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It is with great pleasure that we present the fourth edition of
McGlamry’s Comprehensive Textbook of Foot and Ankle Surgery. The
goal of this text, as always, is to help students build 2 good foun-
dation, to help residents develop their skills, and to help sur-
geons hone their technique.

Like the three previous editions, this book encompasses all
facets of foot and ankle surgery. This edition, however, places
greater emphasis on an instructional approach so as to better
help the surgeon, resident, or student see how the procedures
are done. It has been completely reorganized to present con-
tent in a more logical fashion. Divided into 12 parts across 2
volumes, it begins with basics such as biomaterials and pain
management and moves through anatomic locations, physi-
ologic conditions, special surgery, tumors, and trauma. This
fourth edition has dozens more chapters and contributors
than earlier volumes, making it the most truly comprehensive
Comprehensive Textbook so far. In addition, for the first time, the

xviii

textbook has been printed in full color throughout, greatly clar-
ifying the appearance of disorders, diagnostic signs, and surgi-
cal landmarks and bringing the operative steps to life.

As the lead editor, I extend my gratitude to the section edi-
tors for their work in helping make this a reality. However,
most appreciated are the authors, without whom a book of this
sort cannot exist. Amid the responsibilities of practice, teach-
ing, and family lives, they were able to find the time needed to
write these chapters. Unfortunately, this edition is missing one
esteemed author, Gerard V. Yu, who passed away unexpectedly
in 2005.

It has been a several-year journey since we started work on
this book, and I am very proud to be a part of it. It is my hope
that it delivers what we set out to do.

Joe T. Southerland, DPM, FACFAS
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Technical Principles
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D. Scot Malay
Robyn Winner

Surgical instrumentation is highly specialized, and it has been
said that there is a tool for every maneuver. In many instances,
multiple instruments serve the same function, and each sur-
geon develops his or her own preferences. All foot and ankle
surgeons should familiarize themselves with the basic set of
podiatric surgical instruments. A thorough understanding of
the design and proper use of the basic tools enable the surgeon
to operate with comfort and proficiency.

METALLURGY AND MANUFACTURING

High-quality surgical instruments are typically made of austen-
itic (300 series) or martensitic (400 series) stainless steel. These
iron-based alloys contain carbon, chromium, nickel, and molyb-
denum as essential elements in their production. The presence
of carbon makes the steel extremely hard, whereas chromium
primarily allows resistance to corrosion. The formation of a pas-
sive layer of chromium oxide on the surface of the alloy imparts
corrosion resistance. Corrosionresistant alloys, when properly
manufactured, are capable of replenishing the inert chromium
oxide layer after mechanical disruption. Repassivation spon-
taneously occurs when exposed chromium within the alloy
covalently bonds with oxygen from the aqueous environment
of the tissue fluids. The presence of the other elements in the
molecular configuration of the stainless steel allows the manu-
facturer to manipulate the alloy’s ductility, malleability, tough-
ness, and corrosion resistance further. When extreme hardness
is required for a specific component of the surgical instrument,
such as the grasping surface of a needle holder, a tungsten-car-
bide insert is often used (Fig. 1.1).

The most useful implantable alloy, austenitic stainless
steel, is designated in manufacturing terms as 300 series alloy
or, more specifically, 316L.VM. Austenitic stainless steel offers
superior corrosion resistance, malleability, and ductility in
comparison with the harder martensitic (400 series) steel
alloys. Austenitic stainless steel is ideal for the production of
metallic implants, such as screws, plates, pins, and other fixa-
tion devices, because of the alloy’s ability to resist corrosion.
Austenitic alloys are also used to manufacture forceps and
retractors in which resilience is a necessary property of the
instrument. Martensitic alloys are used to manufacture cut-
ting instruments that must maintain sharp edges and accu-
rate jaw alignment, such as osteotomes, scissors, curettes,
and rongeurs. The combination of austenitic and martensitic
alloys for specific component parts of high-quality surgical
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instruments is also beneficial with respect to instrument
performance and durability. High-quality surgical scissors,
for instance, have finger rings and handles made of 300 series
alloy, blades made of 400 series alloy, and tungsten-carbide
blade edge inserts.

SURGICAL BLADES

The scalpel is the instrument of choice for precise, atraumatic
division of tissue. The scalpel consists of a handle portion and
a blade portion. Blades may be detachable and thereby replace-
able, or the scalpel may consist of a solid piece of steel that
requires periodic sharpening of the blade. The handle portion
of the scalpel may differ in size. The no. 3 handle is most com-
monly used for foot and ankle surgery (Fig. 1.2). The handle
should have an engraved metric scale on one side. The scalpel
can be held between the thumb and third finger, with the index
finger placed along the back of the blade. This is referred to as
the pencil grip and is used in foot and ankle surgery because
it provides excellent control for making precise incisions
(Fig. 1.3). When it is held in the reverse fashion, the scalpel han-
dle may also be used to assist in separating the subcutaneous
tissue from the deeper layers. This is commonly performed in
the reflection of the subcutaneous tissue from the medial aspect
of the first metatarsophalangeal joint in hallux abducto valgus
surgery (Fig. 1.4).

Scalpel blades are also available in various sizes and shapes
(Fig. 1.5). Blades are constructed of high-quality surgical steel,
with the cutting edge honed to a width of approximately
0.015 inch. The scalpel blade is designed strictly for incising
tissues, and the belly of the blade should be used as the pri-
mary cutting edge. Scalpel blades should not be used for pry-
ing because they may easily break within the wound. Reversing
the instrument and prying or bluntly separating with the han-
dle portion of the scalpel may be useful. Separate blades are
usually used for incising the skin and deeper tissues. The broad
no. 10 blade functions well as the skin knife in most cases,
although the smaller no. 15 blade may be desirable for mak-
ing precise skin incisions on the digits. The no. 15 blade is also
most commonly used as the deep knife. The no. 11, or bayonet,
blade is useful for performing open Z-plasty tenotomy, as well
as incising superficial abscesses for drainage. Some surgeons
find the smaller Beaver blades (nos. 64, 67, and 81) and match-
ing handle useful for digital arthroplasty as well as for nail plate
and bed incisions.
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Figure 1.3 The pencil grip may be used to hold the scalpel handle,

SCISSORS

Besides the scalpel, scissors are the instruments most commonly
used for tissue dissection (Figs. 1.6 and 1.7). Scissors also serve as
the general-purpose instrument for cutting sutures, bandages,
and other materials. Tissue scissors are finely constructed of sur-
gical steel and are of lighter weight compared with the heavier
suture cutting and utility scissors. Dissecting scissors are designed
to cut soft tissues only and should not be used to cut other mate-
rials. These instruments are best grasped with the thumb and
ring fingers in the finger rings, with the index finger stabilizing
the hinge region of the scissors and the middle and little fingers
on either side of the lesser digital finger ring (Fig. 1.8).

The blunt tips of dissecting scissors are best used for spread-
ing and cutting tissues, and thumb forceps are usually held in
the contralateral hand to manipulate tissues. The blades of the
scissors should not be closed without first visualizing the tips.

Tungsten-carbide blade inserts prolong the maintenance of
a sharp cutting edge. Straight blades are used near the wound

Figure 1.4 The reverse end of the scalpel may be used to help sepa-
rate the subcutaneous tissue from deeper layers.
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Figure 1.5 Surgical blades (top to bottom): no. 10, no. 11, no. 15,
and no. 62 on a minihandle.

surface, whereas curved blades aid in deeper dissection. The
curved design of dissecting scissors enhances visualization of
the cutting field, improves directional mobility, and readily
allows tissue separation along smooth curves. Heavier blunt-
tipped Mayo scissors are used for cutting thick bands of fascia
and ligament; they are available with either straight or curved
blades. The lighter Metzenbaum scissors have narrow, slightly
curved, blunt-tipped blades that are ideal for subcutaneous
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Figure 1.6 Metzenbaum scissors.

dissection and cutting lighter fascial and capsular structures.
The fine cutting blades of the lightweight iris scissors are suited
only for delicate tissue dissection, and careful manipulation of
the sharp tips of this instrument is necessary. The short, broad-
blade, collar-and-crown, or Sistrunk, scissors are occasionally
used for accurate dissection of osseous structures such as sesa-
moid bones.

Suture scissors usually have straight blades with blunt tips
that reduce the chance of inadvertent injury to nearby tissues.
When deep sutures are cut, the tips of the scissors are placed
about the suture and the blades are slid down to the level of the
knot; they are turned approximately 25 degrees, and, with the
tips in full view, the scissors are closed. In cutting deep sutures
that are under a large amount of tension, a small tag of suture
should be left above the knot. A larger tag is left when one is
cutting skin sutures that will be removed later. Often, general
utility scissors, which come in various sizes, are used for cutting
sutures. Stainless steel monofilament wire sutures are cut with
wire-cutting scissors.

Bandage scissors are designed with a flat, plow-like lower
blade tip that protects the patient from inadvertent injury dur-
ing bandage removal. Ideally, a wound should be undressed
without cutting the deep layers of the bandage. All house staff
members and medical students should carry, and have readily
available, a clean, sharp pair of bandage scissors.

Figure 1.8 Grasping the scissors.

HEMOSTATIC FORCEPS

Hemostats are hinged instruments composed of a set of jaws, fin-
ger rings, and a locking mechanism (Fig. 1.9). They are the pri-
mary means of acquiring hemostasis during anatomic dissection
and are also useful for bluntly spreading tissues. Many types of
hemostatic forceps are available, and those most commonly used
in foot surgery include the mosquito (Halsted), Crile, and Kelly
designs. Hemostatic jaws are straight or curved, with serrations that
run either perpendicular or parallel to the long axis of the jaws.
The forceps close with force about the vessel and lock and thereby
crush the contained tissue that will be ligated. If the clamped por-
tion of vessel is to remain functional, such as in vascular reconstruc-
tion, a noncrushing or controlled-closure hemostat must be used.
Hemostatic metal clips may also be used to obtain secure ligation
of vessels in sites that are poorly accessible with hand ties.

Figure 1.7 Scissors (left, top to bottom, then right, top to bottem): bandage, wire-cutting, Metzenbaum,
crown-and-collar or Sistrunk, iris, and Mayo.
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Figure 1.9 Halsted (mosquito) hemostatic forceps.

THUMB FORCEPS

Thumb forceps consist of two pieces of surgical steel attached
at one end, and they are used to pick up or grasp tissues
(Fig. 1.10). The forceps are held among the thumb, middle
finger, and index finger of either hand. The tips may be flat or
have teeth or fine serrations, and they vary in width. Forceps
with teeth (Brown-Adson, rat-tooth or one-two) are usually nar-
row and allow the surgeon to hold structures securely while a
minimum of tension is applied. Flat-tipped or finely serrated
narrow forceps (atraumatic forceps) are used to delicately
grasp vital structures, to pull sutures and needles, and, with
great care, 10 manipulate skin during closure. The one-two
(rat-tooth) pickup is frequently used for skin closure, depend-
ing on the surgeon’s preference. The wide-ti pped Russian for-
ceps are excellent for delicate manipulation of deep tissues in
the hindfoot and ankle. Wide-tipped atraumatic forceps (Potts-
Smith) may also be useful for the application and removal of
surgical dressings.

TRACTION FORCEPS

Traction forceps are of heavier construction than hemostats
and consist of a locking mechanism and finger rings, as well
as jaws for grasping tissues (Fig. 1.11). The grasping portion of

il
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Figure 1.11 Assorted traction forceps (top to bottom): Backhaus
towel clamp, phalangeal forceps, Lewin, sesamoid clamp, Kocher, and
Allis clamp.

each jaw typically has teeth, or a single sharp point, that pro-
vides traction without undue pressure or crushing force.

The Backhaus towel clamp provides a double-sharp set of
jaws and is used for draping the operative field and, occasion-
ally, for grasping bone. The Allis clamp is available with narrow
or wide jaws, each jaw composed of opposing serrated edges
or short teeth. These are effective for grasping and retracting
fascia and the subcutaneous layer, and they are occasionally
used for clamping towels while draping. Kocher forceps have
two long-blade jaws displaying transverse serrations with oppos-
ing sharp, interlocking teeth at the tips. These are useful for
placing traction on heavy fascia, although care must be taken
to avoid crushing the contained tissues. Uterine packing for-
ceps have gently curved, long jaws that make them ideal for
transferring tendons along tendon sheaths during myoplastic
reconstruction. The sesamoid clamp and phalangeal forceps
are specifically designed for grasping small ossicles and bony
fragments. The sponge clamp has two opposing circular jaws
with transverse serrations used to hold a folded gauze sponge
during preparation or blotting of the surgical area (Fig. 1.12).

Figure 1.10 Assorted thumb forceps (top to bottom): one-two or
rat-tooth, Brown-Adson, and atraumatic.

Figure 1.12 Top to bottom: uterine packing forceps, tendon-pass-
ing forceps, and sponge clamp.
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RETRACTORS

Retractors are used to hold tissues aside, thereby increasing
exposure and protecting vital structures. The blade portion of
the retractor may be fixed or malleable, and the retractor itself
may be handheld or self-retaining. Handheld retractors enable
the assistant to control the force with which tissuesare held and to
release tension intermittently as necessary (Figs. 1.13 and 1.14).
Conversely, self-retaining retractors free the assistant to perform
duties that may expedite the procedure (Figs. 1.15 to 1.17).

Figure 1.13 Handheld retractors (top to bottom): double-prong
skin heoks, Senn, and Ragnell.

Figure 1.16 The Weitlaner retractor is particularly helpful in dissec-
tion of the first intermetatarsal space for the repair of hallux abducto
valgus deformity.

Figure 1.14 The Senn retractor (seen dorsally) works well when tis-
sue needs to be pulled apart to provide visualization of deeper structures.
The Seeburger malleable retractor (seen plantarly) is helpful in reflect-
ing and holding tissue around a corner or exposed region of bone.

Figure 1.15 The three-two Weitlaner self-retaining retractor (top)
and the digital selfretaining or Holzheimer retractor.

Figure 1.17 The small lamina spreader.

Self-retaining retractors should be gently set and intermittently
released during long procedures in an effort to avoid tissue
necrosis or excessive retraction trauma. Large handheld retrac-
tors such as the Army-Navy devices are helpful in providing full
exposure when dissection is performed in the rearfoot and
ankle area (Fig. 1.18).

A selfretaining retractor with many applications in recon-
structive foot and ankle surgery, the Weinraub Joint and
Calcaneal Spreader (Innomed, Savannah, GA) (Fig. 1.19)
employs two pins that are affixed to the selected osseous seg-
ments to be separated (or compressed) via cylindrical sleeves
on either side of the retractor’s hinged arms, thereby stabiliz-
ing the instrument and preventing descent into the surgical
site (Fig. 1.20). This particular retractor, or one with a simi-
lar design, can be used to enhance exposure and to facilitate
access to many joints, particularly those deep in the hindfoot,
for resection and preparation for fusion.
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Figure 1.18 Top to bottom: Large malleable ribbon retractor, Army-
Navy or right-angle, and Volkmann rake.

Figure 1.20 The Weinraub retractor affixed to joint margins via
0.045-inch K-wires and used to distract the osseous segments.

PERIOSTEAL ELEVATORS

Periosteal elevators are used to separate periosteum from under-
lying bone and, occasionally, to provide leverage for retracting
deep fascia, ligaments, and periosteum (Fig. 1.21). These instru-
ments have smooth, broad blades that vary in sharpness. The
Freer elevator is ideal for reflecting periosteum from the shaft of
ametatarsal. One end of the Freer elevator is semisharp, whereas
the other is blunt. The Sayre elevator has a short, heavy, rounded
blade frequently used to distract the sesamoid apparatus from
the first metatarsal head. In other circumstances, it works well
to pry apart and separate osseous segments. Key elevators are
excellent for rapidly reflecting periosteum from glabrous bony
surfaces, as are the narrow-blade and broad-blade Langenbeck
elevators. Crego elevators expedite periosteal reflection around
curved surfaces such as the talar neck and posterior aspect of
the calcaneus and are essential in performing triple arthrodesis
and other hindfoot procedures (Fig. 1.22).

OSTEOTOMES, CHISELS, GOUGES,
AND MALLETS

Osteotomes (Lambotte) and chisels are used to resect promi-
nent portions of bone, and the cutting edge of these instru-
ments must be periodically sharpened to ensure proper
function. Osteotomes differ from chisels in that both surfaces
of an osteotome taper to form a fine cutting edge, whereas one
surface of a chisel tapers to meet the opposite flat surface at the
cutting edge (1) (Fig. 1.23).

Figure 1.21 Periosteal elevators (top to bottom): Freer, Sayre, and
Key.
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Figure 1.26 Top to bottom: Bone-cutting forceps (double-action),
straight rongeur (double-action), and curved rongeur (single-hinge).

BONE-CUTTING FORCEPS AND
RONGEURS

Bone-cutting forceps and rongeurs are used to incise
through and reduce bone or to resect cartilaginous surfaces.
Instruments used for osseous work (Fig. 1.26) are frequently
of the multihinge design and function on the so-called double-
action principle. This increases mechanical advantage, reduces
operator strain, and provides increased accuracy. Double-action
bone-cutting forceps have straight or slightly curved jaws that
Figure 1.24 Mallet (top) and straight osteotome (bottom). are ideal for transecting phalanges and other small-diameter
portions of bone. Rongeurs have strong, heavily constructed
opposing jaws, each of which is scooped out like the tip of a
curette. Rongeur jaw designs include broad or narrow (needle-
nose rongeurs) and straight or curved. The sharp cutting edges
of the rongeur are ideal for reducing bony prominences, such
as spurs and spicules, as well as sharp edges.

TREPHINES AND CURETTES

Trephines display a circular cutting edge at the tip of a hol-
low tube that enables the operator to remove plugs of bone
neatly for biopsy, graft procurement, or osseous reduction
(Figs. 1.27 and 1.28). Assorted trephines and correspond-
ing obturators should be available. A small modified tre-

Osteotomes and chisels are held firmly in one hand and phine, known as a plug cutter, may also be used to remove
are driven with deliberate, repetitive blows from the surgical
mallet. Mallets are available with stainless steel heads, as well
as heads capped with synthetic polymers for quieting the blow
and enhancing control. The small and medium-sized mallets
are best suited for podiatric surgery (Fig. 1.24).

Gouges are similar to chisels; however, the cutting edge
is curved. These instruments come in various widths and
are useful in smoothing curved surfaces and rounding flat
surfaces of bone. Gouges may also be used to free meta-
tarsal heads from surrounding soft tissue structures. The
McGlamry metatarsal elevator is a specialized gouge with
a broad, curved, scoop-like blade set on a curved handle
(Fig. 1.25). This instrument is ideal for freeing metatarsal
heads from adherent soft tissues, for exposing the plantar
surface of the head for observation, and for releasing an
adherent flexor plate. Figure 1,27 Obturator (top) and trephine (bottom).

Figure 1.25 McGlamry metatarsal elevator.
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Figare 1.28 The trephine may be used in joint fusion. Bone has
been removed in the first metatarsocuneiform joint. The defects will be
replaced with bone graft to effect fusion.

Figure 1.30 Ringed (uterine) curette.

surrounding bone from the tip of a buried fixation wire or
pin and thereby to expedite removal of the wire or pin when-
ever retrieval is necessary.

Curettes consist of a curved, scoop-like blade on a handle
(Fig. 1.29). Heavy curettes are used for reducing rough bony
surfaces and for gouging into broad areas of bone. They are
also useful for débriding infected or necrotic bone. Dermal
curettes, conversely, are of lighter construction and are used
for débridement of soft tissues as well as nail beds and grooves.
Ringed (uterine) curettes are unique in that the shaft of the
instrument is malleable, so the cutting portion of the instru-
ment can be placed in areas that are difficult to reach such as
the lateral portion of the talonavicular joint when arthrodesis is
performed (Fig. 1.30).

BONE-HOLDING CLAMPS AND
REDUCTION FORCEPS

Clamps used to grasp bone or to hold bony fragments together
are of heavy construction and are capable of applying large
amounts of pressure. Some bone clamps and reduction for-
ceps have a hinge with a locking ratchet, whereas others close
on tightening of a locking nut. Small fragments of bone and
small ossicles such as sesamoids or phalanges may be grasped
and manipulated with sesamoid and phalangeal clamps
(Fig. 1.31). The double-sharp and alligator bone reduction
forceps are ideally suited for reducing and maintaining small
and medium-sized fragments (Fig. 1.32). Larger fragments
encountered in hindfoot and ankle fractures require heavier
reduction forceps such as the Lewin, “baby” Lane, Lowman,
and Verbrugge (Fig. 1.33).

RASPS

Rasps are used to reduce and smooth bony surfaces (Fig. 1.34);
they are usually employed after a bony prominence has been
grossly reduced by means of an osteotome and mallet, ron-
geur, or power saw. The cutting surface of a rasp presents ser-
rations of fine teeth running in a parallel or crosscut pattern
(Fig. 1.35). The Bell rasp is double-ended with two small ellip-
tic rasping surfaces. The Joseph nasal rasp, also known as the
beaver-tail rasp, has a single, long, elliptic cutting surface with
a double crosscut pattern for fine smoothing of broad surfaces.
The Maltz and Parkes rasps each present a single, coarse cutting
surface ideal for rapid reduction of large osseous prominences.
Rasping surfaces are also available for reciprocating power
instrumentation. A stainless steel wire brush should be avail-
able for periodic intraoperative cleansing of the rasp surface.

NEEDLE HOLDERS

Needle holders consist of finger rings, a locking mecha-
nism, and jaws and come in a wide variety of sizes and shapes
(Fig. 1.36). The individual surgeon picks the design that he or
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Figure 1.32 Bone reduction forceps (left to
right): Lewin, ASIF double-sharp, ASIF “alliga-
tor” small fragment, ASIF small plate forceps,
and ASIF small fragment self-centering clamp.

Figure 1.33 Large fragment reduction forceps (top to bottom): Ver-
brugge, Lowman, and “baby” Lane.

she prefers for each specific task. Long-handled needle hold-
ers are used for closing deeper layers, whereas shorter designs
are used superficially. Jaw designs vary from smooth, to crosscut
or parallel serrations, to channeled jaws for holding specific
needles and those modified for twisting wires. Needle holders
with heavy jaws are used to hold large needles, and vice versa.
Tungsten-carbide jaw inserts greatly enhance instrument func-
tion and durability. Examples of commonly used needle hold-
ers include Mayo-Hegar, Sarot, Ryder, and Halsey devices.

POWER INSTRUMENTATION

Practically any aspect of osseous surgery may be performed with
power instrumentation. Power saws, both oscillating and recipro-
cating, drills, burs, rasps, wire drivers, osteotomes, and screwdriv-
ers are commercially available. Power sources may be pneumatic
or electrical (alternating or direct current). Power instrumenta-
tion varies with respect to size, strength, maneuverability, preci-
sion, durability, method of sterilization, and care. The decision
regarding which set to use varies with the surgical site and the

Figure 1.34 Rasping instruments (top to bottom): Joseph nasal rasp
(beaver-tail), Maltz rasp, Podiatry Institute rasp, and Bell rasp.

Figure 1.35 Comparison of crosscut (left) and parallel-cut (right)
rasping surfaces.
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Figllte 1.36 Assorted needle holders.

surgeon’s preference. The electrosurgical cleaning (“scratch”)
pad can also be used to refine the cutting edges of some instru-
ments, as suggested by Kubiak et al (2). Its coarse surface, synthe-
sized from aluminum oxide and rooted in epoxy, may be used to
refinish coarse irregularities on instruments made of soft metals,
some stainless steel instruments, and even titanium. The authors
have used this intraoperatively to restore the rims of drill sleeves
damaged and deformed from repeated use.

INSTRUMENTS FOR FIXATION OF BONE
AND OTHER TISSUES

Fixation of bony fragments may be obtained in many ways.
Osseous fixation is best obtained by following standard tech-
niques of osteosynthesis. Fixation devices include stainless

Figure 1.37 Flush pin set consists of a double-action flush pin cutter
(top) designed to cut K-wires flush with bone to facilitate burying of
wires. It also contains a small plug cutter (middle) and double-action
needle-nose pliers (bottom) for retrieval of buried wires.

Figure 1.38 Malleable Frazier-tip suction catheter.

steel wire sutures (20, 22, 24, 26, 28, and 30 gauge), Kirschner
wires (K-wires), and Steinmann pins in a variety of sizes, both
threaded and smooth, with tips varying from tapered to tro-
car or bayonet for easy penetration of hard cortical bone.
These may be used to fixate bony fragments by direct pinning
or intramedullary nailing, as well as providing anchoring for
skeletal traction. Various specialized wire twisters are avail-
able. A handheld wire bender, a standard wire cutter or a
flush wire cutter, a pair of needle-nose pliers (single- or dou-
ble-action), and a small plug cutter are also recommended

(Fig. 1.37).

SUCTION APPARATUS

A continuous suction source is helpful in some podiatric sur-
gical cases. The amount of suction should be variable and
controlled by the assistant operating the suction catheter. The
malleable Frazier-tip suction catheter (Fig. 1.38) is ideal for use
in foot and ankle surgery, whereas suction catheters of a larger
size may be necessary in the leg.

CONCLUSION

Obviously, the wide variety of surgical needs mandates the avail-
ability of a large array of instrumentation (3). Not every instru-
ment is needed for every case, and for this reason the basic
instruments are divided into a forefoot pack and a rearfoot or
ankle pack. The forefoot pack supplies instrumentation for a
typical bilateral forefoot case. For hindfoot surgery, the rearfoot
or ankle pack is opened along with the forefoot pack. Division
of instrumentation into reduced sets also allows more efficient
sterilization and storage. Instruments that may be needed at
any time, regardless of surgical site, are packed separately. Basic
instrument packs for specific surgical application include the
following:

I. Forefoot pack
A. Blade handles
1. No. 3 scalpel handle (six)
2. Long and short Beaver handles (one each)
B. Scissors
. Iris, small (one)
. Crown and collar (one)
. Curved and straight Mayo (one each)
. Metzenbaum (two)
. Large utility (two)
. Lister bandage (two)
. Monofilament wire cutter (one)
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. Hemostatic forceps

1. Curved and straight mosquito (12 and four, respectively)
2. Curved and straight Crile (two each)
3. Curved and straight Kelly (two each)

. Thumb forceps

1. Brown-Adson (four)

2. Rattooth (one-two pickup) (two)
3. Atraumatic (two)

4. Large toothed (two)

5. Large atraumatic (two)

. Traction forceps

. Backhaus towel clamp (six)

. Allis clamp, large and small (two each)
. Kocher (two)

. Sesamoid clamp (one)

. Phalangeal forceps (one)

. Sponge clamp (one)
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. Retractors

1. Digital selfretaining (one)

2. Weitlaner three-two and four-three (two and one,
respectively)

3. Skin hooks, single- and double-prong (two and four,

respectively)

Ragnell (four)

Senn (four)

Seeburger (two)

Mini-Hohmann (four)

Rakes (four-prong, sharp) (two)

9. Army-Navy (two)

10. Malleable ribbon (two)
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. Periosteal elevators

1. Freer (four)
2. Langenbeck, narrow and broad (one each)
3. Sayre (one)

. Osteotomes, chisels, mallets

1. Lambotte osteotomes (2 to 22 mm) (one each)
2. Curved osteotome (8 mm) (one)

3. US Army no. 18 chisel (one)

4. Medium-sized surgical mallet (one)

. Bone-cutting forceps, rongeurs

1. Double-action bone-cutting forceps (one)

2. Large and small curved double-action rongeurs (one
each)

3. Needle-nose rongeur (one)

. Bone-holding clamps: Lewin (one)
. Rasps and wire brush

1. Bell rasp (two)

2. Joseph nasal (beaver-tail) (two)
3. Maltz and Parkes (one each)

4. Wire brush (one)

. Needle holders: assorted sizes and jaw configurations

depending on surgeon’s preference

. Miscellaneous

1. Ruler (stainless steel)

2. Flush wire cutter (one)

3. Wire bender (one)

4. Double-action needle-nose pliers (two)
5. Small plug cutter (one)

II. Rearfoot or ankle pack
A. Retractors

1. Large ribbon (two)
2. Large rakes (two)
3. Lamina spreader (one)

B. Periosteal elevators
1. Key (one set)
2. Crego (one set)
C. Osteotomes, gouges, mallets
1. Large osteotomes (one set)
2. Gouges (one set)
3. Large surgical mallet (one)
D. Bone-cutting forceps and rongeurs
1. Large double-action bone-cutting
forceps (one)
2. Large double-action rongeur (one)
3. Kerrison rongeur (two)
E. Curettes and trephines
1. Bone curettes (one set)
2. Trephines (one set)
F. Miscellaneous
1. Blount staple holder, driver, puller
(one set)
2. Large pin cutter (one)
III. Minor surgical pack
A. Blade handles: no. 3 scalpel handle (two)
B. Scissors
1. Iris (one)
2. Crown and collar (one)
3. Curved and straight Mayo (one each)
4. Metzenbaum (one)
5. Utility scissors (one)
C. Hemostatic forceps
1. Curved and straight mosquito (four and two,
respectively)
2. Curved and straight Crile (one each)
3. Curved and straight Kelly (one each)
D. Thumb forceps
1. Brown-Adson (one)
2. Rat-tooth (one-two pickup) (one)
3. Atraumatic (one)
E. Traction forceps
1. Backhaus towel clamps (two)
2. Allis clamp (two)
F. Retractors
1. Digital selfretaining (one)
2. Weitlaner three-two (one)
3. Skin hooks, double-prong (two)
4. Senn (two)
5. Seeburger (two)
Periosteal elevators: Freer (two)
Rasps
1. Bell {(one)
2. Joseph nasal (one)
. Needle holders: large and small (one each)
J- Miscellaneous
. Large bone curette (one)
. Straight nail nipper (one)
. Curved tissue nipper (one)
. Glass medicine cup (one)
. Stainless steel bowl (3-inch diameter) (one)
. Bandages
a. 4 x 4 inch gauze (10)
b. 2-and 3-inch Kling (one each)
IV. Nalil surgical pack
A. Blade handles
1. No. 3 scalpel blade (one)
2. Beaver blade handle (one)
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B. Scissors and nippers
1. Iris (one)
2. Utility (one)
3. Large and small nail nippers (one)
4. English anvil nail nipper (one)
C. Hemostatic forceps
1. Straight mosquito (two)
2. Straight Kelly (one)
D. Thumb forceps: Brown-Adson (one)
E. Elevators and curettes
1. Freer (two)
2. Nail-plate elevator, large and small (one each)
3. Medium-sized dermal and bone curette
(one each)
F. Needle holder: small (Mayo-Hegar jaw) (one)
G. Miscellaneous
1. Glass medicine cup (one)
2. Cotton-tip applicators (10)
3. Bandages

a. 2x2inch and 4 x 4 inch gauze (10 and six,

respectively)
b. 2-inch Kling (one)
V. Ulcer or wound débridement pack
A. Blade handles: no. 3 scalpel handle (two)
B. Scissors and nippers
1. Iris (one)
2. Utility (one)

3. Nail nipper (one)
4. Tissue nipper (one)
C. Hemostatic forceps: curved and straight mosquito (one
each)
D. Thumb forceps
1. Brown-Adson (one)
2. Atraumatic (one)
E. Elevators and curettes
1. Freer (one)
2. Medium sized dermal and bone curette (one each)
F. Miscellaneous bandages
1. 4 x 4 inch gauze (10)
2. 2-inch Kling (one)

. Podiatry dressing pack

A. 4 x 4 inch gauze (10)
B. Kling
1. 2-inch (one)
2. 3-inch (one)
C. Tube gauze (2 5/8 x 36 inch) (one)
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Lapidus Bunionectomy: First Metatarsal—
Cuneiform Arthrodesis

Metatarsus primus varus and hallux abducto valgus (HAV)
have been used to correct HAV since originally described by
Albrecht (1) in 1911. Truslow (2) followed with a version of
the procedure in 1925 that involved a wedged resection of
bone from the first metatarsocuneiform joint. The procedure
was later popularized by and named after Paul Lapidus. In
1930, he proposed a first metatarsal-cuneiform arthrodesis
paired with arthrodesis of the second metatarsal as well as
resection of the dorsomedial eminence of the first metatarsal
head and distal soft tissue repositioning for metatarsus primus
varus. He believed that metatarsus primus varus was the result
of an underdeveloped atavistic foot type. He hypothesized
that hypermobility of the first metatarsal-cuneiform joint
combined with an increased first to second intermetatarsal
(IM) angle caused by an oblique joint axis predisposes the
foot to HAV and metatarsus primus varus. Lapidus concluded
that the apex of the deformity, the first metatarsal-cuneiform
joint, needed to be addressed or a “bayonet-shaped” deformity
would result (3).

While many techniques have been described modifying the
original Lapidus procedure, all use arthrodesis of the metatar-
sal-cuneiform joint (4-11). The procedure allows for triplanar
correction of first metatarsal pathology, increases the biome-
chanical advantage of the peroneus longus, and has the ability
to stabilize the medial column. The first metatarsal-cuneiform
arthrodesis, while controversial, is a versatile procedure that
can correct numerous pathologies.

EVALUATION /DIAGNOSIS /
FUNCTIONAL ANATOMY

Traditionally, the first metatarsal-cuneiform arthrodesis has
been used to correct for a hypermobile first ray. When the first
metatarsal possesses increased motion of the first metatarsal—
cuneiform joint, the metatarsal elevates during gait, mak-
ing the first ray unstable and unable to maintain its position
against ground reaction forces throughout the gait cycle (12).
Numerous attempts have been made to define hypermobility
in both the sagittal and transverse planes although no stand-
ardized values exist. Clinical assessment of the first ray range
of motion is still currently the most accepted method to diag-
nose hypermobility of the first ray. Root described normal first
ray motion as equal dorsal and plantar range of motion and
hypermobility as anything beyond equal motion in the sagittal
plane. He placed the ankle joint and subtalar joints in neutral
position and then stabilized metatarsal heads 2 to 5 with one
hand and the first metatarsal head with the other hand, while
taking the first metatarsal through its range of motion (13,14).
Later, one thumb’s breadth of dorsal motion was described as
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hypermobile when using Root’s technique (15). Roukis et al
have promoted the “dynamic Hicks test,” in which the foot is
tested with the hands positioned in the same manner as Root
described. The hallux is then fully dorsiflexed at the first meta-
tarsophalangeal joint, and dorsal and plantar pressures are then
applied to the metatarsal head. The results of the “dynamic
Hicks test” are then compared with those of Root’s; they believe
that true hypermobility of the first ray exists when both tests
show a positive result of hypermobility (16). Radiographically,
hypermobility is frequently distinguished on anteroposterior
radiograph as an increased first to second IM angle with medial
cortical thickening of the second metatarsal, which is believed
to be due to second metatarsal overload (17). Clinically, this
can be accompanied with a hyperkeratotic lesion plantar to the
second metatarsal head (18). Some advocate the test for evalu-
ation of transverse plane hypermobility, which entails wrap-
ping an ACE wrap across the forefoot while applying moderate
tightness (19,20). Radiographs with the ACE wrap applied are
compared with normal weight-bearing radiographs to assess if
hypermobility of the joint occurs in the transverse plane, which
can be seen with a decreased IM angle with the apex of deform-
ity at the first metatarsal-cuneiform joint. Hypermobility is
frequently concomitant with a large HAV deformity, although
mild to moderate cases of HAV have been treated successfully
when first ray hypermobility is present (5,12,21-23). The pro-
cedure is also indicated when generalized ligamentous laxity is
seen with HAV.

Juvenile HAV frequently is accompanied by hypermobility
at the first metatarsal-cuneiform joint. Adolescent HAV dif-
fers from adult HAV in that a smaller dorsomedial eminence is
present and less valgus rotation of the hallux occurs (24,25). If
hypermopbility is present and not addressed, recurrence of the
deformity may result, as juvenile HAV frequently is a structural
problem that can persist throughout adulthood and progress
(12,22). It has been demonstrated that the angle created by the
axis of the first metatarsal and the distal surface of the medial
cuneiform is increased with statistical significance in Juvenile
HAY, supporting that varus angulation occurs proximal to the
metatarsal at the level of the first metatarsal-cuneiform joint.
A positive correlation also exists between the angle created
by the distal surface of the medial cuneiform and the axis of
the second metatarsal and an increased IM angle (26). Lower
recurrence rates have been achieved with this procedure as
it addresses the deformity at its apex and eliminates first ray
hypermobility (17,22,27). Juvenile HAV corrected with other
procedures has been noted to have recurrence rates as high
as 35% (27,28). The procedure is an excellent option for cor-
rection of Juvenile HAV as it can be performed successfully
without resection of the medial eminence and distal soft tissue
release (17).
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Moderate to severe HAV can be treated effectively with this
procedure without the presence of hypermobility. IM anglés rang-
ing from 14 to 30 degrees on anteroposterior radiograph have
been used as a baseline for the procedure (24,29). Etiology of an
increased IM angle may be due to the shape of the first MC joint
itself, as a positive correlation exists between the obliqueness of
the joint and increased first to second IM angle (30). Surgical cor-
rection of large IM angles needs to be addressed with proximal
procedures, as the long lever arm allows for a higher level degree
of correction as opposed to distal procedures. The procedure
has the ability to restore first metatarsophalangeal joint congru-
ency and realign the sesamoid apparatus in addition to correc-
tion of the IM angle. The closing base wedge osteotomy (CBWO)
and the modified Lapidus were compared and both procedures
demonstrated significant first to second IM correction, with the
Lapidus maintaining a greater degree of correction postopera-
tively, the CBWO losing an average of 2.55 degrees of correction
and the Lapidus losing only an average of 1.08 degrees (31).

