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Aims

To evaluate how fore- and midfoot coronal plane alignment differs in feet with hallux valgus
(HV), using 3DCT when measured in standard weightbearing (SWB) versus sesamoid view (SV)
position, and to determine whether first metatarsophalangeal (MTP) dorsiflexion affects the
relationship between the first metatarsal (M1) head and the sesamoid bones.

Methods

A consecutive series of 34 feet that underwent 3DCT in SWB and SV positions for symptomatic
HV was assessed, of which four feet were excluded for distorted or incomplete images. Two foot
and ankle clinicians independently digitized a series of points, and measured a series of angles
according to a pre-defined protocol. Measurements include navicular pronation angle, M1 head
(Saltzman angle), and metatarsosesamoid rotation angle (MSRA).

Results

The mean age of the 30 patients was 57.5 years (SD 13.4). The mean navicular pronation angle
was significantly smaller in the SV position (9.6° (SD 4.4°)) compared to the SWB position (16.4°
(SD 5.8°); p < 0.001). There was a difference in MSRA between the SWB and SV positions,
revealing an increase in MSRA in 22 patients, while there was a decrease in eight patients. In
patients where the MSRA increased, the mean Saltzman angle was 2.5° (SD 5.7°) lower in the SV
position versus the SWB position, while in patients where MSRA decreased, the mean Saltzman
angle was 3.4° (SD 3.6°) greater in the SV position versus the SWB position.

Conclusion

MTP dorsiflexion causes supination of the navicular, while other first ray parameters remain
unchanged, and has a greater influence on the M1 head coronal alignment than on the
sesamoids. MTP dorsiflexion induces axial rotations of M1, which vary in direction and magni-
tude from one patient to another.

Article focus sesamoid view (SV) position in hallux
° To allow complete assessment of the valgus patients.
coronal alignment in the fore- and
midfoot. Key messages
* To evaluate how fore- and midfoot coronal * The most important findings of this study
plane angles differ when measured in are that there is a greater influence of
standard weightbearing (SWB) versus metatarsophalangeal (MTP) dorsiflexion

on rotation of the M1 head, indicated by
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the Saltzman angle, than on the rotation of the sesamoids.

* Surgeons should be aware that preoperative planning and
assessment of routine angles in the sesamoid view position
may lead to inaccurate intraoperative corrections, as MTP
dorsiflexion induces rotations of M1 in the coronal plane,
which vary in direction and magnitude from one patient to
another.

Strengths and limitations

* This is a retrospective case series of 30 patients, comparing
fore- and midfoot angles in two positions. A larger cohort
size could have provided more representative population
proportions for the subgroup analysis, and would have
allowed the authors to perform uni- and multivariable
regression analyses.

* Including a control group may have identified adaptations
caused by the patients’ natural foot morphology, rather
than the deformity.

* To the authors’ knowledge, this is the first study that
compared SWB position to the SV position using 3DCT,
which revealed that MTP dorsiflexion induces a rotation of
the M1 head over the sesamoids, rather than a rotation of
the sesamoids under the M1 head, as demonstrated by the
significant difference in the Saltzman angle when compar-
ing patients with an increase versus decrease of the
metatarsosesamoid subluxation (MSRA).

Introduction

Radiological imaging has been used as the gold standard for
the 2D assessment and visualization of hallux valgus (HV),'
and is adequate to measure the intermetatarsal angle (IMA)
and the hallux valgus angle (HVA). Further assessment of the
first ray in the coronal plane, however, is difficult when using
x-rays, due to the superimposition of the distal bones. This
was partly resolved by dorsiflexing the toes when using the
sesamoid view (SV) (Figure 1b), also known as Guntz view or
tangential view, which allowed coronal plane assessment of
the sesamoid bones, and the head of the first metatarsal (M1)
due to the metatarso-phalangeal (MTP) dorsiflexion, but did
not allow complete assessment of the coronal alignment in
the fore- and midfoot.

Due to the emergence of new imaging methods such
as 3DCT, it is now possible to analyze the HV deformity more
accurately, and therefore provide better treatment.”® Several
studies have investigated the correlations between coronal
plane rotation angles, assessed on 3DCT, and dorsoplantar
angles assessed on standard weightbearing (SWB) radio-
graphs.>®'* To the authors’ knowledge, however, none have
compared the SWB position and the SV position, using
3DCT, which could mask or exacerbate deformities of the
fore- and midfoot angles,”” " including the sesamoid rotation
angle (SRA), M1 head pronation (Saltzman angle), metatarso-
sesamoid complex rotation angle (MSRA), or even a navicu-
lar pronation, caused by the distal and dorsal pull of the
sesamoids due to MTP dorsiflexion.

