








Lesser Rays

William D. Fishco

DEFINITION

Metatarsalgia is an all inclusive diagnostic term for pain in the
submetatarsal region of the foot.! For the purposes of this chap-
ter. the focus will be for the condition of pain under the meta-
tarsal head(s) due to plantar pressures and to address tailor’s
bunion deformity, Lesser metatarsal surgery 1s typically per-
formed to address metatarsalgia related to high plantar pres-
sures when nonoperative treatments fail to adequately resolve
pain.

ANATOMIC FEATURES AND FUNCTIONAL
ANALYSIS

e ———————————————

Central metatarsal surgery is typically performed to “adjust”
the height or length of a metatarsal head that is causing pain
due to pressure overload. It is important to remember that the
central metatarsal conditions have mechanical influences that
contribute to pathology such as ankle equinus, mstabihty of the
medial column, hallux valgus, and hammer toes. The 5th meta-
tarsal is generally associated with more of a structural problem
of the metatarsal bone. A tailor’s bunion typically has lateral
bowing or a wide metatarsal head leading to a lateral and/or
plantar lateral prominence of bone. Typically, a higher arched
[oot or one that oversupinates has trouble under the 5th meta-
tarsal head.

PHYSICAL EXAMINATION
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History and physical examination can determine the etiology
of the pain and treatment can be imuated based upon those
findings. When a patient presents with “pain in the ball of the
foot,” the physical examination includes a complete radio-
graphic examination, palpation and range of motion exami-
nation of the metatarsophalangeal joints, anterior drawer test
of the metatarsophalangeal joints, palpatuon/squeeze test into
the intermetatarsal spaces, and a dermatologic examination to
assess for associated keratoses. In the elderly, diminished plan-
tar fat pad under the metatarsals may be a factor.

The common clinical iindings associated with metatarsalgia
that should be evaluated for include ankle equinus and ham-
mer toes.? hallux valgus deformity with first ray insufficiency,*”
and acute inflammatory joints ,
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When there is pain and/or “"-'I_T'“_*“i”” with range of motioy
nu-_mmrﬁnph'dlimi-f““l joint, then an inflammatqp,
it condition such as rheumatoid arthriy
or an acule s:.ynm'i{iﬁ/m]mllitiﬁ should he
ith plantar flexion of the digit and pa,
with palpation of the plantar plate is consistent with an acye
synovitis/ capsulitis, which can lead to hammer toe or disle
cation deformity. This condition has also been referred 1o
pﬁ_{“ﬁh}mlirn1 h}*ndrnnm.“ Morton neuroma should be consid-
ered when there is pain and clicking noted with palpation and
squeezing into the interspace between the metatarsals,

(o a lesser
or degenerative 10
Freiberg infraction,
considered. Pain w

DIAGNOSTIC IMAGING
#

The commonly accepted “normal” metatarsal length pattern or
parabolais I1 21> 111> IV > V.7 Just how much metatarsal length
variation is acceptable and what the length pattern should be is
stll very much a debate.® A relatively long 2nd metatarsal is sl
considered to be a leading causation of metatarsalgia and ham-
mer toe development of the 2nd toe.” A complete set of radio-
graphs is necessary to determine whether there is any structural
deformity. An anteroposterior radiograph is helpful in deter
mining the metatarsal parabola. An oblique view will assess sag-
ittal plane abnormalities of the central metatarsals and lateral
bowing of the 5th metatarsal (Fig. 9.1). The lateral view and
sesamoid axial view will allow visualization of sagittal plane post
tions of the metatarsal heads (Fig. 9.2). Radiographs will also
rule out arthritc conditions.

TREATMENT

Treatment

" Designed to resolve high peak pressures causing pain
under the metatarsal head
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N”“"“f’ﬁifill treatment includes wearing stiff soled shoes with
orthotics to reduce high peak plantar pressures to the painfu
"“'I“'““'f‘“l head(s). Debridement of any associated hyperker
totc lesions Iu:l|} reduce pressure, In nhiﬂ patients wifh tat pild

atrophy, cushioned liners with shock %

absorbinge properues €
be used. rbing proj
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FIGURE 9.7 Oblique view illustrating lateral bowing of the 5th

metatarsal.

INDICATIONS

s Lesser metatarsal surgery is typically performed to treat
metatarsalgia
= |esser metatarsal surgery may be an adjunct to repair
complex digital deformities
= 5th metatarsal surgery is commonly performed to correct a
tailor's bunion

FIGURE 9.2 Sagittal plane abnormalities can be seen on and

axaal view. Note elevated Jrd metatarsal.
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When surgery is performed to address metatarsalgia,
the end goal is to resolve high peak plantar pressure areas,
“"‘hic}, would lead to pain and dysfunction, There 1s a com-
bination of four surgical approaches that are typically used,
which includes removal of bone, which can be done with a
plantar condylectomy or partial/complete metatarsal head
resection, shortening/lengthening a metatarsal, raising/
lowering a metatarsal head (sagittal plane correction), or
medial/lateral translocation (transverse plane correction),
which is typically performed when repairing a concomitant
transverse plane hammer toe deformity or tailor’s bunion
deformity,

Surgery of the 5th metatarsal is typically perfc yrmed for a tai-
lor’s bunion. The techniques used typically involve shaving of
the lateral bony prominence (exostectomy) and/or osteotommy
to move the metatarsal medially and/or dorsally depending on
the location of pain.
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Not addressing concomitant hallux valgus and hammer
toes,

Over shortening/raising metatarsals may lead to transfer
metatarsalgia.

Over lengthening metatarsals may lead to stiff joints.
Osteotomies performed without fixation to allow the bone
to “float” increases incidence of nonunion, malunion, and/
or excessive bone callus,

A floating toe may develop after shortening a metatarsal.
A hammer toe may develop after shortening a metatarsal if
the toe floats.

