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Plantarflexion Opening Wedge Medial Cuneiform Osteotomy for
Correction of Fixed Forefoot Varus Associated with Flatfoot Deformity
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ABSTRACT

Background: Flatfoot presents as a wide spectrum of
foot deformities that include varying degrees of hindfoot
valgus, forefoot abduction, and forefoot varus. Medial
displacement calcaneal osteotomy, lateral column length-
ening, and subtalar fusion can correct heel valgus, but may
not adequately correct the fixed forefoot varus compo-
nent. The purpose of this study was to determine the
effectiveness of plantarflexion opening wedge medial
cuneiform (Cotton) osteotomy in the correction of fore-
foot varus. Methods: Sixteen feet (15 patients) had plan-
tarflexion opening wedge medial cuneiform osteotomies
to correct forefoot varus associated with flatfoot deformi-
ties from several etiologies, including congenital flatfoot
(six feet, average age 37 years), tarsal coalition (five feet,
average age 15 years), overcorrected clubfoot deformity
(two feet, ages 17 years and 18 years), skewfoot (one
foot, age 15 years), chronic posterior tibial tendon insuffi-
ciency (one foot, 41 years), and rheumatoid arthritis (one
foot, age 56 years). Results: Standing radiographs showed
an average improvement in the anterior-posterior talo-
first metatarsal angle of 7 degrees (9 degrees preopera-
tive, 2 degrees postoperative). The talonavicular coverage
angle improved an average of 15 degrees (20 degrees
preoperative, 5 degrees postoperative). The lateral talo-
first metatarsal angle improved an average of 14
degrees (−13 degrees preoperative, 1 degree postop-
erative). Correcting for radiographic magnification, the
distance from the mid-medial cuneiform to the floor on
the lateral radiograph averaged 40 mm preoperatively and
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47 mm postoperatively (average improvement 7 mm). All
patients at followup described mild to no pain with ambu-
lation. There were no nonunions or malunions. Conclu-
sions: Opening wedge medial cuneiform osteotomy is
an important adjunctive procedure to correct the fore-
foot varus component of a flatfoot deformity. Advantages
of this technique in comparison to first tarsometatarsal
arthrodesis include predictable union, preservation of first
ray mobility, and the ability to easily vary the amount of
correction. Because of the variety of hindfoot procedures
done in these patients, the degree of hindfoot correc-
tion contributed by the cuneiform osteotomy alone could
not be determined. We have had excellent results without
major complications using this technique.
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INTRODUCTION

Pes planus (flatfoot), characterized by a depressed
longitudinal arch, is a common foot deformity that can
include varying degrees of hindfoot valgus, forefoot
abduction, and forefoot varus, alone or in combination.5

Numerous combinations of soft-tissue and osseous
procedures have been described to correct the different
types of flatfoot deformities and the varying amounts
of rigidity in the hindfoot joints. Medial displacement
calcaneal osteotomy, lateral column lengthening, and
subtalar fusion will all correct heel valgus, but may not
adequately correct fixed forefoot varus.14

Adjunctive procedures often are necessary to fully
correct the foot to a plantigrade position if the midfoot
medial column is unstable or forefoot varus with eleva-
tion of the first ray is present (Fig. 1). Techniques
for treating these components of flatfoot deformity
have been described in the surgical literature since
the 1920s. Arthrodesis of the first tarsometatarsal
joint,19 arthrodesis of the first cuneiform-navicular
joint,6,11 opening wedge plantarflexion osteotomy of
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Fig. 1: Forefoot varus.

the navicular,3 and plantarflexion opening wedge
osteotomy of the medial cuneiform, with or without
navicular-medial cuneiform arthrodesis3 (modified
Hoke-Miller flatfoot procedure), have all been used
to correct fixed forefoot varus to a plantigrade posi-
tion.

Cotton2 described a plantarflexion opening wedge
medial cuneiform osteotomy to restore the ‘‘triangle of
support’’ of the static foot (Fig. 2). He theorized that
‘‘if the stress of body weight, transmitted through the
leg, falls outside. . .. . . .of this neat triangle, trouble is
likely to follow. . .. ’’ The cuneiform wedge osteotomy
is applicable for any deformity with forefoot varus.
‘‘The operation is simple, not painful, and weight-
bearing begins within a month.’’2 First tarsometatarsal
arthrodesis used as an adjunct to flatfoot reconstruction
may not provide adequate correction and, in addition,
the apex of the plantarflexion ‘‘sag’’ often is more
proximal than the first tarsometatarsal joint. To more
closely match the anatomy of the plantarflexion sag,
we use a cuneiform wedge osteotomy to correct fixed
forefoot varus through the medial cuneiform.

