




We .are delighted and honoi-ed to write the preface for 
the fifth edition of McGlamry's Foot and Ankle Surgery. 
E. Dalton McGlamry recognized the need for a com­

plete and well-referenced textbook in foot and ankle surgery 
and published the first edition in 1987. Through the centu­
ries, physicians and surgeons have been engaged in preserva­
tion of normal foot and ankle function. In ancient times, the 
normal functioning foot was vital to survival. Aristotle (384-322 
BC) studied movement and analyzed the degeneration of mus­
cles and the defective development of human beings, and it was 
believed that individuals possessing these attributes could not 
survive. In ancient Rome, those with disabilities were treated 
as objects of scorn. As early as 400 BC, Hippocrates described 
clubfoot and recommended nonoperative treatments using 
manipulation and bandaging techniques not dissimilar to the 
techniques utilized today. 

In recent times, an abundance of medical knowledge and 
innovations have been unveiled and the dynamic nature of med­
ical science continues to evolve. Professionals among the medi­
cal disciplines work collectively as interdisciplinary teams and 
are the cornerstone of medical organizations and health care 
systems representing the future of medicine. Well-trained, suc­
cessful, foot and ankle surgeons exert a large influence within 
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medicine and represent departmental chairs, current and past 
presidents of major medical associations, journal authors and 
editors, researchers, and reviewers. 

This textbook is intended for use by residents in training 
with a focus on foot and ankle pathology as well as surgeons 
with interest in the foot and ankle; both nonoperative and 
operative techniques are described with quick reference text 
boxes highlighted as an educational tool for the reader. 

The esteemed authors represented in this textbook were 
carefully selected for their educational, clinical, and surgi­
cal acumen, contributions to research and achievements in 
their selected subject matter. The editorial board endeav­
ored to ensure that the information provided is accurate and 
current. 

It is our hope and expectation that this book will provide 
an effective learning experience and referenced resource for 
all foot and ankle specialists and ultimately lead to improved 
patient care and outcomes. 

Brian Carpenter, DPM, FACFAS 
Michelle L. Butterworth, DPM, FACFAS 
WilliamD. Fishco, DPM, MS, FACFAS 

John T. Marcoux, DPM, FACFAS 
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Lesser Rays 
iVillia1n D. Fislico 

DEFINITION 

?\1ctatarsalgia i" a11 all i11clt1<;ive diag,1ostic tern1 for paii1 in tl1e 
,t1l)111et.1t.c11 ·al rcgio11 oftl1c foot.1 l•or tl1c pt1 rposcs of tl1i cl1 a11-
ter. tl1e foc11s ,,ill be for tl1c condilio11 of pai11 tinder the n1cta­
taI",al l1ead (1,) dt1c to pla11tar pres tire a11d to address tailor's 
l)11nion def 01111iL)'· Le scr n1ctata1 , al stirgcry i typically pcr­
fonned to addre 1netatarsalg,a related to l1igl1 pla11tar pre -
11rc<; ,,·he11 no11operati,e 1reau11enu [ail to adcq t1atcly re o lvc 

• pain. 

ANATOMIC FEATURES AND FUNCTIONAL 
ANALYSIS 

Ce11tral 1nctatarsal t1rgery i typict11ly performed to "adj11st" 
the height or lengtl1 of a metatarsal l1cad 1l1at is cat1sing pai11 
due to p1 cssure overload. It i in1porta11t to reme111ber thal the 
ce11tr.tl metatarsal condition l1ave mecl1anical i110uenccs t11at 
contribute to patholO!:,')' sucl1 as ankle cquinus, instal)i li ty of the 
n1edial colu1nn, halltlX valgus, and l1ammer toes. The 5t11 n1eta­
tarsal i generally associated v,itb n1ore of a tructu ral problcn1 
of the metatarsal bone. A tailor' bur1ion l)rpically has lateral 
bo,vi11g or a ,vide metatarsal }1cad leading to a lateral a11d/ or 
plantar lateral pro111inence of bone. Typically, a l1ighcr arched 
fool or one that over upi11atcs 11as u·ouble t1r1der the 5tt1 ,ncta­

tarsal head. 

PHYSICAL EXAMINATION 

1-iistOT) and pl1ysical examination can detern1i11c the etiology 
of tl1e pai11 ~11d trcatme11t can be in itiated based t tJ)On those 
fi11di11g . v\1h en a patier1t J) resenlS ,vitl1 "1)ain in tl1e ball of tJ1e 
f<>Ot,"' t11c pt1}sical exa,nination includes a con1plere radio­
gr.tphic cxaminatio11, pal1)atio11 and rar1gc of 1notion exan1i­
nation of the n1ctatarsophalangcal joi11ts, an terior clra,ver test 
of the rnet.a.l<ir~opJ1ala11geal joit1ts, palpation/ qucez.e test it1to 
tl1e jn1erJ11et.atarsaJ ~pace , a11d a derrnat<>logic exa,nination to 
a,'>e'>S for ~'>ociatcd kcrato~e . In the elderly, din1i11isl1ecl JJlc1n­
tar fat p.td under tJ1 e 111etatarsals 1nay be a factor. 

'flae con1 rn<)11 clinical findings as,;;ociated ,~ritl1 n1cta1.a~algia 
tl1at l)hould be evaluaLed for inclt1c.lc ar1klc equin11s ancl l1a1n­
Jt1cr t<>es,1 l1allux , a Igus dt•f or111ity wit h f1 rst ray insuf ficic11cy, "~ 
and acute 111flaJnr11atc>ry joints. 
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. •11 .11,d / or crc1:,itation ,vitl1 range of mouc>n 
Whe n there i pa1 L • • . • • 

·taLa rsOJ)hala 11gcal J0111t, then an inflammatory 
to a le ser 111c , • • 

. •0·,r,t conclition 11 cl1 as rhc urnato1d arthritrs 
or degcncrauvc J . . . . , 

. . [ · u·on or an acttlc synov1us/capsttl1us should be 
FrctlJcrg 1n 1ac , • ' . . . 

'd . d Pain ""itl·i pla11tar flex1011 of the d1g1t and pain con 1 e 1 e • . • • 
. 

1 1 t ' n of t1ie pla11 tar plalc I con sis ten t wi th an acute 
,v1t 1 [Ja pa 10 

• • I . p ti·1•,u·s \vl1icl1 can leacl LO l1am1n er toe or dtslo-
llOVJUS ca , . 

. d r ·m·,ty Thi concli tion ]1a a lso been referred to as cauon e 10 1 . • • 
predislocatio,, syndro111e.r. Mo1:to1_1 ne11ro111a ~J,1otdd be consid-
crccl ,vhen tJ1cre is pain and cl1ck1ng 11otcd ,,•1th palpation and 
qucezing into tJ1 e interspace bet,vce11 tl1e rnelatar al • 

DIAGNOSTIC IMAGING 

The on1 111011ly accepted "11or1nal" metatarsal lengtJ1 pattern or 
parabola i II ~ I > Ill > JV > V.7J t1s t l10,v mt1ch 111etatar al length 
variation is acceptable a nd ,,vl1a t tl1c le11gtl1 patte rn hould be i 

Lill ve ry mt1cl1 a debatc.11 A relatively long 2ncl n1etatar al i till 
considered to l)c a leading cau a tio11 of .metatar algia and han1-
n1er toe developmen.L of the 211d toe.9 A cornple te et of radio­
graph i 11.eccssary to detern1in e ,vhcther there i a11y tructural 
deformit)'· An a11Leropo terior radiograpl1 is l1elpful in deter­
mi11ing tl1e 111 etata1 ,ti parabola. Al1 oblique ie,v ,vill e ,1g­
ittal plane abnor111a litie of the central mctatar al and lateral 
bo,vi11g of the 5th n1etatar a l (Fig. 9.1) . The lateral ,;e," and 
e amoicl axial view ,vi ii allo,v vh,uaJizatio11 of agittal plane pm1· 

tions of the n1ctatarsal l1ead (Fig . 9.2). Radiograph ,,i ll al o 
r1tl e Ottl arthritic co11dition ' . 

