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Of the >100 procedures that have been proposed to treat hallux valgus or the “bunion” deformity, most have
focused on correction through metatarsal osteotomies at various levels combined with soft tissue balancing
procedures at the first metatarsophalangeal joint. This paradigm of metatarsal osteotomy and soft tissue
balancing has been so commonplace, any argument for a fundamental change to the approach becomes un-
comfortable and seems unwarranted to most foot and ankle surgeons. However, the simple fact that so many
procedures exist, with so many modifications of these procedures, can be interpreted as a failure of our basic
paradigm of metatarsal osteotomy and soft tissue balancing. We have observed that failure to recognize frontal
plane rotation of the first metatarsal and our willingness to ignore deformity correction principles and create
osteotomies outside the center of rotation of angulation are factors that can result in inconsistent outcomes.
Our current multiprocedural mindset drives the search for yet more procedures and modifications in an
attempt to reduce the incidence of complications. We present an anatomic analysis of hallux abducto valgus
and metatarsus primus adducto valgus and critically analyze some of the shortcomings of currently popular
corrective procedures. We also review the available data regarding frontal plane rotation of the first metatarsal
and propose a new paradigm that considers frontal plane rotation of the first metatarsal as a priority in
choosing the most appropriate procedure for bunion correction.

� 2015 by the American College of Foot and Ankle Surgeons. All rights reserved.
The purpose of the present report was to review the publications
regarding the frontal plane position of the first metatarsal, sesamoid
alignment, and current paradigms of preoperative bunion evaluation
and to illustrate our experience with the effect of frontal plane rota-
tion on the first metatarsophalangeal joint (MTPJ) and sesamoid
apparatus. The present analysis also allows comparison with popular
metatarsal osteotomy procedures, highlighting what we believe are
major shortcomings in the common paradigm for bunion correction.
Our intent is to spark discussion, debate, and research that will ulti-
mately lead to improved outcomes and reduced complications in
bunion surgery.

Obtaining satisfactory alignment and achieving a lasting correction
are 2 primary goals of any deformity correction procedure. The most
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common paradigm in bunion surgery relies on �1 metatarsal osteot-
omies to correct the intermetatarsal angle (IMA) and soft tissue
balancing to align the first MTPJ. That >100 corrective options have
been studied and recommended for hallux abducto valgus (HAV)
correction indicates a deficiency in our thought process and our
approach to bunion correction. We believe that successive or repeated
minor modifications of metatarsal osteotomy surgical techniques do
not represent innovation. Instead, the need for repeated minor modi-
fications of this common technique indicates a flaw in the basis of both
the understanding of the pathology and the technique used to correct it
(i.e., a failure of the basic paradigm). The sheer number of procedure
modifications proposed over many decades for sliding metatarsal
osteotomies fits this reasoning of a failed paradigm. Innovation requires
a change in the thought process and approach to the problem, rather
than repeated modifications of an existing technique.

If one examines the multitude of metatarsal osteotomy designs, it is
clear that the correction provided has been limited to the transverse or
sagittal planes, regardless of the geometry of the cut, the fixation
selected, or the associated soft tissue balancing. Examination of the
published data reveals the clear and consistent presence of metatarsal
s. All rights reserved.
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frontal plane rotation associated with a bunion deformity. From these
facts, it stands to reason that innovationmust also include a frontal plane
component of the metatarsal position in bunion deformity correction.

Just as with all complex problems, the best solution will address
the primary etiology of the issue. In the case of a bunion, the primary
etiology is the deformed anatomy or the level of deformity. The
common and popular metatarsal osteotomy procedures do not
address the true deformity, which is a triplanar deformity at the
metatarsal cuneiform level. Instead these popular procedures have
focused correction on a nondeformed metatarsal with the singular
priority of reducing the IMA. Correction with a metatarsal osteotomy
almost always requires significant additional attention to MTPJ
realignment through soft tissue balancing, and, in some cases, addi-
tional osteotomies of the metatarsal and hallux. This paradigm of
metatarsal osteotomy and soft tissue balancing has been so
commonplace, any argument for a fundamental change to the
approach becomes uncomfortable and seems unwarranted to most
foot and ankle surgeons. However, from the published research and
our experience, we propose a new paradigm for the management of
bunion deformities that considers the complex multiplanar relation-
ships of the first metatarsal, cuneiforms, and first MTPJ.

