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ARTICLE INFO ABSTRACT

We observed the changes in the angular measurements commonly used in the evaluation of the first meta-
tarsal and first metatarsophalangeal joint in cadaveric specimens before and after frontal plane rotation of the
first metatarsal. Measurements of the first and second intermetatarsal angle (IMA), hallux abductus angle,
proximal articular set angle, and tibial sesamoid position (TSP) were taken after varying degrees of varus and
valgus rotation of the first metatarsal. Standard dorsoplantar radiographs were taken at 0°, 10°, 20°, and 30° of
valgus rotation of the first metatarsal and repeated at 10°, 20°, and 30° varus rotation of the first metatarsal.
The data were analyzed using a mixed linear model to compare the change in each angle measurement over
the range of valgus and varus rotation. The change in the TSP was significant in both valgus and varus rotations
(p = .0004 and p = .028, respectively), an increase in valgus rotation causing an increase in the TSP and an
increase in varus rotation causing a decrease in TSP. The change in the IMA was significant compared with
valgus rotation (p = .028), showing that as the valgus rotation increased, the IMA also increased. However,
compared with the varus rotation, the correlation was not significant (p = .18). The proximal articular set angle
and hallux abductus angle measurements, compared with metatarsal rotation, showed positive trends but
were not statistically significant. From our results and a review of the published data, we have hypothesized
that frontal plane rotation of the first metatarsal is an integral component of hallux abducto valgus pathologic
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features, specifically in relation to the TSP and IMA.
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Rotation of the first metatarsal, as a component of hallux abducto
valgus (HAV), has rarely been discussed and has not been addressed as
a component of most HAV corrective procedures. Measurement of a
variety of 2-dimensional radiographic angular relationships is
thought to be an integral part of the evaluation and surgical treatment
of HAV deformity. The intermetatarsal angle (IMA), hallux abductus
angle (HAA), proximal articular set angle (PASA), and tibial sesamoid
position (TSP) have all been commonly measured in an attempt to
define the continuum of the HAV deformity. Although these mea-
surements have been common in practice, we question whether these
2-dimensional parameters can accurately describe the HAV deformity,
because they assess the deformity in 2 dimensions and therefore can
only accurately assess the deformity in the transverse plane. We know
from studying anatomic reports that the first ray deformity associated
with HAV is actually a triplane deformity, with components of
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the deformity in the transverse, sagittal, and third, or frontal, planes
(1-3). Scranton and Rutkowski (1), in a cadaveric study of 35 speci-
mens, measured the valgus rotation (eversion) of the first metatarsal
in bunion feet at 14.5° and compared this to a valgus rotation
(eversion) in nonbunion feet of 3.1°. Mortier et al (3) undertook a
similar study in 2012 in which they showed a statistically significant
pronation or valgus position of the metatarsal head in feet with
bunion deformities compared with feet without the deformity. Day-
ton et al (4) reported a case series in which correction of the distal
radiographic angles at the first metatarsophalangeal joint (MTP]),
including the PASA and TSP, occurred in association with varus frontal
plane rotation of the first metatarsal during metatarsal cuneiform
arthrodesis. We believe frontal plane rotation of the first metatarsal to
be an integral component of the HAV deformity and believe
derotation is necessary for complete deformity correction. The pre-
sent experiment was undertaken to evaluate the radiographic
changes that occur in the first ray during frontal plane rotation of the
first metatarsal. Our hypothesis was that the observed measurements
for HAA, IMA, PASA, and TSP would change with frontal plane rotation
of the first metatarsal and that the measurements will vary with the
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Fig. 1. The joint and limb stabilization with Kirschner wires through the ankle, subtalar
joint, midtarsal joint, and into the stabilization platform to limit all unwanted movement.

magnitude and direction of frontal plane rotation applied to the first
metatarsal.

