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Abstract

Purpose To verify if indirect radiographic signs of first metatarsal pronation, determined by the head round sign, correspond
to weight-bearing computed tomography (WBCT) measurements.

Methods In this case—control retrospective study, we analyzed 26 hallux valgus (HV) feet and 20 controls through conven-
tional radiograph (CR) and WBCT images. Two blinded orthopaedic foot and ankle surgeons performed the measurements.
Pronation classification (head roundness), head diameter (HD), traditional HV angles, arthritis, sesamoid positioning, and
first metatarsal rotation angle (MRA) (alpha angle) were evaluated. Comparisons were performed by Student’s 7-test and a
multivariate regression was executed. P-values less than 0.05 were considered significant.

Results Mean values were higher in HV patients than controls when evaluating MRA (11.51 [9.42-13.60] to 4.23 [1.84—
6.62], 95%CI), HD (22.35 [21.52-23.18] to 21.01 [20.07-21.96]), and sesamoid rotation angle (SRA) (26.72 [24.09-29.34]
to 4.56 [1.63-7.50]). The MRA had a low influence in head roundness classification (R%: 0.15). Changes in the pronation
classification were explained chiefly by the sesamoid station (SS) (R*: 0.37), where stations 4 to 7 were found to be strong
predictors of roundness classifications 2 and 3.

Conclusion Indirect signs of metatarsal pronation, determined by the head round sign, correlate weakly with the alpha angle
measured in WBCT. The presence of arthritis and sesamoids displacement might modify the perception of first head round-
ness. The influence of MRA in the classification was low, where SS from 4 to 7 was strong predictors of a higher pronation
classification.
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Introduction

Indirect radiographic findings in plain weight-bearing con-
ventional radiographs (CR) are commonly used for the
assessment and treatment of many foot and ankle disor-
ders, especially hallux valgus (HV) [1-3]. The shape of
the first metatarsal head in the anteroposterior CR was
proposed as a parameter for ray rotation in the coronal
plane [4-6]. Pronation degree is estimated from the indi-
rect evaluation of the lateral head round sign, which gives
an estimated range of probable rotation in the first meta-
tarsal [4, 7]. An irregular lateral head shape would indicate
10 to 19° of pronation, a rounded 20 to 29°, and a circular
head of 30 to 39° of first metatarsal pronation [4]. The
projected rotation could be applied to surgical techniques
in hallux valgus, from osteotomies to modified fusions, in
an attempt to maximize corrections and functional results
[8, 9].

On the other hand, the amount of first metatarsal rota-
tion, its physiologic, and pathologic values are still a mat-
ter of debate [6, 10, 11]. Since many of these findings were
performed utilizing non-weight-bearing devices or CR, the
results may not reflect the accurate representation of the
normal and abnormal ray [3, 12]. Weight-bearing com-
puted tomography (WBCT) may better estimate the natural
rotation of the structures due to its intrinsic three-dimen-
sional interpretation capability [13]. A recent investigation
in a population with no deformity, showed mean prona-
tion values of 2.1 and 6.1° [14]. Many methods to assess
metatarsal rotation were described, but the alpha angle
remained the most utilized measurement technique [15].

Distal metatarsal articular angle (DMAA), a traditional
HV measure, quantifies head articulation valgus deviation
in relation to the first ray axis [16]. Also used as an argu-
ment for different procedures through the last few decades,
this angle was very debated due to CR measurement errors
and positioning [17]. Because of the current discussion
surrounding rotation, it regained attention as a potential
indirect sign of ray pronation [18]. Sesamoid positioning
in conventional CR has also been portrayed as a suitable
parameter for deformity severity and soft tissue imbal-
ance [12, 19]. Different authors include sesamoid location
and arthritic changes to the HV treatment algorithm, using
indirect findings [19, 20].

Most of these parameters were subjectively described
and based on a single radiographic visualization. The
absence of validation is also a limitation to these criteria.
Several authors showed how foot positioning, metatarsal
inclination, and arthritis could jeopardize readings [7,
21]. The primary objective of this study was to demon-
strate if first metatarsal rotation measured by the alpha
angle in WBCT images correlates with it the pronation
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classification, determined by the roundness of the head in
CR. Secondarily, other direct and indirect HV parameters
will be tested as confounding factors. We hypothesized
that alpha angle values would not reliably reflect an indi-
rect classification for rotation, and other variables would
contribute to miscalculation.