First, we must discuss the level of the deformity. The level of
deformity in a bunion and, therefore, the choice of procedure for
correction can be answered by a detailed analysis of the anatomy. This
new thought process involves using the center of rotation of angu-
lation concept described by Paley (1). Using this accepted deformity
mapping concept, we find the level of deformity at the metatarsal
cuneiform joint (Fig. 1). This level has consistently been noted by
other surgeons (2–5). We also must recognize that frontal plane
rotation of the first metatarsal will be present in a bunion deformity.
This frontal plane component has a significant and dramatic effect on
the alignment of the first MTPJ, including the sesamoids. The position
of the metatarsal in a bunion deformity has been studied, and a
consistent pronation or valgus position has been noted (6–12). Recent
studies have observed the importance of reducing the valgus (pro-
nated) frontal plane component of the metatarsal in the deformity
and the effect this derotation can have on MTPJ and sesamoid
Fig. 1. (A) An anteroposterior radiograph of a foot with a bunion. The center of rotational angu
the deformity. (B) A radiograph of a foot that received a metatarsal osteotomy to correct a buni
secondary deformity was introduced into the metatarsal, creating an additional center of rota
alignment (10–12). These reports have presented the radiographic
observations obtained from anteroposterior (AP) projections and
confirmed the reduction in the hallux abductus angle (HAA), proximal
articular set angle (PASA), tibial sesamoid position, and lateral
roundness of the metatarsal head by incorporating supination or
varus rotation of the first metatarsal. The most commonly accepted
paradigm for correction of the sesamoid position relies on metatarsal
and, to a lesser extent, hallux osteotomies to reposition themetatarsal
head over stationary sesamoids in conjunction with capsular release
and/or plication to reposition the sesamoids under the metatarsal
head. This thought process treats the deformity as a uniplanar
transverse plane deformity and ignores the existence of frontal plane
metatarsal rotation.

From our observations and the available data, we believe the tibial
sesamoid position is at least partially an observation of metatarsal
frontal plane rotation, rather than solely an observation of a deviated
transverse plane metatarsal position (13–17). In reality, both frontal
plane rotation and transverse plane deviation of the first metatarsal
produce the anatomic components of the bunion deformity; there-
fore, the 2-dimensional radiographic findings are based on this 3-
dimensional deformity.

From this anatomic analysis, we call into question the efficacy of
metatarsal osteotomies coupled with soft tissue procedures to accu-
rately, consistently, and permanently align the sesamoids when the
pathologic frontal plane position is not addressed.

Valgus Position of Metatarsal

Frontal plane pronation or a valgus position of the hallux in a
bunion deformity is readily accepted, clinically observable, and re-
flected in the term “hallux abducto valgus.” Less accepted in foot and
ankle surgery, and less clinically observable, is the frontal plane po-
sition of the metatarsal in a bunion deformity. In 1980, Scranton and
Rutkowski (6) reported a study in which they used sesamoid axial
radiographs to observe the position of the metatarsal in a control
group and a group with bunion deformities. Their study found that
the feet with bunions had a mean 14.5� of metatarsal pronation, or
lation is identified at the point at which the anatomic axes cross and identifies the level of
on deformity. The correction did not occur at the center of rotational angulation; rather, a
tional angulation in a metatarsal with no previous deformity.



Fig. 2. (A) The transverse plane deviation of the metatarsal observed on an anteroposterior radiograph. (B) The frontal plane rotation of the metatarsal observed on a sesamoid axial
radiograph. Both adduction of the metatarsal and the valgus (pronated) frontal plane rotation are anatomic components of a bunion. (C and D) Correction of the transverse plane and
frontal plane aspect of the deformity, with resultant realignment of the sesamoids, without soft tissue balancing.
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valgus position, and the normal feet had a mean 3.1� metatarsal
valgus position. They concluded that the 3 structural deformities
present in a bunion must be corrected: the abducted hallux, adducted
metatarsal, and pronated or valgus metatarsal. Mortier et al (2) in
2012 also used sesamoid axial radiographs to observe the position of
the metatarsal in a bunion deformity (Fig. 2). Their novel method of
both patient positioning and measurement showed a mean 12.7� of
metatarsal pronation in feet with bunion deformities. They concluded
this rotation was due to metatarsal cuneiform instability rather than
torsion of the metatarsal shaft and that valgus metatarsal rotation in
bunion deformities is systematic. Grode and McCarthy (7) studied a
similar view of the foot, but using cryomicrotomy rather than radio-
graphs. They sectioned cadaveric feet in multiple planes and at mul-
tiple levels in varying degrees of bunion severity. Their observations
included that, in a bunion, the position of the medial eminence or
bump actually represents the dorsomedial surface of the head of the
first metatarsal that is “brought into prominence by rotation through
eversion” (Fig. 3). The frontal plane sections confirmed a metatarsal
head in eversion, a term synonymous with both pronation and valgus
in the published data.
Fig. 3. (A) A preoperative weightbearing anteroposterior radiograph. (B) A postoperative weigh
correction in which no resection of the medial eminence occurred. Correction of the metatars
metatarsal head.
Eustace et al (8) departed from the frontal plane view and instead
devised a method to measure the pronation of the first metatarsal
based on the observation of the location of the inferior proximal tu-
berosity of the first metatarsal base. The lateral translocation of the
tuberosity that occurs with metatarsal pronation or a valgus position
was established in a cadaveric study. Once quantified, it was applied
to a clinical study of bunion and normal feet. They found that the
degree of first metatarsal pronation has a linear relationship to the
amount of medial deviation of the first metatarsal. They concluded
that derotational surgical procedures should be explored further (8).
The purpose of their report was observation of the position, not
correction.

