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The New Discovery
of Pronation
Deformity in Hallux
Abductovalgus
Valgus rotation of the midfoot and hindfoot joints
is a fundamental component of the
pathomechanics of HAV deformity.
BY DOUGLAS H. RICHIE JR., DPM

Objectives
1) To review the
pathomechanics of
hallux abductovalgus
deformity
2) To review the biomechanics of the ﬁrst
ray of the human foot
3) To understand
ﬁrst metatarsal pronation in hallux abductovalgus deformity
4) To understand
sesamoid rotation in
hallux abductovalgus
deformity
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Introduction
Over the past 30 years, significant insight has been gained about
the contributing factors and events
leading to the formation of hallux abductovalgus (HAV) deformity in the
human foot. Newer surgical approaches are now being utilized for correction of so-called “pronation” deformity of the ﬁrst metatarsal in HAV surgery. Further scrutiny will reveal that
pronation of the ﬁrst metatarsal is not
related to the pathomechanics of HAV
deformity. Whether surgical treatment
or conservative care is being utilized
www.podiatrym.com

to treat HAV deformity, a thorough
understanding of the pathomechanics
of the condition is critical in selecting
appropriate treatment interventions.
Basic Concepts of Foot Biomechanics
The normal and abnormal function of the ﬁrst ray of the human foot
is fundamental to the initiation and
propagation of HAV deformity. Understanding the direction of motion of the
ﬁrst ray relative to the rest of the foot,
versus motion relative to the supportive surface, is essential to understanding the pathomechanics of HAV.

The first ray of the human foot
consists of the ﬁrst metatarsal and the
medial cuneiform bones (Figure 1).
The main articulations of the ﬁrst ray
include the ﬁrst metatarsocuneiform
joint (1st TMT joint) and the medial
naviculocuneiform joint. With weight
bearing and loading, the ﬁrst metatarsal dorsiﬂexes and inverts relative to
the remainder of the foot.1
The ﬁrst ray moves independent
of the sesamoid apparatus at the ﬁrst
metatarsophalangeal joint (1st MTPJ).
Specifically, the sesamoid apparatus
Continued on page 114
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Figure 1: The ﬁrst ray of the human
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is ﬁrmly attached and ﬁxed to the
adjacent metatarsals, i.e., the remainder of foot. The motion of the ﬁrst ray
relative to the foot and sesamoids is
a critical factor in the pathomechanics of HAV deformity. Speciﬁcally, the
ﬁrst metatarsal will dorsiﬂex and invert away from the foot with weight
bearing. This motion will occur regardless of the position of the ﬁrst metatarsal relative to the supportive surface.
As will be shown, patients with HAV
deformity have excessive transverse
plane motion of the ﬁrst ray such that
dorsiﬂexion and inversion of the ﬁrst
ray is also accompanied by adduction
of the ﬁrst metatarsal away from the
remainder of the foot. This medial displacement of the ﬁrst metatarsal, relative to the sesamoid apparatus and
the second metatarsal, is the focus of
surgical procedures designed to correct
HAV deformity.
The foot, not the supportive surface, is the frame of reference for surgical correction of HAV deformity.
All surgical procedures commonly
used to correct HAV deformity use the
angular relationship of the ﬁrst and
second metatarsals (intermetatarsal
angle deviation), as well as the relationship of the ﬁrst metatarsal to the
sesamoid bones (sesamoid position)

Figure 2: The axis of the ﬁrst ray which allows
equal magnitude of dorsiﬂexion with inversion.

foot: The ﬁrst metatarsal and the
medial cuneiform.The navicular,
medial cuneiform and the ﬁrst
metatarsal form the distal
strut of the Truss mechanism of the medial
longitudinal arch

