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Abstract
Objective: To assess whether traditional hallux valgus (HV) measurements obtained with conventional radiography (CR) correspond 
to those obtained with weight-bearing computed tomography (WBCT).

Methods: In this retrospective case-control study, 26 HV feet and 20 control feet were analyzed with CR and WBCT. Hallux valgus angle 
(HVA), intermetatarsal angle (IMA), interphalangeal angle (IPA), distal metatarsal articular angle (DMAA), sesamoid station (SS), and 
first metatarsal head shape were measured. Chi-square tests were used to compare hallux valgus and control patients. T-tests were 
used to compare CR and WBCT. P-values less than 0.05 were considered significant. 

Results: WBCT was capable of discriminating patients with HV from controls, showing higher mean values for HV patients than con-
trols in HVA (35.29 and 9.02, p<0.001), IMA (16.01 and 10.01, p<0.001), and DMAA (18.90 and 4.10, p<0.001). When comparing the two 
methods, differences were not significant between CR and WBCT measurements in HVA (-0.84, p=0.79), IMA (-0.93, p=0.39), IPA (1.53, 
p=0.09), or SS (p=0.40), but were significant for DMAA (13.43, p<.0001). CR analysis yielded varied metatarsal head shapes, while all 
WBCT shape classifications were round. 

Conclusion: Unidimensional HV measurements were similar between WBCT and CR, while more three-dimensional findings were not. 
CR may be used to assess the axial aspects of HV, but multidimensional aspects of the deformity may not be accurately assessed with 
plain radiographs. 
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Introduction
Conventional radiographs (CR) are the standard modality 

when evaluating patients with hallux valgus (HV)(1,2). In the 
course of those evaluations, various angular measurements, 
including the hallux valgus angle (HVA), intermetatarsal an-
gle (IMA), interphalangeal angle (IPA), and distal metatarsal 
articular angle (DMAA), are obtained(3,4). However, such mea-
surements are sometimes unreliable, and DMAA in particular 
has less than desired interobserver reliability(4-6). In addition 
to poor reliability, it is possible these estimates may stray sig-
nificantly from true values because radiographs only provide 
images in two dimensions(7). 

Many of these radiographic findings and values are used to 
address possible etiology, grade the deformity, and plan its 
surgical treatment(8). The shape of the metatarsal head (rou-
nd, chevron, or flat) and the presence of an abnormal DMAA 
are associated with the pathogenesis of hallux valgus(9-11). The 
degree of HVA, IMA, and displacement of sesamoids are used 
in deformity classifications and treatment algorithms(1,12). Sur-
gical planning is largely based on angular or radiographic uni-
dimensional findings, and deformity recurrence is associated 
with an inability to correct abnormal angular findings(13). For 
example, HVA as measured with plain radiographs has been 
found to be a major predictor of successful hallux valgus cor-
rection(14,15).
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Weight-bearing computed tomography (WBCT) inherently 
provides images in three dimensions, and so may offer a more 
complete way to assess patients with HV and other foot and 
ankle conditions(16,17). The objective of this study was to com-
pare traditional HV imaging measurements (HVA, IMA, DMMA, 
head shape, IPA, and sesamoid station [SS]) obtained via CR 
versus measurements obtained with WBCT. We hypothesized 
that unidimensional parameters such as HVA, IMA, IPA, and SS 
would be similar between the two methods, while three-di-
mensional findings such as DMMA and the shape of the meta-
tarsal head would demonstrate significant differences. 

METHODS
Design

This study was approved by the University of Iowa’s IRB 
(#202012422) and complied with the Health Insurance Porta-
bility and Accountability Act (HIPAA) and the Declaration 
of Helsinki. Full weight-bearing radiographs and weight-bearing 
CTs were taken of HV patients and controls. Patients were 
enrolled at the University of Iowa’s Department of Ortho-
pedics and Rehabilitation from January 2017 to November 
2020. Included patients were 18 years of age or older with 
a diagnosis of HV and matched with control patients. Con-
trols were selected for having HVA <15° and no complaints on 
the forefoot. Patients were excluded from the control group 
if they had existing foot deformities or any incidental findings 
of disease on the forefoot.

