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Abstract
Objective: Hallux valgus is a progressive triplanar deformity of the forefoot with an important rotational component (RC) in the first
metatarsal, which has been associated with recurrence. There is controversy about using weight-bearing vs. non-weight-bearing radiographs in RC measurement. This study aims to assess interobserver reliability for RC of the first metatarsal using a non-weight-bearing
sesamoid view, as well as to correlate the hallux valgus angle, intermetatarsal angle, distal metatarsal articular angle (DMAA) and
sesamoid position regarding RC.
Methods: An observational, cross-sectional and descriptive study was conducted with 81 feet from 48 patients (66.6% female). RC was
evaluated regarding the first metatarsal proximal shaft in non-weight-bearing axial metatarsal radiographs and weight-bearing anteroposterior radiographs. Measurements were taken independently by two foot and ankle subspecialists and an orthopedic resident, all
of whom were blinded.
Results: Statistically significant intraclass correlations (p=0.02) were obtained for first metatarsal RC assessment among the three
observers (95%CI 0.01–0.65; Cronbach’s α=0.41) in non-weight-bearing axial metatarsal views. Significant correlations (Spearman ρ)
were also found for hallux valgus angle (p=0.04) and DMAA (p=0.01), and non-significant correlations were found for intermetatarsal
angle and sesamoid position (p>0.05).
Conclusion: The significant correlations between hallux valgus angle and DMAA for RC suggest that RC is isolated from the first metatarsal bone structure. This practical assessment method may isolate the first metatarsal head RC regarding the proximal metatarsal in
the metaphyseal region and could be useful in centers where weight-bearing CT scans are not available.
Level of Evidence IV; Therapeutic Studies; Case Series.
Keywords: Bunion; Metatarsal bones; Foot deformities; Pronation; Rotation.

Introduction
Hallux valgus is a progressive triplanar deformity of the
forefoot, characterized by a lateral deviation of the hallux
towards the medial side of the foot and a rotational component (RC) with pronation of the head corresponding to the

first metatarsal(1-3) regarding its diaphysis or proximal metaphysis. It has been described that more than a third of the
population over 65 years of age suffer from this deformity(4).
In addition to conservative management, operative treatment of hallux valgus includes more than 200 procedures(5).
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This high number can be interpreted to reflect an incomplete
understanding of the pathophysiology(4). Historically, and especially recently, there has been an interest in RC, which can
lead to better understanding and resolution in an effort to
improve functionality and decrease recurrences(6,7). Currently,
there is controversy about RC assessment due to the technical
heterogeneity and load quantity variance involved in both
weight-bearing(3,8) and partial weight-bearing radiographic
projections(9). Likewise, transurgical non-weight-bearing projections have been considered to have practical utility(10,11),
although without taking RC into account.
To our knowledge, there is no current well-accepted method
for assessing RC in plain radiographs(9,12-15). This study aimed
to assess the inter-rater reliability of the RC of the first metatarsal from a non-weight-bearing sesamoid view, as well as
to correlate hallux valgus angle (HVA), intermetatarsal angle
(IMA), distal-metatarsal articular angle (DMAA) and sesamoid position regarding RC.

Methods
This study was approved by the research ethics committee
of our university and hospital (number 22052020-ENM1-CM-CI). All the radiographs were reviewed under the local law
NOM-004-SSA3-2012 regarding medical file management,
privacy rights and the ethical standards laid down in the 1964
Declaration of Helsinki. This study was conducted with resources from our institution and hospital. Since no financial
profit was obtained through this study, no financial biases
exist for any author and, thus, the authors declare no conflicts of interest.
This descriptive, cross-sectional observational study eva
luated radiographs of 58 subjects. The study included patients over 16 years of age diagnosed with hallux valgus.
Patients with previous forefoot surgeries were excluded, as
were patients who did not comply with the weight-bearing
anteroposterior foot and non-weight-bearing axial metatarsal views (10 patients). The RC of the first metatarsal head
was evaluated in 48 patients (81 feet) according to the method of Mortier et al. (2012)(14), in which a line representing
the rotation of the plantar aspect is measured according to
the line of the diaphysis of the first metatarsal or proximal
metaphysis. We consider this measurement technique relevant in axial projections of the hallux sesamoids with 45
degrees of plantar flexion, since it considers a single bone
structure, isolating to some extent the configuration and
effect of other bone structures. The measurements were
performed independently by two foot and ankle orthopedic subspecialists and one trauma and orthopedic resident,
all of whom were blinded. For RC assessment in sesamoid
views, as well as HVA, IMA, DMAA and sesamoid position
assessment in anteroposterior projections, ImageJ digital
Goniometer software was used (version 1.52q, National Institutes of Health, Bethesda, MD, USA) (Figure 1).
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Figure 1. Weight-bearing anteroposterior and non-weight-bearing axial sesamoid view using the assessment method employed
in this study.