Materials and Methods

Five fresh-frozen cadaveric specimens were obtained for the purposes of the
present study. All 5 of the specimens were obtained from female cadavers. Three were
left feet and two were right feet. The mean age at death was 86 years old. Each
specimen was examined clinically to determine whether any gross deformities were
present, including HAV deformity. No gross forefoot or midfoot deformities were
noted in any of the specimens. Each specimen was placed in the neutral position and
fixated to a stabilizing block with multiple Kirschner wires: through the ankle joint to

Fig. 2. Dissection of the metatarsal cuneiform joint release with no bone resection.

stabilize the ankle and subtalar joint, through the calcaneal cuboid joint, through the
talonavicular joint, and through the third and fifth metatarsals (Fig. 1). Rotational
measurements were obtained using a custom protractor device created by the
primary author (P.D.) to show differences in the rotational angles. The device was
designed to be fixed with 2 pins to the specimen at the first cuneiform and allow
independent rotation of the first metatarsal while maintaining the position of the
measuring device. An additional pin was fixed to the first metatarsal before joint
release and calibrated to the 0° position (Fig. 2). Once all the wires were in place and
the foot had been securely stabilized, the first metatarsal cuneiform joint was released
by sharp soft tissue dissection and rotated and then held in position with pins through
the device (Fig. 3). No bone was resected, and no release was done at the distal MTPJ.
Radiographs were then taken of each cadaveric specimen using a standard radio-
graphic technique (Fig 4), with the first metatarsal set at 0° rotation (neutral position),
10°, 20°, and 30° of varus rotation (inversion), and 10°, 20°, and 30° of valgus rotation
(eversion) (Figs. 4 and 5). Seven radiographs from each specimen were then ran-
domized and blinded before measurement of the HAA, PASA, TSP, and IMA. Four of us
(P.D., M.E, J.H.,, M.K.) measured each radiograph, and the measurements were aver-
aged to calculate a mean for each of the characteristics measured. The measurements
taken by each investigator were done using the standard methods described by
Gerbert (5). The mean value of each characteristic was used in the statistical analysis
using a mixed linear model.

Results

The bone quality of 1 of the specimens was not adequate to
withstand the rotational forces on the pin; therefore, the amount of
rotation could not be accurately measured. The data from that

Fig. 3. (A) Joint rotation calibrated at 0° before metatarsal cuneiform joint release and pin fixation. (B) Method of rotation using measuring device. In this instance, the rotation was 20° in

valgus. (C) The method of measurement of rotation with custom-measuring device.
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Fig. 4. A standard radiographic technique was used for each specimen.

specimen was discarded. Of the 4 specimens included in the analysis,
none had had a pre-existing HAV deformity or gross forefoot or
midfoot deformity. The raw data, consisting of the mean measure-
ments for PASA, IMA, HAA, and TSP for each point of valgus and
varus rotation, are listed in Table 1. The data were analyzed using a
mixed linear model to compare the change in each measurement
over the range of valgus and varus rotation. The change in the TSP
was significant in both valgus and varus rotations (p = .0004 and
p = .028, respectively), showing that an increase in valgus rotation
results in an increase in the TSP and an increase in varus rotation
results in a decrease in the TSP. Changes in the IMA were significant
compared with valgus rotation (p = .028), showing that as the valgus
rotation increased, the IMA also increased. However, when the IMA
was compared with the varus rotation, the correlation was not sig-
nificant (p = .18). When the mixed linear model was applied to the
PASA and HAA measurements with metatarsal rotation, our results
showed positive trends, but the differences were not statistically
significant (Table 2).

Discussion

We have previously discussed observations of varus frontal plane
rotation of the first ray resulting in a reduction of the angular and
other radiographic findings routinely measured when analyzing a
bunion deformity (4). In a clinical case series, the following changes
were noted after Lapidus arthrodesis with varus rotation or inver-
sion of the first metatarsal: IMA of 10.1°, HAA of 17.8°, PASA of 18.7°,