More recently, the procedure has been used in conjunction
with other procedures as a practical option for treatment of
medial column insufficiency and flatfoot deformity. Addressing
the medial column for these pathologies is vital as the first meta-
arsal can accommodate up to 50% of the stress experienced
through gait and provides a paramount role in stabilizing the
medial longitudinal arch (32). It is important to note that the
procedure is not advocated for primary correction of these
pathologies. Morton described what has become known as a
“Morton’s foot” in which the first metatarsal is anatomically or
functionally short, leading to rotation about the axis of the fore-
foot causing pronation (33-37). The goal of surgical correction
of a “Morton’s foot” is to stabilize the medial column and realign
the parabola of the metatarsal heads to distribute weight-bearing
evenly. The peroneus longus muscle gains mechanical advan-
tage following a Lapidus procedure contributing to functional
stability of the medial column, which is lost with pronation of
the foot (38,39). In 2008, Avino et al performed radiographic
analysis on 39 feet in which an isolated Lapidus was performed
to review the effects of the arthrodesis to the medial column in
the sagittal plane. Postoperatively, the mean cuneiform increase
in height was 3.44 mm and Meary’s angle decreased by a mean
of 2.97 degrees (40). Logel et al examined the effects of calcane-
ocuboid arthrodesis and first metatarsal-cuneiform arthrodesis
on lateral column pressure as well as radiographic correction of
flatfoot deformity on 10 fresh frozen cadaver limbs. They found
that with the lateral column lengthening procedure alone there
was improved radiographic measurements when evaluating lat-
eral talus—first metatarsocuneiform angle, talonavicular cover-
age angle, medial column height, lateral talus—calcaneal angle,
and calcaneal pitch; however, increased lateral column pressures
were noted. They subsequently performed a first metatarsal-
cuneiform arthrodesis on the same limbs, which decreased
pressure of the lateral column and the radiographic values dem-
onstrated additional increased correction (41). This procedure
has been successfully used when medial column insufficiency is
present in conditions such as Charcot-Marie-Tooth and postpo-
lio when restoration and stability of the medial column is essen-
tial to restore function of the foot (4,42).

Degenerative joint disease (DJD) of the first metatarsal—
cuneiform joint can be successfully treated with arthrodesis of
the joint. DJD can be the result of arthritides, trauma, and long-
standing biomechanical abnormalities (11,17,43). The pain expe-
rienced with the DJD is corrected with arthrodesis of the joint.

Failed HAV procedures may also elicit the need of arthrode-
sis of the Lapidus procedure as it can maintain good functional
results (44). If the deformity returns following initial surgical
correction, hypermobility of the first metatarsal-cuneiform
joint needs to be assessed as well as generalized ligamentous
laxity to determine if excessive movement of the joint was etiol-
ogy of recurrence. A bone graft may need to be incorporated
into the joint to maintain length and restore function as the
prior procedure may have shortened the first metatarsal.

Hallux limitus and metatarsal primus elevatus may also be
corrected with this procedure (21,45). With intraoperative
plantarflexion of the first metatarsal, decompression of the
first metatarsophalangeal joint occurs, allowing for increased
motion of the joint.

CRITERIA/SELECTION OF
PROCEDURE/CONTRAINDICATIONS

Inclusion criteria for the Lapidus procedure for HAV and meta-
tarsus primus varus include a pathologic hypermobile first ray,
moderate to severe HAV with or without the presence of hyper-
mobility with a first to second IM angle greater than 15 degrees,
HAV with concurrent generalized ligamentous laxity, adoles-
cent HAV (Fig. 31.1), or instability at the tarsal-metatarsal joint
in the sagittal, transverse, and/or frontal plane. The procedure
can be used as an adjunctive procedure for correction of pes
planovalgus deformity and hallux rigidus deformity, in patients
who present with a sub-second metatarsal callous/lesion, or in
conditions where tarsal-metatarsal instability exists (Fig. 31.2).
Arthrodesis of the first metatarsal-cuneiform joint can be per-
formed in the presence of painful degenerative joint and for
decompression of the first metatarsophalangeal joint seen with
hallux limitus and metatarsus primus elevatus.

Figure 31.1 Preoperative HAV deformity. Note the valgus rotation
of the great toe
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Figure 31.2 Preoperative HAV deformity in a patient who experi-
ences pain from the callous sub-second metatarsal lesion. The lesion is
a direct result of the HAV deformity and the associated instability of the
tarsal-metatarsal joint.

The main contraindication of the Lapidus procedure is an
exceedingly short first ray due to the shortening that is inevita-
ble with resection of the joint. When this does occur, techniques
have been described that use grafts in order to facilitate and
lengthen the metatarsal-tarsal complex. A relative contrain-
dication is juveniles with HAV when the epiphyses are open;
however, the procedure can be performed with open epiphyses
if fixation is performed with smooth Kirschner wires (K-wires)
(46). Another relative contraindication is a young, athletic per-
son where postoperative stiffness could follow and add morbid-
ity to their active lifestyle (47). A foot with underlying hind foot
biomechanical abnormalities should not primarily be treated
with a Lapidus procedure (48,49).

TECHNIQUE

An incision is made over the metatarsal-cuneiform joint approx-
imately 4 to 6 cm in length. There is no incision at the level
of the first metatarsophalangeal joint or in the IM joint space.
The tarsal-metatarsal incision is deepened in the same plane
using sharp and blunt dissection. All bleeders are identified and
ligated as necessary. The incision is carried down exposing the
metatarsal-cuneiform joint. The tarsal-metatarsal ligaments are
resected using a rongeur exposing the joint. Two mini Hohman
retractors are used for the soft tissue retraction and the articu-
lar cartilage of the metatarsal-cuneiform joint are resected. The
initial joint resection is performed on the first metatarsal artic-
ular surface. The first metatarsal articular surface is denuded
first as this is the most distal and the most unstable segment.
This resection is made perpendicular to the long axis of the first
metatarsal and parallel to the existing metatarsal base. There is
no correction made within the first metatarsal segment, as there
is no deformity in the first metatarsal of an untreated hallux

valgus/metatarsal primus varus deformity: Thus, the articular
joint resection needs to be kept consistent and parallel with the
natural occurring anatomy. The base of the first metatarsal is
concave; therefore, the amount of cartilaginous resection on the
base of the first metatarsal will need to be slightly greater than
the amount on the convexity of the natural occurring articular
surface of the cuneiform. The corrective articular resection is
made at the distal aspect of the convex-shaped cuneiform. The
correction is made in the transverse plane and the frontal and
sagittal planes are later corrected via reduction and appropriate
positioning of the tarsal-metatarsal joint.

Prior to reducing the joint into the appropriate desired posi-
tion, a significant amount of time should be spent with joint
preparation. The metatarsal base and distal cuneiform as well
as the medial aspect of the second metatarsal base are prepared.
It is imperative that the surgeon is diligent to ensure that the
subchondral plate is penetrated demonstrating good bleeding
at both the metatarsal and cuneiform. The medial cortex of the
base of the second metatarsal is débrided with a pituitary ron-
geur (Fig. 31.3A). The joint preparation is extremely important
in efforts to obtain a bony union and to avoid a delayed and
nonunion. The recommended joint preparation techniques
consist of the use of an osteotome and mallet, a 2-mm drill bit,
and a bone pic (Fig. 31.3B). A substantial period of time is spent
preparing this joint as this is a vital portion of the procedure to
ensure good bony healing.

Next, the frontal plane is addressed. The surgeon derotates
the hallux out of valgus in order to get the nail plate to be paral-
lel with the ground. This derotation, allows for the entire hal-
lux, sesamoid, and first metatarsal complex to be rotated from
a position of valgus and into a neutral position as one unit. This
rotation will be clinically evident at the tarsal-metatarsal joint
as well as under fluoroscopy (Fig. 31.4). Because there is no dis-
section at the first metatarsophalangeal joint (medial eminence
resection or sesamoidal dissection), the maintenance of the soft
tissues allows the hallux, sesamoids, and metatarsal to function
as one unit. The sesamoid correction can be observed under

fluoroscopy at this time.

Figure 31.3 A: Intraoperative view demonstrating an incision that
does not involve the first metatarsal phalangeal joint. This view also
demonstrates the use of a pituitary rongeur to débride the medial
aspect of the base of the second metatarsal. This area is used for addi-
tional attempt of stabilization between first and second metatarsal.
B: Intraoperative clinical view demonstrating the use of a 2-mm drill
preparing the tarsal-metatarsal joint prior to fixation.
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Figure 31.4 A: Preoperalive AP radiograph demonstrating a large IM angle with notable valgus deformity
of the great toe and a significant sesamoid position with a valgus rotation. B: Intraoperative radiograph demon-
strating the ability to correct the frontal plane pathology of the HAV deformity, following joint preparation of
the tarsal-metatarsal. Please note the rotation of the hallux and that there is no soft tissue release performed at
the metatarsophalangeal joint. C: Preoperative AP radiograph of a significant HAV deformity. Please note the
valgus rotation of the hallux. D: Intraoperative AP radiograph reducing the frontal plane deformity, aligning
the metatarsal phalangeal joint and the sesamoids without any distal soft tissue dissection.

The sagittal plane reduction technique is performed by stabi-
lizing the hind foot, while the surgeon dorsiflexes the first meta-
tarsophalangeal joint initiating the windless mechanism. This
hind foot stability allows the surgeon to apply retrograde forces
to the plantar tarsal-metatarsal joint and allows for the first
metatarsal to plantarflex to a natural occurring level, parallel
with the lesser metatarsals. Once the surgeon has the hallux,
sesamoid, and metatarsal rotated to a neutral desirable posi-
tion (frontal plane reduction), and the first metatarsal sagittal

plane corrected, the surgeon can use his or her thumb against
the first metatarsal to manually reduce the first intermetatar-
sal angle in the transverse plane. The primary surgeon must
ensure that the first metatarsal is in the desired position, which
is essentially rotated out of valgus, and parallel with the second
metatarsal in both the transverse and sagittal planes. In many
cases, a large Weber clamp may be used to assist, increase, or
maintain the reduction (Fig. 31.5). When using the large Weber
clamp, the surgeon must be sure not to change the sagittal plane
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Figure 31.5 Intraoperative radiograph in a case in which a large
Weber clamp was used for reduction of a large IM angle.

relationship between the first and lesser metatarsals. Next a 1.6-
or 2-inch smooth K-wire is used to stabilize the reduction and
position. The first K-wire is positioned from the central proximal
one-third of the first metatarsal into the cuneiform. Because of
appropriate positioning of the tarsal-metatarsal joint, it is not
unusual to see dorsal gapping at the tarsal-metatarsal joint.
Subsequently, while maintaining position in all three planes a
second K-wire is inserted into the medial first metatarsal head
and into the lesser metatarsals; this serves to prevent derotation
in the frontal plane and maintains reduction in the transverse
plane. If the surgeon feels a need to obtain more correction in
the frontal plane, the K-wire can be inserted into the first meta-
tarsal medial and lateral cortex with the K-wire in the direction
of inferior medial to superior lateral. Once the K-wire penetrates

the far cortex of the first metatarsal, the K-wire can be used as a
rotation device and rotate the metatarsal into more of a neutral
position and insert the K-wire into the lesser metatarsal to stabi-
lize the position. The position is checked both clinically as well
as under fluoroscopy to confirm acceptable alignment.

The recommended fixation techniques consist of interfrag.
mentary compression of three solid cortical screws or an inter-
fragmentary compression of solid cortical screw along with a
medial based locking plate. Regardless of the construct, the first
screw is the most important screw; this is often referred to as
the “homerun screw” (50) (Fig. 31.6). This screw should be a
solid long cortical screw with preference size of a 3.5 or 4 mm.
A trough is created into the middorsal side of the first metatarsal
approximately in the proximal one-third of the metatarsal (51).
The first drill is either 4 mm for a 4mm cortical screw or 8.5 mm
for a 3.5-mm cortical screw and is drilled into the first metatarsal
and stopped at the cuneiform. The next drill is either 2.9 mm
for the 4mm cortical screw or 2.5 mm for the 3.5-mm cortical
screw and drilled into the cuneiform. The drill is aimed for the
inferior, medial aspect of the cuneiform (based on the shape of
the cuneiform, the largest cross section of bone is in the medial
cuneiform). This screw should have a bicortical purchase; this
screw provides interfragmentary compression and leverage. The
interfragmentary compression will create an excellent reduc-
tion at the base of the tarsal-metatarsal joint most often leaving
some dorsal gapping of the tarsal-metatarsal joint.

When a three-screw construct is desired, the next screw is
inserted from the medial proximal one-third of the first metatar-
sal under the first screw with the respective drill sizes for a 3.5-mm
or a 4mm cortical screw. The initial drill is the oversized drill
through the first metatarsal, and the second drill is the under-
sized drill into the second and or possibly the lesser metatarsals in
order to obtain an excellent screw purchase. Often times a washer
will be applied with this screw, which provides greater reduction
of the IM angle. The third screw is placed from the most proximal
dorsal position of the cuneiform aiming into the medial proximal
first metatarsal. This screw also should be as long as possible for
obtaining leverage (52). The construct should be checked under
fluoroscopy to confirm adequate reduction (Fig. 31.7).

Figure 31.6 A: An intraoperative view demonstrating the drilling of the “homerun screw” from proximal one-
third to one-half the metatarsal into and exiting the most medial, inferior cortex of the medial cuneiform. B: The
homerun screw is long with a bicortical purchase and is almost parallel to the ground providing a “beam effect.”
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F.iglll‘e 31.7 Postoperative AP radiograph demonstrating the “three
solid cortical screw technique” with restoration of anatomical alignment.

When a locking plate is used in conjunction with an inter-
fragmentary compression screw the plate is applied to the
medial first metatarsal-cuneiform joint. Following the inser-
tion of the homerun screw, the initial screws are placed proxi-
mal in the medial cuneiform of the plate in combination of
locking and nonlocking screws. The distal screws are placed
into the metatarsal with a combination of locking and nonlock-
ing screws (Figs. 31.8 and 31.9). Similar to the three-screw tech-
nique, an interfragmentary compression screw can be applied

in the plate from medial to lateral into the second and/or
lesser metatarsals. This interfragmentary compression allows
the surgeon to reduce the IM angle well as the plate essentially
becomes an excellent reduction tool acting similar to a large
washer. The construct should be checked under fluoroscopy to
confirm adequate reduction.

Autention is directed to the lateral aspect of the calcaneus where
a small stab incision is made in the resting skin line that is postero-
inferior to the sural nerve and the peroneal nerves. A Freer eleva-
tor is inserted in the incision, freeing the periosteum medially and
laterally, exposing the lateral wall of the calcaneus. A 3.5-mm drill
was used to penetrate the lateral cortex. With this done, a curette
is inserted into the calcaneus, allowing for harvesting of cancel-
lous bone from the lateral aspect of the calcaneus (53).

The dorsal gap of the tarsal-metatarsal is packed tightly with
autogenous bone graft and serves as a shear strain-relieved bone
graft (52,54). The construct is checked under fluoroscopy and
the wound is closed with typical deep and skin wound sutures.

The postoperative course is dictated by the construct. It has
been the experience of the authors to keep patients with the
three solid cortical screw technique non-weight-bearing in a
below the knee cast for 2 weeks, followed by 4 to 6 weeks of full
weight-bearing in a protective fracture boot with a sound AO
construct (565). The authors are encouraged with the results and
believe that in the future it may be possible to allow for immedi-
ate full weight-bearing in a protective fracture boot. When utiliz-
ing a interfragmentary compression screw along with a medial
locking plate, it has been the experience of the authors to allow
immediate and full weight-bearing in a protective fracture boot.

PEARLS, TIPS, PITFALLS

During clinical assessment, it is important to assess mobility
of the first metatarsocuneiform joint in the sagittal, frontal,
and transverse planes. While sagittal plane range of motion

Figure 31.8 A: Preoperative radiograph with a HAV deformity. B,C: Postoperative radiographs demon-
strating the use of an interfragmentary screw with a locking plate. Please note the restoration of anatomical

alignment.
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Figure 31.9 A,B: Preoperative radiograph and clinical photo of a patient with HAV deformity. C,D: Postop-
erative radiograph and clinical photo of the patient with the use of an interfragmental compression screw and
a medial based locking plate. The correction can be seen in all three planes.

is typically tested, transverse and frontal plane motion is
often overlooked. The use of the first ray splay test is a rele-
vant method to determine if transverse plane hypermobility
needs to be addressed. The foot is positioned with the subta-
lar joint and midtarsal joint in neutral, and direct transverse
plane pressure is applied with the thumb and index finger to
the first and second metatarsal heads. If hypermobility is dem-
onstrated, with the addition of fixation between the first and
second metatarsals, a first metatarsal base—second metatarsal
base arthrodesis may be advocated (56). Unfortunately, to the
best of the author’s knowledge, there is no known preoperative
frontal plane motion stress test. Intraoperatively, the authors
have been able to demonstrate the dynamic changes in the

frontal plane of the first metatarsophalangeal joint. Once the
ligamentous structures of the tarsal-metatarsal joint is free of
soft tissue attachments, rotation of the first metatarsal from a
valgus position in the direction of varus and into a neutral posi-
tion can demonstrate the frontal plane motion associated with
the pathological hallux valgus deformity.

While performing the procedure, it is vital that the entire
plantar ledge of the metatarsal base and medial cuneiform
are removed in entirety. If a plantar ledge remains following
the osteotomy, correction will be impeded as proper place-
ment and compression across the arthrodesis site will not be
achieved. A transverse capsulotomy has also been advocated at
the joint to decrease periosteal stripping (45).
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Bone grafting has been heavily used in this procedure both
for maintenance of length of the first ray as well as to aid in
arthrodesis to prevent delayed and nonunions. Historically,
cancellous bone harvested percutaneously from the calcaneus,
tricortical grafts from the iliac crest as well as the medial emi-
nence from the first metatarsal head have been successfully used
as grafting material (6,7,57,568). If grafting is not performed,
¢the surgeon should consider plantarflexing the metatarsal to
accommodate for the shortening; however, caution is advised
as it has been reported that a 3-mm wedge resection results in
approximately 1cm of plantarflexion (4,59).

Concomitant deformities and biomechanical abnormalities
need to be addressed when performing this procedure, such as
equinus (48). If other deformities are not corrected biomechan-
ical compensations may occur that hinder the primary surgical
correction (60). Early protective weight-bearing status starting
at 2 weeks postoperatively has been successful when 3 points
of fixation or locking plates are used (55,61,62). The authors
advocate the use of a homerun screw, a fully threaded cortical
screw inserted with AO standard lag technique oriented from
dorsal distal to proximal plantar from the first metatarsal base to
the medial cuneiform (52). The second screw, a fully threaded
4-mm cortical screw, is then inserted with AO standard lag tech-
nique perpendicular to the homerun screw, which is driven
into the base of the second metatarsal to increase reduction
of the first to second IM angle. The third screw, another 4-mm
fully threaded cortical screw, is inserted with standard AO lag
technique oriented across the first metatarsal-cuneiform joint
from proximal dorsal lateral to distal plantar lateral and should
cross with the homerun screw. The authors allow for early post-
operative weight-bearing at 2 weeks when using this technique.
This early weightbearing may decrease incidence of deep
venous thrombosis, decrease morbidity to the patient, and
improve function following the surgical procedure.

In order to achieve a favorable outcome, the surgeon must
spend most of his or her time obtaining good anatomical align-
ment, joint preparation as well as creating a rigid construct with
good fixation.

COMPLICATIONS

Significant shortening of the first metatarsal can be a complica-
tion of the Lapidus procedure. Shortening of the first metatar-
sal can lead to transfer lesions plantar to the second metatarsal
head as well as decreased hallux purchase. Current grafting tech-
niques and proper positioning of the metatarsal during arthro-
desis have made this a less common encountered complication.
Delayed unions and nonunions should be noted as compli-
cations, with delayed unions occurring more frequently in lit-
erature (63). Nonunions have had a reported incidence of up
to 12% following first metatarsal-cuneiform arthrodesis (29).
Grafting of the prepared joint surface and advanced internal
fixation techniques of 3-point fixation and locking plates have
significantly decreased the rate of delayed unions and nonun-
ions. Nonunions have been reduced to reports of 0% (7).
Malunions associated with the procedure can be avoided
with intraoperative radiographs to establish correct positioning
in all three planes of motion. A malunion in an elevatus posi-
tion of the first ray may give rise to a dorsal bunion, decreased
range of motion, and decreased purchase of the first ray, which
could lead to transfer metatarsalgia (17). Likewise, care must be

taken to not plantarflex the first ray as sesamoiditis could result.
Overcorrection and undercorrection are also encountered.

Although the authors do not advocate it for this procedure, if a
traditional lateral first metatarsal interspace release is performed,
hallux varus is a possible complication. This is a complication that
can accompany any procedure that uses the lateral release.

Hardware failure can result from improper placement and/
or unsuitable techniques. In cases of hardware failure, subse-
quent surgery to remove the hardware is performed.

Neuritis, while uncommon, can be encountered with the close
proximity of the medial dorsal cutaneous nerve to the surgical site.
Depending upon dissection techniques and incision planning,
the saphenous nerve may be involved as well as the deep peroneal
nerve of the first interspace (17,27,46). Cases of complex regional
pain syndrome status past surgery have been reported (63).
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First Metatarsophalangeal

Joint Arthroplasty

First metatarsophalangeal joint (MTP]) arthroplasty is primar-
ily performed today as a resectional arthroplasty with or with-
out use of a joint implant. Resection arthroplasty without an
implant usually involves remodeling of the first metatarsal head
with resection of the base the proximal phalanx, that is, the
Keller arthroplasty (1-3). Implant arthroplasty predominantly
with the use of silicone-type interpositional devices became very
popular in the 1970s (4-9) but suffered a decline in usage in
the 1980s with reports of complications associated with silicone
detritus (10-21). Hinge silicone implants and two-component
metallic/polymer joint implants followed (6,22-30). Silicone
was still a politically incorrect material mainly due to the breast
implant crisis of the 1990s, and two-component total joint sys-
tems never really achieved widespread clinical usage (31). As
a result, there were surgeons who favored simple resection
arthroplasty or arthrodesis versus implant arthroplasty (32-36).

Implant arthroplasty may involve relatively simple interposi-
tional devices such as the metallic hemi- or double-stem silicone
hinge implants or multicomponent total joint replacement (TJR)
systems. In past editions, the history and evolution of implant sys-
tems have been discussed extensively. The reader is referred to
earlier editions for further information in this regard (37-39).
One relative newcomer to implant arthroplasty is the attempt to
address the first metatarsal independently. Hemiarthroplasty of
the first metatarsal was initially attempted by Swanson and Joplin
among others, but long-term implant instability limited con-
tinued use. This has also been somewhat problematic with
two-component arthroplasty with loosening leading to implant
instability, migration, bone resorption, and pain. In 2005, a
metallic cap was introduced to address first MTP] arthrosis
with resurfacing of the first metatarsal head, the Toe HemiCAP
(ArthroSurface Inc., Franklin, MA). This concept has been uti-
lized in larger joints such as the shoulder, hip, and knee and
subsequently applied to the first metatarsal. Several literature
reports show the procedure to be of value in patients with hal-
lux rigidus (40-42). More recently, several metatarsal implants
has been introduced, the MOVEMENT system (Ascension
Orthopedics Inc., Austin, TX) and EnCompass (OsteoMed Inc.,
Dallas, TX) metatarsal resurfacing implant. These implants
attempt to address surgical observations that most degenerative
changes at the first MTP] involve the metatarsal head.

INDICATIONS AND
CONTRAINDICATIONS

Indications for implant arthroplasty are painful arthritic joints
that are deemed to be nonsalvageable with joint preservation
techniques (31,34,43). This may be subdivided:

362

¢ Degenerative arthrosis of first MTP]
* Hallux rigidus
¢ Hallux valgus
¢ Postsurgical arthrosis and/or chronic joint pain
» Arthrosis of first MTP] secondary to arthritides, for exam-
ple, theumatoid arthritis
e Posttraumatic arthrosis

Patients should be evaluated regarding pathologic indica-
tions for implant arthroplasty as well as for alternative surgi-
cal procedures including cheilectomy with or without joint
preservation—-type osteotomy, resection arthroplasty, and first
MTP] arthrodesis. Cartilage replacement or osteochondral
autologous transplantation (OATS)-type procedure for repair
of excoriated articular surfaces is also an alternative utilizing
synthetic, autogenous, or allograft (44). Contraindications to
implant arthroplasty would include poor bone stock, poor soft
tissue coverage, and joint infection or osteomyelitis. This is of
particular importance in the patient with rheumatoid arthritis
or gout who may possess poor bone stock that will not retain
the implant very well. Patients should be informed that any
implant arthroplasty may require revision including removal of
the implant.

The general indications for usage of implant arthro-
plasty (Table 34.1) have changed little over the past three
decades, but patient selection has become more stringent.
(8,31,37,45) Implant arthroplasty, be it interpositional or
a joint replacement procedure, is a joint destructive proce-
dure. As such, surgeons must carefully assess each patient for
alternatives (Table 34.2), not only for implant arthroplasty
but also for joint preservation whenever possible, particu-
larly in younger, more active patients. It has been suggested
that TJR may be appropriate for younger patients requiring
a joint destructive procedure (45,46). This is a recommenda-
tion not based on studies as the present literature does not
document the superiority of any particular procedure over
another particularly in the younger patient except for maybe
joint fusion.

PREOPERATIVE CONSIDERATIONS

The main indication for implant arthroplasty is hallux rigidus
in patients, maybe more so in females, who wish to retain a
range of motion (ROM). Generally, first MTP] fusion is prefera-
ble in younger male individuals, where durability is a main con-
sideration. First MTP] fusion may also be preferred to implant
arthroplasty in patients with large degrees of deformity, which
may occur in severe or end-stage hallux valgus. At one point,
double-stem implant arthroplasty was the preferred technique
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TABLE 34.1 _. Indications for Implant Arthroplgsty

Hallux rigidus—late stage III, stage IV

Hallux valgus with degenerative arthritis

Rheumatoid arthritis

Revisionary first MP] surgery with joint arthrosis or osseous deficit
Traumatic arthritis

1
B

in pat_ients undergoing rheumatoid reconstruction or forefoot
arthroplasty (47—49). This has largely been supplanted by first
MTP] fusion due to the stability and long term maintenance of
correction that this imparts.

Several types of implant arthroplasty may be chosen,
including hemimetallic implant arthroplasty, double-stem
hinge silicone arthroplasty, or multicomponent TJR. Each
of these implants systems will be discussed. Finally, resection
arthroplasty will be revisited as an alternative to arthrodesis or
implant arthroplasty. Resection arthroplasty is probably best
limited to older individuals with a stable hallux interphalangeal
joint (IP]).

RESECTIONAL ARTHROPLASTY

Resectional or excisional arthroplasty has been a traditional
surgical treatment for first MTP] pathology (50-58). Earlier
methods involved first metatarsal head resection with or with-
out excision of the sesamoid apparatus; however, these meth-
ods, over time, proved to yield suboptimal results (50,54,59).
In 1886, Riedel described the resection of the base of the
proximal phalanx and exostectomy of the head of the first
metatarsal for the treatment of hallux valgus as an alternative
procedure to avoid the deleterious sequelae of first metatarsal
head resection (57,60). In 1887, the article “Contraction of the
Metatarsophalangeal joint of the Great Toe,” by Davies-Colley
(56) followed the same technique employed for the treatment
of “hallux flexus.” In 1904, United States Army Captain William
L. Keller popularized the surgical technique initially described
by Riedel (50,60,61). Keller’s name has since become synony-
mous with the procedure (57,60).

In Reller’s (3) 1904 article, the surgical technique was
employed as treatment for painful bunions and hallux valgus,
regardless of the patient’s age or activity. Keller observed the
alleviation of pain about the first MTP] without disrupting the
“tripod” structure of the foot during locomotion. Long-term
follow-up demonstrated that the Keller procedure created
biomechanical impairment of first MTP], which resulted in

Figure 34.1 Hallux extensus of the first MTPJ.
Patient had discomfort over the IP] dorsally and
the hallux impinged the second digit.

T VIR YR Joint Destructive Alternatives

Resection arthroplasty
Interpositional implant arthroplasty
Hemimetal
Hinged silicone
Total joint replacement
Arthrodesis

unfavorable outcomes in the younger and/or active popula-
tion (54,565,59,62,63). As improvements in surgical techniques
evolved and the use of rigid internal fixation became a main-
stay in foot and ankle surgery, the Keller lost popularity (57,59,-
64-67). As a result, guidelines have been established to specify
which metatarsal osteotomy is appropriate for the patient based
on age, activity, bone density, and radiographic findings. The
Keller procedure is advocated in elderly patients with increased
firstintermetatarsal (IM) angles and poor bone stock, limited gait
requirements, circulatory compromise, severe first MTP] degen-
erative joint disease, infection, or osteomyelitis of the first MTP],
metabolic diseases such as gout, and reconstruction of the first
MTP] status postsurgical and traumatic intervention (59,63,64).
Ideally, the Keller procedure will decrease pain, improve ROM,
decrease first IM angle, decrease hallux abductus angle and/or
valgus rotation, decrease heloma molle formation between the
hallux and second digit, increase the gait pattern, and allow for
a greater variety of shoe gear. The ultimate goal is to improve
the patient’s lifestyle without subjecting him to an extended and
restrictive postoperative course.

Historically, morbidities associated with the Keller bunionec-
tomy included hallux extensus, degenerative joint disease of the
first MTPJ, lesser metatarsalgia, apropulsive gait, dorsal hallux irri-
tation, hallux frontal plane rotation pathologies, a shortened hal-
lux, and cosmetic problems (Fig. 34.1) (54,568,59,61,63,68). The
above-mentioned complications are most often a result of too lit-
tle or too much osseous resection, inadequate muscle-tendon bal-
ancing, and/or insufficient soft tissue interposition (54,60,61,69).

Improvements in techniques and indications have led to
the metamorphosis of the Keller, which include EHL tendon
lengthening when indicated, capsular interposition, Kirschner
wire (K-wire) stabilization, decreasing the amount of osseous
resection from the proximal phalanx, stabilization of flexor
hallucis brevis and/or longus to the base of the proximal pha-
lanx, and angling the osseous resection of the proximal pha-
lanx (57,58,63,65,67,68,70-72). These improvements have led
to more favorable results.

In a retrospective study, conducted by Henry and Waugh
(78), Harris-Beath foot printing pads were utilized to assess the
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weight-bearing ability of the hallux in 47 feet with a2 minimum
3-year follow-up. The study reported 18% of the feet demon-
strating weight-bearing ability of the hallux when less than
two-thirds of the proximal phalanx remained and 74% when
approximately two-thirds of the proximal phalanx remained.
The authors conclude that toe purchase was proportional to
osseous resection of the proximal phalanx. The results from the
study clarified Bonney et al’s (59) speculation that one-third to
one-half was the optimal amount of bone resection from the
proximal phalanx. Henry and Waugh also noted satisfactory
results when the preoperative hallux abductus angle was less
than 30 degrees, suggesting the Keller procedure would not
innocuously correct the deformity without taking a substantial
amount of bone (>33%) (73).

Duyring late stance and toe-off phase of gait the flexor hal-
lucis brevis and longus stabilize the hallux against the first met-
atarsal head in preparation for propulsion (74). Should one
of these tendons lose their function, stabilization of the hallux
and its ability to resist ground reactive forces will be altered
(74). When the base of the proximal phalanx is resected, the
insertions of the flexor hallucis brevis may be attenuated or sac-
rificed (60). Failure to preserve or reattach the flexor hallucis
brevis may result in hallux malleus or “floating hallux” (74-76).
Mroczek and Miller (77) rectified this potential complication
by advocating an oblique resection of the base of the proximal
phalanx, which preserves the insertions of the flexor hallucis
brevis. The authors noted no occurrence of a “cocked-up”
deformity in their patients. The flexor hallucis brevis tendons
can also be reattached to the remaining proximal phalanx to
achieve the same results as Mroczek and Miller’s modification.
In the situation where the flexor hallucis brevis cannot be reat-
tached, due to nonmobile sesamoids or friable residual flexor
hallucis brevis tendons, flexor hallucis longus can be utilized to
maintain plantarflexion strength (60).

In 1962, Thomas (78) presented a study that compared
arthroplasty of the first MTP] via standard operation versus a
modified arthroplasty with distractions of first MTP]. Thomas
noted with joint distraction, via intramedullary K-wire or

external staple fixation, that normal tension was restored to the
soft tissues, toe length was maintained, and less bone resectiop
was required. This study concluded that patients were pleaseq
and/or satisfied in 96% of the cases and dissatisfied in 49,
of the cases, using either technique. Thomas summarizes his
study as “the use of a distractor can be expected to produce
an improved end result and aid postoperative wound heating.”

Sherman et al (79), in 1984, reviewed 51 Keller procedures
in 35 patients with a follow-up of a minimum of 1 year. The
average age of the patients was 53 and all were females. They
compared two groups: Group A, in which no K-wire was used
nor purse stringing of the capsule was performed, and Group
B, in which K-wires were inserted for 3 weeks in addition to
capsular purse-stringing techniques. Subjective results were
slightly better in Group A and the satisfaction rate between the
two groups was not significant. They also measured the gap cre-
ated after each surgical procedure and found that in Group A,
the distance was 3 mm and in Group B it was 2.6 mm. Patients
in Group B, which had the K-wire retrograded back through
the IP] and into the metatarsal head, were found to have more
pain of the IPJ.

In a 2007 retrospective study with an average of 9.1 years,
Reize et al (65) evaluated 118 feet with hallux valgus and hal-
lux rigidus following Keller bunionectomies. Improvement in
the postoperative ROM was observed when the aftertreatment
consisted of K-wire distraction instead of an axial K-wire trans-
fixation. The patients who underwent Keller-Brandes surgery
for hallux valgus had less pain when the aftertreatment was car-
ried out using an axial K-wire, while those operated on for hal-
lux rigidus had less pain when the aftertreatment consisted of
distraction.

Soft tissue interposition serves asa spacer between the proximal
phalanx base and first metatarsal creating a nonpainful fibrous
eschar (50,53,55,67,70). There are various forms and techniques
for soft tissue interposition of the first MTP]. These include cap-
sular imbrication, purse-string/hour glass capsulorrhaphy, U, V
flaps, etc. (Fig. 34.2) (50,53,67). Others include portions of rolled
up tendon called an “anchovy” which can be fabricated from the

Figure 34.2 Diagrams demonstrating the hourglass (A), the proximally based U-flap (B), and distally placed

U-flaps (C).

;
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Pos[erior tibial tendon, Achilles tendon, extensor hallucis brevis,
extensor hallucis longus, etc. (55,71). More current techniques
;nclude the use of a dermal allograft to act as a spacer at the proxi-
mal pha]anx——ﬁrst metatarsal interface (50,71).

Technically, the U-shaped flap is the more simplistic to cre-
ate. The surgeon has the option to maintain the base proximally
on the metatarsal neck or distally at the metaphyseal-diaphyseal
junction of the proximal phalanx. Fashioning a proximal flap is
the technique most often employed by the authors since the cap-
sular and periosteal attachments are thicker and less likely to tear
on the metatarsal side. Conversely, Roukis et al (80) reported the
use of a distally based flap, suggesting this would denervate the
@Grst metatarsal, thereby producing an analgesic effect about the
frst MTP]. The rationale for this theory is based on a study by
Cavalcante et al, which evaluated the innervation of mammalian
joints demonstrating that joint capsules and their ligamentous
supports are vastly supplied by free nerve endings (80,81). The
study suggested that the areas of a joint, subject to the most com-
pression, are the areas that are heavily innervated (80,81).

Kolker et al {71) reported on the use of acellular cadaver der-
mal matrix (ACDM) as a biologic spacer for soft tissue interposi-
tion. ACDM has been utilized in basal joint resection arthroplasty
in monkeys to fill bony voids. Histologic evaluation demonstrated
revascularization and fibroblastic proliferation filling the void with
dense collagenous tissue. The authors hypothesized that using
the ACDM as an anchovy and suturing it to the inner side of the
capsule could attain similar results. In the presence of an atrophic
or iatrogenically compromised capsule and/or periosteum, this
alternative soft tissue interposition would be most beneficial.