Methods
Design

This retrospective case—control study was approved by the
institution’s IRB, observing the Health Insurance Portabil-
ity and Accountability Act (HIPAA) and the Declaration
of Helsinki requirements.

Hallux valgus patients treated at a single institution
between January 2017 and November 2020 were studied.
Subjects included were 18 years of age or older with a
clinical and radiological diagnosis hallux valgus. The pres-
ence of pain at the medial aspect of the metatarsophalan-
geal joint, lateral hallux deviation, intermetatarsal angle
above 9°, and hallux valgus angle over 15° was considered
for inclusion. For a baseline assessment of their foot, each
patient underwent a WBCT and a full CR assessment as
the standard of care. Recurrent cases were not excluded.
Individuals sustaining progressive collapsing foot deform-
ity (PCFD), cavovarus, and congenital diseases were not
included in this series.

Control patients were selected from the institution
database in the same period mentioned above. Adults
(> 18 years old) that underwent CR and WBCT as the
standard of care for different diseases (Table 1) were con-
sidered. Hallux valgus angle under 15° was required for
this group. Individuals were also excluded if they had
any forefoot complaint (current and prior), signs of any
deformity, or arthritis (hindfoot, midfoot, and forefoot)
noticeable during imaging assessment.

Table 1 Conditions presented by the control group

Reason Number
of patients
(%)

Ankle ligament injury 6 (38%)

Ankle fractures 3(18%)

Ankle impingement 2 (12%)

Peroneal tenosynovitis 4 (25%)

Sural neuritis 1 (6%)




International Orthopaedics (2021) 45:3111-3118

3113

Subjects

A total of 26 hallux valgus feet (50% left, 50% right) from
19 patients (89% female; 11% male) were included, with
a median age of 53.79 years (range 18-92; SD 8.09) and
a median BMI of 29.60 (SD 5.50). A total of 20 control
feet (35% left, 65% right) from 16 patients (50% male, 50%
female) were incorporated, with a median age of 38.18 years
(range 17-71; SD 16.37) and a median BMI of 30.98 (SD
8.29).

Imaging acquisitions

WBCT scans were performed with a cone-beam CT extrem-
ity scanner (PedCAT; CurveBeam, LLC, Warrington, PA,
USA). Patients were instructed to stand upright with their
feet pointing forward approximately shoulder-width apart
and instructed to distribute weight evenly on both lower
extremities.

A complete set of conventional bilateral weight-bearing
foot radiographs was performed, including anteroposterior,
lateral, and oblique views.

Radiographic measurements

Two fellowship-trained orthopedic foot and ankle surgeons
with more than 10 years of experience executed all the eval-
uations and angle measurements. Anteroposterior weight-
bearing radiographs (Vue PACS™, Carestream, USA)
were used to classify the metatarsal pronation according to
Wagner et al., grade metatarsophalangeal (MTP) arthritis,
calculate the hallux valgus angle (HVA), the intermetatarsal
angle (IMA), the distal metatarsal articular angle (DMAA),
the interphalangeal angle (IPA), and the sesamoid station
(SS) [22].

Metatarsal pronation was classified according to the met-
atarsal head roundness on a scale from zero to three, zero
being a sharp head, one an irregular head, two a rounded
head, and three a circular head [4]. Metatarsal arthritis was
rated according to the radiographical domain of the Cough-
lin-Shurnas classification [23]. The sesamoid station was
defined according to Hardy-Clapham [19].

WBCT measurements

Raw multiplanar nonidentified data was converted into sagit-
tal, coronal, and axial plane images and evaluated using ded-
icated software (CubeVue™, CurveBeam, LLC, Warrington,
PA, USA). The same fellowship-trained orthopaedic foot
and ankle surgeons performed all the WBCT measurements.

In the axial plane, HVA, IMA, DMAA, IPA, and SS
were recorded [4, 13, 19, 22-24]. Sesamoid coronal posi-
tion (SP), sesamoid rotation angle (SRA), head diameter

(HD), glenosesamoid arthritis (GSA), and first metatarsal
alpha rotation angle (MRA) were measured in the coronal
plane [12, 20, 22]. In the sagittal plane, the first metatarsal
declination angle (MDA) was performed [25].