« Use caution with osteotomies and internal fixation in
| patients with osteoporotic bone.

Metatarsal osteotomies can be performed in the neck, mid-
shaft, or base of the bone. The majority of surgery is performed
at the metatarsal neck due to the typical need of minor adjust-
ments of height and/or length, ease of dissection/osteotomy/
fixation, and proximity to the digit (which often times is also
addressed). Moreover, healing potential is greatest in metaph-
yseal bone (Figs. 9.3 through 9.5). When larger amounts of
correction are needed, then a midshaft osteotomy or base
osteotomy is recommended. A midshaft sagittal Z osteotomy is
ideal for metatarsals requiring greater amounts of shortening
that can be obtained with a distal metatarsal osteotomy or if
lengthening of the bone is required (Fig. 9.6A and B). For large
amounts of sagittal plane correction, a dorsiflexion or plan-
tarflexion osteotomy of the metatarsal base is recommended
as the proximal location leads to greater correction with mini-
mal bone wedging (Fig. 9.7A and B). Osteotomies placed in the
metatarsal base have a longer radius arm. The more proximal
the osteotomy, the longer the lever arm will be and thus allow
for larger amounts of correction. In the cavus foot, for exam-
ple, a dorsiflexory base osteotomy is often used.

The most common metatarsal osteotomies of the metatarsal
head/neck include the Weil osteotomy, a “V* osteotomy, and
an oblique osteotomy that can be used as a “ult-up” or [ll;'{}llgh
and through osteotomy with a single or double cut (Figs. 9.8
through 9.10). Certainly any osteotomy that can afford repo-
sitioning of bone to the desired location that is amenable for
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FIGURE 9.5 Healed osteotomy

FIGURE 9.3 Traditional chevron osteotomy.

internal fixation 1s acceptable. Fixation of a V" osteotomy can
be difficult and as a result has fallen out of favor. One can mod-
ify the osteotomy with unequal arms of the chevron to make
it easier to hxate (Fig. 9.11). In addituon, small plates and
screws can be used for traditional chevron osteotomies."” With
the advent of small superelastic memory staples, a transverse
osteotomy can be simple and easy to fixate (Fig. 9.12).

A
Step down
i FIGUR Z
| ; EBQ-B A. Diagram illustrating a “step-down” sagittal ol
Osteotomy Intraoperative vie - : f sy in a pavts
. . 7" " . dlve ' . ; . i 11y i J.I
FIGURE 9.4 Oblique osteotomy 1s simple and effective in with iatrogenic def. | o view of a sagittal Z osteol ould X
atrogemc deformities requiring more shortening than ¢

reducing the deformaty, ke . ;
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Plantar flexing wedge

FIGURE 9.7 A. Diagram illustrating a dorsiflexing base wedge
steotomy. B. Diagram illustraung a plantarflexing base wedge

asteotomy using a bone graft.
__._.—l—-—-—- — — ——am —
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DISSECTION TECHNIQUE

Surgical exposure for lesser metatarsal surgery includes a
mid-line linear skin incision over the affected ray from the
base of the phalanx to the metatarsal neck and shaft. Depend-
ing on which procedure is being performed will dictate how
long the incision should be and whether the metatarsopha-

A Double cut
FIGURE 9.8 A, B. Diagram illustraung a chevron osteotomy 10

aditist the bt ‘ . ¢ shortening.

FlGUHE 9.9 Diagram illustrating a “alt up” oblique osteotomy

langeal joint needs to be opened. When performing a condy-
lectomy, the dissection starts more distally on the toe and ends

Just proximal to the metatarsophalangeal joint. For extra-

articular distal metatarsal osteotomies, the dissection can
start just proximal to the metatarsophalangeal joint. If an
intra-articular osteotomy, such as a Weil osteotomy is going
to be performed, then the incision will need to encompass
the base of the toe and extend to the metatarsal neck. Once
the skin incision is made, the subcutaneous tissues are dis-
sected and separated from the long extensor tendon. A moist
gauze sponge is useful in clearing away the fatty tissue off of
the extensor tendon apparatus. The tendon can be reflected
by releasing the hood fibers on lateral side and retracting
the tendon medially or vice versa. This will expose the joint
capsule and periosteum. A transverse capsulotomy of the
metatarsophalangeal joint is performed followed by a linear
incision on the periosteum of the metatarsal neck. This will
have the appearance of a “T.” The periosteum is reflected
medially and laterally for exposure of the bone and is now
ready for the osteotomy. Use intraoperative fluoroscopy to
ensure proper amount of correction is obtained (Fig. 9.13).
Alternative approaches for the tendon include splitting the
tendon in the midline and retract medially and laterally, or
finally one can do a z-plasty of the tendon and repair after
the bone work is done. For basilar osteotomies, the dissection
starts more proximal in midshaft area of the metatarsal and
carried toward the base of the bone.

Plantar condylectomies are considered when there 1s not a
significant deformity of the metatarsal, yet there is chronic pain,
keratosis, and/or skin breakdown under the metatarsal head
(Fig. 9.14). Condylectomies are ideal for patients with osteope-
nic bone or if they are not good candidates for an osteotomy
and internal fixation.

PEARLS

CENTRAL METATARSAL OSTEOTOMIES
Use flouroscopy to confirm metatarsal positioning to
avoid over shortening.
Aggressive postoperative ROM of toes helps prevent stiff
joints.
Bandaging toes in excessive plantarflexion and splinting
in this position for the first few weeks help prevent
floating toes.
Consider concomitant hammer toe repair when
shortening a metatarsal as a digital deformity may
worsen or develop due to loss of intrinsic stability of the
toe.
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Oblique

A B
FIGURE 9.10 A, B. Diagram illustrating a single cut oblique

more shortening.

osteotomy and a double cut for

on the lateral or plantar aspect of the 5th metatargy] head
Potential problems that occur with a metatarsal hea( resec.