The primary purpose of the present study was to
evaluate how fore- and midfoot coronal plane angles differ
when measured in SWB versus SV position in HV patients. The
secondary purpose was to determine whether MTP dorsiflex-
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ion affects the relationship between the M1 head and the
sesamoid bones.

Methods

The authors retrospectively assessed a consecutive series
of 34 patients (34 feet) who underwent 3DCT for symp-
tomatic hallux valgus (HV), with no surgical antecedents.
Upon preliminary assessment, the authors excluded four feet
that had distorted (e.g. poor resolution due to artefacts) or
incomplete images (e.g. distal part of the phalanx not visible).
All patients provided informed consent, and the study was
approved by the local ethics committee (IRB: 201912144).
The study was conducted following the STROBE guidelines
(Supplementary Material).

The 30 patients had a mean age of 57.5 years (SD 13.4),
with a BMI of 24.4 kg/m? (SD 3), and comprised 22 females
(73%) (Table 1). The right foot was measured in 21 patients
(70%).

Image collection

Each patient underwent two 3DCT assessments. Patients were
first assessed in the standard weightbearing (SWB) position,
with the foot flat on the ground (Figure 1a). They were then
assessed in the sesamoid view (SV) position, with the toes in
dorsiflexion (Figure 1b).

Landmark annotation

All scans were acquired using a 3DCT scanner (Curvebeam
Pedcat, USA) with slice thickness of 0.5 mm. The Digital
Imaging and Communication in Medicine (DICOM) scans were
imported into the image processing software OsiriX (Pixmeo;
Switzerland) in standard resolution. This imaging software
enabled simultaneous visualization of 3DCT cross-sections in
the coronal, sagittal, and axial planes. For each patient, the
age, sex, side, and BMI were noted, and two foot and ankle
clinicians (MT, PB) independently digitized a series of points
according to a pre-defined measurement protocol (Supple-
mentary Material): 30 points in the SWB position, and 27
points in the SV position.

Angle calculations

For each CT scan, the Cartesian coordinates of the digitized
points were exported as comma-separated variables (CSV)
files, which were then imported into a spreadsheet using Excel
(Microsoft, USA), and represented as an array for each foot,
in each position, after which the landmarks were projec-
ted onto the planes of interest to calculate the following
angles (Supplementary Material), as previously described
in the literature: metatarsophalangeal (MTP) dorsiflexion,'®
SRA,” Saltzman angle (coronal plane rotation of the M1
head),”® MSRA (assessing the metatarsosesamoid subluxa-
tion),”' navicular pronation angle,” IMA,” HVA,* phalangeal
pronation angle,” M1 base pronation angle,” and the foot
and ankle offset (FAO)* in the SWB position only. Positive
angles were considered as pronation, while negative angles
were considered as supination.

Inter- and intraobserver reliability

To calculate interobserver reliability, two observers (MT, PB)
performed measurements on all 30 feet, in SWB position and
in SV position. To calculate intraobserver reliability, the same
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Fig. 1

a) Foot positioned in the standard weightbearing (SWB) position. b) Foot positioned in the sesamoid view (SV) position, with the toes in dorsiflexion.

Patient demographic data.

Characteristic Value

Mean age, yrs (SD, range) 57.5(13.4,22.0t0 77.0)

Mean BMI, kg/m? (SD, range) 24.4 (3.0, 18.7 to 30.8)

Sex, n (%) (male/female) 8(27)/22 (73)

Side, n (%) (left/right) 9(30)/21 (70)

two observers repeated the measurements on a set of seven
feet, one month from first assessment.

Statistical analysis

Descriptive statistics were used to summarize the findings,
and Shapiro-Wilk tests were used to assess the normality
of data distributions. For Gaussian distributed continuous
data, differences between groups were evaluated using
independent-samples t-tests. For non-Gaussian continuous
data, differences between groups were evaluated using
Mann-Whitney U test. Agreement between the two observers
was calculated using intraclass correlation coefficients (ICCs),
which can be interpreted as follows: < 0.40, poor; 0.41 to 0.59,
fair; 0.60 to 0.74, good; and 0.75 to 1.00, excellent.”” Correla-
tions between all radiological measurements were determined
using Kendall’s correlation coefficients and were interpreted as
follows: < 0.1 or > -0.1 very weak; +/- 0.1 to 0.19 weak; +/-
0.2 to 0.29 moderate; and > 0.3 or < -0.3 strong. Statistical
analyses were performed using R version 4.2.3 (R Foundation
for Statistical Computing, Austria).

Results

Inter- and intraobserver reliability

Interobserver reliability was excellent for all measurements,
but only good for sesamoid subluxation in SWB position.

Fore- and midfoot angles using 3DCT for hallux valgus
M. Tripon, M. Lalevee, F. van Rooij, C. Agu, M. Saffarini, P. Beaudet

Intraobserver reliability was excellent for all measurements,
but only good for navicular pronation angle and IMA in SWB
position, and only fair for MTP dorsiflexion in SWB position
(Table 11).