as primary determinants of deformity. Surgical correction of alignment
of the ﬁrst metatarsal relative to the
second metatarsal and the position of
the first metatarsal head relative to
the sesamoids is performed using foot
landmarks, rather than the supportive
surface as a frame of reference. Radiographic measures of deviation of
the ﬁrst metatarsal from the second
metatarsal and from the sesamoids
are made without any reference to
the supportive surface. In the operating room, surgeons attempt to realign the ﬁrst metatarsal to the second
metatarsal and to the sesamoids without any ability to reference the alignment of these skeletal segments to the
supportive surface. It is important to
point out that the new approach to reducing “ﬁrst metatarsal pronation” in
HAV surgery must somehow take into
account the alignment of the whole
foot relative to the supportive surface.
Dorsiﬂexion and inversion of the
ﬁrst ray with loading of the foot was
ﬁrst described by Hicks, who plotted
an axis of motion which passes from
the navicular to the base of the third
metatarsal, oriented 45 degrees from
the transverse and sagittal planes (Figure 2).1 This axis allows almost equal
amount of sagittal and frontal plane
motion of the ﬁrst ray, while providing
almost no motion in the transverse
plane in the normal or healthy foot.
The ﬁrst ray does not and cannot
move independently in the direction of pronation. Pronation is the
combined movement of dorsiﬂexion,
abduction and eversion.2 Dorsiﬂexion
of the ﬁrst ray with loading is accompanied by adduction and inversion.
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Thus, it is inappropriate and misleading to describe “pronation” deformity of the ﬁrst ray in HAV deformity.
Further scrutiny of articles promoting
a triplane correction of HAV actually
describe a perceived everted position
of the ﬁrst metatarsal on the ground.
In 1979, the author was part of a
research team which veriﬁed the ﬁndings of Hicks that with dorsiflexion,
the ﬁrst ray inverts relative to the rest
of the foot.3 Our study of 24 cadaver
specimens used pins and calipers to
measure range of motion of the ﬁrst
metatarsal, as well as the medial cuneiform and navicular bones. In 1999,
Johnson and Christensen used a sophisticated three-dimensional tracking
device placed on the bones of the ﬁrst
ray of 7 cadaver specimens.4 They also
veriﬁed that with dorsiﬂexion, the ﬁrst
ray inverts relative to the foot. Also, an
osseous “locking” mechanism was described when the ﬁrst ray plantarﬂexed
and abducted with peroneus longus
activation. This locking of the ﬁrst ray
with plantarﬂexion and eversion was
further studied and veriﬁed by Perez
and co-workers (Figure 3).5
This research from Perez, et al.
has significance for surgeons who
wish to enhance stability of the ﬁrst
ray when adding frontal plane correction to a Lapidus bunionectomy procedure. Eversion with plantarﬂexion
appears to engage a natural locking
and improved stability of the ﬁrst ray
to resist ground reaction forces.15
Since the original study by Hicks
in 1953, there have been over ten
high-quality kinematic studies of the
human foot verifying that the ﬁrst ray
Continued on page 115
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New Discovery (from page 114)
independently moves in the direction
of dorsiflexion with inversion.3,4,7-14
As will be shown, this independent
movement, when combined with additional adduction, is a fundamental
factor causing the development of hallux abductovalgus deformity.
Position of the first metatarsal,
relative to the ground, is also an important factor in the development of
hallux abductovalgus deformity. In this
case, overall foot position can ultimately place the ﬁrst metatarsal inverted or
everted to the supportive surface, even
though independent motion within the

ﬁrst metatarsal was dorsiﬂexing and
everting relative to the foot and the
ground. However, they did not isolate
pure ﬁrst ray motion relative to the
foot when making their observations.
While the first ray will always
dorsiﬂex and invert relative to the remainder of the foot with loading, total
foot pronation may carry the entire
medial column into eversion relative
to the ground. With more modern
measurement techniques, this notion has been verified. Kimura and
co-workers studied the rotation of
bones in the medial column of the
foot with loading in 10 patients with
HAV deformity using weight bearing

Hallux abductovalgus deformity is associated
with ﬂatfoot.
joints of the ﬁrst ray has changed the
alignment of this segment relative to
the remainder of the foot.
D’Amico and Schuster were
among the first to document that
overall position of the ﬁrst metatarsal
relative to the ground appears to be
everted with end stage foot pronation.15 The authors mistakenly challenged Hicks’ description of the axis
of the first ray, assuming that the

CT imaging. With loading of the foot,
the ﬁrst metatarsal rotated in the direction of dorsiﬂexion and inversion
at the ﬁrst metatarsocuneiform joint.
This motion at this joint was also accompanied by adduction of the ﬁrst
metatarsal to a greater extent in HAV
patients than seen in healthy controls.
Inversion was also seen in the medial
cuneiform in healthy controls, while
HAV patients showed slight eversion,
12
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relative to the navicular. At
the talonavicular joint, the navicular moved into eversion in
both groups, with greater dorsiﬂexion
of the navicular in the HAV patients.
To summarize the ﬁndings of Kimura, et al.,12 with loading of the foot:
s THE lRST METATARSAL MOVES 
degrees into inversion;
s THE MEDIAL CUNEIFORM MOVES
1.5 degrees into eversion;
s THE NAVICULAR MOVES  DEGREES
into eversion; and
s THE NET MOTION OF THE ENTIRE MEDIAL COLUMN RESULTS IN  DEGREES OF
eversion.
Therefore, when the entire foot
pronates, the net pronation or eversion of the proximal joints ultimately
place the ﬁrst metatarsal everted to
the ground.
New surgical approaches are designed to correct the everted position of
the ﬁrst metatarsal (to the ground) and
purposefully rotate the ﬁrst metatarsocuneiform joint into the direction of inversion via a Lapidus procedure. Yet,
this everted position of the ﬁrst metatarsal, relative to the ground, has resulted from whole foot pronation causing eversion across the talonavicular
joint, not the ﬁrst metatarsocuneiform
joint. A Curve Beam® weight bearing CT
image of a patient with HAV deformity
Continued on page 116