Subjects
A total of 19 patients with HV were enrolled (median age 

53.79 years, range 18-92, SD 8.09), for a total of 26 feet ima-
ged via radiography and WBCT. The HV patients were 89% 
female, 11% male, and had a median BMI of 29.60 (SD 5.50). 
The control group was composed of 16 patients (median age 
38.18 years, range 17-71, SD 16.37), for a total of 20 imaged 
feet. Median control BMI was 30.98 (SD 8.29). 

Imaging
Standard bilateral weight-bearing conventional radiographs 

were taken in anteroposterior, lateral, and oblique views(1). A 
cone-beam CT extremity scanner (PedCAT; CurveBeam, LLC, 
Warrington, PA, USA) was used to take weight-bearing CT 
images of each foot. Each patient was instructed to stand in 
the scanner with their feet spaced shoulder-width apart, with 
even distribution of weight(18).

 Radiographic Measurements
Two fellowship-trained, board-certified orthopedic foot 

and ankle surgeons performed all measurements. HVA, IMA, 
DMAA, IPA, and sesamoid station (SS) were measured using 
anteroposterior weight-bearing radiographs (Vue PACS™, 
Carestream, USA). SS was measured between the medial 
sesamoid and the metatarsal axis using the Hardy-Clapham 
system(19). Metatarsal head shape was classified through  
observation into 3 categories: flat, round, and chevron(9). 

WBCT measurements
The same two fellowship-trained foot and ankle surgeons 

performed all WBCT measurements. CubeVue™ software (Cur-
veBeam, LLC, Warrington, PA, USA), was used to analyze the 
images, which were converted from raw multiplanar data into 
sagittal, coronal, and axial plane images. Head shape, SS, HVA, 
IMA, IPA, and DMAA were recorded in the axial plane(1,12,16, 19-21).

The metatarsal and phalanx axes were established in the 
axial plane, and angular measurements were performed using 
the Cobb method(16,22). The most medial and the most lateral 
articular voxel of the metatarsal head were used to establish 
the DDMA(23) (Figure 1).

Statistical Analysis
Interobserver reliability was calculated with intraclass cor-

relation coefficients (ICCs) for continuous data and Cohen’s 
kappa for categorical data. Descriptive statistics including 
mean, median, range, interquartile range (IQR), standard de-
viation and error, and 95% confidence intervals were calcula-
ted for each measurement. The Shapiro-Wilk test was used 
to evaluate normality. One-way ANOVA was used to compare 
the means of normally distributed variables, while nonpara-
metric Wilcoxon tests were used for non-normally distribu-
ted variables. T-tests were used to compare measurements  
between CR and WBCT. Chi-square tests were used to evalua-
te differences between HV and control patients. P-values less 
than 0.05 were considered significant.

Results
Interobserver reliability was generally high. The ICC was 0.91 

for HVA measured via CR and 0.98 for HVA measured via 
WBCT. ICC was 0.89 for IMA as measured by both radiograph 
and WBCT. For DMAA, the ICC was 0.83 and 0.72 using CR 
and WBCT, respectively. Additionally, ICC for IPA was 0.80 
as measured by plain radiography and 0.77 as measured by 
WBCT. For sesamoid station, Cohen’s kappa was calculated 
to be 0.70 with CR and 0.75 with WBCT (Figure 2). 

Using WBCT scans, readers were able to accurately dis-
cern HV patients from controls without HV (Figure 3). Using 
WBCT, the mean HVA in HV patients was 35.29° compared 
to 9.02° for control patients (p<0.001). IMA was also signi-
ficantly greater in HV patients compared to controls (mean 
16.01° and 10.01° respectively, p<0.001). A significant differen-
ce was detected for IPA (mean 5.87° for HV patients and 11.19° 
for controls, p<0.001). DMAA was found to be significantly 
greater in HV patients than controls (mean 18.90° vs 4.10°, 
p<0.001). SS was also significantly different in HV patients 
compared to controls (p<0.001).