The purpose of this study was to evaluate the
effectiveness of plantarflexion opening wedge medial

Fig. 2: Cotton’s concept of the triangle of support of the foot.
(Reprinted with permission of the Massachusetts Medical Society.
Cotton, FJ: Foot statics and surgery. N. Engl. J. Med. 214:353–362,
1936. Copyright  1936 Massachusetts Medical Society. All rights
reserved.)

cuneiform osteotomy in the treatment of forefoot foot
varus associated with flatfoot deformities caused by
varied etiologies in both children and adults. Since its
original description in 1936, no peer-reviewed report of
this procedure was found in the literature.

MATERIALS AND METHODS

Between January 2000 and May 2003, nine pedi-
atric and six adult patients (16 feet) had plantarflexion
opening wedge medial cuneiform osteotomies for
correction of fixed forefoot varus associated with flatfoot
deformities. The average age of the pediatric patients
was 16 years (range, 9 years to 18 years), and four of
the nine were females. The average age of the adult
patients was 48 years (range, 21 years to 56 years), and
five of the six were females. The etioloties of the flatfoot
deformities were congenital flatfoot (six feet, average
age 37 years), tarsal coalition (five feet, average age
15 years), overcorrected clubfoot deformity (two feet,
ages 17 years and 18 years), skewfoot (one foot, age
15 years), chronic posterior tibial tendon insufficiency
(one foot, 41 years), and rheumatoid arthritis (one foot,
age 56 years). Nonoperative management with custom
foot orthoses had failed in all 16 feet. The average
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Table 1: Patient demographics

Foot Number Age Sex Primary Diagnosis Hindfoot Procedures

Adult
1 56 M Congenital pes Medial displacement calcaneal osteotomy, FDL to

planus navicular transfer
2 56 F Rheumatoid arthritis Triple arthrodesis
3 56 F Congential pes Medial displacement calcaneal osteotomy, lateral column

planus lengthening, FDL to navicular transfer, talonavicular
capsule repair, spring ligament repair

4 56 F Congential pes Medial displacement calcaneal osteotomy, Evans opening
planus wedge calcaneal neck lengthening osteotomy

5 21 F Congenital pes Medial displacement calcaneal osteotomy, calcaneal neck
planus lengthening, calcaneal-cuboid joint fusion

6 41 F Posterior tibial Medial displacement calcaneal osteotomy
tendon dysfunction

Pediatric
7 17 M Residual clubfoot Calcaneal-cuboid joint fusion
8 17 M Calcaneonavicular Medial displacement calcaneal osteotomy,

coalition resection coalition
9 16 F Congenital pes Medial displacement calcaneal osteotomy, calcaneal-cuboid

planus joint-fusion, lateral column lengthening
10 15 M Skewfoot Cuboid osteotomy wedge to medial cuneiform wedge transfer
11 16 F Tarsal coalition Medial displacement calcaneal osteotomy, calcaneal-cuboid

joint fusion, coalition resection
12 18 M Tarsal coalition Medial displacement calcaneal osteotomy, calcaneal-cuboid

joint fusion, coalition resection
13 17 M Tarsal coalition Medial displacement calcaneal osteotomy, calcaneal-cuboid

joint fusion, coalition resection
14 18 F Residual clubfoot Heel cord lengthening, medial displacement calcaneal

osteotomy
15 9 F Tarsal Coalition resection, calcaneal neck lengthening, medial

displacement calcaneal osteotomy
16 18 M Congential pes Medial displacement calcaneal osteotomy, calcaneal-cuboid

planus joint fusion, lateral column lengthening

FDL = flexor digitorum longus.

duration of symptoms was 12 months for the pedi-
atric population and 15 months for the adult patients.
A variety of hindfoot procedures were used to correct
hindfoot valgus (Table 1). All procedures were done by
the senior author (JEJ), and all patients were evaluated
before and after surgery with standard weightbearing
radiographs and detailed physical examinations. The
most recent followup evaluation was an average of
15 months after surgery in the pediatric patients and
20 months after surgery in the adult patients.