The metatarsal and phalanx axis was established in the
axial plane, and angular measurements were performed
using the Cobb method [13, 26]. The most medial and the
most lateral articular voxel of the metatarsal head were used
to establish the DDMA.

SP was ascertained by using the Smith method and GSA
according to the Stanmore classification [20]. SRA and
MRA were also assessed in the coronal plane using its pub-
lished methods [12, 13]. The diameter of the first metatarsal
head was calculated using the coronal image of the head that
contained its largest segment, considering local anatomy and
possible plantar osteophytes.

Statistical analysis

Inter-rater reliabilities for continuous data were performed
using interclass correlations coefficients (ICC) and categori-
cal data using Cohen’s Kappa. For each measurement, data
were evaluated for normality using the Shapiro—Wilk test,
and descriptive statistics were obtained (mean, median,
interquartile range (IQR), 95% confidence interval values).
For each angle, we used the one-way ANOVA for analysis
and the paired Student’s T-test for comparisons of each pair.
A multivariate regression analysis was executed to evaluate
which of the measurements influenced the rotation classifi-
cation, and a partition prediction model was constructed to
find how the variables contributed to the grading system.
P-values of <0.05 were considered significant.

Results

Reliabilities utilizing ICC were over 0.70 and Kappa over
0.50 for WBCT and CR readings (Tables 2 and 3). HV
patients were older than controls (p =0.01) but similar
regarding BMI (p =0.85).

When comparing WBCT and CR measurements, consid-
ering HV, similarity was found between for HVA (p=0.79),
IMA (p=0.39), SS (p=0.40), and IPA (p=0.09). A sig-
nificant difference was found for DMAA (p <0.01), where
CR evaluation had higher mean values (diff 13.43, SE 1.99,
9.43-17.43, 95%CI). The full comparison among methods
can be found in the Supplementary Material.

Comparison between groups showed mean higher val-
ues for MRA (p <0.01) in HV patients (11.51; 9.42-13.60,
95%CI) than controls (4.23; 1.84-6.62, 95%CI) (Fig. 1).
Mean HD was higher (p=0.01) in HV (22.35; 21.52-23.18,
95% CI) than controls (21.01; 20.07-21.96, 95%CI)
and mean SRA was also higher (p <0.01) in HV (26.72;
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Table 2 Inter-observer

reliabilities for continuous Variables ice
variables using interclass HVA in CR 0.91
coefficient correlation (ICC) HVA in WBCT 098
IMA in CR 0.89
IMA in WBCT 0.89
DMAA in CR 0.83
DMAA in WBCT 0.72
IPA in CR 0.80
IPA in WBCT 0.77
SRA in WBCT 0.96
MRA in WBCT 0.88
MDA in WBCT 0.71
HD in WBCT 0.79

ICC, interclass coefficient cor-
relation; WBCT, weight-bear-
ing computed tomography;
CR, conventional radiographs;
HVA, hallux valgus angle; IMA,
intermetatarsal angle; DMAA,
distal articular angle; IPA,
interphalangeous angle; SRA,
sesamoid rotation angle; MRA,
metatarsal alpha rotation angle;
MDA, metatarsal declination
angle; HD, head diameter

Table 3 Inter-observer reliability for categorical data using Cohen’s
Kappa

Variables Kappa
Coughlin-Shurnas in CR 0.68
Pronation classification in CR 0.52
SS in CR 0.70
SS in WBCT 0.75
SP in WBCT 0.83
GSA in WBCT 0.74

WBCT, weight-bearing computed tomography; CR, conventional
radiographs; SS, sesamoid station; SP, sesamoid position; GSA, gle-
nosesamoid arthritis

24.09-29.34, 95%CI) than controls (4.56; 1.63-7.50,
95%CI). Pronation classification using head roundness was
also different among controls and HV patients (Fig. 1). MTP
arthritis and SA were also graded higher in the HV group
(»<0.01). Differences among groups for other traditional
hallux valgus angles are depicted in the Supplementary
Material.