Comparing CR and WBCT, some angles were similar and 
others were significantly different (Figure 4). For pooled HV 
and control patients, similarities were seen between HVA 
measured by radiography and HVA measured by WBCT 
(mean difference = -0.84, p=0.79, CL = -6.40, 4.73). For pooled 
HV and control patients, similarities were also seen in IMA 
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(mean difference = -0.93, p=0.39, CL = -2.89, 1.02) and IPA 
(mean difference = 1.53, p=0.09, CL = -0.48, 3.53). SS was 
also similar when using WBCT in comparison to CR (p=0.40). 
However, DMAA measurements were found to be signifi-
cantly different in the pooled patient population between 
WBCT and CR (score mean difference = 13.43, p<.0001,  
CL = 9.00, 18.30). 

For HV patients, 65.4% of metatarsal head shapes were clas-
sified as round and 34.6% as chevron. For control patients, 
50% of metatarsal head shapes were classified as round, 45% 
were classified as chevron, and 5% were classified as flat. In 
contrast, for both patient populations 100% of WBCT clas-
sifications of metatarsal head shape were round (Figure 3). 
Correlation analysis (r) was also performed between angles 
measured by radiograph and angles by WBCT. The coeffi-
cients were r=0.97 for HVA, r=0.88 for IMA, r=0.51 for IPA, 
and r=0.61 for DMAA.

Figure 1. Sequence of hallux valgus angles measurements using 

weight-bearing computed tomography (WBCT). Panel 1 demons-

trates the increase (approximately 29.5  mm) of the slab (cut  

thickness) used to find bone axes when the visualization is chan-

ged to the axial window. Panel 2 shows measurements of traditio-

nal hallux valgus angles: intermetatarsal angle (IMA), hallux valgus 

angle (HVA), and interphalangeal angle (IPA). The thicker slab is 

used to find the metatarsal and phalanxes (2A) axes, followed 

by angular calculations (2B). Hardy and Clapham assessment on 

WBCT is shown on panel 3, where a thicker slab is used the find 

the first metatarsal axis (3A), and the exact point where this axis 

crosses the medial sesamoid is observed by moving inferiorly 

(3B), portraying the amount of dislocation presented (3C). Panel 

4 illustrates how the first metatarsal head shape is evaluated under 

WBCT, decreasing the slab (4A to 4B) to its standard cut thickness 

(0.37 mm) and observing the entire head diameter from dorsal 

(4B | 4C) to plantar (4D | 4E). After finding the first metatarsal axis 

(5A) with the thicker slab, the cut is reduced to its standard value. 

The distal metatarsal articular angle (DMAA) is obtained, as shown 

in panel 5. The most medial (5B) and lateral (5C) articular points 

of the first metatarsal head are attained using all WBCT axial cuts. 

The complementary angle between the line connecting these two 

points and the first metatarsal axis represents the DMAA (5D).

1 2A 2B

3C3B3A

4A

5A 5B 5C 5D

4B 4C 4D 4E

Figure 2. Example of the measured variables in a hallux valgus pa-

tient using conventional weight-bearing radiographs and weight-

bearing computed tomography (WBCT). Traditional hallux valgus 

angles, such as hallux valgus angle (HVA), intermetatarsal angle 

(IMA) and interphalangeal angle (IPA) assessed on radiographs 

(A) and WBCT (B). Shape of the first metatarsal head on radio-

graphic (C) and tomographic (D) analysis. Measurement of the 

distal metatarsal articular angle (DMAA) using radiographs (E) 

and WBCT (F). Finally, the sesamoid station calculated under a 

radiographic view (G) and a weight-bearing computed tomogra-

phy view (H). 

A

E F G H

B D
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Discussion
Hallux valgus is one of the most common problems seen 

and addressed by foot and ankle surgeons. HVA, IMA, and a 
number of other important metrics are used in the diagno-
sis, surgical planning, and postoperative analysis of HV, and 

so accurate measurement of these parameters is important. 

Therefore, this retrospective study aimed to compare such 

parameters as measured by conventional weight-bearing ra-

diographs with those obtained with weight-bearing compu-

ted tomography (WBCT). 