Medial cuneiform
2nd met

Posterior
tibial tendon

Anterior
tibial tendon

Peroneus longus
Figure 3: Osseous locking of the ﬁrst ray via peroneus longus eversion. With eversion, the medial cuneiform “locks” against the second metatarsal
www.podiatrym.com
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clearly shows the inversion subluxation of the ﬁrst metatarsocuneiform
joint (Figure 4). Pronation of the ﬁrst
metatarsal in HAV deformity should
be corrected proximal to the ﬁrst metatarsocuneiform joint. Rotating the ﬁrst
metatarsocuneiform joint into inversion
augments the entire pathomechanics of
HAV deformity and moves the ﬁrst ray
into a more unstable position.5
Whole foot pronation is closely
linked with the development of HAV
deformity. 17-21 A recent study with
weight bearing CT imaging showed a
signiﬁcant correlation between HAV
deformity and adult acquired flatfoot.22 Plantar pressures shift medially
in ﬂatfoot deformity, which may increase loading across the 1st MTPJ.23
Shibuya and co-workers used center
of pressure excursion index to study
the relationship between radiographic
ﬁndings seen in patients with HAV deformity.24 An increased intermetatarsal
angle and hallux abductus angle were
both associated with calcaneal inclination angle and talar declination angle,
showing a connection between HAV
and ﬂatfoot deformity.
The Framingham Foot Study idenTIlED   PATIENTS WITH (!6 DEFORmity and compared them to 3,707 patients without the deformity,25 Pressure
mapping and the center of pressure

index (CPEI)
showed that people
with HAV deformity had a lower arch
height. Also, the modiﬁed arch index (MAI)
demonstrated lower
height of the navicular
in HAV patients.
A lower arch and
lower navicular height
will change the orientation of the axis of the
ﬁrst ray to allow greater range of transverse
plane adduction (Figure 5). This concept
was verified in two
studies conducted by Figure 4: Cone beam weight-bearing CT image of HAV deformity:
Glasoe and co-workers First metatarsal is INVERTED on the medial cuneiform.
who concluded that
a lower arch was associated with a
Excessive transverse plane rotation
more vertical axis of the ﬁrst ray. 
of the ﬁrst ray is seen in HAV patients.
Faber and co-workers, in a cadaverWith lowering of the medial arch of
ic study, showed that HAV deformity
the foot, the navicular drops below
had significant increased transverse
the stable 3rd metatarsal base, which
plane adduction, primarily at the ﬁrst
tilts the axis of the first ray downmetatarsocuneiform joint.28 In the preward, or more vertically oriented.
Glasoe, et al. showed how a more
viously cited study by Kimura, et al.,
vertical axis of the first ray caused
a three-fold greater transverse plane
more abduction/adduction of the ﬁrst
motion at the ﬁrst metatarsocuneiform
metatarsal and increased the intermejoint was shown with weight bearing
tatarsal angle (IM angle) with loadCT imaging of HAV patients compared
ing.27 Hallux valgus deformity would
to healthy controls.12
thus develop as a secondary condition
Pes planus and a pronated foot
from this deviated ﬁrst ray axis.
Continued on page 117

A

B

C

Flatfoot

Normal arch

Cavus foot

Figure 5: Foot posture determines orientation of the axis of the ﬁrst ray. Pes planus orients the axis more vertical to allow more transverse plane motion.
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posture leading to excessive transverse plane motion of the ﬁrst ray is
just one intrinsic risk factor for developing HAV deformity. Decreased
strength and reduced activation of
the abductor hallucis muscle has
been demonstrated in patients with
HAV deformity. 29-31 Also, increased
metatarsus adductus deformity has
been identiﬁed by numerous authors
as an extrinsic risk factor for developing HAV deformity.  Finally, chronic inﬂammation affecting the synovial lining of the 1st MTPJ has been
proposed to increase the frequency
of HAV as seen in patients with seropositive rheumatoid arthritis.37,38
The most well accepted extrinsic factor causing HAV deformity is
improperly fitted footwear. 39-42 This
ﬁnding is validated by several studies
showing that women who are barefoot in early life and then change to
a shoe-wearing lifestyle are at greater
risk for developing HAV deformity
compared to their barefoot counterparts.  In a survey of over 2,000
women, Menz and co-workers documented a graded increase in the
risk of HAV deformity with increased
narrowness of the shoe toe box when
this type of footwear was worn between ages 20 to 29, and to a lesser
extent when worn between ages 30
and 39 years.47 Interestingly, no association with heel height of shoes and

Lateral
deviation
constrictive
shoe
Strain and attenuation
of collateral ligaments
joint capsule and
sesamoid ligaments
Medial
deviation

Figure 7: Step 1 of the progression of HAV deformity. Lateral shift of the hallux from constrictive
footwear.

risk of developing HAV was noted.
When evaluating these intrinsic and extrinsic risk factors it must
be concluded that HAV deformity
can arise from multiple circumstances and conditions. While the initial
primary inciting event might differ
among patients, the progression of
HAV deformity is relatively predictable. Understanding the pathoanatomy of HAV and the key features of
progression of the deformity are essential to achieving effective surgical
correction.