Correction of Rotation

Correction of the pronated or valgus metatarsal has existed in foot
and ankle studies as far back as 1956. Mizuno et al (18) observed the
frontal plane position of both the hallux and themetatarsal. They used
the term “torsion” to describe the pronation position that the meta-
tarsal assumes as it movesmedially. They also proposed a derotational
tbearing anteroposterior radiograph after first tarsal metatarsal arthrodesis with rotational
al’s valgus (pronated) position reduces the prominence of the dorsomedial aspect of the



Fig. 4. Various terms have been used to describe the frontal plane position of the first
metatarsal in a bunion deformity. Dayton et al (19) discussed the semantic stumbling
blocks that can make communication difficult owing to the varied terminology in a report
published in 2014. Pronation, eversion, external rotation, and valgus are used to describe
the same position and are all correctly used to describe the same first metatarsal motion
or position, dependent on training background and geographic convention. The direction
of rotation associated with these terms is depicted. Supination, inversion, internal rota-
tion, and varus are used to describe rotation in the opposite direction.
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osteotomy of the first metatarsal, termed a “detorsional osteotomy” in
their report (18). The report byMizuno et al (18) highlights a difficulty
found in reading about the rotational position across the published
data. This difficulty lies in the variety of terms used to describe the
same pathologic position. One reason the studies by Mizuno et al (18)
and others have been overlooked is that the terms used are either
unfamiliar or have been defined differently by foot and ankle sur-
geons, depending on geography and training. We presented an anal-
ysis of anatomic nomenclature in 2014 (19) in an attempt to overcome
Fig. 5. (A) A preoperative anteroposterior weightbearing radiograph. Note the hallux abductus a
the lateral metatarsal head. (B) A modified Lapidus procedure with transverse plane correction
was identified within the metatarsal. Observe the change in joint alignment, sesamoid position
balancing was not performed to produce this result.
this semantic stumbling block. In our report, the history of termi-
nology was laid out, equivalent terms were described, and new
nomenclature intended to add clarity was proposed. Regarding the
metatarsal rotational position, one should read the terms “pronation,”
“valgus,” “eversion,” and “external rotation” as equivalent (Fig. 4).
Likewise, the terms “supination,” “varus,” “inversion,” and “internal
rotation” are equivalent. The term “hallux abducto valgus” with
metatarsus primus adducto valgus is used to describe the multiplane
deviation of both the hallux and the metatarsal segments within the
deformity. This term is also consistent with the known position of
both the hallux and the metatarsal in a bunion.

Correction of the frontal plane valgus (pronation) aspect of a
bunion deformity is still uncommon, although multiple reports have
recently been published. In 2013, Dayton et al (10) reported a case
series of 25 procedures in which rotational correction was incorpo-
rated as part of a modified Lapidus procedure. The addition of rota-
tional correction to the Lapidus procedure resulted in a decrease of
the IMA but also significant decreases in the HAA, PASA, and sesamoid
position achieved without capsular balancing. Other studies have
supported the findings from Dayton et al (10) on the effect of frontal
plane rotation on the PASA. These studies showed that increasing the
valgus frontal plane position (pronation) of the first metatarsal in-
creases the measured distal metatarsal articular angle or PASA
(20,21). In 2014, DiDomenico et al (11) described their procedural
approach to multiplanar bunion correction using the hallux to drive
derotation of the valgus metatarsal by way of ligamentotaxis. Because
the halluxwasmoved in a supinated or varus direction, themetatarsal
followed. This, in turn, aligned the metatarsal phalangeal joint,
reducing the HAA, PASA, and sesamoid position. Neither DiDomenico
et al (11) nor Dayton et al (10) included resection of the medial
eminence in their procedures. In a study regarding the medial
eminence, Thordarson and Krewer (22) observed that when
ngle, sesamoid position, prominence of the medial eminence, and observable roundness of
and rotational correction performed at the center of rotational angulation. No deformity
, prominence of the medial eminence, and shape of the lateral metatarsal head. Capsular