Angle measurements

The mean MTP dorsiflexion angle was significantly greater in
the SV position (48.0° (SD 7.5°)) compared to the SWB position
(15.8° (SD 4.3°); p < 0.001) (Table ll). In contrast, the mean
navicular pronation angle was significantly smaller in the SV
position (9.6° (SD 4.4°)) compared to the SWB position (16.4°
(SD 5.8°); p < 0.001). There were no other significant differen-
ces observed between the SV and SWB positions, for the SRA
(p = 0.350), Saltzman angle (p = 0.582), MSRA (p = 0.314),
sesamoid subluxation (p = 0.109), IMA (p = 0.278), HVA (p =
0.146), phalangeal pronation angle (p = 0.854), and M1 base
pronation angle (p =0.117).

Fore- and midfoot angle changes during MTP dorsiflexion
The mean difference of the SRA between SWB and SV
positions was 2.8° (SD 4.8°), of which three patients had
a difference > 4°, while 14 patients had a difference < -4°.
The mean difference of the Saltzman angle between SWB
and SV positions was -0.9° (SD 5.8°), of which eight patients
had a difference > 4°, while six patients had a difference <
-4°. The mean difference of the navicular pronation angle
between SWB and SV positions was 6.8° (SD 5.3°), of which
22 patients had a difference > 4°, while one patient had a
difference < -4°. The mean difference of the MSRA between
SWB and SV positions was 3.2° (SD 6.0°), of which two
patients had a difference > 4°, while 13 patients had a
difference < -4°.

Further analysis of the difference in MSRA between
SWB and SV positions revealed an increase in MSRA in
22 patients, while there was a decrease in eight patients. In
patients where the MSRA increased, the mean Saltzman angle
was 2.5° (SD 5.7°) lower in the SV position versus the SWB
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Inter- and intraobserver reliability. All p-values were calculated using intraclass correlation coefficients.

Variable Observer 1 (n=7) Observer 2 (n=7) Interobserver (n = 30)

ICC 95% Cl p-value ICC 95% Cl p-value ICC 95% Cl p-value
SWB
MTP dorsiflexion 0.54 -0.01t0 0.80 <0.001 0.83 0.36t0 0.97 0.005 0.77 0.59 to 0.87 < 0.001
SRA 0.98 0.97 to 0.99 <0.001 0.94 0.73 t0 0.99 <0.001 0.97 0.94 t0 0.98 <0.001
Saltzman angle/M1 head 0.96 0.91 t0 0.98 <0.001 0.90 0.591t0 0.98 0.001 0.80 0.57 t0 0.90 <0.001
MSRA 0.96 0.91 t0 0.98 <0.001 0.78 0.22 t0 0.96 0.011 0.87 0.78t0 0.93 < 0.001
Sesamoid subluxation 0.98 0.78t0 0.99 <0.001 0.85 0.40t0 0.97 0.004 0.74 0.52t0 0.87 <0.001
Navicular pronation 0.73 0.50to 0.86 <0.001 0.60 -0.06 to 0.91 0.032 0.85 0.73t0 0.91 <0.001
IMA 0.74 0.52t0 0.87 <0.001 0.92 0.65 to 0.99 0.001 0.84 0.72t0 0.91 <0.001
HVA 0.94 0.94t0 0.97 <0.001 0.97 0.87 to 1.00 <0.001 0.96 0.89 to 0.98 < 0.001
Phalangeal pronation 0.93 0.75to0 0.97 <0.001 0.83 0.35t0 0.97 0.005 0.95 0.90 to 0.97 <0.001
M1 base pronation 0.96 0.92t0 0.98 <0.001 0.92 0.15t0 0.99 <0.001 0.91 0.83t00.95 <0.001
Foot and ankle offset 0.99 0.94 to0 1.00 <0.001 0.96 0.67 to 0.99 <0.001 0.99 0.98 to 1.00 < 0.001
SV
MTP dorsiflexion 0.90 0.69 to 0.96 <0.001 0.96 0.82t0 0.99 <0.001 0.93 0.88 t0 0.96 <0.001
SRA 0.95 0.90 to 0.97 <0.001 0.97 0.83 t0 0.99 <0.001 0.91 0.84 t0 0.85 <0.001
Saltzman angle/M1 head 0.94 0.87 t0 0.97 <0.001 0.74 0.12t0 0.95 0.019 0.88 0.75t0 0.94 <0.001
MSRA 0.87 0.74t0 0.93 <0.001 0.81 0.29to0 0.96 0.004 0.88 0.79t00.93 <0.001
Sesamoid subluxation 0.99 0.97 to 0.99 <0.001 0.97 0.84 to 0.99 <0.001 0.86 0.76 t0 0.92 <0.001
Navicular pronation 0.89 0.79 t0 0.95 <0.001 0.60 -0.09t0 0.91 0.020 0.80 0.65 t0 0.88 <0.001
IMA 0.92 0.84 t0 0.96 <0.001 0.94 0.71t00.99 <0.001 0.75 0.57 t0 0.85 <0.001
HVA 0.98 0.95 to 0.99 <0.001 0.97 0.83 t0 0.99 <0.001 0.94 0.81t00.97 <0.001
Phalangeal pronation 0.97 0.94 t0 0.99 <0.001 0.91 0.61to0 0.98 0.001 0.95 0.91 to 0.97 <0.001
M1 base pronation 0.97 0.97 t0 0.99 <0.001 0.95 0.77 t0 0.99 <0.001 0.89 0.81to0 0.94 <0.001

