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The Zero-Plus First Metatarsal and Its

Relationship to Bunion Deformity

John E. Mancuso, DPM, FACFAS," Steven P. Abramow, DPM, FACFAS,®
Mark J. Landsman, DPM, FACFAS,” Marc Waldman, DPM,* and
Michael Carioscia, DPM, FACFAS®

The relationzhip batween first medatarsal length and falex vaigus (41 defornily was examined, Redro-
spachvaiy, 210 mndomiy salected reciogragive les were reviewsad bidween 1988 and 1993, The moarbid
population consisled of 110 feet with HV deformities. The control population consisted of 100 haalihy
feat [no deformily). Sevendy-seven pevcent of the patients with HV deformity hed & first melatarsal length
that was egual to or fanger than the second melatarsal, This was defined as a rero-plus first melatarsal,
Oy 28% of the control popuiaiion had this same propodion i length. Thes, prevalnce of pero-ples frsf
malatarssl was sigrificantly essociated with HV formation (7, = 51.15, P < 001). The maan first
mraialasal profrusion disfance was significantly higher in the bunion popwlation (+ 1.58 mm) than i the
control patients {=2.05 mm) [P = .001). The distrbution of head shape differsd significantly batween the
patiants with HY and contro! patients; patients with H' had predominantly rownd haads (B1%) and the
conirol patients had pradominanty square and square with a ridge head's (B0%) iy, = TO7.F, P < .007).
All zaro-plus first medalarsals i the MV population had a rund ficst metatarsal head, Only 7.1% of the
control patients had a round heod with & rero-plue metatarsal. Thare was 4 posiliig relalicnthin bahwsaen
thr prodrusion aistance of the first meltatarsal and the severly of the rmiermelatarsal amgle, parbcuwlary
i those palients with inharrmatatacsal angles mnging from 732 do 20% (P < 011 it was conciuded that a
zevo-plus fsl metslasal 13 a significant eficlegic faclor in the development of bunion deformily
and should be part of the preoperative evaluation. | The Journad of Foot & Ankle Surgery 42(8):319-3286,
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Allhnugh there are many theories regarding the forma-
ton of hallux valgus (HV), the literature is inconsisicnt
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about he significance of first mewatarsal bength in this ne-
gard. Mann and Duvries (1) related that there was no direc)
relationship between metaarsal-lengih pattern and HY Tor-
miaticn. Moton (2) maimained that a shoet first metatarsal
will lead to pronation and hypermobilicy of the Gt ray with
consequent HY development, but il was later disputed i oa
large radicgraphic series by Harris and Beath (3) in their
Conadian Army Food Survey. Mlaster (4) and Duke ez al (5)
independently stated that, when HY prescats iself with a
long first metatarsal. short shoc gear might be the causative
factor, Hordy and Clapham (6) concluded that a long Frse
metntnrsal could cause HY: however, this relaionship
winald be consistent with a low intermetsiarsal {(IM) angle.
Heden and Sono (7) assered that o long first metastarsal
wonld result in HY deformity with a high IM angle, which
wits relmed to the buckle point. Boot et al (&) suaed thar
hypermobality of the firsg ray, immobilization of the fest
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FIGURE 1 Curently accepted measunsment of first metatarsal
profrusion distance (9). a, Bisection ol first metaorsal. b, Bsaction
o second malatiraal ¢, Commmon mbesection of a ond b. Fram
ot C, BrcE arg drien 0o distal feet and second melatarsals. d,
Cistance measured @ miimaters; represents dference between
arcs of first and Second malniareats,

ray, an excessively long firsl metatarsal, and a dorsilexed
first ray arc comditions that would ingerfere wath aormal
dorsiflexory mechanism of the first metatarsophalangeal
joant and lend 10 joint sublwsation.

The length of the first metatarsal s it relates to the
P.'BIJ'H.'rgL"I'I-L".'r'i!i af HY 1% nol an :|I'm|.1|1|l|: Aensurenment hul
rather a relaive length of the first meatarsal keagth 1o that
af the second metatarsal. This mectatarsal proimsion dis-
lance is @ measurgment between the 2 ancs that represent the
first and second mewmarsal lengihs (Fig 10 Healthy first
meimarsal protrusion has been determined 1o be beiween =
2 mm (9}, Charscterization of this relationship as normal in
this context 15 confusing in that it does nod distinguish
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FIGURE 2 HV coused by a zero-plus medntarsal, RNobe round first

metatarsal head.
TABLE 1 Patint dats lor HY and nocmal populations
HV Population Controd Population
Mo, ptiens 110 100
Maan, 44.0; Mgan, 40.0;
Age (yrs) range, 17=7d range, 15-85
Sex Mabe = 10 {103} biale = 2T (2T%)