TREATMENT 

• Designed to resolve high peak pressures causing pain 
under the metatarsal head 

1onsurgical Li <'at1ne nt i11 clt1de. \\rearing tiff ·olcd ·hoe "ith 
orth<>ti lo red' I • t • r. I nee 11g 1 [)eak pla11tar prt'SSttrt·, to tl1c p.nniu 
ine_taLar~al l1cad (s). Del)1 idcmertL of a11 a,--ociaterl 11 p •rl..ei:i· 
tour lesions l1c11) 1-c 1 . . • l r: ·1ll . • .c 11cc t)cc 111 c. I11 o ltle1 l)<1t11..•r1ts ,,1t 1 at P· 
atr<)[)h}1 11sl1io11 d 1· • • 11 ' • 1ncrs ,,11tl1 ·\1 0 k .,bso1 bi11g l)l'(ll)l'tllt' c:-.i 
be Ltsecl. 



-

FIGURE 9 .1 Oblique vie,"' i llLL"Lrat.in.g late ral bo,ving of the 5th 
n1eta tarsal. 

• Lesser metatarsal surgery is typically performed to treat 
metatarsalgia 

■ Lesser 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 !>agittal plane abnorrnalities can be seen on and 

axial view. N<>te ell V<ited 3rd n1eta1..arSal. 
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WJ1 c11 st1rgcry is pcrformc<l to ~tciclress metatarsa)g1a, 
llie encl goal is to rrsolvc high peak plar1tar prcsstare areas, 
\vliicl1 ,vot1l cl lead to pc1i11 ancl dysfl1r1cti o11. There is a com­
bir1at ior1 of fottr surgical approacl1e that are typically tisccl, 
,vl1 icl1 incltades removal of bone, wt, ich can be rlc,nc ,vi t}1 a 
pla11tar co11dylcctorny or partial/ co,nplete metatarsal head 
re cctio11, sllorte11 ir1g/ lcngthcr1ing ,t mctatar!,al, raising/ 
Io,vc ri11g ,l n1ctatarsal hcac.l (sagittal plane correction), or 
111cdial/ latcral transloca tion (transverse plane correc tio n), 
,vl1.icl1 is tyJJically perfor r11cd ,vhe11 repairing a concomit~nt 
trar1s erse p la11c l1an1111er toe clefor1nity or tailor 's bt1n1o n 
deforn1ity. . 

St1rgery of the 5t11 metatarsal is typically performed for a ta i­

lor's bt1nion. T l1e tec1'1niqt1es ttsccl typically involve shaving of 
tl1c lateral bor1y prc>rr1inence (exoslectomy) and/ or oste.otomy 
to n1ove tl1e 1netatarsal medially a11 d/ or dorsally depending on 
th.e locatio11 of pain . 

Not addressing concomitant hallux valgus and hammer 
toes. 
Over shortening/raising metatarsals may lead to tra nsfer 
metata rsalgia. 
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 ca llus. 
A floating toe may develop after shortening a metata rsal. 
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. 

Metatar al o teotomies can be performed in the neck, mid­
sl1aft, o r base of the bone. The maj ority of surgery is perfom1ed 
at the 1n etatarsal neck due to the typical need of minor adj tist­
ment.5 of height and/ or length, ease of d i section/ osteotomy/ 
fixatio11 , and proximity to tl1e digit (,vhich often ti1nes is also 
addressed). Moreover, healing potentiaJ is greatest iI1 m e taph­
yseal bon e (Figs. 9.3 tl1rough 9.5) . When larger amot1nts of 
correction are needed, tl1e11 a midshaft osteotomy or ba e 
osteotomy is recomn1ended. A m idsl1aft sagitta l Z o teotomy i 
ideal for 1netatarsals reqttiring greater amounts of sh ortening 
that can be obtajned with a distal metatarsal osteotomy or if 
lengtl1e11ing of tl1e bone is required (Fig. 9.6A and B). For large 
amounts of sagittal plane correction , a dorsi flexion or plat1-
tarflexion osteotomy of the metatarsal base i recomme nded 
as the p roximal location lead to greater correction ,vitl1 n1i11i­
mal bo11e '"edging (Fig. 9.7A a11d B). 0 teotomie placed i11 the 
metatarsal base have a longer radiu aim. Tl1e 1nore proxi111al 
the osteotomy, the longer tl1e lever ~1rm ,vill be and tht1 allo,"V 
for larger amou11ts of correctio11. In the cavt1 foot, fo r exan1-
ple, a dorsiflcxory base o teoto1ny is ofte11 t1sed . 

The most corn1no11 met;;1tar al osteo tomie of the n1e tatarsal 
J1ead/ 11cck i 11clt1clc the Weil o L oto1u y. a "\ 1'' o. tcoto111y. ,11,d 
an oblique o teoton1y tl1at can be 11. ed as ,1 "tilt-tip" or thro11gl1 
ancl tl1rot1gl1 ostcc)ton1y ,vith a . ingle () r dol1ble cttt (Figs. ~). 
1hroL1gl1 9.10) . Certai11ly a11 osteoto111y tl1at c,u\ aff1.>rd repo­
sitioiii ng of bo11 • to tl1e desir <l loc,ltio11 tl1t\t is an1e11,tble for 
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FIGURE 9.3 Traditional cJ1 e\1·on O'>Leoton1y. 

FIGURE 9.4 () l)lir1ue <1stc~,,t<>1ny J~ ~i111 JJle ancl cffecrive in 

red ts< ing ti 1<· d <·f<,rrnjt}'· 

FIGURE 9.5 Healed osteotomy 

intern al fixation i accep table. Fixation of a "V" osteotomy can 
be diffict1lt and a a result has fallen o ut of favor. One can mod­
i£}' the osteotomy wi tl1 un equal arms of the chevron to make 
it easier to fixate (Fig. 9.11 ) . In ad dition , small plates and 
scre,vs can be t1sed for traditiona l chevron osteoton1ie .10 \\'ith 
the advent of small uperelastic n1em ory staples, a transverse 
osteoton1y can be simple and easy to fixate (Fig. 9.12) . 

A 
Step down 

FIGURE 9 6 A l) ' -1 . .. r1'1tt·1I Z ' • 1agra111 I lltSI I nu11g a ''sl<.' tK.I0\\'1\ ~,l:-, ' . 

<)1ilec~t on1y. B. f 1111-aclperat ive vie, c) f a sagi t tal z os tC<)to111\' in,\ p:1u1•ot 
,vtt h 1atroge11i def· ) - • • . . . 1. c ,,1lcl l)(> 
, . . , . < 1 n ,1t 1cs r e q 11111ng tIH)rt• -.h <)rtt•11111g 11,11 1 l 

, l.b,a1necl \¥1th a r l1 1ita l n1e1a1a1 sal <)sl ec) tt1n1v. 
0 ' 

.. 
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Plantar flexing wedge 
FIGURE 9. 7 A. ~i<lgf<lm 1llustr .. lting a dors10exing base ,vedge 
o~tcoton1y. B. D1agran1 1llustraung a plantarOcxing base wedge 
osteoto1ny u-ing a bone graft. 

DISSECTION TECHNIQUE 

urgiral expo urc for le ser 111etatarsal urgery includes a 

mid-li11c lir1ear kin i11cision over the affected ray from the 
ba e of the phalanx to the 1neLatarsal 11eck a11d sl1aft. Depend­
ing 011 ,,1l1ich procedt1re is bei11g performed will dictate how 
long the inci io 11 shoL1ld be and \\lhether the 1n etatarsopha-

A B Double cut 

Fl_GURE 9.8 A, 8. Diagram tllustrating a chcvro11 ostcoto1~y to 
"dJ~ t the height of a rnetat..an>al or a double cut for more shortening. 