SURGICAL TECHNIQUE

HEMIMETALLIC IMPLANT ARTHROPLASTY
fmplants

Several implants are now available with a variance of features
(Fig. 34.8), most are for the proximal phalanx. Today, the

: on Biopro
Titanium Hemi Hemi
e - 5

implants are generally a cobalt chrome or titanium metallic
device with much thinner base dimensions versus their silicone
predecessors. It is incumbent upon the surgeon to be thoroughly
familiar with the implant system that is being used, including the
instrumentation and sequential steps involved with insertion.
This following discussion focuses on the Biopro hemi-implant
(Biopro, Grand Rapids, MI) and its imitators (Fig. 34.4). They
are manufactured of cobalt chromium with a thin, oval base and
spade-like stem (31,82). More recently, a hemimetatarsal as well
as phalangeal implant with an insertion technique more akin to a
two-component arthroplasty has been introduced. The reader is
referred to the total joint technique later in the chapter as these
implants utilize an intramedullary guide wire with subsequent
stepwise instrumentation. One of the unique features of this
new implant is that dissection must provide generous exposure
to allow for instrumentation as no bone resection is performed
prior to reaming of the articular surface and subchondral bone.

Exposure

A dorsal medial approach to the first MTP] medial to the tendon
of extensor hallucis longus is generally preferred (Fig. 34.5).
The incision extends from the midpoint of the first metatarsal
over the MTP] onto the great toe. In cases of hallux rigidus,
limited subcutaneous dissection is necessary as the toe is gener-
ally straight and a subsequent capsulorraphy is limited. A lineal
capsulotomy in line with initial skin incision medial to extensor
hallucis longus is performed with initial subperiosteal dissec-
tion on the dorsal aspect of the first metatarsal but complete
exposure of the base the proximal phalanx including its dorsal,
medial, and lateral aspects. Generally, additional first metatar-
sal exposure may be delayed until after resection of the base the
proximal phalanx, which greatly assists in soft tissue laxity.

Bone Resection

Retractors provide soft tissue protection, and the articular sur-
face of the base of the proximal phalanx may be resected with

Figure 34.3 A: Four metallic implants. The Swanson great toe implant (Wright Medial, Arlington, TN)
was similar in design to his silicone hemi-implant with a thick base and large intramedullary stem. The Biopro
implant (Biopro, Grand Rapids, MI) possesses a thin base with a simple spade-like stem, which requires no
reaming. The KMI (Integra LifeSciences, Plainsboro, NJ) is a hybrid of the two previous implants with a thin
base but a stem that requires intramedullary reaming. The Wright Medical LPT (Wright Medial, Arlington, TN)
design possesses a thin ovoid base with a suture hole for optional reattachment of the flexor apparatus and a
tri-fin stem. Each implant is accompanied by a complete set of instrumentation utilized for proper insertion.

B: Instrumentation for the KMI hemi-phalanx implant.
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Figure 34.4 A: The Biopro implant (Biopro, Grand Rapids, MI) comes in four sizes with or without a plasma
sprayed titanium coating on the stem and back of the implant, B: The instrumentation provides a sizer, trial
implants, spade broach, and tamp to impact the implant.

Figure 34.5 Dorsomedial skin incision (A) is tented
with skin hooks and dissection proceeds with reflection
of skin and subcutaneous tissues medial and lateral (B). A
lineal capsulotomy (C) allows for subperiosteal exposure
that is continued on the distal first metatarsal and proxi-
mal proximal phalanx (D).

| i
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Figure 34.6 Ragnall retractors protect the skin, periosteal, and capsular tissues (A), while the articular sur-
face is resected (B) using a sagittal saw parallel to the eponychial nail fold, which will allow rectus position of the
hallux following insertion of the implant. C: Careful dissection of the resected base generally provides integrity
of the plantar aponeurotic tissues.

a sagittal saw (Fig. 34.6). Enough bone needs to be resected to
allow for good joint mobility postoperatively. This requires that
bone resection is somewhat greater than the thickness of the
phalangeal hemi-implant utilized. The Biopro hemi-implant
is relatively thin and requires limited bone resection versus
the older Swanson (Wright Medical, Arlington, TN) designs,
which were very thick. Caution is also recommended regarding
remodeling of the resected margins of proximal phalanx. As
less bone is removed, the phalangeal stump may seem sharp
but the surgeon is cautioned not to remodel the phalanx any
further until after sizing is accomplished and the trial implant
inserted. Much of this is obviated with the MOVEMENT System,
wherein implantation does not require osteotomy. Resection of
the articular surface and shortening if desired is accomplished
by use of reamers.

Cheilectomy

Following resection of the base of the proximal phalanx, contin-
ued exposure of the distal first metatarsal may be accomplished
(Fig. 34.7). This includes exposure of all periarticular prolifera-
tive osteophytosis, which must subsequently be resected. The
author has found it helpful to create a slope or radius along
the dorsal margin of the first metatarsal head, regardless of the
hemiphalangeal implant utilized, to allow for good range of dor-
siflexion following insertion of the implant. This bone is gener-
ally very dense and sclerotic due to the underlying degenerative
Jjoint disease and easily contoured with a saw and/or rotary bur.

Trial Implant

Each implant system provides for templates to assess the
appropriate size of implant to be used (Fig. 34.8). Generally,

this is accomplished with subsequent steps per the individ-
ual product guide. For the simplest implants, the sizer pos-
sesses a central hole through which a pick or guide pin may
be inserted into the resected surface of the phalangeal base.
Usually, a little more is required, and the appropriated-sized
trial implant or sizer is inserted. The implant sizer is press-fit
and adequacy of motion and bony resection assessed. If limita-
tion of motion is observed, inspection of the MTP] sesamoids
is recommended and release performed as necessary. Assess
the remodeling of the first metatarsal head. A broad flat first
metatarsal head will not provide for good dorsiflexion and
should be remodeled. At times, cheilectomy of the sesamoids
may be performed. Caution, must be taken to prevent the
margins of the implant extending beyond that of the bone as
the implant may be palpable postoperatively and create symp-
toms wearing shoes.

TImplant Insertion

Once the appropriate size implant has been selected, the
implant is opened and made available to the surgeon. The trial
implant is removed and copious irrigation is performed so as
to remove all bone debris. It is often convenient at this time
also to resect any excessive joint capsule or granulomatous syn-
ovium, which is often present in degenerative joint disease as
well as theumatoid situations. Prior to insertion of the implant,
a spade-type instrument is included so that the surgeon may
create a canal in the proximal phalanx for insertion of the
implant stem (Fig. 34.9). It is very important that the instru-
ment is inserted with the toe held in neutral axial rotation.
It may be helpful to hold the base of the proximal phalanx
steady with a bone forceps around the proximal portion of
the proximal phalanx. The implant is then taken in hand and
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inserted within the cavity created for the stem in the proximal
phalanx. A tamp is utilized with a mallet to completely oppose
the implant with the resected portion of the proximal phalanx.
Good solid bone impaction and stability of the implant should
be achieved. Once again, irrigate the wound and place the toe
through a ROM. The toe should sit in a straight and neutral
position with little capsular influence. Generally, limited sur-
gical dissection of the base of proximal phalanx will preserve
the attachments of the flexor apparatus. If there are concerns
of the surgeon, tethering of the long and short flexors may
increase stability at the hallux IP]. Several of the metallic great
toe implants available today possess small holes within the
implant that allow for repair and reattachment of the flexor
apparatus.

Figure 34.7 Cheilectomy of the first
metatarsal removes the peripheral osteo-
phytosis (A,B) followed by remodeling of
the distal dorsal metatarsal head (C,D),
creating a slope to allow extension of the
hallux on the metatarsal.

Wound Closure

Once the implant has been inserted and a good ROM
observed, closure of the wound may begin (Fig. 34.10).
With a simple lineal capsulotomy and good subperiosteal
dissection prior, wound closure is generally straightfor-
ward. The first MTP] capsule is identified and reapproxi-
mated. Any excessive capsule may be excised. Generally,
closure is performed with 2-0 Vicryl in the thickest portion
of the capsule and 3-0 Vicryl in the remaining proximal
and distal most portions. The author has not found any
need for bone anchors or intraosseous soft tissue reattach-
ments. Skin closure is generally performed with suture of
surgeon’s choice.
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Figure 34.8 A: Visualize the resected surface of the proximal
phalanx and compare the implant sizer to determine the appro-
priate size implant. B: The trial implant is a simple pointed 2-mm
stem that may be press-it into a central drill hole created with a
0.062-inch Kwire. C: Following placement of the trial implant,
assess ROM and any bony prominences or excessive overhang of
the implant surface itself (D).

Figure 34.9 A: A spade-ike hand instrument is used to impale and create the canal for the implant stem.
The stem hole must be neutral to the frontal plane to avoid axial malalignment. The implant is then inserted
(B) and tamped into place (C) flush with the underlying phalangeal bone surface (D).




Figure 34.10 A: Check ROM prior to closure. B: Any synovitis or excessive capsular tissue may be excised.
C: The wound is again irrigated and closure performed. D: Meticulous capsular closure with absorbable suture
is followed by skin closure of the surgeon’s choice.

HEMIMETATARSAL IMPLANT ARTHROPLASTY
Implants

Several metatarsal head implants are now available, the
ArthroSurface HemiCap and the Ascension Orthopedics
MOVEMENT metatarsal implants (Fig. 34.11) and the
OsteoMed EnCompass. These designs recognize the intraop-
erative observations that the metatarsal head usually suffers the
greater extent of the degenerative arthrosis in cases of hallux
rigidus. These designs are more an attempt of resurfacing with
limited resection of the metatarsal head.

Exposure Hemimetatarsal implant arthroplasty requires an
exposure thatis initially the same as any of the described arthro-
plasties, but attention now will be directed to the metatarsal
head. Adequate exposure allows for visualization of the pathol-
ogy and release of the MTP joint, which is generally necessary.

Cheilectomy

Once the joint is exposed, cheilectomy of the base of the proxi-
mal phalanx may be performed. Most surgeons typically employ
a rongeur followed by a rotary bur to “clean up” the peripheral
osteophytosis.

Implantation

Attention is now directed to the head of the metatarsal. The
sizing guide is used to determine the size of the implant as
well as acts as a guide for the guide pin. Pin placement should
be confirmed via C-arm at this time. Extreme care should be
taken so the implant is not placed too low to interfere with the
sesamoids function and not too dorsal to contribute to contin-
ued jamming of the joint. The guide pin is inserted and sizing
guide removed. A power reamer is placed over the guide pin
and the articular surface is resected prior to any cheilectomy
of the metatarsal. Once this is accomplished, a large drill is
placed over the initial guide pin to enlarge the guide hole
for proper pressfitting of the final metatarsal component.
The guide pin is then removed and a saw guide for dorsal

metatarsal resection then inserted. A chamfer cut of the dor-
sal metatarsal head is performed. The saw guide is removed
and the appropriate-sized trial implant inserted. The surgeon
must assess size and alignment. Now, any further cheilectomy
of the metatarsal may now be performed as well as assessment
of the sesamoids.

Implant Insertion

The trial implant is removed and copious irrigation is per-
formed so as to remove all bone debris. Once the appropri-
ate size implant has been selected, the implant is opened
and made available to the surgeon. Tamps are provided for
impacting the implant once partially inserted by hand. Good
apposition of the dorsal angular portion as well as the under-
surface of the perpendicular articular surface should be visu-
alized. The joint is flushed and ROM is assessed. Note, that
the actual implant is slightly larger than the trial to ensure a
tight press fit. :

Wound Closure

Closure of the wound is performed in Iayers per surgeon's pref-
erence with attention to capsular repair performed while hold-
ing the toe in a straight and neutral position.

Suagrical Tips

¢ Readers are directed to the individual implant tech-
nique guides for a fuller and more exact surgical
technique for the particular implant chosen. Another
implant design, the ArthroSurface HemiCap, requires
a variant of the described technique as this implant
requires a screw-in taper post as a tray to hold an articu-
lar component.

* Attimes, metatarsus primus elevates is a distinct component
hallux rigidus and may require osteotomy or first metatar-
sal-cuneiform arthrodesis. Combination of phalangeal
implant arthroplasty with a proximal procedure to may be
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Figure 34.11 This 58year-old woman presented with a painful right foot with symptomatic hallux rigidus.
A,B: Periarticular lipping with joint space narrowing is apparent on preoperative radiographs. G,D: Postopera-
tively, the implant shows good alignment in all planes; note the appearance of the stem placed centrally within

medullary canal without any rotation.

an option. Hallux rigidus usually involves an equinus posi-
tion of the first MTP]. This may appear radiographically
as a positional elevatus of the first metatarsal. A positional
elevatus will reduce following decompression of the first
MTPJ and restoration of normal first MTT] extension.

POSTOPERATIVE MANAGEMENT

Postoperative management in most cases of hemi-implant
arthroplasty, whether of the phalangeal or metatarsal sur-
face, is generally very straightforward. Surgical dressings with
the toe held in straight and neutral position are continued

for approximately 3 weeks postoperatively while the patient
ambulates in their surgical shoe. Full-weight-bearing is allowed
although surgical dressings must be kept clean and dry.
Radiographs should be obtained postoperatively to ensure
proper alignment of implant arthroplasty and correction of
deformity (Figs. 34.12 and 34.13).

Later, transition from surgical shoes to a casual or gym-type
shoe is allowed if no wound healing complications have been
encountered. Coban wraps of the forefoot during the day help
to reduce swelling and maintain toe position while also helping
promote a fine cicatrix. Some surgeons may also prefer a bun-
ion night splint, although this may not be typically necessary.
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Figlll‘e 34.12 Preoperative (A) and postoperative (B,D) radiographs of patient with hallux rigidus with inser-
tion of KMI hemimetallic implant, (C; In tegra LifeSciences, Plainsboro, NJ.)

Gradual increase in activities and regular shoe gear can
be progressed per patient tolerance. ROM exercises should
commence from immediately postoperatively throughout
the first 3 to 6 months after surgery. Occasionally, it may be
observed that ROM is limited at 2 to $ months postoperative
but will gradually increase over the subsequent 3 to 6 months.
Prescription physical therapy is usually not necessary but may
be considered in the patient with a limited ROM postopera-
tively or one reluctant to perform joint exercise themselves.

DOUBLE-STEM HINGED SILICONE IMPLANT
ARTHROPLASTY

Implants

Multiple designs of the silicone hinge implant is available, most
notably the Swanson original design with standard and short-
stem variations, each packaged with titanium grommets and the

Futura (Futura/Tornier, Edina, MN), Primus, and classic flex-
ible great toe implants. These implants are generally utilized
with the metallic grommets as a protective interface between
the resected bone and soft silicone polymer. Once again, the
surgeon must be thoroughly familiar with the implant system
that is being utilized including the instrumentation and sequen-
tial steps involved with insertion. Generally, implantation of the
silicone hinge implants requires a few less steps and possesses
much simpler instrumentation than the two-component total

Joint systems that will be discussed in the next section. The

following discussion will focus on the Swanson design silicone
hinge implant (Fig. 34.14), with its tapered rectangular stems at
180 degrees in both the sagittal and transverse planes.

Exposure

Generally, a lineal dorsal medial approach to the first MTPJ is
preferred with the incision medial o the tendon of extensor
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hallucis longus (Fig. 34.15). The incision extends from the mid-
point of the first metatarsal over the MTP] onto the great toe.
In cases of hallux rigidus, limited subcutaneous dissection is
necessary as the toe is generally straight. When the double-stem
implant arthroplasty is used in arthritic hallux valgus deformi-
ties, somewhat more extensive medial subcutaneous dissection
of the first MTP] capsule from the overlying skin and subcutane-
ous tissues is performed so as to be utilized during closure to aid
in reduction of deformity and stabilization of the reconstruction.

Figure 34.13 Preoperative AP (A) and lateral (B) radiographs of
patient with hallux rigidus and degenerative changes at first MTP]. C:
Patient underwent metatarsal head surface replacement arthroplasty.
Postoperative AP (D) and lateral (E) radiographs show maintenance of
great toe alignment and good alignment of first MTP] position.

Initial subperiosteal dissection hegins at the first MTP] and
extends distally onto the proximal phalanx and then progresses
to the first metatarsal (Fig. 34.16). Complete exposure of the
base of the proximal phalanx including the dorsal, medial, and
lateral aspects is accomplished.

Enough of the first MTP] must be resected to allow for
insertion of the implant and a good ROM. Bony resection aids
reduction of deformity, and excessive stress on the implant
hinge must be avoided. Bone resection generally begins at the
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level of the proximal phalanx and following resection of the
proximal phalangeal base, attention may be directed to the first
metatarsal head (Fig. 34.17).

Any further subperiosteal exposure of the distal first meta-
tarsal may now be accomplished. This includes exposure of all
periarticular proliferative osteophytosis or enlargement medial
eminence in cases of hallux valgus. In cases of severe hallux

Figure 34.14 A: Several variants of the hinge interpositional implant
are available, including the Swanson (Wright Medial, Arlington, TN)
design illustrated above. B: This design possesses a tapered rectangular
stem both proximal (long end) and distal (short end) with a central
hinge to allow sagittal plane motion. Titanium grommets are packaged
with the implant as an interface to protect the hinge area from oppos-
ing bone. C: The instrument set for the Swanson short stem implant.
For each implant and corresponding stems, an intramedullary rasp
allows fashioning the medullary canals in the exact negative image of
the implant stem.

valgus, complete degloving of the distal portion of the first met-
atarsal may aid in reduction of deformity (Fig. 34.18).

Large dorsal osteophytes and any joint mice are resected.
Initial bone resection should generally begin at the phalanx.
The angle of resection and amount of bone resected will vary
depending upon which implant system that is chosen. Many
of the joint implants provide templates for both the amount

Figure 34.15 A: The dorsomedial skin incision is most commonly utilized, extending from the midpoint
of the first metatarsal to the midpoint of the hallucal proximal phalanx. The extent of subcutaneous dissec-
tion (B) is generally dictated by the degree of hallux valgus deformity and requirements for capsulopasty (C).

=
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Figure 34.16 A lincar capsulotomy medial to the tendon of EHL (A) will be followed by subperiosteal dis-
section (B) of the first metatarsal and proximal phalangeal base (C).

Figure 34.17 Following exposure of the proximal
phalanx, transverse osteotomy (A) of the phalangeal base
at the proximal metaphysis allows subsequent resection
of phalangeal base (B). Further dissection of the first
metatarsal is performed (C) as needed to allow cheilec-
tomy and mobilization of the joint D).
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and direction of bone resection, for example, the Primus
implant. Approximately one-quarter to one-third of the proxi-
mal phalanx is resected through an osteotomy perpendicular
to desired final long axis of the hallux. This must include an
assessment of the degree of interphalangeus present. The
transverse plane orientation of the osteotomy usually parallels
the eponychial nail fold.

The phalangeal osteotomy should just perforate the plantar
cortex to avoid laceration of the long flexor tendon. From this
point, careful dissection of the soft tissues from bone will help
maintain the integrity of the plantar capsule and the aponeu-
rotic insertions of the flexor tendons. Actually after removal
of the base, there should be no violation of the plantar tis-
sues, that is, the long flexor should not be exposed. The first
MTPJ sesamoids generally also may be addressed. In cases of
severe hallux valgus the fibular sesamoid is often released on
its distal, lateral, and proximal extents through an in tracapsu-
lar approach. At times, the surgeon may find it convenient to
perform fibular sesamoidectomy as an aid to reducing severe
deformity.

The degree of degenerative osteophytosis and size of the
medial eminence will help determine the need for peripheral
metatarsal head resection. This becomes extremely important
in cases of double-stem hinge arthroplasty in osteoporotic
bone. The first metatarsal head cortical margins should be

Figure 34.18 Remodeling of the first metatarsal removes
all bony peripheral prominences including medial (A), lateral,
and dorsal (B). C: Removal of the fibular sesamoid may be per-
formed through an intracapsular approach. D: Resection of
the metatarsal head is usually minimal to limit postoperative
metatarsalgia and biomechanical imbalances. E: Alignment of
the joint resection may be evaluated with opposing the pha-
lanx and metatarsal prior to reaming of the medullary canals.

maintained so as to give the greatest amount of support to the
metaphyseal trabeculae.

Although the medullary canal may be reamed directly
through the metatarsal articular surface in cases of hinged
silicone implant arthroplasty, it is recommended that the
articular surface be resected. Templates should be used, if avail-
able for the implant system. With the use of Futura implants
(Futura/Tornier, Edina, MN), flat surfaces opposing the hinge
portion of the implant are encouraged because of the design of
the implant hinge.

The articular surface of the first metatarsal should be
resected closer to a perpendicular to the ground rather than
a perpendicular to the long axis or declination of the first
metatarsal. This aids in placement of the implant high in the
metatarsal and will maintain the plantar condyles for their artic-
ulation with the sesamoids. This will also allow for distal excur-
sion of the sesamoids on the metatarsal head with dorsiflexion
or extension of the joint.

With implant arthroplasty, maintenance of the weight-bear-
ing potential of the medial column is often diminished. A surgi-
cal dilemma arises as limited bone resection is felt to minimize
the biomechanical faults of the procedure yet inadequate bone
resection is probably the single most cause of postoperative
malalignment and recurrence of deformity. The bone resec-
tion may occur on either the metatarsal or phalangeal side of

Il —
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the joint. Excessive resection of the phalangeal base releases
the intrinsics and may make fitting and secure placement of the
phalangeal implant tenuous.

The exception to minimizing first metatarsal head resection
with a hinged silicone implant is with forefoot arthroplasty, that
is, the Hoffmann-Clayton—type operation. Forefoot reconstruc-
tion of the rheumatoid foot involves total head resection of the
lateral metatarsal heads achieving a somewhat normalized bony
parabola. Asaresult, some degree of resection of the first meta-
tarsal is also necessary; this usually involves at least one-half of
the first metatarsal head.

Canal Preparation

Canal preparation will vary depending upon the implant cho-
sen. Most implant systems today have reamers or rasps that
allow the surgeon to prepare the canal as a reflection of the
implant stem. The angle of the canal may also vary, and the
surgeon is referred to the surgical technique guide provided
by the manufacturer. Generally, implant sizers are utilized
to determine the extent of canal preparation necessary. The
intramedullary canals are generally begun with a 4mm oval
side cutting bar and then gradually enlarged to the appropriate
size using incremental larger hand rasps until the desired size is
achieved (Figs. 34.19 and 34.20).

Figure 34.19 Reaming of the medullary
canals is generally begun with the first metatarsal.
The canal is initially drilled with a small oval side-
cutting burr (A) followed by gradually enlarging
with a series of hand rasps (B) of sequentially
larger size (C). D: Periodically, the implant sizer
is inserted assess fit.

Trial Implant

Each implant system provides for trial implant sizers, which must
be matched to the size of the patient and bone stock currently
being addressed. Generally, the implant sizer is inserted across the
first MTP] into both the metatarsal and proximal phalanx. The sur-
geon will access the reconstruction for adequacy of bone resection
and correction of deformity. If the implant stem is overstressed,
typically the toe will deviate lateral and may rotate yielding frontal
plane instability, then additional bone resection is necessary.

Implant Grommets

Titanium grommets were introduced for the Swanson double-
stem hinged implant and since adapted by Futura for their
Primus implant. These are recommended as the grommet pro-
vides a protective interface between the soft silicone rubber and
the opposing bone surface. Each size Swanson implant has a cor-
responding pair of grommets that is packaged with the implant.
These are pressit into the medullary canals of the metatarsal
and proximal phalanx (Fig. 34.21). It is not usually necessary
to enlarge the medullary canals for fit of the grommet. In most
patients with hallux valgus undergoing implant arthroplasty, the
bone density is soft and the grommet can easily be press-fit with
the grommet inserter. In cases of hallux rigidus and degenera-
tive joint disease in which the bone is dense and sclerotic, it may
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Figure 34.20 A: Reaming of the phalangeal
canal is also begun with a broach or small rotary
burr. Subsequent enlargement of the canal is per-
formed with the hand rasps beginning with the
smaller rasp (B) and gradually enlarging the canal
until sized to the appropriate implant (C). D: Inser-
tion of the implant sizer allows assessment of fit,
bone resection, and alignment.

Figure 34.21 Prior to insertion of
the silicone implant (A), the proximal
grommet for the first metatarsal is
pressit into the fashioned hole in the
metatarsal (B). The grommet for the
proximal phalanx may also be press-fit
but may not fit tight, and alternatively,
the grommet is simply placed on the
distal stem of the silicone implant
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Figure 34.21 (Continued) (C,D) just prior to its insertion into the proximal phalanx (E).

be necessary to round the margins of the medullary canals simi-
lar to the contour of the grommet prior to insertion.

Implant Insertion

Once the canals are prepared to their exact size, copious irriga-
tion is performed to remove all bone debris. With insertion of the
double-stem silicone implant, the proximal stem for the first met-
atarsal is inserted first. Plantarflexion of the hallux then allows
insertion of the distal stem into the proximal phalanx. Insertion
of the implant should be performed without the implant touch-
ing the skin and possible contamination, a potential cause of
latent foreign body-centered infections (83,84). Assessment
of position of the implant and soft tissue laxity as well as ROM
should be performed at this time. If the implant is tight and the
hinge stressed, additional bone resection is likely necessary.

Capsular Repair

Capsular closure is performed with the surgeon’s preference
of absorbable materials. The senior author’s (J.V.) usual choice
is 2-0 and 3-0 absorbable suture with the medial margin of the
extensor hood is also incorporated into the capsular closure.
This accomplishes a very important function of medializing or

maintaining the vector of pull of the tendon of extensor hal-
lucis longus. Bow-stringing of this tendon laterally may destroy
the stability of the joint reconstruction yielding transverse and
frontal plane deformities postoperatively.

Soft tissue repair may begin prior to insertion of the implant
system. In cases of significant bone resection, the author has
found that tethering the long and short flexors to each other
with an intracapsular suture helps to stabilize the hallux. Other
surgeons have also found it useful to reattach the short flexor ten-
dons to the phalangeal base as initially described by Kalish and
McGlamry (7) in 1974 with reattachment of the intrinsic muscu-
lature with suture through drill holes in the proximal phalanx.

In cases of significant hallux abductus, additional medial
capsular repair is recommended (Fig. 34.22). A capsuloplasty
may also be accomplished with a medial flap that is extended
distally to give additional transverse plane stability. This
involves modification of the original linear or lenticular cap-
sulotomy just prior to insertion of the implant usually with the
implant sizer in place. A vertical incision is made in the distal
extent of the medial capsule. A transverse capsulotomy is then
performed just above the tibial sesamoid extending proximally
at least to the metatarsal neck. This capsular flap may then be
advanced anteriorly or distal. Suture is first performed dorsally
from distal to proximal and then the plantar portion repaired.

Figure 34.22 A: Capsular and wound closure is of surgeon’s choice. B,C: Medial plication or use of a medial
capsular flap is desirable in large degrees of hallux valgus.
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Figure 34.23 AB: This 74year-old woman possessed a large hallux abductus and IM angle, but both com-
ponents of the deformity were corrected with the silicone hinge implant arthroplasty. C: The fibular sesamoid

was excised to aid in soft tissue reduction of the IM angle.

Subcutaneous and skin closure is left to the surgeon’s
preference. A fluff compression dressing is utilized postoperatively
splinting the toe in a rectus position and maintaining it in a some-
what plantarflexed position to aid in postoperative toe purchase.

Postopervative Course

Ambulation is allowed immediately postoperatively with a
surgical shoe. In cases of isolated interpositional implant
arthroplasty, ambulation in a flexible soled causal shoe may

be allowed as early as 3 weeks postoperatively without any
other form of toe splinting. Severe and long-standing preop-
erative deformities should be splinted in a rectus position for
a somewhat longer length of time. A hallux valgus night splint
or Coban wraps of the forefoot and hallux are often useful
adjuncts.

Moderation in activity is emphasized early on, and the
patient is followed with serial postoperative visits and radio-
graphic examinations. Radiographs allow assessment of correc-
tion and alignment (Figs. 34.23 and 34.24).

Figure 34.24 Radiographs of a 70yearold woman who under-
went silicone hinge implant arthroplasty 7 years prior. The medullary
canals show no erosive changes and that the implant has maintained
good alignment.
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TOTAL JOINT REPLACEMENT ARTHROPLASTY

Total replacement arthroplasty involves resurfacing on both
sides of the joint. Typically, the bearing surfaces involve a
cobalt chromium metatarsal component and UHMW poly-
ethylene phalangeal component. Several ceramic two-compo-
nent implant systems have been introduced in Europe, and
prcliminary reports have been equivocal (85-87). Most sur-
weons will agree that degenerative changes at the first MTP]
f:fc usually more striking on the metatarsal side of the joint.
Attempts to replace or resurface the first metatarsal have not
met with much success. Resurfacing of the phalangeal base
has been more successful, and we continue to investigate and
develop new implant systems. It is imperative that bone resec-
tion allows joint mobility and the implant system is securely
held within the respective bones. These implant systems
are required by the FDA to be labeled as cemented devices,
although most clinical usage does not usually involve use of
bone cement.

Implants

Multiple variations of the total joint concept have been intro-
daced over the years, and a few will be mentioned (Fig. 34.25).
The KGTI Kinetik Great Toe Implant (Integra LifeScience
Corporation, Plainsboro, NJ) has a cobalt chromium metatarsal
component with a tapered rectangular stem and dorsal flange
to impart an adequate range of dorsiflexion. The phalangeal
component is a titanium implant with a UHMW polyethylene
articular inset. Several two-component systems are available
including the Ascension MOVEMENT system (see Fig. 34.22),
and whatever implant system that is chosen, the surgeon must
be thoroughly familiar with the implant system that is being
utilized including the instrumentation and sequental steps
involved with insertion.

Figure 34.25 Several total joint replacement systems are available,
including the KGTI Kinetik Great Toe Implant (Integra LifeScience
Corporation, Plainsboro, NJ) (4), the Acumed Great Toe System
(Acumed, Hillsboro, OR) (B), and the MOVEMENT Great Toe Sys-
tem (Asension Orthopedics, Austin, TX) (C).

Exposure

The authors generally prefer a dorsal approach to the first MTP]
medial to the tendon of extensor hallucis longus (Fig. 34.26).
The incision extends from the midpoint of the first metatarsal
over the MTPJ onto the great toe. In cases of hallux rigidus,
limited subcutaneous dissection is necessary as the toe is gen-
erally straight and subsequent capsulorraphy limited. A lineal
capsulotomy in line with initial skin incision medial to exten-
sor hallucis longus is performed with subpen'osteal exposure
of the head of the first metatarsal and the base the proximal
phalanx. The surgeon needs to be thoroughly familiar with the
technique recommended for the implant that is being inserted,
and this discussion will center upon the KGTI.

Bone Resection

The implant tray has an instrument guide to help the surgeon
resect the proper amount of bone and at the proper angles
(Fig. 34.27). It is imperative to follow the proper application
of the guide for the osteotomy particularly for the KGTI. Two
guides are available: one that allows for bone resection equal
to that required for implant insertion and a second guide that
allows for an additional 5 mm of bone resection from the pha-
lanx in cases of tight joints to provide joint laxity. Careful use
of this initial guide is important, and inattention to details may
with result in angular errors of 5 degrees or more, and the
implant may not seat or move properly. The guide is inserted
into the first MTP] with the concave surface placed against
that of the metatarsal head while the flat surface is opposing
the phalanx. Transverse osteotomy of the metatarsal head and
then the phalanx is performed partially through the respec-
tive bones. The resection is finished following removal of the
guide. The guide should allow resection of the phalangeal base
perpendicular to the long axis of the proximal phalanx while
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Figure 34.26 Dorsomedial skin incision (A) medial to tendon of EHL (B) allows for exposure to first MTPJ.
C: A lineal capsulotomy with subperiosteal dissection provides joint exposure.

Medial aspect

1 )
A Sawing complete

Figure 34.27 A,B: Insertion of primary resection guide provides
for a cutting guide for resection of the articular surfaces. The cuts
are begun, the guide removed, and the osteotomies completed. C:
Resected bone surfaces are extripated.
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the metatarsal surface is resected with a 10-degree dorsal angu-
Jation. The resection guide does not allow for high degrees
of distal articular set angles or interphalangeus, and the sur-
geon must be attentive to the individual patient anatomy. The

phalangeal osteotomy must be perpendicular to the long axis of

the proximal phalanx to allow proper seating of the phalangeal
component. Following osteotomies, the surfaces are completely
dissected from the surrounding soflt tissue and excised.

Metatarsal sizer
and drill guide

Implant Sizing and Canal Preparation

Following joint resection, the metatarsal sizer/drill guide is
placed over the resected surface, paying attention to neutral
coronal rotation. Choose the most appropriate size for your
patient’s anatomy. The sizer must not be placed too plantar and
block the sesamoidal grooves; otherwise final implant insertion
will impinge range of motion of the sesamoids (Fig. 34.28).

Neutral |position
|

Metatarsal sizer
and drilf guide

TT "} 01mm

/Dorsal flange resection guide

Key hole
for handle Small pegs

Figure 34.28 A,B: The metatarsal sizer is placed on the resected surface and held in place with two K-wires.
The canal is reamed (C-E), and dorsal flange resection guide (F) is used to resect dorsal articular margin and

osteophytes.
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The sizeris held in place with insertion of two 0.045-inch K-wires
and on either side of the central aperture. The metatarsal is sub-
sequently reamed with the metatarsal reamer on a power drill
and performed through the sizer/guide. Following reaming,
the K-wires and metatarsal guide are removed and replaced
with the dorsal flange resection guide and angular resection of
the metatarsal head dorsal surface is resected.

The metatarsal is now ready for further remodeling of the med-
ullary canal with a broach to create a negative image of the implant
stem (Fig. 34.29). The metatarsal broach guide is placed onto the
resected distal metatarsal surface. Pins in the broach guide are
inserted into the peripheral holes made from the prior medial
and lateral K-wire holes. The medullary broach is used manually
and tapped with a mallet until the stop of the broach abuts the
outer most edge of the broach guide stop. Following irrigation

of the wound and canal, the selected sized trial implang js used g
check for proper size and position of the head componeny,

Attention is then directed to the hallucal proximal Phalany
in which the phalangeal sizer/drill guide is held in place ang
size determined for the phalangeal component. The phalan-
geal reamer on a power drill is utilized (o fashion a cang in
the proximal phalanx (Fig. 34.30). The wound is flushed ang
the trial phalangeal and metatarsal Components are insereq
to ascertain to fit and need for any additional bope resection
(Fig. 34.31). With the KGTI, the surgeon debulks excess bone
after the implant is finally sized.

Itis also up to the surgeon to remove adequate amoyny of
bone to avoid jamming of the Jjoint and poor motion. Excess
removal of bone must also be avoided to prevent an unsiable
reconstruction or transfer metatarsalgia.

/

{Az/ltffrfzf//fﬁ'v

90° corner

Metatarsal
broach guide

Broach stop

-~ i
:L
Nk =
Small pegs

Figure 34.29 A: The melatarsal broach guide is placed on the metatarsal surface and tapped into place.
B-D: Broaching of the first metatarsal may be done by hand, or a broach is supplied that may be placed in a

power reciprocating saw.
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Reamer stop

S e 2 i

M/P reamer

/ Reamer stop
__—__——-__.""—_.—-—F“'-”?

Figure 34.30 The phalangeal sizer and drill guide are placed on the resected surface of proximal phalanx
(A,B), and then reaming of the canal, performed with an M/P reamer placed in a power instrument (C,D).
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Phalangeal implant

Phalangeal trial implant Metatarsal trial implant

B Flush fit

Flush fit

Figure 34.31 A-C: Trial implant is inserted and the ROM evaluated. D: If the joint is tight, additional bone is
resected from the proximal phalanx. (B,C courtesy of KGTI Surgical Technique, Part No. 81-0053 Rev D, 10/06.)

Implant Insevtion

The metatarsal and phalangeal components are inserted into
their respective bone and tapped into place utilizing tamps and
a mallet until good flush fit is achieved.

Wound Closure

Once the implant has been inserted and a good ROM observed,
closure of the wound can begin (Fig. 34.32). With a simple lin-
eal capsulotomy and good subperiosteal dissection prior, wound
closure is generally straightforward. The first MTP] capsule is

identified and reapproximated. Any excessive capsule may be
excised but exercise caution so not to over tighten the joint and
restrict motion.

Generally, closure is performed in standard fashion with
suture of the surgeon’s choice.

Surgical Tips

* Do not perform overzealous resection of the peripheral
osteophytosis. The KGTI guides and technique take into
account much of the surrounding excess bone during the
insertion technique.
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Figure 34.32 Before closure, assess the implant for alignment

(A) and adequacy of joint motion (B).

e If the surgeon readily sees the flexor hallucis longus
tendon, the flexor brevis needs to be reattached to the
base of the proximal phalanx. Alternatively, the flexor
hallucis longus may be reattached to the base of the
proximal phalanx or simply tether the medial and lat-
eral heads of the brevis tendon to the flexor longus
tendon.

* The implant should only be used with an IM angle of 0 to
8 degrees. If the IM angle exceeds this, it must be
addressed. Once the surgeon has prepared the metatarsal
and proximal phalanx for the implant, then correct the
IM angle.

* Following insertion of the trial components, place the toe
and first MTP] through a ROM and access any potential
abutment or malalignment. This must be corrected prior
to final implantation.

Postoperative Management

Postoperative management in most cases of total joint arthro-
plasty without proximal osteotomy is generally straightforward.
Surgical dressings with the toe held in straight and neutral posi-
tion are continued for approximately 3 weeks postoperatively
while the patient ambulates in a surgical shoe. Full weight-bear-
ing is allowed, although surgical dressings must be kept clean
and dry. Radiographs should be obtained postoperatively to
ensure proper alignment of the reconstruction and correction
of deformity (Fig. 34.33).