ICC: poor: < 0.40; fair: 0.41 to 0.59; good: 0.60 to 0.74; excellent: 0.75 to 1.00.

HVA, hallux valgus angle; ICC, intraclass correlation coefficient; IMA, inter-metatarsal angle; MSRA, metatarsosesamoid complex rotation angle; MTP,
metatarsophalangeal; SRA, sesamoid rotation angle; SV, sesamoid view position; SWB, standard weightbearing position.

position, while in patients where the MSRA decreased, the
mean Saltzman angle was 3.4° (SD 3.6°) greater in the SV
position versus the SWB position (Table |V).

Discussion

The most important findings of this study are that passing
from SWB position to SV position causes significant supi-
nation of the navicular, while other first ray parameters
remain unchanged, reflecting adaptations within the fore- and
midfoot. Conversely, there was a significant difference in the
Saltzman angle when comparing patients with an increase
versus decrease of the MSRA. These findings indicate a greater
influence of MTP dorsiflexion on rotation of the M1 head
(indicated by the Saltzman angle) than on the rotation of
the sesamoids. Surgeons should be aware that preoperative
planning and assessment of routine angles in the SV position
may lead to inaccurate intraoperative corrections, as MTP
dorsiflexion induces rotations of M1 in the coronal plane,
which vary in direction and magnitude from one patient to
another.
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Standard radiological assessment for patients with HV
focuses on the HVA and IMA, which are angles of the axial
plane. However, HV is associated with a pronation of M1,
an intrinsic torsion of M1, and a subluxation of the sesa-
moids which are deformities of the coronal alignment.>®%%
Assessment of the coronal plane should not be overlooked,
as recurrence rates for HV are notoriously high, and could be
linked to the inadequate treatment of concomitant deformi-
ties.”’?%*" Using radiographs, the only coronal plane assess-
ment possible in the SV position would be of the sesamoids
and M1 head, as MTP dorsiflexion grants visibility of the
sesamoids and the inferior edge of M1. Dorsiflexion, however,
could hide or alter deformities, such as the presence of an M1
pronation, or alteration of the sesamoid subluxation caused
by the action of the flexor hallucis brevis.** Assessment of the
first ray in SWB position is now possible with the emergence
of new imaging methods such as 3DCT. This technological
breakthrough can provide an insight into the possible internal
rotation alterations of the first ray, brought by MTP dorsi-
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Angles comparing the standard weightbearing position versus the sesamoid view position.

Variable SWB (n =30) SV (n=30) p-value* MD 95% Cl
Mean (SD, range) Mean (SD, range)
MTP dorsiflexion 15.8 (4.3,8.6 10 26.3) 48.0(7.5,30.9t0 61.9) <0.001 32.23 29.15t0 35.32
SRA 22.4(10.2,3.5t043.3) 25.2(12.9,0.0t0 51.6) 0.350 2.83 -3.05t08.71
Saltzman angle/M1 head 10.3 (5.0, 1.0 to 20.0) 9.9(7.7,0.0t0 32.3) 0.582 -0.38 -3.66t0 2.9
MSRA 12.3(10.5,0.1 to0 37.9) 15.5(12.9, 0.1 to 54.3) 0.314 3.2 -2.76t09.16
Sesamoid subluxation 46(26,19t011.7) 5.3(2.6,1.7t0 14.3) 0.109 0.73 -0.59t0 2.04
Navicular pronation 16.4 (5.8,0.9 to 27.4) 9.6 (44,2.5t021.7) <0.001 -6.79 -9.38to -4.21
IMA 14.1 (3.3,5.9t0 19.7) 13.2(3.5,7.0t0 21.3) 0.278 -0.97 -2.7100.76
HVA 28.0(10.5,11.7 t0 61.8) 31.1(10.1,15.7 t0 61.6) 0.146 3.04 -2.18t0 8.25
Phalangeal pronation 22.2(12.8,4.2t061.1) 21.6(12.6,0.0 to 55.5) 0.854 -0.57 -6.97 to 5.84
M1 base pronation 101.9 (4.8,92.2 to 109.9) 104.3 (6.8,93.7 to 115.8) 0.117 241 -0.56to 5.37