Chapter 9 Lesser Rays 225 

--= - -
I 

Tilt up 

FIGURE 9.9 Diagram illustrating a "ult up" oblique osteotomy. 

langealjoint needs to be ope11cd. When p erfor.ming a conrly­
lecton,y, tl1e dissection starts more distally on the toe ar1cl e nds 
just proximal to tr1e metatarsopha la r1 gcal joint. For extra­
articular distal me tatarsal osteotomies, the dissection can 
start just proximal to th e n1etatarsopl1alangeal joir1t. If a n 
intra-articular o teotomy, st1ch as a Weil osteotorny is going 
to be performed, tl1en the incision ,viii need to encompass 
tl1e base of tl1e toe and extend to tl1e 111etatarsal neck. Once 
the skin incision is made, the subcuta neou tissues are d is-
ectcd and separated from the long exte11 or te11don. A moist 

ga1;ze spo11ge is ttseful in clearii1g aivay the fatty tissue off of 
tl1e exten or ten(lo11 a pparatL1 . Tl1e te11do11 can be reflected 
by releasing the hood fibers on lateraJ side and retracting 
tl1e tendon n1edially or vice versa. This ,,vill expose the joint 
capsule and periostet1m. A transver e cap ttlotomy of tl1e 
metatarsophalangcal joint is performed followed by a linear 
inci ion on the J)eriosteum of t11e metatarsal neck. This "rvill 
l1 ave the appearance of a "T." The p eriosteum is reflec ted 
medially and laterally for exposure of the bone and is now 
ready for tl1e osteotomy. Use intraoperative fluoroscopy to 
ensure prope1 amot1nt of correction is obtained (Fig. 9.13). 
Alternative approaches for the tendon include splitting the 
Lendon in Lhe midline a11d retract medially and la terally, or 
final ly one can do a z-plasty of the te11don a nd repair after 
the bone work is done . For basilar osteotomies, the dissection 
starts more proximal in mid haft area of the metatarsal and 
carried toward tl1e base of the bone. 

Plan tar condylectomie are considered ,vhen there is not a 
significai1 t deformity of the metatarsal, yet there is chronic pain, 
keratosis, ar1d/ or skin breakdo"rvn under the rnetatarsal head 
(Fig. 9.14) . Condylectomies are ideal for patients with osteope-
11ic bone or if they are not good candidates for an osteotomy 
a11d 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 plantarflex1on 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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-- -
Double cut 

Oblique 

A B 

FIGURE 9 .10 A, B. Diagran1 tllt1<;tratit1g a single c t1l obliqltC <>Steoto 111y a 11 t l a dc,11hlc cut for 

1nore ~l1(>rtcni11g. 

TAILOR'S BUNION 

Tailor' bt111io11, al o kno,v11 as a bt1nio11ette i cl co1111non cau e 
of pain to tl1e lateral or J) la11ta.r lateral 5tl1 rnct._ttar al l1ead. 
Radiogra1)l1ic. fi11di11gs a ·sociated ,vitl1 tailor' bu11ion i11clt1de 
a larg~ i11tcn11ctatar al a11glc l)et,vccn tl1e 4tl1 a 11d 5tl1 met.,tar­
. al., lateral bo,\ling of tl1c 5tl1 1net., tarsal, ancl / or a large clu1nb­
bell-~haped 111etat.arsal h ead 11 (Fig. 9.15). 

urgical tecJ1niqt1c to addre a ta ilor 's b11nion inclt1de lat­
eral co11d rJectotn)', di tal 11eck, 1n idsl1aft, IJasi lar osteoton1ies, 
and on rare occasion a 5tl1 n1etatar al head resection. 

Lateral cond)11ectomies are elected \.Vh cr1 there i pain to 
~e lateral ~ pect c>f tl1e 5t11 metatarsal hec:td wjtJ1ot1t any ig­
n1ficant 1-a~1ograpl1ic evid ence of i11te r1net.1.taf'. al playing or 
lateral bo\VJ.ng. There 1nay be a ,.vide metatar al head or promj­
nent lateral cond)1le. Approximately½ of tl1e lateral metatar al 
ca11 be re ected \,i.tl1 a power a"" or osteotome. 

Fifll1 metatarsal l1 ead resection are rarely performed 
due to inherent co1nplications. Tl1e notable exceptions 
ma}' be in geriatric patients \\ri.th osteoporosis, a very large 
defo11r1it:)1, or in a patient with a 11e t1 rotrophic ulceration 

Offset 

FIGURE 9. 1 1 J)iagr.un j)lt1str.tting an c,f!ser cl1evrou ostc<)l<l1ny, 

\\'t1ic t1 n1ay IJc ea.!>iec w fix.ate tJ1an a 1r..t.d1tic>rJ <1 l ct1evrc)r1 oste,>tc,rny. 

on tl1e lateral or plantar aspect of th e 5th rnctatarsal h . 
1 

ead 
Poteiitial pro lJlc111s tl1a t occt1r wit 1 a rn e latarsctl head r • 
tio 11 in Iudc a retracted/ fl ai l 5tl1 toe, tra nsfer 1netatar a~s:r­

a i id i11 rare cases cL1n trigger Charcot arthropathy ir1 ne!: 

patl1ic JJatien ts. 12 

Distal 1n e tata~sal o~teotomies _are. rnost .comtnonly per­
formed for tailor s bunion correct1011 J l l t as ,n ce ntral met . 

. . "" • a t~trsal osteotom1es for san1e rc,tSor1 . var 1otts osteotomy design 
J1avc been described and used wilhot1t a clear advantage 0~ 

011e over a11 otl1cr. A chevron osteoto1ny with or witt10Ltt a Ion 
dor, al or plantar arm, oblique o tec>ton1ies, clo ing \vedg! 
osteotomies, and transvcr c osteo tomies are tised (Fig. 9.16) . 
After the ostcotomy is complete, a sh ift of no more tl1an half 
of tl1e widtl1 of tl1e metatarsal h ead hotLld be performed lo 

avoid i11stal)ility. 

FIGU_RE 9.12 A t1.:111s,1crsc ost otorn ,.,~itl1 s11perelastic ·tJple 
1r1ay l)e ideal f'<)r • • , I ·h . • )11 , . . ' · 1111 11 1m ,1 ortcn1ng and tran , ·ersc plar\t' corrt'Clt( 

This p,lt1c 11t l1ad ·\ l·trlTc t , 11 1 • • l 0·- 11 • . ' ' • r, l,l 11x v a g L1s deformity ,,,1t l a 1,1c 1,:,1 ) 

ctev1atccl 211cl Lele. 



FIGURE 9 .13 Over '-h<)rteni11g ()f the :3rd n1cta1ars,1l could 
have been avoided ,, 1th tl1e t1-;e o{ in traoperati\ l' fl uoroscopy. 

FIGURE 9 .1 4 Intra<>J>eraLive vie\.v of a condylccton1~ of_Ll,e 
r; • l Ll1oul any s1gn1fi ,in t 5t.111netatarsa.l fc,r ;1 p <iticnt having su b ., pain '" 1 • 

meta tat ,al def orm1 L \. 
' 
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FIGURE 9 .15 Note dun1bbcll-shaped 5th metatarsal in a 

patient wirh a bunion and tailor 's bunion. 
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F_I GU RE 9 . 1 6 Pn to1~erativc A-rny o t .1 tailt)r's l)tltlilnl 
1 
epait eel 

,..,1tJ1 ,t li cvron OSl('O toruy ,v1th a long 1>l,u1t,lr <lrn1 fi>..,\tc." l ,- h 9 ().. 
• I rl I • • c '' II ... • n1111 cortLC<l SCI C\\'S. 11S . .. ;\ ,e1y stnb\t- ('()11\lrllCI . 
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ls~c)r large deforn1itiel) or i11 rues '"'l1 e1 tl1ere l1a already 
bec11 st1rger ' t1cl1 a a la t ral co1)d 1}ecton1y, 1nid l1aft o r 
proxi111al o tcoto111 , , co11~id cred . Tl1c 1110 t com111 011 111id­
• liaft ostcoto111)' is a C RF d sig11 . Basilar o teotomies typi­
c-all)' i11 lt1de a clo i11g ,vcdge osteotomy "'-'itl1 a lat "ral apex 
a11d l1i11ge. 