Later, transition from surgical shoes to a casual or gym-type
shoe is allowed if no wound healing complications have been
encountered. Gradual increase in activities and regular shoe gear

may progress per patient tolerance. ROM exercises should com-
mence from immediately postoperatively (the day of surgery)
throughout the first 3 to 6 months after surgery. Occasionally,
it may be observed that ROM is limited at 2 to 3 months post-
operative but will gradually increase over the subsequent 3 to
6 months. Rarely, professional physical therapy will be needed.

RESECTION ARTHROPLASTY (KELLER
ARTHROPLASTY)

The following technique employed by Jimenez and Dozier
incorporates modifications of the Keller procedure. These
include adequate osseous resection from the proximal pha-
lanx, exostectomy of the metatarsal head, reattachment of
the flexor hallucis brevis, and/or flexor hallucis longus to the
base of the proximal phalanx, use of appropriate soft tissue
interposition, use of K-wire fixation, and appropriate closure
and bandaging to maintain position. The following surgical
technique presents the patient with radiographs and clinical
pictures shown in Figs. 34.34 and 34.35.

A dorsal medial incision is placed over the first MTPJ]
extending from middiaphysis of the first metatarsal just short
of the IP] of the hallux. The incision is deepened through sub-
cutaneous tissue to the level of the capsule. The subcutane-
ous tissues are mobilized from the medial first MTP] allowing
for a capsular flap incision. The capsule is marked to iden-
tify the incision that will be placed into it (Fig. 34.36). The
capsule is then mobilized off the metatarsal head and base
of the proximal phalanx. The base of the proximal phalanx
is freed from soft tissue attachments (Fig. 34.37). Rescction
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Figure 34.33 This 56-yearold man presented with painful right foot with symptomatic hallux rigidus. A,B:
Periarticular lipping with joint space narrowing is apparent on preoperative radiographs. C,D: Postoperative radio-
graphs show good alignment in all planes; note appearance of stem placed centrally within medullary canals.
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Figure 34.34 Preoperative views of hallux valgus with severe increase in the first IM angle and lateral
deviation of the hallux.

Figure 34.35 Clinical presentation of patient
with x-rays described in Figure 34.3.
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Figure 34.36 A: Planned dorsal medial incision. B: Planned capsulotomy is marked.

of the osteophytes from the metatarsal head is accomplished
followed by resection of approximately 25% to 30% of the
proximal phalanx perpendicular to the longitudinal axis. This
is ordinarily enough to allow excellent mobility of the remain-
ing base against the metatarsal head (Fig. 34.38). In long-
term hallux valgus/rigidus, the sesamoids may be severely
arthritic, fibrosed, and nonmobile. If the sesamoids are
mobile, the flexor hallucis brevis tendon can be reattached
to the remaining proximal phalanx. A 0.062-inch K-wire or
1.6-mm drill bit can be used to create a drill hole into proxi-
mal inferior aspect of the remaining proximal phalanx (Fig.
34.39). A 2-0 nonabsorbable suture is placed within the flexor
hallucis brevis tendon and/or the flexor hallucis longus ten-
don and secured in place allowing for flexor stability during
gait (Fig. 34.40). A K-wire is then driven through the base of
the proximal phalanx exiting the toe and stopped when the
proximal end of the K-wire is even with remaining body of the
proximal phalanx (Fig. 34.41). A second K-wire is introduced
antegrade through the proximal phalanx exiting distal medial
to the proximal phalanx. The distal aspect of the capsule is
then placed over the head of the metatarsal using a horizontal

mattress suture, which incorporates the lateral capsule and is
secured in place (Figs. 34.42 and 34.43). Once the capsule is
interposed between the osseous segments, the hallux is dis-
tracted slightly, keeping space between the proximal phalanx
and the metatarsal head, and the K-wire is driven within the
body of the metatarsal head, exiting the inferior distal third
of the first metatarsal (Fig. 34.44). When the K-wire purchases
this cortex, less pistoning is created of the K-wire with the
first metatarsal maintaining longer stability. It is important to
maintain the position of the hallux approximately 10 degrees
extended to the long axis of the first metatarsal head. If the
K-wire is in line with the long axis of the first metatarsal, it may
be difficult for the patient to ambulate and, in fact, may bend
the wires during gait. This is more of a problem in a cavus-type
foot as with a cavus foot the angle of declination of the first
metatarsal is higher. The position of the hallux therefore will
have to be more extended at the MTP]. Two K-wires are used
to maintain position, one to hold length and the second wire
to reduce the possibility of frontal plane rotation and short-
ening of the proximal phalanx-metatarsal head interface
(Fig. 34.45). The wound is then closed in layers.

Figure 34.37 Capsule mobilized off the metatarsal head and base of the proximal phalanx. Note gouty tophi

within the capsule and joint.

e R i




Figure 34.38 Resection of base of the proximal phalanx.

Figure 34.39 Drill hole placed on inferior
proximal aspect of the remaining proximal
phalanx for reattachment of the flexor hallu-
cis brevis tendons.

Figure 34.40 Suturing of short
flexor tendon to base of the proxi-
mal phalanx using 2-0 nonabsorb-
able suture.

Figure 34.41 K-wire is ante-
graded from proximal to distal
through the hallux.
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Figure 34.42 Capsule is then used to cover the metatarsal head and
held in place using a horizontal mattress suture.

Figure 34.43 Inferior portion of capsule is
repaired.

Figure 34.44 While the hallux is distracted to
maintain distance between proximal phalanx and met-
atarsal head, the K-wire is then retrograded into the
first metatarsal head.
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Figure 34.45 AB: K-wires are placed in two planes to avoid telescoping and frontal plane deviation during
the healing process. C,D: X-rays reveal K-wires in position.

The patient is allowed weight-bearing to tolerance with a stiff at which time they are removed and the patient is encouraged

sole postoperative shoe. Patients who have K-wires holding align- to return to more standard shoe gear (Fig. 34.46). Should the I |

ment may bathe after complete epithelialization of the incision K-wires lose position or need to be removed prior to 6 weeks, a |

site. The K-wires are left in place for approximately 6 weeks, splint can be utilized to maintain position (Fig. 34.47). |
|

Figure 34.46 Clinical pictures 6 weeks after surgery following K-wire removal.
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Figure 34.47 Toc alignment splint.

Complications

Complications of implant arthroplasty generally include
acute or latent infection, malalignment of the arthro-
plasty with or without loosening of the implant, and gen-
eration of wear debris with soft tissue or osseous reaction
(11,13,16,18-21,88-104).

Postoperative wound infections occur with a statistical fre-
quency whether or not an implant is used. Generally, immediate
postoperative wound infections are not a diagnostic dilemma,
but foreign bodies are associated with latent or foreign body-
centered infections that may be difficult to identify and treat
(84). Problems persist as bacteria adhere to the surface of the
foreign material hidden in a biofilm layer. Generally, removal of
the implant is curative (Fig. 34.48).

Arthroplasty malalignment does occur and generally asso-
ciated with more severe postoperative deformities. High IM
angles must be addressed. Postoperative malalignments typi-
cally occur with recurrent hallux abductus with or without
actual rotation of the implant or sagittal plane instability of the
great toe, which is the resulting deformity at both the hallux IPJ
as well as the first MTP]. Joint malalignments, particularly with
component implants, may lead to generation of wear particles,
osteolysis, and deformity.

Implant pathology also includes deformation, fatigue frac-
ture, and microfragmentation or wear debris (20). Osteolysis
may also be a considerable problem and is associated with metal-
lic as well as polymer implants. Biomechanical derangements

Figure 34.48 Implant arthroplasty is subject to complications usually requiring removal as illustrated by
this case of a foreign body—centered infection undiagnosed until revision for chronic pain with unstable joint.
A,B: Preoperative radiographs show resorptive changes around the implant. Intraoperatively, purulence was
noted in tissues, MRSE was cultured. C: Antibiotic beads were inserted, and the patient underwent 6 weeks of

IV antibiotics.
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Figure 34.48 (Continued) D-F: She was later brought back to surgery for salvage fusion with
an autogenous bone graft and plate fixation. G,H: Radiographs taken more than a year postop-
eratively following removal of the plate.
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Figure 34.49 A,B: Preoperative radiographs of a 68-year-old man with late-stage hallux rigidus who under-
went TJR with the Acumed implant. G,D: Postoperative radiographs show good alignment, but postoperative
ROM was limited likely due to unstable medial column as verified by elevatus on postoperative lateral.

_ y
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are not uncommorn and may be seen in almost any of the
peconstructions (Fig. 34.49). TJR was advocated to provide a
more biomechanically sound repair but arthralgias and biome-
chanical difficulties are encountered with similar frequencies as
with the other implant arthroplasties. Limited or painful joint
motion may occur, or lateral metatarsalgia with medial col-
amn insufficiency may occur. This surgeon has seen a perfectly
functioning and positioned implant that provides a constant
nagging pain to a patient who was treated with removal of the
implant and fusion.

Revision of implant arthroplasty must be a consideration as
there will always exist a situation when removal and revisionary
procedure is necessary (105). A simple rule of thumb is that
implant arthroplasties that require more initial bone resections
will be more difficult to revise.

CONCLUSION

Long-standing joint deformity and/or arthropathy of the
firsc MTPJ, specifically end-stage hallux valgus or degenera-
tive arthrosis, often requires some type of joint arthroplasty.
.These procedures are joint destructive in nature, meaning that
either one or both sides of the joint are sacrificed (43). This
may involve resection arthroplasty with or without an implant
or arthrodesis.

Our focus is, of course, implant arthroplasty, which is
an adjunct to resection arthroplasty. Resection arthroplasty by
itself usually is performed as a Keller-type procedure with resec-
tion of the base of the proximal phalanx. This type of proce-
dure is associated with instability of the great toe and or first
metatarsal that contribute to a lack of toe purchase and lateral
weight transfer. Swanson proposed implant arthroplasty to
improve cosmesis, improve joint stability, and increase the like-
lihood of a reliable degree of joint motion (4,5). And much as
with a resection arthroplasty, implant arthroplasty was expected
to relieve the pain of joint disease.

Silicone implantation, whether with hemi-implant or a dou-
ble-stem device, is an interpositional arthroplasty. Itisnot a joint
replacement procedure. Reference to the double-stem hinge as
a total implant is inaccurate and confusing but does appear in
the literature (106,107). In the late 80s, a revival of the con-
cept of TJR of the first MTP] began with Richard Koenig (26).
Interestingly, at a time of the decline of implant arthroplasty,
there followed the development of five total joint implant sys-
tems. Several inventors and numerous surgeons then began
renewed attempts of TR (26,108-110). Some good results were
reported and there are some among us who experienced dif-
ficulties. TJR may have its place in arthrosis of the first metatar-
sophalangeal joint, but it is yet to be fully defined. TJR as well
as interpositional arthroplasty has a place in our surgical arma-
mentarium. We recommend caution and selection of patients
that meet criteria. They should be patients wherein other alter-
natives are more likely to yield a less successful reconstruction.

Obviously, there are better and worse places to implement
first MTP] implants. Either the patient’s functional demands
are such that the durability of an implant procedure might be

questioned or biomechanical faults might likely ensue. Implant
arthroplasty as commonly performed today is not perfect, but
there have been good results as well as some occasional dif-
ficulties encountered. Proper indications must be delineated
and above all agreed upon by surgeons. Both the surgeon and
patient should have a clear understanding of the goals and
objectives of the procedure (111).

Joint arthroplasty, performed either as a resection arthro-
plasty with or without a joint implant, is still a viable surgical
alternative in the patient with long-standing deformity and/or
arthrosis of the first MTP]. Implant arthroplasty, whether inter-
positional or TJR, is a joint destructive procedure that should
be reserved for cases of end-stage arthrosis or nonfunctional
and painful first MTPJs.
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Molly A. Judge

Complications in Hallux Abducto Valgus
Surgery (Excluding Hallux Varus)

Recurrence of deformity can occur in the face of any proce-
dure performed for the correction of the hallux abducto val-
gus (HAV) deformity (1-6). In general, these procedures are
selected based upon their ability to address either structural
or dynamic components of the deformity depending upon the
presumptive etiology. It is common to perform both an osseous
correction (structural rearrangement) and a soft tissue balanc-
ing procedure (dynamic rebalancing) in an attempt to address
combination deformities. The recurrence rate after the most
common of HAV procedures, the distal metaphyseal osteotomy
(PMO), has been reported between 1.85% and 10% (2,3,6).
Revision surgery pursued after a combination of procedures
has been performed can be challenging since the normal anat
omy of both soft tissue and bone has been altered. A second
dissection in the same location may well increase the risk of
nerve entrapment, the development of a painful or unsightly
scar, vascular compromise, and wound and bone healing com-
plications as well as the risk of chronic edema, nerve irritation
or entrapment, and the development of chronic pain. In addi-
tion, as in any surgical procedure, revision surgery necessarily
includes the risk of infection, overcorrection and undercorrec-
tion of the deformity.

EVALUATION

THE SUBJECTIVE COMPLAINT

While conservative measures should always be exhausted, many
patients suffering from complications of HAV surgery fail at
this effort when major structural complications such as hallux
varus or painful sagittal plane deformities of the first ray exist.
To ensure that the patient’s goals and expectations are under-
stood, it is prudent to begin with a cursory exercise in which
patients are asked to point to the target of their most important
discomfort and to describe their pain in that area thoroughly.
Is the target of tenderness at the first metatarsophalangeal joint
(MTP]), at the hallux interphalangeal joint (HIPJ), beneath
the metatarsal head, or in a combination of areas? Often, the
target of tenderness is actually beneath the second MTP] due to
the inability of the first MTP]J to bare weight. Once the location
of the chief complaint is determined, the type or quality of the
pain is elucidated. Certain descriptions of pain are suggestive
of the etdology. Descriptors such as tingling, numbness, burn-
ing, and pins and needles sensations are often associated with
entrapment neuritis or sensory neuropathy indicating that a
nerve decompression may be required as a sole procedure or as
an adjunctive portion of the surgical plan. When the complaint
includes pain about the inferior aspect of the first MTP], this
may indicate an abnormal articulation with a sesamoid bone

— — —

or fibrous adhesions between the plantar plate and the sesa-
moids and therefore may require a release of the capsular and
sesamoidal structures about the periphery of the MTPJ. This
can result from an overaggressive medial eminence resection
leaving a painful articulation between the tibial sesamoid and
the inferior medial aspect of the metatarsal head (Fig. 36.1).
When the patient describes a painful grinding with motion of
the joint, loose bodies or intra-articular damage is likely and
suggests degenerative changes of one or both chondral surfaces
of the MTP]J. Such crepitation and dysfunction may indicate the
need for an arthroplasty if not a joint destructive procedure
depending upon the nature and extent of the chondral defects
present. Tightness, cramping, and spasm of the extensor hallu-
cis longus (EHL) tendon are often associated with lateral bow
stringing of the structure and a hallux over- or underriding the
second digit. These structural aberrations suggest persistent
transverse plane (abduction) deformity with or without frontal
plane (valgus) rotation of the hallux.

CLINICAL EVALUATION

Evaluation of recurrent or residual HAV should be performed
in a stepwise fashion to most consistently identify the full extent
of deformity and dysfunction. Clinical evaluation includes
both weight-bearing and non-weight-bearing examinations of
the foot and ankle, identical to that performed prior to first-
time elective bunion surgery. The stance evaluation is the key
to determining the first ray position and alignment under
normal weight-bearing conditions. Weight-bearing assessment
will reveal the true nature of the deformity be it structural,
dynamic, or a combination of both. Hallux varus and other pla-
nar deformities of the first ray may be unmasked in the weight-
bearing condition (Fig. 36.2).

So too the presence of compensatory digital deformities,
such as flexor or extensor substitution and flexor stabilization,
can shed light onto additional components of the functional
problem. When thoroughly conducted, this portion of the clini-
cal evaluation will demonstrate the true nature of the deform-
ity and muscle-tendon imbalances, which will have a weighty
impact on procedure selection. When the weight-bearing con-
dition reveals shifting of load to the lesser MTPJs, it becomes
obvious that the first MTP] is dysfunctional (Fig. 36.3). The gait
examination can be done strictly by visual observation or with
the assistance of force plates or other computer-assisted modali-
ties. From a practical perspective, the emphasis here will be on
clinical evaluation without the benefit of additional technical
support. When watching patients, it is best to be methodical
and review the patients from head to toe as they walk away and
walk toward their starting point. Noting posture, position, and
alignment of the axial and appendicular skeleton will provide
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Figure 36.1 Radiographic evaluation after an overly aggressive
medial eminence resection: Here the hallux is subluxed medially and
that the medial metatarsal head impinges within the central aspect of
the articular cup of the hallux. With the absence of the fibular sesa-
moid, this complex is extremely unstable and the medial hallux base
articulates with the tibial sesamoid. This complication often results in a
painful articulation between the tibial sesamoid and the inferior medial
aspect of the metatarsal head. The second digit is subluxed medially as
well, as this will not reduce with correction of the hallux position alone.

the most comprehensive assessment. This exam should reveal
a predictable heel to toe gait pattern with stride length and
cadence that falls into normal parameters given the patients
habitus. Taking note of shoulder, hip, and knee alignment
should prompt adjunctive orthopaedic consultations as neces-
sary. Propulsion off the first MTP] should be easily discernable
if the first ray is functioning properly. Dysfunction is obviated
when propulsion is interrupted, as is the case when an abduc-
tory twist is present or if antalgia, vaulting, or splinting away
from the first MTP] is seen during the gait examination. A com-
pletely apropulsive gait will be evident when the first MTP] is
significantly subluxed, dislocated, or impinged. In addition, the
weight-bearing exam reveals the extent of first metatarsal head
prominence whether it is dorsal, medial, plantar, or a combina-
tion, and this helps to clarify the structural deformity present
such as first metatarsal elevatus and hallux limitus, sesamoid
apparatus dysfunction, or end-stage first MTP] subluxation.
The non-weight-bearing evaluation is an equally important
component of the physical examination. When assessing the
motion of the first MTP] transverse, frontal and sagittal planes
are considered since the deformity is typically multiplanar.

Whether' or not the deformity is reducible is an important
clue to whether the condition is flexible enough to be cor-
rected with revision of the original procedure (assuming a
DMO and soft tissue balancing) or if an alternate procedure
is warranted. The examination of the first MTP] begins with
stabilizing the first ray at the metatarsal neck and manipulat-
ing the hallux at the MTP] level. With the foot at 90 degrees to
the ankle and the subtalar joint in neutral position, the hallux
is manipulated into a rectus position on the metatarsal head
and sagittal plane motion is assessed in both dorsiflexion and
plantarflexion. It is important to load the foot prior to evalu-
ation to eliminate the effects of hypermobility and masking
of structural deformities such as metatarsus primus elevatus.
‘When motion is absent, limited in dorsiflexion, or restricted to
solely plantarflexion, it is suspected that there is a metatarsus
primus elevatus present and further study is required. If the
first MTP] motion is limited with a bone-on-bone end range
of motion or when crepitation is present, a degenerative con-
dition is suspected and significant articular defects are likely.
If there is limitation with the joint held in a congruous posi-
tion and a spongy end range of motion is evident, then the
soft tissue structures remain suspect and revision of the lateral
release and/or adductor tendon transfer may be required. If
the medial column exhibits hypermobility and the first meta-
tarsocuneiform joint (MCJ) is excessively mobile, then the
peroneus longus muscle becomes ineffective at both plantar-
flexing the first ray and abducting the forefoot, allowing the
first ray to deviate medially and rotate into varus (4,5).

To determine the transverse plane deformity, again, the first
metatarsal is stabilized at the metatarsal neck. With the hallux
placed into neutral position on the metatarsal head, the range
of motion of the first MTPJ is then assessed. If the motion at the
first MTPJ remains unrestricted with the joint in a congruous
position, then the deformity is considered fully reducible and
soft tissue rebalancing may be considered alone or in combi-
nation with an osseous procedure. If the joint is irreducible,
then structural deformity or malposition of the first metatarsal
is likely (e.g., meaningful metatarsus primus varus, adductus or
a fixed sagittal plane deviation of the metatarsal bone) and an
osseous procedure is probably required. If the motion at the
first MTP] is restricted due to a plantarflexed or dorsiflexed first
ray segment, then structural realignment including a sagittal
plane osseous procedure will be required. This can be achieved
via osteotomy or a joint destructive procedure depending on
the severity of the metatarsal angulation and the integrity of
the articular surfaces. The decision to perform a proximal or
distal procedure in this instance is determined by the degree
of sagittal plane correction needed to achieve adequate first ray
mobility, and radiographic evaluations will assist in making that
determination.

When sagittal plane motion is restricted in the direction of
dorsiflexion and point tenderness exists beneath the inferior
aspect of the hallux base and/or the first metatarsal head, the
sesamoid apparatus may be adhered warranting an aggressive
release of both the capsular and ligamentous structures about
the first MTP]. Dorsal impingement occurs when the metatarsal
head has been shifted into an elevated position and restricts
sagittal plane motion. With impingement, osteophytic degen-
eration may prompt crepitation due to the formation of loose
bodies.

Close inspection of the local anatomy will reveal whether or
notan exaggerated length or angulation of the proximal phalanx
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Figure 36.2 A: The stance evaluation often reveals more significant deformity than that noted in the
off-weight-bearing exam in the study of hallux varus deformity. While the adduction deformity of the hallux
is appreciable in the non-weightbearing condition, loading the foot and ankle reveals a significant flexion
deformity at the HIP] with tension and medial drift of the EHL tendon. The second digit has developed a
similar deformity in this long-standing case of hallux varus. B: Dorsoplantar radiograph reveals the plantar-
medial subluxation of the hallux in addition to the dislocation of the right hallux base and a valgus tilt of
the left hallux. Notice the lateralward bowing of the metatarsal bones and the cystic degeneration at the MCJ
indicative of the retrograde force and degenerative bone change throughout the first ray segment. There is
a loss of normal trabeculations within the metatarsal head and the phalangeal base suggesting at least the
presence of a generalized osteopenia. This low bone mineralization is important to consider when planning
for osseous procedures, and a modified fixation strategy may be required to adequately stabilize the bone.
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Figure 36.3 A: Clinical evaluation of a failed silicone implant in a 80-year-old physical therapist. Only during
the weight-bearing examination is the crossover position of the hallux realized. The non-weight-bearing posture
of the hallux is exaggerated by contractures of the EHL tendon and lateral joint capsule. The adduction deform-
ity of the lesser digits is reflective of the non-weight-bearing condition of the first MTP] and the compensatory
flexor stabilization that takes place as the long flexors and quadratus plantae gain mechanical advantage. B: The
stance evaluation of the same patient reveals the lateral overloading as the first MTP] is unable to bear weight
and spontaneously shifts the forefoot into varus splinting away from the painful joint. Notice that the varus
attitude of the forefoot is so powerful that it further the shifts the rear foot into varus inverting the calcaneus.

is contributing to the residual hallux abduction significantly.
The influence of the HIP] deformity may have been underesti-
mated previously and may contribute to residual or recurrent
deformity. If excessive length and abduction of the proximal
phalanx are a deforming factor, a basilar phalangeal osteotomy
such as an Akin procedure should be considered as this angular
deviation creates a retrograde force that exacerbates the HAV
deformity (6).

Mobility or laxity at the level of the first metatarsal cunei-
form joint (MCJ) and the medial aspect of the naviculocunei-
form joint should be assessed to determine if in fact there is
a more proximal joint contributing to the recurrence of the
hallux abductus deformity (7-9). If the MCJ is semirigid or
immobile, then it may be impossible to reduce the transverse
plane deformity of the metatarsal, leaving the sesamoid appa-
ratus rotated in a lateral position as compared with the meta-
tarsal head. Should excessive laxity exist at this joint level, the
incidence of recurrent HAV deformity is predictable (10).
Plain radiographs may reveal an abnormal angulation of the
articular facets at the first MCJ, which is felt to be contributory
to hypermobility in the proximal first ray (11,12). While it is
generally understood that the primary source of motion within
the first ray during propulsion occurs at the medial naviculo-
cuneiform joint, the precise clinical measurement of this joint
motion remains difficult to perform and even more difficult
to reproduce in everyday practice (13,14). Normal param-
eters of motion within the medial column have been defined
as 12.3 degrees at the medial naviculocuneiform joint and
b degrees at the first metatarsocuneiform joint (13). Should the
clinical exam reveal increased mobility at these joint levels in
the face of a recurrent HAV deformity, strong consideration for
selecting a proximal medial column arthrodesis is suggested.
This may include arthrodesis of one or both of the most proxi-
mal medial column joints: the metatarsocuneiform joint and/
or the naviculocuneiform joint.

RADIOGRAPHIC EVALUATION

Weight-bearing radiographs obtained in multiple orthogonal
planes, in addition to oblique and axial views of the forefoot,
will elucidate the degree of intra-articular derangement. The
intermetatarsal angle (IMA) and associated length patterns of
the first metatarsal and proximal phalanx are important radi-
ographic parameters in determining the need for structural
correction. Should the length of the first metatarsal bone be
insufficient to maintain adequate weight-bearing function, sub
two transfer lesions may be present.

A lateral view of the first MTPJ often reveals derangement
such as joint space narrowing, periarticular osteophytes, or an
elevated metatarsal (or elevated metatarsal head after a DMO
procedure) position that may not be appreciated in the clinical
exam. It should be noted that poor technique when position-
ing the x-ray tube head for the lateral radiograph can create
a virtual metatarsal elevatus; for example, when the tube head
is positioned 10 degrees caudal to the lateral foot, the first ray
will appear to be elevated (Fig. 36.4). The tube head must be
positioned parallel to the weight-bearing surface and perpen-
dicular to the lateral foot to reveal the true angular relationship
between the first and second rays. When there is a divergence
between the first and second dorsal cortices of the metatarsal
bones, the question becomes whether the deformity is posi-
tional, as in a forefoot varus, or if it is structural and due to
deformity of the bone itself (15). Both intrinsic and extrinsic
deformities have the potential to be nonreducible and so either
may require an osseous procedure for correction. Often as a
complication of HAV surgery, the first metatarsal may be ele-
vated due to an intrinsic change in bone structure. This iatro-
genic deformity will mandate an osseous procedure when the
degree of elevatus disrupts joint function (15,16) (Fig. 36.5).
Once the presence of a first metatarsal elevatus has been identi-
fied, a stress lateral radiograph can be used to evaluate whether
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Figure 36.4 Lateral weight-bearing radiograph with the tube head
directed upward 10 degrees (dorsally). Note the amount of separa-
tion of the first and second metatarsals, while the angular relationship
between these two bones remains constant. (Reprinted from Camasta
C. Radiographic evaluation and classification of metatarsus primus
elevates. In: The Podiatry Institule’s update ‘94. Tucker, GA: The Podiatry
I[nstitute, 1994:122-127, with permission.)

the deformity is reducible allowing adequate joint function.
This weight-bearing view will help to determine the extent to
which the first MTP] can be reduced and the degree of plan-
tarflexion, if any, that will be required to restore joint function
(Fig. 36.6).

Determining whether the first MTPJ is deviated, subluxed,
or congruent or if an abnormality of the proximal articular
set angle (PASA) is present is an integral exercise in determin-
ing the contributory features of joint malalignment (17). With
close inspection of the dorsoplantar (DP) film, the morphol-
ogy of the articular surface and condition of the subchondral
plate can be estimated considering the presence of sclerotic
changes and irregularities about the metatarsal head and
phalangeal base. When the distal-most aspect of the metatarsal
head appears skewed, the cartilage is suspected to be deviated.
While cartilage itself is not visible on plain radiographs, the
position and alignment of the subchondral bone lend insight as
to whether there is an angular deformity of this surface. Often,
the appearance of an abnormal PASA is overestimated by plain

Figu.re 36.5 Outline of the first and second metatarsal, defining the
dorsal cortex of each bone. (Reprinted with permission from Cama-
sta C. Radiographic evaluation and classification of metatarsus primus
elevates. In: The Podiatry Institute’s update ‘94. Tucker, GA: The Podiatry
Institute, 1994:122-127, with permission.)

radiographs, but when intraoperative findings conclude that
cartilage malalignment exists, a cartilage realignment proce-
dure will be necessary to achieve a congruous joint (Fig. 36.7).
Should there be significant evidence of subchondral cystic
degeneration, sclerosis, unusual derangement in morphology,
or literal collapse of the metatarsal head, a dysvascular condi-
tion is suspected and further study may be required.

If there is serious concern regarding perfusion to the fore-
foot, then noninvasive vascular studies such as pulse volume
recordings, photoplethysmography, ankle-brachial index, arte-
rial Doppler and transcutancous oxygen pressure (TCPO,)
measurements, and vascular consultation are warranted. Ancil-
lary imaging via magnetic resonance imaging (MRI) or nuclear
medicine imaging (NMI) will demonstrate whether healthy per-
fusion is evident or if a dysvascular condition exists. Of added
benefit is the fact that both modalities can be used to rule out
the coincidence of an infectious process. Should an infection
be identified, a staged procedure is required to eradicate infec-
tion before definitive structural correction is pursued. In this
instance, the emphasis is on expertly obtained bone and soft
tissue cultures to confirm the presence of infection and ant-
biotic sensitivity when it exists. Ascertaining this information
is critical prior to procedure selection. When chronic edema,
discoloration, unusual coolness, or cyanosis exist, it is prudent
to pursue vascular consultation with the benefit of noninva-
sive vascular testing including TCPO, measurements to assess
healing potential for the forefoot and digits. Vasospastic condi-
tions can impair the ability of bone to heal, and prophylactic
vasodilatory medications can be used during the perioperative
period to override this condition. Cold water immersion stress
studies can be completed to determine the significance of this
condition when it exists (18-20). Identification of decreased
perfusion and reduced healing potential will increase the risk
of developing a chronic nonhealing wound and may prompt
serious postoperative complications threatening more proxi-
mal amputation.

Cortical hypertrophy of adjacent metatarsal shafts 2 and
3 may also reflect the lateral transfer of weightbearing away
from the first MTP] indicating stress fractures or at least stress
deformation of the metatarsal(s). This finding suggests that a
reconstructive procedure to restore weight-bearing function of
the first ray is in order. This is often the case when the first
ray is shortened and/or elevated resulting in first MTP] dys-
function and compensatory weight transfer to the lesser met-
atarsal phalangeal joints. Understanding the extent to which
the length pattern of the first ray contributes to dysfunction
is critical to procedure selection. The metatarsal parabola can
be readily evaluated on the dorsal plantar radiograph, and the
presence of a shortened first ray segment is often a harbinger
for the need of a modified distal osteotomy technique or in
more severe cases of shortening other lengthening procedures,
which may require bone graft material (autogenous or aller-
genic) or the callus distraction (bone transport) technique for
restoring weight-bearing potential to.the great toe joint. Each
of these special techniques will shift the risk:benefit ratio into
a negative direction since these procedures are more complex
and their outcomes are less predictable than other more tradi-
tional HAV correction techniques.

The radiographic position of the sesamoid apparatus as
we have come to learn is most reflective of a malposition or
residual deviation of the metatarsal head medially (21) and is
often accompanied by significant lateral contractures due to
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insufficient capsular and ligamentous release or from adhe-
sion and fibrosis due to previous surgery. Performing a sesa-
moid axial radiograph will reveal whether or not the sesamoid
position is actually associated with incongruence at the level
of the cristae within the sesamoid apparatus (22). This view is
particularly helpful when considering the need for revisional
lateral release and mobilization of the intrinsic musculature
(Fig. 36.8). When there is congruency of the sesamoids and the
cristae as seen on the forefoot axial (aka sesamoid axial), a revi-
sional lateral dissection may be avoided.

PROCEDURE SELECTION

Complications occurring during the index procedure in cor-
recting the HAV deformity are addressed immediately during
surgery. While there are a host of potential complications that

Figure 36.6 Radiographic evaluation in the DP (A)
and stress lateral (B) views reveal a mildly elevated posi-
tion of the first metatarsal head after a DMO; however,
this does not interfere with weight-bearing function.

can occur, misadventures in distal metaphyseal osteotomies are
often due to poor planning and placement of the osteotomy
itself. The nuances of creating the V osteotomy have been
detailed to include proper positioning of the osteotomy within
the metatarsal head to avoid placing in the cuts too far proximal
or distal within the metatarsal head as each extreme in position-
ing carries with it different potential complications (23). When
placed too far proximally, a large amount of the osteotomy rests
in diaphyseal bone and so has a higher potential for nonunion
or malunion of bone. Should the osteotomy be made too far
distal, the potential for splitting the metatarsal head and creat-
ing an intra-articular fracture is a reality (Fig. 36.9).

Procedure selection is based upon the nature of the residual
deformity and dysfunction. If an appropriate procedure was
selected initially, then revision surgery may be a matter of sim-
ply performing the same in a more aggressive manner. Revision
surgery for overcorrection may be a matter of reversing the
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Figure 36.7 A: Dorsoplantar view reveals cartilage malalignment of the metatarsal head associated with
residual /recurrent hallux abductus after soft tissue rebalancing. Often, this radiographic parameter does not
correlate well with intraoperalive findings, and so it is prudent to perform the intraoperative evaluation prior
to selecting a cartilage realignment procedure. Notice the short first metatarsal, the long proximal hallux pha-
lanx, and residual metatarsus adductus as concomitant deforming forces in this recurrence of HAV. B: This
intraoperative photo reveals a high angulation PASA that deviates laterally away from the hypertrophic medial
eminence. C: Intraoperative photo. When recurrent juvenile HAV deformity develops after a failed proximal
metatarsal osteotomy, it becomes apparent that culprits for recurrence are the failure to perform a lateral inter-
space release and tendon balancing as well as failure to address a significantly increased PASA. Here the axis
guide for a medially based wedge osteotomy is created within the sagittal plane of the distal metaphyseal region
of the metatarsal head. With the osteotomy scored, the design uses a proximal horizontal line perpendicular to
the metatarsal shaft and a short oblique to create approximately 10-degree wedge to reduce the lateral deviation
of the cartilage. D: With provisional fixation in place using 2.0 Ethilon, reduction of the deformity is realized
creating a congruous alignment at the first MTPJ. Fixation can be completed using simple techniques such as
suture, cerclage wire, staples, or K-wires. The use of two points of fixation oriented at 90 degrees is preferred.
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Figure 36.8 A: Scsamoid axial view reveals congruency of the cristae and the lateral sesamoid. B: Contrast
that with the deviated sesamoid position noted on the DP view, in which the Abular sesamoid appears Lo be
significantly rotated into the first interspace. Melatarsus primus varus rolation contributes to this radiographic

discrepancy.

original procedure to affect a more appropriate structural or
dynamic correction of deformity whichever the case may be.
The original procedure may have compromised the condition
of bone, intrinsic musculature, ligaments, neurovascular ele-
ments, or a combination of these, and for that reason, revision
surgery always carries a worse risk:benefit ratio than the initial
procedure. Should there be evidence of significant neurovas-
cular compromise, alternate medical consultations should be
pursued in advance of conducting revision surgery. Any his-
tory or overt evidence of complex conditions such as reflex
sympathetic dystrophy or chronic regional pain syndrome
should be considered a contraindication to further surgery

and merits referral to a neurovascular specialist or pain man-
agement expert. When these conditions exist, it is wise (o refer
the patient for a second opinion as a precursor to any further
consultations for revisional surgery.

The types of surgical procedures available in addressing
complications of HAV surgery are no different than those
available for the initial surgery, and they fall into a number of
categories including reconstructive and joint destructive pro-
cedures. Procedures designed to salvage function of the firs(
ray scgment include the following. Joint destructive procedures
such as implant arthroplasty of the first MTPJ are reserved for
discussion in an alternate section of this text.

Figure 36.9 A: Lateral radiograph reveals three points of fixation to stabilize the split metatarsal head that
resulted from an exwremely distal placement of the V osteotomy. When the apex of the V is placed too far distal,
there is a risk for fracture (through the distal metatarsal head. The resulting intra-articular fracture is associated
with a high incidence of degenerative joint disease. B: Dorsoplantar radiograph demonstraltes the excessive
shortening that can result when the meratarsal head is inadverten ty split as a complication in HAV surgery.
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Reconstructive procedures for residual HAV deformity

o Soft tissue and tendon balancing procedures
o Phalangeal osteotomy of the hallux

o Distal first metatarsal osteotomies

e Proximal first metatarsal osteotomies

Joint destructive procedures for residual HAV deformity*

o Metatarsal phalangeal joint arthroplasty
o Metatarsal phalangeal joint arthrodesis
¢ MCJ arthrodesis

EARLY COMPLICATIONS

In the early postoperative period, within the first 21 days, soft
tissue adhesion and fibrosis do not significantly interfere with
reduction of the deformity. In this early period, bone heal-
ing consists of blood clot formation that is gradually replaced
by highly vascular connective tissue. This connective tissue
becomes infiltrated by fibrocartilage over time and develops into
a provisional bone callus. At this early stage, the callus serves as
a flexible bone bridge not yet ossified and is relatively malleable.
Complications that occur during the first few weeks after surgery
are often due to overt trauma or patient noncompliance. This
situation is met when the patient experiences either unexpected
trauma or is grossly negligence in self-care (e.g., another person
accidently stepping on the patients’ foot after recent HAV sur-
gery) or when unusual weight-bearing activities (e.g., aggressive
walking, running, deep squatting, ladder climbing, or prolonged
kneeling) cause disruption of the osteotomy or disturb soft tis-
sue balance. In these circumstances, there are three principal
goals to be achieved to salvage the function of the first ray: (a)
evacuation of hematoma, eradication of infection, and resolving
incision dehiscence; (b) open reduction and internal fixation
(ORIF) of the disrupted bone with or without bone graft; and
(c) revision of soft tissue rebalancing such as revising the medial
capsulorrhaphy or adductor tendon transfer depending on the
original procedure performed. Each may be a necessary adjunc-
tive procedure in circumstances that arise unexpectedly result-
ing in early recurrence of deformity (Fig. 36.10).

