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Background

The procedure was first described by Albrecht
etal. [1] in 1911 and later popularized by Lapidus
in 1934. Lapidus proposed a first metatarsal—
cuneiform arthrodesis paired with arthrodesis of
the second metatarsal, resection of the dorsome-
dial eminence of the first metatarsal head, and dis-

L.A. DiDomenico, DPM, FACFAS (<)
Ankle and Foot Care Centers, KSU College of
Podiatric Medicine, Independence, OH, USA

Department of Surgery, Northside Hospital,
Youngstown, OH, USA
e-mail: LD5353@aol. com

D.N. Butto, DPM
Saint Francis Hospital & Medical Center,
Hartford, CT, USA

P.D. Dayton, DPM, MS, FACFAS
College of Podiatric Medicine and Surgery,
Des Moines University, Des Moines, lowa, USA

UnityPoint Clinic, Trinity Regional Medical Center,
Fort Dodge, Iowa, USA

D.J. Hatch, DPM, FACFAS
Foot & Ankle Center of Northern Colorado, Greeley,
Co., Medical Center of the Rockies, Loveland, CO, USA

B. Smith, DO
Foot & Ankle Division, Moore Center for
Orthopedics, Lexington, SC, USA

R. Santrock, MD
Foot & Ankle Surgery, West Virginia School of
Medicine, Morgan Town, WV, USA

© Springer International Publishing AG 2018

tal soft tissue repositioning. He believed that
metatarsus primus varus was the result of an
underdeveloped atavistic foot type resulting in
increased intermetatarsal angle (metatarsus pri-
mus varus) and that hypermobility of the first
metatarsal-cuneiform joint was a component of
the pathology. Lapidus concluded that the apex of
the deformity, the first metatarsal-cuneiform joint,
needed to be addressed or a “bayonet-shaped”
deformity would result [2]. To date, numerous
modifications have been made to the original
Lapidus procedure; however, all include arthrod-
esis of the metatarsal-cuneiform joint [3—10].
The first metatarsal—cuneiform joint combined
with its surrounding ligaments form a stable seg-
ment. The base of the first metatarsal has a lateral
joint surface, a medial joint surface, and an infe-
rior joint surface. A mediodorsal and lateroplan-
tar protuberance is commonly found, which adds
rotational stability to the joint [11]. In an ana-
tomic cadaveric study by Mason and Tanaka, it
was found that the lateral plantar prominence is
constantly found on the metatarsal base. The size
of the prominence differs greatly and is some-
times referred to as the “lateral flange” [12]. This
and other details of the anatomic structure of the
first ray have a direct impact on the understand-
ing of resultant deformities and necessary com-
ponents of correction. New information related
to the triplane positions on the segments and the
effect that these relationships have on function
are beginning to change our understanding of the
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basis and needs for correction of HAV. These
anatomic and functional concepts are discussed
in detail in Chaps. 2 and 6 and will be referred to
in the following procedural overview.

Indications

The first metatarsal-cuneiform arthrodesis has
been traditionally performed in patients with a
hypermobile first ray as a prime indication. This
indication has been challenged recently due to
controversy regarding the location of instability,
the difficulty in determining the degree of mobil-
ity, and the inconsistency of clinical assessment.
Root described normal first ray range of motion as
equal dorsiflexion and plantarflexion with hyper-
mobility defined as anything beyond equal motion
in the sagittal plane. To assess this, he placed the
ankle and subtalar joint in neutral position then
stabilized metatarsal heads two through five with
one hand and the first metatarsal head in the other
hand while taking the first ray through range of
motion [13, 14]. Roukis et al. described the
“dynamic Hicks test” to assess first ray range of
motion. They described the placement of the foot
and examiner’s hands as described by Root. The
hallux is fully dorsiflexed at the first metatarsopha-
langeal joint, and dorsal and plantar pressures are
applied to the first metatarsal head. They believe
true hypermobility exists when both tests are posi-
tive for hypermobility [15].

Further evidence suggesting the presence of
first ray hypermobility has been reported based on
radiographic findings according to some surgeons
on anterior—posterior (AP) X-ray. Cortical thicken-
ing of the second is thought to occur secondary to
overload [16]. Also diastasis between the base of
the first metatarsal and/or the medial cuneiform
and the base of the second metatarsal, elevated first
metatarsal relative to the lesser metatarsals and
painful synovitis at the second metatarsal phalan-
geal joint, and/or hyperkeratotic lesions under the
lesser metatarsals have been identified as possible
signs of hypermobility (Figs. 13.1a—d and 13.2).

In reality there is no consensus or consistency
in the clinical measurement or definition of first
ray hypermobility, and that is why we question the