Ext. Hal. Br. Tendon
Lateral Collateral Lig.
Lateral Sagittal Hood
Lig. (retracted)
Lateral Sesamoid Lig.
Tendinous Extension
of Add. Hal.
Transverse Metatarsal Lig.
Metatarsal I

Stage 1: Strain and Attenuation
of the Medial Structures of the 1st
MTPJ
Constrictive footwear or excessive medial deviation of the first
metatarsal will both place strain on
the medial soft tissue structures of
the 1st MTPJ. Despite the fact that
there are six tendons and ligaments
which cross the 1st MTPJ medially,
only two actually attach the hallux
to the medial aspect of
the ﬁrst metatarsal head.
Ext. Hal. L. Tendon
(retracted)
These six structures are
&IGURE  
1) tendon of the abCrista
ductor hallucis,
Medial Sagittal Hood
2) tendon of the mediLig. (retracted)
al head of ﬂexor hallucis
brevis,
3) medial insertion of
Medial Collateral Lig.
plantar aponeurosis
Medial Sesamoid Lig.
4) medial collateral
ligament
Tendinous Extension
5) medial sesamoid
of Abd. Hal.
ligament
Medial Sesamoid
 MEDIAL SAGITTAL
hood
ligament
Intersesamoid Lig.
Lateral Sesamoid

Abd. Hal.
Fibrous Plantar Pad
Figure 6: Soft tissue structures of the 1st MTPJ
www.podiatrym.com

Key Events in the Development
and Progression of HAV Deformity

Of these, only the medial collateral ligament
and the medial sesamoid
Continued on page 117
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(suspensory) ligament actually attach to the ﬁrst metatarsal. The attachment is small and discreet, located at a tubercle located on the dorsal
medial aspect of the head of the ﬁrst
metatarsal. Ironically, the entire sesamoid complex as well as the muscular attachments to the proximal
phalanx are entirely dependent upon
their indirect attachment to the head
of the ﬁrst metatarsal.
Lateral translation of the hallux
or medial subluxation of the first
metatarsal will create tensile strain
on the medial structures of the 1st
MTPJ (Figure 7).
Lateral rotation of the hallux on
the head of the ﬁrst metatarsal from
constrictive footwear places tensile
load on the medial collateral ligament. Dorsiﬂexion and inversion of
the first metatarsal creates tensile
load on the medial sesamoid (suspensory) ligament. Chronic tensile
loading of the medial collateral and
Normal

Surface for
medial sesamoid
Surface for
lateral sesamoid

sesamoid ligaments can lead
to attenuation
of these structures with loss
Medial sesamoid
of medial staLigament stretches
with First Metatarsal
bilization of
Adduction/Inversion
the 1st MTPJ.
A coronal section
Transverse metatarsal
through the
ligament
1st MTPJ will
d e m o n s t r a t e Figure 8: Step 2 of HAV medial shift of the ﬁrst metatarsal in HAV deformity.
the mechanism Note inversion as well.
whereby strain
is developed in the medial structures
the ﬁrst metatarsal head were actually
when the ﬁrst metatarsal moves in the
a contributor to the development of
direction of dorsiﬂexion with inverHAV deformity, that movement would
sion (Figure 8). It is clear that inverreduce, rather than increase strain on
sion of the head of the ﬁrst metatarsal
the medial structures of the 1st MTPJ.
places tensile strain on the suspensory
medial sesamoid ligament and mediStage 2: Progressive Medial Shift
al collateral ligament while the sesaof the First Metatarsal
moid bones remain ﬁrmly anchored
Excessive transverse plane adducto the deep transverse metatarsal ligation of the ﬁrst ray causes attenuation
ment.48,49 If “pronation” or eversion of
of the medial capsular structures of the
1st MTPJ, leading to lateral drift of the
hallux. Conversely, lateral displacement of the hallux from constrictive
Surface for
footwear can cause retrograde medial
Sagittal groove
medial sesamoid
drift of the ﬁrst metatarsal. Either way,
a progressive cycle of hallux abduction
along with ﬁrst metatarsal adduction
will develop once the medial structures
of the 1st MTPJ are attenuated. The
Surface for
lateral sesamoid
severity of the hallux abductus angle is
proportional to the severity of the intermetatarsal angle.50,51

Medial eminence

Medial eminence

Figure 9: Adaptive changes on the ﬁrst metatarsal head in HAV deformity.

