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This study was to analyze intrasubject radiographic progression of the hallux valgus deformity by comparing the
mildly and severely affected sides in patients with bilateral asymmetric hallux valgus in the whole group as well
as the metatarsus adductus and the nonmetatarsus adductus subgroups. A total of 186 patients with bilateral
asymmetrical hallux valgus deformity with a difference of 5° or greater in the hallux valgus angle were included,
and 11 radiographic measurements were analyzed. The radiographic differences between the mildly and severely
affected sides were compared. Correlation between the changes in the hallux valgus angle and those in other
measurements was analyzed, and multiple regression analyses were performed. The anteroposterior talo-second
metatarsal angle showed no significant difference between the mildly and severely affected sides. Changes in the
intermetatarsal angle and sesamoid rotation angle were significantly associated with the progression of hallux val-
gus angle in the whole group as well as the nonmetatarsus adductus subgroup. Change in the intermetatarsal
angle (p = .006) was the significant factor associated with the progression of hallux valgus angle in the metatarsus
adductus subgroup. The anteroposterior talo-second metatarsal angle might be useful in evaluating the overall
foot shape in the hallux valgus deformity. Progression of the hallux valgus deformity might be pathophysiologi-
cally different between those with and without metatarsus adductus.

© 2021 by the American College of Foot and Ankle Surgeons. All rights reserved.

Hallux valgus is one of the most common foot deformities causing
discomfort and impaired health-related quality of life in patients (1,2).
It is a complex 3-dimensional deformity causing valgus deviation of the
metatarsophalangeal joint and pronation. Clinical decision-making in
the treatment of hallux valgus deformity is dependent on patients’
symptoms and radiographs, but sometimes it is not easy to evaluate
the deformity accurately due to its 3-dimensional nature.
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Metatarsus adductus is known to cause an additional difficulty in
treating the hallux valgus deformity (3,4). This deformity reduces the
gap between the first and second metatarsal bones and limits the space
available for the lateral translation of the first metatarsal head during
surgical correction (4). Metatarsus adductus concomitant with hallux
valgus might require more extensive surgery (5) and is also reported to
be associated with postoperative recurrence (6) and unfavorable surgi-
cal outcomes (3,7).

Progression of the hallux valgus deformity has been reported to be
associated with flatfoot and an increased distal metatarsal articular
angle during a 2 years’ observation (8). However, the observation of
hallux valgus progression during the long-term follow up is practically
difficult and could cause selection bias in a clinical situation where
some of patients might undergo surgical treatment. Therefore, the
authors assumed that the mildly affected side would progress to
become the severely affected side in the hallux valgus deformity in
patients with bilateral asymmetric hallux valgus, which could provide
physicians with clinical results in a cross-sectional analysis comparable
to those from the cohort study.
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The purposes of this study are (1) to analyze the radiographic
difference between the mildly and severely affected sides of hallux
valgus in patients with bilateral asymmetric hallux valgus and (2)
to investigate radiographic changes associated with changes in the
hallux valgus angle in the whole group as well as the metatarsus
adductus and nonmetatarsus adductus subgroups of patients.

Patients and Methods

This retrospective study was approved by the institutional review board at
our hospital. We reviewed and retrieved the information of patients with bilateral
hallux valgus deformity who visited our foot and ankle clinic (tertiary referral

Fig. 1. Hallux valgus angle is the angle between lines a and b. Intermetatarsal angle is the
angle between lines a and d. Interphalangeal angle was the angle between lines b and c.
Proximal phalangeal articular angle is the angle between line b and a line perpendicular
to line g. Distal metatarsal articular angle is the angle between line a and a line perpendic-
ular to line h. Modified metatarsus adductus angle is the angle between lines d and e. AP
talo-first metatarsal angle is the angle between lines a and f. the longitudinal axes of the
talus and the first metatarsal. AP talo-second metatarsal angle is the angle between line d
and f.

Fig. 2. First metatarsal protrusion distance is the different length between the arcs of the
bisecting lines (L1 and L2) of the first and second metatarsals from the common intersec-
tion of the 2 lines.

center). All patients underwent foot radiography (anteroposterior [AP], lateral,
and axial sesamoid views). The hallux valgus deformity was defined as a hallux
valgus angle of greater than 15° (9). Of patients with the bilateral hallux valgus
deformity, those with an asymmetric deformity with a bilateral difference of
5° or greater in the hallux valgus angle were included. Patients with (1) previous
foot and ankle surgery, (2) infection, (3) congenital anomaly, (4) neuromuscular dis-
eases, (5) radiographic evidence of osteoarthritis of the foot, (6) dislocation of
the metatarsophalangeal joint, (7) inadequate radiographs, and (8) previous
trauma that could change the normal anatomy of the foot and ankle, were excluded
from the study.