utility of this measure as a primary indication for
tarsometatarsal level of correction for HAV. As
discussed in Chaps. 2 and 6, the main site of
mobility of the first ray is at the naviculocuneiform
and talonavicular joints with a minority of motion
at the TMT]J. The first metatarsocuneiform arthrod-
esis in reality is indicated to treat moderate to
severe hallux abducto valgus as well as high levels
of deformity with or without the presence of
hypermobility. The main utility of the procedure is
that it has the advantage of providing correction at
the apex of the deformity [17, 18]. In addition,
TMT1J is a convenient location to address all planes
of the deformity concurrently including the trans-
verse, the sagittal, and the frontal plane resulting in
complete anatomic correction. Patients with small
IMA may have significant frontal plane deformity
which is why, like with hypermobility, the degree
of IMA is not used as a prime indication. Sesamoid
axial radiographs are recommended to assess the
overall position of the first metatarsal in the frontal
plane. Dayton et al. found in a case study of 25
patients that all patients had a component of fron-
tal plane deformity. Correcting the frontal plane
resulted in change in the IMA of 10.1°, hallux
abduction angle (HAA) of 17.8°, and proximal
articular set angle (PASA) of 18.7° [19]. Dayton
et al. reviewed the data on 35 consecutive patients
who underwent triplane bunion correction includ-
ing derotation of the metatarsal. They found the
mean amount of varus (supination) rotation per-
formed during correction was 22.1+5.2°. The
mean amount of intermetatarsal angle reduction
achieved was 6.9+3.0°. The tibial sesamoid posi-
tion changed by a mean of 3.3+1.2° [20].
DiDomenico et al. evaluated the correction of the
IMA and sesamoid position with frontal plane
derotation and found by derotating the metatarsal
that there is a significant improvement in both
IMA and sesamoid position [21]. Other indica-
tions for first metatarsal-cuneiform arthrodesis
include pes planus correction, treatment of degen-
erative joint disease (DJD), and revision HAV pro-
cedures [10, 16, 22, 23] (Fig. 13.3a—c).
Contraindications include a short first ray,
because some degree of shortening is inevitable
with resection of the joint, therefore further
shortening an already short ray. Additionally, the
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Fig.13.1 (a) A lateral radiograph projection demonstrat-
ing a patient who suffers from TMT-1 hypermobility/
instability. Note the dorsal cortex of the first metatarsal in
comparison to the second metatarsal leading to an ele-
vated first metatarsal. (b) An appearance of a “long first
metatarsal” on a AP radiograph secondary to the hyper
mobility. (¢) Patient who presents with a HAV deformity
bilaterally as well as a sub two callus lesion on both feet.

procedure should be avoided in individuals with
open growth plates.

The authors want to point out that a short first
ray is very unusual in feet that have not been
affected with trauma or previous surgery.
Oftentimes what may appear to be a short first
ray on a “single snap shot projection” more likely
than not is not truly a short ray. Considerations
that must be addressed when evaluating radio-
graphs are what was the patient’s position of their
foot and was it fully loaded at the time of the

(d) Note the lack of weight bearing under the first metatar-
sal causing the increased pressure to the sub-second meta-
tarsal. The increase in sub-second metatarsal is secondary
to the increase in the intermetatarsal (IM) angle, the eleva-
tus of the first metatarsal (the first ray is not bearing the
needed weight) along with a tight posterior muscle group
increasing the forefoot load to the second metatarsal

X-ray? What was the angle of the beam relative
to the foot at the time of the X-ray? Does the
patient have more of a flatfoot or a high-arched
foot? If a patient has more of a flatfoot, the radio-
graph projection will more likely than not appear
long, and if patient presents with more of a high-
arched foot, the first metatarsal will be more
plantarflexed and appear relatively short. The
surgeon needs to take this into consideration and
rely on clinical evaluation as much as the radio-
graphic evaluation.

|d5353@aol.com



184

L.A. DiDomenico et al.

Fig. 13.2 This is an AP radiograph from a patient who
presents with a recurrent hallux abducto valgus deformity
who had a previous distal metaphysical osteotomy per-
formed. Note the diastasis of the base of the metatarsals
and cuneiforms, a valgus rotation of the hallux and sesa-
moid complex, a previous stress fracture experienced by
this patient from second metatarsal overload because of
the increase in intermetatarsal angle (increasing the load
to the second metatarsal as the first is not bearing the
weight), and hypermobility/instability of the first ray

Technique #1

Preferred Technique: Lawrence A.
DiDomenico and Daniell N. Butto

An incision is made over the metatarsal-cunei-
form joint approximately 4—-6 cm in length. There
is no incision at the level of the first metatarso-
phalangeal joint or in the IM joint space. The tar-
sal-metatarsal incision is deepened in the same
plane using sharp and blunt dissection. All bleed-
ers 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. Next the articular cartilage of

the metatarsal and cuneiform sides of the joint
are resected. The initial joint resection is per-
formed on the first metatarsal articular surface.
The first metatarsal articular surface is denuded
first as this is the most distal and the most unsta-
ble segment. This resection is made perpendicu-
lar 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 in typical HAV deformity. Thus, the
articular joint resection needs to be kept consis-
tent and parallel with the natural-occurring anat-
omy. 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 with a slight
change in angular resection in the transverse
plane. The frontal and sagittal planes are later
corrected via reduction and appropriate position-
ing of the tarsal-metatarsal joint (Fig. 13.4).

Prior to reducing the joint into the appropriate
desired position, a significant amount of time
should be spent with joint preparation to ensure
good bony healing. The metatarsal base and dis-
tal cuneiform as well as the medial aspect of the
second metatarsal base are prepared. The authors
use a laminar spreader for distraction between
the first metatarsal and cuneiform. A pituitary
rongeur is used to debride the cortex of the medial
wall of the second metatarsal. It is imperative that
the surgeon is diligent to ensure that the subchon-
dral plate is penetrated demonstrating good
bleeding at both the metatarsal and cuneiform.
The joint preparation is extremely important in
efforts to obtain a bony union and to avoid a
delayed and nonunion (Fig. 13.5).