EHL

EHL
EHB

EHB

ADH

ADH
ABH
Sesamoid

Sesamoid

ABH
Sesamoid

FHL

Sesamoid
FHL

Figure 10: Impingement of the medial sesamoid on crista of the ﬁrst metatarsal head.
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Stage 3: Formation of the Bunion
The “bunion” deformity develops
from the medial prominence of the ﬁrst
metatarsal head, secondary to medial
displacement of the ﬁrst ray. Research
has shown that there is no true bone
hypertrophy to explain the medial eminence of the bunion deformity.52 The
overall width of the head of the ﬁrst
metatarsal is not increased in HAV deformity. Clinically, the painful bunion is
actually soft tissue hypertrophy around
the damaged medial capsular structures
as well as exposure of the medial aspect of the ﬁrst metatarsal head.
A bunion deformity, or bone hypertrophy in the form of a “medial
eminence” may be observed intraoperative in the head of the ﬁrst metaContinued on page 119
www.podiatrym.com

New Discovery (from page 118)
tarsal in HAV patients. This ﬁnding
actually occurs from a loss of cartilage
medially on the head of the ﬁrst metatarsal which results from gradual lateral shift of the hallux. As the hallux
shifts laterally, so does the articular
cartilage, leaving behind a section of
bone with cartilage loss. A “sagittal
groove” will appear at the junction
of remaining cartilage and the area
of cartilage loss at the medial aspect
of the head of the first metatarsal.
Therefore, the sagittal groove and medial eminence on the head of the ﬁrst
metatarsal of HAV patients are the result of cartilage loss rather than bone
hypertrophy medially (Figure 9).
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of the ﬁrst metatarsal
give a valgus angulation to this bone when
viewed on coronal plane imaging (Figure 11).