Fig. 6. (A) Weightbearing anteroposterior radiograph showing a tibial sesamoid position of 5. (B) Sesamoid axial radiograph showing the sesamoids in correct anatomic position residing
in their articular grooves on either side of the median crista. The sesamoid position on the anteroposterior radiograph is not indicative of the true sesamoid position owing to the altered
perception that the valgus (pronated) metatarsal rotation imparts.
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comparing bunion and normal feet, no statistically significant differ-
ence was present at the eminence. They concluded that if the goal of
bunion surgery is to reconstruct the normal anatomy, medial
eminence resection does little to help (22).

In 2013, Okuda et al (12) described a proximal abduction supina-
tion osteotomy of the first metatarsal. Again, the term “supination,” as
part of the crescentic osteotomy they performed, is synonymous with
the terms “varus” and “inversion.” They found rotational correction
produced a significant effect on the distal joint, including the HAA and
Fig. 7. (A) A depiction of medial iatrogenic sesamoid subluxation after soft lateral release and ca
(B) A depiction of the short flexor tendons resuming their linear pull and bringing the sesamoid
the AP radiograph an appearance of subluxation owing to the pronated metatarsal head. (C)
procedure. The appearance of sesamoid subluxation on the AP radiograph is not indicative of
the sesamoid position. They also pointed out the changes in the
appearance of the lateral aspect of the metatarsal head that occur
when valgus rotation is addressed. In a foot with a bunion, the lateral
and plantar aspect of the metatarsal head creates a rounded appear-
ance as the metatarsal assumes a valgus (pronated) position. With
their procedure, this roundness is decreased. Previous studies by
Okuda et al (23,24) showed that this lateral round sign and incom-
plete reduction of the sesamoids are associated with the risk of
recurrence (Fig. 5).
psular plication. The sesamoids will appear corrected on anteroposterior (AP) radiographs.
s back into their anatomic position under a pronated or valgus metatarsal head. This gives
A chevron osteotomy with AP and sesamoid axial radiographs obtained 4 years after the
the true sesamoid position when axial radiographs are assessed.



Fig. 8. (A and B) Two cases in which chevron osteotomies were performed. Note the preoperative sesamoid deviation indicative of metatarsal pronation or valgus rotation. Early
postoperative films show the sesamoid position under the metatarsal head. Because it is not possible to purposefully address valgus (pronation) rotation in the transverse plane with a
sliding osteotomy, either iatrogenic subluxation by lateral release with medial capsular placation or spontaneous derotation has altered the observed sesamoid position. During the course
of each case, the sesamoids returned to their anatomic position owing to the linear pull of the plantar soft tissues and the everted (pronated) first metatarsal. The return of the sesamoids
under the metatarsal head re-establishes the appearance of subluxation on the AP radiographs and results in a risk of bunion recurrence. Note the increase in the true intermetatarsal
angle from immediately postoperatively to the final follow-up radiograph, which likely resulted from the lateral deviation of the soft tissues pulling the hallux into valgus and exerting a
medial force on the first metatarsal, resulting in a recurrence of the high IMA. In the second case, a sesamoid axial radiograph was obtained during the follow-up period. The axial image
shows a residual frontal plane pronation or valgus position present.

P. Dayton et al. / The Journal of Foot & Ankle Surgery 54 (2015) 102–111 107
AP Radiograph Deficiency

A correlation exists between the degree of the displacement of the
sesamoid bones observed on AP radiographs and the severity of the
bunion deformity (25,26). Discussion of this correlation often includes
that a constant position of the sesamoids exists in relationship to the
second metatarsal (27–30) and the proximal phalanx to the second
metatarsal (3). The constant relationship of the sesamoid position in
the transverse plane lends itself to a proposed process in which the
first metatarsal deviates medially off a stable and stationary sesamoid
apparatus that is tethered in place by ligamentous and tendon at-
tachments. However, the appearance of the sesamoids on the AP
radiograph is not indicative of their actual position in relation to the
median crista and the bisection of the metatarsal shaft through the
median crista. Frontal plane rotation of the first metatarsal alters what
will be seen on the AP radiographic projection (Fig. 6).