Next, the frontal plane is addressed. The sur-
geon derotates the hallux out of valgus (in a varus
direction to a neutral anatomic position) in order
to get the nail plate to be parallel with the ground.
This derotation allows for the entire hallux, sesa-
moid, and first metatarsal complex to be rotated
from a position of valgus and into a neutral
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Fig. 13.3 (a) This is an AP radiograph of a patient who
underwent a closing base wedge osteotomy of the first
metatarsal with K-wire and screw fixation. The patient
experienced a fracture and displacement of the osteotomy
site with malalignment. (b) This is an AP radiograph of
correction of photo 12 A who underwent a revision
Lapidus procedure to correct the malalignment and dis-
placement of the closing base wedge osteotomy. (c) A

Fig. 13.4 These are the articular surfaces of the base of
the first metatarsal and cuneiform following joint resec-
tion in preparation of performing a Lapidus procedure

position as one unit. This results in the sesamoid
complex repositioned under the first metatarsal;
the hallux is taken out of a valgus position into a
anatomic neutral position. This rotation will be
clinically evident at the tarsal-metatarsal joint as
well as under fluoroscopy. Because there is no

clinical photo demonstrating good anatomical alignment
of the recurrent HAV deformity. Note the previous scars
from the previous surgeries. There is only an incision at
the tarsal-metatarsal joint which obtained good anatomi-
cal alignment and reduction of the deformity in all three
planes. No dissection (lateral release) or medial eminence
resection was performed

Fig. 13.5 An intraoperative view demonstrating bone
debridement of the medial base of the second metatarsal
in preparation for fixation of a Lapidus procedure

dissection at the first metatarsophalangeal joint
(medial eminence resection or sesamoidal dissec-
tion), the maintenance of the soft tissues allows
for the integrity of the hallux, sesamoids, and
metatarsal to function as one unit. By maintaining
the integrity of the soft tissues, the first metatarsal
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phalangeal joint maintains stability and allows the
surgeon to manipulate and reposition the metatar-
sal phalangeal joint and the first metatarsal into a
corrective anatomical alignment. If the soft tis-
sues are dissected (historically know as a “lateral
release” and medial eminence resection), this
destabilization of the soft tissues will not allow
the surgeon the ability to rotate and position the
first metatarsal phalangeal joint and first metatar-
sal into anatomic alignment. The sesamoid cor-
rection can be observed under fluoroscopy at this
time. The sagittal plane reduction technique is
performed by stabilizing the hind foot, while the
surgeon dorsiflexes the first metatarsophalangeal
joint initiating the windless mechanism. This hind
foot stability allows the surgeon to apply retro-
grade 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, ses-
amoid, and metatarsal rotated to a neutral desir-
able position (frontal plane reduction), and the
first metatarsal sagittal plane corrected, the sur-
geon can use his or her thumb against the first
metatarsal to manually reduce the first intermeta-
tarsal 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 meta-
tarsal in both the transverse and sagittal planes.
Next a 2 mm 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 main-
taining 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, maintains
reduction in the transverse plane, as well as main-
tains confirmed desired position of the first meta-
tarsal parallel to the second metatarsal (prevents
elevation of the first metatarsal relative to the
lesser metatarsals in the sagittal plane). If the sur-
geon feels a need to obtain more correction in the
frontal plane, the temporary fixation K-wires can

be backed out, and an additional K-wire can be
inserted into the first metatarsal medial and lateral
cortex with the K-wire in the direction of inferior
medial to superior lateral. Once the K-wire pene-
trates 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 (out
of valgus and in a varus direction) and insert the
K-wire into the lesser metatarsal to stabilize the
position. In many cases, a large Weber clamp may
be used to assist, increase, or maintain the reduc-
tion. When using the large Weber clamp, the sur-
geon must be sure not to change the sagittal plane
relationship between the first and lesser metatar-
sals. The position is checked both clinically as
well as under fluoroscopy to confirm acceptable
alignment (Fig. 13.6a, b).

The recommended fixation options for this
technique are three solid long cortical interfrag-
mentary compression screws or a solid cortical
interfragmentary compression screw along with a
medial plate. Regardless of the construct, the first
screw is the most important screw; this is often
referred to as the “home run screw” [24]. This
screw should be a solid long cortical screw with
preference size of a 3.5 or 4 mm. A trough is cre-
ated into the mid-dorsal side of the first metatarsal
approximately in the proximal one-third to one-
half of the metatarsal [25]. A high-speed bur is
used to create a notch in the cortical bone as
described by Manoli and Hansen [25]. The notch
allows for drilling difficult angles such as the first
metatarsal to the first cuneiform. The first meta-
tarsal has a declination making drilling without
the notch difficult, and this technique allows the
surgeon to control the screw angle and also allows
the undersurface of the screw head to fit better at
the level of the cortex or slightly below as well as
avoid external pressures such as shoes from the
thin skin of the dorm of the foot, help prevent
stress risers, and avoid fracturing the cortex.