MRA was poorly correlated to HVA, IMA, and DMAA
(values below 0.39) but moderately with SRA (0.61).
DMAA in CR was correlated strongly with HVA (0.88)
and moderately with SRA (0.57). SRA was moderately cor-
related with HVA (0.70) and IMA (0.60) (Supplementary
Material).
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Changes in the pronation classification, determined by
head roundness, were explained only by SS, MRA, and MTP
arthritis (p <0.02; R?: 0.42) (Table 4). The influence was
mainly due to the SS (R*: 0.37), where stations 4 to 7 were
strong predictors of roundness classification 2 and 3 (85%
probability). The MRA had a low influence on the pronation
classification (R% 0.16).

Discussion

The present study tested the correlation between a subjective
parameter of metatarsal rotation, established by the round-
ness of the head in CR, and a direct metatarsal rotation
measure, the alpha angle, using WBCT. We demonstrated a
low influence of the MRA on the proposed pronation clas-
sification (R?: 0.16), which was chiefly justified by the sesa-
moid position on the axial plane (sesamoid station). We also
showed significant differences between controls and patients
with HV when considering variables that could confound
indirect rotational evaluation through CR, such as MTP
arthritis and SA. The findings confirm our main hypotheses.
The rotation of the first metatarsal has been long
described as a component in the three-dimensional HV
deformity [5, 10]. Although known to be present, rotation
was never given such importance until the work by Okuda
et al., which showed that the roundness of the head in the
post-operative radiographs was a predictor of recurrence
[1]. The authors divided the shape of the lateral head into
angular, intermediate, and round, finding that the latter
format, an indirect sign of a metatarsal rotated, was more
associated with HV reappearance [8]. The concept of head
lateral roundness was later tested by Yamaguchi et al. using
digitally reconstructed radiographs from conventional com-
puted tomography subjects [7]. The authors showed a posi-
tive “round” lateral head as pronation and plantarflexion
occurred at the first ray [7]. Wagner et al. used the rotational
characteristic of this indirect sign to propose a proximal met-
atarsal osteotomy to correct HV in axial and coronal planes
[4, 27]. The correction is based on a range of expected pro-
nation based in a sharp (0°), irregular (10-19°), rounded
(20-29°), or circular (30-39°) head. Although intuitive, the
actual amount of rotation seen with each head roundness
was never confirmed. Our study has shown that most of the
indirect determination of the metatarsal shape is based on
the position of the sesamoid in the axial plane, what could be
explained by the two-dimensional feature of the CR and the
superposition of images, allowing the sesamoids to be con-
fused with the lateral head condyle (Fig. 2). MDA, demon-
strated by Yamaguchi et al. as an important factor that would
change the perception of the head shape, was not found by
our study to interfere in the pronation classification [7].
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Fig.1 Comparison among groups for A MRA (metatarsal rotation angle), B SRA (sesamoid rotational angle), C head diameter (HD), and D
pronation classification by head roundness. HV, hallux valgus group. Mean values are highlighted in bold

Table 4 Effect summary through ordinal logistic fit for pronation
classification

Source LogWorth P value
WBCT sesamoid station 9.238 0.00000
WBCT metatarsal rotation angle 2413 0.00386
Radiographic coughlin and shurnas 1.741 0.01817

classification

WBCT, weight-bearing computed tomography

The modest effect of the MRA on the pronation classifi-
cation also supports the concept that much of this indirect
parameter can be blurred by other structures, head osteo-
phytes, glenosesamoid arthritis, or MTP arthritis. Ono et al.
showed a high occurrence of sesamoid-metatarsal arthritis in
patients with HV, with a higher incidence (77%) in patients
with a rounded metatarsal head, advising caution when pre-
dicting pronation in patients with degenerative findings [21].
We also found a significant difference between HV patients

and controls in WBCT assessment of HD when considering
osteophytes in the measurement. This lateral bone forma-
tion, sometimes very subtle and difficult to be identified in
CR, can easily modify the lateral head shape (Fig. 3). Such
minimal and inconspicuous arthritic findings in this joint are
usually not covered by the current classifications systems
[20, 28].