SURGICAL TECHNIQUE 

skin i11cisio 11 i , 111ad.c overlying the 5th n1etatarsal and 
exte11de<l to tl1e l)c c of tl1e 5t11 toe. Tl1e incisio11 sl1ot1ld 1Je 
j t1 ' t la t ral to tl1e cxten or te11c.ion. T l1c ubcutaneou tissues 
are reflected av. , from tl1c extc11sor tendon a11d hood appa­
rat11 • Tl1 perio~tet1111 of tl1e 5tl1 1netata rsal i inci ed. U e for-
ep ' to palpate tl1e bo11c, tl1i ,vill avoid lippi11g off the side 

of tl1e bo11e ,,rl1ere tl1ere i i11tri11 ic 1nusclc. A tl1e perio teu1n 
i i11ci ed l.:ttcral to the e ten-sor Ler1do11, it i e terided to tl1e 
ba ~e of the proxi111al pl1alanx. o,v the joi11t is vis11alized. Tl1c 
5tl1 toe ca11 be di tra ted a11d tl1a t ,vill lead to puckeri11g of 
tl1e lateral cap tile, ,vhicl1 ,-vill leave a pouch to tl1e la teral 
ide of tl1e joint ,,vl1cre the scalpel blade can be inserted to 

dctacl1 tl1c capsule from tl1e lateral a peel of tl1e metatar al 
head. Depending on tl1e type of osteotomy to be performed 
,,ill determi11e l10,v 1nL1cl1 periosteum ,~11 need to be reflected 
for bone acce . The lateral e1ninence ca11 l)e removed ,vitl1 a 
~agittal a\\' or o teotome. Avoid removing too much bone as 
)'Ou ,-vill 0111 be able to 1nove the n1etatar al l1ead ½ to ½ of 
the ,\rid th of the h ead . Tl1e d esi red osteotomy can no,v be per­
formed (Fig. 9 .17 A-E). An altemati,1e 1netl1od involves remov­
i11g the eminence and overhang of bone after the o teotomy i 
made a11d fixated so that there is n1ore metatar al head avail­
able for shifting. 

• • 
• 

PEARLS 
TAILOR'S BUNIONECTOMV 

A traditiona l chevron osteotomy can be difficult to fixat 
Modifying the osteotomy wi~ a. long plantar arm allowse. 
for easier and more stable f1xat1on 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 you 
have greater ability to shift the head. 
Avoid plantar and lateral condylectomy as th is will 
weaken the bone. 
Avoid basilar osteotomies unless the deformity cannot be 
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 a 
Charcot event. 

POSTOPERATIVE CARE 

Distal n1etatarsal osteototnies can be managed with ,veight 
bearing to tolerance in a frac ture boot or surgical sl1oe. Base 
\-vedge osteoto1nies wi ll requi re 4-6 wee.ks of non-,veight bear­
ing follo\ved by protected weight bearir1g i11 a fractt1re boot for 
a11 additional 2-4 ,veeks based upon radiograpl1ic sign of bone 
healing. Stiff and floating toes are common witl1 these proce• 
du res; therefore, aggres ive range of motion exercise of toes, 
bandagi11g toe in plantar flexion, and the use of splints after 
sttrgery can help 1nitigate those problems. 

FIGURE 9.17 A . Skin incision is do r olateral fro1n the base of tlie 5th " 
1 . , • toe to t1e mctata1:al 

::.haft B. The suhctttancous u-;sues are d1ssc:ctccl off of thc J'oint capsule,.. d . 
' 

0 n cxtcn or tendo11 ,tpparatu~. 
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FIGURE 9 . 17 (Contu111ea) C. The pcriosteum is incised frorn the ,n etararsal shaft and 
then the capsule is inci ed to visualize the Joint When the 5 th toe i,; pulled / dis u-actcd, the 
lateral capsule \vi ii pucker and a scalpel can be in crted 111 the pocket to detach the lateral 
capsule (arrazv) . D. A long plantar arm osteotomy. E . .1:-lealed osteoto1ny \vith cortical sere,\ . 
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DEFINITION 

HISTORY 

The Lapid ti· bu11io11ectomy l1as evolved over tl1e year and has 
becon1e increa 111gly popt1lar \.vitl1 foo t and ankle st1rgeo11s. 
Our re-di co, e1 that tl1e fir t tarson1eta tar al joi11t (1 t TMT) 
i the anato n1ic a1)ex of tl1c deformit , a concept original ly as o­
ciated ,\1t11 the procedure indication , is dri,ring new discus-
ion 011 tl1e u tility of tl1 i procedure . Albrecl1t fir t de c1ibed 
J-tTh1Tarth rodc i in 1911 .1 Trt1 lo,vcoined the te m1 metatar-
us primu van1s i11 1925.2 T l1i was i11 reference to the adduc­

tion deforrni ty in tJ1e tran ver e plane an.d not varus as \.Ve 
u11der ta.nd it 110,v i11 the frontal pla ne . In 1934, Lapidus stated 
"the only mecha11ically ound o teoto1ny fo r n1etatarsus primus 
\'arus l1ould be a l the m etatarsoct111eifor1njoint ,vl1ich i a t the 
apex of tl1e a11gulation be n.veen the first n1e ta tarsal and cunei­
form joint."' A tn1e La pidu procedure involves a rtl1rodesis of 
the first tar ometatar al j o int and the base of tl1e first and ec­
ond metatarsals. Modifica tion are co.mmonly performed by 
either only fusing tl1e fir L tarsom.etatarsal joint or employing 
sere," stabilization o r arthrode i bet\\lee11 the fi r t and econd 
ray if in tabili ty is observed in e itller the agi ttal or transver e 

plane. 
Although Dr. Lapidus' name is still ascribed to 1st TMT 

arthrodesis for correction of hal lux valgus, tlle procedure as 
\\.'ell as the indications ha,,e evolved . For the past tv.ro decades, 
"·e have seen dramatic improvement in fixation a11d bone heal­
ing and a new understanding of st1rg ical anatomy. These fa c­
tors have put aside some of the tradit.ional fears of tl1e 1st TtvfT 
arthrodesis such as h ealing p roblems and prolonged convales­
cence ,,~Lh earlier iterations of the procedure. We no,v know 
tl1at the lsL rI'11T is a po,.verful site to correct not only tl1e inter-
1netatarsal (IM) angle bl1t a lso th e other triplane compor1e11 ts 
of the deformity.• We no longer see this as a procedure reserved 
for the most severe defonnities or only for those needing fi rst 
ray st.abilizatio11. I 11 fact, t}1ere are n1any surgeo11s that use tl1e 
1st T~1T corrective arthrodesis as t11eir priorit)' procedure fo r 

correction of hallux abducto valgus (HAV) • 

HISTORICAL INDICATIONS 

1·raditio11al indicati<)ns for the 1,apiclus bunionectomy l1a e 
been based upor1 severity-based algorill11ns. fn the J)ast, arid 
to a large ex1enl today, tl1e p r<>cedure fits i11 tt1e SJ)cctrum of 
Se'\crity onJ)' fr>r the most severe deformit ies c.,_) f the IM angle. 

Othe r it1dicatio11s a re tl1e prese11ce of osteoa rth ritis of the first 
tarsometatarsal joint, ""hicl1 is 11ot a com1non compo11ent of 
hallux valgu defonnity, a11d sign ificant e levation of th e fi r t 
ray. Condon et al. in 2002 de cribed a severit -ba ed algorithm 
for hallL1x vaJgt1s repair in ,vhicl1 a se ere deforrni ty was clas­
sified as a n IM angle of 16 degrees o r g reate r.5 Tl1is al o was 
supported by Cougl1lin and Jones in 2007.6 Traditio nally, it 
l1as bee n in thi evere class that th e Lapidu procedure ,vould 
be performed . Addiuonally, l1y permobiliry o f tl1e firs t ray has 
al o been a criterion for the Lapidus procedure. Whi le still a 
clinical enigma, many description ~ of hyper1nobili ty h ave been 
a ttempted. Due to tl1 e clifficulty of clcfin ition, many n o, prefer 
to call this first ray in ufficiency or functio nal in ta bili ty. Many 
author believe tl1at hypermobility of the first ra unlock the 
forefoot predisposi11g it to HAV defor1n ity.' 7

•
8 D ' Am ico ,vrotc a 

review of fi rst ray 1nechanics in 2016.9 In tl1a t ar ticle he tated 
"hypermobility of the first ray ... occt1r pri1n a rily a t the m ed ial 
ct1neifor1n-navicu lar a rticulation caused by st1bta lar a nd mid­
tarsal j oi11t prona tion as a re ult of in herently induced phylo­
genetic a11d 011togenic in.dti.ced imperfection ." Kimt1ra et al. 
i11 2017 stated that hypermobility occurs along the entire fi r t 
ray and is not limited to or predomi11ated by ran ge of m otion 
at the 1st TfvIT. 10 