TAILOR'S BUNION

.
* -etrs 1l Hth toe, transfer metatarc.1..
: , : . a retracted/flail 5th toe, transfer metatyys.
lailor’s bunion, also known as a bunionette, is a common cause TR _"]CIUdL ) 1H_ ;m trigger Charcot ;—lrlhrnpu!hv‘in i
of pain to the lateral or plantar lateral 5th metatarsal head. and - Fa C;Wl“f i S y 1 neurg,.
R LRTRRe, 8 O Sy . . g : ; ; atients.’*
Radiographic findings associated with tailor’s bunions include & “hfr P arsal osteotomies are most commonly
a large intermetatarsal angle between the 4th and 5th metatar- ‘ Distal me l_‘;[‘ ""{huniﬁn correction just as in C{fﬂtra} per-
sals, lateral bowing of the 5th metatarsal, and/or a large dumb- formed for tai o1 ) o mARE s VA IOTIE ORI icta:
l'“."”*ﬁl'l'ﬂ]}(‘{_l metatarsal head!! (l*lg Q 1;3) HH'HHI osteolomies for same reasons. ve 5 0O (H{}I'ﬂ}’ ( E.‘ilgng
. o R i ave Be *SCT] and used without a clear advantaoe
Surgical techniques to address a tailor’s bunion include lat- have been described an | < l e _]m‘igt of
one over another. A chevron osteotomy with or without a Iung

eral condylectomy, distal neck, midshaft, basilar osteotomies,
and on rare occasions a bth metatarsal head resection.

Lateral condylectomies are selected when there is pain to
the lateral aspect of the 5th metatarsal head without any sig-
nificant radiographic evidence of intermetatarsal splaying or
lateral bowing. There may be a wide metatarsal head or promi-
nent lateral condyle. Approximately ¥5 of the lateral metatarsal
can be resected with a power saw or osteotome.

Fifth metatarsal head resections are rarely performed
due to inherent complications. The notable exceptions
may be 1n gernatric pauents with osteoporosis, a very large
deformity, or in a patient with a neurotrophic ulceration

dorsal or plantar arm, oblique osteotomies, closing wedge
osteotomies, and transverse osteotomies are used (Fig, 9.16).
After the osteotomy is complete, a shift of no more than hajs
of the width of the metatarsal head should be performed

avoid illH[’Elhi“l}’.

i VR h‘
Offset FIGURE 9.12 A transverse osteotomy with superelastic st
‘ % ¥ P . . L RS '![I.
may be ideal for minimal shortening and transverse plane correctic

whie ]'I may I.H‘ “_‘;'L'!i{".[' {0 lixate ljlil” o lf:ﬂl]“f”]ﬂl rh[fv[r[]li [}HII_‘“””"}’. ”{'VIHI{‘{I 2“‘.[ LOE,
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FIGURE 9.13 Overshortening of the 3rd metatarsal could

have been avoided with the use of intaoperative [luoroscopy.
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FIGURE 9.14 Inuaoperauve view of a condylectomy of the

oth metatarsal for a patient having

metatarsal deformity

1 withe significant
sub b pain without any signihic,

SR =

FIGURE 9.15 Note dumbbell-shaped sth metatarsal in a

patient with a bunion and tailor’s bunmon.

ﬂ—

FIGURE 9.16 Postoperative X-ray of

with a chevron osteotomy with a long plantar arm fixated with ©
cortical screws. This s a very stable construet )

el e

a tatlor’s bunion repaired

LO-mim
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For large deformities or in cases where there has already
been surgery such as a lateral condylectomy, midshaft or
proximal osteotomy 1s considered. The most common mid-
shaft osteotomy is a SCARF design. Basilar osteotomies typi-

cally include a closing wedge osteotomy with a lateral apex
and hinge.

SURGICAL TECHNIQUE

A skin incision is made overlying the 5th metatarsal and
extended to the base of the 5th toe. The incision should be
just lateral to the extensor tendon. The subcutaneous tissues
are reflected away from the extensor tendon and hood appa-
ratus. The periosteum of the 5th metatarsal is incised. Use for-
ceps to palpate the bone, this will avoid slipping off the side
of the bone where there is intrinsic muscle. As the periosteum
Is incised lateral to the extensor tendon, it is extended to the
base of the proximal phalanx. Now the joint is visualized. The
Sth toe can be distracted and that will lead to puckering of
the lateral capsule, which will leave a pouch to the lateral
side of the joint where the scalpel blade can be inserted to
detach the capsule from the lateral aspect of the metatarsal
head. Depending on the type of osteotomy to be performed
will determine how much periosteum will need to be reflected
for bone access. The lateral eminence can be removed with a
sagittal saw or osteotome. Avoid removing too much bone as
you will only be able to move the metatarsal head %4 to % of
the width of the head. The desired osteotomy can now be per-
formed (Fig. 9.17A-E). An alternative method involves remov-
ing the eminence and overhang of bone after the osteotomy is

made and fixated so that there is more metatarsal head avail-
able for shifting.

