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Abstract

Background: One factor contributing to rotational deformity of the first metatarsal in hallux valgus is torsion of the
metatarsal itself. Hallux rigidus also involves reduction of the longitudinal arch, but metatarsal torsion has not been
discussed. We hypothesized that metatarsal torsion may be a morphologic change unique to hallux valgus. We compared
3-dimensional (3D) torsion of the first to fifth metatarsals between feet with hallux valgus, feet with hallux rigidus, and
healthy control feet to investigate differences in the effects on pathologic conditions.

Methods: Participants were women of East Asian descent. There were 16, 16, and 14 feet in the control, hallux valgus,
and hallux rigidus groups, respectively. One randomly selected control foot was designated as the reference foot. For
comparison, nonweightbearing computed tomography images of the metatarsals were reconstructed in 3D, and the
proximal and distal areas were superimposed on the reference foot. Torsion angle was defined as the rotational angle of
the distal part of the articular axis relative to the proximal area. In the hallux valgus group, correlations of torsion angle
with hallux valgus angle and intermetatarsal angle were calculated.

Results: The hallux valgus group had greater average pronation torsion in the first metatarsal than the control group
and hallux rigidus group (11 and 13 degrees greater, respectively, P<<.0l). No significant differences were observed for
the second to fifth metatarsals (P>.05). There was no significant correlation with hallux valgus angle or first-second
intermetatarsal angle in the hallux valgus group (P>.05).

Conclusion: Hallux valgus feet had pronation deformities in the first metatarsals not observed in control or hallux rigidus
feet, meaning that torsion toward pronation (eversion) in the first metatarsal was unique to hallux valgus. Improved
surgical correction to diminish pronation may be necessary in patients with hallux valgus patients because of first metatarsal
pronation in the first tarsometatarsal to normalize mechanical first-ray alignment.

Level of Evidence: Level lll, case-control stud.
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first metatarsal head is necessary to achieve a good correc-
tive position in hallux valgus treatment, and it is also closely
related to correction of the sesamoid position.'7??

Rotation of the plantar surface in hallux valgus at the
first metatarsophalangeal joint is caused by rotation of the
first metatarsal at the first tarsometatarsal joint and mobility
at the tarsometatarsal joint, which lowers the arch and
causes the entire foot to collapse inward. In addition, tor-
sion of the first metatarsal is also a factor.'® Because 2D
evaluation of this torsion on plain radiographs is difficult,
few studies have evaluated torsion of the first metatarsal.>'®
Also, there have been no reports on torsion of the second to
fifth metatarsals in hallux valgus or hallux rigidus feet.

Hallux rigidus, on the other hand, is a degenerative condi-
tion of the metatarsophalangeal joint of the hallux with pain
and is characterized by progressive osteophyte formation and
restricted range of motion.!® Deformity of the first ray is a
feature common to hallux rigidus and hallux valgus.

Although the commonalities of the pathophysiology
have been reported,'' such as hypermobility of the first ray,
the final deformity is different.

We hypothesized that there is torsion of the first metatar-
sal toward pronation in the hallux valgus foot, but not in the
hallux rigidus foot. The purpose of this study was to evalu-
ate the torsion of the first to fifth metatarsals of the healthy
foot, hallux valgus foot, and hallux rigidus foot in 3D, and
to evaluate the correlation between the severity of hallux
valgus and metatarsal torsion.

Materials and Methods

Participants

In this case-control study, we examined 28 feet of 15 healthy
volunteers with no history or symptoms of foot disorders
(control group), 30 feet of 24 patients with hallux valgus
(HV group), and 20 feet of 11 patients with hallux rigidus
(HR group). All participants were women of East Asian
descent, as classified in electronic health records. The HV
group consisted of patients who visited our clinic between
June 2016 and June 2023 at Jikei university hospital, Tokyo,
Japan. We excluded control and patients with hallux valgus
who exhibited some degenerative changes. The HR group
consisted of patients who visited our clinic for hallux pain
between June 2018 and June 2023 and were diagnosed as
having HR based on plain radiographs and clinical symp-
tom by an orthopaedic surgeon with about 30 years of spe-
cialization in foot and ankle surgery (M.K.). The participants
in the control group were recruited from among the staff
and students at our university. In both the HV and HR
groups, we excluded patients with inflammatory arthritis
such as rheumatism or another foot condition.

The Research Ethics Committee of our institution approved
this study, which complied with the Declaration of Helsinki.
All participants provided written informed consent.