STAGE 5: Progressive
Muscle Imbalance Around
The 1ST MTPJ: The Frontal
Plane Deformity
Lateral positioning of the
sesamoids relative to the 1st
Figure 11: Valgus alignment of the sesamoid complex relative metatarsal head shifts the abductor hallucis from a medial
to the ﬁrst metatarsal in hAV deformity.
position to a plantar position,
metatarsal dorsiﬂexes and inverts, the
providing more plantarﬂexion torque
crista loses congruency with the sesrather than abduction torque to the
amoids. Further medial displacement
hallux. The adductor hallucis gains
of the ﬁrst metatarsal erodes the crista
advantage, pulling the hallux laterally. The movement of the abductor
hallucis tendon from a pure medial
First metatarsal pronation, viewed on an axial sesamoid position to a plantar-medial position
initiates a valgus torque on the hallux.
radiograph is the result of whole foot pronation.
Lateral positioning of the sesamoids
allows gradual frontal plane rotation,
progressively everting these bones relative to the head of the ﬁrst metatardue to abutment against the medial
Stage 4: Escape of First Metatarsal
sal, which is in an inverted position.
sesamoid. Adaptive changes appear
Away from the Sesamoid Complex:
The flexor hallucis longus tendon,
radiographically on the inferior surThe Transverse Plane Deformity
centered between the sesamoids and
face of the ﬁrst metatarsal as the crista
As HAV deformity progresses, the
the two heads of the ﬂexor hallucis
and the lateral-inferior surface of the
sesamoid complex remains ﬁrmly atbrevis, attached to the sesamoids, also
articular cartilage erode. The erosive
tached to the second metatarsal via
rotate and produce a valgus torque on
changes on the central and lateral porthe deep transverse metatarsal ligathe hallux (Figure 12).
tion of the inferior aspect of the head
ment.48,49 The deep transverse metatarIncreased plantar-absal ligament is not directly
Lateral
duction moment at the
attached to the ﬁrst metadeviation
lateral aspect of the proxtarsal which escapes mediimal phalanx, without opally leaving the sesamoids
posing plantarﬂexion-adbehind (Figure 10).53,54
duction moment applied
There are several
at the medial proximal
mechanisms driving the
phalanx will cause a fronfirst metatarsal medially.
tal plane imbalance at the
The axis of motion of the
base of the proximal phafirst ray provides an adlanx of the hallux, resultduction motion combined
Lateral
ing in valgus rotation.
with dorsiflexion, which
Sesamoid
Medial
occurs with weight bearSesamoid
Controversy and
ing and loading. AbducMisunderstanding:
tion of the hallux also
Adductor
The Pronation
drives the ﬁrst metatarsal Medial deviation of
hallucis
Deformity in HAV
medially via retrograde First metatarsal
The plantar-axial radioforces generated from soft
graph has been the primatissue attachments.
ry resource for measuring
The crista, also known
first metatarsal “pronaas the intersesamoid ridge,
Abductor hallucis
tion” in HAV patients. 55
located on the plantar asExtensor
pect of the first metatarWith this view, the frontal
Flexor
hallucis longus
hallucis longus
sal, controls medial and
plane position of the sesalateral displacement of
moids or the frontal plane
the sesamoids. As the ﬁrst
Figure 12: Muscle imbalance at the 1st MTPJ
Continued on page 120
www.podiatrym.com
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muscle
imbalance around the
1st MTPJ (Figure 12).
position of the head of the ﬁrst metaValgus rotation of
tarsal may appear everted or “pronatthe hallux may pull
ed” in patients with HAV deformity.55-59
the sesamoids into
However, there are several reasons
valgus rotation, or
why the ﬁrst metatarsal or the sesavice-versa, since the
moids will appear everted to the supmedial ligaments of
portive surface when a plantar-axial rathe 1st MTPJ are atdiograph is taken of patients with HAV
tenuated. Thus, HAV
deformity. In each case, it is important
patients will demonto differentiate between sesamoid rotastrate various magtion and ﬁrst metatarsal rotation. With
nitudes of valgus or Figure 13: It is clear that the ﬁrst metatarsal pronation angle is not the
a two-dimensional radiograph, it is difsame as the sesamoid rotation angle and both deformities result from
lateral rotation of the
ﬁcult to differentiate between the two
different mechanisms: SRA=Sesamoid Rotation Angle MRA=Metatarsesamoid apparatus sal Rotation Angle
deformities (Figure 13).
relative to the head
Increased intermetatarsal angle
of ﬁrst metatarsal with plantar-axial
deviation in the transverse plane
duce a perceived “pronation” deformiradiographic imaging of the forefoot
leaves the sesamoids in a lateral poty. The term pronation is inappropri(Figures 11,13). Some patients will
sition relative to the first metatarate as the ﬁrst metatarsal would have
demonstrate more valgus rotation of
sal. However, the sesamoids do not
to dorsiﬂex, evert and abduct to fulﬁll
the sesamoids, depending upon the
actually shift or move in the transthe requirements of this triplane direcamount of varus rotation of the ﬁrst
verse plane because they are ﬁrmly
tion. Investigators reporting a “pronametatarsal. However, as we will see,
attached to the deep transverse metation” deformity in HAV patients are
simple correction of the intermetatartarsal ligament, which is anchored to
actually describing an eversion deforsal angle with standard osteotomy of
the adjacent second metatarsal.48,49 In
mity of the ﬁrst metatarsal and this
the ﬁrst metatarsal without need for
relationship is measured relative to the
the frontal plane, the loss of contact
frontal plane correction will reduce
supportive surface. 
of the lateral sesamoid with the overvalgus rotation of the sesamoids in
lying head of the ﬁrst metatarsal may
The valgus rotation of the sesaHAV deformity. Both the hallux and
allow some valgus rotation of the
moids in HAV deformity along with
the sesamoids will rotate out of valsesamoid apparatus. Ground reacerosion on the plantar-lateral surface
gus when the intermetatarsal angle
tion forces drive the lateral sesamoid
of the head of the first metatarsal
is reduced to normal and the soft
bone into a dorsal position, unopwill give the illusion of a “pronattissue imbalance is corrected at the
posed by any overlying metatarsal.
ed” position of the ﬁrst metatarsal in
1st MTPJ with conventional distal
Another cause of a pronated pothe plantar axial radiograph (Figures
osteotomy at the ﬁrst metatarsal.
sition of the sesamoids in HAV de11,13). Erosion of the plantar-lateral
A new trend in HAV surgery is
formity is the role of frontal plane
surface of the head of the ﬁrst metaperforming a triplane correction of
hallux rotation. The hallux is pulled
tarsal will show an everted deformity
alignment of the ﬁrst metatarsal to reinto abduction and eversion from
relative to the supportive surface. In
reality, the ﬁrst metatarsal is inverted
With loading of the foot
relative to the sesamoids.
A
A recent published study from
the talo navicular joint: 9.6 degrees eversion
Kent State University College of Podiatric Medicine showed the shortthe navicular- cuneiform joint: 1.5 degrees
coming of relying on axial sesamoid
eversion
radiographic imaging to detect frontal
the ﬁrst metatarsal-medial cuneiform
plane deformity in HAV patients.
joint: 4.9 degrees inversion
Using weight bearing computerized
tomography, Kawalac and co-workers measured the angle of the sesamoid complex to the supportive
B
surface (sesamoid rotation angle)
Net 6.2 degrees eversion
in 12 subjects with HAV deformity.
relative to the ground
C
Measurements were taken with the
subjects standing with their feet in
maximal pronation and maximal suHallux eversion exceeds
pination. The measurements from
ﬁrst metatarsal eversion
the CT scans were then compared to
standard axial sesamoid radiographs.
Figure 14: Pronation of proximal joints causes net eversion of the ﬁrst metatarsal in HAV deformity.
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The results showed that pronation
of the foot increases the sesamoid
rotation angle while supination of the
foot decreases that angle. The standard axial sesamoid radiograph underestimated the true sesamoid rotation. Without standardization for foot
position, the authors concluded that
measurements measuring sesamoid
position and rotation with the axial
sesamoid radiograph are not reliable.
More important, the first metatarsal will plantarﬂex and evert when
the foot is placed on an axial sesamoid positioning device for radiographic evaluation. In this position of
plantarﬂexion and eversion, a great-