The first drill is either 4.0 mm for a 4.0-mm
cortical screw or 3.5 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 4.0-mm 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,

1d5353@aol.com
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Fig. 13.6 (a) An intraoperative lateral radiograph dem-
onstrating temporary K-wire fixation and a large Weber
clamp for stabilization and reduction while the surgeon is
drilling for the “home run” screw. Note the origin of the
drill hole in the first metatarsal is as distal as possible, and
it exits at the medial inferior cuneiform inferior to the
navicular. The sagittal plane correction is well visualized
as there is good bone-to-bone contact at the inferior meta-

medial aspect of the cuneiform (based on the
shape of the cuneiform, the largest cross section
of the bone is in the medial cuneiform). This
screw should have a bicortical purchase; this
screw provides interfragmentary compression at
the plantar aspect of the joint or the tension side
of the foot, and the long screw provides leverage
and resistance to ground reactive forces. This
allows for excellent reduction 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 metatarsal into the base of the
second metatarsal with the respective drill sizes
for a 3.5-mm or a 4.0-mm cortical screw. The ini-
tial drill is the oversized drill through the first
metatarsal, and the second drill is the undersized
drill into the second metatarsal and/or possibly
the lesser metatarsals in order to obtain a screw
purchase and allow the surgeon to dial in with the
desired  intermetatarsal  angle  reduction.
Oftentimes a washer will be applied with this
screw, which provides greater reduction of the

tarsal and cuneiform along with dorsal gapping at the
metatarsal cuneiform superiorly indicating good sagittal
plane correction of the first ray. The dorsal gapping will be
backfilled with autogenous calcaneal bone graft. (b) An
intraoperative AP radiograph demonstrating temporary
K-wire fixation and a large Weber clamp for stabilization
and reduction of the intermetatarsal angle in the trans-
verse plane

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 and resistance to ground reac-
tive forces. The longer the interfragmentary
screw, the greater the dispersion of forces and
more counteraction of the tensile forces. The key
to the placement of this screw is to start distally
on the metatarsal and aim for the plantar-medial
cortex of the medial cuneiform. The construct
should be checked under fluoroscopy to confirm
adequate reduction. The surgeon should check
for intercuneiform instability, and if intercunei-
form instability is identified, then intercuneiform
joint preparation should be performed, and the
medial to lateral screws should be inserted into
the intermediate and/or lateral cuneiform for
additional stability. It has been the authors’ expe-
rience that grossly hypermobile feet and flatfoot
deformities often present with intercuneiform
instability [26] (Figs. 13.7a, b and 13.8).

When a medial-based plate or locking plate is
used in conjunction with an interfragmentary
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Fig. 13.7 (a) This is a postoperative lateral radiographic
projection of a patient who had a Lapidus procedure with
a three-screw technique and a percutaneous calcaneal dis-
placement osteotomy performed. With respect to the
Lapidus fixation, note the “home run” screw is long, it
provides interfragmentary compression, and it is parallel
to the ground (providing a “beam effect”). The cuneiform
to the first metatarsal also is long and provides bicortical
interfragmentary compression too, and the medial to lat-
eral screw inserts into the base of the second metatarsal
also with bicortical interfragmentary compression. Note
the screw heads are countersunk below the cortex because
of the thin soft tissue envelop of the skin in the foot and to

compression screw, the plate is applied to the
medial  first  metatarsal-cuneiform  joint.
Following the insertion of the “home run screw,”
the initial screws are placed proximal in the
medial cuneiform of the plate in combination
with locking and nonlocking screws. The distal
screws are placed into the metatarsal with a com-
bination of locking and nonlocking screws.
Similar to the three-screw technique, an inter-
fragmentary compression screw can be applied
within the plate from medial to lateral into the
second and/or lesser metatarsals. This interfrag-
mentary compression allows the surgeon to
reduce the IM angle, and the plate essentially
becomes an excellent reduction tool acting simi-
lar to a large washer. The plate is placed to span
the metatarsal and cuneiform. Screws are placed
through the plate and span the cuneiforms proxi-
mally, and an intermetatarsal screw is placed at

provide relief from external pressures such as shoes 42.
(b) This is a postoperative AP radiograph of a patient who
had a Lapidus procedure performed with a three-screw
technique. Notice the length of the “home run” screw —
the authors recommend between 50 and 60 mm of length.
The “home run” screws are inserted in the most medial
aspect of the inferior cuneiform (area of most bone in the
cuneiform). Because of the thin soft tissue envelope of the
foot, the transverse screw head is also countersunk to
avoid external pressures such as shoe gear. The transverse
screw also demonstrates a bicortical purchase. A washer
is used with this screw to aid in the reduction of “dialing
in” or assisting with the intermetatarsal angle reduction

the base of the first and second metatarsals. The
medial plate acts as a “large washer” aiding in the
reduction of the intermetatarsal angle in the
transverse plane. With the proximal portion of
the plate anchored well into the cuneiform, the
distal portion of the plates mimics a “large
washer” as the interfragmentary screws placed at
the proximal portion of the first metatarsal allow
the surgeon to “dial in” with the reduction of the
intermetatarsal angle, and the remaining distal
screws lock the reduction in place. Additionally,
it provides stability from frontal plane rotation
and intercuneiform instability. Often the authors
get questioned if the intermetatarsal screw is
problematic, painful, or if it breaks/fractures. The
authors (unpublished at this time) reviewed 105
cases and found eight cases in which there was a
fracture in the screw. Those patients who experi-
enced a fractured screw were clinically/

1d5353@aol.com



13 Tarsal-Metatarsal Joint Arthrodesis

189

Fig.13.8 A hallux varus deformity: this is a patient who
had a Lapidus procedure performed with distal soft tissue
balancing which lead to a hallux varus deformity. In this
chapter, the authors do not recommend distal soft tissue
balancing or resection of the medial eminence of the first
metatarsal. It has been the authors’ experience that this is
not needed to obtain an adequate reduction of the hallux
valgus deformity and one cannot obtain a hallux varus if
the distal soft tissue procedure is not performed

symptomatic insignificant. The construct should
be checked under fluoroscopy to confirm ade-
quate reduction (Fig. 13.9a-1).