Radiographic analysis included preoperative and
postoperative determination of anteroposterior (AP)
talo-first metatarsal angle, AP talocalcaneal angle,
talonavicular coverage angle,17 lateral talo-first metatar-
sal angle,4,15 lateral talocalcaneal angle,1 lateral first

metatarsal-medial cuneiform angle (the angle subtended
by the longitudinal axis of the first metatarsal and
the medial cuneiform-navicular joint, defined by a line
drawn from the superior proximal corner of the medial
cuneiform through the inferior proximal corner of the
medial cuneiform), calcaneal pitch, and the distance
(corrected for radiographic magnification) from the mid-
medial cuneiform to the ground on the lateral projec-
tion (Fig. 3).

Because it is difficult to evaluate bony union
when corticocancellous grafts are used and complete
consolidation may be difficult to determine radiographi-
cally within 1 year after surgery, we defined radiographic
union as evidence of consolidation of the autograft
wedge at both host-autograft interfaces within the
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Fig. 3: A, Preoperative lateral radiograph of Patient 4 showing lateral first metatarsal-medial cuneiform angle. B, AP radiograph showing
the talo-first metatarsal angle. Postoperative lateral (C) and AP (D) radiographs show improved alignment with a decrease in the lateral first
metatarsal-medial cuneiform angle from 92 degrees (A) to 84 degrees (C) and a decrease in the AP talo-first metatarsal angle from 21 degrees
(B) to 13 degrees (D).

medial cuneiform osteotomy. Statistical analysis was
done with a two-sample student t test.

SURGICAL TECHNIQUE

The patient was positioned supine on the operating
table with a pad under the ipsilateral buttock to internally
rotate the affected leg. The ipsilateral iliac crest donor
site and the affected leg were prepared and draped in a
sterile fashion. Under tourniquet control, a dorsal longi-
tudinal incision was made over the medial cuneiform
and the base of the first metatarsal. Dissection was
carried through the skin and subcutaneous tissue. The
extensor hallucis longus was retracted medially. The
dorsal portion of the medial cuneiform was exposed,
and the midportion of the bone was identified under
C-arm fluoroscopic guidance. A microsagittal saw was

used to make a transverse osteotomy from the dorsal to
plantar direction through the midportion of the medial
cuneiform at the level of the second tarsometatarsal joint
(Fig. 4A). An osteotome was placed into the osteotomy
and pulled distally to lever open the medial cuneiform
osteotomy and plantarflex the first ray. The amount
of opening of the cuneiform osteotomy necessary to
achieve the desired plantarflexion of the first ray was
then measured. On average, a 5-mm to 6-mm wedge of
bone autograft was needed to place the first metatarsal
at the desired level. The goal was to plantarflex the first
ray down to the level of the fifth metatarsal to restore
Cotton’s normal ‘‘tripod’’ configuration.2

A tricortical iliac crest wedge of the measured width
was removed with a microsagittal saw. This wedge of
bone was denuded of soft tissue and was trimmed with
the microsagittal saw until it fit into the space created
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Fig. 4: A, Location of osteotomy. B, After insertion of bone wedge.
(Reprinted with permission of the Massachusetts Medical Society.
Cotton, FJ.: Foot statics and surgery. N. Engl. J. Med., 214:353–362,
1936. Copyright  1936 Massachusetts Medical Society. All rights
reserved.)

by opening the cuneiform osteotomy (Fig. 4B). A small
amount of cancellous bone graft was placed into the
most inferior aspects of the osteotomy. A bone tamp
was used to impact the tricortical iliac crest graft from
dorsal to plantar into the medial cuneiform osteotomy
while the osteotomy was levered open with a narrow
osteotome and a plantarflexion force was placed on the
first metatarsal to open the osteotomy.

A guide pin for a 4.0-mm or a 3.5-mm cannulated
screw system was driven from the dorsal aspect of the
distal portion of the cuneiform across the osteotomy
and into the plantar aspect of the proximal fragment
of the cuneiform. The appropriate length 4.0-mm or

3.5-mm screw was inserted and countersunk. The
microsagittal saw was used to contour any portion of
the iliac crest graft that protruded outside the contours
of the cuneiform. To avoid impingement against the
second cuneiform, care was taken to ensure that the
graft was not placed too far laterally.

