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INTRODUCTION

The deformity of pes cavus was first specifically
identified by Little in 1853.' Since that time,
numerous classification schemes and surgical pro-
cedures have been der''ised for its assessment and

treatment.
Anterior tarsal resection was initially

described by Saunders' in 7935. He described a
dorsally-based wedge resection through the nar'-
iculocuneiform joints, extending laterallr- t1-rrougl-t

the central portion of the cuboid. The procedure
was subsequently reported and popr-rlarized b1-

Cole3 in 7940, and the procedure no\\' bears his

name.
Although its indications are limited, the Cole

osteotomy has a definite place in the surgical
management of the pes cavlls deformity. This
paper will revier.v the indications. associatecl pro-
cedures. surgical technique, postoperati\-e collrse.
and results of the Cole osteotoml,.

INDICATIONS

Prior to surgical interuention, a thorough history
and physical examination must be performecl on
any patient u,ith a pes caYus deformity. This
assessment shor,rld inclr-rde a family history
re\.ie&', and a neurological examination including
muscle testing. Brewerton et a1.' reported that 62

of 77 (.81%) of the patients presenting at their pes

cavus clinic showed evidence of neurotnuscular
disease, or a famiiy history of pes cavus. If neces-

sary, neuroiogic consultation should be consid-
ered.

Since the Cole osteotomy preselves the mid-
tarsal and subtalar joints, these joints may under-
go further deformation in a patient with a dynam-
ic or progressive cavLls foot deformity. Therefore,
the Cole osteotomy is primarily indicated for

patients with a static or non-progressive pes cavlls

deforn-rity, that is pleferably idiopathic in origin.

Japas5 described 3 types of cavus deformi-
ties: (1) anterior pes ca\.us, characterized by plan-
tarflexion of the forefoot on the rearfoot; (2) pos-

terlor pes cal.us, constituting a dorsiflexed attitr-rde

of the calcaneus; and (3) combined pes c2r\-Lls.

w-hich is a combination of anterior ancl posterior
pes cavLrs. He fr,rther divicled anterior pes ca\us
ir-rto 2 t\-pes. g1oba1 anterior ca\-Lls (i.e . plan-
tartlerion ol tite entire forefoot), ancl loca1 anteri-

or ca\ns (i.e., plantarflexion of the first ray only).
McGlamry and Kitting6 further divided anteri-

or pes cavus into 4 types: (a) metatarsus ca\-LIS, or
excessive plantarflexion occurring at Lisfranc's

ioint; (b) lesser tarslls cavus, or plantarflexion
occurring over the lesser tarsal bones; (c) forefoot
ca\-us. or ercessive plantarflerion occttrring at

Chop'.rrt s joint: ancl. (d) combined antcrior ca\-us.

or p1:rntarflerion occnt'ing lt two or lrlore of the

aforementioned areas. Thus. anterior pes car tts is
primarily a sagittal plane deformity. The Cole
osteotomy corrects mainly in the sagittal plane,

and is primarily indicated for an anterior caYus

deformity. In the strictest terms, it is inclicated for
a global anterior cal'Lls or lesser tarsus ca\.Lls.

The apex of an anterior pes cavus deformity
can be assessed both clinically and radiographi-
cai1y.- Clinically, a patient with lesser tarsus ca\tls
has a gene ralized prominence over the dorsum of
the lesser tarsus. (Figure 1) Often the patient com-

plains of irritation to this par-t of the foot in closed

shoes, and has difficulty fitting shoes. Radiograph-

ica11y, the apex of the ca\ns deformity is in the

lesser tarsus. Meary's angle, or the angle formed
by lines drawn through the centers of the longitu-
dinal axes of the talus ancl first metatarsal on a

lateral weight-bearing radiograph, can be used.

The intersection of these lines occurs roughly at

the apex of the cavus deformity. (Flgure 2) Simi-
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Figure 1, Clinical erample of a patient nith anterior
with the apex at the Iesser ta1'slls (i.e.. a lesscr.
defolmity-).