Most comrnonly those that l1ave tudied and d iscu -ed firsl 
ray range of motion discuss h.ypermobilit:)1 in the sagittal plan e. 
Root e t al . in 1977 defin ed hypermobility as n1o tion in exce s 
of equal amot1nts of dorsal and pla ntar displacem e11t of the 
first ray compared to the second ray.11 Roukis and Land man 
described a dyi1amic Hick test in their revie\v of the literan1re in 
2003. 12 In tl1is case, the w:i ndlass n1ecr1a r1i m wot1ld be en gaged 
,vhile evaluating the di bur en1e nt of the first ray. T he po,ver 
of the ,vindlas mech anism wa detailed i11 Rush e t al. article in 
2000.15 They fo t1nd that there was ignificant lo of the ,vind­
lass witl1 t1allux va lgus deformi ty. Additio nally, realig11n1e n t of 
the first ray a11d sesamoicls provides 11cce • £111 e11gagen1ent of 
the ,vir1dlass. Sl1ibt1ya e t al. found in t11eir ysle matic revie,,, tl1at 
there \-Vas 3.62-n1m di placeme11t in the agittal pla11e i,1 tl1e h ,11-
Jux va.Igus g roup.14 Radiogr.1pl1ic sign of sabrittal pla11e i11 t,lbil­
ity inclucle seco11cl ray overload ,vith tres frartltre a11cl pl,,nlar 
gappi11g of tt1e 1st TMT (Fig. 13.1) . 

Descriptions of transverse instJ bility or ~1)\a , ,,re less co n1-

rnon in tl1e lite1 a t11re . \!Ve t>cr e t ,11. described a" ·play te,t'' th,,t 
representecl Lran ·verse pl, n t: in tabi llt cspe iallv i1, .,1 Rc>m,\Sl) 
J foot tyJ)e.1

~ This ,va l,1ter re i11for erl by a ~t11c\y fro1n Fletl\-
111ir1 g ct al. finding tl1a t i11 patie11t ,vitl, t1all\1, va \gt1", 73.8% 
l1t1,l t ra nsv rse [.llanc i11st, bil\l .10 
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FIGURE 13.1 ag,tta l plane 1n, tab1hL)' ' "'ith plantar gap at the 
fii:t T \11] . (From H atcl1 DJ. antrock RD, tnith B, Dayton P,Wcil L. 
T1,pla11e Hallu>- . \bdttcto Valglt Classification. J f oot A n/1/,e S1irg. 
20 l8,5i (3) :972-981.) 

H)pe1111obilit)1 not 011ly infl,1ences the 1-J.t\V deformity but 
• • 
1t 1na-eas L11e chai1cc of recurrence ru.1d O\'Crload to the ec-
ond ra} as pointed ottt b}' Feilineier et al.17 As \~tl1 sagittal 
plane in tability, u-ansverse plane movcmc11t an.cl poter1tial ft1nc­
rio11al instability occurs at 1Tit1ltiple first ray joints including the 
1 t T~IT. Traditional thougl1t is l.11at nising tl1e 1st TMT as part of 
tl1e Lapidus procedure 'Vlill e lir11inate recurrer1ce of tl1e defo1inity. 
Because Ll.1e motion comes from m1tltiplejoi11ts, recurrence of HAV 
is certainly possible even ,vhen the 1st TMT is olidly fused. T11is 

pecially may occur if l.11e IM angle is not red11ced enough . Lapi­
dus iI1 his original description incl11ded fusion of the first and sec­
ond metatarsal bases, possibly becatise he recogi1ized this. Fttsion of 
metatarsals 1-2 at the base certainly reduces the cl1ances of recur­
rence but ma}' limit the desirable ,vi11dlass function of the first ray. 
.A..s \,·e \\rill disctlSS later in this chapter, a more mode111 approacl1 to 
1st Thff fusion for HAV is a uiplanar co1Tection pl11losophy. 

• .> • 

:r ABLE ·13. 1 Triplane Classification of HAV 

MODERN INDICATIONS 

Cttrren t iridications for Lapidt1s originate frorn . 
t111dcrstan di11g of tl1rec-di1nc~t;ional (3--D) anato~;Provect 
firs t ray. ,.fl1 is trip ltt11ar a 11atom1c-ba ed a pproach has b of the 

Sed b}' J-Ia tch et al.111 (Table 13. 1). Understand· cendi\. 
Cll 1ng Of 
f ·o ii tal plane componen t of the firs t ray as a corn tht 
i h • • I J Poncnt 

HA
V and aclb erencc to t c fJr1n c1p e t 1at the 1st T~'"r of 

. . h !vi! IS h 
ana toin ic ~lJJeX o f tl1c deforn11ty c ange our though t e 

,. [ . b • . t Pr0c 
fro111 tl1e 1s t TM r 11s1.0~1 d ~111gda~ occa ionally pcrforn,e\d\ 

P
rocedure to 011e that 1s 111 1cate 1or rnost l-IAV defi , e 

' f orrn,t, c0111prel1e nsio11 of the 3-D as pects o th e first ray has e, 
' b 1 h ' • 1956 19 evolved since Mizuno fi rs t d escr1 ec t is in • Scranton and 

ko i,vski i11 th eir 1980 tudy f~11nd tha t palients <vvith HAV ~01
• 

14.5 degrees of valgt1s rotatJo n of the firs t ray vs 3.I I ad 
• 20 E • 19 < cgre~ 

itl tlle n orn1al po pula tto n. ustace 1n 94 described 

gus rotation of the fi rst m e tatarsal with bunion defio a. \a}. 
. • rrn1tv 11 

Talbot a11d Saltzm an found that p1 onatton of the first m 
. . f h eta1ar. 

sal changed the app are n t p os1t1011 o t e sesamoids on th 
radiographic viei,v.22 Okuda e t al. d escribed a lateral roun~AP 
of the firs t metatarsal in h is HAY gro11p indicating a ro1 ... ll· •ng 

• • «:I on in 
tlle fronta l p la11e.23 T his was also su bsta11t1a ted by Yama h 
e t al. in 2015.24 Mo rtier in 201 2 found tha t the fi rst ray,va~~~ 
nated in Lhe HAV group by an average of l 2.7 degrees.25 Da t 

d. . I l . yon 
e t a l. poin ted out that our tra. 1t1 o n a . cva u at1ons of the bun-
ion deform ity may b e flawed 1f the frontal plane i5 not co. 
side red and a lso found sig nifican t valgus rotation of thn 
firs t ray in HAV ~atien ~.26 With impro~ed imaging pr: 
vided by th ree-d1me n s1on al computen zed tomography 
(CT), it h as become clear th a t a majori ty of patients ,,1th 
hallux va lgus possess a valgus rotation of the first ray. Tius 
may b e in trinsic as described by O ta et al.27 or extnns1. 
cally rotated in valgus as e lucida ted by many recent authors. 
Unless the valgus rotation is addressed surgically, recur­
rences can be expected dt1e to malalignment of the sesamoid 
complex.28 

Triplane Hallux Valgus Classification and Treatment Algorithm 

Class Anatomic Findings -~-----MTP Joint Status Treatment Recommendation -- ----
1 Increased HVA and IMA No clinical or radiographic 

2A 

2B 

3 

4 

No first metatarsal pronation evident on evidence of DJD 
AP and sesamoid axial radiograph 

Sesamoids may be subluxed 

Increased HVA and IMA 
first metatarsal pronation evident on AP 

and sesamoid axial radiograph 
No sesamoid subluxation on axial 

Increased HVA and IMA 
First metatarsal pronation evident on AP 

and sesamoid axial radiograph 
With sesamoid subluxation on ax,al 

Increased HVA and IMA >20 degrees MTA 

Increased HVA and IMA ± first metatarsal 
pronation 

No clinical or radiographic 
evidence of DJD 

No cl inical or radiographic 
evidence of DJD 

No clinical or radiographic 
evidence of DJD 

Clinical and/or radiographic 
evidence of OJD 

Metatarsal osteotomy or TMT correction. 
Sesamoid release to help realign complex 

Triplane correction including first metatarsal 
• • 1nvers1on 

Triplane correction including first metatarsal 
• • 1nvers1on 

Lateral capsular/sesamoidal release prior to 
correction 

Metatarsal 2 and 3 transverse plane 
correction 

Metatarsal osteotomy or TMT correction per 
class 1 and 2 recommendations 

First MTP arthrodesis preferred 
Resectional/ implant arthroplastv may also be 

utilized 



The ce11tc.r of rotatio r1 ~nd a11gula tion (CORA) is defined 

Pale , a~ 1tl1er 111e l1a111cal o r a11aton1ic (lnd •1s a • 1 bV . \r1ta con-
t for deformity n1a1)p1ng a 11d 1100 i11g t11e ino t a . cep . . . ~ T ~ . pproprt-
itc for c<) t 1 c t1o n . l1e 1st 1 MT 1 t11 c 111ost aclva ate . ntageot1s 

. to add re tl1e 1 t1 f) la r\c 0 1n p o 11 c 11 ts of I IA 1 . 
~1lC . • ) CCat1se I t 
represents tl1e a11atornl ,lpe of tl1e d efo rn1ity bet,veen tl1c 

Cdl·a1 ctineifor1n arid tl1 fit t 1ne ta tarsal 26,-w~,1 T lie l • ,n • n1ec11a n1-
al axi of tl1e fi1 t ray l1,1s bce11 di ct1 sed by La Porta t 1 . c . 