CORRECTION OF DELAYED
RECURRENCE

SOFT TISSUE IMBALANCE AND RESIDUAL
SESAMOID DISPLACEMENT

Whenever possible, an extension of the original incision line
is used to access the first MTP] and the intermetatarsal space.
The revisional incision should begin approximately 1 cm
more proximal than the original incision and extends a simi-
lar distance beyond the most distal extent. This will allow the
surgeon to identify, both proximally and distally, the zones of
transition between normal anatomy and that violated by pre-
vious dissection. Starting the dissection proximally in healthy
tissue will make it easier to become oriented in the soft tissue
planes before pursuing the remainder of the exploration. In

*The joint destructive procedure of implant arthroplasty is covered
elsewhere in this text.

Figure 36.10 Twenty-four hours after HAV surgery, a 180-pound
person deliberately stepped on the patient’s foot. A compartment syn-
drome developed as a result from the crush injury requiring immediate
decompression of the interosseous compartments of the foot.

particular, identifying predictable dorsal cutaneous nerves at
this level will help to identify evidence of nerve entrapment due
to adhesions and fibrotic changes resulting from prior manipu-
lation or violation. Dissection is likely to be difficult due to the
presence of this aberrant soft tissue layer. Care should be taken
to explore for the presence of entrapped cutaneous nerves and
when present nerve decompression should be completed with
exploration along the full length of the affected nerve until
reconstitution of normal nerve tissue is identified. Often, a
two-layer dissection is prepared with the dermis and superficial
subcutaneous structures being prepared as a single layer. The
deep fascia is dissected as the second layer and is meticulously
prepared to preserve a solid plane of tissue for closure over
the affected bone and joint. In cases in which adhesions and
fibrotic changes are profound, it may be necessary to create
one sharp incision to the deep fascia.

When residual sesamoid displacement exists after a modi-
fied McBride-type bunionectomy, the culprit for recurrence is
likely an insufficient lateral release. The enthesis of the com-
mon adductor tendon is through attachments at the phalangeal
base, the plantar plate, and sesamoid apparatus. Depending on
the severity of the underlying deformity, the sesamoid apparatus
may have retained fibrosis or adhesions to the plantar and lat-
eral intrinsics preventing long-term realignment of the plantar
plate. To ensure adequate lateral release, dissection of the first
intermetatarsal space and exploration of the lateral MTP] are
required. The fibular sesamoid is a complex region of intrinsic
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attachments and includes the lateral head of flexor hallucis bre-
vis (FHB) tendon, the deep transverse intermetatarsal ligament
(DTIL), the common tendon (oblique and transverse) of the
adductor hallucis and fibrous bands that extend from the sesa-
moid apparatus into the flexor digitorum longus tendon, and
the superficial plantar aponeurosis (24). Since the sesamoids
and plantar plate are intra-articular structures with many intrin-
sic attachments, identification and isolation of the lateral joint
capsule in the region of the enthesis is a critical first step in
this process. The region of the first MTPJ is exposed, and the
lateral aspect of the joint space is identified by placing distal
traction on the hallux to cause a puckering of the joint capsule.
This maneuver facilitates identification of the lateral joint space
where the intrinsic structures can be found as they attach to the
base of the proximal phalanx, sesamoid apparatus, and plantar
plate. Delineating this joint level allows for proper placement of
a capsulotomy via a stab incision. Once performed, any residual
intrinsic attachments can be undermined and transected from
their entheses liberating the hallux and sesamoid apparatus.
Manual manipulation of the hallux into extreme varus will
break through any remaining fibrous banding that may exist
deep within the lateral joint. Modifications of the capsulotomy
include making a larger more vertically oriented capsular inci-
sion or simply fenestrating the lateral joint capsule and then
allowing manual manipulation of the hallux to break through
residual lateral ligamentous structures (25). If there is evidence
that the adductor tendon remains attached at the proximal
phalanx base, this structure should be grasped, undermined,
and transected or dissected out proximally and prepared for
later transfer. The use of an adductor transfer to the medial
capsule for supplementation of the medial capsule repair may
be an important adjunctive procedure in the face of recur-
rent HAV. Whether this structure is transferred dorsally to the
medial capsule or run through the neck of the first metatarsal,
the end result is supplementation of the medial capsulorrhaphy
while creating a change in muscle balance countering adductus
or varus shift of the first metatarsal. This technique has been
called into question by some as the benefits of the adductor
have never been scientifically born out in the literature, and
in fact, one series concluded that this maneuver provided no
added benefit when performed with a DMO (26).

The condition of the sesamoid apparatus should be
inspected to ensure that there is adequate mobility of the sesa-
moids. It is understood that relocation of the first metatarsal
is impeded by fibrosis and adhesion of the sesamoid appara-
tus, and so this is an important portion of the procedure. If
the fibular sesamoid appears to be grossly hypertrophic and
abnormally fixed in position, then the need for a fibular sesa-
moidectomy should be entertained. Once the fibular sesamoid
is mobilized or excised, the first MTP] may be manipulated
to check for reducibility in the transverse plane. If it is impos-
sible to reduce the hallux valgus deformity due to a residual
or nonreducible metatarsus adductus or metatarsus varus, the
MCJ should be reassessed to rule out residual contractures
or degenerative joint changes interfering with joint mobility.
Weight-bearing may be simulated on the operating table to
evaluate the degree of reduction achieved from the soft tissue
release alone. Any residual contractures of the EHL tendon or
first MTP] capsule will be evident and should be addressed via
lengthening techniques in lieu of capsulotomy or tenotomy.
By performing a controlled tissue lengthening, physiologic
tension can be achieved and is preferred to simple release. To

address tesidual EHL contracture, a Z lengthening will allow
sufficient relaxation for neutral position and alignment of the
great toe. It is important to perform the MTPJ capsulotomy in
the plane of the contracture to correct the deformity at its apex.
Although numerous techniques have been suggested, a simple
V to Y capsulotomy will release contracture, and the capsule
closure can be performed under physiologic tension with the
hallux in neutral alignment on the metatarsal head.

At this point, the residual deformity is assessed and whether
or not to perform a metatarsal osteotomy or a more proximal
procedure is considered. It is generally understood that per-
forming a metatarsal osteotomy in the face of a fibular sesa-
moidectomy increases the risk of developing a hallux varus
deformity (see Chap. 37), and so caution is advised and judi-
cious use of this combination of procedures is recommended.
The detailed execution of specific osteotomies and their modi-
fications in performing the distal or proximal metaphyseal oste-
otomy, midshaft metatarsal osteotomy, first MCJ arthrodesis,
and their modifications can be found in alternate chapters of
this text.

PHALANGEAL OSTEOTOMY OF THE HALLUX

When the apex of deformity is within the hallux itself, an Akin
osteotomy may be effective in correcting the condition. An
unusually long hallux or high angulation hallux interphalan-
geus are typical criteria for use of this adjunctive technique.
The original procedure described by Akin included resection
of the medial eminence of the first metatarsal head, resec-
tion of the medial phalangeal base, and wedge osteotomy of
the proximal hallux (27). While the original procedure was
extensive, current modifications include simply creating an
oblique base wedge osteotomy (short or long) or a transverse
osteotomy within the proximal phalanx of the hallux. This tech-
nique should not be used as a primary procedure to correct an
increased IMA or deformity due to an abnormal PASA deform-
ity. When used inappropriately, the Akin procedure may create
enough retrograde pressure on the metatarsal head to exag-
gerate the lateral deviation of the first metatarsal perpetuating
deformity (28-32).

The use of this osteotomy is usually an intraoperative con-
sideration when there is residual lateral deviation of the hallux
noted after a primary bunion procedure has been performed,
thatis, first metatarsal osteotomy with muscle tendon balancing.

A high angulation hallux abductus interphalangeus, a long
medial border of the proximal phalanx of the hallux, or an
increased distal articular set angle may be responsible for this
residual deformity (Fig. 36.11). By derotating the hallux medi-
alward using the Akin osteotomy, the long tendons of the flexor
and extensor tendons will be relocated more centrally about
the HIPJ and the metatarsal phalangeal joint reducing the ret-
rograde force that aggravates recurrence of HAV deformity.

Technique

The skin incision should provide ample exposure for prepa-
ration of the osteotomy and allow for ease of application of
fixation. A linear incision along the dorsomedial aspect of
the hallux or one that divides the dorsal and plantar skin is
often sufficient for execution of the procedure. An optimal
incision plan incorporates the original incision allowing for
exposure of the first MTP] and the distal 1/3 of the proximal
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Figure 36.11 A: The stance evaluation of this juvenile football player reveals extreme hallux valgus that under-
laps the lesser digits. Here an anterior cavus deformity prompts flexor substitution aggravating sagittal plane
deformity within the lesser digits. Here the interossei muscles become overpowered by the flexors, and a combina- [
tion deformity develops at the MTPJs and PIPJs of the lesser digits. Friction against the PIPJs causes local irritation
when in shoes and is equal in importance to the bunion pain complaint. The overcrowding of the lesser digits is
noticeable only when in the weight-bearing condition. Notice that there is abduction deformity at both the MTP]
and HIP]J level in this case. B,C: Stance evaluation just 2 months after HAV and lesser digit correction reveals early
evidence of persistent or recurrent deformity. While non-weightbearing in a short leg cast, this residual was not
appreciated. Notice the PIPJ arthrodesis eliminated the flexion deformity; however, elevation of the toe at the
MTP] results from lateral hallux abutment. Radiographic evaluation in this DP view reveals recurrence of the hal-
lux abductus deformity and lateral subluxation of the MTP] despite performing a CBWO and first intermetatarsal
space release. Notice the unusual length of the proximal hallux phalanx. In this case, the role of the anterior
cavus, metatarsus adductus, and long proximal phalanx each contribute to recurrence of deformity. A metal shard

is present between the fixation devices and reflects collision of instrumentation during the procedure.

phalanx. Sharp and blunt dissection is used to get through
the subcutaneous tissue envelope, which is naturally asthenic
in this region. Due to the thin dermal and subcutaneous lay-
ers, meticulous handling is important to avoid necrosis of the
wound margins from overaggressive retraction. Using the blunt
end of Regnauld retractors is effective for this dissection. All
four of the very delicate digital neurovascular elements within
this region are invariably manipulated since the most medial
and lateral borders of the phalanx must be exposed throughout
the procedure. Once the first MTPJ and body of the proximal
phalanx have been exposed, a linear incision is made extend-
ing from the dorsum of the first MTP] onto the distal 1/3 of
the phalangeal body. It is best to begin this incision proximally
along the medial border of the EHL tendon. The periosteum is
reflected sharply about the proximal phalanx base, while blunt
reflection over the central and distal aspects of the phalanx can
be managed with a freer elevator. Preparation of this soft tissue
layer is an important portion of the procedure as it will allow for
thorough coverage of the osteotomy site and fixation devices
during closure. This coverage will prevent adhesion forma-
tion between the osteotomy site and the long extensor tendon.
The metaphyseal-diaphyseal junction of the phalangeal base

is identified, isolated, and scored with marking pen to provide
two important landmarks. The first landmark is a horizontal
line that parallels the base of the proximal phalanx approxi-
mately 0.5 to 1.0 cm from the first MTF]. This is the most proxi-
mal area for screw or pin placement without risking violation of
the articular surface. The second landmark is drawn to create
a transverse or oblique arm for a closing base wedge osteotomy
(CBWO). The length and angulation of this osteotomy will
depend upon the degree of reduction needed to realign the
hallux. One method to determine the size of the wedge resec-
tion is to measure the difference between the medial and lat-
eral cortical margins. This difference should provide adequate
reduction of hallux deviation while creating a more parallel
relationship between the distal and proximal articular surfaces
of the hallux (Fig. 36.12A). This medially based wedge can be
expected to heal promptly when placed within the metaphy-
seal region of bone. The longer and more oblique the cut, the
more diaphyseal bone involved, and rigid internal fixation is
integral to facilitate primary bone healing in this region. An
axis guide is placed in the proximal lateral corner of the meta-
physeal diaphyseal junction and is drilled from dorsal to plantar
using a 0.045-inch Kirschner wire (K-wire) (Fig. 36.12B) Just
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Figure 36.12 A: Intraoperative view of the proximal hallux with the axis guide for a medially based wedge intact.
The axis guide is run purely in the sagittal plane to avoid mal rotation of the osteotomy. The hallux is scored horizon-
tally to parallel the articular surface of the hallux. The oblique arm of the osteotomy is scored at a 45-degree angle to
provide a maximum of derotation. The $mm wedge osteotomy is cut and then is planed to provide definitive derota-
tion of the hallux. It is best to resect a small wedge first and assess the correction when performing most wedge osteot-
omy procedures. Notice the overcorrected position of the hallux after scoring the intended osteotomy. B: Resection of
a 4-mm wedge from the proximal hallux base is completed before planning of the osteotomy to complete correction
of the deformity. C: Notice overreduction of the phalangeal abduction as the medial border is now shorter than the
lateral border. This position reduces the retrograde force on the hallux reducing the IMA and is easily secured with a
single cortical screw in this dense bone. It is important to note that the bone is mature as there is no evidence of open
epiphysis. D: Weight-bearing clinical photo in juvenile HAV 3 years after CBWO and 2 years after Akin osteotomy dem-
onstrates good maintenance of position and alignment long term. All digits purchase the ground and weight-bearing
is tolerated well. A full functional recovery includes unrestricted participation first string in football.

as in a CBWO for the first metatarsal, the guide wire can be
angulated to provide sagittal plane correction; however, since
this is a medially based wedge, the orientations to achieve plan-
tarflexion or dorsiflexion of the part are opposite. Tilting the
axis guide lateralward will effect elevation of the distal segment
and may be efficacious when hallux limitus is coincident. An

axis guide tilted medially will affect plantarflexion while tilting
the axis distally will reduce valgus deviation of the hallux. Once
proper placement of the axis guide is determined, the oste-
otomy is scored using a no. 10 osteotome and a mallet. Once
satisfied with the orientation of the proposed osteotomy, power
instrumentation is used to cut the osteotomy. An oscillating saw

, ;
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held parallel to the axis guide will allow for a well-controlled
cut. The maximum depth of the proximal phalanx is approxi-
mately 1.0 cm, and so a fine-tooth blade that is 1.0 cm wide
and at least 1.0 cm long will facilitate this maneuver. Constant
irrigation during the osteotomy will minimize thermal necrosis
and improve the setting for bone healing. The lateral hinge
of the osteotomy provides a second point of fixation, and so
care is taken to preserve this structure during provisional fixa-
tion. Final assessment of correction should be completed prior
to applying definitive fixation devices. While the fixation of an
Akin osteotomy is a matter of surgeon’s preference, the long
oblique modification allows for rigid internal fixation with the
benefit of a 2.7-mm cortical screw. Numerous alternate types
of fixation have been used for this procedure such as staples,
K-wires, cannulated screws, and absorbable screws and pins.
Since full visualization of the entrance and exit of the screw is
easily achieved, standard screws are the mainstay for this pro-
cedure. In the face of a transverse osteotomy, bone coaptation
and rigid fixation can be achieved with the benefit of the two-
point cerclage technique, parallel staples, or K-wires. Once sat-
isfied with correction of the deformity and stabilization of the
osteotomy, a layered closure can be completed after copious
irrigation. A meticulous layered closure will reduce the risk of
wound dehiscence. Immediate weight-bearing in a rigid-soled
or orthowedge surgical shoe for 6 weeks or until adequate bone
consolidation is appreciated both clinically and radiographi-
cally (Fig. 36.12C and D). Potential complications of the proce-
dure include fracturing of the lateral hinge or failure of fixation
devices in either transverse or oblique osteotomies. If failure
of fixation occurs, then the addition of supplemental fixation
devices can be done percutaneously. Some would argue that
simply splinting the hallux or providing a more aggressive off
loading of the hallux will allow bone union to complete in a
primary or secondary fashion.

Pearls/Pitfalls

The oblique osteotomy is less stable than its transverse coun-
terpart. Therefore, when the lateral hinge is lost, the entire
construct becomes markedly less stable. This would change the
degree of protected weight-bearing or digital splinting required
to achieve bone union.

CONSIDERATIONS IN SALVAGE AFTER AN OVERLY
AGGRESSIVE OSTECTOMY

When HAV surgery is complicated by an overly aggressive
medial exostectomy, one of two conditions may develop:
undercorrection or overcorrection of the transverse plane
deformity or residual hallux valgus or hallux varus. Hallux
varus as a complication of HAV surgery is discussed specifi-
cally in Chapter 36. When undercorrection is the result, it is
likely that the original deformity was underestimated and an
insufficient procedure was selected. Stretching the indications
for the use of conservative bunion surgery is doomed to fail-
ure in the face of a high IMA or excessive hallux abductus
angle or when significant metatarsus primus adductus, meta-
tarsus adductus, increased proximal articulation set angle, or
a combination of these exists. An overly aggressive exostec-
tomy is often an attempt to further reduce medial metatar-
sal prominence when the index osteotomy/ostectomy failed
10 provide this correction. This medial scalloping of the

metatarsal rarely achieves the desired effect of eliminating the
structural deformity and so results in persistent or recurrent
hallux valgus with a significant loss of bone volume from the
metatarsal head.

The conservative bunion surgery aka exostectomy is
intended to remove the excess medial eminence without violat-
ing the articulation of the tibial sesamoid. Salvage of this condi-
tion requires a combination of procedures: one to restore the
articular surface of the metatarsal head and the other to achieve
definitive correction of the first ray alignment. Determining the
procedure for correcting first ray alignment is dependent upon
function of the first MTP], degree of residual MTP] incongru-
ity, degree of first metatarsal malalignment, and medial column
stability not unlike selecting a primary bunion procedure.

Technique

Metatarsal head grafting. One viable technique for salvage
of the first MTP] function after an overaggressive exostectomy
is to grafi the metatarsal head and restore a more normal cubic
content for articulation with the phalanx. When reinforcing
the region with bone graft, the convex surface of the metatarsal
head is supplemented and a foundation for the phalangeal base
articulation is restored (33). The purpose of this technique is
to create a more normal morphology to the first metatarsal
head allowing for congruous articulation with the hallux base
and was originally described to reverse the ill effects of hallux
varus resulting from HAV surgery. Once the surface area of the
metatarsal head has been restored, the metatarsal segment can
be realigned with a combination of osseous and soft tissue pro-
cedures as necessary. This may require the benefit of a proxi-
mal metatarsal osteotomy and release of contractures within
the first intermetatarsal space depending on the severity of the
residual deformity.

Resectional arthroplasty of phalanx. After an overaggres-
stve exostectomy, a joint salvage procedure may not be possible.
In bedridden, wheelchair-bound, or low-demand, sedentary
patients, an arthroplasty to remove the phalangeal base, the Keller
procedure, may be enough to reduce the deformity, eliminate
painful bone prominence, and reduce risk of ulceration (34). In
select patients, the Keller procedure can provide an apropulsive
gait that allows for effective weight transfers and pivoting neces-
sary for basic low-weight-bearing daily activities. Care should be
taken to perform a meticulous capsulorrhaphy and include reat-
tachment of the long flexor tendon for optimal stabilization of
the hallux. This tendon transfer will provide enhanced stability
reducing the risk of hallux contracture after surgery. Performing
a combination of purse stringing the joint capsule and reattach-
ing either the short or long flexor tendon to the residual phalanx
will prevent hallux extensus deformity (35,36).

With reattachment of the short flexor tendon, the sesamoid
apparatus is firmly supported, and it is felt that this serves to
prevent joint subluxations that contribute to lesser metatarsal-
gia (Fig. 36.13). Although there are no strict contraindications
for the Keller procedure, the relative contraindication is the
presence of chronic lesser metatarsalgia in the absence of ham-
mertoe contractures and instability of the first ray segment.
When excessive bone loss results in instability of the MTP]J, it
may not be possible to re-create a supporting surface for the
hallux base. In higher-demand padents, the Keller arthroplasty
is not a functional option.
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REVISIONAL DISTAL METAPHYSEAL OSTEOTOMY
Clinical Considerations

When revision of a distal osteotomy is necessary and the qual-
ity of the residual bone is in question, ancillary imaging is war-
ranted. The benefit of three-dimensional imaging, MRI, or
computed axial tomography (CAT) will identify voids and other
structural defects that may not be evident on plain x-ray aiding
in procedure selection. If the metatarsal head is in relatively
good condition and there is little shortening of the metatarsal
segment, then a revisional osteotomy may be curative. The pri-
mary risks of the procedure are increased when performing revi-
sional surgery; infection, nerve entrapment, painful or unsightly
cicatrix, chronic edema, over- or undercorrection, and delayed
nonunion or malunion of bone are all possible if not even more
likely in this surgery. Due to the repeated neurovascular insult,
the hallux is at particular risk for compromise. Hence, meticu-
lous dissection and bone handling are critical to success in these
cases. In revisional surgery, it is prudent to discuss and reserve
the right to perform a joint destructive procedure should intra-
operative findings warrant it. This would dramatically change
the postoperative care plan likely including a considerable
period of non-weight-bearing when performed. If that non-
weight-bearing plan evolves in a patient with risk factors for the
development of deep vein thrombosis (DVT), then a plan for
DVT prophylaxis should be pursued and communications with
the primary care physician should be completed well in advance
of the surgery. On a similar note, if the patient is on anticoagu-
lant therapy, then reversal of the agent and perioperative proph-
ylaxis becomes a major component of the surgical plan.

Technique

The incision takes into consideration the clinical appearance of
the deformity and the most recent radiographs to ensure that

Figure 36.13 A: Three drill holes are created in the remaining base of the
proximal phalanx after bone resection. One drill hole is made plantar cen-
trally for reattachment of the flexor tendon. Drill holes are then created plantar
medially and dorsomedially for reattachment of the medial capsular flap. B:
In this patient, the medial tendinous slip of the FHB is tagged into the central
drill hole in the base of the proximal phalanx. C: Diagrammatic representation.

exposure is optimal to execute débridement, osteotomy, and
fixation (Fig. 36.14A and B). For this reason, the incision plan
often includes the original cicatrix line plus extensions both
proximally and distally to enhance exposure and allow for the
identification of tissue planes that have not been disrupted by
previous surgery. Gentle manipulation of the skin is required
to prepare the skin in a single layer for retraction and exposure
of the subcutaneous layers; however, when dermal atrophy is
profound and the basement layer of skin is adhered to the sub-
cutaneous layer, this may not be possible. The dorsal cutaneous
nerves and vessels should be identified, isolated, and retracted
whenever possible. The integrity of the EHL tendon should be
assessed and may be found fibrosed to the underlying joint cap-
sule when tendinopathy is a contributing factor (Fig. 36.14C).
A layered dissection is always preferred however is not always
possible in revision surgery. Often, when the surgical site is mat-
ted down due to dermal atrophy and deep adhesions or when
extensive fibrosis exists, the dissection is performed using sharp
incision through a single layer down to the periosteum. A dor-
solinear periosteal incision is made to expose the joint, and
the capsulotomy may be linear or modified into an inverted
L or T configuration for best joint exposure. When the joint
capsule contributes to contracture of the joint, the capsular
incision should be placed strategically to facilitate relaxation
of that tissue. The original osteotomy site is often easy to iden-
tify intraoperatively. It is common to find a well-defined line
of sclerosis defining the margins of the capital fragment with
or without exuberant osteophytic degeneration (Fig. 36.14D).
Before incising the osteotomy site, it is important to inspect the
articular surfaces of the metatarsal head and phalanx base to
identify unusual articular defects or obvious joint incongruity. If
the degenerative changes about the articular surfaces are more
significant than predicted or if the bone quality is not sufficient
to maintain an osteotomy (overly sclerotic or grossly osteoporo-
tic), then consideration for an alternate procedure such as a
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Figure 36.14 The preoperative clinical photo (A) and DP radiograph (B) demonstrate the ill effects of under-
correction in using the transverse plane V osteotomy. The continued lateral drift of the hallux has resulted in
such severe destabilization of the second digit that a crossover toe has resulted. This combination of deformities is
perhaps one of the most challenging of forefoot deformities. G: Intraoperative photo reveals chronic tendonopa-
thy of the EHL tendon. Notice the undulation of the distal tendon fibers indicating laxity due to an overswrerched
Zlengthening of the EHL tendon, which had been pcrfm‘mcd as an adjunctive procedure. The thickened central
portion of the tendon is associated with capsular adhesions and MTP] restriction. D: Osteophytic degeneration
and sclerosis are casily appreciated about the failed V osteotomy in this intraoperative sagittal view. Notice that
the thickened zones of sclerotic change and fibrosis occurs at the level of capsular attachment giving the appear-
ance of a reverse V orientation of the degenerative bone. These mixed fibrotic and sclerotic changes about the
metatarsal head develop as secondary changes due to previous surgical insult. (Continues on next page)
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Figure 36.14 (Continued) E: Once débrided, the metatarsal head bleeds revealing the location shape and
orientation of the degenerative bone resection. In this case, 4-year status post V osteotomy, the bone has been
well healed and so the original V cuts are no longer visualized. F: After a generous débridement of degenerative
changes, the osteotomy is replicated using the landmarks of the most dorsal and plantar extents of the cartilage
to identify the apex for the V cut. The metatarsal head is then more aggressively lateralized, and this osteoporo-
tic metatarsal head is stabilized using two points of fixation. Notice that aggressive removal of the dorsal osteo-
phytes gives the appearance of a plantarflexed osteotomy. Look closely at the plantar extent of the articular
cartilage, the congruency of the articulation with the hallux base, and the location of the apex of the V cut in
comparison to that noted in E to best visualize the position and alignment of the osteotomy. A line drawn from
the most dorsal extent of the articular cartilage to the most plantar is used as a reference for the osteotomy. The
apex of the V osteotomy should rest at the midpoint of this line as seen here.

more proximal osteotomy should be entertained. Modification
of the osteotomy, when necessary, is much easier to prepare
before the original osteotomy is recut. Critical evaluation of the
articular surfaces to assess the condition of the cartilage and
reducibility of the MTPJ is performed prior to recutting the
osteotomy. When angular deformity of metatarsal bone exists,
such as sagittal plane malalignment, modifications of the oste-
otomy can be employed avoiding the need for a combination of
osteotomies to reduce deformity (37,38).

When significant angular deformity of the articular surface
of the metatarsal head is evident, modification of the origi-
nal osteotomy cut is warranted and a cartilage realignment
procedure is necessary. When there is significant sclerosis or
avascular changes present, a DMO procedure is not prudent
and so close scrutiny of the bone quality is required to avoid
further devitalization of the metatarsal head. There are some
that would suggest performing a hallucal osteotomy in this case
to realign the pull of the long flexor and extensor tendons to
create a more effective tendon function across the MTP] and
reduce the angular retrograde pull that aggravates the recur-
rence of the HAV deformity. This avoids further violation of the
metatarsal head while correcting abnormal biomechanics that
perpetuate the deformity.

When a DMO is appropriate, an axis guide is prepared for
the revision and sharp resection of the osteotomy will require
power instrumentation to minimize shortening. Copious irri-
gation should be performed throughout the resection to pre-
vent thermal necrosis and reduce the risk of devascularizing
the metatarsal head. Depending on the quality of bone, the
intramedullary segment of the metatarsal head may be manip-
ulated into an improved position with the benefit of a freer ele-
vator. Itis important to gently manipulate this segment of bone
to avoid devitalization or fragmentation of the part. When the
bone quality is compromised, débridement and supplemental

bone should be pursued to improve bone quality and enhance
bone healing. Using graft material to pack voids within the met-
atarsal head, shaft, or both will often require two points of fixa-
tion to afford optimal stability of the parts and provide ample
immobilization of bone to ensure bone healing. When grafting
Is required simply to pack voids, the fixation technique can be
completed simply by using two points of fixation, for example,
two parallel or crossing K-wires where the goal is to achieve a
stable construct for propulsion by way of primary bone healing
(Fig. 36.15A and B). This supplemental bone grafting is a very
different procedure than when an interpositional bone graft
technique is used for the benefit of restoring length to the first
ray, and so the rationale in fixation is dramatically different
between the two. See the Pearls/Pitfalls section for further dis-
cussion on this subject.

When using power instrumentation to re-create an oste-
otomy, especially in unusually dense and sclerotic bone, con-
tinuous irrigation is important to prevent thermal necrosis.
Fenestration of the parts will facilitate vascular ingrowth and
encourage enhanced perfusion to the metatarsal segments
(Fig. 36.15C and D). Once the fragment has been well coapted,
the articulation of the joint should be assessed. Ultimately,
positioning of the revisional osteotomy should produce a
congruous articulation with the hallux. If this new position is
not optimal, modification of the osteotomy may be required.
If excessive elevation of the metatarsal head is evident while
manipulating the V-type osteotomy, enhanced plantarflexion
can be achieved simply by planning the dorsal arm of the oste-
otomy and allowing the entire metatarsal head to drop down.
The reverse maneuver will be effective when faced with extreme
plantarflexion of the part. The sagittal saw blade is 1 mm thick
and so removes approximately 1 mm of bone when planing the
site. It is important to reevaluate the position of the osteotomy
closely after each pass of the blade to prevent excessive bone
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Figure 36.15 Postoperative DP (A) and lateral (B) radiographs reveal the revision of a DMO stabilized |
using two-point 0.062-inch K-wire fixation in osteopenic bone. Notice the improved alignment and congruity ‘
of the first MTPJ as compared with Figure 36.14B. C: Intraoperative photo showing the dorsolateral aspect of
the metatarsal head is reflective of the joint impingement resulting from an iatrogenic metatarsal elevatus and
subsequent hallux limitus as a complication of a proximal metatarsal osteotomy malunion. The bald chondral
zone of the metatarsal head is fenestrated using a 2.0-mm wire pass drill bit (in lieu of a K-wire) to excavate bone
and decompress the region to encourage vascular ingrowths. D: Distraction of the osteotomy in revision HAV I
surgery reveals densely sclerotic bone that has been fenestrated to encourage vascular ingrowths. ‘
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loss. Once optimal position has been achieved, the capital frag-
ment should be manually impacted onto the shaft compressing
the parts prior to preparing the fixation device(s). Fixation of
the osteotomy can be completed with the benefit of a single
0.062-inch K-wire in many cases. Which fixation device and how
many points of fixation are used are dependent on the overall
stability of the osteotomy in the corrected position. Itis prudent
to challenge the osteotomy by grasping the hallux and distract-
ing at the MTP] while observing for evidence of insufficiency
about the osteotomy site. If there is evidence of motion across
the osteotomy or frontal plane instability about the capital frag-
ment, then a second point of fixation should be employed.
A final assessment of the alignment of the articular surfaces,
joint motion, and hallux position should be completed after
rigid fixation has been achieved to confirm optimal position
and function prior to closure.

Pearls/Pitfalls

When considerable angular deformity of the metatarsal articu-
lar surface is evident, modification of the original osteotomy
cut is warranted. While it may seem intuitive to perform a
Reverdin-type wedge within the distal metatarsal head to realign
the cartilage, this may not be prudent when there is significant
sclerosis or avascular changes. There are some that would sug-
gest attempting a hallucal osteotomy, such as a proximal Akin,
in this case to attempt to realign the pull of the long flexor
and extensor tendons to create a more effective muscle tendon
function across the MTP]. This realignment of the hallux will
reduce the angular retrograde pull of these extrinsic tendons
that aggravates recurrence of the HAV deformity. The Akin
osteotomy cannot be expected to reduce an elevated PASA or
reduce an increased first—second IMA.

If the recurrent HAV deformity is the result of subsidence
of bone, then grafting may be required to repair the osteotomy

defect. When this is the case, supplemental bone graft mate.
rials can be interposed in small amounts preventing excessiye
impaction of the part. Removing excess bone from the mediz]
metatarsal head, milling it, and replacing it within regions of
bone subsidence may prove sufficient. In other cases in which
larger defects are evident, bone graft morsels of autogenous or
allogenic material may be used to fill defects of the metatarsa]
shaft when revision of an osteotomy is an appropriate proce-
dure. It is understood that autogenous graft materials provide
a more physiologic environment since it is enhanced with
osteoinductive and osteoconductive agents such as bone mor-
phogenic protein and growth factors from host thrombocytes,
Others have demonstrated that allogenic bone graft material
can be used in these small areas of bone deficit with good out-
come. Regardless of the source of the graft material, ultimately,
it is the position and stability of the fixation that will bring the
construct to final union.

When grafting is required simply to pack voids, the fixation
technique can be as simple as a crossing K-wire technique in
which the goal is to achieve a stable construct for propulsion
whether that is from primary bone healing or the develop-
ment of a fibrous union (Fig. 36.16). This supplemental bone
grafting is a distinctly different procedure than the interposi-
tional bone graft technique used to restore length to the first
ray. Generally, bone grafting to simply fill voids after failed
DMO or silicone implant will require two points of fixation
and protected weight-bearing to achieve union. The interpo-
sitional bone graft procedure requires more technical consid-
erations regarding the type of grafts used and the methods of
fixation for them. This grafting procedure requires the use
of low-profile plates and screws and the need for absolute
non-weight-bearing to achieve union. When using this tech-
nique, there is an increased risk of complication since two dis-
crete areas will have the potential for developing a nonunion
(Fig. 36.17).

Figure 36.16 A: Radiograph 6 weeks postoperatively. B: Clinical appearance 4 months postoperatively.
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Figure 36.17 A: Preoperative DP radiograph reveals the profound cystic degeneration resultant of a total
first MTP] silicone implant. The metallic marker indicates the region of osseous insufficiency as the silicone
began to erode through the phalanx in this region. The sclerotic margins about the implant and increased soft
tissue density about the joint are easily appreciated. Preoperative lateral radiograph showing that the distal por-
tion of the silicone implant is subluxed dorsally and the implant has eroded against the inferior margin of the
phalanx. The metallic marker indicates the target of irritation upon weight-bearing. The flexion deformity of
the hallux is easily appreciated as the dorsal subluxation of the implant has given the FHL a mechanical advan-
tage. C: Early postoperative lateral radiograph reveals the interpositional bone graft required to restore length
due to a complication of HAV surgery. Here the low-profile titanium plate stabilizes the graft-arthrodesis inter-
faces. In this procedure, each interface is at risk for bone healing complications such as nonunion as compared
with an end-to-end arthrodesis in which there is only one site at risk. The proximal aspect of the graft-metatarsal
interface is easily appreciated as a vertical lucency in this view. D: Lateral radiograph at 4 years postoperatively
showing complete incorporation of the graft is easily appreciated. Notice that there is approximately 20 degrees
of dorsiflexion in the hallux position to allow for athletic activity of this younger physical therapist. Notice there
is an increased prominence of the distal most screws. (Continues on next page)
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Figure 36.17 (Continued) E: Dorsoplantar radiograph at 4 years postoperatively, the graft is indistinguish-
able from natural bone beneath this low-profile titanium plate. The minimal profile of this modular hand plate
makes it well lolerated even after 4 years of heavy athletic activity. F: The remnants of the total joint silicone
implant and thickened rings of fibrinous ingrowths are excised prior to curettement of the medullary contents
of bone.

PROXIMAL METATARSAL OSTEOTOMY

When the quality of bone residual from DMO is suspect, a
more proximal procedure may be required for revision. In
such instances, a CBWO can be performed to achieve mul-
tiplanar correction while sparing the length pattern of the
first ray. This technique mandates strict attention in prepar-
ing the osteotomy axis guide to ensure optimal correction
of the deformity while preventing the ill effects of a mis-
aligned osteotomy. While this procedure is straightforward
in its essence, the literature reflects that complications often
arise when the standard technique is poorly understood and
executed. The oblique base wedge osteotomy is an inherently
unstable configuration and so requires rigid internal fixation
in concert with a course of non-weight-bearing to achieve
primary bone healing in the intended position. Should the
fixation of a base wedge procedure fail, untoward outcomes
such as first ray elevation and shortening of the metatarsal
are predictable (37).

Other proximal metatarsal shaft procedures are further
options; however, from the standpoint of bone healing, pro-
cedures performed on diaphyseal bone require heartier inter-
nal fixation and are naturally more challenging in regard to
achieving bone healing as compared with procedures per-
formed within metaphysis. In the right hands, a CBWO can
provide significant derotation of the first metatarsal and
requires the benefit of relatively simplistic internal fixation
techniques. Close scrutiny of articular cartilage alignment is
needed to determine if an adjunctive procedure is needed to
achieve total joint congruity. Cartilage realignment procedures
such as the Reverdin, a closing wedge performed in the distal
aspect of the metatarsal head, can accomplish this task adding
a modicum of time and additional fixation to the procedure
(see Fig. 36.8).