If supplemental bone grafting is desired, atten-
tion is directed to the lateral aspect of the calca-
neus where a small stab incision is made in the
resting skin line that is posteroinferior to the sural
nerve and the peroneal nerves. A Freer elevator 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 pen-
etrate the lateral cortex. With this done, a curette
is inserted into the calcaneus, allowing for har-
vesting of cancellous bone from the lateral aspect
of the calcaneus [27]. The dorsal gap of the tar-
sal-metatarsal is packed tightly with autogenous
bone graft and serves as a shear strain-relieved
bone graft [24, 28]. The construct is checked

under fluoroscopy, and the wound is closed with
typical deep and skin wound sutures.

Traditionally a 6-8-week non-weight-bearing
period post-modified Lapidus arthrodesis has
been recommended [29-31]. With the advent and
availability of locking plate constructs that pro-
vide more reliable stability and bridging for the
fusion, immediate weight bearing is starting to
become common [3, 29, 32]. We have allowed
immediate, functional weight bearing in a con-
trolled ankle motion (CAM) boot for approxi-
mately the past 16 years. A retrospective analysis
of the authors’ patients identified 376 patients
undergoing TMTJ arthrodesis with 74 patients
meeting inclusion criteria for immediate weight
bearing. Four patients had bilateral procedures
performed at separate times for a total of 78
Lapidus procedures. Thirty patients had a three-
screw construct, while 48 patients had a medial
locking plate with an interfragmentary screw.
There were 6 males and 68 females. The average
age was 50.2 years old (males 56.7, females 49.7)
with a range of 15-86 years. Fifty-five patients
had a BMI less than 29, while 16 patients had a
BMI greater than 30. BMI information was not
available for three patients. Fifteen patients
admitted to using nicotine. Additionally, seven
patients had type II diabetes mellitus. Autogenous
shear-strain relief bone graft was used in 75 of
the 78 procedures. Patients who had adjunctive
osseous procedures that required a non-weight-
bearing post-op course were excluded from the
study. Three patients (3.8%) experienced a post-
operative nonunion. Interestingly, none of the
patients with nonunions were smokers, and only
one patient was diabetic.

Technique #2

Preferred Technique: Paul Dayton
DPM, MS, Daniel Hatch DPM, Bret
Smith DO, and Robert Santrock MD

An alternative procedure for TMTJ level correc-
tion is an instrumented system Lapiplasty®
procedure (Treace Medical Concepts, Inc., Ponte
Vedra Beach, FL) that provides triplane correc-
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Fig. 13.9 (a) A clinical photo of a patient who presents
with a painful HAV deformity. Note the valgus rotation of
the great toe. (b) An AP radiograph of the same patient
demonstrating a large IM angle, diastasis of the base of
the first and second metatarsal, as well as the cuneiforms.
There is a valgus rotation of the great toe, first metatarsal,
and subsequently a valgus rotation of the sesamoid com-
plex. (¢) An intraoperative radiograph of the same patient
demonstrating the sesamoid completely in the first inter-
space and the articular surface of the fibular sesamoid is
90° to the lateral aspect of the first metatarsal. (d) An
intraoperative radiograph of the same patient demonstrat-
ing the great toe in the varus direction to a neutral position
rotates the entire first metatarsal, great toe, and sesamoid
complex as an entire unit. Note the sesamoid are placed
into an anatomic position when a frontal plane rotation is

tion at the anatomic apex of the deformity with a
stepwise approach. (Note: the authors of this sec-
tion are consultants and designers for
Lapiplasty®.) The system uses a novel surgical
sequence, first correcting the deformity with a
unique positioning guide before making tem-
plated bone cuts and finally fixating with a non-
compression biplane plate construct. Indications
for this procedure are not based on degree of
deformity, presence of hypermobility, or TMTIJ
angulation. The basic tenants of the procedure
are to provide correction in three planes concur-
rently at the anatomic apex of the deformity and
fixate with a construct that tolerates early weight
bearing. The technique can be employed in the
vast majority of hallux abducto valgus deformi-

accomplished. This is done without dissection about the
first metatarsal phalangeal joint. (e) An intraoperative
radiograph of the same patient demonstrating temporary
fixation following reduction of the IM angle, frontal plane
correction, and sagittal plane correction prior to screw
fixation. (f) A postoperative radiograph of the same
patient following reduction of the frontal plane (no dissec-
tion about the first metatarsal phalangeal joint), and cor-
rection of the transverse and sagittal plane. (g) A clinical
photo of the same patient with a limited scar at the base of
the first metatarsal and cuneiform. Note the reduction of
the bunion and anatomical alignment. (h, i) Demonstration
of range of motion of the first metatarsal phalangeal joint
following a Lapidus procedure without invasion into the
joint

ties but should not be used when clinically sig-
nificant first MTPJ arthritis is present. Since this
technique relies on the correction of the first
metatarsal at the TMTJ and does not employ cap-
sular balancing or distal osteotomies, it is recom-
mended to obtain an anterior-posterior and axial
sesamoid views to fully understand the degree of
each plane of deformity and to assess whether
there is any sesamoid subluxation. The PVB clas-
sification system (reviewed in Chap. 5) is used in
part to guide decision-making for the need of
limited lateral release.