Famrals = 100 (31%) Fernale = T3 {733}

frequency of oocurrence from an absence of pathology. In
fact. there is no comelation between an abnormal meiaarsal
prodruseon distance and the presence of pathology,

The purpase of this study was 1o examine the relateonship
between first metalarsal length and the presence of HY {Fig
24 Specifically, we wanted to determine the significance of
the long first metatarsal Goeroeplus first metatarsaly in the
formation of HY defomiity, Second, we sought to determing
the frequency of such a long first metatarsal in both the HY
population and the healthy population. The third objective
wias (o redefine and to clanfy the definition of first metatar-



TABLE 2 Fesults: IM angle and first metatarsal protrusion dstancs

HV population Contrel Population
IM Angls §° of greater 08
Matalarsal Froirsion Distancg o= i, 10 of 190 5.1 9%) < -2 mm, 50 of 100 (S0%)

<0 e -2 mm 15 of 110 [13.65%)

Dorg = Plus Fiat Moetalarsal

0to +2 mem, 39 of 110 {35.5%)

<0t -2 mm, 22 of 100 (22%)

T 2 mim, 20 af 100 (20%)

=43 mm = 46 of 110 H‘-.ﬂ'!i_-! &2 mim, & ol 100 (%)
L 77.3% 8%
TABLE 3 Distribution of zere-plus metatarsals
Hv Conbined
Zova-Plus (B4} ] 28 113
Caontnad (M) 25 T2 ar
Total 110 100 210
A: - B: C:

FIGURE 3 Shapss of the first metatarsal head. (A) reund. (5)
square toblique), () squre with a fdga,

sal protrusion distance and 1o introduce the concept of
zero-plus first metatarsal,

Materials and Methods

A retrospective chan review of patient records from 4 of
the muthors” private offices was conducted. Data was col-
lected from those paticnts who had wvisited 1 of these 4
auwthors from 1988 10 1993 (Table 1) Prom the authors”
offices, 210 patient fles were randomly selected from more
than 14000 patient files. These 210 paticnts were divided
into an HY (morbid) group and a healthy (control) popula-
tion. The HY population was defined as patients that pre-
sented with HY deformity with an IM angle of =9° (N =
10} The control population consisted of patienis who
presented with problems confined 1o areas other than the
first metatarsophalangeal joint and had an IM angle of
=8N = 1000, Only 1 foot per patient was analyred.
Excluded from the study were patients with previous first
mclatarsophalangeal joint surgery,

Radiographic parameters were determined from o stan-
dard anteroposierior radiograph for each patient. Foot -
diographs were weightbeaning, in the angle and base of gait,
with the central ray angulated 15° from vertical. The IM
angle was defined os the angle formed between lines repre-
senting the bisection of the first and secomd metstarsl
mensured on a standard ameroposterion radiograph. The
metatarsal proresion distance was determined by esiablish-
ing the commaon poimt of intersection between lines formed

TABLE 4 Firsl melatarsal protrusion distance in HY and
confral populpticns

Papulation Ayurngs bMylatarssl Probrusion (S0)
HY o= 1100 +#1.58mm (2.4
Gordral 0 = 102 2.05mm (2.4)

by the bisection of the first and second metatorsal. Ar this
COmmon poind. a compass was used o deaw | oare ab the
distal portion of the first metatarsal and another arc ot the
distal portion of the second metatarsal, The difference be-
twoen these arcs was the metatarsal protrusion distance (Fig
1}, A pesitive millimeter distange portrays a first metatarsal
that 15 longer than ihe second, whereas a negative millimeter
distance portrays a first metatarsal that s shorier than the
second (Table Ik These measurements were all obinined by
the senior author (JEBM.). Additionally, a subjective annl-
ysis of the AP foot radiographs was performed 1o determine
the shape of the melatarsal head. They were classified as
round, square {oblique), or square with a ridge by a con-
sensus of all of the authors (Fig 3),

The radiographic measurements were used 1o determine
the relationship between relative first metatarsal length and
HY development. Differences in metstarsal promsion dis-
tance were arranged into 4 groups from shon 1o long in the
HY and the control populations: 1) frst metatarsal 2 2-mm
shorter than the second metatarsal, 23 Grst metatarsal be-
tween 2-mm shorter and less than equal o the second
meiatarsal, 3) frst mesarsal between equal and 2-mm
longer than the second metatarsal, and 4) Arst metatarsal
=d-mm longer than the second metatarsal, The number of
patients with zero-plus first metsiarsals in the HY and
contrgd popualations was used o caleulate the incidence of
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TABLE 5 Diafribistesn &f waricus metatirial hasd shapes in
the study populntions