Radiographic Measurements and Reliability Test

Radiographs of the foot were captured using a UT 2000 X-ray machine (Philips
Research, Eindhoven, the Netherlands) according to our protocol. The AP view was
obtained with the beam inclined at 15° from the vertical axis and centered between the
feet on the midtarsal joint, with the patient standing barefoot. The feet were placed
10 cm apart, and the medial borders of both feet were paralleled. The lateral radiograph
was captured separately for each foot in the standing position with the beam focusing on
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Fig. 3. Sesamoid rotation angle is the angle between lines a and b.

the medial cuneiform. The axial sesamoid view was taken with the toes dorsiflexed and
the plantar surface of the foot at 75° to the cassette. The radiograph setting was 60
kVp and 10 mAs at a source-to-image distance of 110 cm. All radiographic images
were digitally acquired using a picture archiving and communication system (PACS;
Infinitt, Seoul, South Korea), and radiographic measurements were performed using
PACS software.

Eleven radiographic measurements evaluating the hallux valgus deformity
were determined after the literature review had been conducted: the hallux
valgus angle (10), the intermetatarsal angle (10), the interphalangeal angle (11),
the proximal phalangeal articular angle (12), the distal metatarsal articular
angle (13), the modified metatarsus adductus angle (14,15), the first metatarsal pro-
trusion distance (16), the AP talo-first metatarsal angle (17), the AP talo-second
metatarsal angle (18), the sesamoid rotation angle (19), and the lateral talo-first
metatarsal angle (5).

On the AP view, the hallux valgus angle was the angle between the longitudinal axis
of the first metatarsal bone and that of the proximal phalanx. The intermetatarsal angle
was measured between the longitudinal axes of the first and second metatarsal bones.
The interphalangeal angle was the angle between the longitudinal axes of the proximal
and distal phalanges. The proximal phalangeal articular angle was measured between a
line perpendicular to the longitudinal axis of the proximal phalanx and another line rep-
resenting the proximal articular surface connecting the 2 ends of subchondral sclerosis.
The distal metatarsal articular angle was the angle between a line perpendicular to the
longitudinal axis of the first metatarsal and another line representing the distal articular
surface connecting the 2 endpoints of subchondral sclerosis. The modified metatarsus
adductus angle was the angle between the longitudinal axes of the middle cuneiform and
the second metatarsal (Fig. 1). The first metatarsal protrusion distance was measured
between the arcs of the bisecting lines of the first and second metatarsals from the com-
mon intersection of the 2 lines (Fig. 2). The AP talo-first metatarsal angle was the angle
between the longitudinal axes of the talus and the first metatarsal. The AP talo-second
metatarsal angle was the angle between the longitudinal axes of the talus and
the second metatarsal (Fig. 1). The sesamoid rotation angle was the angle between the
plantar surface and a line connecting the most inferior aspect of the medial and lateral
sesamoids on the sesamoid axial view (Fig. 3). The lateral talo-first metatarsal angle
was the angle between the longitudinal axes of the talus and the first metatarsal on the
lateral view (Fig. 4).

Fig. 4. Lateral talo-first metatarsal angle is the angle between lines a and b.

Data Analysis and Statistics

A descriptive statistical analysis was performed including mean, standard devia-
tion (SD), and frequency. The patients had bilateral asymmetrical hallux valgus
deformity with differences of 5° or greater in the hallux valgus angle, and the mildly
and severely affected sides were coded. The comparison of radiographic measure-
ments between the mildly and severely affected sides was conducted using the
paired t-test. The difference in each radiographic measurement between the mildly
and severely affected sides was calculated, and the difference value was hypothe-
sized to be the progressive change of radiographic measurements. The correlation
between the changes in radiographic measurements was analyzed using Pearson’s
correlation coefficient. Multiple regression analysis was performed to assess the
changes in radiographic measurements significantly associated with changes in hal-
lux valgus angle after univariate analysis; variables with p < .1 in univariate analysis
were included in multiple regression analysis.

The data were analyzed in the whole group as well as subgroups. The patients were
categorized into 2 subgroups, i.e., those with metatarsus adductus and those without
metatarsus adductus, where metatarsus adducts was defined as the modified metatarsus
adductus angle of greater than 24°(15,20) on either side.