A compressive Robert Jones dressing with plaster
was applied and changed to a nonweightbearing cast
at 7 to 14 days. At 6 weeks, radiographs were obtained
and weightbearing as tolerated was begun.

RESULTS

Successful consolidation of the medial cuneiform
distraction osteotomy occurred in all feet, with an
average time to radiographic union of 7 weeks (range,
6 weeks to 8 weeks) for the pediatric population and
12 weeks (range, 8 weeks to 16 weeks) for the adult
population. Postoperative complications included a
single painful screw head that required screw removal
and mild midfoot pain in two pediatric patients. No
superficial or deep infections, cutaneous neuromas,
malunions, or delayed unions occurred.

Analysis of standing radiographs demonstrated
improvements in all radiographic measurements
(Table 2).

DISCUSSION

In 15 patients ranging in age from 9 years to 56 years,
with flatfoot deformities of several etiologies, plan-
tarflexion opening wedge medial cuneiform osteotomy
effectively corrected fixed forefoot varus when used
with a variety of hindfoot procedures. A statistically
(p < .001) significant change was obtained in several
radiographic parameters: the lateral talo-first metatarsal
angle, calcaneal pitch, and medial cuneiform-to-floor

Table 2: Average improvement of radiographic measurements

Radiographic Preoperative Postoperative Average
Measurements (degrees) (degrees) Improvement

(degrees)

Talo-First metatarsal (AP) 9 (−20 to 36) 2 (−20 to 14) 7
Talocalcaneal (AP) 17 (3 to 22) 15 (2 to 25) 2
Talonavicular coverage 20 (−18 to 72) 5 (−28 to 33) 15
Talo-First metatarsal (lat) −13 (−32 to 38) 1 (−22 to 15) 14a

Talocalcaneal (lat) 29 (16 to 42) 27 (6 to 34) 2
First metatarsal-medial cuneiform (lat) 96 (91 to 102) 87 (67 to 102) 9
Calcaneal pitch 4 (−11 to 30) 8 (−10 to 30) 4a

Medial cuneiform-floor distance 40 mm (29 to 49 mm) 47 mm (40 to 65 mm) 7 mma

aStatistically significant (p =< .001).
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distance. An attractive feature of this procedure is the
ability to tailor the amount of plantar flexion to that
needed to restore the ‘‘triangle of support.’’2 This is
most directly measured by the lateral first metatarsal-
medial cuneiform angle. Although not statistically signif-
icant, this angle was decreased as little as 2 degrees
and as much as 44 degrees from the preoperative
measurements in our patients, indicating the ability of
this osteotomy to be individualized for correction of a
wide range of forefoot varus deformities.

We have used this procedure for both residual rigid
forefoot varus after failed flatfoot surgery and for fore-
foot varus that persists after hindfoot procedures in flat-
foot corrective surgery. In both situations, the posture of
the hindfoot in relation to the forefoot is evaluated. The
hindfoot is held in neutral with the calcaneus positioned
in line with the longitudinal axis of the tibia, and the talar
head is positioned to cover the navicular medially to
place the transverse tarsal joint in neutral. When fore-
foot varus is evaluated, a line connecting the metatarsal
heads should be perpendicular to the long axis of the
tibia. To evaluate the rigidity of the deformity, plantar
pressure is applied to the fifth metatarsal head in an
attempt to move it dorsally. If the fifth metatarsal head
moves into the perpendicular tibial plane, the deformity
is supple; if it stays below the plane, the deformity
is rigid and open wedge medial cuneiform osteotomy
is indicated. The amount of correction needed has a
subjective bias because of the soft tissue in the leg and
foot and the imprecision in estimating the perpendicular
plane of the tibia.

