindfoot is always in varus and the midfoot supinated and also adducted. In addition to
these deformities, there may be varying degrees of equinus as a result of a contracture
of either the Achilles or the gastrocnemius soleus complex, hence the terms, cavus,
cavovarus, cavo-adductovarus, and cavo-equinovarus. Whatever is done to correct
1 plane of deformity has an impact on the other planes. The obvious example of
this is that when moving a varus hindfoot deformity into valgus, the medial column
moves into more plantarflexion. This concept applies to all cavus deformity correc-
tions, particular in multiplanar deformity, that is, where there are multiple apices of
the deformity.5,16,17

A triple arthrodesis and its variants have been the mainstay of correction of the hind-
foot deformity, but it has to be appreciated that a triple arthrodesis as an isolated pro-
cedure is never sufficient for correction of severe multiplanar deformity. As discussed
previously, a tendon transfer must always be performed and then additional proced-
ures, including midfoot or forefoot osteotomy or arthrodesis, to balance the foot and
create a plantigrade surface for weight bearing. Wetmore and Drennan13 reported
that a high failureof triple arthrodesis inmanypatientswas thedevelopment of recurrent
deformity aswell as development of ankle arthritis. The authors believe, however, that a
triple arthrodesis is a good procedure, provided that the foot is correctly balanced with
additional osteotomy and tendon transfers as needed. The triple arthrodesis gained a
poor reputation for correction of the cavus foot, in particular that associated with
CMT. These arthrodesis procedures were performed in isolation, and, as might be ex-
pected, the deformity recurred. Correction of multiplanar deformity probably is one of
themoredifficult orthopedic foot andankle procedures toperform.Not only is the struc-
tural deformity associatedwith bone deformity inmultiple planes but also joint contrac-
tures and muscle imbalance are other factors that must be addressed. As discussed
previously, the approach to correction of this type of deformity involves structural
bone alteration in conjunction with adequate muscle and soft tissue balancing (Fig. 6).

AN ADDUCTOVARUS DEFORMITY IS PRESENT

This is a more severe variant of the cavus foot, which can be an adductus of the mid-
foot associated with varus of the hindfoot or adductus associated with hindfoot varus



Fig. 6. A case of severe cavus foot deformity (A). Note the multiple plane deformities in
both the subtalar joint and the TMT joint (B). Also, the approach to correction of this
type of deformity involves both structural bone alteration, in conjunction with adequate
muscle and soft tissue balancing.
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and forefoot cavus as well as equinus (Fig. 7). This is a variant of severe deformity and,
much as described previously, this includes correction of the more severe multiplanar
deformity.18 The only difference is that in addition to the transfer of the PTT, there may
be severe contracture of the medial soft tissues, including the abductor hallucis fascia,
which also requires release. Once the PTT has been detached and the plantar fascia
and abductor fascia cut, then the arthrodesis procedures continue but with a slightly
different approach to include a resection of a lateral wedge from the calcaneocuboid
joint.
THE MIDFOOT IS SUPINATED AND THE FIFTH METATARSAL FIXED AND ROTATED
UNDER THE CUBOID

Beware of the patient with a significant callosity under the base of the fifth metatarsal.
This is always associated with a severe hindfoot varus and supination of the midfoot
and also at times associated with adduction of the midfoot. A sizable callus is present
and sometimes there may even have been prior episodes of ulceration over the base
of the fifth metatarsal. On radiographs the metatarsals appear so rotated that the base
Fig. 7. A case of adductovarus foot (B,C,D,E). Note the alignment of the hindfoot is accept-
able (F), whereas the midfoot is in adductus (B) and varus deformity (A).
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of the fifth metatarsal is not visible on the anteroposterior view. The fifth metatarsal is
markedly depressed relative to the first metatarsal, and in more severe deformities it
lies inferior to the plane of the cuboid. Other radiographic markers of cavus deformity
are evident, but in the patients with lateral column overload, the fifth metatarsal always
assumes a position in which it is rotated and closer to the ground than the other rays.
For these deformities, after the triple arthrodesis, with wedge resection of the lateral

subtalar joint to correct the hindfoot varus combined with a lateral wedge through the
calcaneocuboid joint, the lateral side of the foot generally corrects. After complete
joint preparation, the hindfoot is moved into valgus, and the adduction and supination
of the transverse tarsal joint are accomplished by removing a wedge from the calca-
neocuboid joint and then pushing up on the cuboid to ensure that there is no residual
pressure under the fifth metatarsal. This assumes, however, that the fifth metatarsal
will move with the cuboid, but, for severe rigid deformities, the fifth metatarsal is fixed
under the cuboid and this does not take place.
With these types of deformity, ostectomy or resection of the base of the fifth meta-

tarsal is necessary, although many patients still have sensation, and the deformity of
fifth metatarsal can be more than just a nuisance with callosity but also painful. None-
theless, to achieve better correction with a more plantigrade foot, ostectomy of the
fifth metatarsal is a good procedure and can be done in conjunction with any addi-
tional necessary procedure. The lateral incision of the triple arthrodesis is extended
distally along the lateral border of the fifth metatarsal shaft while staying slightly dorsal
to the plantar skin. Once the base of the fifth metatarsal is adequately exposed, the
ostectomy is performed with a saw. The orientation of the ostectomy is biplanar
with the blade angled from dorsal-lateral to plantar-medial in the coronal plane and
from proximal-dorsal to distal-plantar in the sagittal plane to create a beveled cut.
The metatarsal base is then grasped with a towel clamp and its soft tissue attach-
ments, including the peroneus brevis and short plantar ligament, are sharply dissected
away for completion of the ostectomy. It is important that at the completion of the
osteotomy, no bone prominence remains on the plantar lateral weight-bearing sur-
face. For this reason, it may even be necessary to shave the under surface of the
cuboid after resection of the base of the fifth metatarsal.19

The peroneus brevis tendon can be detached distally because it is generally
nonfunctional with these more severe deformities, in particular those associated
with CMT. This depends, however, on the stability of the ankle. If the peroneus brevis
needs to be used as part of an ankle ligament reconstruction, this can still be done by
suturing the attachment of the tendon distally to the periosteum and the surrounding
tissue, even supplementing the attachment with a suture anchor into the cuboid. If the
peroneus brevis is irreparably torn or absent, then the peroneus longus or a free
tendon graft can be used for the ankle ligament reconstruction.
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