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A B S T R A C T

Aim: Radiographs (X-rays) are used for the preoperative assessment of hallux valgus (HV). Our purpose was to
determine how well quantitative measurements of HV on radiographs and MRI correlate with the qualitative soft
tissue and internal derangement findings on MRI.
Materials and methods: After IRB approval, 56 consecutive patients with MRI and radiographs of the foot were
retrospectively reviewed. Two trained readers independently evaluated radiographs, measuring hallux valgus
angle (HVA) and intermetatarsal angle (IMA). Two separate readers assessed qualitative MRI data by evaluating
21 different soft tissue and bony features. Statistical analysis included inter-reader reliability (IRR) and corre-
lation of quantitative and qualitative findings.
Results: Excellent IRR (ICC=0.89–0.96) was observed for radiograph and MRI measurements of the hallux
valgus severity. For qualitative assessments on MRI, IRR was good to excellent for all features (ICC=0.63–0.9).
No significant difference was found for HVA or IMA between normal and abnormal qualitative MRI features. No
statistically significant correlation between the severity of hallux valgus and injury to hallux joints and sup-
porting structures was found.
Conclusion: Hallux valgus measurements are reliable on x-rays and MRI and qualitative findings of 1st MTP joint
show good to excellent inter-reader agreement on MRI. No statistically significant correlations exist between the
severity of hallux valgus and qualitative MRI findings.

1. Introduction

Hallux valgus is a common condition, affecting approximately 25%
of adults aged 18 to 65 and 36% of adults over the age of 65 in the
United States [1]. The first ray is subject to substantial forces during
gait, however it serves a key role in maintaining the structure of the
medial arch, acting as the main load-bearing structure [2,3]. The first
metatarsophalangeal (MTP) joint is inherently unstable and relies on
balanced static and dynamic restraints. Hallux valgus can result from
failure anywhere along the first ray, from the distal phalanx to the ta-
lonavicular joint [2]. Predisposing factors to failure include both in-
herent and acquired biomechanical abnormalities [2]. No

musculotendinous structures attach to the metatarsal head. The pri-
mary static stabilizers on the medial side of the joint are the capsule,
collateral ligament, and medial sesamoid ligament. Insufficiency of
these structures is key to development of the deformity and are con-
sidered one of the early and essential lesions [2,4]. Failure of the medial
static stabilizers allows the metatarsal head to drift medially, slipping
off the sesamoid apparatus. The proximal phalanx remains tethered at
its base by the sesamoids, the plantar plate, and the adductor hallucis
tendon. As the metatarsal drifts medially, the tethered proximal pha-
lanx shifts into valgus with the biomechanical consequence of increased
lateral muscle pull and thus progression of the deformity [5]. The
medially shifted metatarsal head may bear increased contact between
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the medial sesamoid and crista resulting in cartilage and osseous ero-
sions [2].

Radiography is the initial imaging study for the evaluation of hallux
valgus. Radiographic measurements are essential parameters for as-
sessing the severity of hallux valgus and are used to select surgical
procedures and evaluate the results of surgical treatment [6]. Many
measurements have been described to assess the severity of hallux
valgus. The hallux valgus angle (HVA) and the intermetatarsal angle
(IMA) have been shown to correlate best with the magnitude of de-
formity [7].

Evaluation of injuries of the 1st MTP joint static and dynamic sta-
bilizers can be done with MRI. However, MRI is expensive and may not
be easily available for all patients; radiography is typically more easily
accessible and of lower cost. If radiographic hallux measurements are
able to predict findings of internal derangement of the 1st MTP joint,
MRI may be used more selectively. However, correlation of these
radiographic measurements with specific injuries of the metatarso-
phalangeal (MTP) joint, hallux sesamoid complex, and supporting
structures including cartilage, collateral ligaments, and the plantar
plate on MRI is not known. Our purpose was to determine how well the
quantitative measurements for assessing the severity of hallux valgus on
radiographs and MRI correlate with the qualitative soft tissue findings
on MRI.