1
. . e a . 1n 

201 6 a in.or~ p rox11na 111 t~1e 111,dfoot .~2 Indeed tl, e ,najori ty of 
n,otion ,,1th111 1l1e fir tray 1s a t tl1e nav1cu la r-m edial cune ifi . 

d
. . 

1 
. 01 n1 

Joint.o \ i\Ti tJ1 tr::\ 1t1011a ·ever1ty-lJased algorithms, ,vc incasu rc 
and addre tl1e tra11 e rsc pla11e variables (~vo-din,cn ional 
approacl1) a r1 cl cl1ose fror11 a ,ra riety of rnetatar al osteotomie . 

11ccatt c 111: tatar al o teoto n1)' ~oes 11ot move the seginci, t at 
the a11atom1c apex a11d can p ro,r1de only limited 3-D correclioi, 
l\'e are left ,,~ tJ1 le th<ln de irable alignmen t in m,tny in tances: 
Tht i higl1lightecl by th fac t tha t tl1e overall foot width follow­
,ng O tcoto r11 i no t rcd t1ced afte r o Lcotomy as de cribed by 
Tenenba111n .41

' Wl1e11 co1Tecting the deformit)' a t the anatomic 
apex, a true correction ca,1 l)e obtain ed vvith con i tent reduc­
tion i11 tl1e v\ri dtl1 of tl1e fo refoot. We measured a consisten t 
"ridtJ1 reduct.ion in 109 1st_ T MT artl1 rodesis procedure aJong 
,,ritl1 tn1e IM ai1gle correction and con i ten t d ecrease in fore­
foot "vidth (Dayton , t111pt1bli l1ed re ·ults, 2019). Centra l con­
cepts tl1at l1ave changed our tl1inking regarding tl1c i11dication 
for 1 t TMT artl1rode is are tl1e concept of ana tomic apex, the 
need for multi plane correctio n , ,.vl1ic.h is most u rgically a1n ena­
ble at tl1e 1 t T MT, and ea e of addre ing fi rst and second ray 
in tability at tha t si te ,vhen 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 radiograph ic preoperative planning is essen­
tial to set the stage for adequa te d eform.i ty correction. Th e 
\\1eight-bearing AP p roj ectio n is used to evaluate the IM angle 
and the hallux valgus angles (I-IVA). Good in tra- and in ter-rater 
reproducibility of tl1ese an gles has been studied and published . 
T}1e distal metatarsal articula r angle (DMAA), also k110,m as 
the proximal articular se t a11gle (PASA), has p roven to be less 
reliable.6.34.ss Tl1e possibiliLy tha t DMAA is a radiographic arti­
fact l1as been raised by se\1e ral researchers who have noted tl1e 
articular surface alignment to change substantially \.vi tJ1 repo i­
tioning of the first metatarsal without osteotomy.4/\

6 T ibiaJ se a­
moid position (rfSP) is also assessed o n tl1e AP radiographic 
projection a11d is tJ1ought to be an i1nporcant indicator of both 
severil)• of deformity and a marker of adequate correction. 
Recent findings have confir1ned tl1a t d ramatic changes in the 
apparent AP rfSP can be affected by fron tal plane rot.'ltion of 
the first ray. !17.lli! The sesamoids may appear subluxed on the 
AP projection when in fact they are in tl1eir r1 or1nal location 
medial and lateral to the 1n edian crista. Axial sesarn oid views or 
\\•eigl1t-beari11g er scans are need ed LO a~sess the tn te positi~ns 
of tJ1e se:,,a1noids, aii d t11c AP radiograph sl1ot1ld not be relted 
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FIGURE 13.2 Axial e amoid vie\\l de1nonstrating eversion of 
the fi rsL ray. 

upon e clu ively preopera tive, in trao perative, o r po toperative. 
There is a rene,.ved in1portance of the ,.veigh t-bearing axia l esa-
1noid \riew since Kim e t al. d emon u-ated fronta l plane rotauo n 
via 3-D CT anaJy is.39 The axia l vie,v ,.viJI evalua te the am ount of 
ever~ ior1 of the metatarsal when it exi ts and the degree if any 
of sesan1oid subltu::a tion (Fig. 13.2). When se amoid u blux­
ation occurs, a fi rst MTPJ lateral release l1o uld be performed 
to properly align tl1e se amoid complex upon realignn1ent of 
the metatarsal. The weigh t-bearing late ral p roj ection is u tilized 
to mainly assess th e Meary angle and Seiberg ind ex. If e levation 
of the first ray i observed, then it should al o be addres ed at 
the time of surgery. 

As discussed p reviot1 ly using a m ore mo d ern approach, 
the angt1la r severity measuremen ts are 11ot as im porta11t a 
the 3-D relationship of the fi r t ray to th e remainder of tl1e 
foot. We do not ascribe to an absolute mini1num or maxi­
m um value for IMA, HAV, or TSP in the selection of 1 t TNIT 
arthrodesis correction. In tead ,ve observe the e n ti re three­
dimen io nal relationship and d esign the correction ba ed on 
tl1ese findi ngs. 

ANATOMY AND SURGICAL BIOMECHANICS 

It has long been though t t11a t the obliqt1ity of the n1edia l ctinei­
form ,,vas a primary etiological factor in l1a llu valgt1 . Tti lo,v in 
1925 coinecl the term "metatarsu primus varu " ,,rith l1i tii1 der­
~tanding of the deviation of tl1e fi r t metata1 al u ineifonnjoitlt 
10 th e tran ver e plane ever1 thot1gh ,ve under tand Vat"lt to be 
a compon~11t o~tl1e fron l.t'll plane.2 DJ . Mor to11 d e c1; bcd n1.eta­
~rsus atavicus ~rt 19.27.7 La1)iclL1s d escribed the ''atavi, tic', foot 
1n 1934 as a.n e L1 olog1cal fac tor i11 l1allttx ,~ lgt:t •}' l-Io,,•e\'er, more 
recent stud1c 110,v tha t tl1e obliqt1ity of tl1.i ' J. oint do _ 

1 •u l lA\l . e not ,or 
re ate ,v1 1 . deforn1_1ty."0-43 }'a ~ pccifi ally fotttl d tliat the 
111orph~logy of tl1e 1ned1al ct1neifo rm ,va.s 110t ii,volve<l iii HA\ ' 
dcform1ty.40 Other l1a,1e ob~c1 vecl cl1angc 1• 0 tl • l 1e per e1\'ec 

.. 
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obl1qttit)' after rotaL1()11 ,vi.tl1ot1t t11ani pt1la t1 o n at tl1e 1st TJ\1T, 
i11clicati.c)11 tl1at tl1c AP rcprcsc11Wtiot1 c)f 1l1r ct1ne1for1n a11glc 
111,1y 11ot l)e a11 acc111-a tc representation. ' Doty et ,11. g,l\'e a rom­
pre-lien i, c de~cri1)tio11 oi ll1c i1r t n1e tatarsal c11ncifo1 rn joint.