FAO

29(0.2,2.7t03.4)

*p-values were calculated using the Mann-Whitney U test or independent-samples t-test, depending on normality.
HVA, hallux valgus angle; IMA, inter-metatarsal angle; MD, mean difference; MSRA, metatarsosesamoid complex rotation angle; MTP, metatarsophalangeal;
SRA, sesamoid rotation angle; SV, sesamoid view position; SWB, standard weightbearing position.

Subgroup analysis of angles in patients with a metatarsosesamoid complex rotation angle increase and decrease in sesamoid view position.

Variable Increase in MSRA (n = 22) Decrease in MSRA (n = 8) p-value* MD 95% Cl

Mean (SD, range) Mean (SD, range)
HVA
SWB 28.6(10.6,11.7 t0 61.8) 26.5(10.7, 15.6 to 40.6) 0.696 2.059 -6.579 to 10.697
SV 31.8(9.7,16.0t0 61.6) 29.0(11.7,15.7 to 45.1) 0.513 2.799 -6.254t0 11.851
Difference 3.2(3.5,-5.9t09.0) 25(2.2,-0.7t05.1) 0.588 -0.740 -2.890to 1.411
IMA
SWB 143(3.0,5.9t0 18.4) 13.7 (4.3,6.1t0 19.7) 0.658 0.622 -2.586 to 3.830
N 13.3(3.4,7.0t0 18.5) 12.8(4.0,8.3t021.3) 0.697 0.580 -2.561 10 3.721
Difference -1.0(2.4,-6.6 t0 2.6) -0.9(2.9,-4.0t04.8) 0.969 0.042 -2.217 to 2.300
SRA
SWB 23.2(10.5,5.6 t0 43.3) 20.0 (9.4,3.5t031.3) 0.458 3.19 -4.66 to 11.03
SV 26.5(13.6,0.0to 51.6) 21.6(10.8, 1.4 to 33.1) 0.366 4.91 -4.49 to 14.31
Difference 33(5.2,11.6t0 11.5) 1.6(3.5,-45t06.3) 0.399 -1.721 -4.982to 1.539
Saltzman angle/M1 head
SWB 10.4 (4.9, 1.1 to 20.0) 10.1(54,1.0t017.3) 0.908 0.24 -4.01to 4.50
N 7.8(54,0.0to 23.5) 13.6 (7.8, 0.8 to 22.1) 0.030 -5.75 -11.62t00.13
Difference -2.5(5.7,-200t0 7.9) 3.4 (3.6,-2.1t08.1) 0.005 5.992 2.543 t0 9.441
Navicular pronation
SWB 16.4 (6.0, 0.9 to 27.4) 16.3 (5.6,9.2 t0 25.7) 0.990 0.03 -4.60 to 4.67
SV 8.9(4.1,25t018.1) 11.5(4.9,7.6 t0 21.7) 0.149 -2.62 -6.39to 1.16
Difference -7.5(5.7,-22.9t0 4.1) -4.9(3.6,-10.0to 1.7) 0.231 2.649 -0.784 10 6.081

*p-values were calculated using the Mann-Whitney U test or independent-samples t-test, depending on normality.
HVA, hallux valgus angle; IMA, inter-metatarsal angle; MD, mean difference; MSRA, metatarsosesamoid complex rotation angle; SRA, sesamoid rotation

angle; SV, sesamoid view position; SWB, standard weightbearing position.

Fore- and midfoot angles using 3DCT for hallux valgus
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flexion, and therefore the validity of the SV position, when
compared to SWB position.

The development of 3DCT has led to multiple studies
investigating the correlations between the measurements
performed on radiographs to those performed on 3DCT.>'%"*
Siebert et al” found no significant difference in M1 head
pronation between the SWB position on 3DCT versus the
SV on radiographs, in patients with or without HV deform-
ity. Patel et al'> compared the SWB position on both 3DCT
and radiograph, to measure the M1 head pronation. Using
radiographs, the M1 head pronation was evaluated by
examination of the shape of the head. Patel et al'? conclu-
ded that there were only weak correlations between the two
imaging methods, when investigating M1 head pronation
in SWB. While the two studies had different conclusions on
the use of radiographs for the assessment of the M1 head
pronation, they agreed that using the SV position or radio-
graph could lead to loss of information on the true anatomy
of the foot. To our knowledge, however, no studies have
compared the SWB position and SV position using 3DCT.