Statistical analysis
Numerical variables are summarized as measures of central
tendency and dispersion, and categorical variables as fre
quencies and percentages. The Kolmogorov-Smirnov test
was performed to evaluate the distribution of the numerical variables. Numerical variables were compared using the
Mann-Whitney U test. To assess interobserver agreement, the
intraclass correlation test was used with a two-way random
model for absolute agreement. In addition to the Spearman
correlation coefficient (Spearman’s ρ), scatter diagrams were
made to graphically visualize the correlation of measurements between observers. P<0.05 was considered statistically significant. SPSS version 25 for Mac (IBM, Armonk, NY,
USA) was used for the analyses.
A priori sample size calculation was not performed because
the entire available population was to be included in the databases. However, it was decided to estimate the power of
the included sample. Using a sample estimation formula for
agreement studies, the included sample size was determined
to have a 90% confidence level and a 95% power to find an
inter-observer agreement of 0.80 with an accuracy of 15%.

Results
Weight-bearing anteroposterior radiographs and non-weight-bearing axial sesamoid projections were evaluated
in 48 patients (81 feet), whose mean age was 47.85 ± 14.75
years; 66.6% (32/48) were female and 33.3% (16/48) male.
The demographic characteristics of the sample, as well as
the mean and standard deviation of the angles reported by
the three observers are shown in tables 1 and 2. Statistically
significant intraclass correlations (95%CI 0.01-0.65; p=0.02)
were obtained for RC of the first metatarsal (Figure 2) among
the three observers (Cronbach’s α=0.41).
We also found statistically significant correlations when eva
luating HVA (p=0.04) and DMAA (p=0.01), as well as non-significant correlations when evaluating IMA and PS (p>0.05)
(Table 3).
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Table 1. Descriptive Statistics with average measures. Hallux valgus
angle (HVA), intermetatarsal angle (IMA), distal metatarsal articular angle (DMAA) and rotational component (RC)
n=48 (81 feet)

Mean ± SD (degrees)

HVA observer 1

22.92 ± 11.38

IMA observer 1

12.38 ± 2.87

DMAA observer 1

15.81 ± 6.74

RC observer 1

18.07 ± 8.09

HVA observer 2

23.12 ±11.29

IMA observer 2

12.54 ± 3.03

DMAA observer 2

16.00 ± 6.57

RC observer 2

13.31 ± 4.3

HVA observer 3

23.45 ± 12.65

IMA observer 3

13.11 ± 3.13

DMAA observer 3

15.39 ± 6.13

RC observer 3

21.98 ± 13.74

Table 2. Frequencies and percentages reported for sesamoid position by three observers
Sesamoid position

Grade 0

Grade 1

Grade 2

Grade 3

Observer 1

12 (14.8%)

31 (38.3%)

19 (23.5%)

19 (23.5%)

Observer 2

13 (16.0%)

31 (38.3%)

17 (21.0%)

20 (24.7%)

Observer 3

6 (7.4%)

31 (38.3%)

28 (34.6%)

16 (19.8%)

Discussion
There were significant intraclass correlations (p=0.02) among
the three observers when assessing RC of the first metatarsal
in axial projections of non-weight-bearing metatarsals using
the method of Mortier et al.(14) We consider this measurement
technique relevant for axial projections of the hallux sesamoids since it considers the first metatarsal diaphysis, as well
as another line that intersects the plantar cortices of the medial and lateral sesamoid grooves. We specifically selected
this assessment technique since it considers the morphology
of a single bone structure (first metatarsal) and its center of
rotation(16) (the head of the first metatarsal regarding the proximal diaphysis or epiphysis). Although it has been described
that the morphology and relation of bony structures of the
forefoot changes with the axial load(17,18), these changes could
be minimized by evaluating a single anatomical structure without considering the rest.
Although the clinical use of non-weight-bearing radiographic projections has been widely questioned in the literature(17,19), most of these studies assessed RC using different
techniques that involve technical differences(9,12-15). Furthermore, there is increased interest in RC assessment using
weight-bearing CT(4,7,20). A practical method for assessing RC
in plain radiographs could be clinically relevant, since it would
allow it to be performed in a transurgical setting, as well as
in centers in which no weight-bearing CT scans are available
or where it is difficult to recreate the properties of the axial
load(10,11) in the operating room.
Regarding pathophysiology, interest has been expressed in the literature about the role of RC in first metatarsal
hallux valgus deformity(7,16), as well as dynamic factors(18),
such as muscle strength or ligament resistance, that could
have a biomechanical effect on the global architecture of a
weight-bearing foot(17) in addition to an isolated bone structure. Our results are relevant in morphological terms because
they describe the rotation by trying to isolate the first metatarsal deformity. They are also relevant in clinical and methodological terms by establishing good inter-observer agreement.