2. Materials and methods

2.1. Study sample

Institutional IRB approval was obtained for this retrospective study,
and informed consent was waived. We used Primordial® software to
retrospectively query the institution’s patient database and found 90
consecutive patients who had MRI of the forefoot and midfoot per-
formed between April 27, 2015 and March 9, 2016. Inclusion criteria
was patients between the ages of 18 and 100 years who had weight-
bearing x-rays (AP and lateral) and MRI of the same foot with both
studies obtained within 3 months of each other. Exclusion criteria in-
cluded recent foot trauma, tumors, infections, or orthopedic hardware

(19 exams) and poor quality of the images (15 exams). The final sample
was 56 patients who met both inclusion and exclusion criteria.

2.2. Imaging technique

Anteroposterior and lateral views of the foot in the weight-bearing
position were available in all patients. The MR imaging was obtained
using standardized institutional protocol on 1.5 T and 3 T scanners
employing a boot coil. Short axis (axial), horizontal long axis (coronal)
and sagittal images from both fat suppressed and non-fat suppressed
intermediate weighted sequences were available in all cases as the MRI
machines undergo ACR accreditation for foot protocols on a regular
basis.

2.3. Image analysis

For every patient, the HVA and IMA were measured on x-ray by two
trained readers (NH, a medical student and LZ, a radiologist- Readers 1,
and 2) and MRI images were evaluated for qualitative findings by two
musculoskeletal radiology fellows (JS and JH- Readers 3 and 4) who
were trained on an initial set of 6 cases from the sample under the
direction of a senior radiologist with more than 20 years of radiology
experience.

2.4. Radiographic analysis

The HVA is defined as the angle formed by the axis of the first
metatarsal and the axis of the first proximal phalanx (Fig. 1). The IMA is
defined as the angle formed by the axis of the first metatarsal and the
axis of the second metatarsal (Fig. 1). The longitudinal axis (midline)
was determined by connecting the centers of the bones as described by
Miller (traditional method) [8]. Previous literature has described mul-
tiple methods for obtaining the axis of the first metatarsal (by Hawkins,
Venning, Mitchell, Miller, and Nestor et al.) [9], with the Miller method
connecting the centers of the head and base of the metatarsal being the
most popular and widely used. Recently, a point-method connecting the
medial most point points of the bones across MTP joint has also been

Fig. 1. Examples of HVA and IMA measure-
ments on MRI and x-ray. IMA is the angle
created between lines drawn through the
midpoints of the first metatarsal head and base
and midpoints of the second metatarsal head
and base. HVA is the angle created between
lines drawn through the midpoints of the first
metatarsal head and base and midpoints of the
first proximal phalanx head and base.
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proposed but the traditional (Miller) method has been the most vali-
dated and was used for this study [10,11]. The HVA and IMA were also
used on MRI. MRI measurements were found to be reliable with small
differences from X-ray measurements, as it was reported in our previous
work [12].

2.5. Qualitative MRI analysis

Both musculoskeletal radiology fellows in second half of their
training year assessed the MRI exams for qualitative data looking at 21
different soft tissue and bony features (Table 1) using a standard set of
definitions (Table 2) after reviewing 10% of cases in consensus with the
senior radiologist.

2.6. Statistical analysis

Inter reader reliability (IRR) was assessed using kappa for binary
variables and weighted kappa for ordinal variables. The highest-grade
diagnosis from the 2 readers was used for analysis. The distributions of
HVA and IMA were right skewed, therefore medians and IQRs were
reported and Wilcoxon-Mann-Whitney rank sum tests were used. Bland-

Altman plots were generated for HVA and IMA. Bland-Altman plot re-
views potential bias, heteroscedasticity, skewness, and shifts in the
agreements between two measurements. P values< 0.05 were con-
sidered statistically significant.

3. Results

3.1. Patient demographics

The mean age of the study group was 54.2 ± 15.4 years. The mean
BMI was 28.7 ± 7.1 kg/m2, and 71.4% (40/56) were females. 53.6%
(30/56) of the patients had imaging of the left foot and 46.4% (26/56)
had imaging of the right foot (Table 3).

3.2. Qualitative MRI findings

A total of 1176 qualitative features where evaluated on MRI. 446
and 451 qualitative abnormalities were found (by readers 3 and 4, re-
spectively) among 56 patients. The most common soft tissue finding
among both readers was plantar plate tear (in 33 and 37 patients re-
spectively), followed by partial metatarsal cartilage erosion (in 29 and
30 patients respectively), phalangeal cartilage erosion (26 and 29 pa-
tients respectively), and flexor hallucis tendinosis (27 and 18 patients
respectively). Table 4 demonstrates frequencies of individual qualita-
tive findings in both readers.