B

FIGURE 9.17 A. Skin incision is dorsolateral from the b

shafr. B, The subcutaneous tissues are dissected off of

%-

PEARLS

TAILOR'S BUNIONECTOMY
A traditional chevron osteotomy can be difficult to fiyy,
Modifying the osteotomy with @ long plantar arm alloy,s
for easier and more stable fixation with two 2.0-mm,
cortical screws,
Do not medially translocate the metatarsal head more
than half the width of the metatarsal head.
When performing a distal metatarsal osteotomy, do not
remove too much of the lateral eminence so that yoy
have greater ability to shift the head.
Avoid plantar and lateral condylectomy as this will
weaken the bone.
Avoid basilar osteotomies unless the deformity cannot e
fixed with a distal osteotomy.
Use caution with 5th metatarsal head resections. In the
cavovarus foot type, a new lesion will occur at the stump
of the metatarsal. In neuropathic patients, it may trigger 5
Charcot event.

POSTOPERATIVE CARE

—————— ]

Distal metatarsal osteotomies can be managed with weigh
bearing to tolerance in a fracture boot or surgical shoe, Base
wedge osteotomies will require 4-6 weeks of non-weight bear.
ing followed by protected weight bearing in a fracture boot for
an additional 2-4 weeks based upon radiographic signs of bone
healing. Stuiff and floating toes are common with these proce-
dures; therefore, aggressive range of motion exercises of toes,
bandaging toes in plantar flexion, and the use of splints after
surgery can help mitigate those problems.

asc ol the 5th toe to the metatarsal
the joint capsule and extensor tendon apparatus,




FIGURE 9.17 (Contin ued) €. The periosteum is incised from the
then the capsule is incised to visualize the joint. When the 5th toe is pulled/distracted, the
lateral capsule will pucker and a scalpel can be inserted in the pocket to detach the |
capsule (arrow). D. A long plantar arm osteotomy, E. Healed osteotomy with cortical
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metatarsal shaft and

ateral
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Lapidus Bunionectomy

paul Dayton and Daniel |. Hatch

DEFINITION
#

HISTORY

The Lapidus bunionectomy has evolved over the years and has
hecome increasingly popular with foot and ankle surgeons.
Our re-discovery that the first tarsometatarsal joint (Ist TMT)
is the anatomic apex of the deformity, a concept originally asso-
ciated with the procedure indications, 1s driving new discus-
ons on the utility of this procedure. Albrecht first described
15t TMT arthrodesis in 1911 ! Truslow coined the term metatar-
sus primus varus in 19252 This was in reference to the adduc-
ion deformity in the transverse plane and not varus as we
understand it now in the frontal plane. In 1934, Lapidus stated
“the only mechanically sound osteotomy for metatarsus primus
varus should be at the metatarsocuneiform joint which is at the
apex of the angulaton between the first metatarsal and cunei-
form joint.”* A true Lapidus procedure involves arthrodesis of
the first tarsometatarsal joint and the bases of the first and sec-
ond metatarsals. Modifications are commonly performed by
either only fusing the first tarsometatarsal joint or employing
«crew stabilization or arthrodesis between the first and second
rays if instability is observed in either the sagittal or transverse
plane.

Although Dr. Lapidus’ name is still ascribed to 1st TMT
arthrodesis for correction of hallux valgus, the procedure as
well as the indications have evolved. For the past two decades,
we have seen dramatic improvement in fixation and bone heal-
ing and a new understanding of surgical anatomy. These fac-
tors have put aside some of the traditional fears of the Ist TMT
arthrodesis such as healing problems and prolonged convales-
cence with earlier iterations of the pI‘UCEdHFt‘. We now know
that the 1st TMT is a pt:ﬂ.w:rful site to correct not only the inter-
metatarsal (IM) angle but also the other triplane components
of the deformity. We no longer see this as a prucedurf reserved
for the most severe deformities or only for those needing hrst
ray stabilization. In fact, there are many surgeons that use the
Ist TMT corrective arthrodesis as their priority procedure for
correction of hallux abducto valgus (HAV).

HISTORICAL INDICATIONS

Iraditional indications for the Lapidus bunionectomy have
been based upon severity-based algorithms, In the past, and
0 a large extent today, the procedure fits in the spectrum ol
severity only for the most severe deformities of the IM angle.

Other indications are the presence of osteoarthritis of the first
tarsometatarsal joint, which 1s not a commor component of
hallux valgus deformity, and significant elevation of the first
ray. Condon et al. in 2002 described a severity-based algorithm
for hallux valgus repair in which a severe deformity was clas-
sified as an IM angle of 16 degrees or greater. > This also was
supported by Coughlin and Jones in 2007.° Tradiuonally, it
has been in this severe class that the Lapidus procedure would
be performed. Additonally, hypermobility of the hirst ray has
also been a criterion for the Lapidus procedure. While still a
clinical enigma, many descriptions of hypermobility have been
attempted. Due to the difficulty of definition, many now prefer
to call this first ray insufficiency or functional instability. Many
authors believe that hypermobility of the first ray unlocks the
forefoot predisposing it to HAV deformity.”** D’Amico wrote a
review of first ray mechanics in 2016.” In that article he stated
“hypermobility of the first ray ... occurs primarily at the medial
cuneiform-navicular articulation caused by subtalar and mid-
tarsal joint pronation as a result of inherently induced phylo-
genetic and ontogenic induced imperfections.” Kimura et al.
in 2017 stated that hypermobility occurs along the entire first
ray and is not limited to or predominated by range of motion
at the 1st TMT."™

Most commonly those that have studied and discussed first
ray range of motion discuss hypermobility in the sagittal plane.
Root et al. in 1977 defined hypermobility as motion 1n excess
of equal amounts of dorsal and plantar displacement of the
first ray compared to the second ray."' Roukis and Landsman
described a dynamic Hick test in their review of the literature in
92003.'? In this case, the windlass mechanism would be engaged
while evaluating the disbursement of the first ray. The power
of the windlass mechanism was detailed in Rush et al. article in
2000."* They found that there was significant loss of the wind-
lass with hallux valgus deformity. Additionally, realignment of
the first ray and sesamoids provides successful engagement of
the windlass. Shibuya et al. found in their systematic review that
there was 3.62-mm displacement in the sagittal plane in the hal-
lux valgus group.'* Radiographic signs of sagittal plane instabil-
ity include second ray overload with stress fractures and plantar
gapping of the 1st TMT (Fig. 13.1).