Figure 4. Comparison of hallux valgus measurements obtained from weight-bearing computed tomography (WBCT) and conventional 

radiography (CR) for the combined hallux valgus and control patient population. Mean values for each measurement are given. A) 

Hallux valgus angle (HVA), B) intermetatarsal angle (IMA), C) hallux valgus interphalangeal angle (HVIP or IPA), D) sesamoid station 

(SS), E) distal metatarsal articular angle, F) metatarsal head shape measured by CR, and G) metatarsal head shape measured by WBCT.

A B C D

GFE

Figure 3. Comparison of hallux valgus patients and control patients using measurements from weight-bearing computed tomography 

(WBCT). Mean values for each measurement are given. A) Hallux valgus angle (HVA), B) intermetatarsal angle (IMA), C) hallux valgus 

interphalangeous angle (HVIP or IPA), D) distal metatarsal articular angle (DMAA), and E) sesamoid station (SS). 

A

C D E
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Reliability was good for both radiography and WBCT across 
the overall patient population enrolled in the study. WBCT 
was found to be more reliable than CR between observers for 
HVA and SS, equivalent in reliability for IMA, and less reliable 
for DMAA and IPA. Since many clinicians may not have access 
to WBCT, the solid reliability of CR for most measurements is 
helpful for the assessment and treatment of HV. Considering 
that WBCT and CR operate in different dimensions, it is un-
surprising that reliabilities varied depending on the specific 
measurement.

As was hypothesized, for some parameters (HVA, IMA, IPA, 
and SS), radiographic measurements were comparable to 
WBCT. This aligned with the findings of Mahmoud et al.(16) Ba-
sed on this study’s findings, and the fact that these measure-
ments assess a unidimensional aspect of the deformity, there 
should be a high degree of comparability between CR and 
WBCT measurements. It appears that the two methods can be 
used interchangeably when evaluating HVA, IMA, IPA, and SS. 

However, there was a statistically significant difference be-
tween the radiographically derived measurements of DMAA 
and those obtained from WBCT. This may be explained by 
the more three-dimensional nature of the DMAA angle, as 
well as the fact that DMAA varies with first metatarsal axial 
rotation and inclination(8). Given the observed discrepancy, 
use of DMAA in clinical practice may necessitate WBCT ima-
ging rather than CR. Similarly, there was a stark difference 
between metatarsal head shape as measured with radiogra-
phy versus WBCT. When measured with radiography, there 
were a variety of head shape classifications, yet when using 
WBCT all head shapes were found to be round across both 
HV patients and controls. WBCT shows the true shape of the 

metatarsal head more than radiography does, and so this fin-
ding implies that head shape may not be a strong etiological 
factor, in contrast to what some authors have indicated in the 
past(9-11). DMAA and head shape are three-dimensional para-
meters, and as a result may be greatly influenced by factors 
like the position of the foot, the inclination of the metatarsal, 
and rotation.

This study has several limitations that must be addressed. 
First, it was a retrospective analysis, and is thus subject to 
inherent bias. Functional evaluation was not performed, whi-
ch hinders the possibility of associating clinical symptoms and 
radiographic aspects of hallux valgus. Proximal features of the 
deformity at the tarsometatarsal and naviculocuneiform joints 
were not tested. Angles assessing the rotation of the metatar-
sal or the sesamoids were not considered in this study, since 
the inability of radiographs to estimate true values is already 
known(24,25). Although healthy controls with an absence of foot 
deformities were included, they were not volunteers. Further, 
although statistical differences were found, no sample size cal-
culation or power analysis was performed. 

Conclusion
HV values obtained with WBCT had good reliability. Indi-

rect unidimensional radiographic measurements of HVA and 
IMA are not significantly different from HVA and IMA measu-
rements obtained with WBCT. This may support the use of 
CR to address the disease’s axial components. However, the 
measurement of DMAA changed significantly between radio-
graphs and WBCT, which might pose a challenge to providers 
when assessing this aspect of the deformity. 
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