The present study grants insights into the internal
rotations of the metatarsosesamoid complex and of the
midfoot, which may occur during MTP dorsiflexion when
positioned in the SV position, namely the SRA, the Saltzman
angle, the MSRA angle, and the navicular pronation angle.
The significant difference for the navicular pronation angle
found between the two positions indicates that positioning
the foot in the SV position does affect the hindfoot alignment
by inducing a supination of the navicular, and can therefore
influence the entire first ray. The differences between the SWB
and SV positions for the angles of interest show that differ-
ent patients can have strong positive or negative differen-
ces for the same angle, as found notably for the Saltzman
angle, which represents the M1 head pronation angle. Of the
30 patients, eight had a difference > 4°, while six patients
had a difference < -4°, and 16 had an absolute difference
of less than 4°. Differences for the SRA, MSRA, and navicular
pronation angle can also be divided into a group with an
increase > 4° (3, 2, and 22 patients, respectively), a group
with a decrease < -4° (14 patients, 13 patients, and 1 patient,
respectively), and a group with an absolute difference < 4°.

Understanding the dynamics of the metatarsosesamoid
complex is necessary to provide adequate treatment for
HV, and the present study shows that MTP dorsiflexion has
varying effects on the fore- and midfoot bones for each
patient. Comparing measurements of patients who showed
an increase in MSRA (n = 22) to patients who showed a
decrease in MSRA (n = 8) revealed a significant difference
only for the Saltzman angle. An explanation for these results
could be that the M1 head alone is responsible for changes
of the metatarsosesamoid complex and, as such, that the HV
deformity is caused by a motion of the M1 head over the
sesamoids, and not a motion of the sesamoids under the head,
as found by Lalevée et al’’ and Geng et al”® when investigating
the relationship between the sesamoids and M2. These results
show that, with regard to the metatarsosesamoid complex,
the sesamoid position should not be strongly affected by MTP
dorsiflexion in the SV position compared with the M1 head
pronation. More precisely, while measuring SRA or sesamoid
subluxation in SV position can approximate the reality, the
Saltzman angle, which is an angle that takes the ground
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as reference, should only be measured in the SWB position.
Recent findings have shown that M1 pronation should be
preoperatively assessed and intraoperatively corrected when
treating HV, to improve outcomes and reduce recurrence
rates.”* The clinical application of the present study is that,
to assess M1 pronation, the SWB position on 3DCT is preferred
compared to the SV position on radiograph.

The findings of this study should be interpreted with
the following limitations in mind. The study is a retrospective
case series of 30 patients, comparing fore- and midfoot angles
in two positions; a larger cohort size could have provided
more representative population proportions for the subgroup
analysis, and would have allowed the authors to perform uni-
and multivariable regression analyses. Furthermore, including
a control group may have identified adaptations caused by the
patients’ natural foot morphology, rather than the deformity.

In conclusion, the most important findings of this
study are that MTP dorsiflexion causes supination of the
navicular, while other first ray parameters remain unchanged,
and induces a rotation of the M1 head over the sesamoids
rather than a rotation of the sesamoids under the M1
head, as demonstrated by the significant difference in the
Saltzman angle when comparing patients with an increase
versus decrease of the MSRA. Surgeons should be aware that
preoperative planning and assessment of routine angles in the
SV position may lead to inaccurate intraoperative corrections,
as MTP dorsiflexion induces rotations of M1 in the coronal
plane, which vary in direction and magnitude from one
patient to another.

Supplementary material
STROBE checklist and measurement protocol

References

1. Steadman J, Barg A, Saltzman CL. First metatarsal rotation in hallux
valgus deformity. Foot Ankle Int. 2021;42(4):510-522.

2. Conti MS, Patel TJ, Zhu J, Elliott AJ, Conti SF, Ellis SJ. Association of
first metatarsal pronation correction with patient-reported outcomes
and recurrence rates in hallux valgus. Foot Ankle Int. 2022;43(3):309-320.

3. Clarke AJ, Conti SF, Conti M, Fadle AA, Ellis SJ, Miller MC. The
association of crista volume with sesamoid position as measured from
3D reconstructions of weightbearing CT scans. Foot Ankle Int. 2022;43(5):
658-664.

4. Richter M, Duerr F, Schilke R, Zech S, Meissner SA, Naef I. Semi-
automatic software-based 3D-angular measurement for weight-bearing
CT (WBCT) in the foot provides different angles than measurement by
hand. Foot Ankle Surg. 2022;28(7):919-927.

5. KimY, KimJS, Young KW, Naraghi R, Cho HK, Lee SY. A new measure
of tibial sesamoid position in hallux valgus in relation to the coronal
rotation of the first metatarsal in CT scans. Foot Ankle Int. 2015;36(8):944—
952.