The pronated or valgus position of the metatarsal gives the
appearance that the metatarsal head has migrated off the sesamoid
complex and that the fibular sesamoid resides in the interspace.
Inman (14) used a combination of models and radiographs to show
that in a valgus or pronated metatarsal, the sesamoids appear to
deviate laterally on an AP radiograph. However, a comparison of the
sesamoid axial radiographs with their AP counterparts showed the
sesamoids are still found in their anatomic positions (in their grooves
and separated by the median crista), despite their appearance of
lateral translocation. Boberg and Judge (15) made the same observa-
tion in a report on bunion correction without interspace release. In
most cases they reviewed, the preoperative AP radiographs showed
apparent deviation of the sesamoids, although the sesamoid axial
radiographs failed to confirm the sesamoid displacement. One
explanation offered is that the apparent subluxation of the sesamoids
results from an oblique rotation of the metatarsal head, much the
same as a lateral oblique radiograph shifts the perspective, making
the structures appear more laterally than is the case. They also called
into question the use of AP radiographic sesamoid measurement as a
tool of bunion assessment.

Talbot and Saltzman (16) came to the same conclusion regarding
the use of AP radiographs to evaluate sesamoid subluxation. They
found that the sesamoid position, as estimated from the AP radio-
graphs, did not correlate with the actual sesamoid position when
viewed using a tangential view, a term synonymous with sesamoid
axial. The difference between the observations could not be accounted
for by a change in MTPJ positioning when obtaining the sesamoid
axial view. Because of the valgus (pronated) position of the meta-
tarsal, the AP radiograph-based measurement models are not valid in
assessing true sesamoid position. These studies have been



Fig. 9. (A and B) A Lapidus procedure was performed by 1 of us (P.D.) in which the valgus or pronated position of the metatarsal was addressed. Note the change in the sesamoid position
and the lateral roundness of the metatarsal head, both indicative of a valgus metatarsal position and both risk factors for bunion recurrence.
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corroborated by a cadaveric study by Dayton et al (13), in which the
first tarsal metatarsal joint was freed and themetatarsal was placed in
various degrees of inversion and eversion. With eversion (pronation)
of the metatarsal, there was the appearance of lateral displacement of
the sesamoids on the AP radiograph. With inversion (supination), the
apparent position was corrected. The metatarsal did not move off the
sesamoid apparatus; rather, rotation altered what could be observed
on the AP radiographs.

Knowing the difficulty in assessing the sesamoid position from an
AP radiograph, Kuwano et al (31) devised a measurement used to
observe the sesamoid position on tangential or axial radiographs. Not
only did they find a correlationwith the degree of HAV and the valgus
(pronated) position of the sesamoid apparatus, they also found that
the AP assessment of sesamoid subluxation was inadequate to assess
the true sesamoid position (31). These results also corroborate the
observations from Dayton et al (13), DiDomenico et al (11), and Okuda
(12) that varus (supination) rotation imparts correction of the sesa-
moid position on AP radiographs when the frontal plane valgus
(pronated) position of the metatarsal is addressed.

Deficiency of Metatarsal Osteotomies

If the pronated or valgus metatarsal is the primary reason for the
perceived deviation of the sesamoids, what really occurs with trans-
verse plane translational osteotomies that produce alignment of the
sesamoids immediately after the procedure? In the case of a sliding
osteotomy that corrects the IMA but cannot produce varus (supina-
tion) rotation to correct the frontal plane position of the metatarsal in
a bunion, we hypothesize that iatrogenic subluxation of the
sesamoidsmedial to the median crista has created the perception that
the sesamoids are correctly positioned under themetatarsal on the AP
radiograph. This occurs after the lateral release and during the medial
capsular plication. An additional explanation is that in some cases a
degree of frontal plane correction occurs spontaneously when retro-
grade buckling forces of the hallux acting on the metatarsal are
relieved. If the appearance of the sesamoid correction was iatrogenic
medial subluxation, the position on the AP radiograph would not be
maintained over time. The sesamoids would appear corrected on the
postoperative film solely because of the lateral soft tissue release and
medial soft tissue plication. Considering this circumstance, during the
ensuing months, the sesamoids would begin to return their anatomic
position in the sesamoidal grooves, which are still rotated in a valgus
(pronated) orientation. This lateral drift, which is, in reality, a
resumption of the normal position, results from the plantar soft tis-
sues, including the short flexor tendons, resuming their linear
orientation after joint motion resumes, thereby pulling the sesamoids
back to their anatomic location under the metatarsal, which is later-
ally rotated (Fig. 6). This position relative to an everted metatarsal
would mean a displaced appearance of sesamoids on the AP radio-
graph. Although immediately postoperatively, the sesamoid position
would be predictable and within control of the surgeon using soft
tissue balancing, long-termmaintenance of this positionwould not be
predictable nor under control of the surgeon, because the pathologic
position of the metatarsal, causing the appearance of subluxation, has
not been addressed. This would also produce deforming forces from
the hallux proximal to the metatarsal, because of the lateral position
of the sesamoids and tendons, as described by Mortier et al (2) and
can result in recurrence of both the HAV and increased IMA (Fig. 7).