Imaging and Image Analysis

Weightbearing plain radiographs and foot and ankle CT
imaging (0.75-mm slices) was performed for all 3 groups
(HV, HR, and control). The hallux valgus angle, the first-
second intermetatarsal angle (IMA 1-2) were measured on
weightbearing plain radiographs of all subjects. In the HR
group, evaluation of weightbearing plain radiographs was
performed according to the Hattrup and Johnson radio-
graphic classification of hallux rigidus.® One randomly
selected foot from the control group was designated as the
reference foot. For comparisons between groups, each meta-
tarsal was semiautomatically segmented, and a 3D model
was generated using image analysis software (Mimics ver.
21; Materialise, Leuven, Belgium), and 35% of the proximal
and distal areas were taken and superimposed on the refer-
ence foot using the iterative closest point algorithm?202!
(Figure 1), which allows superimposition of 3D objects
without specifying anatomical landmarks. The torsion angle
was defined as the angle of rotation of the distal part of the
articular axis relative to the proximal area compared with the
reference foot. In the hallux valgus group, correlations of the
torsion angle with the hallux valgus angle and intermetatar-
sal angle were also calculated.

Statistical Analysis

A power analysis was performed to determine the minimum
number of patients needed for each group. The sample size
was estimated for unpaired 2-tailed # test. Ota et al'® reported
the first metatarsal torsional angle as 17.6 = 7.7 degrees
toward pronation in a hallux valgus group and 4.7 +4.0
degrees toward pronation for a healthy control group. For
these 2 averages (effect size=1.500, setting alpha=0.0167,
and 1 — beta=0.80), the power was calculated using a sam-
ple-size calculation tool (G*Power, version 3.0.10; Franz
Faul, University of Kiel, Kiel, Germany), and a minimum
of 11 feet were required for each group, for a total of 33
feet. We therefore set a sample size of more than 11 feet for
each group. Continuous data with a normal distribution are
shown as the mean = standard deviation, and data with a
non-normal distribution are shown as median (interquartile
range). Normally distributed continuous volume data were
compared using 1-way analysis of variance and the unpaired
t test, whereas non-normally distributed continuous volume
data were compared using the Kruskal-Wallis test and the
Mann-Whitney U test. To correct for multiplicity of tests, P
values were corrected using the Bonferroni method.
Spearman rank correlation coefficient was calculated to
examine the correlation between the hallux valgus angle,
IMA 1-2, and torsion angle of the first to fifth metatarsal
(pronation, negative; supination, positive). P <.05 was con-
sidered statistically significant. Analysis was performed
using SPSS version 22.0 for Windows (IBM Japan, Tokyo,
Japan).
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Figure |. The first metatarsal in each participant was superimposed over the reference foot. (A) Area 35% proximal to the first

metatarsal. (B) Areas 35% distal to the first metatarsal.

Table |. Characteristics of Participants by Group.

(1) Control (2) Hallux Valgus (3) Hallux Rigidus P Value

n Data n Data n Data P Value (for All) (1) vs (2) (I)vs(3) (2)vs(3)
Number of feet 28 30 20
Female, n 15 24 |1
Age,y,mean =SD |5 544*+64 24 596143 I 609+11.3 312 >.999° >.999° >.999°
BMI, mean = SD 15 206*25 24 21.6=*35 I 227+25 229° >.999° >.999° >.999°

Abbreviation: BMI, body mass index.
2One-way analysis of variance.
®Unpaired t test (Bonferroni corrected).

Results

All patients were female. Age and body mass index for
each group are shown in Table 1. There were no signifi-
cant differences in these parameters between the 3 groups
(all P>.05).

Table 2 shows the results for between-group compari-
sons of hallux valgus angle, IMA 1-2, and torsion angle
of the first to fifth metatarsal. The torsion angle of the
first metatarsal was 1.71 = 6.76 degrees toward supina-
tion in the control group, 11.39 = 7.35 degrees toward
pronation in the hallux valgus group, and 2.18 £ 12.06

degrees toward supination in the hallux rigidus group.
The hallux valgus group had significantly greater torsion
toward pronation in the first metatarsal, by 13.1 degrees
vs the control group and by 13.6 degrees vs the hallux
rigidus group (each P <<.01). There were no significant
differences in torsion angles of the second to fifth meta-
tarsal between the 3 groups (P >.05).

Table 3 shows correlations between hallux valgus angle,
IMA 1-2, and torsion angle of the first to fifth metatarsal in
the hallux valgus group. There were no correlations between
these parameters (P >.05).
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Table 3. Correlations of Hallux Valgus Angle and First-Second Intermetatarsal Angle With First to Fifth Metatarsal Torsion Angle.?