3.3. Inter-reader agreements

Excellent inter-reader reliability (ICC=0.89–0.96) was observed
for radiograph measurements of severity (HVA and IMA), (Table 5A).
For qualitative assessments on MRI, inter-reader reliability was good to
excellent for all features (Table 5B, Figs. 2–5). Bland-Altman plots de-
monstrated most measurements of HVA/IMA within 2 standard devia-
tions of the mean (Figs. 6 and 7).

Table 2
Definitions of qualitative MRI findings of 1st MTP joint.

Term Definitions

Metatarsal Cartilage Erosion Partial = loss of cartilage that is not through the full thickness of cartilage at any point Full= complete loss of cartilage (even if only focal
loss)

Phalanx or MT Cartilage Erosion Partial = loss of cartilage that is not through the full thickness of cartilage at any point Full= complete loss of cartilage (even if only focal
loss)

Osteophytes Present= angled bony projections from the surface of the bone across the joint space
Median Eminence Edema Present= fluid signal within the median eminence of the 1 st metatarsal
Median Eminence Cystic Change Present= cysts and erosions on the distal end of the 1 st metatarsal at tibial collateral ligament attachment
Median Eminence Bony Hypertrophy Present= abnormal angulated enlargement of the medial aspect of the median eminence of the 1 st metatarsal
Subchondral Bone Marrow Abnormal= presence of sclerosis, cysts, or edema at joint surface of MT head
Capsule - Tibial Collateral Torn= full or partial thickness defect in the tibial collateral ligament Thickened= abnormal thickening of the ligament
Capsule - Fibular Collateral Torn= full or partial thickness defect in the fibular collateral ligament Thickened= abnormal thickening of the ligament
Crista Erosion Present= blunting of the point of the inter-sesamoid crista
Sesamoid Cartilage Partial = loss of cartilage that is not through the full thickness of cartilage at any point Full= complete loss of cartilage (even if only focal

loss)
Fibular Sesamoid Bone Marrow Abnormal= presence of sclerosis, cysts, or edema
Tibial Sesamoid Bone Marrow Abnormal= presence of sclerosis, cysts, or edema
Fibular Sesamoid Osteophyte Present= bony projections from the surface of the bone at MT-sesamoid articulation
Tibial Sesamoid Osteophyte Present= bony projections from the surface of the bone at MT-sesamoid articulation
Metatarsal Edema Present= fluid signal within the 1 st metatarsal at MT-sesamoid articulation
Metatarsal Sclerosis Present= hypointense signal on T1 at MT-sesamoid articulation
Flexor Hallucis Longus Torn= full thickness defect Tendinosis= thickening and increase in signal of tendon
Flexor Hallucis Brevis Medial Head Fatty atrophy= presence of fat signal interspersed throughout muscle belly with or without loss of volume
Flexor Hallucis Brevis Lateral Head Fatty atrophy= presence of fat signal interspersed throughout muscle belly with or without loss of volume
Joint Effusion Present= increased fluid signal in joint space with distention of dorsal or lateral recesses
Plantar Plate Torn= full thickness defect or retraction; Degenerative= fraying, thinning or increasing signal
Proximal Plantar Plate Thickness Thickness of the plantar plate at the most prominent proximal area
Distal Plantar Plate Thickness Thickness of the plantar plate at the most prominent distal area

Table 3
Study cohort characteristics (N=56).

Sex N patients (%)
Male 16 (28.6%)
Female 40 (71.4%)

Foot
Left 30 (53.6%)
Right 26 (46.4 %)

BMI (kg/m2) 28.7 ± 7.0
Normal or Underweight (< 25) 19 (33.9%)
Overweight (25-30) 15 (26.8%)
Obese (> 30) 20 (35.7%)
N/A 2 (3.6%)

Age (years) 54.2 ± 15.4
< 65 41 (73.2%)
> 65 15 (26.8%)
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3.4. Correlations of radiographic measurements and MRI qualitative
findings of 1st MTP joint derangements

No significant difference was found for HVA or IMA between normal
and abnormal qualitative MRI features (p > 0.05) (Table 6). No sta-
tistically significant correlation existed between the severity of hallux
valgus and injury to the hallux joints and supporting structures.

