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Accuracy of magnetic resonance imaging for diagnosing hallux
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Abstract Objective: To assess the accuracy of magnetic resonance imaging (MRI) for the diagnosis of hallux valgus using radiography during

weight bearing as the gold standard.

Materials and Methods: This was a retrospective analysis of all patients undergoing MRI of the foot and radiography of the foot
during weight bearing at our institution between January and June of 2015. The hallux valgus angle (HVA) was measured on MRI
and radiography. The Wilcoxon signed-rank test and simple linear regression were used in order to compare measurements.
Patients were divided into two groups according to the HVA determined on radiography: > 15° (hallux valgus) and < 15° (control).
Qualitative and quantitative assessments of MRI scans were performed. For quantitative assessment, receiver operating charac-
teristic curves were used in order to determine the HVA cutoff with the highest accuracy.

Results: A total of 66 MRI scans were included, 22 in the hallux valgus group and 44 in the control group. Wilcoxon signed-rank
tests indicated a significant difference between the radiography and MRI measurements. Simple linear regression showed a non-
linear relationship between the measurements and values did not present a strong correlation. In comparison with the radiography
measurements, MRI with an HVA cutoff of 16.4° exhibited the highest accuracy (86%). The accuracy of the subjective (qualitative)
assessment was inferior to the objective assessment (measurement of the HVA).

Conclusion: Hallux valgus can be diagnosed by measuring the HVA on MRI, satisfactory accuracy being achieved with an HVA cutoff
of 16.4°.

Keywords: Magnetic resonance imaging; Foot; Hallux valgus; Forefoot, human/diagnostic imaging; Metatarsophalangeal joint/
diagnostic imaging.

Resumo Objetivo: Avaliar a acuracia da ressonancia magnética (RM) para o diagnédstico de halux valgo usando radiografias com carga como

padrao ouro.

Materiais e Métodos: Anélise retrospectiva de pacientes que realizaram RM do antepé e radiografias com carga, de janeiro a junho
de 2015. O angulo metatarsofalangiano (AMF) foi medido nas RMs e nas radiografias. O teste de Wilcoxon e regressao linear foram
utilizados para comparar as mensuragoes. Pacientes foram divididos de acordo com os valores do AMF nas radiografias: > 15°
(halux valgo) e £ 15° (grupo controle). Avaliagdes qualitativa e quantitativa foram realizadas por RM. Para analise quantitativa, uma
curva ROC foi utilizada para definir o ponto de corte com maior acuracia.

Resultados: Foram incluidas 66 RMs, 22 no grupo com halux valgo e 44 no grupo controle. O teste de Wilcoxon indicou diferenca
significativa entre os métodos. Avaliacao de regressao demonstrou relagao nao linear entre as medidas e e os valores nao apresen-
taram boa correlagao. Considerando os grupos halux valgo e controle, um valor de corte 16,4° na RM demonstrou maior acuracia
(86%). A avaliacao subjetiva foi inferior a avaliacao objetiva.

Conclusao: A medida do AMF na RM pode ser utilizada para diagnostico de halux valgo, com um valor de corte de 16,4°.
Unitermos: Ressonancia magnética; Pé; Halux valgo; Antepé humano/diagnéstico por imagem; Angulo metatarsofalangiano/diag-
néstico por imagem.

INTRODUCTION etiology and is often associated with the use of inappropri-

Hallux valgus is one of the most common afflictions  ate shoes, predisposing anatomy, and occupational risks,

of the foot, potentially causing pain and significant defor-  as well as genetic factors

(-9 Hallux valgus occurs mainly

). The condition has a multifactorial, controversial among women and individuals over 60 years of age, with
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a prevalence estimated at 30% for women and 13% for
men®. The higher prevalence among women is attribut-
able to predisposing anatomy and the use of inappropriate
shoes!3),

Hallux valgus is defined as static subluxation of the
first metatarsophalangeal joint, with lateral deviation of
the toe and medial deviation of the first metatarsal bone.
Several radiological parameters analyzed on radiography
of the foot during weight bearing can be used to facili-
tate the diagnosis. Notable among such parameters is the
hallux-metatarsophalangeal angle, or hallux valgus angle
(HVA), which is defined as the angle formed by the in-
tersection of the longitudinal axis of the first metatarsal
bone diaphysis and the first proximal phalanx. Studies
employing the gold standard (radiography of the foot dur-
ing weight bearing) have established that HVA values < 15°
are normal®~.