The initial incision is made over the dorsal
aspect of the tarsal-metatarsal joint, just medial
to the extensor hallucis longus tendon and
extends from the proximal pole of the medial
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a b

Fig. 13.10 (a) Recommended incision place just medial
and adjacent to the extensor of the hallux from the proxi-
mal pole of the medial cuneiform to mid shaft of the first

cuneiform to the mid shaft of the first metatarsal
(Fig. 13.10). It is essential to keep the incision
dorsal for this technique to allow the guidance
system to work properly. An intracapsular and
subperiosteal pocket are developed without sub-
cutaneous undermining to preserve the neurovas-
cular anatomy. Dissection should be carried far
enough medial to expose the medial ridge on the
first metatarsal.

The TMT]J is released to allow for triplane
mobilization of the first metatarsal using a com-
bination of oscillating saw and/or osteotome.
Using the oscillating saw technique has the added
benefit of plaining any irregularities from the car-
tilaginous surfaces of the joint making frontal
plane rotation more seamless (Fig. 13.11). The
fulcrum device is then placed into the space
between the proximal first and second metatar-
sals seating it proximally adjacent to the medial
cuneiform (Fig. 13.12). Transverse plane flexibil-
ity of the first metatarsal phalangeal joint is eval-
uated, and if significant soft tissue tightness is
noted, a small dorsal first interspace incision is
made, and the tight lateral structures at the MTPJ
are released until the joint is mobilized out of the
abducted position. This step is only necessary if
ankylosis is present and preventing correction of

metatarsal. (b) Dissection within intracapsular and sub-
periosteal pocket exposing the medial ridge of the first
metatarsal

the hallux as the positioner device is engaged. A
small stab incision is made over the second meta-
tarsal approximately 1.5-2.0 cm distal from the
first TMTJ, and the positioner device is inserted
over the second metatarsal and onto the medial
ridge of the first metatarsal (Fig. 13.13). Engaging
the positioner with the fulcrum in place concur-
rently corrects the metatarsal in all three planes
which is confirmed with fluoroscopy. A cut guide
alignment tool (termed the “joint seeker™) is
placed dorsally in the TMTJ; this assures that the
cuts are made correctly in the sagittal plane when
the cutting guide is then placed and temporarily
fixed in place (Fig. 13.14). The joint seeker is
then removed, and the cuts on the base of the
metatarsal and cuneiform can be completed.
Once all of the cut bone has been removed, the
joint is prepared for arthrodesis by aggressive
metaphysis drilling on both sides of the joint
using a 2-mm drill bit not a K-wire. The joint is
axially compressed and held in the corrected
position and pre-compressed with a terminally
threaded olive wire (Fig. 13.15). When satisfac-
tory triplane correction is obtained, final fixation
can be applied with a biplanar mini-plate
construct (Control 360® System, Treace Medical
Concepts, Inc., Ponte Vedra Beach, FL) that
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Fig. 13.11 (a) Use of the sagittal saw for release of the
TMT]J and concurrent planning of the irregular cartilagi-
nous surface to allow for free frontal plane rotation. This

Fig.13.12 Placement of the fulcrum device between the
first and second metatarsal bases (Note the proximal posi-
tion adjacent to the medial cuneiform)

offers stability and allows for physiologic micro-
motion to promote callus healing. This fixation
design was found to be biomechanically stable in
cantilever bending mechanical tests up to 250,000
cycles of bending underload [33]. The initial
plate is applied dorsal across the first TMTJ with
the screw angle purely sagittal. A second plate is
applied medially with the screw angle 90° to the
dorsal plate (Fig. 13.16). When complete triplane
correction has been obtained, it is generally not
necessary to use any fixation from the first meta-
tarsal into the lesser metatarsal or cuneiforms.
Anatomic and rotational alignment prevents
deforming forces to pull the hallux lateral and
buckle the first metatarsal medially. Further inci-
sion and dissection at the first MTPJ is generally
not needed as the eminence is normalized through

step is not aimed at joint preparation for fusion, just mobi-
lization. (b) Manual testing of inversion component of
frontal plane rotation required for correction

rotation (the effects of frontal plane rotation are
reviewed in detail in Chap. 6).