Hallux Valgus Angle

First-Second Intermetatarsal Angle

p? P Value PP P Value
First metatarsal torsion angle -0.151 249 -0.249 231
Second metatarsal torsion angle -0.080 486 0.046 .692
Third metatarsal torsion angle 0.017 .883 0.121 293
Fourth metatarsal torsion angle 0.051 .661 —-0.009 .938
Fifth metatarsal torsion angle —-0.112 332 -0.185 .106

Pronation, positive; supination, negative.
®p, Spearman rank correlation coefficient.

Discussion

The findings of this study showed that the first metatarsal
has torsion deformity in the pronation direction in the hal-
lux valgus foot compared with normal feet, but not in the
hallux rigidus foot, thus supporting our hypothesis.

Although some studies have investigated the first meta-
tarsal pronation angle in hallux valgus,>*'%1>!° only a few
reports have discussed metatarsal torsion itself."?3?* Cruz
et al’ performed 2D measurements of first metatarsal torsion
on CT slices. They reported a torsion angle of 15.4 (range,
1.6-32.5) degrees toward pronation in the hallux valgus
group and 3.5 (range, —7.4 to 15.6) degrees toward pronation
in the control group. Ota et al'® examined first metatarsal
torsion in 27 patients with hallux valgus and 12 control
patients in 3D. The torsional angle of the first metatarsal was
17.6 £7.7 degrees toward pronation in the hallux valgus
group and 4.7 = 4.0 degrees toward pronation for the control
group. From that study, torsion of the first metatarsal was
around 10 degrees toward pronation compared with the con-
trol group. These results were similar to ours. However, they
did not evaluate the second to fifth metatarsal. In our results,
there were no significant differences between the hallux val-
gus and control groups in the torsion angle of the second to
fifth metatarsal. Furthermore, to our knowledge, no studies
have evaluated metatarsal torsion in hallux rigidus. No sig-
nificant differences in metatarsal torsion were found between
the control and hallux rigidus groups. However, the present
results show that hallux valgus feet had more torsion toward
pronation compared with hallux rigidus feet. Our results
indicate that first metatarsal torsion toward pronation was a
deformity unique to hallux valgus.

Our results also show that the degree of rotation was not
correlated with severity. The sesamoid complex and the
plantar fascia might create a tendency toward relatively lat-
eral displacement, which would increase the rotation of the
first metatarsal and valgus of metatarsophalangeal joint.

In an interesting study on metatarsal torsion in humans,
early hominids, and primates, Drapeau and Harmon’ evalu-
ated metatarsal torsion in monkeys, apes, humans, and aus-
tralopiths. They reported that the ape foot is characterized

by an everted first metatarsal. However, the human foot is
characterized by a relatively untwisted first metatarsal.
Their results suggest that during human evolution, the first
metatarsal twisted toward eversion as the opposing position
of the hallux was lost.” Given that our results showed that
the first metatarsal in hallux valgus feet had torsion defor-
mity toward pronation, phylogenetically, hallux valgus may
be considered to be the result of degeneration.

Residual pronation deformity postoperatively may lead
to recurrence of hallux valgus.!” Our results indicate that
hallux valgus feet have torsion deformity toward pronation.

This study had some limitations. First, the sample size
was small and all participants were Asian women. Therefore,
our results may not apply to both sexes or to all ethnicities,
statures, or other patient factors. Non-Asians and men
should also be analyzed to better understand the pathology
of these conditions, and they should also be included in the
control group. Also, although the sample size was small, it
was determined by an a priori sample size calculation.
Second, most patients in the hallux valgus feet had rela-
tively severe deformity, whereas those in the hallux rigidus
group had mild to moderate deformity, and this difference
may have influenced our results. Third, the participant age
distribution was skewed toward 50years or older. Future
studies should include younger patients with hallux valgus
and hallux rigidus. However, this may be challenging given
that early onset is rare.

Conclusion

In conclusion, by using CT images and a 3D analysis system
with the iterative closest point algorithm, we were able to
evaluate metatarsal torsion in detail for hallux valgus, hallux
rigidus, and normal feet. The hallux valgus feet had signifi-
cantly greater torsion toward pronation in the first metatarsal
compared with the hallux rigidus and normal feet. However,
no correlation was found between severity of hallux valgus
and torsion angle. Improved surgical correction to diminish
pronation may be necessary in patients with hallux valgus
patients because of first metatarsal pronation in the first tar-
sometatarsal to normalize mechanical first-ray alignment.
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