Fig. 10. (A and B) A Lapidus procedure performed by 1 of us (P.D.) before recognition of the valgus position of the metatarsal in a bunion deformity. The valgus frontal plane position was
not corrected. Note that the sesamoid position on the anteroposterior and axial radiographs does not match. The metatarsophalangeal joint is still everted or pronated and not in anatomic
alignment despite the intermetatarsal angle correction.
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We must also address the convention of the measurement tech-
nique of the IMA and the potential inaccuracies that this convention
imparts. The current convention for measuring IMA is an angular
comparison of the mid-diaphysis line of the first and second meta-
tarsals before the procedure. This is changed after the procedure to
measuring the point at the center of the first MTPJ and the center of
the metatarsal cuneiform joint (32). The recommended technique for
postoperative measurement is a measurement of the mechanical axis
of the first ray segment and is not equivalent to the anatomic axis or
true IMA. This practice, which is conventional in our current para-
digm, should be abandoned for the simple reason that it produces
misleading conclusions regarding the true correction provided by
metatarsal corrective procedures. If one analyzes the true IMA in
many cases of metatarsal osteotomy, using strict deformity
Fig. 11. (A and B) Two images of a foot that underwent rotational correction as part of a modifie
supination rotation was imparted to correct the valgus or pronated position of the metatarsal. T
rotated in relation to the proximal pin after varus or supination rotation of the metatarsal to
correction principles, the true IMA could actually increase when the
convention of measuring the mechanical axis shows a decrease
(Fig. 8). This practice represents an unacceptable condition of
observational bias.

A description of frontal plane rotational changes after biplane
procedures has been reported. A decrease in the retrograde buckling
force that can occur with biplane correction could cause some spon-
taneous changes in the frontal plane position of the metatarsal. This
could result from first metatarsal cuneiform joint frontal plane
instability and motion (2). Boberg and Judge (15) observed this in
their cases of chevron osteotomies. As mentioned previously, they
observed that preoperative AP radiographs did not match their
sesamoid axial counterparts when observing the sesamoid position
resulting from frontal plane rotation. They also noted that the
d Lapidus procedure. The pins seen were placed in line before joint preparation. A varus or
he resultant orientation of the pins after rotational correction, with the distal pin internally
correct the frontal plane position.



Fig. 12. (A) Intraoperative fluoroscopic view with the first metatarsal manipulated into valgus using Kirschner wires, such as shown in Fig. 8, to manipulate the frontal plane position. (B)
View showing the first metatarsal manipulated in a varus direction with the sesamoid position, the lateral roundness of the metatarsal head, and the hallux abductus angle reduced.
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sesamoid to second metatarsal position decreased after their proce-
dure. This is in contrast to other published reports of a constant
second metatarsal sesamoid position on AP radiographs. One expla-
nation they offered was that the rotational position of the metatarsal
head was altered with their sliding osteotomy and that the change in
the distance between the fibular sesamoid and the second metatarsal
head was “a rotational radiographic effect rather than a transverse
Fig. 13. (A) Preoperative anteroposterior and sesamoid axial radiographs. (B) Postoperative a
intermetatarsal angle and sesamoid position were maintained using a first tarsal metatarsal a
plane deviation” (15). Reliance on this spontaneous frontal plane
correction due to retrograde relief is not only unpredictable in the
degree of rotational correction obtained, but it is also unpredictable
regarding the maintenance of the correction obtained. It is not
designed to reduce the frontal plane aspect of the deformity. It cannot
correct it permanently, because the apex of rotational instability is the
first metatarsal cuneiform joint (2).
nteroposterior and sesamoid axial radiographs taken 5 months after the procedure. The
rthrodesis.
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Corrections of the valgus (pronated) position of the metatarsal
with osteotomies or arthrodesis that impart frontal plane mobility
allow the surgeon ultimate flexibility in obtaining complete and
consistent deformity correction. The surgeon must be aware of the
rotational position of the metatarsal and understand the intra-
operative assessment to observe anatomic alignment to “put these
ideas into practice.” Without knowledge of both the rotational
position and the assessment of rotational correction, consistent
alignment of the MTPJ during a Lapidus procedure was difficult for us
to obtain. At times, the joint was aligned with the sesamoids reduced
(Fig. 9). In other cases, IMA correction was achieved, but alignment of
the MTPJ was not anatomic owing to failure to address metatarsal
rotation (Fig. 10). To assess intraoperative MTPJ alignment, it is helpful
to place Kirschner wires in line on each side of the first tarsal
metatarsal joint. After the joint is freed and the cartilage and sub-
chondral bone are resected in a manner that corrects the transverse
and sagittal plane deformities, the pins will remain the reference
point for the direction of rotation and aid in manipulation of rota-
tional correction (Fig. 11).