4. Discussion

Radiographic measurements are essential parameters for assessing

the severity of hallux valgus and are used to select surgical procedures
and evaluate the results of surgical treatment [6,13]. Previous studies
have shown HVA and IMA to be strongly correlated with severity of
hallux valgus [7,13]. Relative normal values for HVA and IMA vary in
the literature, but generally accepted values are as follows: Normal
HVA less than 15 °, IMA approximately 9 ° [14] and severe HV defined
as having an HVA of greater than 40 ° and IMA greater than 15–16 °
[14,15]. Recently, we have also found that radiographic HVA and IMA
measurements can also be used in quantification of HV on MRI [12].

Currently, HV is considered a three dimensional deformity with
rotational components, such as pronation of 1st metatarsal and lateral
displacement of the sesamoids, possibly limiting current 2D

Table 4
Frequency of abnormalities for each qualitative MRI finding.

Reader 3 Reader 4

Metatarsal Cartilage Erosion Normal 7 11
Partial 29 30
Full 20 15

Phalanx Cartilage Erosion Normal 19 15
Partial 26 29
Full 11 12

Osteophytes Absent 37 36
Present 19 20

Median Eminence Edema Absent 45 47
Present 11 9

Median Eminence Cystic Change Absent 42 44
Present 14 12

Median Eminence Bony Hypertrophy Absent 40 47
Present 16 9

Subchondral Bone Marrow Normal 43 44
Abnormal 13 12

Capsule - Tibial Collateral Normal 30 32
Thickened 24 22
Torn 2 2

Capsule - Fibular Collateral Normal 44 36
Thickened 8 13
Torn 4 7

Crista Erosion Absent 40 43
Present 16 13

Sesamoid Cartilage Normal 11 12
Partial 23 26
Full 22 18

Fibular Sesamoid Bone Marrow Normal 42 43
Abnormal 14 13

Tibial Sesamoid Bone Marrow Normal 39 41
Abnormal 17 15

Fibular Sesamoid Osteophyte Normal 49 48
Abnormal 7 8

Tibial Sesamoid Osteophyte Normal 52 51
Abnormal 4 5

Metatarsal Edema/sclerosis Normal 34 34
Abnormal 22 22

Flexor Hallucis Longus Normal 28 36
Tendinosis 27 18
Torn 1 2

Flexor Hallucis Brevis Medial Head Normal 46 43
Fatty atrophy 10 13

Flexor Hallucis Brevis Lateral Head Normal 45 41
Fatty atrophy 11 15

Joint Effusion Absent 31 35
Present 25 21

Plantar Plate Normal 6 4
Degenerative 7 15
Torn 33 37

All quantitative findings Total 1176 1176

Table 5A
Inter-reader Reliability on radiographs.

Angle Reader 1 vs. Reader 2

HVA 0.96 (95% CI 0.94,0.98)
IMA 0.89 (95% CI 0.8,0.95)

Table 5B
Inter-reader Reliability on MRI.

Measurements Kappa (95% CI)
*weighted kappa

Metatarsal Cartilage Erosion *0.77 (0.62, 0.92)
Phalanx Cartilage Erosion *0.74 (0.59, 0.88)
Osteophytes 0.88 (0.75, 1)
Median Eminence Edema 0.88 (0.71, 1)
Median Eminence Cystic Change 0.9 (0.76, 1)
Median Eminence Bony Hypertrophy 0.7 (0.49, 0.92)
Subchondral Bone Marrow 0.74 (0.53, 0.96)
Capsule - Tibial Collateral 0.71 (0.53, 0.9)
Capsule - Fibular Collateral 0.66 (0.45, 0.86)
Crista Erosion 0.77 (0.58, 0.96)
Sesamoid Cartilage *0.75 (0.61, 0.89)
Fibular Sesamoid Bone Marrow 0.66 (0.43, 0.89)
Tibial Sesamoid Bone Marrow 0.74 (0.54, 0.93)
Fibular Sesamoid Osteophyte 0.77 (0.52, 1)
Tibial Sesamoid Osteophyte 0.64 (0.26, 1)
Metatarsal Edema/sclerosis 0.7 (0.51, 0.89)
Flexor Hallucis Longus *0.63 (0.44, 0.82)
Flexor Hallucis Brevis Medial Head 0.84 (0.66, 1)
Flexor Hallucis Brevis Lateral Head 0.8 (0.62, 0.99)
Joint Effusion 0.71 (0.52, 0.89)
Plantar Plate *0.67 (0.46, 0.88)

Fig. 2. Erosion of the crista. Both readers agreed on this finding.