Descriptions of transverse instability or splay are less com-
mon in the literature. Weber et al. described a “splay test” that
represented transverse plane instability especially in a Romash
| foot type.'” This was later reinforced by a study from Flem-
ming et al. finding that in panents with hallux valgus, 73.8%
had transverse plane mstabiliy,' |

297
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MODERN INDICATIONS

Current indications for I.Jﬂpifll-l.‘i originate from ;
) understanding of lh[‘f:t-{i:irlt?iiﬁitiliiii (3-D) anatom
# M, | L\ frst ray. This triplanar anatomic-based approach has b,
=1 b cussudf by Hatch et al.'" (Table 13.1). U"df-'fﬁlandjn :;

S frontal plane component of the first ray as 2 compop, the
-l ’ +n
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\ the 1st TMT fusion being an occasionally pa .

i N P”]Et‘dm'c' to one that is indicated for mUS:t HAV defoyr
Comprehension of the fi-D aspects of !;h{: first ray by, VOl
since Mizuno first described this in 1956." Scrantq, and Rfd
Lowski in their 1980 study found that patients wit, HAV hm'
14.5 degrees of valgus rotation of th:“' first ray vs 3 dﬂgr:r.l
in the normal pupulatimi.?” Eustace i 1994 describe a »..{ii
gus rotation of the first metatarsal with bunion dcfnnni[:ij

fron e
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FIGURE 13.1 Sagittal plane instability with plantar gap at the

first TMT]. (From Hatch D]. Santrock RD, Smith B, Dayton P,W 1l L. - 1 : a
Inplane Hallux Abducto Valgus Classification. [ Foot Ankle Surg. Talbot and Saltzman found that pronation of the firg Metayyy,

2018;57(5):972-981.) sal changed the apparent position of ti-“? sesamoids on Ap
radiographic view.22 Okuda et al. described a laterg] rounds,
of the first metatarsal in his HAV group indicating d I'otatiop i,
the frontal plane.” This was also substantiated by Yamagyct,
et al. in 2015.2* Mortier in 2012 found that the first ray v P
nated in the HAV group by an average of 12.7 degrees.” [)i;“fm_n
et al. pointed out that our traditional evaluations of the Eun_
ion deformity may be flawed if the frontal plane is no ¢,

Hypermobility not only influences the HAV deformity but
it mcreases the chance of recurrence and overload to the sec-
ond rays as pointed out by Feilmeier et al.'” As with sagittal
plane instability, transverse plane movement and potental func-
tional 1nstability occurs at multiple first ray joints including the
Ist TMT. Traditional thought is that fusing the 1st TMT as part of L ank |
the Lapidus procedure will eliminate recurrence of the deformity. sidered and also fU“l:ld Slugr“'f“_:ﬂ“l. valgus l'ﬂtjalmn of the
Because the motuon comes from mul!iplejuims,rcculTenccuf HAV first ray in HAV Patlenis.“ With lmpm‘ved Imaging Pro-
is certainly possible even when the 1st TMT is solidly fused. This ~ vided by three-dimensional ~ computerized tomography

especially may occur if the IM angle is not reduced enough. Lapi- (CT), it has become clear that a T_“Fl_lﬂﬁf}' of patients wij
dus in his original description included fusion of the first and sec- ~ hallux valgus possess a va]_gu:«; rotation of thf‘:.first ray, This
ond metatarsal bases, possibly because he recognized this. Fusionof ~ may be intrinsic as described by Ota et al.*” or extnpg.
metatarsals 1-2 at the bases certainly reduces the chances of recur- cally rotated in valgus as elucidated by many recent authors
rence but may limit the desirable windlass function of the first ray. Unless the valgus rotation is addressed surgically, recur
As we will discuss later in this chapter, a more modern approach to rences can be expected due to malalignment of the sesamoid
1st TMT fusion for HAV is a triplanar correction philosophy. complex.*

TABLE 13.1 Triplane Classification of HA

Triplane Hallux Valgus Classification and Treatment Algorithm
1 Increased HVA and IMA No clinical or radiographic Metatarsal osteotomy or TMT correction.
No first metatarsal pronation evident on evidence of DJD Sesamoid release to help realign complex

AP and sesamoid axial radiograph
Sesamoids may be subluxed

2A increased HVA and IMA No clinical or radiographic Triplane correction including first metatarsal
First metatarsal pronation evident on AP evidence of DJD inversion
and sesamoid axial radiograph
No sesamoid subluxation on axial

28 Increased HVA and IMA No clinical or radiographic Triplane correction including first metatarsa!
First metatarsal pronation evident on AP evidence of DJD inversion
and sesamoid axial radiograph Lateral capsular/sesamoidal release prior @
With sesamoid subluxation on axial A
3 increased HVA and IMA >20 degrees MTA  No clinical or radiographic Metatarsal 2 and 3 transverse plane
evidence of DJD correction

Metatarsal osteotomy or TMT correction pel
class 1 and 2 recommendations

4 increased HVA and IMA £ first metatarsal Clinical and/or radiographic First MTP arthrodesis preferred
pronation evidence of DJD Resectional/implant arthroplasty may also 0@
utilized