All statistical analyses were performed with SPSS version 20.0 (IBM Co., Chicago, IL),
and p value <.05 was considered statistically significant.

Results

A total of 186 patients with bilateral asymmetrical hallux
valgus were included in the analysis. The mean age of the patients
was 62.8 years (SD, 13.0 years), and there were 20 male and 166
female patients. Of these, 97 patients had a modified metatarsus
angle of greater than 24° on either side of both feet and were clas-
sified as the metatarsus adductus subgroup, and the other 89
patients as the nonmetatarsus adductus subgroup. The mean age of
the patients in the metatarsus adductus subgroup was 61.6 years
(SD, 13.9 years), and there were 12 male and 85 female patients.
The mean age of the patients in the nonmetatarsus adductus sub-
group was 64.1 years (SD, 11.8 years), and there were 8 male and
81 female patients.

In the whole group of patients, all radiographic measurements
except the AP talo-second metatarsal angles (p = .779) were signifi-
cantly different between the mildly and severely affected sides
(Table 1). Changes in the hallux valgus angle were significantly corre-
lated with those in the intermetatarsal angle (r = 0.404, p < .001), the
interphalangeal angle (r = -0.181, p = .014), the proximal phalangeal
articular angle (r = 0.227, p = .002), the distal metatarsal articular angle
(r=0.158, p =.031), and the sesamoid rotation angle (r = 0.349, p < .001;
Table 2). Multiple regression analysis showed that changes in the

Table 1
Comparison of radiographic measurements between the mildly and severely affected
sides in the whole group of patients

Mild Side Severe Side p Value

N 186 186 -

Right: Left 75:111 111:75 -

HVA(°) 23.3(SD7.3) 34.8(SD 8.3) <.001
IMA (°) 11.5(SD3.1) 14.3(SD 3.3) <.001
IPA (°) 10.6 (SD 6.8) 5.9 (SD 8.6) <.001
PPAA (°) -2.0(SD 4.2) 0.3(SD4.2) <.001
DMAA (°) 11.4(SD 6.7) 16.0 (SD 8.4) <.001
MMA (°) 22.3(SD5.4) 23.2(SD6.3) .002
1MT PD (mm) 2.3(SD2.7) 3.2(SD2.7) <.001
AP talo-1MT (°) 14.1(SD 7.7) 11.6 (SD 8.3) <.001
AP talo-2MT (°) 25.8 (SD 7.5) 25.9 (SD 8.3) 779
SRA (%) 11.8(SD11.2) 20.9 (SD 12.9) <.001
Lat talo-1MT (°) 5.8 (SD8.1) 7.0 (SD 7.8) .013

Abbreviations: HVA, hallux valgus angle; IMA, intermetatarsal angle; IPA, interphalangeal
angle; PPAA, proximal phalangeal articular angle; DMAA, distal metatarsal articular
angle; MMA, modified metatarsus adductus angle; 1MT PD, first metatarsal protrusion
distance; AP talo-1MT, AP talo-first metatarsal angle; AP talo-2MT, AP talo-second meta-
tarsal angle; SRA, sesamoid rotation angle; Lat talo-1MT, lateral talo-first metatarsal
angle; SD, standard deviation.
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Correlation between the changes in radiographic measurements in the whole group of patients (N = 186)

AHVA AIMA AIPA APPAA ADMAA AMMA AIMTPD AAP talo-IMT ~ AAP talo-2MT ASRA
AIMA 0.404 (p < .001)

AIPA -0.181 (p=.014) -0.155 (p =.035)

APPAA 0227 (p=.002) 0.184(p=.012) -0.183 (p=.012)

ADMAA 0.158 (p=.031) 0.187 (p=.011) -0.100 (p=.174) 0.251 (p =.001)

AMMA 0.052 (p =.484) -0.113 (p=.124) 0.096 (p = 194) -0.086 (p =.243) 0.024 (p=.741)

A1MT PD 0.045 (p=.539) 0.026(p=.724) 0.132(p=.073) 0.115(p=.117) 0.086 (p=.244) 0.343 (p <.001)

AAP talo-1MT -0.061 (p=.411) -0.182 (p =.013) -0.032 (p =.667) 0.081 (p =.274) -0.018 (p =.809) -0.247 (p =.001) -0.204 (p = .005)