41 

Tl1cir cadavcric t11dy re, calcd a11 average clcptl1 of 28.3 n,rn 
a11d ,,·1dtl1 of 13. l 111111. Tl1e.10111t 1 • t)'))icall 1 contint1ot1s (59%) 
,~ l)i-lobed (38%). Tl1c la teral 1r1clina tion a11glc ave rages 26.5 
dcg1cc,. Tl1e fi t tr" , 1s i11l1erc111ly t111stable Gt11d a 11ch tl1erc 
arc tabili.icr~ oi th first ray tl1at ll<)ltld l)C' apprcciatccl. '[here 
are tatic a11d dy11an1ic tabiliicr c)f the first ra)'. tatic stabi lil­
c1 arc tl1e art1cu la tio11 • of tli c 1st T~1T: interc11ne1forn1 join t 
ar1d tl1c n1cdial <.t111eifc)nn and econd n1ctaUl1 "al basc.1

1.«.·1'» 

dditio11all), tl1c })lat\tar fi r t 111et.att1r al medial cu11eifor1n liga-
111ent i • a . tatic force.10 Dyna1111c tabilize1 include the plan­
tar a1)one,1ro I a11d Ll1e peroncLl longlt . T he e!Tects of the 
pla11tar a1)011ct1ro i 011 tabilizatio11 of the fir t ray have been 
dc-;cribed b • Ru 11 e t a l.1' Late r Cot1gh lin ct a-1 . a l o noted this 
effect.47 1~1,e peronet1 lo11gus ,,~ll lock tl1c fir t ray in ever­
·io11.4~~,o Tl1i action is 111l1ibited by ignifica11L eqtrinltS and pro-
11atio11 of the ubtalar a11d n1idt.ar al joints.9.51 Biern1an et al. 
di ctt sed tl1e effects of tl1e Lapidu on peroneal longus func­
tio11."2 Tl1ey fou11d incrcasccl efficiency of the longl1 in stabi­
li1i11g tl1e first ray after the L.lt)idu procedure. I t al o everts 
the 111edial t1neiforn1 a11d elevate tl1e ta lt1s. Lastl)', as pre,~­
ou ly tated, tl1e ,vinctla mecl1a11isn1 is 110,,\1 ,nore fun ctionally 
e1nplo •ed .1~·51 

SURGICAL CONSIDERATIONS 

Tl1ere are n1any variation of thi • urgical tecl1niqt1e ,vi tl1 the 
con1mon de11on1i11ator bci11g ftt ion of the 1st TMT. lnci ional 
expo ure i based upon urgeoo preference a11d 111a be a long 
dorsal inci io11 or a sn1aller dor al at the base of tl1e 1st T11T 
a11d an additional medial inci ion if needed over tl1e first MTPJ. 
Medial-ha ed i11cisions over the TMT have al o been described 
a11d have the co rnetic benefit that the car is more hidden from 
the patie11t·s sigl1L Becau e tl1e 3-D aligi1ment i complicated to 
ob erve inrraoperauvely, '"e find the dorsal incisio11 to be more 
advantageous to \1 ualize the angular and rotatio11al po ition 
of eacl1 segment simultaneously. 

Re earch has supported the i1nportance of proper sesamoid 
alignment postoper<1ti\·ely to prevent recurrence of the HAV 
deformity.2~.s, Understanding of the se amoid-metatarsal com­
plex has evolved through current 3-D CI' that the defom1ity i 
indeed a triplanar condition. Hatch et al. have developed a ne,v 
classification cheme that is based UJ)011 this 3-D anatomy (Table 
13.1 ) .18 In that systern, the sesamoids may be rotated ,vith the 
metatarsal and or ctisplaced. Whe11 displaced, e pecially in long­
standing conditions, the sesamoid complex must be released in 
order to be properly realigned (Fig. 13.3). \i\1l1e11 the sesamoid 
are de,•iated in the AP projection but aligned in the axial, that i • 
a sign of 11et first ray rotation tr1at must be addressed at the tin1e 
of surgery (Fig. l 3.4) . Adjacent ray fusion i e1nployed ,vhe11 
transverse or sagi ttal plane instability is observed or 11oted.15

,
1
6 

This later technique may fuse tl1e medial cuneiform to second 
metatarsal b~e or intercuneiform joints (Fig. 13.5). 

Unl,ke t11e traditio11al Lapidus procedure tJ1al prioritized 
traJl~verse plane correction, vve approacl1 the procedure ,vith 
a 1nultiplai1ar mi11dseL. Ref,rardless of tJ1 e degree of IMA, sag­
iltal deviation, and frontal r>lane rotation, the procedure is 
appr<>achcd ir> tl1c sa1ne n1anner. All tl1 ree components are 

FIGURE 13.3 Di placed sesan,oid complex that should be 
surgically released. 

con·ected to the an1ounL neccs ary concurrently, noL indiild­
ual l . Con-ection i as es ed clin ica lly and nuoroscopicalh 10 
real time using anatomic landmar ks ratl1er that arb1traT) ~d 
inaccurate measurements. T hat is, the first metatarsal 15 angu­
laLed i11 the tra11 verse and ag1ttaJ p lanes and rotated in the 
frontal p lane un til tl1e IMA, HVA, TSP, and lateral round 51gn 
are normal (Fig. 13.6) . Using this n1ultiplanar approach, the 
degree of cacl1 plai1ar deforrr1ity doe not matter preopera­
tively, as all patients r eceive the san1e three plane realignment 
Tl1ree-<lime11 tonal correction can be made easier ,,ith aJov­
stick pin in the fir t metatar al and with specialized guides and 
jigs. It n1ust be emphasized that the 1 t TMT must be fully mobi­
lized a11d a11y lateral an kylosis at tl1e metatarsophalangeal j01m 
released to allo,v for three plane correction. \/1/e ha\'e found 
tl1at attempts to correct one p lanar component at a titne art 

frustrating and do noL resu lt in atisfying alignmenL 

SU RGICAL PEARLS 
Correct the deformity, then make precise cuts utiltz1ng a 
cutting Jig (preferred by authors). 
Release sesamoids if subluxed on axial views. 
Pay attention to all three planes when correcting 
deformity. 
Employ fixation that 1s amenable to early weight bearing. 

As ,\Tith any ftt ion proced t1re, healing i dependen~ on 
ina11y factor . Patie11t l1ealtl1 co11cerns L1cl1 as nicking, diabt' 
tes, metabolic bone di ease and oLher facto1s n1u 't be ideno­
fi ' • • o;il~ 

ed and contro lled . Surgical di~ cction sl1ot1ld be rrun•.1 
•. 

• , • • . ()ll~ 
invasive ancl avoidance of cxce ive ti<; ,1e J)lane epar.iu . . . c1· ecu1)ll 
J) rior,ty. We p refer intra ap ltla r arid ~ttbperio real 1 

.J 
t b h I ' • ll bllll.~ a ot tie 1 t TMT and the fi rst ~-lTP to 01.unta,n a 

l 
. :.u-auOI' 

supJ) in ful l-th ickn es-; flaJ) (Fig. 13.7). Bone prep 



FIGURE 13.4 t\P-appare nt subluxation of 
1llusu·auve of rot ation. 

n1u t also be carried O\tt appropriately to fo ter rapid l1caling. 
Clirettage of tJ1e cartilage i a com1non me tJ1 od of fusion ite 
preparation. Altl1ot1gh ct1rettage may have omc advantage of 
reducing bone removal and lin1iti11g fi rst ray shorteni11g, tud-
1es have t1ggested tl1at tip to 50% of tl1e surface prepared 

FIGURE 13.5 Arthrode is betv;een fi rst and second rays to 
preveut trans,·cr~e plane instabiliry. A. Benveen 1ned1al cuneiform and 
second metatar~l base. B. Between cuneiform 1 and 2. 
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csamoids, and ,i,oal- normal al.1gnn1ent-