We obtained less correction of the lateral talo-first
metatarsal angle with plantarflexion medial cuneiform
osteotomy than that obtained with the modified Hoke-
Miller flatfoot procedure, in which an opening dorsal
wedge navicular osteotomy is created and a navicular-
medial cuneiform arthrodesis is done.6 In 17 feet, the
Hoke-Miller procedure resulted in an average correction

of 20.6 degrees (range, −12.5 degrees to 8.1 degrees);
the average correction with medial cuneiform osteotomy
was 14 degrees (range, −13 degrees to 1 degree).
Both osteotomies can be tailored to provide increased
plantarflexion based on the size of the iliac crest wedge.
Two nonunions and one infection were reported after
the modified Hoke-Miller procedure3; no infections or
nonunions occurred in our patients.

Reported rates of fusion and clinical improvements
after midfoot arthrodesis for osteoarthritis are varied,
as are the techniques used to obtain fusion. Fixa-
tion methods have included Steinmann pins, inter-
fragmentary screws, plates and screws, and medial
buttress plates. Reported union rates have ranged
from 77% to 100% and clinical satisfaction from
55% to 93%.7,9,18,19,20 An average correction of
8 degrees in the lateral talo-first metatarsal angle
after midfoot arthrodesis was reported in 21 feet
with degenerative tarsometatarsal arthritis.10 Although
no attempt to restore the tripod has been consis-
tently described, a correlation has been suggested
between correction of residual forefoot deformity and
positive clinical results.10,18 The main contraindica-
tion to opening wedge medial cuneiform osteotomy
is severe first tarsometatarsal instability, for which
fusion of this joint may provide a more satisfactory
outcome.

Limitations of this study include the varied under-
lying foot pathologies in our patients and the hindfoot
procedures done in conjunction with the cuneiform
osteotomy. The correction in the measured angles
on a standing radiograph is a result of not only the
cuneiform osteotomy but also of the hindfoot proce-
dures. Similar improvements in radiographic measure-
ments were reported by Johnson et al. and Myerson
et al. after treatment of posterior tibial tendon insuf-
ficiency with subtalar fusion or calcaneal osteotomy,
respectively (Table 3).

Table 3: Comparison of radiographic improvements obtained by three techniques

Radiographic Sutbalar Arthrodesis + Medial Displacement Opening Wedge
Measurement FDL Transfer + Spring Osteotomy + FDL Medial Cuneiform Osteotomy

Ligament Repair8 Transfer13

Talo-first metatarsal
(anteroposterior) 6 degrees 12.5 degrees 7 degrees

Talonavicular
coverage 17 degrees 13 degrees 15 degrees

Talo-first metatarsal
(lateral) 10 degrees 13 degrees 14 degrees

Medial cuneiform-to-
floor distance 6 mm 7 mm 7 mm

FDL = flexor digitorum longus
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The variety of flatfoot etiologies and hindfoot proce-
dures also made it difficult to predict preoperatively
which patients would need forefoot varus correction. All
hindfoot procedures were done first, the forefoot was
evaluated intraoperatively for fixed varus deformity, and
then the decision to add cuneiform osteotomy was
made based on the rigidity and severity of the varus
deformity.

The opening wedge medial cuneiform osteotomy
has the advantage of not requiring arthrodesis of a
mobile joint. The amount of correction can be easily
adjusted by varying the size of the interposition bone
graft, and even severe deformities can be corrected. A
disadvantage is that structural bone graft is required.
Although autograft bone was used in all of the patients in
this study, allograft bone has been used in subsequent
patients without problems (data not shown). What
remains to be determined are the relative contribution
of the medial cuneiform osteotomy to the overall
correction of the flatfoot deformity, the effect on the
magnitudes and distribution of the weightbearing loads
at the first metatarsocuneiform joint, and the efficacy
of this osteotomy compared to other procedures on
the medial column of the midfoot for correction of
forefoot varus. In addition, the durability of the medial
cuneiform opening wedge is unknown. Initial correction
obtained with lateral column lengthening and first
tarsometatarsal fusion have been reported to decline
with time: the AP talo-first metatarsal angle by 15%,
talonavicular coverage by 30%, the lateral talo-first
metatarsal angle by 10%, and the medial cuneiform
height by 20%.16

CONCLUSIONS

Opening wedge medial cuneiform osteotomy should
be considered as an adjunctive procedure to correct
the forefoot varus component of a flatfoot deformity.
Advantages of this technique over first tarsometatarsal
arthrodesis include more predictable union, preserva-
tion of first ray mobility, and the ability to vary the
amount of correction required to restore the ‘‘triangle of
support’’ described by Cotton.
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