Shapa of Y, M (%) Confnod, M %) Total
Metatareal Head
Rigund 100 [57) 20 200 120
Square (cbliqua) 7B L8 (i) &3
Sequand with s IRm 34 (3d) ar
Totnl nop 100 210

TABLE & Shaps of frst metatarsal head n rero-ples groep
Iy population

W Poguadation
Fowund, 85 of B5 (1004}

Cortrol Population
Aound, 2 of 28 (7.1%)

Square, 17 of 28 (50.7%)
Square with ridge, B of 28 [32.2%)

TABLET Relntionship between IM angle and metatarsal
prodrusion distance

A Arghe ) PAovisrage Metatlarsal Protrusson {me
il -]- =205
2% 3 15 #1.32
=15 #3.50

TABLE 8 Prevalence of rownd first metatarsal head zero-plus
first metatarsal, and mean metatarsal protrusion distance by
I angle size among HY patients.

I Angle () % Round Head 96 Fomo-Plus hARAn
Mdetalarsal
Protrusion

Dhstansa (rmim)

[iRi=F 2000 28.0 =205

% 12% BEG 75.0 1.0

13" o 20° BE0 800 2.3

o= 100

the wero-plus frst meatarsal and the average metaaral
pesrusion distance in both popullations (Tables 2-4).

Addniomally, correlations were developed among the first
mctatarsal length, the shape of the metatarsal hesd, and the
presence of HY. The shape of the metatarsal beads in those
paticnis with zero-plus melalarsals was delermined within
comparable age groups, The incidence of each type of shape
could be determined in both populatons (Tables 5 and G).
Finally, average metmarsal protrusion distance for both HY
and conired populaions was also determined and comelated
with the [M angles o determine the relaionship between
IM angle and meimarsal proarusion (Tables 7 and Bl Sia-
tstical analysas was used 1o determine the significance of
the sero-plus first oeetatarsal in the HY population.
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FIGURE 4 P& chan depicting the parcantags of patsns will
Taro-pius MetRthrasts in the (&) HY populaton and (5) the healthy
popaulation.

Results

In e 110 patents with HY deformity, 77.3% had a
#ero-plus first metatarsal versus 28% in the control growp
(Tables 2 and 3, Fig 4). Sevenly-two percent of patients in
the comtrol group demonsirated first meamarsal length o be
shorter than the second metatarsal (Tables 2 and 3, Fig 4).
The prevalence of zero-plus first metatarsal shows a statis-
tically significant assoceation with the presence of HY
ix"y = SLIS, P < 001),

When the firet metatarsal provresion disiance daia from
Table 2 was plotied on a bar graph, an inverse relationship
was noted between the HY and control populations (Fig 5.
The trend in the HY population was toward the first meta-
tarsal protrusion distance being 0 or greater as compared
with it being less than O in the nommal (conwrol) population.
The first mictatarsal tended 1o be the same length or longer
than the second metatarsal in the HY population, wherzas
the Girsl melaarsal lemnded o be shoter than the second
metstarsal in the normal (contrel) population. As shown in
Table 4, the mean average first metatarsal prodrusion dis-
tance was significantly higher in the HY population {+ 1,55
mm} than in the control group (=205 mm) (2mbed ¢ est,
B 000,

The first metatarsal head shape in the bunion population
was round in 91% of the subjects, square (oblique) in 5.3%,
amd ET[THE g with o l'id?l.! m 2.7 (Tahle 53 In the control
population 2066 of metaarsal heads were round. 6% were
sgquane (obligue), and 34% were square with a ndge (Table
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FIGURE 5 Percortage of patierts, grouped by it metatasal
protsion distance in the (4 HY population and (B) the contrel
popation,

5h Al 85 (100% ) patients in the HY popalation who had a
sero-plus first meimarsal also had a round head (Table 6). In
the control pepulation, only 2 of 28 puients with o sere-plus
first metanarsal head (7_07%) had a rownd fisst meatarsal
head. The distibwiion of head shape differed significantly
between the HY paticnis and the control patients, with
predominantly round hesds (91%) in the HY cases and
predominantly square (oblique) and square with ridge heads
{80%) in the control patients (Table 51 iy, = 1007, P <
00

First metatarsal protrusion (distance) was then compared
with the IM angle {Table 73, An IM angle between 07 and
B comelated with an average relative first metatarsal pro-
irusion of —2.05 mm. An IM angle betwoen 9% and 15°
comelaled with average first metatarsal proarusion of +1.32
mim, I angles < 15° comelated with an average Grst meta-
tarsal protrusion of 43,50 mm. The sverage first metatarsal
protrusion in the bunion population was 165 mm,
whereas in the control popalation, it was —20% mm.