AAP talo-2MT  0.105 (p=.155) 0.282 (p <.001) -0.071 (p =.338) 0.153 (p=.037) 0.100 (p=.175) -0.302 (p <.001) -0.199 (p = .007) 0.869 (p <.001)

ASRA 0.349 (p <.001) 0.321(p <.001) -0.117 (p=.112) 0.169 (p=.021) 0.110(p=.135) 0.071 (p=.339) 0.028 (p=.709) 0.119 (p =.107) 0.234 (p = .001)

ALat talo-IMT 0.104 (p=.158) 0.067 (p=.365) -0.042 (p =.574) -0.071 (p =.332) 0.122 (p=.096) 0.099 (p=.178) -0.144 (p =.050) 0.169 (p = .021) 0.198 (p =.007) 0.201 (p = .006)

Abbreviations: A, change; HVA, hallux valgus angle; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA, proximal phalangeal articular angle; DMAA, distal metatarsal articular
angle; MMA, modified metatarsus adductus angle; 1MT PD, first metatarsal protrusion distance; AP talo-1MT, AP talo-first metatarsal angle; AP talo-2MT, AP talo-second metatarsal

angle; SRA, sesamoid rotation angle; Lat talo-1MT, lateral talo-first metatarsal angle.

Table 3
Multiple regression analysis to identify the radiographic changes significantly associated
with the progression of hallux valgus angle in the whole group of patients (N = 186)

Nonstandardized

Radiographic Standard Standardized

Measurements Beta Error Beta t-Test p Value
Coefficient 8.263 0.530 - 15.595 <.001
AIMA 0.504 0.122 0.291 4.144 <.001
AIPA -0.057 0.044 -0.085 -1.277 .203
APPAA 0.121 0.076 0.110 1.595 113
ADMAA 0.029 0.046 0.044 0.642 522
ASRA 0.121 0.038 0.223 3.223 .002

Abbreviations: A, change; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA,
proximal phalangeal articular angle; DMAA, distal metatarsal articular angle; SRA, sesa-
moid rotation angle.

hallux valgus angle were significantly associated with those in the
intermetatarsal angle (p < .001) and the sesamoid rotation angle
(p =.001; Table 3).

In the metatarsus adductus subgroup of patients, all radiographic
measurements except the AP talo-second metatarsal angles (p = .930)
were significantly different between the mildly and severely affected
sides (Table 4). Changes in the hallux valgus angle showed a significant
correlation with those in the intermetatarsal angle (r = 0.378, p <.001),
the interphalangeal angle (r = -0.208, p = .041), the proximal phalangeal
articular angle (r = 0.273, p = .007), the distal metatarsal articular

angle (r = 0.201, p

Table 4

=.049), and the sesamoid rotation angle (r = 0.264,

p = .009; Table 5). Changes in the intermetatarsal angle (p = .006)
were only significantly associated with those in the hallux valgus
angle in the metatarsus adductus subgroup in multiple regression anal-
ysis (Table 6).

In the nonmetatarsus adductus subgroup, all radiographic measure-
ments except the modified metatarsus adductus angle (p =.741), the AP
talo-second metatarsal angle (p = .510), and the lateral talo-first meta-
tarsal angle were significantly different between the mildly and
severely affected sides (Table 4). Changes in the hallux valgus angle
were significantly correlated with those in the intermetatarsal angle
(r = 0433, p < .001), the AP talo-second metatarsal angle (r = 0.234,
p =.028), and the sesamoid rotation angle (r = 0.456, p < .001; Table 7).
Multiple regression analysis showed that changes in the hallux valgus
angle were significantly associated with those in the intermetatarsal
angle (p =.005) and the sesamoid rotation angle (p < .001; Table 8).

Discussion

This study investigated the differences in radiographic measure-
ments between the mildly and severely affected sides due to bilateral
asymmetric hallux valgus deformity and radiographic changes associ-
ated with the progression of the hallux valgus angle. The results
showed that all radiographic measurements were different between
the mildly and severely affected sides except the AP talo-second meta-
tarsal angle. Changes in the intermetatarsal angle and the sesamoid
rotation angle were significantly associated with the progression of the
hallux valgus angle.