Because of its excellent contrast resolution, magnetic
resonance imaging (MRI) is an excellent method for the as-
sessment of conditions that affect the metatarsal region'?).
However, MRI scans are not acquired during weight bear-
ing, and there are no objective MRI parameters for the
diagnosis of hallux valgus. Considering the high preva-
lence of this condition and the occasional unavailability
of radiographic studies during weight bearing, radiologists
commonly extrapolate the criteria for radiography during
weight bearing to MRI or even suggest the presence of hal-
lux valgus on subjective grounds in MRI reports. There-
fore, it is crucial to determine whether a criterion such as
the HVA can be used in MRI.

In the present study, we assessed the accuracy of HVA
measurement for the diagnosis of hallux valgus on MRI,
using plain radiography under weight bearing as the gold
standard. In addition, we assessed the accuracy of subjec-
tive analysis of MRI for the diagnosis of hallux valgus.

MATERIALS AND METHODS

This was a retrospective analysis of MRI scans of the
foot acquired at our hospital between January and June of
2015. We included only those scans that were accompa-
nied by a plain radiograph of the foot under weight bearing
that had been obtained within the preceding six months.
Scans of patients subjected to any surgical procedure were
excluded, as were those of patients presenting with frac-
tures or other conditions affecting the hallux.

Table 1—Parameters used in the MRI sequences.

The study was approved by the local research ethics
committee. Because the study had a retrospective design,
the requirement for informed consent was waived.

Plain radiography

Radiographs were obtained with a digital X-ray ma-
chine (Axiom Luminos; Siemens Medical Solutions, Er-
langen, Germany), in compliance with the standards ap-
plied at our facility for radiography during weight bearing,
which include frontal and lateral views, with the patient
standing, and the following parameters”: 1.1 m focus-to-

film distance; 2.5 mAs; and 50 kV.

Assessment of radiographs

Radiographs were assessed by two radiologists, one
(designated the main examiner) with 5 years of experi-
ence in musculoskeletal radiology and one (designated
the second examiner) with no such experience. The HVA
was measured according to the guidelines formulated by
the ad hoc committee of the American Orthopaedic Foot
& Ankle Society on angular measurements”. The results
reported by the main examiner were used for statistical
analysis, and the results reported by the second examiner
were used for assessment of interobserver agreement. We
considered HVA values < 15° to be normal. Measurements
were recorded to one decimal place.

MRI scans

The MRI examinations were performed in a variety
of 1.5 T scanners—Aera (Siemens Medical Solutions);
Espree (Siemens Medical Solutions); Avanto (Siemens
Medical Solutions); and Optima 450W (GE Healthcare,
Milwaukee, WI, USA)—and 3.0 T scanners—Achieva
(Philips Medical Systems, Best, the Netherlands); Skyra
(Siemens Medical Solutions); and HDX (GE Healthcare).

All protocols were implemented as described in Table 1.

Quantitative assessment of MRI scans

The quantitative analysis of the MRI scans was per-
formed by the same two radiologists who assessed the ra-
diographs. The results reported by the main examiner were
used for statistical analysis, and the results of the second
examiner were used for assessment of interobserver agree-
ment. The examiners were blinded to the plain radiography
results at the time of assessment of MRI scans.

MRI sequence

MRI parameter Sagittal fat-sat T2 (hallux) Axial T1 Coronal fat-sat T2 Coronal T1 Axial fat-sat T2
FOV (mm) 120-140 130-140 120-140 120-140 130-140
TR (ms) 1820-2900 410-551 3800-4100 466-550 2200-2900
Slice thickness (mm) 2.5-3.5 25-35 3.0-4.0 3.0-4.0 2.5-3.5
Spacing (cm) 0.3-0.4 0.3-0.4 0.3-0.4 0.3-0.4 0.3-0.4
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Angles were measured on T1-weighted sequences of
the long axis of the foot, the measurements being analo-
gous to the radiological measurements recommended in
the guidelines formulated by the ad hoc committee of the
American Orthopaedic Foot & Ankle Society on angular
measurements'”, considering the angle formed by the
largest longitudinal axis of the first metatarsal bone and
the proximal phalanx of the hallux (Figure 1). Measure-
ments were recorded to one decimal place.

Qualitative assessment of MRI scans

A third examiner (with 17 years of experience in mus-
culoskeletal radiology), who was blinded to the plain ra-
diography results, assessed the MRI scans without using
tools for the measurement of angles. This examiner clas-
sified the MRI scans of the foot dichotomously, as normal
or as indicating hallux valgus.