6. Lalevée M, Barbachan Mansur NS, Lee HY, et al. Distal metatarsal
articular angle in hallux valgus deformity. Fact or fiction? A 3-dimen-
sional weightbearing CT assessment. Foot Ankle Int. 2022;43(4):495-503.

7. Schmidt E, Silva T, Baumfeld D, et al. The rotational positioning of the
bones in the medial column of the foot: a weightbearing CT analysis.
lowa Orthop J. 2021;41(1):103-1009.

8. Katsui R, Samoto N, Taniguchi A, et al. Relationship between
displacement and degenerative changes of the sesamoids in hallux
valgus. Foot Ankle Int. 2016,37(12):1303-1309.

9. Bakshi N, Steadman J, Philippi M, et al. Association between hindfoot
alignment and first metatarsal rotation. Foot Ankle Int. 2022;43(1):105-
112.

Bone & Joint Research ~ Volume 14,No.2  February 2025



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mahmoud K, Metikala S, Mehta SD, Fryhofer GW, Farber DC, Prat D.
The role of weightbearing computed tomography scan in hallux valgus.
Foot Ankle Int. 2021;42(3):287-293.

Scheele CB, Christel ST, Frohlich |, et al. A cone beam CT based 3D-
assessment of bony forefoot geometry after modified lapidus
arthrodesis. Foot Ankle Surg. 2020,26:883.

Patel TJ, Conti MS, Caolo KC, Miller MC, Conti SF, Ellis SJ. Pronation
on weightbearing radiographs does not correlate with pronation from
weightbearing CT scans. Foot Ankle Surg. 2022,28(6):763-769.

Siebert MJ, Steadman JN, Saltzman CL. Sesamoid view weightbearing
radiography vs weightbearing computed tomography in the measure-
ment of metatarsal pronation angle. Foot Ankle Int. 2023;44(4):291-296.
Cao J, Zhang C, Huang H, Zhang C, Yang L, Duan X. Effectiveness and
safety of arthroscopy combined with radial extracorporeal shockwave
therapy for osteochondritis of the talus: a prospective, single-centre,
randomized, double-blind study. Bone Joint J. 2023;105-b:1108.
Richardson C, Bretherton CP, Raza M, Zargaran A, Eardley WGP,
Trompeter AJ. The fragility fracture postoperative mobilisation
multicentre audit: the reality of weightbearing practices following
operations for lower limb fragility fractures. Bone Joint J. 2022;104-B:972.
Gregersen MG, Justad-Berg RT, Gill NEQ, Saatvedt O, Aas LK,
Molund M. Functional orthosis versus cast immobilization for
weightbearing stable weber B ankle fractures with concomitant
unstable gravity stress tests. Bone Jt Open. 2023;4(9):713-719.

Najefi A-A, Zaidi R, Chan O, Hester T, Kavarthapu V. Predictors of
metalwork failure and nonunion after hindfoot charcot reconstruction.
Bone Joint J. 2022;104-B(6):703-708.

Hoveidaei AH, Roshanshad A, Vosoughi AR. Clinical and radiological
outcomes after arthrodesis of the first metatarsophalangeal joint. Int
Orthop. 2021;45(3):711-719.

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. 2002;23(9):811-
817.

Saltzman CL, Brandser EA, Anderson CM, Berbaum KS, Brown TD.
Coronal plane rotation of the first metatarsal. Foot Ankle Int. 1996;17(3):
157-161.

Lalevée M, Dibbern K, Barbachan Mansur NS, et al. Impact of first
metatarsal hyperpronation on first ray alignment: a study in cadavers.
2022;480(10):2029-2040.

Author information

M. Tripon, MD, Orthopedic Surgeon,

Department of Orthopedic Surgery, Rouen University Hospital,
Rouen, France.

M. Lalevee, MD, PhD, Orthopedic Surgeon, Department of
Orthopedic Surgery, Rouen University Hospital, Rouen, France;
CETAPS UR3832, Research Center for Sports and Athletic
Activities Transformations, University of Rouen Normandy,
Mont-Saint-Aignan, France.

F. van Rooij, MSc, Researcher

M. Saffarini, MEng, MBA, FRSM, Researcher

ReSurg SA, Nyon, Switzerland; Clinique Trénel, Sainte-Colombe,
France.

C. Agu, MEng, Researcher, ReSurg SA, Nyon, Switzerland.

P. Beaudet, MD, Orthopedic Surgeon, Clinique Trénel, Sainte-
Colombe, France.

Author contributions

M. Tripon: Data curation, Validation.

M. Lalevee: Conceptualization, Investigation, Validation, Writing -
review & editing.

F. van Rooij: Project administration, Visualization,
Conceptualization, Formal analysis, Methodology, Supervision,

Validation, Writing - review & editing.

Fo
M.