Comparison of radiographic measurements between the mildly and severely affected sides in the metatarsus adductus and nonmetatarsus adductus subgroups

Metatarsus Adductus Subgroup

Nonmetatarsus Adductus Subgroup

Mild Side Severe Side p Value Mild Side Severe Side p Value

N 97 97 - 89 89 -

Right: Left 59: 38 38: 59 - 52:37 37:52 -

HVA (°) 24.3(SD7.9) 35.6 (SD 8.5) <.001 22.3(SD 6.4) 33.8(SD 8.0) <.001
IMA (°) 11.3(SD 3.1) 14.0(SD 3.2) <001 11.7(SD 3.2) 14.5 (SD 3.5) <001
IPA (°) 11.1(SD 7.1) 6.3(SD9.2) <001 10.0 (SD 6.5) 5.5(SD 8.1) <001
PPAA (°) -1.5(SD 4.4) 0.6 (SD 4.5) <.001 -2.6(SD 3.9) 0.05 (SD 3.9) <001
DMAA (°) 11.8(SD 6.8) 16.4 (SD 8.6) <.001 10.9(SD 6.6) 15.7 (SD 8.3) <.001
MMA (°) 25.9(SD4.1) 27.7 (SD 4.6) <.001 18.2(SD 3.5) 18.3(SD 3.6) 741
1MT PD (mm) 3.0(SD 2.7) 4.0(SD 2.8) <.001 1.6 (SD 2.4) 2.2(SD2.1) <001
AP talo-1MT (°) 144 (SD 7.5) 11.7 (SD 9.0) <001 13.7 (SD 8.0) 11.5(SD 7.5) <.001
AP talo-2MT (°) 25.8(SD7.6) 25.7(SD9.1) 930 25.8(SD 7.4) 26.2 (SD 7.4) 510
SRA(°) 11.4(SD 12.1) 20.8 (SD 13.6) <.001 12.1(SD 10.2) 21.0(SD 12.2) <.001
Lat talo-1MT (°) 6.4 (SD 7.6) 7.8(SD 8.2) 042 5.0 (SD 8.6) 6.0(SD 7.4) 151

Abbreviations: HVA, hallux valgus angle; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA, proximal phalangeal articular angle; DMAA, distal metatarsal articular angle;
MMA, modified metatarsus adductus angle; 1MT PD, first metatarsal protrusion distance; AP talo-1MT, AP talo-first metatarsal angle; AP talo-2MT, AP talo-second metatarsal angle; SRA,
sesamoid rotation angle; Lat talo-1MT, lateral talo-first metatarsal angle; SD, standard deviation.
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Table 5

Correlation between the changes in radiographic measurements in the metatarsus adductus subgroup (N = 97)

AHVA AIMA AIPA APPAA ADMAA AMMA AIMT PD AAP talo-1MT ~ AAP talo-2MT  ASRA
AIMA 0378 (p <.001)
AIPA -0.208 (p =.041) -0.184 (p =.071
APPAA 0273 (p=.007) 0.177 (p=.083) -0.169 (p =.098)
ADMAA 0201 (p=.049) 0.128(p=.213) -0.138 (p=.179) 0.261 (p =.010)
AMMA 0.085 (p = .405) -0.069 (p=.504) 0.094 (p=.359) -0.126 (p = .218) 0.022 (p=.833)
ATMT PD 0.155 (p=.129) 0.067 (p=.515) -0.049 (p=.631) 0.311 (p =.002)

AAP talo-1MT -0.141 (p =.169) -0.162 (p=.114
AAP talo-2MT 0,030 (p=.774) 0.278 (p =.006
ASRA 0264 (p=.009) 0.325(p=.001

( ( )
( ( )
( ( )
( ( )
-0.015 (p =.887) -0.056 (p = .585)
(p ( )
( ( )
( ( )
Alat talo-IMT 0.106 (p=.302) 0.045 (p = .661)

(
(p
(
(p
-0.056 (p =.586) 0.111 (p=.279) 0.091
(
(
(

(
(
(
(
(

(
p =.376) -0.270 (p =.007) -0.235 (p = .020)
-0.125 (p=.222) 0.184(p=.070) 0.181(p=.075) -0.313 (p =.002) -0.278 (p = .006)
-0.122 (p=.235) 0.167 (p=.102) 0.113(p=.269) 0.086 (p=.401) 0.038 (p=.710) 0.203 (p =.046) 0.329 (p =.001)
-0.048 (p = .638) -0.077 (p= 451) 0.187 (p=.067) 0.136 (p=.186) -0.213 (p =.036) 0.256 (p=.011) 0.285 (p =.005) 0.248 (p =.014)

0.894 (p < .001)

Abbreviations: A, change; HVA, hallux valgus angle; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA, proximal phalangeal articular angle; DMAA, distal metatarsal articular
angle; MMA, modified metatarsus adductus angle; 1MT PD, first metatarsal protrusion distance; AP talo-1MT, AP talo-first metatarsal angle; AP talo-2MT, AP talo-second metatarsal

angle; SRA, sesamoid rotation angle; Lat talo-1MT, lateral talo-first metatarsal angle.