Technique

The skin incision is place about the dorsomedial aspect of the
first MC]J. If there is a need for concomitant first intermetatarsal
space dissection, as is often the case, this incision will extend
distally across the first MTP]. Proximally, the subcutaneous lis-
section will reveal the dorsomedial cutaneous nerve as it crosses
the base of the first metatarsal. The subcutaneous layer and
superficial neurovascular structures should be gently retracted
to reveal the deep fascial layer including the EHL tendon and
the proximal aspect of the first MCJ. The soft tissue balancing
procedure of the first intermetatarsal space is performed as
described earlier in this text.

The deep fascia is incised in a single layer beginning 1 cm
proximal to the first MCJ and extending distally along the
medial aspect of the EHL tendon just past the first MTP]. This
will provide exposure for the lateral interspace release as well as
the proximal osteotomy. With the periosteum exposed, the inci-
sion plan for the osteotomy can be prepared. The configura-
tion of the periosteal incision will vary depending on the shape
of the intended osteotomy; usually a short or long oblique ori-
entation is used. The long oblique osteotomy has the benefit
of facilitating two points of fixation, and its longer radius arm
allows greater lateral rotation as the wedge is closed. Before pre-
paring the osteotomy, it is prudent to place an 18-gauge needle
in the first MCJ to serve as a landmark for the articular sur-
face of the first metatarsal base. This will help prevent inadvert-
ent violation of the joint. Here the periosteal incision begins
approximately 1 cm distal to the proximal medial corner of the
first metatarsal base. This placement preserves the periosteum
about the proximal medial border of the metatarsal base and
will serve to support the lateral hinge of the osteotomy. The
periosteal incision is made at a 40-degree angle to the shaft of
the metatarsal, and when the lateral border of the metatarsal is
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cm-numcrerl, the incision is directed along this border to facili-
jate wide exposure of the metaiarsal. A freer elevator is used
(o reflect the periosteum, and the metatarsal is prepared for
osteotomy. A 0.062-inch K-wire is run oriented from dorsal to
Jlantar through the medial base of the metatarsal, 1 em distal
1o the MCJ. This K-wire is oriented perpendicular to the weight-
pearing surface to serve as an axis guide for the osteotomy. This
orientation will allow transverse plane translocation of the seg-
mentwithout untoward deviation in the frontal or sagittal plane
(see the Chapter on Closing Base Wedge Osteotomy). A skin
marker can be used to design and preview the length and width
of the intended osteotomy. An osteotome or saw blade can be
used to score the dorsal cortex of the metatarsal and create a
40- to 45-degree angle for the proximal cut of the osteotomy.
The angulation of the distal cut will depend on the degree of
correction required (see the Chapter on Closing Base Wedge
Osteotomy). An oscillating saw can be used to begin the oste-
otomy at the lateral most cortex and should propagate toward
the K-wire maintaining the blade parallel to the pin throughout
the procedure. It is best to create a smaller wedge and later gen-
tly plane the osteotomy than to cut an excessively large wedge
and be unable to close the osteotomy without fracturing the
hinge. Constant irrigation while performing the osteotomy will
reduce the risk of thermal necrosis of bone and will provide
optimal physiology for bone healing. Once satisfied with the
wedge resection, the bone wedge is inspected along with the
deepest region of the osteotomy cut to ensure that the wedge
was removed in its entirety. Any inadvertent bone remnant will
impede closure of the wedge and create a stress riser about the
hinge when attempting to close the wedge. The bone clamp is
used to maintain closure of the wedge while intraoperative radi-
ographs are taken to ensure adequate reduction of the deform-
ity. Two points of fixation are employed: an anchor screw and
a compression screw. Precise placement of the screws is impor-
tant to prevent collision of the devices. When viewing the lat-
eral base of the metatarsal in the sagittal plane, the area can
be divided into four quadrants. By placing the anchor screw in
the dorsal and proximal quadrant and placing the compression
screw in the plantar and distal quadrant, collision of the screws
is unlikely. The most proximal screw is run transversely through
the base of the first metatarsal bone and serves as the anchor
screw, protecting against telescoping and shortening of bone
and fracture of the medial hinge. This anchor screw is tight-
ened to two-finger tightness as overtightening prior to applica-
tion of the second screw will prompt a distal shift of the medial
fragment and fracture the hinge. Prior to inserting the second
screw, the bone clamp is released. The second (distal) screw is
oriented as close to perpendicular to the osteotomy as possible.

Final radiographs or fluoroscopy is obtained to ensure ade-
quate position and alignment of bone and fixation devices. The
range of motion about the first MTP] is reassessed, and joint con-
gruence is confirmed. Copious irrigation is then completed, and
alayered closure is performed with the benefit of 3-0 absorbable
suture running from proximal to distal to reapproximate the
periosteum and capsule in an interlocking running fashion to
completely cover the fixation devices. The subcutaneous struc-
tures are closed with the benefit of 4-0 absorbable suture in a
simple running fashion, and the dermal edges are reapproxi-
mated with the benefit of 5-0 absorbable suture in a subcuticular
running fashion. A Jones compression dressing with a fiber-
glass egg shell or posterior splint is maintained for the first 5 to
7 days. Absolute non-weight-bearing is integral to success as early

weight-bearing will deform if not fracture the proximal metatar-
sal segment. The duration of non-weight-bearing will vary based
upon the quality of the bone stock and evidence of radiographic
bone consolidation confirmed in multiple views. It is difficult to
assess the degree of bone consolidation of the proximal metatar-
sal from a clinical perspective, and no physical exam for this has
ever been described. After 6 weeks of non-weight-bearing with
satisfactory radiographic evidence of bone consolidation, the
patient is allowed to return to protected weigh t-bearing in a firm-
soled shoe and is advanced as tolerated thereafter. Serial radio-
graphs are taken in 2- to 3-week intervals for the first 2 months
and monthly thereafter until full functional recovery has been
achieved. More frequent radiographs are taken when symptoms
or clinical change dictates further examination.

Pearis/Pitfalls

The technical consideration regarding proper placement of
the hinge axis concept and placement of the axis guide for the
CBWO is discussed in detail in an alternate section of this text.
It is prudent to place an 18-gauge needle in the first MC]J to
serve as a landmark for the articular surface of the first meta-
tarsal base in an attempt to prevent inadvertent violation of the
joint. To further protect the articular surface, the periosteal inci-
sion begins approximately 1 cm distal to the proximal medial
corner of the first metatarsal base. This placement preserves the
periosteum about the proximal medial border of the metatarsal
base and will serve to support the lateral hinge of the osteotomy.
Precise placement of the screws is important to prevent col-
lision of fixation devices. When viewing the lateral base of the
metatarsal in the sagittal plane, the area can be divided into
four quadrants. By placing the anchor screw in the dorsal and
proximal quadrant and placing the compression screw in the
plantar and distal quadrant, collision of the screws is unlikely.

ARTHRODESIS IN FAILED HALLUX ABDUCTO
VALGUS SURGERY

Clinical Considevations

When the first MTP] is placed in the corrected position and
there is a considerable loss of first MT] motion, a joint preserva-
tion procedure may not be feasible. In the face of irreducible
MTP] incongruity or instability of the first MTP], an arthrode-
sis may provide the most predictable and arguably the most
definitive correction of the deformity, especially in patients
with higher functional demands. Over time, numerous modifi-
cations in performing arthrodesis of the first MTP] have been
described (39-55). The first MTP] fusion, traditional or modi-
fied techniques, can correct transverse plane deformity while
simultaneously achieving optimal sagittal plane joint position
for propulsion when praperly executed. This will stabilize the
distal aspect of the first ray and with optimal positioning will
improve weight-bearing function of the first MTF].

If there is any question regarding the perfusion to bone in
this region, the benefit of ancillary imaging is warranted. The
nuclear medicine triphasic bone scan can shed light on the pres-
ence of perfusion deficits as well as the incidence of atrophic or
hypertrophic bone subsequent to prior surgery (56). MRI can
shed insight as to the presence of dysvascular changes in bone
however cannot provide dynamic inform ation regarding active
perfusion in the region.
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In considering this procedure, the bone quality and length is
scrutinized to determine the potential benefit of incorporating
an intercalary bone graft as needed to restore length. This tech-
nique involves procurement of a stout autogenous graft when
the recipient bed is considered compromised. Alternately, allo-
genic bone can be used when bone quality is not an issue. In
light of the fact that some have found that patients failing their
revisional surgery using allogenic bone would opt for autog-
enous bone if they had to do it over again, it is the patients right
to choose between the graft type used after detailed education
regarding the risks and benefits of each. The morbidity associ-
ated with autogenous tricortical iliac bone grafts has been well
established in the literature (55).

Whether to use an autograft or allograft implant has been a
matter of debate over recent years, and so there has been a fair
amount of research to investigate the question. Traditionally,
when a large tricortical-type graft was desired, an autograft
from the iliac crest is preferred (55,57-59).What we have
learned over time is that allogenic bone performs well in foot
and ankle surgery and can provide excellent functional long-
term outcomes. The current literature suggests that arthrodes-
ing procedures in foot and ankle surgery can be done safely
and effectively with the benefit of allogenic bone graft mate-
rials sparing the patient a second operative site and avoiding
the natural complications attributed to bone graft procure-
ment and host site morbidity (57,60-62). Others have made it
clear that arthrodesing procedures can be successful without
the benefit of any bone graft whatsoever (63). If in fact bone
supplementation is being considered to enhance perfusion to
existing bone, then an autogenous graft is perhaps the most
physiologic technique.

Whether the fusion is end to end or if a bone graft is used,
the hallmark to successful bone healing is rigid internal fixation and
immobilization of the part (57,60). The hallmark to functional suc-
cess is proper positioning of the parts for fusion and function.
Based upon published reports in large series reviews of first
MTP] arthrodesis procedures, the union rate ranges from 68%
to 100%. Many of these procedures have been performed for
failed HAV surgery. When a bone graft is used, it is intuitive that
the complication rate in bone healing may be increased; how-
ever, this was not born out in the above-mentioned review as only
one study reported the use of the inlay bone graft technique and
touted a union rate of 97%. A review of strictly first MTPJ fusion
using interpositional bone graft would be the most valuable here.

Technique

When it is possible to perform a primary end-to-end arthrode-
sis, the dissection and bone preparation are not unlike those
performed for a primary first MTP] arthrodesis. In light of a
prior HAV surgery, it must be determined if the original sur-
gical cicatrix location is suitable to provide exposure for this
procedure. If the cicatrix lies dorsal or dorsomedial along the
first ray segment, then it is probably useful to prepare this expo-
sure incorporating that cicatrix to minimize the risk of further
skin compromise. Often, it is necessary to extend the incision
both proximally and distally by an additional 1.0 cm to identify
normal soft tissue planes and prepare the most meticulous dis-
section as possible for a revision procedure. An incision along
the dorsal or dorsomedial aspect of the first metatarsal measur-
ing approximately 6 to 8 cm in length will allow for adequate
exposure of the first MTP] region depending on the size of the

-

foot. Sharp and blunt dissection is performed to expose the
deep fascia over the joint. The periosteal and capsular incisions
are prepared in a linear fashion immediately in line with the
skin incision. Once the intra-articular segments are exposed,
thorough denuding of the cartilage surfaces and preparation
of the parts for fusion are paramount to establishing a sound
foundation for fixation. If a primary arthrodesis is feasible and
the metatarsal length is sufficient, then an end-to-end proce-
dure should be completed. Denuding the cartilage from the
articular surfaces should be done in a fashion that minimizes
bone loss and preserves length. This can be done using ron-
geurs, curettes, or power instrumentation. A crescentic blade
can be used to resect the cartilage with a minimum of bone
loss. An alternate technique uses a cone reamer and contours
the surfaces to preserve the ball and socket configuration. The
technique used should be one that is most comfortable and
expeditious for the surgeon. The desired morphology of the
fusion site is reliant upon the resection technique. That is to
say, if the ball and socket configuration is to be maintained,
then curettage, conical reamer, or crescentic saw blade resec-
tion will facilitate that goal (Fig. 36.18). These techniques tend
to result in the least amount of bone loss and therefore aid in
preserving the final length of the first ray. If a flush cut, flat,
end-to-end arthrodesis is desired, then resection using a fine-
tooth sagittal saw is preferred to minimize bone loss. This will
create a ginglymus joint that will allow for two points of fixation
using pins, screws, staples, or cerclage techniques. While ron-
geurs can be used for this purpose, they are difficult to use on
the concave surface of the hallux base, especially in dense or
sclerotic bone. Copious irrigation is completed before realign-
ment of the parts to remove any bone debris that may interfere
with bone apposition. Additional fenestration of the subchon-
dral region of bone using a 0.54-inch K-wire may be desired if
this layer is very thick or sclerotic. This encourages immediate
perfusion and may facilitate vascular ingrowths over time.
Once the bone has been prepared for arthrodesis, the posi-
tion of fusion must be determined, and this is the most impor-
tant functional decision to be made during the procedure.
Intraoperatively, it is possible to simulate weight-bearing by
flexing the patient’s knee and placing the foot at 90 degrees to
the leg with the foot flat atop a solid surface, for example, an
instrument tray lid. With the ankle at 90 degrees and the foot
in neutral weight-bearing position, the hallux can be elevated
Jjust until it is possible to pass an index finger freely between
the hallux and the tray. This subtle dorsiflexion of the hallux
will allow enough motion to load and propulse off of the HIPJ.
With the hallux rectus or slightly abducted to parallel the adja-
cent digit, the position should prove to be comfortable in sen-
sible shoe gear. This exercise also serves to prevent an equinus
position of the hallux. Although a wide range of positions have
been suggested as the optimal position for a first MTP] arthro-
desis, generally, the desired position of fusion is considered
15 degrees to 25 degrees dorsiflexion with a similar degree of
abduction, often 15 degrees to 20 degrees (64). This position
of fusion takes into account that the first MTP] must dorsiflex
approximately 20 degrees to accommodate a l-inch heel height
(6,65,66). While these parameters are a general guideline, it is
understood that position of the fusion site becomes a function
of the surgeons experience and preference. This in mind some
would recommend creating a congruous first MTP] with only
slight elevation and abduction. Once adequate joint position
and alignment has been achieved, provisional fixation should
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Figm:c 36.18 Intraoperative photograph
showing that the articular surfaces of the first
MTP] have been denuded while preserving
the subchondral surface. Once fenestrated
using a 1.5-mm wire pass drill bit, the parts
can be juxtaposed for arthrodesis. Several
techniques can be utilized to denude cart-
lage from these surfaces such as curettage,
the use of crescentic saw blades and curette-
ment, or the use of conical reamers. These
techniques facilitate denuding of the articu-
Jar surfaces with minimum bone loss. (Cour-
tesy of Jordan Grossman, DPM).

be applied. Temporary fixation of the parts using two 0.062-
inch K-wires should be placed to firmly capture the desired
position, and intraoperative radiographs should confirm final
position, alignment, and adequate coaptation of the parts.
Multiple orthogonal planes should be reviewed to ensure that
a maximum of bone to bone contact has been achieved. Once
satisfied with position and alignment, the decision to use cross-
ing K-wire fixation or alternate techniques to provide rigid
internal fixation can be made. Fixation should be critically
assessed to ensure there are no devices interfering with HIPJ
joint function and that no device is protruding plantarly to
impede weight-bearing.

Internal fixation for an end-to-end arthrodesis is strictly a
matter of surgeon preference in good-quality bone. Crossing
K-wires work well in the face of osteoporosis, while other K-wire
configurations have proven equally effective. Parallel 0.062-
inch K-wires or small Steinman pins can be used as external
devices running out the hallux base and retrograded into the
first metatarsal and can be removed after solid bone union has
been achieved (Fig. 36.19). The crossing screw technique and
the use of a low-profile plate are perhaps the most commonly
used in more dense bone. The plate may be placed either dor-
sal or medial across the joint, and this should vary depending
upon available soft tissue coverage. When the dorsal skin has
suffered from atrophy and considerable adhesion exists, the
vascularity of the region may not support a dorsal plate, and
the medial application is a viable alternative. The use of plates
and screws, threaded Steinman pins, K-wire and cerclage, single
oblique screw, and double crossing screw techniques as well as
the peg and hole technique have all been described with suc-
cessful outcome over time (44,45,48,50,51,53,67-92).

Once satisfied with the position and alignment of the fusion
and internal fixation device(s), copious irrigation is completed
and a layered closure is performed. Care is taken to cover the
periosteum over fixation devices to prevent irritation due to
prominent devices or interference with the function of the

extensor tendons. A sterile bandaging of the foot and ankle
is completed with the benefit of a Jones compression dressing
incorporating a cryotherapy unit as desired. A posterior splint
or a fiberglass egg shell can be applied to encourage compliance
with the non-weight-bearing. The postoperative course is a mat-
ter of debate to some. Traditionally, a non-weigh t-bearing course
for 4 to 6 weeks has been exercised, while others suggest modi-
fied protected weightbearing in a firm-soled or orthowedge
shoe. Regardless of the technique used, the site of fusion should
be protected and monitored clinically and radiographically
over 6 to 8 weeks time to ensure adequate bone consolidation
and maintenance of position. The physical rehabilitation plan
includes a short leg compression stocking beginning once the
surgical wound has completely healed. This will prevent pro-
longed edema and the development of subsequent neuritic
symptoms. Gradual advancement into firm-soled athletic shoe
gear is pursued to tolerance as early as 6 weeks postoperatively if
radiographic consolidation is evident on multiple views.

Pearls/Pitfalls

Interestingly, the technique of creating a peg and hole arthro-
desis construct has proven efficacious even as a primary surgery
to correct the HAV deformity. When an overaggressive exostec-
tomy has been performed and the residual metatarsal head has
been reduced to a fraction of its original morphology, this tech-
nique may prove curative (92). The authors of this technique
article declare an 85% success rate with the caveat that it is
suggested for elderly patients. Further, it is touted that the peg
and hole technique does not require internal fixation and that
protected weightbearing is allowed to tolerance as opposed
to traditional protocols associated with first MTP] arthrodesis.
Of the 31 patients undergoing this technique for severe HAV
deformity, none experienced hallux varus even when signifi-
cant metatarsus primus varus was evident preoperatively. In the
original article, the technique was described using a beef bone
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Figure 36.19 Multiple K-wires or Steinmann pins are useful for fusion of the first MTP] and is commonly
used with or without concomitant fusion of the HIPJ. Three parallel pin (A) and two parallel pin (B) techniques.
Whether to use two or three points of fixation is a matter of the size of the parts. When the bone is sufficiently
large, it may take multiple points of fixation to gain stability in both the transverse and frontal planes.

peg and manual impaction of the parts without fixation and
was performed in 33 cases resulting in a 90% fusion rate (92).
Of the 10% that experienced nonunion, it was found that they
broke the peg at the fusion site when resuming unprotected
weight-bearing at 6 to 8 weeks after surgery. It is interestin gto
note that the original author suggested prolonged plaster cast
immobilization for 8 to 10 weeks contrary to more con tempo-
rary recommendations by Humbert 20 years later (91).

A similar technique, using specially designed reamers, fash-
ions a cone at the metatarsal head for a peg and socket articula-
tion. After reviewing 85 such first MTP] fusions over a 20-year
period, the authors tout a 97.6% fusion rate while maintaining
the corrected position in long-term follow-up (93).

Using preoperative radiographs is the best way to predict
the extent of bone deficits due to devitalized bone and to pre-
pare for the size of bone graft required for harvest. The size of
the graft must be sufficient to fill the defect and restore opti-
mal length to the first ray segment. Once the size of the graft
is determined, selection of the size and shape of the plate can
be completed. This preoperative assessment will allow precise
measures of both the length of the plate and allows estimation
of the length of the screws required along each segment of the
ray. To interpose an intercalary bone graft, it is beneficial to
first measure the plate against the entire length of the meta-
tarsal bone graft phalangeal base segment to determine where
the center of the plate should lie. It is desirable to have at least
2 or 3 points of fixation proximal and distal to the graft to cre-
ate the most stable construct whenever possible. When using
the small low-profile devices designed for the small bones of

the foot, this may require the use of a 10-hole plate or larger.
On the back table, the graft can be prepared by running a sin-
gle screw through the plate and graft to create a preliminary
strut for mounting the plate to the site of fusion. Now with
the plate and graft secured, this solid unit can be interposed
between the metatarsal and the phalangeal base. Compression
of the plate along the first ray is achieved with the benefit
of plate clamps while the remaining screws are placed using
standard AO technique. To provide axial compression across
the fusion site, eccentric drilling of the screws placed just prox-
imal and distal to the graft should be performed (Fig. 36.20).

Whether to use an autograft or allograft implant has been a
matter of debate over recent years, and so there has been a fair
amount of research to investigate the question. Traditionally,
when a large tricortical-type graft was desired, an autograft
from the iliac crest is preferred (59,94,95).

What we have learned over time is that allogenic bone per-
forms well in foot and ankle surgery and can provide excellent
functional long-term outcomes. The current literature suggests
that arthrodesing procedures in foot and ankle su rgery can be
done safely and effectively with the benefit of allogenic bone
graft materials sparing the patient a second operative site and
avoiding the natural complications attributed to bone graft pro-
curement (57,60-62).

Others have made it clear that arthrodesing procedures can
be successful without the benefit of any bone graft whatsoever
(63,96,97). If in fact bone supplementation is being considered
strictly to enhance perfusion at the site of fusion, then an au tog-
enous graft is the most physiologic technique.

-
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Figure 36.20 Fusion with a smaller-profile titanium plate and an
interfragmentary screw. These malerials are more compatible with the
size of the bones at the first MTP] and from a biologic perspective.

When considering bone grafting in the small bones of the
forefoot, the discussion differs dramatically from that in rear-
foot arthrodesing procedures. In the face of large bone recon-
struction, the use of autogenous bone remains the graft material
of choice in arthrodesing procedures (57). However, despite
its inherent lack of bone morphogenic protein, allogenic bone
graft has been shown to perform well in numerous procedures
in foot and ankle surgery (60). When given a healthy perigraft
environment, these bone bank specimens provide ample struc-
tural support and a porous surface area to allow for creeping
substitution in secondary bone healing (98). In contrast to this,
it has been demonstrated that autogenous bone graft is pre-
ferred in salvage reconstruction of the very small bones of the
forefoot in which vascular compromise in the adjacent tissue
beds is an issue (99). Most authors would agree that if there is
any question of the vascular competence of the recipient bed or
the peripheral graftsites, then the benefits of using autogenous
grafting to enhance bone healing outweigh the risks associated
with donor site morbidity (60,98,100-103).

Techniques in autogenous bone grafting of the first MTEJ
have been suggested specifically when length has been lost after
metatarsal osteotomy procedures (104). Further, single-stage
lengthening techniques using autogenous bone graft have been
compared with the callus distraction technique. Ultimately, itis
reported that the one-stage approach yields bone healing at a
faster rate (6 weeks vs. 10.8 weeks, respectively, in one study).
Neither technique resulted in neurovascular compromise with
similar outcomes in length achieved from both (105). The use
of intercalary bone grafting in revisional bunion surgery to
restore length has been documented with good success even in
cases in which bone quality was suspect (58,59).

Whether the fusion is end to end or if a bone graft is used,
the hallmark to successful bone healing is rigid internal fixation
and immobilization of the parts. The hallmark to functional
success is proper positioning of the parts for fusion and func-
tion. Based upon published reports in large series reviews of
first MTP] arthrodesis procedures, the union rate ranges from
68% to 100%. Many of these procedures have been performed
for failed HAV surgery. When a bone graft is used, it is intuitive
that the complication rate in bone healing may be increased;

however, this was not born out in the above-mentioned review
as only one study reported the use of the inlay bone graft tech-
nique and touted a union rate of 97%. A review of strictly first
MTP] fusion using interpositional bone graft would be the most
valuable here.

Even when an overly aggressive exostectomy has been per-
formed, it does not usually affect the length pattern of the frst
ray and commonly leaves the foundation for a relatively straight-
forward arthrodesis. Stabilization of the construct can then be
prepared definitively using a variety of techniques depending
upon the quality of bone present. In the event of osteoporo-
sis, modifications in the fixation plan may include the crossing
K-wire technique (with or without the prebending),dual or tri-
ple parallel external K-wire technique (see Fig. 36.19), staples
(two-staple technique using 90-degree staple orientations), or
an interlocking plate. In the face of unusually porous bone, the
use of at least two points of fixation is advised to prevent motion
about the fusion site.

When normal bone quality exists, aside from the eminence
deficit, more traditional devices can be used to provide an end-
to-end arthrodesis, and these include single- or double-screw
techniques, staples, or the combination of cerclage and 0.062-
inch K-wire. The nuances for each of these internal fixation
techniques are found in alternate sections of the text.

REVISIONAL HAV SURGERY IN THE
JUVENILE PATIENT

When juvenile forms of HAV have met failure from bu nion sur-
gery, it is typically the result of having failed to appreciate the
influence of residual metatarsus adductus, an increased PASA,
equinus, peritalar subluxations, flexible flatfoot deformity, or
some combination thereof (106). Most forefoot surgery per-
formed in the face of midfoot and rearfoot pronation should
be supplemented with the benefit of an aggressive prescription
(University of California Biomechanics Laboratory) to enhance
long support and control of these added deforming forces.
Optimal revision of the juvenile bunion may require address-
ing the residual metatarsus adductus to avoid more important
deformity and dysfunction in adult years. In the face of osseous
immaturity, this can be accomplished with the benefit of an epi-
physiodesis (106-109). Alternately, waiting to achieve osseous
maturity may be the better part of valor prior to altempting revi-
sional surgery as this will allow complete closure of the proximal
growth plate of the first ray and facilitate the use of proximal
arthrodesing techniques when indicated. Gastrocnemial or
gastrocsoleus equinus has a noted contribution to the develop-
ment or exacerbation of an HAV deformity. Indentifying the
influence of such a powerful dynamic and destructive force
is paramount to success in revision. Conservative therapies to
address this component of the problem may be pursued; how-
ever, when a severe or recalcitrant condition exists, a gastrocne-
mius recession or Achilles tendon lengthening may be a vital
adjunct.

Pearls/Pitfalls

It is important to avoid an overly aggressive capsulotomy and
lateral release. When addressing recurrent HAV deformity, an
overly aggressive capsulotomy will increase the risk of develop-
ing a hallux varus deformity. Should the lateral capsulotomy
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be too extensive, the defect will not completely fill with fibrous
tissue leaving the lateral capsule insufficient to counter the ret-
rograde pressure of the hallux on the metatarsal head. With lat-
eral capsule weakness, the hallux may tend to drift unopposed
Into a varus alignment.

Understanding the structures involved in the lateral release
will provide a better understanding of why HAV surgery may
fail. The functional unit of this region is referred to as the
sesamophalangeal apparatus as coined by Gillette (110) and
is composed of the two sesamoids invested within the fibrous
plantar plate and takes attachment from the base of the hallux
proximal phalanx. While the metatarsal head remains fixed with
normal motion of the MTPJ, the sesamophalangeal apparatus
moves forward and backward about the stationary metatarsal
head with manipulation of the joint. In hallux valgus deformity,
the sesamoids, which are embedded in the plantar plate, may
appear to be displaced as the phalanx rotates lateralward. The
retrograde pressure of the hallux on the metatarsal head can
force a medial translation of the first metatarsal further exagger-
ating the appearance of sesamoid displacement. The sesamoid
ligaments each attach to the collateral aspects of the first meta-
tarsal head proximally and to the base of the proximal phalanx
with distal extensions into the plantar plate. These ligamentous
investments make the distal and collateral portions of the plan-
tar plate much stronger than the central portion (24). This
weaker central portion of the plantar plate apparatus is subject
to wear and frank injury under certain circumstances. With this
in mind, it is important to respect the plantar plate when a lat-
eral release is performed asiatrogenic defects can result in insuf-
ficiency of the sesamoid apparatus and dysfunction of the MTP]
resulting in subluxation or even dislocation of the joint (Fig.
36.21). Such is the case in a first MTP] hyperextension injury in

Figure 36.21 Postoperative DP radiograph reveals the hallux sub-
luxation and sesamoid dislocation as a result of violation of the plantar
plate and lateral head of the FHB of the first MTP]. The resultant hal-

lux varus is chronically painful and disruptive in any form of shoe gear.
This requires soft tissue rebalancing and repair to reduce the medial
contractures.

;

which the metatarsal head ruptures the weaker intersesamoida]
segment and creates a “button hole” through the plantar plate
allowing the sesamoids to dorsally dislocate with the base of the
phalanx.

When subsidence has resulted in a loss of cubic content of
bone, itis prudent to critically evaluate the metatarsal parabola
radiographically and compare the length pattern of the first ray
to that of the contralateral limb both clinically and on weight-
bearing plain x-rays. This will help in determining the graft size
necessary and may allow for graft harvest from a local source
rather than from a larger more proximal site such as the iliac
crest. If it is determined that a local autograft will suffice, then
the risks of the procedure and subsequent postoperative mor-
bidity may be markedly reduced. Whether to use allograft or
autograft in such foot surgery has been discussed in the litera-
ture with the consensus that allograft can be used safely and
effectively in these cases (57,60-62).

When complications of bunion surgery have resulted in a
loss of cubic content of bone, it is prudent to critically evalu-
ate the metatarsal parabola radiographically and compare the
length pattern of the first ray to that of the contralateral limb
both clinically and on weight-bearing plain x-rays. This will help
in determining the graft size necessary and may allow for graft
harvest from a local source rather than from a larger more
proximal site such as the iliac crest. If it is determined that a
local autograft will suffice, then the risks of the procedure and
subsequent postoperative morbidity will be markedly reduced.

When supplementing a revision osteotomy with bone graft
or when converting an osteotomy procedure into an arthrode-
sis, there is a need for provisional fixation and stabilization of
the construct prior to the application of a low-profile plate. This
can be achieved using a long K-wire, which can be later removed
or retained as a supplemental point of fixation. Application of a
provisional device can be accomplished using a K-wire applied
axially out through the hallux and retrograded into the meta-
tarsal segment securing the entire length of the construct.
When bone healing complications require a joint fusion or sup-
plementation with bone graft, use of a locking plate system can
be entertained with predictable results.

Whether to use allograft or autograft in revisional forefoot
surgery has been discussed in the literature with the consensus
that allograft can be used safely and effectively in these cases
(57,60-62). It stands to reason that the survival of the graft is
dependant, at least in part, on the integrity of the adjacent soft
tissues and bone. If in fact the recipient bone site is dysvascular,
that is an ominous sign when considering the use of allogenic
bone material since that graft will be more reliant upon the
recipient bone and soft tissues for nutrition and support (111).
Autogenous bone graft is less reliant on the surrounding tissues
and so is more likely to survive in what is already considered a
compromised situation.

BONE HEALING COMPLICATIONS

The bone healing complications associated with the HAV
surgery include delayed union, nonunion, and malunion of
bone. In fact, these three conditions may constitute a spec-
trum of bone healing abnormalities and in HAV surgery can
result in a malunited and malpositioned osteotomy. These
three conditions are closely related; however, they are defined
individually and so will be treated as distinct entities for the
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urpose of discussing complications in HAV surgery. Only clin-
ically significant or symptomatic conditions will be discussed

herein.

MALUNION

A malunion, for practical purposes, is described as any angu-
Jar, axial, or rotary deviation of an osteotomy other than that
intended from the original procedure. From a functional stand-
point, only those cases that are symptomatic are of clinical sig-
nificance. Dorsal tilting of the osteotomy segment is perhaps
the most common of bone healing complications and has been
reported as occurring from 1.6% to 14% of cases although in
the largest study less than 2% incidence was reported and no
clinical significance was reported (125,130).

Regarding proximal metaphyseal osteotomies, a malunion
resulting in an elevatus will undoubtedly become symptomatic
and functionally important. In this event, the condition requires
serious consideration for revisional surgery should prescription
orthosing and shoe gear modification fail to alleviate symptoms.
The malunion can largely be avoided by assuring rigid internal
fixation and strict adherence to a postoperative course of non-
: weight-bearing during the primary bone healing process.

Evaluation and Procedure Selection

Radiographic evaluation is the mainstay in the assessment of a
malunion. Should perfusion or mineral deficits be suspected,
ancillary imaging such as NMI, MRI, or CAT will be of value. In
most cases, plain radiographic evaluation performed in stand-
ard orthogonal planes will elucidate the nature, location, and
extent of the malunion. The lateral view is most helpful in
determining the extent of sagittal plane elevation of the part
while shedding light on the condition of the residual joint
space. The DP and forefoot axial views will help to identify any
degree of combination (transverse or frontal plane) deformity
that may complicate the potential for orthotic management.

In reviewing 109 feet after proximal metatarsal osteotomy
and interspace release, a 28% incidence of radiographic eleva-
tus was reported without associated clinical symptomatology or
new transfer lesion (181). Itis believed that up to 10 degrees of
dorsal elevatus of the capital fragment can be tolerated without
clinical ramification as long as joint congruency has been main-
tained (132).

The functional significance of subtle dorsal malalignment of
the metatarsal head may be of no clinical significance as long
as a functional position and alignment of the joint has been
achieved and maintained. While transverse and frontal plane
deviations do occur, their sequela falls into the category of over-
correction or undercorrection of the original deformity, and
those conditions are discussed earlier in this chapter.

Radiographic assessment of the osteotomy site can help
elucidate the reason for malunion. If a sclerotic line is appar-
ent in the region of the malunion, then it is likely that motion
prevented bone healing and instability resulted in deviation of
the bone segment. When a significant loss of normal bone tra-
beculations is apparent, it can be presumed that an underlying
osteopenia or osteoporosis is contributory. When there is evi-
dence of proliferative bone callus formation, itis suspected that
a delayed bone healing process has contributed to instability of
the part and eventual malalignment developed with progressive
weight-bearing.

When clinically significant, a dorsal elevatus of the first meta-
tarsal head will yield joint dysfunction and limitation of motion
that prompts biomechanical compensations and transfer meta-
tarsalgia. When present, these mechanical compensations can
result in imbalance and proprioceptive deficits that increase
the risk of falling. As a consequence, when symptomatic,
first metatarsal elevatus is clinically important and should be
addressed as soon as it is identified. This condition is not one
that the patient will “get used to” or adapt to and places the
patient at an increased risk for injury. In essence, this patient
has traded a bunion deformity for hallux limitus. As time goes
on, less weight is accepted by the medial column of the foot
and transfer lesions will develop in association with lesser digi-
tal deformities. Porokeratomas, nucleated and even neuritic
hyperkeratotic lesions, may develop as a result of this important
imbalance. When hypertrophic or heterotopic bone develops
about the periphery of the joint, most commonly the dorsal
first MTP], shoe gear irritation becomes prevalent. To best
understand the impact of the metatarsus elevatus, determining
whether an intrinsic (structural) or extrinsic (positional) eleva-
tus is present is important (15).

An intrinsic metatarsus elevatus can occur as a complication
from a malunion of a proximal metatarsal osteotomy resulting
in an elevated position of the part. First MTP] malalignment
due to an intrinsic deformity results in joint impingement and
an abnormal wearing of the articular surfaces. While a func-
tionally important intrinsic elevatus can occur from a distal
metatarsal osteotomy, the literature discusses the ramifications
of this as a complication of proximal metatarsal surgery much
more frequently.

Conservative Treatment

When a clinically important intrinsic metatarsal elevatus is the
result of HAV surgery, the resulting condition is hallux limi-
tus. Conservative management for this joint malalignment and
dysfunction can be achieved with the benefit of a prescription
orthotic device that provides a Morton extension to off-load the
joint and balance the lesser metatarsal segments. The use of a
polylaminate material can provide enhanced shock absorption
and support that allows pain-free ambulation. When a semiflex-
ible orthotic device with a semirigid extension along the distal
first ray segment is enhanced with these shock-absorbing mate-
rials, an orthotic device can be curative. Of course, the orthotic
device will be required for a lifetime, and barefoot activities
are unlikely to be tolerated. Often, continued limitation of
activities despite modified orthoses is not satisfactory for many
patients, and in younger more active individuals, it is predict-
ably futile. Definitive surgical procedures can be divided into
three categories: (a) salvage via revisional procedure or surgi-
cal reconstruction, (b) lesser metatarsal osteotomy to address
discrete transfer lesions, or (c) joint destructive procedures.
Salvage procedures may include either distal or proximal
metatarsal procedures, while joint destructive procedures may
require arthrodesing procedures or in the most severe cases
pan metatarsal head resection.

Sugical Management of Intvinsic Metatarsal Elevatus

Revisional DMO to correct clinically significant capi-
tal fragment elevation. When the malunion is the result
of a DMO, revision of the index procedure (DMO) can be
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entertained as long as the underlying bone quality permits and
no significant shortening is apparent. When significant short-
ening is present, simple revision of the DMO will likely be met
with failure. Complicating conditions such as osteopenia and
osteoporosis (or systemic disease resulting in the same) add
to the difficulty of revisional surgery. Enhanced fixation tech-
niques can be employed to prevent recurrence of the deformity.