Under fluoroscopy, the MTPJ can be visualized. When the sesa-
moids are aligned and the lateral round sign has decreased, one can be
confident the MTPJ is in anatomic alignment (Fig. 12). With a first
tarsal metatarsal arthrodesis, all components of the deformity can be
reduced, giving the surgeon complete control of positioning,
including the transverse, sagittal, and frontal plane. Frontal plane
rotation aligns both the sesamoids and the sesamoidal grooves, and
the potential deforming force vectors are aligned. This represents true
triplane anatomic correction (Fig. 13).

In conclusion, HAV with metatarsus primus adducto valgus is a
triplane deformity. The frontal plane component of this complex
deformity has often been overlooked. With the commonly used
sliding osteotomies, complete reduction of the sesamoids is not
possible, because the frontal plane rotation cannot be addressed. The
sesamoid position perceived on AP radiographs does not reflect the
true position of the sesamoids in relation to the median crista and the
articular grooves. We must strive to perform procedures that allow
the surgeon complete control over both the degree and the mainte-
nance of all planes of the deformity, including the frontal plane and,
thereby, the ability to anatomically align the joint and retain that
alignment over time without multiple procedures.

References

1. Paley D, Herzenber JE. Principles of Deformity Correction, Springer-Velag, Berlin,
2005.

2. Mortier JP, Bernard JL, Maestro M. Axial rotation of the first metatarsal head in a
normal population and hallux valgus patients. Orthop Traumatol Surg Res 98:677–
683, 2012.

3. Tanaka Y, Takakura Y, Sugimoto K, Kumai T, Sakamoto T, Kadono K. Precise
anatomic configuration changes in the first ray of the hallux valgus foot. Foot
Ankle Int 21:651–656, 2000.

4. King DM, Toolan BC. Associated deformities and hypermobility in hallux valgus: an
investigation with weightbearing radiographs. Foot Ankle Int 25:251–255, 2004.

5. Vyas S, Conduah A, Vyas N, Otsuka NY. The role of the first metatarsocuneiform
joint in juvenile hallux valgus. J Pediatr Orthop B 19:399–402, 2010.
6. Scranton PE, Rutkowski R. Anatomic variations in the first raydpart 1: anatomic
aspects related to bunion surgery. Clin Orthop Relat Res 151:244–255, 1980.

7. Grode SE, McCarthy DJ. The anatomic implications of hallux abducto valgus: a
cryomicrotomic study. J Am Podiatry Med Assoc 70:539–551, 1980.

8. Eustace S, Obyrne J, Stack J, Stephens MM. Radiographic features that enable the
assessment of first metatarsal rotation: the role of pronation in hallux valgus.
Skeletal Radiol 22:153–156, 1993.

9. Perrera AM, Mason L, Stephens MM. The pathogenesis of hallux valgus. J Bone
Joint Surg Am 93:1650–1661, 2011.

10. Dayton P, Feilmeier M, Kauwe M, Hirschi J. Relationship of frontal plane rotation of
first metatarsal to proximal articular set angle and hallux alignment in patients
undergoing tarsal metatarsal arthrodesis for hallux abducto valgus: a case series
and critical review of the literature. J Foot Ankle Surg 52:348–354, 2013.

11. DiDomenico LA, Fahim R, Rollandini J, Thomas ZM. Correction of frontal plane
rotation of sesamoid apparatus during Lapidus procedure: a novel approach. J Foot
Ankle Surg 53:248–251, 2014.

12. Okuda R, Yasuda T, Jotoku T, Shima H. Proximal abduction-supination osteotomy of
the first metatarsal for adolescent hallux valgus: a preliminary report. J Orthop Sci
18:419–425, 2013.

13. Dayton P, Feilmeier M, Hirschi J, Kauwe M, Kauwe JS. Observed changes in
radiographic measurements of the first ray after frontal plane rotation of the first
metatarsal in a cadaveric foot model. J Foot Ankle Surg 53:274–278, 2014.

14. Inman VT. Hallux valgus: a review of etiologic factors. Orthop Clin North Am 5:59–
66, 1974.

15. Boberg JS, Judge MS. Follow-up of the isolated medial approach to hallux abducto
valgus correction without interspace release. J Am Podiatry Med Assoc 92:555–
562, 2002.

16. Talbot KD, Saltzman CL. Assessing sesamoid subluxation: how good is the AP
radiograph? Foot Ankle Int 19:547–554, 1998.