studied the sesamoid rotation angle
and metatarsal rotation angles derived from axial sesamoid radiographic views taken from 71 patients with
HAV deformity and compared to 43
control patients. This study showed
that sesamoid rotation, on the axial
sesamoid view, was directly correlated
with lateral deviation of the sesamoids
on the DP radiographic view. Indeed,
several studies have shown that the
sesamoid rotation angle will reduce
to normal using traditional ﬁrst metatarsal osteotomy without the need for
frontal plane rotation of the metatarsal to correct HAV deformity.  Thus,
when the ﬁrst metatarsal is re-located
over the sesamoids with standard osteotomy procedures to correct HAV

The sesamoid rotation angle is directly related to
magnitude of HAV deformity.
er amount of so-called “pronation”
of the ﬁrst metatarsal may appear.
This will not be evident when the
foot is placed ﬂat on the ground and
the first ray moves into dorsiflexion, abduction, and inversion. Therefore, practitioners should be cautious
about making conclusions about the
frontal plane position of the first
metatarsal using plantar axial sesamoid radiographs. The only way that
the ﬁrst metatarsal can rest “pronated” or everted on the ground is if the
entire foot is signiﬁcantly pronated
or if the ﬁrst ray is actually plantarﬂexed below the plane of the lesser
metatarsals. Indeed, Kimura, et al.
demonstrated that pronation of the
foot at the talonavicular joint will
evert the entire ﬁrst ray relative to
the ground in HAV deformity (Figure
14). 12 It is evident that whole foot
pronation, primarily at the talonavicular joint, will cause the ﬁrst metatarsal to rest everted on the ground in
HAV patients, even though the ﬁrst
ray is actually independently inverted
relative to the remainder of the foot.
Thus correcting the so-called pronation deformity of the ﬁrst metatarsal
in HAV patients should be directed to
the joints proximal to the ﬁrst ray, or
primarily at the talonavicular joint.
Recently, Shibuya and co-workers
www.podiatrym.com

deformity, “pronation” rotation of the
sesamoids disappears. Therefore, the
sesamoids will no longer rotate into
valgus if they are properly centered
under the head of the ﬁrst metatarsal
in the transverse plane.
Shibuya, et al. also showed that
apparent ﬁrst metatarsal “pronation”
as seen on the plantar axial radiograph is not directly associated with
HAV deformity. They speculated that
the valgus rotation seen in the head of
the ﬁrst metatarsal in the axial radiograph may be a manifestation of total
foot pronation. Shibuya, et al. cite
two of their previous studies showing
a clear association between flatfoot
and HAV deformity using various data
sets.21,24 The authors conclude that,
when performing HAV surgery, “the
need for derotation of the ﬁrst metatarsal may have to be carefully examined,
especially in persons with underlying
ﬂatfoot deformity.”
Summary
In summary, valgus rotation of the
midfoot and hindfoot joints rather than
the joints of the ﬁrst ray is a fundamental component of the pathomechanics of HAV deformity. Pronation
of the hindfoot leading to a lowering
of the medial longitudinal arch will
change the axis of the ﬁrst ray to favor

excessive medial translation
of the ﬁrst metatarsal and will
propagate the progression of HAV
deformity. Constrictive footwear, with
or without rearfoot pronation, can also
be an independent factor contributing
to HAV deformity. Notwithstanding,
the ﬁrst ray moves excessively in the
direction of dorsiflexion, adduction,
and inversion in patients with HAV
deformity. Each plane of this deformity must be addressed in the surgical
approach to correcting HAV deformity.
Using the axial sesamoid radiograph,
ﬁrst metatarsal pronation is related to
whole foot pronation, not to the magnitude of HAV deformity. Conversely,
frontal plane sesamoid rotation measured with this same axial radiograph
is directly related to the magnitude of
HAV deformity. Although the sesamoid
rotation angle is a frontal plane deformity, it can be reduced with transverse
plane surgical correction of the intermetatarsal angle without the need for a
de-rotational Lapidus procedure. PM
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CME EXAMINATION
SEE ANSWER SHEET ON PAGE 125.
1) The axis of motion of the ﬁrst ray of the
human foot dictates that, with loading, the ﬁrst
metatarsal will move in the direction of:
A) Pronation
B) Supination
C) Dorsiﬂexion with inversion
D) Dorsiﬂexion with eversion