The technique of revising a distal metatarsal osteotomy has
been described earlier in this chapter. Modifications of the revi-
sional DMO to achieve plantarflexion of the metatarsal head
include a dorsally based opening base wedge osteotomy with
placement of a small allogenic or autogenic graft wedge cut to
fit for derotating the capital fragment. This osteotomy is cre-
ated by scoring a dorsally based wedge in the medial aspect of
the distal metaphyseal region of the metatarsal. A 0.045-inch
K-wire is used as an axis guide using the same principles dis-
cussed earlier in the section on the CBWO. The size of the
wedge is dependent on the degree of plantarflexion required
to create a congruous joint. A similar procedure can be per-
formed using the closing wedge technique. A dorsal apex and
a plantarly based wedge osteotomy will derotate the metatar-
sal head in a similar fashion. The closing wedge technique
avoids the need for bone graft and may be technically easier
to perform. Standard 0.062-inch K-wires or cancellous screws
are used for definitive fixation. Absorbable devices will work in
these procedures; however, in revisional surgery, the additional
risks of geode formation compromising the repair or more
important foreign body response tilt the risk to benefit ratio in
a negative direction and so are discouraged. Regardless of the
distal procedure selected, the intraoperative goals that must be
achieved for successful joint function are plantar rotation of the
capital fragment and congruency of the first MTP] allowing for
unrestricted motion.

Reuvisional proximal metatarsal osteotomy to correct
intrinsic metatarsal elevatus. When the index procedure
was a proximal metatarsal osteotomy, revisional surgery is a mat-
ter of surgeon preference. The most common surgical options
include a proximal metatarsal shaft procedure, a modified clos-
ing base wedge, or a first metatarsal cuneiform arthrodesis.
Each of these procedures has been discussed in detail earlier
in this text. When considering correction of this deformity, sur-
gical goals can be divided into two categories: (a) correction
focused upon the apex of deformity and (b) chief complaint
surgery. From a purist perspective, elective foot surgery should
be geared to correct the apex of structural deformity to provide
optimal function in a pain-free manner. However, as a matter of
principle, surgeons may choose to perform elective surgery for
one goal or the other depending on certain variables such as
the surgeon’s preference and ability, the circumstance leading
to the deformity (injury, congenital or iatrogenic deformity),
and the patient type (age and desired activity of daily living).
When the index procedure was an oblique base wedge oste-
otomy, the original osteotomy line will be readily apparent
once the initial dissection has been completed down to the
deep fascial layer. The periosteum is minimally dissected when-
ever possible to provide exposure of the part and provide later
coverage of the fixation device(s). After close scrutiny of the
original osteotomy line, manual instrumentation is used to res-
core the line of the osteotomy. This will provide a track for the
oscillating blade to follow during resection of the part. Care is
taken to gently remove existing internal fixation devices to best

preserve thé cubic content of bone. The M(J is identified, and
a 25-gauge needle is placed within the joint as a proximal joint
landmark. Once fixation has been removed, an axis guide is
driven through the metatarsal base in the transverse plane from
medial to lateral and the osteotomy is scored to create a long
oblique plantarly based wedge. This configuration will allow for
plantarflexion of the metatarsal as the wedge is slowly closed
with reduction forceps. The osteotomy is cut keeping the blade
parallel to the axis guide, taking care to create and maintain the
proximal dorsal hinge (Fig. 36.22). It is important to perform
this maneuver under continuous saline lavage to avoid thermal
necrosis and helps to avoid subsequent bone healing complica-
tions. Once the wedge of bone is completely resected, the prox-
imal osteotomy is inspected to ensure that there are no retained
bone fragments deep within the osteotomy. A bone reduction
forceps is used to slowly close the osteotomy and to stabilize
the parts while provisional fixation is applied. Intraoperative
fluoroscopy or plain films should then be obtained to con-
firm adequate position and alignment of the first ray. The foot
should be loaded to simulate weight-bearing, and the position
of the first ray and range of motion about the first MTP] should
be critically evaluated to ensure that excessive plantarflexion
has been avoided. The long oblique osteotomy often facilitates
fixation with two small parallel cancellous screws when oriented
from dorsal distal to plantar proximal within the metatarsal
base. Once satisfied with the position and alignment, copious
irrigation is followed by a layered closure ensuring complete
deep fascial coverage of the fixation devices. A sterile compres-
sion dressing is applied beneath a modified Jones compression
dressing fortified with a cryotherapy unit.

The geometry and concepts surrounding the hinge axis
guide and radius arm of closure have been discussed in a com-
prehensive fashion earlier in this text. The nuances regarding
modifying that procedure to achieve plantarflexion in a closing
wedge fashion are important. Here the axis guide is prepared
approximately 1 cm distal to the first MCJ to provide a dorsal
cortical hinge. The MCJ should be identified and marked with
the benefit of an 18-gauge needle to serve as a landmark to
prevent violation of this proximal joint. Exposure of the base
can be difficult due to the natural morphology depth of
the first metatarsal base. Complete periosteal stripping about
the proximal metaphysis is required to facilitate application of the
axis guide and the plantarflexory osteotomy. Using a 0.062-inch
K-wire, the axis guide is run through the proximal metatarsal
base from medial to lateral purely in the transverse plane. When
this distally based plantar wedge is resected appropriately, the
axis will allow motion strictly in the sagittal plane. The osteotomy
may be modified to create an osteotomy perpendicular (rather
than oblique) to the axis. This will create a smaller osteotomy
that rests primarily within the diaphyseal metaphyseal junction
of bone. The more proximal the hinge axis, the more effec-
tive the radius arm for reversing the elevatus deformity. If the
shorter, perpendicular osteotomy is performed, then closure
can be secured with the benefit of crossing 0.062-inch K-wires
or screws, small Steinman pins, horizontal cerclage wire, or
staples. Absorbable devices will work in these procedures; how-
ever, in revisional surgery, the additional risks of geode forma-
tion compromising the repair or more important foreign body
response tilt the risk:benefit ratio in a negadve direction and so
are discouraged.

Copious irrigation is followed by a layered closure ensuring
complete deep fascial coverage of the fixation devices. A sterile

=
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Figure 36.22 A: Preoperative radiograph reveals residual metatarsus pri-
mus elevatus and hallux flexion deformity resulting in chronic shoe gear
irritation and pain within the first MTP]. Additionally, this forefoot dysfunc-
tion will prompt rearfoot supination due to biomechanical compensations
and a functional hindfoot varus may coexist. B: Intraoperative photo reveals
the axis guide approximately 1 cm distal to the MCJ. The osteotomy cut for
a plantarflexory CBWO is prepared in a long oblique fashion to adequately
reduce the iatrogenic metatarsus primus elevatus. Notice the blue needle
hub marking the landmark of the first MCJ. C: Postoperative weight-bearing
lateral radiograph demonstrating complete reduction of the first metatarsal
deformity. Two points of fixation are required to secure the long oblique
osteotomy used to reduce the elevation of the distal metatarsal segment.

compression dressing is applied beneath a modified Jones com-
pression dressing fortified with a cryotherapy unit.

The opening wedge osteotomy can be performed to achieve
plantarflexion of the first ray. The level of the MCJ is marked
using an 18-gauge needle. An axis guide is driven from medial
to lateral through the transverse plane of the inferior quadrant
of the first metatarsal base. The wedge osteotomy is scored to
create an oblique dorsally based wedge. When the osteotomy
plan is satisfactory, a sagittal saw is used to cut the segment
and the wedge of bone is removed. The osteotomy is planed
gradually as each pass of the saw resects 1 mm at a time. The
metatarsal segment is manipulated into plantarflexion, further

opening the wedge until adequate reduction of the elevatus has
been achieved. A cortical graft must be incorporated into the
construct to maintain position and alignment. Cortical bone
is desired as it will provide durable support and resists subsid-
ence and loss of correction as the graft incorporates. The size of
the graft is dependent on the degree of correction required to
reduce the metatarsal elevatus. Autogenous graft has numerous
benefits over its allogenic counterpart, and graft materials are
discussed in detail in a prior chapter. Autogenous bone can be
procured safely from the body of the calcaneus as this affords
a large surface area for graft procurement even a large graft
can be obtained from this region (60). Some authors would
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subscribe that the calcaneal defect residual from this graft does
not need to be refilled as the healthy cancellous nature of the
calcaneal body heals predictably. Others feel it is best not to
leave any osseous deficiency prior to closure of the wound and
s0 use allogenic bone to fill the harvest site void. Fixation of the
graft within the metatarsal osteotomy can be achieved with the
benefit of standard or cannulated screws. With a bone clamp in
place, the osteotomy is closed compressing the graft dorsally.
Provisional fixadon is applied with the benefit of K-wires, and
intraoperative fluoroscopy or plain films will confirm reduction
of the deformity. Definitive fixation is completed with interfrag-
mentary fixation complimented with a combination of plate
and screws. Copious irrigation is followed by a layered closure
ensuring complete deep fascial coverage of the fixation devices.
A sterile compression dressing is applied beneath a modified
Jones compression dressing fortified with a cryotherapy unit.
Regardless of the proximal osteotomy performed, the post-
operative course is generally the same. The compression dress-
ing is changed after 3 to 7 days, and a short leg fiberglass cast is
applied. Non-weight-bearing is to continue from 6 to 8 weeks,
depending upon radiographic evidence of bone consolida-
tion. Protected weight-bearing is initiated only after evidence
of bone consolidation has been confirmed. The hazards of an
overzealous return to weight-bearing may well compromise the
reconstruction and prompt another malunion or nonunion of
bone. Weight-bearing is titrated slowly to tolerance in a con-
trolled ankle motion (CAM) walker, and serial radiographs are
obtained every 2 weeks unless otherwise indicated by a change
in clinical symptoms. The development of pain, unusual
edema, or warmth in the region of the osteotomy is a harbinger
of instability. In the face of these outward changes non-weight-
bearing should be reinstituted until stability of the construct
can be confirmed both clinically and radiographically. Once
the patient is converted into a firm-soled walking shoe, activi-
ties can be further advanced and radiographs may be taken
monthly as needed. It is prudent to follow these cases out until
athletic activities have been advanced and tolerated for months.
The 6- and 12-month postoperative radiographs are generally
representative of the long-term result of the procedure.

DELAYED UNION AND NONUNION

Delayed union is defined by the Arbeitsgemeinschaft fiir
Osteosynthesefragen/Association for the Study of Internal
Fixation as a fracture that is not united by 4 to 5 months (133).
Others have suggested that the delayed union is the absence
of healing in 2 to 6 months (134). Still others propose that the
delayed union is a failure to demonstrate evidence of healing at
an average rate for a specific location and type of fracture (135).
Each of these definitions takes into consideration both radio-
graphic and clinical signs of fracture healing. Radiographically,
when gaps within a fracture site persist, it is suggested that gran-
ulation tissue (not scar) is present. When this correlates with
continued outward signs of clinical change such as mild inflam-
mation commensurate with fracture healing, the condition is
said to be in a state of delayed union. During this time, protec-
tion and immobilization of the part is hallmark in therapy. The
addition of external bone stimulation devices at this juncture
is a matter of individual philosophy in fracture management.
Regarding the first metatarsal, specifically, the definition is not
so well established, and delayed bone healing has been defined
as a range from 4 to 8 months after the initial insult whether it

-

be traumad or elective surgery. In one large study of first meta-
tarsal osteotomies, 500 procedures were performed with K-wire
fixation, and only one delayed union and no nonunions were
reported. The working definition of a delayed union here was
a lack of clinical or radiographic consolidation by 8 weeks after
surgery but achieving bone union by 8 months (130). Watson
Jones felt it best to discuss concepts of bone healing by virtue of
the appearance of bone radiographically and described a “slow
union” as separate and distinct from a delayed union or nonun-
ion. The term slow or indolent bone union was used to describe
a fracture that had the appearance of an early fracture despite
more than a few weeks of healing. Here the fracture lines remain
visible without evidence of fracture gap or callus formation. This
fracture is not a form of nonunion and will heal with appropriate
immobilization (136,137). In the delayed union, fracture repair
is not complete and the fracture gap is filled with granulation
rather than scar tissue in contrast to the sclerotic change noted
in nonunion of bone. The sclerotic zones develop in a nonunion
as the medullary canal actually seals off both ends of the fracture
and prohibits closure of the fracture gap. If the local physiology
1s sufficient, a bursal projection may be mterposed at the fracture
site and a pseudarthrosis manifests radiographically.

Over time, the definition of the spectrum of healing from
delayed union to nonunion of bone has varied considerably
among physicians and even from region to region. This became
clinically relevant with the advent of internal and external bone
stimulation devices. In the early 1980s, when a physician chose
to use a bone stimulator, it became a matter of added expense
in fracture management and health care and its use was not
without controversy (138).

For that reason, the definition of a nonunion, a condition
in which the prognosis was that bone would not heal, became
clinically important. The clinical criteria declaring the dif-
ference between a delayed union and a nonunion became a
bone of contention between the physicians and the insurance
companies. Use of the latest technology in bone stimulation
devices required preauthorization and approval, which was and
continues to be tightly controlled by the insurance companies
and was most often denied. Due to controversy in determin-
ing what was a delayed union, a condition in which it was sug-
gested bone healing may ensue, versus a nonunion, the need
for a strict definition was declared. Thus, the U.S. Food and
Drug Administration developed a definition of nonunion for
the purpose of testing bone healing devices. Since this time,
the diagnosis of nonunion could only be established after a
period of 9 months had elapsed from the time of injury with-
out radiographic evidence of healing over a 3-month period
of time (133,137). Clinically speaking, it may be most appro-
priate to discuss delayed union of bone by virtue of outward
signs and/or symptoms of continued bone healing such as per-
sistent swelling, erythema, or calor in the region of fracture.
Radiographically, the continued inflammation of a delayed
union results in resorptive changes and widening of the frac-
ture gap with obliteration of the fracture margins. The fracture
margins of the delayed union are obscured as opposed to hay-
ing very well-defined margins as in a slow or indolent union of
bone. In some cases, the clinical symptoms are significant yet
radiographic findings may be unimpressive, and so both should
be taken into consideration. The documentation of clinical
symptomatology and serial radiographic findings are impor-
tant in any event and will support the diagnosis. The mainstay
in therapy for the delayed union is conservative and includes
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immobilization and the benefit of external bone stimulation
as desired. Generally speaking, the delayed union has a good
prognosis with conservative therapies.

Nonunions have been classified based upon perfusion about
the fracture site in conservative fracture management and are
categorized as either hypertrophic or atrophic. This clarification
is made based upon plain radiographic findings and can be
further elucidated by NML Classification schemes for nonun-
ions are largely based upon nonunions occurring in the long
bones of the lower extremity (135). A hypertrophic nonunion
exists when there is a proliferative, well-vascularized bone reac-
tion at the fracture site. Usually, this proliferative fibrous tissue
will progress by calcifying and ultimately ossifies as it matures.
The hypertrophic nonunion is considered a viable bone heal-
ing condition most commonly associated with fractures that
have been closed reduced and have the potential to respond to
bone stimulation. Hypertrophic nonunions can be further sub-
divided based upon their morphology and the amount of bone
callus present: The elephant foot has a large amount of bone cal-
lus with an expanded rounded periphery of the parts, the forse
hoof has a moderate amount of bone callus with relatively flat
flush segments, and the oligotrophicnonunion in which the parts
are not hypertrophic and there is no evidence of bone callus. An
atrophic nonunion is distinct in that there is no evidence of local
bone reaction and the site is not well vascularized. Typically,
the avascular condition is associated with ORIF of fracture. It
is intuitive that this condition may develop after severe trauma
such as open, comminuted fractures and degloving injuries in
which vascular structures may have been damaged or stripped
from the fracture site. Atrophic nonunions can be subdivided
into torsion wedge, comminuted, defect, and atrophicnonunions and
are described based upon the appearance of the nonunion site.
Classification of the type of the nonunion is directly related to
treatment strategies as they define the viability, that is, vascular-
ity of the nonunited fragments and their morphology. Generally
speaking, hypervascular nonunions can be expected to heal
with débridement, compression, and rigid fixation of the parts.
Atrophic nonunions in contrast require resection of the degen-
erate bone ends and supplementation with bone graft prior to
coaptation of the parts and rigid internal fixation. The repair
of nonunions on the whole requires the same basic principles
in fracture management such as anatomic alignment, compres-
sion, and rigid internal fixation of the parts complimented by
non-weight-bearing immobilization.

A lack of radiographic evidence of bone union 6 months
after the index procedure without signs of healing on serial
radiographs suggests the diagnosis of nonunion and becomes a
diagnosis of exclusion by 8 to 12 months. Today, the diagnosis
of a nonunion has become more a matter of clinical impression
and the diagnosis is made when there are no progressive radio-
graphic signs of bone healing on plain x-rays.

The incidence of nonunion has changed over time as the
study of fracture management has evolved, and the concepts
of anatomic reduction and rigid internal fixation have been
emphasized. Historically, the tibia has been touted as the long
bone with the greatest propensity for bone healing compli-
cations, specifically nonunion (139). In Boyd and Lipinski’s
study of 741 patients with delayed union and nonunion of
bone, the femur had the highest incidence of nonunion fol-
lowed by the tibia, humerus, radius, ulna, and clavicle (140).
Here the diagnosis of nonunion was confirmed with the pres-
ence of one or more radiographic findings such as obliteration

of the medullary cavity, evidence of a pseudarthrosis with or
without false motion, and sclerosis about the fracture ends.
The time to diagnosis of nonunion averaged 8 months and
18 days, which is consistent with the definition of a nonunijon
by current standards some 40 years later. Another large series
of fractures described the high incidence of nonunion in the
long bones of the lower extremity in which out of 100 fracture
nonunions, the vast majority (63 nonunions) occurred in the
tibia (138). Regarding the first metatarsal, the literature is
less replete, and interestingly, it has been suggested that 50%
of nonunions here are asymptomatic (141). Clinical signs of
nonunion may include induration, pain, localized warmth, and
erythema. Often, motion about the fracture site can be con-
firmed by manipulation under fluoroscopy when a nonunion is
present. When pain is present with and without weight-bearing,
the presence of infection should be considered and promptly
ruled out. Baseline serology such as the complete blood count
and Crreactive protein are important portions of the workup
and medical documentation. While bone biopsy remains the
gold standard for the diagnosis of osteomyelitis, ancillary imag-
ing via NMI can be used to delineate the location and extent
of the infectious process (56). Radiographically, there may be
malalignment of the osteotomy, bone callus, resorptive changes
about fixation devices, migration of fixation devices, or radiolu-
cency. Fixation devices may cause fatigue and evidence of stress
fracture may be apparent in only one view, which underlines
the importance of obtaining multiple orthogonal radiographs.

Treatment Considerations in Nonunton

Treatment is reliant upon the significance of the bone heal-
ing complication. The clinical and radiographic significance
of a nonunion is naturally a matter of physician perception.
Bhandari demonstrated this after surveying 444 surgeons in
whom there was no clear consensus on matters such as the
definition of nonunion or the parameters defining a clinically
important malunion in tibial fractures. From this survey, the
definition of nonunion variedly widely from 2 to 12 months.
Furthermore, there was a lack of consensus regarding accept-
able degrees of malunion such as shortening (ranging from <5
to >15 mm) and rotational ox frontal plane deviations (rang-
ing from 5 to 20-degree malalignment) (142). This supports
the notion that despite all that we understand about bone heal-
ing and physiology, the diagnosis of nonunion and clinically
important malunion remains controversial and is highly sub-
jective. Treatment should be guided by clinical symptomatol-
ogy and any apparent compromise of bone and joint function.
Conservative management can be reasonably entertained when
the position and alignment of bone are suitable for function.
When significant malposition is evident and a poor functional
prognosis exists, it is prudent to discuss definitive correction.
In some cases, closed reduction of the part may allow for per-
cutaneous fixation. When poor bone stock is a factor, external
stabilization after manipulation may be prudent. More often,
an open reduction with standard internal fixation is required
to achieve definitive stabilization. When faced with a bone heal-
ing complication, less is not more and there should be due
diligence in achieving anatomic reduction and rigid fixation
of the part. When bone deficits and angular deformity exist,
multiplane correction with bone graft material will be required.
Additional planning is required in these instances as interposi-
tional grafts need to be tailored for the size, shape, and angular
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configuration required to realign the part. Absolute immobili-
zation of the part is essential to expedite bone union in these
complex cases. Treatment options for nonunion after a distal
metatarsal osteotomy include (a) callus distraction and first
MTP]J arthrodesis; (b) resection of the nonunion with revision
of internal fixation with or without interpositional bone graft;
(c) excision of the nonunited bone fragment, with or without
lesser metatarsal head resections; or (d) first MTP] arthrode-
sis. The procedures for metatarsal head resection (isolated or
pan metatarsal head resection) and first MTP] arthrodesis have
been detailed earlier within this chapter.

Two-Stage Fivst MTP] Avthvodesis Procedurve, Callus
Distraction Osteggenesis, and End-to-End Fivst MTPJ
Avrthrodesis

When a nonunion is apparent after a DMO with significant
shortening of the metatarsal segment, the joint may not be sal-
vageable. If progressive joint space narrowing and degenerative
changes of the first MTP] have developed, then chronic insta-
bility, pain, and compensatory gait disturbances are predict-
able. Conservative measures in this instance may be met with
failure and warrant serious considerations regarding the sal-
vage option. The keys to salvage in this condition are to restore
length to the metatarsal and to realign and definitively stabilize
the joint. This is one of the most challenging scenarios among
complications in HAV surgery. Here a staged approach can be
entertained for restoration of the length of the first ray segment
followed by stabilization of the first MTP] via arthrodesis.

While it is possible to use intercalary bone graft to increase
the length in a congenitally short first metatarsal, the soft tis-
sue contractures and scarring that results from complications
in HAV surgery may prohibit elongation of the soft tissues and
neurovascular elements. When this iatrogenic shortening is
significant, greater than 15mm, the single-stage procedure is
less predictable and may result in complications such as joint
jamming or neurovascular compromise. The ill effect of an
abrupt lengthening of bone has been demonstrated both in
the laboratory and in clinical practice, and as little as 6-mm
acute lengthening is believed to cause considerable tension
within the soft tissue envelope of the first ray (143). In this
case, the gradual lengthening of the callus distraction proce-
dure may be tolerated better and provides a more physiologic
approach to reducing the bone deficit. This technique will
effectively provide restoration of the first ray length while
creating a viable substrate for a first MTP] fusion. A principal
indication for callus distraction osteogenesis is a bone defect
measuring greater than 15 mm resulting in shortening and
dysfunction of the ray (144). It is believed that attempting a
single-stage lengthening via intercalary bone graft in these
instances will insult vital neurovascular elements and will
compromise the health of the entire segment. To avoid that
potential complication, a gradual lengthening using the cal-
lus distraction technique may be better tolerated (145). While
an acceptable cosmetic result is frequently reported, this tech-
nique is suggested for the purpose of addressing pain and dys-
function resulting from failed HAV surgery in this instance,
not for cosmetic appeal alone.

Success using this technique is predictable when the basic prin-
ciples of callus distraction and enhanced fixation for arthrodesis
are fully appreciated. Proper application of the external fixator
will be facilitated by first establishing orthogonal alignment of the

fixator td the first ray and the nonunion fragment. In this sce.
nario, a small external fixator may be used to create a strut to
stabilize the parts by first aligning the distal fragment to the metg.
tarsal shaft, conducting a callus distraction to the desired lengi),
and finally conducting an end-to-end arthrodesis at the first MTP],

While this technique is straightforward from an academic
perspective, the technical execution of the procedure is rather
intensive and requires strict attention to detail in surgica]
technique and very deliberate considerations in management
throughout the entire perioperative period. Successful manage-
ment of this complex case requires thorough patient education
regarding each step of the process and a detailed description
of patient instructions for each. Proper patient selection and
reasonable patient expectations are to be established prior to
proceeding with this procedure.

Technique

Stage I: Callus distraction osteogenesis for restoration of
length. A calf tourniquet may be applied to provide hemostasis
although is not mandatory for this procedure. The first stage of
the technique is completed in two parts: one static and the other
dynamic. The static portion of the procedure includes anatomic
dissection to determine viability of the nonunited fragment and
application of the external fixator. When the bone quality of the
metatarsal head is sufficient, it can be included in the arthrodesis.
When the part is avascular and sclerotic, the degenerative condi-
tion is considered end stage and the fragment should be excised
in toto. The dynamic portion of the procedure is the distraction
osteogenesis, which will restore length and ultimately provides
a solid foundation for stabilization and arthrodesis (Fig 36.23).
Anatomic dissection is begun from a dorsolinear incision to
gain access to the first MTP] and the site of nonunion. The
subcutaneous structures are handled meticulously to avoid
wound complications and provide a quality layer for later clo-
sure. In revision for this complication, there is no need for vio-
lation of the first intermetatarsal space and so there is no soft
tissue balancing per se using this technique. The EHL tendon
is identified, isolated, and retracted laterally. The deep fascial
structures are exposed and an extensile dorsal linear incision is
made along the periosteum from the midshaft of the metatarsal
segment across the capsule of the first MTP] ending at the mid-
shaft of the proximal phalanx of the hallux. Maintaining this
soft tissue envelop in continuity better prepares the periosteal
envelope to enhance the quality of regenerate bone (146,147).
Reflection of the joint capsule can be facilitated by incising
a vertical arm into the capsule at the medial joint level when
fibrous adhesions or heterotopic calcifications complicate joint
exposure and preparation of this tissue layer. Soft tissue con-
tractures and fibrosis of the sesamoid apparatus may restrict
mobility at the MTPJ] and subsequent lengthening after failed
HAV surgery. This restriction will prompt plantar angulation
of the metatarsal, and this sagittal plane deviation may cause
flexion deformity of the hallux, sesamoiditis, or joint Jjamming,
and so a thorough soft tissue and plantar plate release should
be pursued prior to distraction osteogenesis. Once the joint
has been exposed, fibrous adhesions released the articular
surfaces of the metatarsal head, and phalangeal base can be
evaluated. If there is evidence of chondral thinning or balding
within these surfaces, careful fenestration of the parts can be
completed in an attempt to improve perfusion in this region,
preparing for the second stage of the procedure—first MTP]
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;n'lhmclcsis. Avoid the use of K-wires for fenestration as a solid
wire actively packs and compresses bone, which impedes capil-
lary ingrowths. When using a 1.5-mm wire pass drill bit to gen-
erously fenestrate these surfaces, the bone will be excavated
while creating recesses for neovascularization and capillary
ingrowths. The site of nonunion is addressed by first remov-

ing any existing fixation devices. Once removed, the margins of

the nonunion are delineated exposing the most dorsal and the
most plantar aspects of the site. With adequate exposure, the
quality of the bone is assessed and any heterotopic calcifications
or hypertrophic or sclerotic margins of the nonunion can be
removed using manual instrumentation. If the distal fragment
of the nonunion is vascular, then it will be incorporated into
the procedure. Next, the parts are prepared to create optimal

alignment of the metatarsal head and the metatarsal shaft using
the pins for a monorail, uniplanar, mini external fixator device.
For accurate execution of this technique, it is best to apply and
stabilize the fixator to the ray first as this will provide a stable
segment for performing the corticotomy.

Application of the mini external fixator begins with manipu-
lation of the foot and ankle to create a neutral position of the
foot to the leg while loading the foot on the operating table.
Simulated weight-bearing can be achieved by simply flexing
the knee and placing the foot on the operating table with the
subtalar and midtarsal joints in neutral position. Attention to
the alignment of the first ray is critical throughout the balance
of the procedure as deviation in the frontal or sagittal plane
will result in creating a malunion that may result in pain that

Figure 36.23 A: Clinical appearance after surgical procedures of the first ray and both feet. The patient’s
right foot developed a severe nonunion with a severely dorsiflexed hallux resulting from proximal retraction.
B: Dorsoplantar radiograph of the same patient. Note the obvious frank nonunion of a previous DMO 1% years
later. C: Clinical photograph showing the miniature external fixator that was used for distraction osteogenesis
for the first stage of surgery. D: Oblique radiograph of same after successful lengthening. Note the early callus

formation. (Continues on next page)
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Figure 36.23 (Continued) E: Dorsoplantar radiograph of the same patient after removal of the internal fixator.
F: Dorsoplantar radiograph showing angular deformity of the first metatarsal resulting from weakness of the medial ‘
cortex after successful distraction osteogenesis. G: Stage II surgery consisting of first MTP] arthrodesis and stabilization

of the first metatarsal using a one-third tubular plate. The deformity of the first metatarsal is readily corrected by simply

passing a surgical blade through the soft bone area and applying a plate. Note restoration of length compared with the ‘
preoperative radiograph. H: Final clinical appearance of the same patient 1% years postoperatively.
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s equal to or worse than the nonunion condition. With the
penefit of fluoroscopy, the first ray should be visualized from
4 dorsal 10 plantar projection. Purely orthogonal alignment
should be established with the tbe head at 90 degrees to the
first MTP] and first ray to ensure precise manipulation of the
part. The plan for application of the fixator should be estab-
lished to provide at least two or three points of stability along
(he metatarsal shaft. It is acceptable and often is necessary to
have pins placed within the medial cuneiform, depending on
the location of the nonunion, taking care to avoid violation of
the MCJ. It has been postulated that lengthening with the pins
along the sagittal plane of the long axis of the metatarsal can
pmrluce an increased metatarsal declination resulting in unto-
ward rearfoot compensation and a resultant varus deformity.
Therefore, placing the fixator pins within the transverse plane
of the metatarsal may reduce the incidence of plantar angu-
lation of the distal metatarsal and subsequent compensatory
mechanics (148). These pins should be placed through the
central aspect of the medial metatarsal shaflt and are run purely
through the transverse plane creating a parallel arrangement of
the wires leaving sufficient length of the pin external to allow
for placement of the rail and providing excess room to allow
for swelling. They should be spaced generously apart from one
another to enhance stability of the construct. It is prudent to
run 0.062-inch K-wires and confirming their placement radio-
graphically prior to running the 3-mm half pins for the fixator.
Next, the distal portion of the ray can be prepared by spear-
heading the distal fragment through the transverse plane in a
manner identical to when placing an osteotomy axis guide for
a V osteotomy. Since there is full exposure of the parts in this
open technique, precise application is made easy as opposed to
the closed technique in which application may be more chal-
lenging. Estimation of the central aspect of the fragment will
allow placement of a stab incision in the skin over the medial
aspect of the first MTP]. A fixator pin is first run to spear the dis-
tal fragment of the nonunion site and then another to align the
distal portion of the metatarsal so that these parts can be manip-
ulated and gently compressed with fixator manipulation. These
distal pins should be oriented parallel to the pins within the
proximal metatarsal shaft to prevent angular deviation during
the dynamic or distraction phase of the procedure. If the pins
within the distal segment are placed slightly plantar in the meta-
tarsal head, it will allow a slight plantarflexion as the distraction
proceeds (145). An alternate configuration establishes a dor-
sally placed fixator with pins set within the sagittal plane of the
metatarsal bone. Intraoperative radiography should be taken to
confirm position and alignment of the parts in three planes to
ensure that there is no untoward deviation of the parts.

A corticotomy should be prepared in the proximal metatar-
sal shaft preferably within the metaphyseal-diaphyseal region
of bone. ‘While callus distraction can be performed within
purely diaphyseal bone, the vascularity of the metaphysis is
optimal from a physiologic standpoint. Metaphyseal bone not
only supports the callus distraction by providing a more vas-
cular substrate but is believed to facilitate final consolidation
more predictably due to the increased vascularity and porosity
of cancellous bone (149-155).

Considering mechanical principles, metaphyseal bone
offers a wider segment of bone and therefore a larger surface
area for the distraction. The increased cubic content of bone
here will tend to be more stable throughout the distraction and
ultimately may produce a stronger segment of bone.

There is no need for a periosteal dissection as it is best to
preserve the inherent vascularity of this segment. The cort-
cotomy is prepared by fenestrating the site using a 0.062-inch
K-wire about the dorsal, medial, and lateral circumference of
the metatarsal. The corticotomy should be made at least 1.0 cm
distal to the most distal pin within the proximal aspect of the
first ray to ensure that the pin rests within solid bone stabiliz-
ing this segment for the duration of the distraction. Once the
fenestration is complete, the segment can be gently cut super-
ficially along the fenestrations using a small oscillating blade
taking care not to completely penetrate the medullary canal.
Preparation in this manner is felt to be more physiologic than
a through and through transection of bone since it maintains
the integrity of the intramedullary substance providing a more
vascular substrate for the callus distraction. This simulates a
“greenstick™type fracture in that it does not violate the med-
ullary canal and provides an incontinuity substrate for distrac-
tion osteogenesis and ultimately the ossification process. Under
real-time fluoroscopy, the site should be distracted to ensure
complete mobility between the ends of the corticotomy.

Once satisfied with placement and alignment of the pins and
the corticotomy, the wound is irrigated and layered closure is
completed. Once the wounds have been closed, the monorail,
as seen in Fig. 36.23C, an EBI mini fixator (Electro Biology, Inc.,
Parsippany, New Jersey), can be applied to the pins and the device
can be prepared for the dynamic portion of the procedure.

The dynamic portion of stage I occurs at two points in time:
during axial compression of both the nonunion site and at
the corticotomy as well as during the distraction osteogenesis
technique. Once the dynamic compression phase is complete, the
latency period begins and lasts a variable period of time, any-
where from 4 to 14 days after the corticotomy and compression.
The dynamic distraction phase is initiated after the latency period
and will continue until the desired length is achieved often in
increments of 0.5 mm to 1.0 mm/day.

Compression of the distal fragment onto the metatarsal
shaft is completed with the benefit of the fixator. The device
should be manipulated until there is gentle coaptation and
compression across the nonunion site. Taking care to perform
this manipulation without causing deviation in the transverse,
sagittal, or frontal planes is integral to a successful procedure.
Under fluoroscopy axial compression is applied stabilizing the
distal free fragment onto the stable more proximal segment.
The parts are then compressed to a gentle two-finger tightness,
and once stabilized, the remainder of the fixator is rechecked
to ensure that each pin is definitively secured to the rail. Once
satisfied with the orientation of the distal segment of the con-
struct, the metatarsal head and neck, attention is directed to the
proximal metatarsal metaphyseal-diaphyseal junction under
fluoroscopy. Now the fixator will be used to compress the site
of the corticotomy to initiate the process of bone callus forma-
tion. In compressing this proximal segment, great care is taken
to avoid excessive compression and undue compaction of the
cortical margins. This gentle compression is maintained until
the latency period is completed after approximately 10 days
and can range from 4 to 14 days depending on the individual’s
potential for mineralization (149,156-159). There are a num-
ber of factors that enter into an individual’s propensity for bone
mineralization and among them is overall health, tobacco his-
tory, associated systemic conditions that may result in general-
ized osteopenia or osteoporosis such as diabetes or rheumatoid
arthritis, age, and the location of the osteotomy. Additionally,
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the latency period may be shorter in younger individuals and
longer in adults, and this is due to differences in respective
rates of bone mineralization. It is wise to avoid a prolonged
latency period as premature consolidation can complicate this
process, especially in younger individuals.

While there is no well-defined system to determine the rate
for distraction osteogenesis, it is suggested that smaller more
frequent intervals of lengthening will be tolerated well and with
frequent adjustment then will prevent premature mineraliza-
tion. This concept was discussed by Ilizarov and is believed to
provide a more efficient osteogenic process (146,147). Using a
mini external fixator, each ¥4 turn of the pin produces a %4-mm
of distraction (or compression depending on the direction of
the turn). The process of distraction is performed in Y%-turn
increments every 6 to 8 h/day as tolerated, and this will provide
a very gradual 0.75- to 1-mm distraction per day. The patient
is expected to follow this instruction daily until the desired
length is achieved. Should the patient experience increased
difficulty in turning the device, this may be a sign of prema-
ture bone consolidation, and the frequency of the distraction
should be increased. Radiographic evidence of bone callus may
not manifest until 2 weeks or more has past. When a fracture
gap is persistent for a prolonged period of time, it is possible to
use the distractor to recompress the part and initiate the dis-
traction once again. Price and Mann suggested that distraction
could be slowed or even reversed if poor-quality bone callus or
a prolonged fracture gap developed. In this event, recompres-
sion at the same rate as the distraction would proceed until the
fracture gap is closed. In their work in lengthening the tibia,
this compression would be maintained for 1 to 2 weeks before
initiating distraction again (150). No literature has been found
suggesting a specific time to initiate such recompression when
performing this technique in the metatarsal bones.

The total length of distraction is determined using weight-
bearing DP and lateral view radiographs. It is generally recom-
mended not to exceed lengthening beyond 40% to 50% of the
entire length of the metatarsal (160-162).

When addressing larger defects, it is prudent to perform
ancillary procedures such as Z lengthening of the long exten-
sor tendon and pinning of the HIPJ and/or MTPJ to prevent
the development of joint subluxation and stiffening (162). It is
preferred to create a metatarsal parabola in which the first met-
atarsal head is commensurate with that of the second depend-
ing on the foot type. In instances in which there is significant
metatarsus adductus or brachymetatarsia, a modified parabola
may be prepared. In these circumstances, it will be necessary to
critically evaluate the forefoot axial view to ensure that the final
metatarsal parabola has the first and second metatarsals rest-
ing at a similar level. The goal is to create similar load-bearing
potential between the first and the second metatarsal heads
avoiding elevation of the first metatarsal head. While a slightly
plantarflexed position of the first metatarsal may be tolerated,
elevatus is likely to result in transfer lesions and metatarsalgia.