Table 6
Multiple regression analysis to identify the radiographic changes significantly associated
with the progression of hallux valgus angle in the metatarsus adductus subgroup (N = 97)

Nonstandardized

Radiographic Standard Standardized

Measurements Beta Error Beta t-Test p Value
Coefficient 8.476 0.742 - 11421 <.001
AIMA 0.475 0.170 0.279 2.796 .006
AIPA -0.065 0.061 -0.101 -1.056 294
APPAA 0.173 0.105 0.161 1.642 104
ADMAA 0.061 0.062 0.095 0.985 327
ASRA 0.065 0.052 0.124 1.255 213

Abbreviations: A, change; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA,
proximal phalangeal articular angle; DMAA, distal metatarsal articular angle; SRA, sesa-
moid rotation angle.

On comparison between the mildly and severely affected sides in
the whole group, most radiographic measurements showed significant
changes according to progression of the hallux valgus angle, while the
AP talo-second metatarsal angle remained static. The second metatarsal
bone is considered to be the most stable because the second metatarsal
base is held in recess formed by the 3 cuneiform bones and Lisfranc lig-
ament (21,22). In the hallux valgus deformity, the first metatarsal bone
is medially deviated (adducted), maybe due to progressive instability of
the first tarso-metatarsal joint (23). The common radiographic indices
of the foot usually focus on the alignment of the first metatarsal bone,
and they might not be accurate for the hallux valgus deformity.

The AP talo-first metatarsal angle decreased (adduction of the
first metatarsal) and the lateral talo-first metatarsal angle increased
(dorsiflexion of the first metatarsal) during the progression of

Table 7

hallux valgus in our study. The flatfoot deformity is usually concur-
rent with the abduction and dorsiflexion of the first metatarsal, but
mismatch of the first metatarsal movement on the AP and lateral
views in our study put additional confusion in analyzing the change
of foot shape during the hallux valgus progression. Many previous
studies have reported the association between hallux valgus and
flatfoot (24,25), but these results might need to be reevaluated
based on the AP talo-second metatarsal angle.

Changes in the hallux valgus angle were significantly correlated
with those in the intermetatarsal angle (p < .001), the interphalangeal
angle (p = .014), the proximal phalangeal articular angle (p = .002), the
distal metatarsal articular angle (p = .031), and the sesamoid rotation
angle (p < .001). Multiple regression analysis showed only the changes
in the intermetatarsal and sesamoid rotation angles as significant fac-
tors associated with the progression of hallux valgus. We consider that
changes in the interphalangeal, proximal phalangeal articular, and dis-
tal metatarsal articular angles might be dependent on the axial rota-
tional deformity of the first ray, which is not a true deformity. These
findings could devaluate the clinical relevance of these radiographic
measurements.

A prominent difference between the metatarsus adductus and non-
metatarsus adductus subgroups during the progression of hallux valgus
was found to be the change in the modified metatarsus adductus angle
and the lateral talo-first metatarsal angle (Table 4). Metatarsus adduc-
tus is frequently concomitant with forefoot supination (2,3), and adduc-
tion of the first metatarsal in the hallux valgus progression would
inevitably cause concurrent dorsiflexion of the bone. This change in the
metatarsus adductus subgroup could cause pronation of the whole foot.
This is supported by the results of multiple regression analysis in which
changes in the hallux valgus angle were significantly associated with

Correlation between the changes in radiographic measurements in the nonmetatarsus adductus subgroup (N = 89)