Figure 2. Scatter diagram of the correlation trend of the measurements between three observers for the rotational component.

Table 3. Non-parametric rotational component (RC) Spearman
rank correlation coefficient (Spearman’s ρ; SCC) regarding hallux
valgus angle (HVA), intermetatarsal angle (IMA), distal metatarsal
articular angle (DMAA) and sesamoid position (SP)
HVA

IMA

DMAA

SP

RC SCC

-0.22

-0.11

-0.27

-0.01

p

0.04

0.33

0.01

0.87

There is also controversy in the literature regarding the mor
phometric relationship between HVA, IMA, the position of
the sesamoids(9,15,21) and their relationship with RC(12). This relationship was not significant in some studies(20) but significant in others(9,12,15) mainly regarding the correlation between
DMAA and RC(12). In this study we found significant correlations when evaluating HVA (p=0.04) and DMAA (p=0.01), as
well as non-significant correlations when evaluating IMA and
PS (p>0.05) in relation to RC.
It is important to point out that due to the method of radiological evaluation used in the present study, which included
the use of weight-bearing anteroposterior projections, some
biomechanically dependent variables (HVA, IMA, and sesamoid position, i.e., which involve more than one bone structure in the forefoot) could not correlate due to the effect of
load distribution when evaluating RC in non-weight-bearing
axial projection. Despite a p-value of 0.04, the correlation
between HVA and RC could be dependent on factors such as
the DMAA in relation to the proximal phalanx and the HVA.
J Foot Ankle. 2020;14(3):249-53
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Likewise, the statistically significant correlation for DMAA
(p=0.01) regarding RC could be explained as being partially
independent of weight load. These findings could be due the
fact that the progression of RC is related to the progression
of DMAA and not to the correlation of weight-bearing angles
(HVA, IMA, sesamoid position). Thus, evaluation and preoperative planning in patients for whom RC must be reduced
could be clinically relevant.

Future studies on RC assessment should include different
techniques with plain radiographs, comparing and adding
these evaluations to weight-bearing CT. Although this is a
retrospective study, the power of the sample size was calculated post-hoc, not prior to the study. However, our results
will be useful when conducting secondary research about RC
assessment and its morphological relationship with other clinically relevant anatomical structures.

Limitations

Conclusion

To our knowledge, this is the first study to evaluate morphological characteristics of first metatarsal rotation in a Mexican
sample, as well as to standardize a method of RC evaluation
with practical and clinical utility.

Significant intraclass correlations (p=0.02) were obtained in
the evaluation of first metatarsal rotation by three observers
(α=0.41) in axial radiographs of non-weight-bearing metatarsals. We also found significant correlations when evaluating
HVA (p=0.04) and DMAA (p=0.01), as well as non-significant
correlations when evaluating IMA and PS (p>0.05) regarding
RC. This practical method of assessment may isolate the RC
of the first metatarsal head regarding the proximal metatarsal in the metaphyseal region and could be useful in centers
where weight-bearing CT scans are not available.

However, this study has important limitations. It was performed with axial radiographs of non-weight-bearing sesamoids
to evaluate RC, while HVA, IMA, DMAA and the position of the
sesamoids were measured using weight-bearing radiographs. We are aware of the controversy surrounding the use of
non-weight-bearing projections in clinical practice(17,19). However,
studying RC in non-weight-bearing projections could help
clarify the pathophysiological or morphological mechanism
of hallux valgus, which could translate into future improvements in medical/surgical management, with better functional results in centers located in low- and middle-income
countries that have limited resources.
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