An forefoot axial view is taken in addition to the DP and lat-
eral views to confirm final position and alignment of the parts.
With the mini external fixator along the medial aspect of the
first ray, the pin sites can be prepared with antibiotic ointment
and a loose sterile gauze dressing can be applied about the pin
sites. There are prefabricated sterile foam squares to pad and
protect the pin sites. Alternately, sterile gauze squares can be lay-
ered and cut to provide protection at the pin sites. Non-weight-
bearing immobilization is maintained, and serial radiographs

are begun immediately after surgery and are repeated every |
or 2 weeks thereafter. Close clinical follow-up is advised in these
complex cases to identify early evidence of major complication
such as pin tract infection, the development of an unusually
large fracture gap, subluxation of the MTP], dislocation of the
metatarsal head, angular deformation, stress fracture of the
callus or lesser metatarsal, or failure of fixation devices. Daily
first MTP] passive range of motion should be encouraged and
assessed with each clinical follow-up to reduce the incidence of
postoperative joint stiffness.

Routine pin care is required until the device is removed.
This includes applying antibiotic ointment to the pin sites
three times per day while monitoring for early signs of unu-
sual erythema, drainage, or proximal streaking. Timing of the
distraction and subsequent consolidation periods are gener-
ally a matter of conjecture. It has been suggested that the total
time of distraction (by number of days) should be followed by
continued non-weight-bearing for that same number of days or
more to allow for the ossification and consolidation period to
complete, for example, 3 weeks of distraction are followed by
3 weeks of non-weightbearing immobilization. An alternate
suggestion is to maintain the fixator and non-weightbearing
for a 6- to 8-week period in keeping with typical fracture man-
agement principles for the first metatarsal bone. In truth, the
total duration of external fixation is a combination of radio-
graphic and clinical findings plus a degree of clinical intuition.
Once bone consolidation has been confirmed clinically and
radiographically, the fixator can be removed with or without
anesthesia depending on patient anxiety. Confirming continu-
ity along three bone cortices when viewing radiographs in the
DP and lateral views supports radiographic consolidation of the
regenerate segment (145,163) (Fig. 36.23E).

It is important to benchmark bone consolidation with
serial radiographs while advancing weight-bearing activity for
the early identification of stress risers, cortical hypertrophy,
or subtle deformation of the new bone segment, all indica-
tors of osseous insufficiency and the need for further off
loading of the segment. Beginning protected weight-bearing
with the fixator in place is an option that is protective of the
new bone segment during the early phases of weight-bearing.
A compression stocking and protected weight-bearing should
be slowly titrated using a firm-soled shoe as tolerated. In the
event that considerable disuse osteopenia is persistent beyond
the early protected weight-bearing period, deformation of the
newly formed bone segment may occur. Similarly, noncom-
pliance and overaggressive early weight-bearing activity can
result in the same (Fig. 36.23F). For this reason, the use of
external bone stimulation may be considered as an adjunc-
tive therapy once the callus distraction has been completed.
After callus distraction lengthening has been completed, it is
typical to complete a period of non-weight-bearing to allow
for consolidation of the segment prior to removal of the fixa-
tor. This period is variable and may range from 6 to 16 weeks,
depending on radiographic evidence of bone consolidation
and physician intuition regarding the clinical condition. It is
not uncommon to have a fixator in place for 100 days or more
(145,163-165).

A healing index of 75 days/cm was reported by Oh in the
study of callus distraction of the first metatarsal segment in
adults (162). In another study of thirteen first metatarsal dis-
traction osteogenesis, a healing index of 72.4 days/cm and
an average of 100 days in the mini fixator was reported (163).
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Others have reported healing indexes ranging from 60 to
g2 days/cm (161,162,164,166).

Stage 1I: End-to-End First MTP] Arthrodesis with
Stabilization Plate. The technique of an end-to-end arthro-
desis of the first MTP]J has been described earlier in this section.
After consolidation of the zone of osteogenesis and distraction,
the final procedure of first MTP] arthrodesis can be completed.
The method used to definitively stabilize the site of arth rodesis
in conjunction to a newly modeled metatarsal segment is a mat-
ter of surgeon preference and experience. Given the degree
of osteopenia that may exist in these cases, simple cross K-wire
fixation of the first MTPJ can be definitive after curettement
of the ball and socket joint. It is prudent in this case to con-
sider rigid internal fixation that provides enhanced stabiliza-
tion of the proximal ray to prevent the development of angular
deformity in this last stage of the procedure. The use of low-
profile plates and screws can be considered; however, standard
plates and screws continue to be the mainstay in fixation. The
postoperative period will require further non-weight-bearing.
Some would argue that the index procedure here is the first
MTP] arthrodesis and protected weight-bearing is sufficient
to maintain stability of that construct. Due to the fact that the
region of distraction osteogenesis is still not mature, there is
continued risk for plastic deformation of that segment. Any
excessive early weight-bearing may prompt angular deformity
and will thwart the surgical outcome. The intraoperative assess-
ment of bone quality along the metatarsal segment contributes
to the rationale for the postoperative non-weight-bearing plan.
Ultimately, radiographic parameters will determine the dura-
tion of non-weightbearing. The combination of radiographic
and clinical assessments will carry the greatest weight in deter-
mining when to advance to protected weight-bearing. The ill
effects of prolonged non-weight-bearing in the small bones
of the foot have been well documented, and so it becomes a
fine balance between stressing bone to encourage consolida-
tion and resting the part to allow mineralization with immo-
bilization. Radiographic consolidation at the site of fusion is
confirmed by the presence of trabeculations crossing the site.
Once confirmed, the patient may be advanced to a compres-
sion stocking and a firm-soled shoe for approximately 3 weeks
if absolute weight-bearing had been maintained. If the patient
was allowed protected weightbearing prior to consolidation,
then the advancement of activities is titrated to patient toler-
ance. Clinical follow-up will continue with serial radiographs
being staggered based upon clinical acumen (Fig. 36.24).

Itis prudent to continue to benchmark progress radiograph-
ically at defined intervals such as 3, 6, 9, and 12 months after
managing such a complex case to ensure the earliest evidence
of complications such as stress fracture or the development of
angular deformity.

COMPLICATIONS OF FIRST
METATARSAL DISTRACTION
OSTEOGENESIS

Some case reports discuss first metatarsal lengthening in con-
junction with lesser metatarsal procedures performed for con-
genitally shortened rays, and these cases have a greater risk for
complication and resultant transfer lesions or stress fracture
(167). When addressing lengthening in patients of osseous

immaturity, there is the added inherent risk of disrupting the
growth plate and causing more important metatarsal length
and/or angular discrepancies (168). In a review of the cur-
rent literature from 2000 to 2008, only two articles report the
use of callus distraction osteogenesis for lengthening the first
metatarsal iatrogenically shortened from HAV surgery. In one
report, five callus distraction procedures were performed in
the first metatarsal bone for five patients without complication
(165). The most recent report of procedures performed for
iatrogenic shortening of the first metatarsal ultimately touts
good success in six patients; however, several complications
were discussed such as stress fracture of lesser metatarsals,
fracture of new bone segment with return to weight-bearing,
displacement of the distal metatarsal requiring open reduc-
tion and fixation of the fragment, plantar displacement of
the first metatarsal yielding sesamoiditis, delayed evidence of
consolidation requiring prolonged non-weight-bearing immo-
bilization (6 months in total), inadvertent trauma fracturing
the proximal pins, and spontaneous fusion of the first MTP]
(169). Should plantar subluxations develop, tenotomy may be
required to reduce the contracture. When applying this tech-
nique to correct deformity residual from failed HAV surgery,
soft tissue contractures and fibrosis of the sesamoid apparatus
may restrict lengthening and prompt plantar angulation of
the metatarsal. This sagittal plane deviation may cause flexion
deformity of the hallux, sesamoiditis, or joint jamming, and
so a thorough soft tissue release should be pursued prior to
distraction osteogenesis.

Speaking from the host of the literature reporting on cal-
lus distraction in brachymetatarsia of the lesser metatarsals,
the occurrence of pin site infection is perhaps the most com-
mon complication. This is typically treated with oral antibiotics
such as a firstgeneration cephalosporin barring no reported
allergy to the drug. This complication may be avoided by prac-
ticing meticulous pin care during the period of external fixa-
tion. Other complications associated with callus distraction are
most commonly due to overlengthening and include decreased
range of motion and stiffness at the MTP] and flexion deform-
ity of the digit (170,171).

The incidence of complications using the callus distraction
technique has been reported as high as 48% in adults when
reviewing procedures of the fourth metatarsal bone (162). Itis
interesting to note that there are devices that can be used inter-
nally to produce callus distraction, and these low-profile devices
may reduce the incidence of pin tract infection while avoiding
the need for removal (172).

PEARLS/PITFALLS

The corticotomy is prepared by fenestrating the site using a
0.062-inch K-wire about the dorsal, medial, and lateral circum-
ference of the metatarsal. The corticotomy should be at least
1.0 cm distal to the most distal pin within the proximal aspect
of the first ray to ensure that the pin rests within solid bone
stabilizing this segment throughout the distraction. Once the
fenestration is complete, the segment can be gently cut super-
ficially along the fenestrations using a small oscillating blade
taking care not to completely penetrate the medullary canal.
Preparation in this manner is felt to be more physiologic than
a through-and-through transection of bone since it maintains
the integrity of the intramedullary substance providing a
more vascular substrate for callus distraction. This simulates a
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Figure 36.24 A: Dorsoplantar radiograph of a patient with nonunion of the first metatarsal osteotomy. Note
the callus formation and radiolucency. Significant clinical symptoms were also present. B: Lateral radiograph of
the same patient. Note the severe metatarsus primus elevatus, as well as the malalignment of the first MTP]. The
distal osteotomy of the first metatarsal healed. C: Intraoperative appearance after resection of the nonunion
site. Note the presence of sclerotic bone. Aggressive drilling was performed. The plantar cortex was preserved
to provide some inherent stability and to serve as a hinge for correction of the sagittal plane malalignment. The
laminar spreader is maintaining in plantarflexed position of the first metatarsal before insertion of the bone
graft. D: Insertion of autogenous tricortical iliac crest graft with fixation by K-wire and one-third tubular plate
with multiple screws. Postoperative DP (E) and lateral (F) radiographs after excellent healing and incorpora- ‘
tion of bone graft. Correction of the metatarsus primus elevatus was achieved as well as restoration of length.
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Figure 36.24 (Continued) Dorsoplantar (G) and lateral (H) radiographs 3 years postoperatively. Because of
stress across the MCJ, the plate failed and was subsequently removed. The retained portion of the screw within
the medial cuneiform remained asymptomatic.

“greenstick™-type fracture in that it does not completely violate
the medullary canal and provides an incontinuity substrate
for distraction osteogenesis and ultimately the ossification
process.

The total length of distraction is determined using weight-
bearing DP and lateral view radiographs. It is preferred to
create a metatarsal parabola in which the length of the first
metatarsal is commensurate with that of the second depend-
ing on the foot type. In instances in which there is signifi-
cant metatarsus adductus or brachymetatarsia of the second
metatarsal, a modified parabola may be prepared. In these
circumstances, it will be necessary to critically evaluate plain
radiographs including the forefoot axial view to ensure that
the final metatarsal parabola has the first and second meta-
tarsals resting at a similar level. The goal is to create similar
load-bearing potential between the first and the second met-
atarsal heads. While a slightly plantarflexed position of the
first metatarsal may be tolerated, elevatus is likely to result in
transfer lesions and metatarsalgia. Generally, it has been sug-
gested to limit the total lengthening to 40% (164,166) or 50%
(160-162) as overlengthening will increase the risk of MTPJ
subluxation, joint stiffness, plantar deviation of the metatar-
sal, angular deformity of the new bone segment, and clawing
of the hallux.

It has been postulated that first metatarsal lengthening
with the pins aligned in the center of the sagittal plane of the
metatarsal can produce an increased first metatarsal declina-
tion. A rigidly plantarflexed first ray is known to produce rear-
foot compensation and a resultant varus deformity. Dorsal soft
tissue contractures from previous surgery, contracture of the
EDL tendon, and distraction greater than 40% to 50% of the
length of the metatarsal are likely contributory factors that
would aggravate and increase the metatarsal declination. With

that in mind, placing the fixator pins within the transverse
plane of the metatarsal may reduce the incidence of plantar
angulation of the distal metatarsal and avoid compensatory
mechanics (148). These pins should be placed through the
central aspect of the medial metatarsal shaft and are run purely
through the transverse plane creating a parallel arrangement
of the wires leaving sufficient length of the pin external to
allow for placement of the rail and providing excess room to
allow for swelling. They should be spaced generously apart
from one another to enhance stability of the construct. It is
prudent to run 0.062-inch K-wires and confirming their place-
ment radiographically prior to running the 3-mm half pins for
the fixator.

In callus distraction osteogenesis, the need for a latency
period prior to distraction is understood. The duration of that
period is subjective and typically ranges from 4 to 14 days for
foot and ankle procedures. When the corticotomy/osteot-
omy is within metaphyseal bone, distraction can begin in 7 to
10 days, whereas a latency of 2 weeks is suggested for the proce-
dure in diaphyseal bone. Although there is no strict consensus
on the duration of the latency period, there are a number of
factors that enter into an individual’s propensity for bone min-
eralization and among them is overall health, tobacco history,
systemic conditions associated with generalized osteopenia or
osteoporosis such as diabetes or rheumatoid arthritis, age, and
the location of the osteotomy (149,156-159).

Additionally, the latency period may be shorter in younger
individuals (10 days) given that their periosteum is thicker,
and prompt revascularization allows for earlier callus distrac-
tion. In adults, revascularization may be slower, and so a longer
latency is required (14 to 21 days). Longer latency periods
are suggested for osteotomies within dense cortical bone and
when lengthening after correction of angular deformity or
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significant displacement (156,173,174). These latencies are
further supported due to respective differences in bone min-
eralization rates.

It is generally suggested to avoid prolonged latency periods
as premature consolidation can complicate this process, espe-
cially in younger individuals.

Radiographic evidence of callus formation should be evi-
dent anywhere from 2 to 5 weeks after initiation of lengthening.
When a fracture gap is persistent for a prolonged period of time,
it is possible to use the distractor to recompress the part and ini-
tiate the distraction once again. Price and Mann suggested that
distraction could be slowed or even reversed if poor-quality bone
callus or a prolonged fracture gap developed. In this event, rec-
ompression at the same rate as the distraction would proceed
until the fracture gap is closed. In their work in lengthening the
tibia, this compression would be maintained for 1 to 2 weeks
before initiating distraction again (150). No literature has been
found suggesting specific time to initiate such recompression
when performing this technique in the metatarsal bones.

After callus distraction lengthening has been completed, it
iIs typical to complete a period of non-weight-bearing to allow
for consolidation of the segment prior to removal of the fixa-
tor. This period is variable and may range from 6 to 16 weeks
depending on radiographic evidence of bone consolidation
and physician intuition regarding the clinical condition. It is
not uncommon to leave the fixator in place for 100 days or
more (145,148,163-165). In the two-stage procedure of dis-
traction osteogenesis and first MTP] arthrodesis, further non-
weight-bearing will be required once definitive fixation of the
first MTP] fusion and stabilization of the new bone segment
has been completed. In this case, it is shortsighted to prepare
the internal fixation plan strictly for the index procedure, the
end-to-end first MTPJ arthrodesis. Given the fact that the new
bone segment requires a prolonged period of time to mature
and that time is variable with each patient, it must be stabilized
throughout the attempted first MTPJ and non-weight-bearing
is required to facilitate primary bone healing while the arthro-
desis site is consolidating. Due to the fact that the region of
distraction osteogenesis has not yet matured, there is continued
risk for plastic deformation of that segment. Any excessive early
weight-bearing may prompt angular deformity thwarting the
surgical outcome. The intraoperative assessment of the regener-
ate bone quality is an important factor in determining the dura-
tion of the non-weight-bearing plan. Ultimately, radiographic
parameters will determine the duration of non-weight-bearing,
and anywhere from 6 to 10 weeks of non-weight-bearing would
be typical depending on bone quality. The combination of
radiographic and clinical assessments will carry the greatest
weight in determining when to advance to protected weight-
bearing. The ill effects of prolonged non-weightbearing in the
small bones of the foot have been well documented, and so
it becomes a fine balance between stressing bone to encour-
age consolidation and resting the part to allow mineralization
with immobilization. Radiographic consolidation at the site of
fusion is confirmed by the presence of trabeculations crossing
the site. Once confirmed, the patient may be advanced into a
compression stocking and a firm-soled shoe for approximately 3
weeks of protected weight-bearing. Thereafter, advancement of
activides is titrated to patient tolerance. Clinical follow-up will
continue with serial radiographs being staggered based upon
clinical acumen. It is prudent to benchmark progress radio-
graphically at defined intervals such as 3, 6, 9, and 12 months

after managing such a complex case to ensure the earliest eyi.
dence of late complications such as the development of stresg
fractures or the development of angular deformity.

RESECTION OF PROXIMATL METATARSAL
NONUNION WITH REVISION OF INTERNAL
FIXATION (WITH OR WITHOUT BONE GRAFT)

Application of multiple layers of elasticized cast padding is
applied beneath a calf tourniquet to provide hemostasis if
desired. Dissection to gently prepare the deep fascia and main-
tain optimal perfusion to the first ray is completed. Next, the
level of the nonunion is identified and isolated in preparation
for the deep fascial incision. The incision begins at the base
of the first metatarsal and extends distally across the MTPJ.
The site of nonunion is addressed by first removing any exist-
ing fixation devices. Once removed, the margins of the nonun-
ion are delineated exposing the most dorsal and most plantar
aspects of the site. With adequate exposure, the quality of the
bone is assessed and the margins of the nonunion are circum-
scribed with manual instrumentation. Often, the parts can be
gently separated with manual instrumentation such as a freer
elevator or a small osteotome. In attempting to separate the
parts, care is taken not to “bottle cap” the segment as this may
result in fracture. When the segment is resistant, power instru-
mentation is used to incise the nonunion. Irrigation of both
segments of the nonunion is completed, and the free ends of
bone are inspected. Any evidence of sclerotic change or fibrotic
ingrowths should be removed at this time. After débridement,
the bone deficit is inspected and the need for an intercalary
bone graft versus an autogenous reverse on lay graft is deter-
mined. When there is a welllocalized segment of sclerotic
bone at the site, consideration for a reverse onlay graft can be
entertained. When there is a large volume of sclerotic bone at
the site of nonunion, the onlay technique may not provide an
adequate volume of healthy bone, and in this event, an en bloc
resection repaired with an intercalary graft is preferred.
Resection of sclerotic or otherwise degenerative bone is
performed using a sagittal saw under continuous irrigation.
Supplementation of the medullary segments with cancellous
bone chips should be completed if necessary. Once satisfied
that the free segments of bone are healthy appearing, the size
of the intercalary graft can be determined. With the distal
metatarsal segment placed into neutral alignment with the hal-
lux, the deficit in metatarsal length can be estimated and the
appropriate size and shape of the graft can be measured. The
length of the first ray can be compared to that of the contralat-
eral limb via plain radiographs for best assessment. It is impor-
tant to remember that the graft should be prepared slightly
larger than the defect to begin this process as there is usually
further sculpting required to achieve a press fit for the graft.
Autogenous graft is preferred in revision of a nonunion seg-
ment, and the author prefers the benefit of a tricortical iliac
crest graft for this purpose. In resecting the nonunion residual
from an oblique base wedge osteotomy, a rhomboid-shaped
defect may result (Fig. 86.24C). The bone defect should be
measured in height, length, and width, and the dimensions
should be drawn to serve as a blueprint when the defect is suffi-
ciently large. From a technical standpoint, the goal is to fashion
an anatomic match for the site and to create a press fit for that
site. It is best to begin with a graft that is slightly large in length
and to then plane the bone under continuous saline irrigation

a
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o preserve healthy bone quality while trimming the graft. With
the graft in place, the construct can be compressed in an axial
direction by manually loading the distal metatarsal. With the
segment com pressed against the graft, temporary fixation may
he applied using a 0.062-inch K-wire. After provisional fixation
is established, the first MTP] range of motion should be assessed
1o ensure that smooth and unrestricted motion is available
in this corrected position. A standard 1/3 tubular plate with
9 7-or 8.5-mm screws are then applied depending on the size of
the bone. These devices are applied using strict AO technique
to stabilize the construct. A modification of this technique is
to first prebend and apply the plate to the graft using a single
screw. Once secured, the entire plate-graft unit can be placed
within the defect. When securing the plate to the metatarsal,
the holes just proximal and distal to the graft are eccentrically
drilled to create compression upon the graft (Fig. 36.24D).
The rest of the screws are applied centrally within the plate
for neutralization, and finally, all screws are tightened to two-
finger tightness. Final intraoperative radiographs should be
obtained to confirm appropriate position and alignment of the
first ray and internal fixation devices. Final exploration of the
first MTP] and range of motion is performed to ensure proper
function in this corrected position prior to closure. If there are
regions of chondral lifting or deep chondral defects, débride-
ment should be completed. Regions of worn and unusually
thin or degenerative cartilage can be fenestrated. Avoid the use
of K-wires for fenestration as a solid wire packs and compresses
bone, which impedes capillary ingrowths. Using a 1.5-mm wire
pass drill bit, the bone will be excavated while creating recesses
for neovascularization and capillary ingrowths. Copious irriga-
tion is then completed followed by a layered closure taking care
to generously cover fixation devices to reduce superficial irrita-
tion. With the foot and ankle in neutral position, a modified
Jones compression dressing is applied using multiple layers
of elasticized cast padding alternating with 6-inch elastic wrap
compression. A cryotherapy bladder is employed after the first
layer and a three-layer dressing is prepared.

The postoperative course includes absolute non-weight-
bearing until there is radiographic evidence of bone consoli-
dation. Typically, 8 to 12 weeks may be required. Once bone
consolidation has been confirmed along three cortices of the
metatarsal in multiple radiographic views, protected weight
bearing can begin with the benefit of a CAM walker. A com-
pression stocking is applied as soon as the layered dressing is
discontinued, typically once sutures are removed. Passive range
of motion of the first MTP] should begin as soon as tolerated
after the procedure to prevent stiffness and loss of motion. This
passive motion should be painless, and this is generally reassur-
ing to the patient. Titration into a firm-soled shoe surgical shoe
is completed as tolerated. Serial radiographs are obtained every
2 to 4 weeks, and once full-weightbearing has been tolerated
well, the frequency of radiographs can be reduced. Itis prudent
to follow these complex cases monthly until the patients have
returned to their usual shoe gear and are tolerating full- weight-
bearing activity well. Thereafter the patient can be reassessed
quarterly until functional goals and subjective satisfaction have
been achieved.

Pearls/Pitfalls

After débridement, the bone deficit is inspected and the need
for an intercalary bone graft versus an autogenous reverse onlay

graft is determined. When there is a well-localized segment of
sclerotic bone at the site, consideration for a reverse onlay graft
can be entertained. When there is a large volume of sclerotic
bone at the site of nonunion, the onlay technique may not pro-
vide an adequate volume of healthy bone, and in this event, an
en bloc resection repaired with an intercalary graft is required.

The reverse onlay graft technique has been described for
use in long bones with good success. There is a learning curve
to using this technique. The graft can be prepared in a cus-
tomized fashion depending on the nature and location of the
nonunion. The reverse onlay graft is prepared by cutting a
rectangle of bone through the site of nonunion that extends
approximately 50% deep into the largest girth of the nonun-
ion site. Once excised, this rectangular segment is then rotated
180 degrees to bring healthy autogenous bone into the site
of nonunion repair and shifts the sclerotic zone out into the
healthy distal bone segment. This provides all of the benefits
of autogenous bone morphogenic protein to the nonunion
and provides a near-perfect match of bone quality to the site
of repair. This reverse onlay can be stabilized using standard
devices or low-profile plate and screws. When excising a long
segment of bone, it is beneficial to bevel the cuts along the
long axis of the segment as this will allow a very snug press fit
after reversing the autogenous graft segment. This rectangu-
lar segment can be taken from the dorsal or medial aspect of
the metatarsal base depending on the location and depth of
the nonunion. It is important to resect this segment sufficiently
deep but not greater than 50% into the widest girth of the bone
to ensure a stout segment of bone to secure and stabilize the
graft. Once adequate fixation is applied, radiographs are taken
to confirm position and alignment of the autograft and fixation
devices.
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Principles of Arthrodesis

HISTORY

The use of arthrodesis for the correction of deformities is a cor-
nerstone of podiatric surgery. From the proximal interphalan-
geal joint (PIP]) for the correction of a digital contracture to a
pantalar arthrodesis for the unstable Charcot foot and ankle,
all podiatric surgeons need to be well versed in the principles
for the fusion of joints. The modern general principles behind
performing an arthrodesis were originally described by Glissan
for the ankle arthrodesis. Since then, several organizations have
added to the core principles in an attempt to provide a more
predicable fusion.

In 1949, Glissan published his procedure for the perfor-
imance of ankle arthrodesis, which has been notorious for
delayed and nonunion of the fusion surfaces. He postulated
that strict adherence to four basic principles would lead to a
higher fusion rate (Table 55.1). First, the surgeon must com-
pletely remove all cartilage, fibrous tissue, and any other mate-
rial that would prevent the close approximation of the raw bone
surfaces that will comprise the fusion mass. Second, the sur-
geon must provide an accurate and close-fitting construct for
fusion. Third, optimal position of the joint to be fused must be
ensured. Finally, the surgeon must maintain the bone apposi-
tion in an undisturbed fashion until the fusion is complete (1).
These principles revolutionized the steps that were undertaken
to perform ankle arthrodesis and have been adopted, modi-
fied, and expanded by the AO for use in fracture repair.

In 1958, the AO was founded by world-renowned trauma sur-
geons in Switzerland who were unhappy with the lack of stand-
ardization in the treatment of orthopaedic injuries. Through
their pioneering research into the basic science of bone heal-
ing, they modified Glissan’s principles for use in fracture heal-
ing/repair (Table 55.2). The AO principles include preserving
the blood supply to the fracture or fusion, obtaining anatomic
reduction, providing stable fixation, and beginning early, active
range of motion of the involved body part (2). These principles
have been integrated into common surgical practice and greatly
enhance surgical visualization and stability in arthrodesis.

SURGICAL STRATEGY

The integration of the above-mentioned principles into com-
mon surgical practice begin with proper surgical planning.
The surgeon’s thorough knowledge of the indications for the
procedure to be performed, the surgical anatomy, proper
patient positioning, and proper anesthesia is of paramount
importance. Additionally, the proper implants (screws, plates,
wires, etc.) and instrumentation to insert the implants should
be planned before surgery.

Proper incision placement is of the utmost importance when
performing any surgical procedure. If an incision is improperly
planned, inadequate visualization, excessive retraction on skin

™

and soft tissue, and violation of vital anatomic structures will
result. Additionally, improper incision placement may preclude
the use of the most stable form of fixation for the desired pro-
cedure and may impede proper positioning. When planning
the surgical incision, the desired joint exposure for resection
and the proper exposure to insert fixation should be taken into
consideration (Fig. 55.1).

Once the incision is planned, strict adherence to proper sur-
gical technique is vital. This includes the use of anatomic dis-
section (tissue plane dissection) (Fig. 55.2). This is explained
in further detail in the sections on specific surgical procedures.
One point of emphasis will be in the periosteal dissection.

The periosteum provides approximately 80% of the blood
supply to the bone (3). Because of its importance in the heal-
ing of the fusion site, it should be treated delicately. The pre-
ferred method to periosteal dissection involves making a linear
incision in the periosteum to provide the exposure needed to
perform the arthrodesis. Following incision, a Freer elevator is
utilized to begin the subperiosteal dissection in a blunt manner
over the diaphyseal area of the bone. This provides a known tar-
get layer on the proximal and distal aspect of the joint surface
to be fused. In the periarticular area, the periosteum is continu-
ous with the joint capsule and is firmly attached to the bone by
Sharpey fibers. These fibers must be sectioned sharply in the
same plane as the subperiosteal dissection (Fig. 55.3). However,
care must be taken not to shred or lacerate the periosteum and
capsule. By maintaining the periosteum as a single layer, the
disruption of the periosteal blood supply is minimized.

JOINT RESECTION

After proper incision placement and utilization of anatomic
dissection technique, the proposed joint for arthrodesis
should be visualized within the surgical wound. The next vital
step to successfully prepare a joint for arthrodesis is joint expo-
sure. Without proper exposure, the surgeon will not be able
to adequately resect the joint for arthrodesis. The two most
efficient ways to gain exposure to a joint is either through
joint disarticulation or joint distraction. The best way to gain
exposure to a metatarsal phalangeal joint or an interphalan-
geal joint is through disarticulation (Fig. 55.4), whereas expo-
sure to an intertarsal or ankle joint is most amenable to joint
distraction.

It may be difficult to delineate or gain access to a joint sec-
ondary to severe degenerative changes. In these instances, a
Sayer, Key, or Freer elevator may be useful to pry the joint apart
(Fig. 55.5A). To maintain or obtain joint distraction, many
surgical instruments are available. These instruments include
lamina spreader, AO “mini distractor, ” femoral distractor, tarsal
distractor, and Weinraub distractor (Fig. 55.5B and C). After
full visualization of the joint has been obtained, the joint is now
ready for resection. Care should be taken to place the distractor
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VIR Glissan’s Principles of Arthrodesis BV AP AO Principles
Remove all interposing soft tissue Preserve blood supply to the fracture
Accurate and close fitting of the fusion surfaces Anatomic reduction

Optimal position of (ankle) joint Stable internal fixation

Maintenance of bone apposition in an undisturbed fashion until Early and active range of motion

complete fusion

Figure 55.1 A: Proposed incision placement for the medial dissection for a triple arthrodesis. Note the bias

of the incision to provide access for joint preparation and fixation placement. B: The same incision with joints
prepared and fixation being applied.

Figure 55.2 A: Incisional landmarks with proposed incision for metatarsal-cuneiform fusion. B: Controlled
depth incision through epidermis and dermis.




Figurc 55.2 (Continued) C: The subcutaneous tissue has been dissected to the level of the deep fascia and
the first dissection interval has been developed via “sponge” technique. D: Deep fascial incision has been per-
formed to allow for retraction and protection of the extensor tendons. E: The metatarsal cuneiform joint has |

been exposed.

Figure 55.3 A: The Freer is used to develop a subperiosteal plane of dissection over the shaft of the metatar-
sal. The frmly attached capsule must be released sharply. B: Release of the capsular structures with a 15 blade.
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in a location in which it may provide optimal distraction hy;
remain distant from the surgeon’s field.

When resecting a joint and preparing the bone for arthrode.
sis, Glissan’s first principle of arthrodesis is employed: complee
removal of all cartilage, fibrous tissue, and any other materig)
that may prevent contact of raw bony surfaces. The anatomy of
an articular joint consists of articular cartilage and a subchop.
dral bone plate. Superficial articular cartilage is uncalcifieq,
relatively malleable, and avascular. The subchondral bone plate
is composed of two layers. The first and most superficial layer jg
calcified cartilage, which is hard and avascular. The second layer
issubchondral bone. Subchondral bone is thin, relatively avascy-
lar compared with cancellous bone, and constructed mainly of
appositional layers of bone with trabeculae. Subchondral bone
differs from cortical bone due to the fact that haversian canals
are seldom seen histologically (4,5). Beneath the subchondral
bone plate is vascular cancellous bone. The cancellous bone just
beneath the subchondral bone plate is the layer sought when
preparing the bone for arthrodesis. Once cancellous substrate
is exposed, it is recognized by capillary bleeding within the
resected boney surface, also called “Paparika sign” (6--8).

There have been numerous techniques described for resec-
tion of every joint within the lower extremity. Most all tech-

Figure 55.4 Disarticulation of a PIPJ. Note the collateral ligaments niques follow the principle of either contoured or wedged
are still attached to the head of the proximal phalanx.

Figure 55.5 A: A Sayer clevator has been introduced into
the TN joint to facilitate the release of the capsular attach-
ments. B: A Lamina spreader used to provide distraction at the
STJ. C: AO mini distractor placed for TNJ distraction. Note
the dorsal placement of the K-wires to allow access for joint
preparation.
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joint resection. Contoured joint resection allows the surgeon
to maintain the anatomic concave/convex relationship of the
joint. Advantages of contoured resection are that it helps to
minimize shortening and allows for manual reduction of the
deformity without having to remove more bone to achieve posi-
tion. Joints in the lower extremity that amend themselves to
this type of resection are ellipsoid (condylar), saddle, hinge,
and even some planar joints. Wedge joint resection is generally
employed for reduction of rigid deformities. The principle of
wedge resection is to resect the joint in a planar or linear sur-
face fashion. Each side the arthrodesis site is a planar surface
s0 as to achieve maximum boney surface apposition. To adjust
the position of the arthrodesis site, awedge of bone from either
surface must be taken. Care must be exercised when adjust-
ing position with this resection technique because every adjust-
ment is subjected to some degree of shortening. This type of
resection as mentioned above is preferred for reduction of a
rigid deformity or resection of some planar joints. The physi-
cal act of joint resection can be accomplished with various

surgical instruments. When a contoured resection technique
is employed, the goal is to maintain an anatomic concave/
convex relationship of the joint and minimize shortening. The
articular cartilage of a joint can be resected utilizing a curette,
although a curette is not effective at resecting the subchondral
bone plate (5) (Fig. 55.6A). The use of rongeur or an oste-
otome with mallet can be utilized for a controlled depth resec-
tion of the subchondral bone plate (Fig. 55.6B-E).

In instances in which the articular cartilage has been resected
and the subchondral plate has been partially resected with use
of a curette, a power burr, or fenestration with a Kirschner wire
(K-wire), or an osteotome/mallet can be used to break through
the subchondral plate and expose cancellous bone (Fig. 55.7A
and B). Reaming systems have also been designed for joint resec-
tion to maintain an anatomic concave/convex relationship of
the joint. Care must be taken to control the depth of resection
as to minimize shortening with use of these reaming systems.
When a wedge resection technique is employed, the goal is to
create a planar or linear surface when resecting the subchondral

Figure 55.6 A: Utilizing a curette for débridement of cartilage. Note that the subchondral plate is still intact.
B: Use of an osteotome and mallet to remove cartilage and subchondral plate from the head of the talus. Note
the exposed cancellous bone along the resected surface. C: Use of an osteotome and mallet for preparation of
the STJ. Initial placement of the osteotome to establish depth. D: Subchondral bone and cartilage are resected
a fewmm at a time to maintain optimal depth. (Continues on next page)
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bone plate. This is best achieved with the use of a sagittal saw, s
a uniform planar surface can be created (Fig. 55.7G-G).

FIXATION

After positioning the joint in the desired location, fixation may
be applied. While there are many different types of fixation that
may be applied to the arthodesis site (wires, screws, plates, etc.),
it must be emphasized that the fixation is only utilized to stabj-
lize the arthrodesis site while the bone heals. One of the found-
ers of AO (Stephan Perren, MD) is credited with the statement:
“The healing of a fusion/fracture site is a race between bone
healing and fixation failure.” Despite significant improvements
in internal fixation over the past several decades, this statement
is as true today as it was in 1978. The use of stable, internal
fixation to stabilize the fusion site is one of the tenets of the
AO philosophy (2). Whatever method of fixation is utilized, the
arthrodesis site must be held in close, stable apposition untl
full healing across the fusion site has occurred.

Figure 55.6 (Continued) E: Bleeding cancellous bone surface on the
posterior facet of the STJ. You can see the thickness of resection with
the fragment being held in the hemostat.

Figure 55.7 A: A burr is used to place “divots” into the subchondral plate of the navicular following resec-
tion of the cartilage with a curette. B: Final preparation of the navicular after the burr has been used. Note
the “golf-ball” appearance. C: Resection of the articular surface of the medial cuneiform with the sagittal saw.
D: Removal of the articular surface of the base of the first metatarsal.

D
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Figure 55.7 (Continued) E: An osteotome and/or Freer may be used to free the fragment after the saw cutis
complete. F: The fusion surfaces are inspected, and any interposing soft tissue is removed. G: Final appearance
of the first metatarsal cuneiform joint after planar resection. Note the close apposition of the fusion surfaces.

CLOSURE

Closure of the tissues in their respective layers is the final
opportunity intraoperatively to maintain anatomic channels of
nutrition to the arthrodesis site. This is accomplished by reap-
proximating each individual layer in close apposition and hold-
ing it in place until such time that the body has reestablished
the tensile strength of the tissue to maintain the anatomical
relationship. This may be facilitated by selecting a suture than
will maintain its strength for the desired length of time (e.g.,
Vicryl or Monocryl). Another benefit to layered anatomic clo-
sure is the tamponade effect to control bleeding and limit post-
operative edema.

CONCLUSION

The ability to reliably and accurately achieve fusion of joints
is perhaps the podiatric surgeon’s most valuable tool in the

treatment of a wide variety of foot and ankle pathology. If the
principles of arthrodesis are stringently followed, many of the
reported complications of foot and ankle fusions can be avoided.
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