17. Mann RA, Coughlin MJ. Adult hallux valgus. In: Surgery of the Foot and Ankle,
Mosby, St. Louis, 1999, pp. 150–269.

18. Mizuno S, Sima Y, Yamaxaki K. Detorsion osteotomy of the first metatarsal bone in
hallux valgus. J Jpn Orthop Assoc 30:813–819, 1956.

19. Dayton P, Kauwe M, Feilmeier M. Clarification of the anatomic definition of the
bunion deformity. J Foot Ankle Surg 53:160–163, 2014.

20. Robinson AHN, Cullen NP, Chhaya NC, Sri-Ram K, Lunch A. Variation of the distal
metatarsal articular angle with axial rotation and inclination of the first meta-
tarsal. Foot Ankle Int 27:1036–1040, 2006.

21. Lee KM, Ahn S, Chung CY, Sunk KH, Park MS. Reliability and relationship of
radiographic measurements in hallux valgus. Clin Orthop Relat Res 470:2613–
2621, 2012.

22. Thordarson DB, Krewer P. Medial eminence thickness with and without hallux
valgus. Foot Ankle Int 23:48–50, 2002.

23. Okuda R, Kinoshita M, Yasuda T, Jotoku T, Kitano N, Shima H. Postoperative
incomplete reduction of the sesamoids as a risk factor for the recurrence of hallux
valgus. J Bone Joint Surg 91:1637–1645, 2009.

24. Okuda R, Kinoshita M, Toshito Y, Jotoku T, Kitano N, Shima H. The shape of the
lateral edge of the first metatarsal head as a risk factor for recurrence of hallux
valgus. J Bone Joint Surg 89:2163–2172, 2007.

25. Hardy RH, Clapham JCR. Observations on hallux valgus. J Bone Joint Surg 33:376–
391, 1951.

26. Meyr AJ, Myers A, Pontious J. Descriptive quantitative analysis of hallux abduc-
tovalgus transverse plane radiographic parameters. J Foot Ankle Surg 53:397–404,
2014.

27. Judge MS, LaPointe S, Yu GV, Shook JE, Taylor R. The effect of hallux abducto valgus
surgery on the sesamoid apparatus position. J Am Podiatry Med Assoc 89:551–559,
1999.

28. Ramdass R, Meyr AJ. The multiplanar effect of first metatarsal osteotomy on
sesamoid position. J Foot Ankle Surg 49:63–67, 2010.

29. Jahss MH. Disorders of the hallux and first ray. In: Disorders of the Foot and Ankle:
Medical Surgical Management, pp. 943–1106, edited by MH Jahss, WB Saunders,
Philadelphia, 1991.

30. Alvarez R, Haddad RJ, Gould N, Trevino S. The simple bunion: anatomy at the
metatarsophalangeal joint of the great toe. Foot Ankle 4:229–240, 1984.

31. Kuwano T, Nagamine R, Sakaki K, Urabe K, Iwamoto Y. New radiographic analysis of
sesamoid rotation in hallux valgus comparison with conventional evaluation
methods. Foot Ankle Int 23:811–817, 2002.

32. Gerbert J. Textbook of Bunion Surgery, WB Saunders, Philadelphia, 2001.

http://refhub.elsevier.com/S1067-2516(14)00439-6/sref2
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref2
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref2
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref3
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref3
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref3
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref4
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref4
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref5
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref5
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref6
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref6
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref7
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref7
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref8
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref8
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref8
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref9
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref9
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref10
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref10
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref10
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref10
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref11
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref11
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref11
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref12
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref12
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref12
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref13
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref13
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref13
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref14
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref14
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref15
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref15
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref15
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref16
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref16
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref17
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref17
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref18
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref18
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref19
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref19
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref20
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref20
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref20
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref21
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref21
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref21
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref22
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref22
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref23
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref23
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref23
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref24
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref24
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref24
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref25
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref25
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref26
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref26
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref26
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref27
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref27
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref27
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref28
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref28
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref29
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref29
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref29
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref30
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref30
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref31
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref31
http://refhub.elsevier.com/S1067-2516(14)00439-6/sref31

	Is Our Current Paradigm for Evaluation and Management of the Bunion Deformity Flawed? A Discussion of Procedure Philosophy  ...
	Valgus Position of Metatarsal
	Correction of Rotation
	AP Radiograph Deficiency
	Deficiency of Metatarsal Osteotomies
	References