\vi th cure ttage 11laintain calc.ified cartilage, \Vhich theoreti­
cally reduces the ::. urface area for l1caling.54 We p refer com­
ple te removal of all cart.ilage and ubcl1ond ral p late using low 
heat generating sa\vs. Additionally, we fi nd benefi t in fene era­
Lion of the fusion surfaces ,vith a fluted drill bit. Unl ike a ,vtre, 
,vhen a dril l is used for fenestration less heat 1s generated and 
bon.e fragmen ts are pulled in to the fusion site acting as autog­
enous graft. The frag1nents are left in tJ1 e site and not irrigated 
(Fig. 13.8). Shortening is l11nited by careful exect1tion of bone 
cuts and alignment of the surfaces before the ct1ts are made. We 
generally find 3 mm or less sh orten111g is possible with careful 
execution. Allograft products and otl1er proprietary prod ucts 
are so111etimes recommended as potential adjuvan ts to ft1sion 
healing. vVe fi nd n.o need for addition of graft products an d 
feel the e products can in terfe re ,vith the na tural l1ealing char­
acteristics of a properly preparecl and fixated fL1sion site. Mo t 
products require a separate biologic process an d may compe te 
"v:i th the body' · heal ing re ou rces, d e pite ou r hopes for aug­
rnentatio11. Anotl1er factor that i 11ot often discus ed i m axi­
mizing fusion st1rface area by reducing the amou n t of h ard,vare 
crossing tl1e t1rfaces. The 1st TMT has a relatively mall st1rface 
area for l1ealing, and any red uction of bon e surface by intrao -
seou h ard\va.re repre ents a relative red11ction in bon e contact. 
Vle prefer multipla11e locking pla te because th ere i 11ot i11u-a­
artl1rodesi reduction in bone surface area taken up by er e, •. 
or otl1er devices. 

Fi..xation cor1structs have evol ed over time ,vith the que t 
for earlier ,.veight bearing po Loperativel . The prioritie are 
to botl1 et tl1e stage for con i ten t healing of the arthrod e, i 
and allo,v the patient Lo 1n aintain acti,,e rar1ge of 111o tion and 
protected \\7eigl1t bea1; ng throt1ghot1t tl1e e11ti t recove1 ,. This 
preven ts or reduces the inciden ce of stiffne s, ,ve,\kne , a 11d 
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• rratj n rotatio11al correction of t11c fi~" t FIGURE 13.6 Pre- and po top axial view den1on g 

inetatarsal and c an1oid comple . 

FIGURE 13. 7 Phot<)graphs 1llustrati llg minimal d issect.i on techniqttc: A. In isio11 is n1eclial 
to Elff , ft <>m 1nidshaft first metatarsal to proxi1n al o f medial cuneifor,n . B. o sub t1ta11eot1s 

undermining. C. Capsule t1nd J)e1-iostcal incision is 1nedial l<> EI-IL. D. E p<)se n1ed ial ridge of f1rst 
1netata1 -al tlicn dis~ect r>roximally. 



-
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FIGURE 13 7 (C · . .. • orztzniwr[) E. Create a po kel for tl1e fulcn11n. F. Final construct ,tftcr CLt ts are 
n1ade lt 111g a Jig. Flap rcn1ains fttl l tl1ickne . 

D\T ee11 ,,1tl1 ca ting a11d no11-weigl1t beari11g. Commonly, a 
2-3 ere,,• con trt1ct i c111ployed ti ing the pri11ciple of friction­
ba,rd rigidit)' prodt1ced ,,Tith co1npre io11 crew . I-Ia11sen real­
ized tl1at precon1pre si11g a joi11t a11d allo,vi11g tl1e patient to 
,,·eigl1t bear created l1eer at the flt io11 ite dt1e to tl1e angu­
lar loadi11g of the compre sed . ttrface can impairi11g l1ealin.g.55 

He11ce, he de,·elopcd a l1ea1· tra i11 relieved bo11e graft to miti­
gate tl1i effect. Tl1i l1a bee11 upported by a level four tucly by 
~1ani et al. tud)' i11 2015.56 Con1111011ly, cre,v constructs include 
6 ,,,eeks of ¥B ,,~tl1 or ,,vitl1o·ut ca ti ng, fo llo,ved by 6 weeks of 
protected ,veigl1t bearing i11 a CAM boot. King r ported results 
,,itl1 a cre,v construct and early partial WB at 12 days and fu ll 
at 4 "''eeks.5; Patie11t acceptance of the e para111eters \ \Ta lo·\v 
and hence a trive for earlier \Veight bearing and 11ewer surgical 
con tn1cts. Se,1eral recent studie have advocated early ,veigh t 

bearing ,,vith co11ventional scre,v co11structs. 117
•
58 Plate and screiv 

co111bination have evolved earlier weight bearing.59 e\\'er 
biplanar con.stn 1ct takes in to account the concept of "biologic 
l1ealing" a11d advocated by Perren in 2002.60 Micromotion at 
ilie arthrodesis ite allows for callus formation yielding a faster 
and stronger arthrodesis. Consi tent heali11g in a series of 195 
fi rst ray fusio11s using a bjpJane Jocked plate con truct and pro­
tected \veigl1t bearing in a ca111 boot \vi thin the first postoper­
ative \Veek was published in 2018.61 Using stable multiplanar 
fixation fo ter callus healing, ,vhich is kno,m to acJ1ieve intrin­
sic tability quicker than primary healing seen in compression 
cre\v fixation. Wr1i le at th.e same time we can encourage pro­

tected vveight bearing when multiplane tability i provided. A 
large level III study ,vas done by Prissel et al. 2016 comparing 
early v delayed weight bearing and found no differences in 

FIG URE 1 3 .8 A. J oinl preparal.ion techn iq 11e wi lh d1i ll bi l'. B. o tc fen.c'ltra tio11 and bo11e 

debris in art11rodesis siLe. 
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FIGURE 13.9 Biplanar con u·uct (A ) cli nically and (B) radiograplt ically. 

t1nio11 rate ,-.•l1en appropriate tabili ty ,vas provided.62 ewer 
co11. trucLl 111a)' allo,v fo r "''eigh t beaJ·i11g fron1 in1n1ediate to 
earl)' (2 ,,•eeks) (Fig. 13.9) . 

COMPLICATIONS 

The complication of the LapidtlS bunionecton1y are not di f­
fere11t from o ther types of bunion procedure . These ,vould 
inclt1de horteni11g, ele,1a tion , nonunion, and recurrence of 
defo1111ity. Sl1ortening is minimized by paying attention to min­
imal joint resection. Ele,,ation of the fi rst metatarsal is avoided 
b)· proper technique and checking during the surgical proce­
dure ,•,ith intraoperative fluoro copy. Reports of nonunion l1ave 
ranged from 5% to 10%.57 Barp e t al. reported nonunion rates 
of 6.7% in 147 p rocedures.63 Even more encot1raging was Mani 
et al . study in 2015 reporti11g a 2.7% nonunion rate if metic­
ulous join t preparation , internal fixation, and a shear-strain 
bone graft is titilized .56 The shear strain relieved bone graft was 
ad\•ocated by Hansen in 2000.55 Since the foot is loaded tangen­
tially to the long axis of the bone, shear forces are created with 
'-""eight bearing and joint compression with standard rigid inter­
nal fixation. The bone g1aft allows micromotion and second­
aryr bone hea]ing, ,vhich has shown to be quicker a11d stronger 
by Perren •s studies. 60 Recurrences are due to lack of sesa111oid 
a lignment28

,,.. and undercorrection of the fi rst metatarsal sec­
ond metatarsal angle.65 Achieving a collinear alignment of the 
first ray ,,.,jJJ optimize the direct pul] of the tendons inserting 
i11to tl1 e hallux. With a dorsal i11cision, there may be compro­
mise or irritation to the cutaneous 11en1e branch of the medial 
dorsal cutar1eous nerve. 

• 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 ftrst and second rays 

SUMMARY 

The Lapidus bunio11ectomy is a dependable procedure that 
help mi11imize chance of recurren ces wh ile providing a sur­
gically amen.able site to address the triplane deformi ty of the 
fi rst ray. The 1st TMT site is considered the anatomic apex 
of tl1e defo rmi ty. Tha t is 11ot discounti11g that more proxi­
rn al motions are pa tho logic for this condi tion. This especially 
involves motion a t the in tercuneiform joint and navicu­
lar cuneiform j oint. When excessive motion occur at those 
joints stabiliza tion may be achieved by intercuneiform or 
medial cuneiform-second m etatarsal base arthrodesi . The ui­
plane deformity of the fi rst ray may be easily addressed at the 
1st TMT, and by arthrodesis at that site, tl1e effects of the 
peroneus longt1s and \vindlass m ech an isms are e11hanced to 
stabilize the first ray. 
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