Many attempts in determining the actual first metatarsal
rotation have been described both in an HV and a healthy
population. Radiographic assessment of this component
was unreliable due to the difficulty in measuring bone refer-
ences and the bias caused by MTP dorsiflexion, necessary
to the CR be performed [29, 30]. Kim et al., using simu-
lated WBCT, were able to describe the alpha angle and place
deformities in four different patterns [12]. Using the differ-
ence (and the 95% confidence interval) between controls and
HV patients, the authors established a 15.8° threshold for
normal pronation, with values above that being considered
pathologic [12]. Campbell et al., using three-dimensional
models, found mean pronation of 19.1° in controls and 27.3°
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Fig.2 Grade 2 (rounded) head
roundness on conventional
radiographs (A) not justified
by rotation of the metatarsal on
coronal weight-bearing CT (B).
Three-dimension reconstruc-
tion on weight-bearing CT (C)
allows a better visualization of
the lateral sesamoid invading
the webspace, causing confu-
sion on the evaluation of the
head shape

Fig.3 Anteroposterior
weight-bearing radiograph (A)
depicting a grade 3 (circular
head) pronation not related to an
actual first metatarsal rotation
on weight-bearing CT (B). Note
the increase in the head diam-
eter caused by glenosesamoid
osteophytes

in HV patients [31]. Applying WBCT in a population with
no deformities, Steadman et al. used two different methods
for measuring the first metatarsal rotation, the alpha angle
(described by Kim et al.), and the metatarsal rotational
angle (described by Saltzman et al.) [5, 12, 14]. The authors
described a mean of 6.1° and 2.1° in pronation, respectively.

@ Springer

These findings might support the use of Saltzman’s method
since it does not rely on the visualization of the dorsal aspect
of the metatarsal to be obtained [14, 32]. Our results, using
the alpha angle, approached the values observed by Stead-
man et al. for controls (mean MRA: 4.23°) and did not reach
the values obtained by Campbell et al. and Kim et al. for HV
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patients (mean MRA: 11.51°) [12, 14, 31]. Our smaller sam-
ple might be the reason for a lower MRA in the HV popula-
tion, but still, the values are far from what was proposed by
Wagner et al. and when considering staging of the pronation
degree of the deformity [4].

Additional interesting secondary findings were observed
in our study. Axial aspects of the deformity (HVA, IMA,
IPA) were similarly measured by WBCT and CR, which
corroborates Mahmoud et al. [13]. When considering three-
dimensional aspects of the HV, such as DMAA and SS, the
imaging methods showed disparity, demonstrating the dif-
ficulties in using these indirect parameters of the CR with
consistency. DMAA, stated by some authors as another
indirect sign of metatarsal rotation, had statistically lower
values in WBCT and did not show influence in the pronation
classification nor correlation with the MRA [18, 33].

The clinical importance of our findings resides mainly on
the caution of using conventional radiographs to determine
first metatarsal rotation. Based on what was found, we rec-
ommend using WBCT measurements to determine preopera-
tive and postoperative pronation or supination. Adoption of
a de-rotational osteotomy to correct this component is still a
matter of debate and investigation. It is not known if specific
procedures can impact rotation and the power of each tech-
nique on that. No prospective studies were yet performed
testing these hypotheses using a well-established measuring
method.

The present study has several limitations that must be
considered. An accurate linear evolution of HV could not
be evaluated due to the retrospective nature of this study.
Although we had statistically significant differences and cor-
relations, no previous sample calculation or power analy-
sis was performed. This deficiency undermines the study’s
capability to place a substantial number of subjects in each
of the classification grades. No functional assessment was
performed, making it unfeasible to relate symptoms to imag-
ing findings. We also used a parameter to assess rotation
that might be outdated in future years with the advent of
bone segmentation [15, 34]. Finally, the use of the WBCT
is still not widely accessible, which decreases the study’s
reproducibility.

Conclusion

Overall, we found that metatarsal rotation cannot be reliably
predicted through head roundness. Sesamoid subluxation
and arthritis alter the first metatarsal head shape and diam-
eter, blurring the evaluation. Sesamoid stations from 4 to 7
were strong predictors of higher pronation classifications.
First metatarsal rotation (alpha angle) values in WBCT did
not influence the classification strongly nor were correlated
to HV measurements.
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