The priority for this technique is complete tri-
plane correction and maintenance of normal
medial column kinematics. Because we have
noted the importance of maintaining the windlass
mechanism of the medial column for normal
function, we do not advocate transfixation of the
first and second metatarsals with additional
screws. Similarly, we do not prepare the interval
between the bases of the first and second metatar-
sals for fusion. Fixation of the first and second
metatarsals severely curtails sagittal plane motion
of the medial column and prevents the normal
windlass mechanism for plantarflexion of the first
metatarsal during gait. Decreased weight bearing
of the first ray can in many cases lead to lateral
weight transfer and lesser sub-metatarsal pain. It
is not intuitive to many surgeons that medial col-
umn motion is maintained after TMTJ fixation
because of the prevailing thought that robust
motion occurs at the TMTJ and that blocking this
motion prevents sagittal plane mobility. As dis-
cussed in Chap. 6, the majority of medial column
motion occurs at the naviculocuneiform and inter-
cuneiform joints and to some degree at the talona-
vicular joint. Medial column mobility is
maintained in all three planes after TMT]J fusion.
Using transfixation to prevent recurrence is not
necessary with this technique since the deformity
forces that produce recurrence are removed with
derotation and complete angular correction.
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Fig.13.13 (a) Placement of the positioner device. (b) Deformity before engaging the device. (¢) Correction of defor-

mity after engaging the action of the positioner device

Fig. 13.14 (a) Placement of joint seeker device to align cut guide properly with the sagittal plane of the joint. (b)
Cutting guide placed of the joint seeker device allowing accurate triplane cuts

It has become common to include lesser meta-
tarsal osteotomy procedures with TMTJ fusion
because of the concern for lesser metatarsal pain.
We find this to be unnecessary when complete
correction of metatarsal eversion is carried out
and sagittal plain mechanics are normalized.
Additionally, maintaining the medial column
motion improves first MTPJ mechanics and off-
sets the slight shortening effect of resection of the
TMTIJ joints surfaces for fusion. Despite the
small amount of shortening of the first ray with
this procedure, we rarely see patients develop lat-

eral metatarsal overload. In other words, accurate
triplane alignment at the TMTJ improves medial
column function thereby making associated pro-
cedures unnecessary. As discussed in Chap. 6,
complete correction makes recurrence much less
likely because the deforming forces on the first
ray are removed.

The recommended postoperative course for
this technique is protected weight bearing in a tall
cast boot with avoidance of any high-impact
activity starting several days after the procedure.
Initial bandages are removed at 4 days, and no
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Fig.13.15 (a)
Corrected position
maintained and
compressed joint surface
apposition maintained
with a terminally
threaded olive wire
inserted into the lateral
flare of the metatarsal
based into the medial
cuneiform (Note
incision for lateral
capsulotomy of the first
MTPIJ. Note MTPJ and
hallux position is
anatomic without the
need for capsulorrhaphy,
distal metatarsal or
hallux procedures). (b)
Radiographic evaluation
of the corrected position

further digital splinting or bandaging is needed;
showering is also allowed at this time. The range
of motion activities are allowed for the foot and
ankle when the initial pain subsides and are
encouraged several times daily. Patients are
returned to normal shoe gear around 6-8 weeks
and are allowed to pursue high-impact activity
when the fusion is consolidated around 3 months.

The traditional Lapidus procedure has under-
gone a progressive evolution to now include a
new understanding of the 3D deformity anatomy.
Currently we use the term triplane tarsometatar-
sal corrective arthrodesis as a more complete
description for this procedure. Additionally, tra-
ditional indications which limit the procedure
have been abandoned by the authors. That is, we
do not require the presence of hypermobility,
high IMA, or TMT] arthrosis to select the proce-
dure. As has been discussed throughout this text-
book, our traditionally held ideas regarding the
anatomy and function of the first ray both with
and without HAV deformity may not be entirely
accurate. The thought process for selection of
TMT] triplane arthrodesis also includes the iden-
tification of an intrinsically straight first metatar-
sal and the anatomic apex of the deformity at the

TMT]J. Using this definition metatarsal osteoto-
mies are not desirable. Although the initial results
are extremely promising for 3D correction, this is
an extremely new philosophy and technique

which requires further
outcomes.

As discussed in other chapters in this book,
there is a lack of quality outcome studies report-
ing on validated PROM for bunion surgeries of
all types, including the traditional Lapidus proce-
dure. Review of the literature reveals mostly
comparison studies for fixation techniques and
evaluation of the safety of weight bearing in the
early postoperative period. Recurrence rates have
been discussed in Chap. 7. MacMahon et al. [34]
assessed return to sports and physical activity fol-
lowing a modified Lapidus procedure in 48
patients with a mean age of 37.3 years old at
2.8 years mean. Patients completed a sports-
specific, patient-administered questionnaire and
had FAOS scores, and these were compared to
sports outcomes. Postoperatively patients rated
29% of activities as less difficult, 52% as the
same, and 19% as more difficult and rated par-
ticipation levels as improved in 40%, the same in
41%, and impaired in 19% compared to

study of patient
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Fig.13.16 (a) Final correction after fixation applied. (b) Biplane construct with two small flexible locking plates at 90°

angles to each other

preoperatively. Eighty-one percent of patients
were pleased with the outcome of their surgery in
terms of physical activity. FAOS score improve-
ments were highly associated with improvements
in physical activity. Their conclusion was that
80% of patients were able to participate in their
previous sports/physical activities at a similar or
better level than before surgery. Robinson et al.
[35] looked at footwear modifications after the
Lapidus procedure footwear-specific question-
naire 18.5 months after surgery in 65 patients.
Eighty-six percent of patients were able to wear
comfortable footwear postoperatively, and 62%
were able to wear fashion heels 21.4 weeks after
surgery. Of the patients returning to heels, 77%
were able to tolerate wearing heels better than
before surgery. No change of foot size was noted
following surgery. Taylor et al. [36] reviewed sur-
gical outcomes of 18 modified Lapidus patients
using the wvalidated Foot Health Status
Questionnaire (FHSQ). All FHSQ domains
improved, with the greatest change coming in the
category of foot pain. All 18 patients had union
with one having poor pain control and another
having postoperative bleeding. IMA improved by
7.8°, and HAV improved by 22.9°.