ASSOCIATED PROCEDURES

Some authors have condemned the Cole osteoto-
my in the past due to its ability to achieve only
sagittal plane correction. Howevef, the osteotomy
may be combined with other procedures to
achieve multiplanar correction. For example, the
Cole osteotomy is often combined with a Dwyer
calcaneal osteotomy (i.e.. a lateral closing wedge
osteotomy of the calcaneus) to correct a rigid
cavovarus deformity. If a metatarsus primus equi-
nus deformity is seen in combination with a lesser
tarsus ca\.us deformity, the Cole osteotomy may
be cornbined rrv'ith a dorsiflexory base wedge
osteotomy of the first metatarsal or similar elevat-
ing proceclure for the first ray.

In some instances, multiplanar correction can
be achieved by modifying the Cole osteotomy.
Alvik' suggested broadening the medial
cuneiform-naYicular $.ec1ge to correct a concomi-
tant ilretatarsus prinrlls equinus deforrntty. Saun-
ders.' in his initial description of the osteotomy,
described conection of a cavoadductus clelormitv
by widening the resection laterally.

Finally, when performing the Cole osteoto-
fry, a plantar fascia release or Steindler stripping
(i.e.. release of the plantar fascia and intrinsic
plantar mnsculature) may occasionalh. be neces-
si111' to a11on- cornplete correction ancl closure of
the osteotomr'. Saunclers'foi-rnd a plantal fhscioto-
my io be necessary in only 9 of tOZ (B.B%) cases.
Lezrl and associates8 routinel)r combined a

Steindler stripping and peroneus longus tendon
lengthening in their 8 reported cases. The author
has not found piantar release to be routinely nec-
ess2lry s..hen performing the Cole osteotomy.

ST]RGICAL TECHNIQUE

Anterior tarsal resection is performed under spinal
or general anesthesia with the use of a mid-thigh
pneumatic tourniquet. (Figure 3A) Two incisions
are typically used, one medial and one lateral.
Alternatively. a single dorsal incision may be
r-rsed. if desired. The medial incision is 4 to 8 cen-
timeters in length. and is placed just medial to the
tibiaiis anterior's insertion to the first metatarso-
cr,rneifbrm joint area. and centered over the mecli-
a1 cuneiform-navicular articulation. The incision is
deepened in blunt fashion and punctilious
hemostasis obtained. The saphenous nerve, if

global car'-us

taISLIs C:1\,uS

Figure 2. Demonstration of Meary's and Hibh's angles. Note that for
both engles. thc lines forming each angie :intersect in the lesser tar-
sus. This patient 1r:rs an antcrior gkrbal cavus u,ith the apex at the
lesser tarsus (i.e., a lesser tarsLls c:1vus cleforrnitl-).

larly, Hibb's angle, or the angle formed by lines
representing the longitudinal axes of the calca-
neus and first metatarsal on a lateral weightbear-
ing radiograph, czrn be used. Again, the intersec-
tion of these lines is thought to occur at the apex
of a pes cavLls deformity.* (Figure 2) \il/hen the
apex of the deformity occurs near the naviculo-
cr:neiform joints, or o\rer the lesser tarsus. the
Cole osteotomy may be considered.

The Cole osteotomy is primarily indicated for
a non-progressive, globai anterior or lesser tarsus
pes cavus deformity. It may also be combined
u,'ith other procedures for a patient with a pes
cavovarus cleformity or combined anterior ca\.us
deformity.
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Figure 3A. Preoperative appearance
deformit,v,

of a patient nith cavovarus

Figure 3C. Laterai incision for n-edge resection fi'om the cuboicl

Figure 38. Anterior u.edge resection throllgh the naviculocuneiform
joints. Note that a Jones' tenoslrspensioll is being perfbrmed sirnulta
neousll .

encolrntered, is retracted u.ith a small vessel 1oop.