Table & shows the prevalence of round metatarsal head,
eroeplus first metatarsal, and mean metatarsal proinesion
distance within exch 1M angle range among HY patiens
{m = 1), The percentage of round lirst metatarsal beads

and zero-plus first metsarsals was greater in patients with
I angles of 13° 10 207 than in those with IM angles of 9°
1o 12°, but this did not artain statistical sigrificance (y°, =
2.83 and 041, respectively). Mean metatorsal prodrusion
distance was significantly higher in patiemts with 1M angle
size of 137 10 200 (2aailed £ est, P < 01),

Discussion

In a mormally funciioning first ray, the head of the first
medsiarsal moves equally above and below the ransverse
plene of the lesser metatarsals, During normal locomotion,
first ray dorsillexion 55 not regquired as long as the midiarsal
Jodnt is functioning properly, wisenzas lirs ray plantarflexion
15 megessary 1o maintain ground contact and to allow pro-
palsicn {1903, Plantarflexion of the first ray will be affectesd
by relative lengths of the frst and second metatarsals. A
long second metatarsal allows plantarflexion of the first ray
that focilitates hallux dorsiflexion, which is essential for
naormal locomotion.

A bong Girst metatarsal hinders the dorsifexory capabiliny
af the first metslarsophalangeal joint because it is prevented
from dropping below the second metatarsal. In effect, the
first ray functions in an elevated position. Over time, this
lenctional melatarsus r.ri.mux elevalus can lead o subluxa-
tion of the first meisarsophalangeal point (10).

The type of compensatory joint deformity that may sub-
saquently occur is related to the shape of the first metatarsal
head (003 A metatarsal head tha is square (obligue) o
square with a rdge (Fig 30 will result in saggital-plane
compensatory  deformity, The preseace of a metl-primios
elevatus, whether it is structural or functional from a zero-
plus first metatarsal, will lesd wo o hallux limitus ngiduos (10,
11y (Fig &) A round metatarsal head will lead 10 HY
Because of joint insiability on the ransverse plane (8, 10,
117 iFig 2).

Drata have been presented to support a causative relation-
ship between first metatorsal lengih and bunion formation.
This comelation was previously discussed by Hardy and
Clapham (6) in 1951 by and Heden and Soro (7). The daa
also suggest the direct relationship between first metatarsal
protresion and the IM angle. Those with an average first
matatarsal length of =205 mm (shorer than the second
maztatarsal ) had an 1M angle between 07 and 5%, Those with
a first metatarsal proirusion averaging +1.32 mm had an IM
angle between 9° and 157, wherecas those with a first meta-
tarsal prowrwsion of +3.530 mm had IM angles =15 (Table
43, Likewse, Duke et al (3) correlated increased first mela-
tarsal peotrusion with an increased hallux abdiecias and
greater deformilies at the first metatarsophalangeal joind. As
the deformity propresses in severity, the retrograde effect of
the hallux on the rounded first metatorsal hepd casses an
incremse i the IM angle, Haden and Soro (7) comned the
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FIGURE &  Halux [imstus
rigidus cauand by a zero-plus
metaiarsal, Mote the sguare
iobliguol-type finst metitanmal
s,

term “Buckle Pont™ 1o describe this phenomenon, The
findings in the curment study comoborate the concept that
increased frst metatarsal length, increased IM angle, and
HV severity are related.,

In mddition to imroducing the concept of the zero-plus
firsl metatarsal, the authors also suggest abandoning the
word “normal” 1o describe any metatarsal prodrusion dis-
tance value, Mot only does this dma show that 58% of the
contred populstion has a melstarsal protrusion distance owl-
side the “normal”™ range (Fig 58), i also provides that 30%
of the population with “normal metatarsal protrusion dis-
tance” (Fig $A) developed HY deformity. The term “normal
metatarsal protrusion distance” is thus inaccurate s it re-
lates o frequency of ccowrrence and misleading as it relates
to absence of puthology. The term “zero-plus™ firs meta-
torsal simply associates a long first metstarsal with an
increased incidence of bunion formation and avoids the
insceurncy and ambiguity associsted with “normal metatars
sal protrusson distance.”