TSP improvement of 3.8°. Also, a consistent valgus, or everted, po-
sition of the first metatarsal was noted as a component of the HAV
deformity in our patient population and was corrected by varus
rotation or inversion of the metatarsal. This research was performed
to further analyze the contribution of frontal plane rotation of the
first metatarsal to changes in the IMA, HAA, PASA, and TSP. The
statistical analysis showed that TSP was the 1 parameter that
correlated closely with rotation of the first metatarsal. Ramdass and
Meyr (6), in 2010, reported a study that had measured the sesamoid
position using a variety of methods, both preoperatively and post-
operatively. They compared the TSP to the IMA and HAA and to the
second metatarsal head, which was considered a stationary point.
Ramdass and Meyr (6) found that although the TSP change corre-
lated directly with the IMA, the tibial sesamoid to second metatarsal
distance did not change. They noted that the angle between the
sesamoids and the weight bearing surface of the metatarsal had
decreased. Considering these data, one can conclude that the
radiographic appearance of the sesamoids is a product of movement
of the metatarsal and not actual changes in the sesamoid position.
The correlation of an increased TSP with eversion or valgus meta-
tarsal rotation and a decreased TSP with varus or inversion rotation
was directly observed throughout our range of measurements. We
believe this also supports the idea that frontal plane rotation of the
first ray or the “third plane of deformity” is an important component
of HAV and that rotation should be considered in the surgical
approach to HAV and metatarsus primus adductus to obtain
anatomic alignment.

Fig. 5. Radiographic images showing rotation from the original baseline image (B), 10° valgus (10 L), 20° valgus (20 L), 30° valgus (30 L), 10° varus (10 R), 20° varus (20 R), and 30°

varus (30 R).
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Table 1

Average measurements for each specimen relative to magnitude of frontal plane rotation

Specimen 30° Valgus 20° Valgus 10° Valgus Neutral 10° Varus 20° Varus 30° Varus

1
PASA (°) 4.75 7.25 7.25 7.125 4 6 8.75
IMA (°) 11.5 11.25 10 8.75 7.5 6.75 8.75
HAA (°) 11.25 11.5 10.75 12 12.25 11.75 135
TSP 5.25 4.75 4.5 3.5 3 1.75 1

2
PASA (°) 3 475 2.75 2 45 1.75 3
IMA (°) 11.5 11.75 10.5 10.75 9.25 6.75 6.75
HAA (°) 9 10 6.25 7.5 9 9 11.75
TSP 5.5 3.75 4.25 4 3 2.25 1.5

3
PASA (°) 6.5 8 7.5 7 5.75 10.25 6.75
IMA (°) 6.75 6.75 7.5 6.25 5.25 6.25 6.75
HAA (°) 9 10.25 12.75 12.5 11 16.75 11.75
TSP 475 45 4 1.75 1 1.25 1

4
PASA (°) 8.5 7 6.25 3 525 35 25
IMA (°) 9 10 10 5.75 5 5 4.5
HAA (°) 9.5 11.5 10.75 7.75 10 8
TSP 5.5 5.25 4.75 2.75 1.75 1.25 1

Abbreviations: HAA, hallux abductus angle; IMA, intermetatarsal angle; PASA, proximal articular set angle; TSP, tibial sesamoid position.

The concept of frontal plane rotation altering the observed TSP
position also raises an important question regarding correction of
the TSP intraoperatively. We question whether sesamoid release and
repositioning maneuvers, such as capsulorrhaphy and tendon
transfer, which have been recommended as a component of many
bunion operations, are effective in the long term, and, therefore, we
question whether these are necessary. We agree that in the intra-
operative setting, lateral release of the sesamoids and medial
capsular plication can improve the visual position of the sesamoids
under the metatarsal. However, if frontal plane rotation is the fixed
component of the malposition, these procedures would likely cause
additional joint misalighment and not permanent correction. Addi-
tionally, most surgeons would agree that in a number of cases, the
correction of the sesamoid position obtained through release and
plication will not be maintained in the long term. It has been well
documented that failure to obtain TSP reduction has often been
related to recurrence of an HAV deformity (7,8). The recommenda-
tion that a medial capsule plication be implemented to draw the
sesamoid apparatus back underneath the first metatarsal head to
realign the pull of the flexor hallucis brevis tendon has been
compelling, because the change in position will be immediately
visible. However, as previously stated, Ramdass and Meyr (6), in
2010, and Agrawal et al (9), in 2011, have shown that the sesamoid
apparatus never actually moves in the transverse plane when the
distance was measured against the second metatarsal. These facts
would support the argument against the need to pull the sesamoid
apparatus back under the first metatarsal and would instead argue
for the need to move the first metatarsal back over the sesamoid
apparatus. The vast ligamentous attachment of the sesamoids to the
first and second metatarsal and the proximal phalanx, in reality, will
prevent sesamoid repositioning (8). This might appear contradictory;
however, if we accept that, as a part of the HAV deformity, the first