AHVA AIMA AIPA APPAA ADMAA AMMA AIMT PD AAP talo-IMT  AAP talo-2MT ASRA
AIMA 0.433 (p <.001)
AIPA -0.149 (p = .162) -0.119 (p = .267)
APPAA 0.170 (p=.111) 0.191 (p =.074) -0.204 (p = .055)
ADMAA 0.105 (p =.326) 0.264 (p =.012) -0.050 (p = .644) 0.236 (p = .026)
AMMA 0.016 (p = .880) -0.178 (p=.095) 0.115 (p =.283) -0.002 (p =.987) 0.035 (p =.744)
AIMTPD 0.127 (p=.236) 0.139(p=.193) 0.107 (p=.320) 0.194 (p=.069) 0.277 (p=.009) 0.372(p <.001)
AAP talo-IMT  0.065 (p = .545) -0.227 (p =.032) 0.008 (p=.943) 0.024 (p = .820) -0.271 (p = .041) -0.187 (p = .080) -0.144 (p =.179)
AAP talo-2MT 0.234(p=.028) 0.298 (p=.005) 0.024 (p=.824) 0.098 (p =.360) -0.049 (p = .646) -0.276 (p = .009) -0.050 (p =.639) 0.809 (p <.001)
ASRA 0.456 (p <.001) 0.317 (p =.002) -0.109 (p =.307) 0.174 (p=.102) 0.106 (p=.323) 0.036(p=.741) 0.007 (p=.948) -0.024 (p =.824) 0.073 (p =.494)
Alat talo-IMT 0.104 (p = .334) 0.095 (p = .376) -0.031 (p =.771) -0.061 (p =.573) 0.040 (p=.708) 0.034 (p=.753) -0.063 (p=.555) 0.031 (p=.776) 0.061 (p =.572) 0.141 (p =.188)

Abbreviations: A, change; HVA, hallux valgus angle; IMA, intermetatarsal angle; IPA, interphalangeal angle; PPAA, proximal phalangeal articular angle; DMAA, distal metatarsal articular
angle; MMA, modified metatarsus adductus angle; 1MT PD, first metatarsal protrusion distance; AP talo-1MT, AP talo-first metatarsal angle; AP talo-2MT, AP talo-second metatarsal

angle; SRA, sesamoid rotation angle; Lat talo-1MT, lateral talo-first metatarsal angle.
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Table 8
Multiple regression analysis to identify the radiographic changes significantly associated
the progression of hallux valgus angle in the nonmetatarsus adductus subgroup (N = 89)

Nonstandardized
Radiographic Standard Standardized
Measurements Beta Error Beta t-Test p Value
Coefficient 8.318 0.700 - 11.878 <.001
AIMA 0.502 0.176 0.283 2.857 .005
AAP talo-2MT 0.129 0.098 0.123 1.309 194
ASRA 0.203 0.054 0.357 3.767 <.001

Abbreviations: A, change; IMA, intermetatarsal angle; AP talo-2MT, AP talo-second meta-
tarsal angle; SRA, sesamoid rotation angle.

those in the intermetatarsal angle and the sesamoid rotation angle in
the nonmetatarsus adductus subgroup and with only those in the inter-
metatarsal angle in the metatarsus adductus subgroup. This means that
pronation of the first ray might not be as prominent in the metatarsus
adductus subgroup as in the nonmetatarsus adductus subgroup
whereas pronation of the whole foot is prominent. This complex 3-
dimensional nature of metatarsus adductus deformity could be one of
the reasons for a poor surgical outcome in hallux valgus (26,27).

This study has limitations. First, this study was based on the
assumption that the mildly affected side would progress to become the
severely affected side in patients with bilateral asymmetric hallux val-
gus deformity. Although this assumption enabled the authors to obtain
the results from the cross-sectional data comparable to that from the
longitudinal data without unnecessary bias, it has not been strictly sup-
ported by an evidence. Second, this study was focused on the radio-
graphic measurements and did not record the data regarding patient
discomfort or any other symptoms.

In conclusion, the AP talo-second metatarsal angle might be a more
accurate and reliable radiographic measurement than the AP talo-first
metatarsal angle in evaluating the overall foot shape in hallux valgus.
Progression of hallux valgus concomitant with metatarsus adductus
might be pathophysiologically different from that without metatarsus
adductus.

References

—_

. Hecht PJ, Lin TJ. Hallux valgus. Med Clin North Am 2014;98:227-232.

2. Mann RA, Coughlin MJ. Hallux valgus—etiology, anatomy, treatment and surgical con-
siderations. Clin Orthop Relat Res 1981;157:31-41.

3. Aiyer AA, Shariff R, Ying L, Shub ], Myerson MS. Prevalence of metatarsus adductus in

patients undergoing hallux valgus surgery. Foot Ankle Int 2014;35:1292-1297.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Sharma ], Aydogan U. Algorithm for severe hallux valgus associated with metatarsus

adductus. Foot Ankle Int 2015;36:1499-1503.

. Trepal MJ. Hallux valgus and metatarsus adductus: the surgical dilemma. Clin Podiatr

Med Surg 1989;6:103-113.