Fig. 3. Torn great toe plantar plate. Both readers agreed on this finding.

Fig. 4. Plantar plate pathology. One reader classified as torn and one reader
classified as degenerated.
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radiographic technique [16]. Ultimately, the surgical treatment is
decided based on a combination of clinical symptoms and severity of
the hallux valgus. The surgical failure rate is 5–20% with persistent
metatarsalgia, and it might be related to underlying internal derange-
ment including plantar plate tear, cartilage loss, bone marrow edema/
erosion, etc. apart from the surgical complications, e.g. under-
correction, overcorrection, avascular necrosis, etc. While MRI can be

used for evaluation of internal derangement findings, and few limited
studies have evaluated qualitative features of HV on MRI [17–19], it is
still not clear whether there is any correlation of such qualitative
findings with X-ray measurements used for surgical planning. To the
best of our knowledge, this is the first and largest study performed to
assess the correlations of various osseous, ligamentous and tendinous
MRI findings of with severity of HV.

In our study, the most common qualitative finding among both
readers was plantar plate tear. Other common findings included me-
tatarsal cartilage erosion, phalangeal cartilage erosion, and flexor hal-
lucis tendinosis. These are novel findings and have not been previously
reported, mainly due to lack of assessment and better MR capabilities
than that of previous studies [17,18]. A Previous study by Schweitzer
et al. has described the most frequent findings observed being the
presence of median eminence hypertrophy, sesamoid proliferation,
adventitial bursitis, MTP osteophytes, geodes, and marrow edema,
however, patients with HV only represented 4.1% of evaluated patients
[17]. Another study by Eustace et al. evaluated correlation of tendon
shift with HV, and although all patients had clinical and radiographic
features of HV, no quantitative measurement of tendon shift was per-
formed to allow reproducibility and study sample was very small (20
patients) to draw conclusive results [18]. We also found good to ex-
cellent inter-reader agreement for qualitative findings on MRI with
excellent agreements on assessment for metatarsal cartilage, MTP os-
teophytes, median eminence edema, median eminence cystic change,
crista erosion, fibular sesamoid osteophyte, and atrophy of the flexor
hallucis brevis muscle. To the best of our knowledge, this has not been
previously assessed and highlights the importance of MRI as a re-
producible modality in evaluation of soft tissue derangements of HV.

Other important findings were excellent inter-reader reliabilities for
radiographic measurements of HV severity (HVA and IMA
ICC=0.89–0.96). This agreed with a previous studies by Lee et al. and
Saro et al. [7,20], thus, severity measurements are highly reproducible
and are therefore, prudently used for clinical decision making. No
statistically significant correlations were found between the severity of
hallux valgus and qualitative MRI findings. We therefore advice against
use of expensive modality, i.e. MRI for primary evaluation of hallux
valgus.

Some limitations deserve mention. We did not perform intra-reader
agreements for the measurements. There was no surgical correlation
available for MRI findings. However, few of the MRI findings would
have presented surgical issues and we wanted to assess the full spec-
trum of findings as they relate to the varying severity of the hallux
valgus. In some cases MRI image quality may have resulted in difficulty
in distinguishing between minor differences in severity of a finding for
example, partial from full thickness cartilage loss. We also did not
correlate the imaging findings with the clinical symptoms due to the
retrospective nature of the study and small sample size. Sample was
small since only patients with x-ray and MRI exams obtained con-
currently within three months were evaluated to avoid confounding the
results due to the introduction of new pathology. In addition, the pa-
tients did not present primarily for great toe pain. A prospective study
with functional foot scores evaluation may resolve these limitations,
however, since we found no statistical correlations, it might not be
necessary.