Statistical analysis

Measures of central tendency and dispersion were
calculated for continuous variables, whereas absolute and
relative frequencies were calculated for categorical vari-
ables. The assessment of diagnostic accuracy included
analyses of sensitivity, specificity, positive predictive value,
and negative predictive value, together with calculation of
the corresponding 95% confidence intervals (95% Cls).

The Wilcoxon signed-rank test and simple linear re-
gression were used in order to compare the measurement
of the HVA on radiography during weight bearing and on
MRI. To establish the optimal cutoff point for the HVA
on MRI, the area under the receiver operating character-
istic (ROC) curve was used. Interobserver agreement was

Figure 1. Technique for measure-
ment of the HVA on plain radiogra-
phy (A) and in a T1-weighted MRI se-
quence (B). The HVA was measured
on MRI in a manner analogous to
that recommended for plain radiog-
raphy, based on two lines crossing
the long axis of the diaphysis of the
first metatarsal bone and the proxi-
mal phalanx of the hallux.

assessed by calculating Cohen’s kappa. The diagnostic ac-
curacy of the two methods tested (MRI assessed quantita-
tively and MRI assessed quantitatively) was determined by
comparing their sensitivity and specificity with those of the
gold standard (plain radiography during weight bearing).

RESULTS

We evaluated 67 MRI scans of the foot accompa-
nied by plain radiographs obtained within the preced-
ing six months, corresponding to a total of 52 patients.
One examination was excluded because the patient was
diagnosed with gout with considerable hallux deformity.
Therefore, 66 MRI scans from 51 patients were included
in the analysis.

The Wilcoxon signed-rank test (Table 2) indicated
that the difference between the median HVA measured
by MRI and that measured by radiography (14.55° and
11.30°, respectively) was significant (p = 0.004). A simple
linear regression scatterplot shows that there was a non-
linear relationship between the two measurements (Figure
2). The two values did not present a strong correlation,
even if we assume a linear pattern between the measure-
ments (r? = 0.477). With a difference of 3.2 between the

Table 2—MRI versus radiography (the gold standard) for the measurement of
the HVA.

HVA

Method Median (95% ClI) pP*

Radiography 11.3 (7.53-16.075)
MRI 14.55 (10.325-18.825)

0.004

* Wilcoxon signed-rank test.
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Figure 2. Simple linear regression comparing the HVAs measured on radiog-
raphy and those measured on MRI. The scatterplot shows a nonlinear pattern.

two medians, we were able to reject the null hypothesis
that this response difference is zero with a probability
(power) higher than 0.8. The type I error probability as-
sociated with that test is 0.05.

The cases were divided into two groups according to
the HVA measurement on plain radiography during weight
bearing. The group diagnosed with hallux valgus (HVA >
15°) comprised 22 examinations from 19 patients, with a
mean age of 49.9 £ 14.5 years, of whom 13 (68%) were
women. The group with a normal HVA (< 15°, control
group) comprised 44 examinations from 35 patients, with
a mean age of 43.5 £ 15.7 years, of whom 30 (66%) were
women. Three patients who were tested bilaterally had
one foot included in each group.

Regarding the HVA measurement, MRI exhibited sat-
isfactory accuracy relative to the gold standard, with an
area under the ROC curve > 0.9 (Figure 3) and a relevant
asymptotic significance value (p < 0.0001), as shown in
Table 3. An HVA cutoff point of 16.4° was established for
the diagnosis of hallux valgus on MRI. An HVA > 16.4°
was found to have an accuracy of 86%, a sensitivity of
90.9%, and a specificity of 84.1% (Table 4). If an HVA
cutoff point of 15° were applied, as standardized for ra-
diography during weight bearing, MRI would exhibit an

Table 3—Accuracy of MRI in comparison with that of radiography (the gold stan-
dard) for the measurement of the HVA.

Asymptotic Asymptotic
Variable AUC SE significance 95% ClI
HVA on MRI (examiner 1) 0.92 0.03 < 0.0001 0.85-0.98
HVA on MRI (examiner 2) 0.94 0.03 < 0.0001 0.89-0.99

AUC, area under the ROC curve; SE, standard error.
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Figure 3. Plot showing the ROC curve for measurement of the HVA by two ex-
aminers (examiner 1: blue line; examiner 2: green line). An HVA of 16.4° was
the cutoff point that exhibited the greatest accuracy (86.0%), with a sensitivity
and specificity of 90.9% and 84.1%, respectively.