Table 2
Results summary as p values of each measurement in relation to direction of change

Measurements Valgus Rotation (p value) Varus Rotation (p value)
PASA .55 .63

IMA .028 18

HAA .99 15

TSP .0004 .028

Abbreviations: HAA, hallux abductus angle; IMA, intermetatarsal angle; PASA, proximal
articular set angle; TSP, tibial sesamoid position.

metatarsal everts into a valgus position and the sesamoids are still
anatomically affixed, we can then explain the visual change in
position with rotation. As the metatarsal everts, the shaft of the bone
also deviates medially; however, the sesamoids remain in a position
roughly equal distance from the second metatarsal, and they now
appear to be more lateral to the first metatarsal. This would account
for the consistently measured distance with rotation of the first
metatarsal (6). When the metatarsal has been derotated as a part of
the bunion procedure, the sesamoids visually, and in reality, return
to their proper place under the first metatarsal.

Although we measured the distal joint changes with meta-
tarsal rotation, we could not state with any certainty at which
level the rotation occurs in the patients with HAV. The rotation
associated with HAV can occur at the first metatarsal cuneiform
joint, the navicular and intercuneiform joints, or at another level.
Our model used a point of freedom at the metatarsal cuneiform
joint, but this certainly does not prove this to be the level of
actual deformity in the case of HAV and MPA. Our specimens did
not have a pre-existing HAV deformity; therefore, we cannot
draw a conclusion regarding the actual level of rotational defor-
mity. We believe that the specimens not having pre-existing HAV
was also the reason the other radiographic measurements did not
correlate as closely with the rotation that we have observed in
other patients with HAV (4).

With the exception of the change in the IMA, the other measure-
ment changes were not statistically significant. The change in IMA was
significant compared with valgus rotation (p = .028), showing that as
the valgus rotation increased, the IMA also increased. This might also
correlate with the position of the sesamoid apparatus. In our study,
when the first metatarsal was everted, the sesamoid bones appeared
to have moved from the plantar aspect of the bone to what would
appear now to be the lateral aspect of the metatarsal. However, they
were still in their appropriate anatomic position, not having been
released from the MTPJ. In the patient with HAV, the rotation will
change the direction of the pull of the flexor hallucis brevis from plantar
flexion at the first MTP] to abduction at the first MTP]. Derotation of the
metatarsal will place the sesamoids back in their proper plantar loca-
tion and also allow the flexor tendon to pull in its proper alignment.

A trend was seen toward a statistically significant correlation of
rotation with HAA and PASA; however, a distinct correlation could not
be made in the present data set. Perhaps with a larger sample size, the
contribution of rotation could be determined, and, potentially, other
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correlations could be found. As noted previously, the specimens did
not have pre-existing deformity, and we could not conclude how this
fact might have changed our observations. Additional studies are
needed of both deformed and nondeformed feet to assess the radio-
graphic changes that occur with frontal plane rotation of the first
metatarsal.

From the information obtained in the present cadaver experiment,
we can conclude that changes in the TSP can be directly correlated
with rotation of the first metatarsal. Valgus rotation of the metatarsal
increased both the TSP and IMA, and varus rotation consistently
decreased the TSP. From this information, and an analysis of previous
research, we believe frontal plane rotation of the first ray needs to be
addressed for complete anatomic correction of a hallux valgus path-
ologic entity. Additional studies are needed to further understand the
role that frontal plane rotation might play in bunion pathologic
entities.
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