2) The medial collateral ligament and the
medial suspensory ligament at the 1st MTPJ
will be placed under tensile load when the ﬁrst
metatarsal rotates in the direction of:
A) Inversion
B) Eversion
C) Plantarﬂexion
D) Pronation
3) Hallux abductovalgus deformity is associated
with which type of foot posture?
A) Cavus
B) Equinus
C) Flatfoot
D) Clubfoot

4) Instability of the ﬁrst metatarsal mediocuneiform joint in HAV deformity has excess motion in
the direction of:
A) Dorsiﬂexion and pronation
B) Inversion and adduction
C) Eversion and adduction
D) Plantarﬂexion and abduction
5) Which of the following are shortcomings of
measuring ﬁrst metatarsal position using the positioning device for the axial sesamoid radiograph?
A) The hallux is placed into extension at the
1st MTPJ
B) The ﬁrst ray is plantarﬂexed and everted
C) The rearfoot is supinated
D) All of the above
6) Increased sesamoid rotation in the frontal plane
in HAV deformity can be the result of:
A) Medial shift of the ﬁrst metatarsal
B) Erosion of the plantar surface of the ﬁrst
metatarsal head
C) Muscle imbalance in HAV deformity
D) All of the above
Continued on page 124
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axial sesamoid radiograph, is the result of:
A) Progressive hallux abductovalgus
deformity
B) Progressive increased sesamoid rotation
C) Whole foot pronation
D) A newly discovered axis of the ﬁrst ray
8) Which of the following is not a risk factor
for developing HAV deformity:
A) Constrictive footwear
B) Flatfoot deformity
C) Seropositive arthritis
D) Peroneal weakness
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9) Sesamoid rotation angle is:
A) Directly related to magnitude of HAV
deformity
B) Accurately measured on axial sesamoid
radiographs
C) Caused by an underlying ﬂatfoot
D) Caused by ﬁrst metatarsal pronation
10) Surgical correction of a valgus or everted
position of the sesamoids in HAV surgery can
be accomplished with:
A) Lapidus procedure without frontal
plane rotation correction
B) SCARF osteotomy of the ﬁrst metatarsal
C) Distal metaphyseal osteotomy of the
ﬁrst metatarsal
D) All of the above

SEE ANSWER SHEET ON PAGE 125.
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In the event you require additional CME information, please contact PMS, Inc., at 1-631-563-1604.

ENROLLMENT FORM & ANSWER SHEET
Please print clearly...Certiﬁcate will be issued from information below.
Name ____________________________________________________________________ Email Address______________________________
Please Print:

FIRST

MI

LAST

Address_____________________________________________________________________________________________________________
City__________________________________________________ State_______________________ Zip________________________________
Charge to: _____Visa _____ MasterCard _____ American Express
Card #________________________________________________Exp. Date____________________ Zip for credit card_________________
Note: Credit card is the only method of payment. Checks are no longer accepted.
Signature__________________________________ Email Address_________________________ Daytime Phone_______________________
State License(s)___________________________ Is this a new address? Yes________ No________
Check one:

______ I am currently enrolled. (If faxing or phoning in your answer form please note that $2.95 will be charged
to your credit card.)
______ I am not enrolled. Enclosed is my credit card information. Please charge my credit card $29.00 for each exam
submitted. (plus $2.95 for each exam if submitting by fax or phone).
______ I am not enrolled and I wish to enroll for 10 courses at $249.00 (thus saving me $41 over the cost of 10 individual
exam fees). I understand there will be an additional fee of $2.95 for any exam I wish to submit via fax or phone.
Over, please

www.podiatrym.com
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ENROLLMENT FORM & ANSWER SHEET

(continued)

EXAM #2/21
The New Discovery of Pronation Deformity
in Hallux Abductovalgus
(Richie)
Circle:
1. A B

C

D

6. A B

C

D

2. A B

C

D

7. A B

C

D

3. A B

C

D

8. A B

C

D

4. A B

C

D

9. A B

C

D

5. A B

C

D

10. A B

C

D

Medical Education Lesson Evaluation
Strongly
agree
[5]

Agree
[4]

Neutral
[3]

Disagree
[2]

Strongly
disagree
[1]

126

1) This CME lesson was helpful to my practice ____
2) The educational objectives were accomplished ____
3) I will apply the knowledge I learned from this lesson ____
4) I will makes changes in my practice behavior based on this
lesson ____
5) This lesson presented quality information with adequate
current references ____
6) What overall grade would you assign this lesson?
A B C D
7) This activity was balanced and free of commercial bias.
Yes _____ No _____
8) What overall grade would you assign to the overall management
of this activity?
A B C D
How long did it take you to complete this lesson?
______hour ______minutes
What topics would you like to see in future CME lessons ?
Please list :
__________________________________________________
__________________________________________________
__________________________________________________
__________________________________________________
__________________________________________________
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