The center of rotation and angulation (CORA) is defined
ey as cither mechanical or anatomic and is 4 vital con-

 for deformity mapping and choosing the most appronr
P e correction.? The st TMT is S i
e site for correction. ¢ 15 1S the most advantageous
' ~ (o address the triplane components of HAV because it
nts the anatomic apex of the deformity between the
cuneiform and the first metatarsa] 263031

h P

1
represt
medial i . The mechani-
cal axis of the first ray has been discussed by LaPorta et al. in
9016 as more proximal in the midfoot.*” Indeed the
qotion within Ih.ciﬁf-‘-*l ray is 'f.“ the navicular-medial cuneirform
l”""'“ With traditional severity-based algorithms, we measure
.nd address the transverse plane variables (two-dimensional
;1}1;1111;1(11) and chose from a variety of metatarsal osteotomies,
Recause metatarsal osteotomy does not move the segment at
(he anatomic apex and can provide only limited 3-D correction,
we are leftwith less than desirable alignment in many instances.
This is highlighted by the fact that the overall foot width follow-
ing osteotomy 1s not reduced after osteotomy as described by
Tenenbaum.” When correcting the deformity at the anntmni;:
apex, a true correction can be obtained with consistent reduc-
igon in the width of the forefoot. We measured a consistent
width reduction n 109 1st TMT arthrodesis procedures along
with true IM angle correction and consistent decrease in fore-
foot width (Dayton, unpublished results, 2019). Central con-
cepts that have changed our thinking regarding the indications
for 1st TMT arthrodesis are the concept of anatomic apex, the
need for multiplane correction, which is most surgically amena-
ble at the Ist TMT, and ease of addressing first and second ray
instability at that site when it exists,

INDICATIONS

= No longer severity based. It is anatomic based with
anatomic CORA at the 1st TMT.

= Based upon HAV and any increased IM angle.

= Presence of frontal plane rotation.

RADIOGRAPHIC EVALUATION

Both clinical and radiographic preoperative planning is essen-
tial to set the stage for adequate deformity correction. The
weight-bearing AP projection is used to evaluate the IM angle
and the hallux valgus angles (HVA). Good intra- and inter-rater
reproducibility of these angles has been studied and published.
The distal metatarsal articular angle (DMAA), also known as
the proximal articular set angle (PASA), has proven to be less
reliable.®*** The possibility that DMAA is a radiographic arti-
fact has been raised by several researchers who have noted the
arucular surface alignment to change substantially with reposi-
toning of the first metatarsal without osteotomy.** Tibial sesa-
moid position (TSP) is also assessed on the AP radiographic
projection and is thought to be an important indicator of l::ulh
severity of deformity and a marker of adequate correction.
Recent findings have confirmed that dramatic changes 1n tlu:_
apparent AP TSP can be affected by frontal plane rotation of
the first ray.”* The sesamoids may appear subluxed on the
AP projection when in fact they are in their normal location
medial and lateral to the median crista. Axial sesamoid views or
weight-bearing CT scans are needed to assess the true “J('lsili(:mﬁ
of the sesamoids, and the AP radiograph should not be relied

majority of
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FIGURE 13.2 Axial sesamoid view demonstrating eversion of
the first ray

upon exclusively preoperative, intraoperative, or postoperative.
There is a renewed importance of the weight-bearing axial sesa-
moid view since Kim et al. demonstrated frontal plane rotatuon
via 3-D CT analysis.” The axial view will evaluate the amount of
eversion of the metatarsal when it exists and the degree if any
of sesamoid subluxation (Fig. 13.2). When sesamoid sublux-
ation occurs, a first MTP] lateral release should be performed
to properly align the sesamoid complex upon realignment of
the metatarsal. The weight-bearing lateral projection is utilized
to mainly assess the Meary angle and Seiberg index. If elevation
of the first ray is observed, then it should also be addressed at
the tme of surgery.

As discussed previously using a more modern approach,
the angular severity measurements are not as important as
the 3-D relationship of the first ray to the remainder of the
foot. We do not ascribe to an absolute minimum or maxi-
mum value for IMA, HAV, or TSP 1n the selection of 1st TMT
arthrodesis correction. Instead we observe the entire three-
dimensional relationship and design the correction based on
these findings.

ANATOMY AND SURGICAL BIOMECHANICS

It has long been thought that the obliquity of the medial cunei-
form was a primary etiological factor in hallux valgus. Tuslow in
1925 coined the term “metatarsus primus varus” with his under-
standing of the deviation of the first metatarsal cuneiform joint
in the transverse plane even though we understand varus to be
a component of the frontal plane.” D.]. Morton described meta
tarsus atavicus in 1927.7 Lapidus described the “atavisuc” foot
in 1934 as an etological factor in hallux valgus.* However, more
recent studies show that the obliquity of this joint does not cor-
relate with HAV deformity,™** Vyas HPt‘Eiﬁu}lh' found that the
morphology of the medial cuneiform was not rim-uh-ﬂl in HAV

P s S 0 O e Bai . -
deformity.™ Others have observed change in the perceived
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obliquity after rotaton without manipulations at the 1st TMT,
ndication that the AP representation of the cuneiform angle
may not be an accurate representation.’ Doty et al, gave a com-
prehensive description of the first metatarsal cuneiform joint.”
Their cadaveric study revealed an average depth of 28.3 mm
and width of 13.1 mm. The joint is typically continuous (59%)
vs bi-lobed (38%). The lateral inclination angle averages 26.5
degrees. The first rav is inherently unstable and as such there
are stabilizers of the first ray that should be appreciated. There
are static and dynamic stabilizers of the first ray. Static stabiliz-
ers are the articulations of the Ist TMT: intercuneiform joint
and the medial cunciform and second metatarsal base.”" "
Additionally, the plantar first metatarsal medial cunetform liga-
ment s a static force.' Dynamic stabilizers include the plan-
tar aponeurosis and the peroneus longus. The eflects of the
plantar aponeurosis on stabilization of the first ray have been
described by Rush et al." Later Coughlin et al. also noted this
effect.’” The peroneus longus will lock the first ray in ever
sion.** This action is mhibited by significant equinus and pro-
naton of the subtalar and midtarsal joints.””" Bierman et al.
discussed the effects of the Lapidus on peroneal longus func-
ton.”” They found increased efficiency of the longus in stabi-
lizing the first ray after the Lapidus procedure. It also everts
the medial cuneiform and elevates the talus. Lastly, as previ-
ously stated, the windlass mechanism 1s now more functionally
emploved.'”