The cleep fascia, periosteum, zlnd joint capsLlle of
the medial cr-rneiform-navicular ioint are then
sharply incisecl, and the joint exposed. The tibialis
anterior may occ2rsionally neecl to be partially
detached frorn its insertion. :rnd is retracted dorso-
1atera1ly. Attention is then clirected laterally w-here
a 1 to 6 centimeter, sligl-rtly cun'ilinear, incision is
macle clorsal to the peroneal tendons, orler the
body of the cuboicl. Dissection is carried deep,
again in blunt fashion, and hemost:rsis obtained.
If exposed, the lateral clorsal cutaneolls ncn-e is

gently retractecl. The deep f-asci:r and periosteum
are then inciseci, exposing the lateral cortical x,'a11

of the cuboid. If desired, Clego elevators may
then be utilized to create a sub-periosteal channel
from medial to lateral, connecting the 2 incisions.

Figure 3D, 3E. Appcarance aftel thc \\'eclge resection is con'tplete

Figure 3E.
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With appropriate retraction, a dorsally-based
wedge osteotomy is then performed through the
nayiculocuneiform joints via the medial incision.
(Figure 38) The proximal cut through the navicu-
lar is made perpendicular to the longitudinal axis
of the talus. The distal cut through the cuneiforms
is made perpendicular to the longittidinal axis of
the first metatarsal. In this fashion, the cuneiform
cut is usually oriented from dorsal-distal to plan-
tar-proximal. Both cuts are made through-and-
through without maintaining a plantar hinge. Care
is taken to avoid inadvertent cuts through the
cuboid or calcaneus laterally. The n edge of bone
created is then removed in toto.

Attention is then directed laterally, and a
dorsally-based wedge osteotomy is made through
the central portion of the cuboid. (Figure 3C)
Once this wedge has been removed, the osteoto-
my is assessed. (Figure 3D, 3E) The osteotomy
usually requires some "feathering" or reciprocal
planing to reduce uneven surfaces and complete-
ly close the osteotomy. Intraoperatir;e racliographs
may be taken, if desired. Once adequate correc-
tion has been achieved, and the osteotomy is
closed, it is fixated with two 1/8" Steinmann pins.
The first pin is typically oriented to stabilize the
cuneiformnavicular arthrodesis site by driving it
from distai to proximal from the first inrer-
metatarsal space. The second pin is then oriented
to stabilize the cuboid osteotomy. A closed sr-rc-

tion drain may be inserted if desired, but is usual-
ly not necessary if the Cole osteotomy has been
performed alone. If it was reflected, the tibialis
anterior tendon is repaired.

The deep fascia, subcutaneous tissue, and
skin are then closed in layer fashion. Adhesir-e
surgical strips, saline moistened sponges, a dry
sterile dressing, and a below-knee Jones' com-
pression cast are then applied.

POSTOPERATTVE CARE

The Jones' compression dressing is maintained
until the first dressing change at 3 to 5 days post-
operative. The patient is then placed in a below-
knee synthetic cast. The patient is maintained
non-weight bearing for 6 to B weeks in the cast,
followed by another 4 to 6 weeks in a weight-
bearing cast. The pins are usually removed at 8 to
12 weeks, when evidence of osseous consolida-
tion is obserued on radiographs. (Figures 4A - 4C)

Figure 4A. Preoperative lateral radiograph of tl-re patient depicted in
Figure J.

Figure 48. Postoperative AP radiograph. 1 year
following Cole ostcotoml con.rbrncd r.ith a

Dsr-cr- c:rlcaneal osteotolrrr'. Jones tenoslrspen-
sion. and tibialis posterior tcn.lon transf'er s'ith
screrl'r'q,.asher flration.
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Figure 4C. Lateral radiograph, 1 year postoperative.



The cast is removed after 3 months, and physical
therapy is instituted. Compression stockings are
maintained until the patient is walking without
pain or edema. Long-term, the patient is fitted for
functional orthoses and is instructed to wear
appropriate shoes.