The specific reference to how this “normal range™ came
i be or the method osed for 05 determination is unceriain
(9, Morton (23, in 1933, from which we get the concept of
the short kst metatarsal (Morton's fool), wsed an CXIrsor-
dinary measurement technigque for the determination of first
metatarsal probresion (Fig 7). Using this techmigue, 11 1=
soon realized (that as the IM angle increases there is an
apparent shoriening of the first metaarsal, This explains
Morton's concept of the shor first metatarsal as a couse of
HY. The motion that a short first metatarsal is an enologic
factor in HV development may be flawed by the method
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used. i is the authors” beliel that the shon first metatarsal is
not @5 commion 2z has been accepted, In facl, the dua from
thiz article would show that a shon metatarsal is an uncom-
mon finding. If the length of the first metatarsal is measured
by ihe presently accepted technique (9). one may conclude
that @ zero-plus first metatarsal is o recwrrent factor in HY.

Harris and Beath (3). in their 1949 Canadian Army Fool
Survey entitled “The Short First Metatarsal,” challenged
Morton™s thesis o the incidence and climical sigmibicance of
the short first metsiarsal, They described an alternative
technigue for the determination of first metatarsal protrasion
distance. which may serve as the basis of the so-called
“mormal metsasal protrusion” (3). When their dma on
metatarsal protrusion were plotted, they determined the
majority of their population fell between +2 mm and =2
mm. [t should be understiond that, in addition (o vsing a
flawed measurement vechnique, the population in this sur-
vey was limited 1o 3600 yvoung adult male recruits only.
Most importantly, Harris and Beath (3) determined meta-
tarsal prodrusion distances from this select population ime-
xp;.;l:i“,: of any pathelogy thol may have exased. Therefore,
the normal range of melsarsal protrusion distance i use
today is based solely on its occurrence in the population and
has little correlation with normal foot function.

Hardy and Clapham (6) questioned the accuracy of the
works of Monon (2) and Harris and Beath () and devised
an alternative technigue for measuning relative metaiarsal
protrusion. They determined that Morton's technique was
msosd inaccursie because the higher Use IM angle, the further
thie first metstarsal bead would move from the disal reler-



FIGURE T Morton's maethad for reddunng melalarsal peotrsian.
Feoen 8 besction of the second melatarsal. & panmsndcular e s
cravm from the distal second matatarsal ioward the first motatarsal.
T distonoe from this perpendioular line 10 the distal first malatar-
gl i e retatanssl probrusion. Mote that, a5 the I angls incfeaes,
the distance batween Mhe Satsl higd metalamal and 1ho perponcic-
ular 1o thed cligtal second melalareal increases, Giving Tha Enpdesicn
of a relatively shorber first medatersal

ence ling, therchy allowing a False measurement of frst
metatarsal shortening, Even though Hardy and Clapham”s
method was slighily different from the presently acoeped
technigue of measuring metatarsal prodrusion (9. they did
bisect the first and second metatarsals and drow arcs to their
distal points, The radial distance between these 2 ancs was
the metmarsal length provrusion. Hasdy and Clapham (6)
were the first o determine, ™. . . that i cases of hallux
valgus the hirst metatarsal is longer than in the contrals.™
The authors believe thal an undersianding o Peeatarsal
length s vatal in the selection of procedures o cormect HY,
First mectatarsal osteotomy can produce varving amounls of
abselute first metatarsal shortening. In addition, the onen-
tation and miorphology of the csteotomy will also alTec
length, This shortening effect may be useful in the maunte-
mamce of correction of HY. There iz linle mention of the
effect of first metatarsal length when considering soft-tissue
comective procedures {12=19, The presence of a sero-plus
first metatarial may contmbute 1o fulure because the de-
forming Force will aot have been addressed, OF equal sig-
nificance, the potenial for overcorrection of hallux vanes

exists with a sofl-lissee procedure, If a rue McBride pro-
cedure (ie, fibular sesamosdeciomy ) is performicd on a sero-
plus first metatarsal, reverse buckling (20) may dominate,
and ithe retrograde force of the hallux will induce the 1M
angle closure and hallux varus, Therefore, st metatarsal
length should be an integral crterion 1a the selection of
procedures for the cormection of HY.

Conclusion

The authors have presented data supporting the relation-
ship between the sero-plus Arst metatarsal and the fommntion
of HY. Sevenly-seven percent of our HY population had a
wero=plus first metatarsal, whereas Z8% of our control pop-
ulation had a zero-plus first metaarsal, Greater significance
should b placed on first metatarsal bengih in HY surgical
cTiieTia,
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