SURGICAL CONSIDERATIONS

There are many variations of this surgical technique with the
common denominator being fusion of the st TM1. Incisional
exposure is based upon surgeon preference and may be a long
dorsal incision or a smaller dorsal at the base of the Ist TMT
and an additonal medial incision if needed over the first MTPJ.
Medial-based incisions over the TMT have also been described
and have the cosmetic benefit that the scar is more hidden from
the patient’s sight. Because the 3-D alignment is complicated to
observe intraoperatively, we find the dorsal incision to be more
advantageous to visualize the angular and rotational positions
of each segment simultaneously.

Research has supported the importance of proper sesamoid
alignment postoperatively to prevent recurrence of the HAV
deformity.®** Understanding of the sesamoid-metatarsal com-
plex has evolved through current 3-D CT that the deformaity 1s
indeed a triplanar condition. Hatch etal. have developed a new
classification scheme that is based upon this 3-D anatomy (Table
13.1)."¥ In that system, the sesamoids may be rotated with the
metatarsal and or displaced. When displaced, especially in long-
standing conditions, the sesamoid complex must be released in
order to be properly realigned (Fig. 13.3). When the sesamoids
are deviated in the AP projection but aligned in the axial, thatis
a sign of net first ray rotation that must be addressed at the time
of surgery (Fig. 13.4). Adjacent ray fusion 1s employed when
(ransverse or sagittal plane instability 1s observed or noted.”
This later technique may fuse the medial cuneiform to second
metatarsal base or intercuneiform joints (Fig. 13.5),

Unlike the traditional [apidus procedure that prioritized
ransverse plane correcuon, we approach the procedure with
a multuplanar mindset. Regardless of the degree of IMA, sag-
viation, and frontal plane rotauon, the procedure is

ittal de
manner. All three components are

appnma:hﬂl in the same

FIGURE 1 3.3 Displaced sesamoid complex that shoul p,

surgically released.

- —_—

corrected to the amount necessary concurrently, not indyg
ually. Correction 1s assessed clinically and fluoroscopically |;
real time using anatomic landmarks rather that arbitrary 1
inaccurate measurements. That is, the first metatarsal s ﬁn.gi_
lated in the transverse and sagittal planes and rotated 1n
frontal plane until the IMA, HVA, TSP, and lateral round g |
are normal (Fig. 13.6). Using this multiplanar approach, the
degree of each planar deformity does not matter preopers
tively, as all patients receive the same three plane realignmen
Three-dimensional correction can be made easier with a jor
stick pin in the first metatarsal and with specialized guides and
jigs. It must be emphasized that the 1st TMT must be fully mob:
lized and any lateral ankylosis at the metatarsophalangeal jou
released to allow for three plane correction. We have found
that attempts to correct one planar component at a time art
frustrating and do not result in satisfying alignment.

SURGICAL PEARLS

Correct the deformity, then make precise cuts utilizing
cutting Jig (preferred by authors).

Release sesamoids if subluxed on axial views.

Pay attention to all three planes when correcting
deformity. |
Employ fixation that is amenable to early weight bearind.

As with any fusion procedure, healing is dependent
many factors. Patient health concerns such as z-r:n:,:kulg-ldl’ﬂv
tes, metabolic bone disease, and other factors must be ide™”
fied and controlled. Surgical dissection should b
invasive and avoidance of excessive tissue plane s
priority. We prefer imtracapsular and subperiosted
at both the Ist TMT and the first MTP to maintin @
supply m full-thickness flaps (Fig. 13.7). Bone prepe

e minim
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| FIGURE 13.4 Ap

l illustrauve of rotation.

—apparent subluxation of sesamoids. and axial—normal alignment—

- must also be carried out appropniately to foster rapid healing. with curettage maintain calcified cartilage, which theoreti-

.\ Curettage of the cartilage is a common method of fusion site cally reduces the surface area for healing.”* We prefer com-
Mi preparation. Although curettage may have some advantage of plete removal of all cartilage and subchondral plate using low
| reducing bone removal and limitung first ray shortening, stud- heat generating saws. Additionally, we find benefit in fenestra-

ies have suggested that up to 50% of the surfaces prepared tion of the fusion surfaces with a fluted drill bit. Unlike a wire,

when a drill is used for fenestration less heat 1s generated and
bone fragments are pulled into the fusion site acting as autog-
enous graft. The fragments are left in the site and not irrigated
(Fig. 13.8). Shortening is limited by careful execution of bone
cuts and alignment of the surfaces before the cuts are made. We
generally find 3 mm or less shortening is possible with careful
execution. Allograft products and other propnetary products
are sometimes recommended as potential adjuvants to fusion
healing. We find no need for addition of graft products and
feel these products can interfere with the natural healing char-
acteristics of a properly prepared and fixated fusion site. Most
products require a separate biologic process and may compete
with the body’s healing resources, despite our hopes for aug-
mentation. Another factor that is not often discussed is maxi-
mizing fusion surface area by reducing the amount of hardware
crossing the surfaces. The Ist TMT has a relatively small surface
area for healing, and any reduction of bone surface by intraos-
seous hardware represents a relative reduction in bone contact.
We prefer muluplane locking plates because there is not intra-
arthrodesis reduction i bone surface area taken up by screws
or other devices.