In conclusion, Hallux valgus measurements are reliable on x-rays
and the evaluation of qualitative findings of great toe MTP joint shows
good to excellent inter-reader agreement on MRI. No statistically sig-
nificant correlations existed between the radiographic determinants of
severity of hallux valgus and the described qualitative MRI findings and
thus, MRI may not be needed to determine clinical treatment decisions.
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Fig. 5. Thickening of the tibial collateral ligament and full-thickness cartilage
loss on metatarsal head. Both readers agreed on these findings.

Fig. 6. Bland-Altman plot of IMA measurements.

Fig. 7. Bland-Altman plot of HVA measurement.
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Present 13, (8 - 18.5), 38 8, (7 - 10.5), 38

Subchondral Bone Marrow Normal 11, (6 - 16.5), 14 0.56 8.75, (7 - 11), 14 0.32
Abnormal 14.75, (7.5 - 18.5), 38 8, (7 - 10), 38

Capsule –
Tibial Collateral

Normal 13.5, (7 - 18), 27 0.87 7.5, (6.5 - 9.5), 27 0.2
Thickened/torn 11, (8 - 18.5), 25 8.5, (7.5 - 10.5), 25

Capsule –
Fibular Collateral

Normal 12.5, (7.5 - 20.5), 18 0.62 8.5, (7 - 9.5), 18 0.69
Thickened/torn 11.75, (7 - 17.5), 34 8.25, (7 - 10.5), 34

Crista Erosion Absent 14.5, (6.5 - 19), 17 0.65 8.5, (7 - 9.5), 17 0.99
Present 11, (8 - 17.5), 35 8, (7 - 10.5), 35

Sesamoid Cartilage Normal 11, (8.5 - 17.5), 29 0.88 8.5, (7.5 - 10.5), 29 0.47
Partial/full 12.5, (6.5 - 20.5), 23 8, (6.5 - 9.5), 23

Fibular Sesamoid
Bone Marrow

Normal 15.5, (6.5 - 25.5), 15 0.21 8, (7 - 9.5), 15 0.9
Abnormal 11, (7.5 - 16.5), 37 8.5, (7 - 10.5), 37

Tibial Sesamoid
Bone Marrow

Normal 14.5, (2.5 - 20.5), 17 0.92 7.5, (6.5 - 10.5), 17 0.51
Abnormal 11.5, (8 - 17.5), 35 8.5, (7 - 10), 35

Fibular Sesamoid Osteophyte Normal 11.25, (4 - 19.75), 8 0.78 8.25, (6.5 - 9), 8 0.53
Abnormal 13, (7.75 - 17.75), 44 8.5, (7 - 10.5), 44

Tibial Sesamoid Osteophyte Normal 17, (11.5 - 20.5), 6 0.26 9, (8.5 - 9), 6 0.56
Abnormal 11, (7 - 17.5), 46 8, (7 - 10.5), 46

Metatarsal Edema/sclerosis Normal 12.5, (6.5 - 19), 25 0.99 8.5, (7 - 10.5), 25 0.48
Abnormal 11.5, (8 - 16.5), 27 8, (6.5 - 10), 27

Flexor Hallucis
Longus

Normal 14, (8.5 - 20.5), 26 0.07 8.5, (7 - 10.5), 26 0.35
Torn/tendinosis 11, (6 - 16), 26 8, (6.5 - 9.5), 26

Flexor Hallucis
Brevis Medial Head

Normal 11.5, (11–18.5), 11 0.8 9, (6.5 - 10.5), 11 0.9
Fatty atrophy 12.5, (7–18), 41 8, (7 - 10), 41

Flexor Hallucis
Brevis Lateral Head

Normal 11.5, (7.5–18.5), 15 0.75 8.5, (6.5 - 9.5), 15 0.58
Fatty atrophy 12.5, (7–17.5), 37 8, (7 - 10.5), 37

Joint Effusion Absent 11.25, (7.5–16.25), 24 0.73 7.75, (6.75 - 10), 24 0.25
Present 13.5, (7.25–18.75), 28 8.5, (7–10.75), 28

Plantar Plate Normal/torn 11.25, (7 - 16.5), 34 0.58 7.75, (6.5 - 9.5), 34 0.17
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