C. Agu: Project administration, Visualization, Data curation,
Formal analysis, Validation, Writing - original draft.

re- and midfoot angles using 3DCT for hallux valgus
Tripon, M. Lalevee, F. van Rooij, C. Agu, M. Saffarini, P. Beaudet

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

33.

Lalevée M, Barbachan Mansur NS, Dibbern K, et al. Coronal plane
rotation of the medial column in hallux valgus: a retrospective case-
control study. Foot Ankle Int. 2022;43(8):1041-1048.

Geng X, Zhang C, Ma X, et al. Lateral sesamoid position relative to the
second metatarsal in feet with and without hallux valgus: a prospective
study. J Foot Ankle Surg. 2016;55(1):136-139.

Collan L, Kankare JA, Mattila K. The biomechanics of the first
metatarsal bone in hallux valgus: a preliminary study utilizing a weight
bearing extremity CT. Foot Ankle Surg. 2013;19(3):155-161.

Najefi AA, Malhotra K, Patel S, Cullen N, Welck M. Assessing the
rotation of the first metatarsal on computed tomography scans: a
systematic literature review. Foot Ankle Int. 2022;43(1):66-76.

Bernasconi A, Cooper L, Lyle S, et al. Intraobserver and interobserver
reliability of cone beam weightbearing semi-automatic three-
dimensional measurements in symptomatic pes cavovarus. Foot Ankle
Surg. 2020;26(5):564-572.

Cicchetti DV, Volkmar F, Sparrow SS, Cohen D, Fermanian J, Rourke
BP. Assessing the reliability of clinical scales when the data have both
nominal and ordinal features: proposed guidelines for neuropsychologi-
cal assessments. J Clin Exp Neuropsychol. 1992;14(5):673-686.

Watanabe K, lkeda Y, Suzuki D, et al. Three-dimensional analysis of
tarsal bone response to axial loading in patients with hallux valgus and
normal feet. Clin Biomech. 2017;42:65-69.

Lalevee M, Beaudet P, Saffarini M, et al. Coronal plane alignment of
the medial column in isolated hallux valgus, isolated flatfoot, and
combined  hallux  valgus-flatfoot. ~ Foot  Ankle  Int.  2025;-
10711007241308580.

Mason LW, Tanaka H. The first tarsometatarsal joint and its association
with hallux valgus. Bone Joint Res. 2012;1(6):99-103.

Faber FWM, van Kampen PM, Bloembergen MW. Long-term results of
the Hohmann and Lapidus procedure for the correction of hallux valgus:
a prospective, randomised trial with eight- to 11-year follow-up
involving 101 feet. Bone Joint J. 2013;95-B(9):1222-1226.

Kim JS, Young KW. Sesamoid position in hallux valgus in relation to the
coronal rotation of the first metatarsal. Foot Ankle Clin. 2018:23(2):219~
230.

Najefi A-A, Alsafi MK, Katmeh R, et al. First metatarsal rotation after
scarf osteotomy for hallux valgus. Foot Ankle Spec. 2024;17(4):399-405.

M. Saffarini: Conceptualization, Project administration,
Supervision, Writing - review & editing, Validation.

P. Beaudet: Conceptualization, Project administration, Funding
acquisition, Validation.

Funding statement

The authors disclose receipt of the following financial or material
support for the research, authorship, and/or publication of this
article: the authors are grateful to Clinique Trénel for funding the
statistical analysis and manuscript preparation for this study.

ICMJE COIl statement

P. Beaudet reports royalties or licenses from NewClip, a patent
with ADLER, and stock or stock options in Curvebeam Al, all of
which are unrelated to this study.

Data sharing

The datasets generated and analyzed in the current study are not
publicly available due to data protection regulations. Access to
data is limited to the researchers who have obtained permission
for data processing. Further inquiries can be made to the
corresponding author.

Acknowledgements
The authors thank Charlotte Auniac for data collection.

75



Ethical review statement
Each volunteer provided informed consent prior to enrolment in
the study.

Open access funding

The open access fee for this article was provided by Clinique
Trénel.

76

© 2025 Tripon et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution Non-
Commercial No Derivatives (CC BY-NC-ND 4.0) licence, which
permits the copying and redistribution of the work only, and
provided the original author and source are credited. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

Bone & Joint Research ~ Volume 14,No.2  February 2025


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Comparison of fore- and midfoot angles using 3DCT in standard weightbearing and sesamoid view position in feet with hallux valgus
	Article focus
	Key messages
	Strengths and limitations
	Introduction
	Methods
	Image collection
	Landmark annotation
	Angle calculations
	Inter- and intraobserver reliability
	Statistical analysis

	Results
	Inter- and intraobserver reliability
	Angle measurements
	Fore- and midfoot angle changes during MTP dorsiflexion

	Discussion