Other Considerations

Concomitant deformities and biomechanical
abnormalities such as equinus [37] need to be
addressed when performing this procedure. If
other deformities are not corrected, biomechani-
cal compensations may occur that hinder the pri-
mary surgical correction [38]. As we have
highlighted here and discussed in other chapters,
the bunion deformity is triplanar, and we feel that
reduction of all three planes is a priority. Some
surgeons suggest plantarflexing the metatarsal by
sliding the metatarsal plantar which we recom-
mend against. This practice decreases the bone
surface area and changes the axis relationships
within the first ray which we feel reduces the pre-
dictability of the procedure. Not only does meta-
tarsal derotation from an everted position results
in complete and consistent correction, it also
gives the surgeon greater bone-to-bone contact
and surface area for fusion which affects mechan-
ical characteristics such as stress and strain at the
fusion site. Stress to an area is calculated by
dividing force by area (¢ = F/A). Having the
metatarsal derotated provides a larger area and
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therefore a larger denominator resulting in
decreased stress per unit area of the surface. The
load the construct can withstand is calculated by
multiplying stress and area (F' = cA). Again, the
larger the area, the more force that the area can
withstand. A larger surface area allows for dis-
persion of ground reactive forces hence not con-
centrating force in one area [39]. When the
metatarsal is in a neutrally rotated or anatomic
position, there is a more uniform transmission of
force from the metatarsal to the cuneiform.
Further, stiffness is dependent on area. Stiffness
(k) is how a material resists deformation in
response to an applied force. It is found by multi-
plying the area (A) times the Young’s modulus
(E) of the bone and dividing that by the length
(k = AE/L). It is advantageous to have uniform
stiffness across the fusion site [39].

Surgeons have also discussed resection of the
lateral flange of the first metatarsal base to aid in
reduction of the intermetatarsal angle. In an ana-
tomic cadaveric study by Mason and Tanaka, it
was found that there was a constant lateral plan-
tar prominence found on the metatarsal base. The
size of the prominence differed greatly between
specimens [12]. We believe this plantar promi-
nence is what surgeons refer to as the “lateral
flange.” In many cases this flange appears lateral
only because the metatarsal is in an everted posi-
tion. We argue that this bony block is eliminated
once the metatarsal is adequately inverted during
correction and does not need to be resected. Once
this frontal plane is reduced, the lateral flange is
now plantar and provides increased bone contact
with the medial cuneiform rather than a hin-
drance to reduction.

Complications

Shortening of the first metatarsal is a potential
complication of the Lapidus procedure which can
lead to transfer lesions plantar to the second meta-
tarsal head along with decreased hallux purchase.
As we noted previously, a plantarflexed first
metatarsal can give the appearance of a short ray
and must be considered in evaluation. The goal is
to achieve a natural plantarflexion angle of the

first metatarsal parallel to the second metatarsal,
and we recommend against offsetting the first
metatarsal by sliding it in a plantar direction
because it alters the axis relationship of the first
ray. Excessive plantarflexion of the first metatar-
sal can cause sesamoid pain as well as a joint con-
tracture at the first metatarsal phalangeal joint.
Also as discussed in Chap. 6, when the first ray is
corrected in all three planes, the normal windlass
mechanism of the first ray is restored fully, and
this improves the weight-bearing function of the
MTPJ and medial column reducing the tendency
for lateral transfer symptoms. In our experience
this normalization of the first ray mechanics pro-
tects against lateral weight transfer.

Delayed unions and nonunions are certainly a
consideration for this procedure, with delayed
unions occurring more frequently in literature
[40]. A review of the literature reports nonunion
rates between 5% and 33% after modified
Lapidus with 6-8 weeks of non-weight bearing
[29, 32, 41]. The diversity of joint preparation
techniques, fixation techniques, and postopera-
tive protocols makes it difficult to draw accurate
conclusions regarding healing rates. The advent
of more stable techniques and grafting are an
advantage, and we are seeing many reports of
excellent healing and low complications even
with early weight bearing. The authors’ com-
bined experiences highlight a very low healing
complication rate with the techniques presented.
Malunions associated with the procedure can be
avoided with intraoperative radiographs to estab-
lish correct positioning in all three planes of the
deformity. Malunion of the first ray in an elevated
position may give rise to a dorsal bunion,
decreased range of motion, and decreased pur-
chase of the first ray, which could lead to transfer
metatarsalgia [16]. Likewise, care must be taken
to not overly plantarflex the first ray as sesamoid-
itis could result. 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 inci-
sion planning, the saphenous nerve may be
involved as well as the deep peroneal nerve of the
first interspace [16, 42, 43]. Cases of complex
regional pain syndrome have been reported [40].
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Summary

Despite our enthusiasm with this procedure,
especially with the triplane modifications, we are
fully aware that further outcome studies must be
done to understand the overall benefits to the
patient and comparison to other procedures. All
of the authors perform modifications of the
Lapidus with high frequency, and we are rarely
performing metatarsal osteotomy procedures due
to our analysis of the observed power of the ana-
tomic correction and our empiric results. We are
actively collecting data and analyzing results to
add to the body of knowledge of this subject.
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