. Park CH, Lee WC. Recurrence of hallux valgus can be predicted from imme-

diate postoperative non-weight-bearing radiographs. ] Bone Joint Surg Am
2017;99:1190-1197.

. Shibuya N, Jupiter DC, Plemmons BS, Martin L, Thorud JC. Correction of hallux valgus

deformity in association with underlying metatarsus adductus deformity. Foot Ankle
Spec 2017;10:538-542.

. Lee SY, Chung CY, Park MS, Sung KH, Ahmed S, Koo S, Kang DW, Lee KM. Radiographic

measurements associated with the natural progression of the hallux valgus during at
least 2 years of follow-up. Foot Ankle Int 2018;39:463-470.

. Smith RW, Reynolds JC, Stewart MJ. Hallux valgus assessment: report of research

committee of American Orthopaedic Foot and Ankle Society. Foot Ankle
1984;5:92-103.

Hawkins FB, Mitchell CL, Hedrick DW. Correction of hallux-valgus by metatarsal
osteotomy. ] Bone Joint Surg 1945;27:387-394.

Sorto LA Jr, Balding MG, Weil LS, Smith SD. Hallux abductus interphalangeus: etiol-
ogy, X-ray evaluation and treatment. ] Am Podiatry Assoc 1976;66:384-396.

Balding MG, Sorto LA Jr. Distal articular set angle. Etiology and x-ray evaluation. ] Am
Podiatr Med Assoc 1985;75:648-652.

Piggott H. The natural history of hallux valgus in adolescence and early adult life. ]
Bone Joint Surg Br 1960;42:749-760.

Dominguez G, Munuera PV. Metatarsus adductus angle in male and female feet
—normal values with two measurement techniques. ] Am Podiatr Med Assoc
2008;98:364-369.

Gentili A, Masih S, Yao L, Seeger LL. Foot axes and angles. Br ] Radiol
1996;69:968-974.

Hardy RH, Clapham JCR. Observations on hallux valgus—based on a controlled series.
] Bone Joint Surg Br 1951;33:376-391.

Vanderwilde R, Staheli LT, Chew DE, Malagon V. Measurements on radio-
graphs of the foot in normal infants and children. ] Bone Joint Surg Am
1988;70A:407-415.

Graham ME, Chikka A, Jones PC. Validation of the talar-second metatarsal angle as a
standard measurement for radiographic evaluation. ] Am Podiatr Med Assoc
2011;101:475-483.

Kuwano T, Nagamine R, Sakaki K, Urabe K, Iwamoto Y. New radiographic analysis of
sesamoid rotation in hallux valgus: comparison with conventional evaluation meth-
ods. Foot Ankle Int 2002;23:811-817.

Dawoodi Al, Perera A. Reliability of metatarsus adductus angle and correlation with
hallux valgus. Foot Ankle Surg 2012;18:180-186.

de Palma L, Santucci A, Sabetta SP, Rapali S. Anatomy of the Lisfranc joint complex.
Foot Ankle Int 1997;18:356-364.

Panchbhavi VK, Molina D, Villarreal J, Curry MC, Andersen CR. Three-dimen-
sional, digital, and gross anatomy of the Lisfranc ligament. Foot Ankle Int
2013;34:876-880.

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

Faldini C, Nanni M, Traina F, Fabbri D, Borghi R, Giannini S. Surgical treatment of
hallux valgus associated with flexible flatfoot during growing age. Int Orthop
2016;40:737-743.

Kilmartin TE, Wallace WA. The significance of pes planus in juvenile hallux valgus.
Foot Ankle 1992;13:53-56.

Raikin SM, Miller AG, Daniel J. Recurrence of hallux valgus: a review. Foot Ankle Clin
2014;19:259-274.

Sammarco GJ, Idusuyi OB. Complications after surgery of the hallux. Clin Orthop Relat
Res 2001;391:59-71.


http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0001
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0002
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0002
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0003
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0003
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0004
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0005
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0005
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0006
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0007
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0008
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0009
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0010
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0011
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0011
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0012
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0012
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0013
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0013
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0014
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0015
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0015
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0016
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0016
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0017
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0018
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0018
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0018
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0019
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0020
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0020
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0021
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0021
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0022
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0023
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0023
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0024
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0024
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0024
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0025
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0025
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0026
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0026
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0027
http://refhub.elsevier.com/S1067-2516(21)00201-5/sbref0027