Fixation constructs have evolved over time with the quest
for earher weight bearing postoperatively. The priorities are
to both set the stage for consistent healing of the arthrodesis
and allow the patent to maintain active range of motion and
protected weight bearing throughout the entire recovery. This
) prevents or reduces the mcidence of stiffness, weakne

FIGURE 13.5 Arthrodesis between first and second rays to
Prevent transverse plane instability. A. Between medial cuneiform and
econd metatarsal base. B. Between cuneiform I and 2.

ss, and
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FIGURE 13.6 Pre-and postop axial view demonstratng rotational correction of the first

metatarsal and sesamoid complex
— f —

FIGURE 13.7 Photog et . ; .
SRR B e ._t sgraphs illustrating minimal dissection technique: A. Incision is medial
HIL shalthrst metatarsal to proximal of medial cuneiform. B, No subcutaneous
] - a i b

undermining. C. C; : S PN R T
g C | ipsule and periosteal incision is medial 1o EHL. B. Exvnieiadial « .
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FIGURE 1 3.7 (Continued) E. Create

Chapter 13 Lapidus Bunionectomy 303

a pocket for the fulcrum. E Final construct after cuts are

made using a jig. Flap remains full thickness,

—_— o hemes.

DVT seen with casting and non-weight bearing. Commonly, a
9.3 screw construct is employed using the principles of fricti;:in—
based rigidity produced with compression screws, Hansen real-
ized that precompressing a joint and allowing the patient to
weight bear created sheer at the fusion site due to the angu-
lar loading of the compressed surfaces can impairing healing,”
Hence, he developed a shear strain relieved bone graft to miti-
-~ gate this effect. This has been supported by a level four study by
Mani et al. study in 2015.”° Commonly, screw constructs include
6 weeks of NWB with or without casting, followed by 6 weeks of
- protected weight bearing in a CAM boot. King reported results
~ with a screw construct and early partial WB at 12 days and full
- at 4 weeks.” Patient acceptance of these parameters was low
and hence a strive for earlier weight bearing and newer surgical
constructs. Several recent studies have advocated early weight

- -

bearing with conventional screw constructs.””™ Plate and screw
combinations have evolved earlier weight bearing.”™ Newer
biplanar construct takes into account the concept of “biologic
healing” and advocated by Perren in 2002.”” Micromotion at
the arthrodesis site allows for callus formation yielding a faster
and stronger arthrodesis. Consistent healing in a series of 195
first ray fusions using a biplane locked plate construct and pro-
tected weight bearing in a cam boot within the first postoper-
ative week was published in 2018.°" Using stable multiplanar
fixation fosters callus healing, which is known to achieve intrin-
sic stability quicker than primary healing seen in compression
screw fixation. While at the same time we can encourage pro-
tected weight bearing when multiplane stability 1s provided. A
large level III study was done by Prissel et al. 2016 comparing
early vs delayed weight bearing and found no differences in

FIGURE 13.8 A. Joint preparation technique with drill bit. B. Note fenestrations and bone

debris in arthrodesis site,

e M ——
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FIGURE 13.9 Biplanar construct (A) clinically and (B) radiographically.

union rates when appropriate stability was provided.” Newer
constructs may allow for weight bearing from immediate to
early (2 weeks) (Fig. 13.9).

COMPLICATIONS

The complications of the Lapidus bunionectomy are not dif-
lerent from other types of bunion procedures. These would

include shorwning. elevation, nonunion, and recurrence of

deformity. Shortening is minimized by paying attention to min-
imal joint resection. Elevation of the first metatarsal is avoided
by proper technique and checking during the surgical proce-
dure with intraoperative fluoroscopy. Reports of nonunion have
ranged from 5% to 10%.%” Barp et al. reported nonunion rates
of 6.7% in 147 procedures.®* Even more encouraging was Mani
et al. study in 2015 reporting a 2.7% nonunion rate if metic-
ulous joint preparation, internal fixation, and a shearstrain
bone graft is utilized.”® The shear strain relieved bone graft was
advocated by Hansen in 2000.% Since the foot is loaded tangen-
tally to the long axis of the bone, shear forces are created with
weight bearing and joint compression with standard rigid inter-
nal fixauon. The bone graft allows micromotion and second-
ary bone healing, which has shown to be quicker and stronger
I;n" Perren’s studies.” Recurrences are due to lack of sesamoid
aiignmvnl””"‘ and undercorrection of the first metatarsal sec-
ond metatarsal angle.” Achieving a collinear alignment of the
first ray will optimize the direct pull of the tendons inst:rting
into the hallux. With a dorsal incision, there may be COMpro-
mise or irritation to the cutaneous nerve branch of the medial
dorsal cutaneous nerve.
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imperative to analyze correction in all three planes
Ensure first metatarsal is neutrally aligned in the sagittal
plane

Must strive to reduce IM deformity to 4 degrees or less
Must check instability of the first and second rays

SUMMARY

The Lapidus bunionectomy is a dependable procedyre that
helps minimize chances of recurrences while providing a gy
gically amenable site to address the triplane deformity of tj.
first ray. The Ist TMT site is considered the anatomic apex
of the deformity. That i1s not discounting that more proxi-
mal motions are pathologic for this condition. This especially
involves motion at the intercuneiform joint and navi.
lar cuneiform joint. When excessive motion occurs at those

joints stabilization may be achieved by intercuneiform or

medial cuneiform-second metatarsal base arthrodesis. The tri-
plane deformity of the first ray may be easily addressed at the
Ist TMT, and by arthrodesis at that site, the effects of the

peroneus longus and windlass mechanisms are enhanced to
stabilize the first ray.
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