RESULTS

\7hen performed for the proper indications, the
Cole osteotomy is a very successful procedure.
Reports of the procedure's technical difficulty,
poor cosmetic appearance, high incidence of
deiayed union or nonunion, and poor postopera-
tive function are empirical and inconsistent with
the good results reported in long-term follow-up
studies.'''o Saunders' reported his results in 702
operations in 86 patients. \fith a minimum follow-
up of 2 years, he found 59 (580/o) excellent and
good results (no residual cavus deformiry, flexible
foot with good ankle joint dorsiflexion, and no
pain or limp), 1l (40V0) fair results (slight stiffness
or noneiastic gait, limited ankle joint dorsiflexion.
or residual cavus deformity), and 2 (2a/o) poor
results (unstable lateral1y). Radiographic evalua-
tion of his cases revealed complete boney union
in all but 2 cases.

More recently, Leal et a1.' reported good
results in B cases performed on 5 patients. The
author has utilized the Cole osteotom-v for the
past 5 years with consistently good results as s-ell.
No long-term problems u,ith midtarsal joint func-
tion, widening or shortening of the foot, or
cosmesis have been reported.

SUMMARY

Anterior tarsal resection, better known as the Cole
osteotomy, is a surgical procedure with strict indi-
cations. Hou,'ever, when performed for the patient
with non-progressive, anterior global cavus with
the apex in the lesser tarsus, the procedure has

very gratifying subjective and objective long-term
results. Further, the procedure may be modified
or combined with other procedures to achieve
multiplanar correction in the pes car,tts foot.

REFERENCES

1. Smith TF, Pitts T. Green DR: Pes cavus, In McGlamry ED,

Banks AS, Downey MS (eds.) Comprehensiue Textbook of Fctctt

Surgetr-,2nd ed., Baltimore, Williams & Wilkins, 1992, pp.731-
758.

2. Saunders JT: Etiology and treatment of claw-fbot: report of tl-re

results in one hundred and trvo feet tleated b1' anterior tarsal
resection. Arcb Sur,g 30r179-198, 193i.

3. Cole VrFI: The treatment of clan foot. J BoneJoit'tt Surg22:89)-
908. 1910

.i. Bres'erton D-{. Sandif'er PH. S\\'eetnam DR: Idiopathic" pes

calus: an investigation into i$ aetiolog\-. Br -l[ed./ 2:6i9-661.
1963.

i. Japas L\l: Surgical treatment of pes calus br- tarsal V-
osteotom\': pleliminan' report. / Bone .[oirlt SLttg 5OA:927-944,

1968.
6. McGlamry ED, Kitting R-i[: Equinus foot - analysis of the etiolo-

gy, pathology, and tl:eatment techniques .l Am Podicttry Assoc

63:155-181, 197 3 .

7. \X&itney AK, Green DR: Pseudo-eqLtroLts .[ Am Podiatry Assoc

72:365-371. 1982.
8. Leal LO. Bosta SD, Feller DP; Anterior tarsal resection (Cole

o\reurorr\ ,. I Fool ;til'p l- l<o l6J. lo8h.

9. Alvik I: Operative tre:Ltment of pes carls. Actd Ortbop Scand
23:13- 1+1.195+.

10. Banks AS: Pes carus defon.r'rtn.. In \Ialclnko DE (ed ) Medical
ancl Surgical 'therdpeutics oJ' the Foot and Attkle, Baltimore,
\\tilliarnr d. Wilkin5. lqol. pf. 506-il<.

ADDITIONAL REFERENCES

Phillips AJ, Corey SV: Pon'er instrument skills In NlcGlamry ED.

Banks AS, Dorvne,v NIS (ecls,) Comprehelsit)e Textbook clf'Foot
SLtrgery-,2ncl ed. Baltin'rore. \\iilliams & \iilkins. 7992. pp 72-1.01.

208