Table 4—Comparison between MRI with an HVA cutoff of 16.4° and radiogra-
phy (the gold standard) for the diagnosis of hallux valgus.

Hallux valgus on radiography

Hallux valgus on No (HVA<15°) Yes (HVA > 15°)

MRI n (%) n (%) pPx  OR  95%Cl
No (HVA<16.4°) 37 (84.1%) 2 (9.1%)

<0.0001 52.9 10.1-278.8
Yes (HVA > 16.4°) 7 (15.9%) 20 (90.9%)

* Pearson’s chi-square; OR, odds ratio.

accuracy of 81.8%, a sensitivity of 90.9%, and a specificity
of 77.2%. The performance of the subjective (qualitative)
assessment of the HVA was inferior to that of the objec-
tive (quantitative) assessment, with 86.4% sensitivity and
68.2% specificity for the diagnosis of hallux valgus com-
pared with the gold standard (Table 5). The interobserver
agreement for measurement of the HVA on MRI was ex-
cellent, with a kappa value of 0.91.

Table 5—Comparison between MRI assessed qualitatively and radiography (the
gold standard) for the diagnosis of hallux valgus.

Hallux valgus on radiography

No Yes
Hallux valgus on MRI n (%) n (%) pP*
No 30 (68.2%) 3 (13.6%)
< 0.0001
Yes 14 (31.8%) 19 (86.4%)

* Pearson’s chi-square.

DISCUSSION

The most relevant finding of the present study is that
the diagnosis of hallux valgus is possible through measure-
ment of the HVA on MRI, which exhibited satisfactory ac-
curacy, sensitivity, and specificity values (86.0%, 90.9%,
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and 84.1%, respectively) when an HVA cutoff point of
16.4° was applied. Our study also assessed the ability to
diagnose hallux valgus on MRI in a subjective manner, a
situation similar to that found in clinical practice, in the
absence of objective criteria. Even when performed by an
experienced examiner, the subjective assessment was infe-
rior to the objective assessment, exhibiting 86.4% sensitiv-
ity and 68.2% specificity.

Contrary to what we found in this study, two studies
conducted by Heineman et al.""'? demonstrated a good
correlation between HVA measurements from MRI and
those from radiography during weight bearing. Despite
the differences, both studies established that the objective
HVA measurement can be incorporated into clinical prac-
tice for the diagnosis of hallux valgus. Dessouky et al.'®
also found a positive correlation between the two methods
for the measurement of the HVA, although the strength
of the correlation did not reach the level of statistical sig-
nificance. Our data indicate that, in addition to exhibiting
satisfactory accuracy, the objective HVA measurement was
superior to the subjective assessment. In addition, the in-
terobserver agreement between more and less experienced
examiners for musculoskeletal tests was good, exhibiting
satisfactory reproducibility.

Our data are relevant because of the widespread use
of MRI to investigate pathologies of the foot, by ortho-
pedic surgeons and, often, by nonspecialists. The results
allow the radiologist to be active in reporting the hallux
valgus findings and, often, to guide a physician unfamil-
iar with this diagnosis. In addition, MRI can access joint
degeneration, hypertrophy (of bone and ligament), and
injuries (of the plantar plate and sesamoid bone), which
allow a global view of the disease and do not necessarily
correlate with the imaging angle values'?.

Our study has some limitations. First, because hallux
valgus is a complex condition, the fact that we did not
assess clinical data could be seen as a major limitation.
In addition, although HVA measurement alone allows hal-
lux valgus to be categorized as mild, moderate, or severe,
we did not perform that stratification, because of the rel-
atively small size of our sample. Furthermore, MRI and
plain radiography were not performed on the same day.
However, we believe that the impact of the time interval
between the tests was minimized because we excluded pa-
tients who had fractures or had undergone surgery. Nev-
ertheless, future studies could overcome these limitations
by assessing the accuracy of MRI findings in association

[)ev |
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with the severity of hallux valgus, as established based on
radiography, as well as by establishing correlations with
clinical and surgical data.

CONCLUSIONS

The present study showed that hallux valgus can be
diagnosed objectively by MRI with an HVA cutoff point of
16.4°, and that objective measurement of the HVA exhib-
ited satisfactory interobserver agreement and was found to
be superior to subjective (qualitative) assessment.
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