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Abstract (word count 252) 

Background. The present study was conducted to with the following objectives: a) to assess the 

position on the intersection point of the perpendicular bisectors of the longitudinal axes of the 

first metatarsal and proximal phalanx (IP), b) to correlate the location of this point with severity 

of hallux valgus deformity according to angular measurements and according to visual 

assessment of the severity carried out by three independent observers, and c) to assess whether 

this IP correlated with the radius of the first metatarsophalangeal arc circumference. 

Methods: Measurements evaluated were intermetatarsal angle, hallux valgus angle distal 

metatarsal articular angle, and proximal phalangeal articular angle (PPAA). The IP was drawn  

and the location of this point inside or outside of the foot was established. Three independent 

observers rated the severity of hallux valgus in photographs using a 100-mm visual analogue 

scale (VAS). 

Results: Measurements of all angles except PPAA showed significantly lower values when the 

IP was located out of the foot more distantly and vice versa, significantly higher values for 

severe deformities in which the IP was found inside the foot (P < 0.001). The IP correlated 

significantly with VAS scores and with the length of the radius of the circle that included the 

first metatarsophalangeal arc circumference (r = 0.911, 95% CI 0.890–0.928, P < 0.001) 

Conclusions: The IP is a reliable indicator of hallux valgus severity because correlated 

significantly with angular measurements, visual inspection of the degree of deformity, and 

location of the center of the first metatarsophalangeal arc circumference. 
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Background 

Different radiographic measurements are widely used to assess angular deformity in patients 

with hallux valgus, including the hallux valgus angle (HVA), the first intermetatarsal angle 

(IMA), the distal metatarsal angle (DMAA) and the proximal phalangeal articular angle 

(PPAA). Depending on the HVA, moderate deformities varied from 30 to 40° for some reports 

and from 20 to 40° for other studies [1–13].  Patients with IMA above 17° are considered to 

have a severe deformity, while several authors define severe hallux valgus when the IMA is 

above 15° [8,14–17].
 
The importance and validity of the DMAA and the PPAA is controversial 

[18]. 

 Computer-assisted analysis of skeletal radiographs has been used as a method to assess 

the structural components of different joints [19–22] and are increasingly performed in the field 

of hallux valgus [1,10,23–28]. In a previous study based on digitized images of angular 

measurements, the position of the center of a circle formed by the first metatarsophalangeal arc 

circumference correlated significantly with HVA, DMAA, and IMA measurements [29]. The 

circle’s center location was associated with different degrees of hallux valgus deformity. 

Although this single point integrating different angular measurements represents a new 

approach to study the severity of hallux valgus, drawing a circumference manually on 

radiographs is difficult and time consuming in clinical practice. However, application of this 

model to the intersection point of the perpendicular bisectors of the mid axes of the first 

metatarsal shaft and the first proximal phalanx may have practical relevance since these lines 

can be easily drawn on weightbearing radiographs. 

 We here studied the position of the intersection point of the perpendicular bisectors of 

the longitudinal axes of the first metatarsal and proximal phalanx to assess whether there was a 

correlation between this point and (a) the severity of hallux valgus according to angular 

measurements, (b) the severity of hallux valgus assessed by three independent observers using a 

visual analogue scale (VAS), and (c) the center of the circle formed by the first 

metatarsophalangeal arc circumference. Visual inspection of foot has been described as a 
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screening method for hallux valgus in children [30], however, clinical assessment of the severity 

of bunion deformity using VAS scores has not previously been reported. 

 

Methods 

All consecutive patients with hallux valgus evaluated roentgenographically during the 

preoperative workup studies over 1-year period were included in a cross-sectional study. A 

control group was also included. Controls were selected from patients visited because of 

orthopaedic conditions other than hallux valgus who gave consent to underwent the study 

procedures. 

 

Angular Measurements 

Radiographs were performed with the patients standing only on the involved foot with the knee 

extended. The medial border of the foot was aligned to avoid internal or external rotation of the 

leg. The X-ray beam was inclined 15° in an anterior-posterior direction centered on the second 

tarsometatarsal joint at a distance of 100 cm. Radiographs were photographed with a digital 

camera (Canon
®
S40). 

 Measurements evaluated were IMA, HVA, DMAA, and PPAA using the Hardy and 

Clapham method [31] and the criteria established by the Ad Hoc Committee of the American 

Orthopaedic Foot & Ankle Society on Angular Measurements [32]. The first metatarsal, second 

metatarsal, and proximal phalanx reference points were placed according to the method of 

Coughlin et al [33]. All measurements were performed by an independent observer who was 

blinded to the patient’s medical record and unaware of the purpose of the study, using an 

Autocad 2000
®
 (Autodesk Inc., San Rafael, CA). The HVA was categorized as normal (< 15°), 

mild (15–20°), moderately low (21–29°), moderately high (30–39°), and severe (≥ 40°); the 

IMA as normal (< 9°), mild (9–11°), moderate (12–17°), and severe (≥ 18°); the DMAA as 

normal (< 9°), mild (9–19°), moderate (20–39°), and severe (≥ 40°); and the PPAA as normal (< 

6°), mild (6–10°), moderate (11–20°), and severe (≥ 21°). 



 5

Perpendicular Bisectors of the Longitudinal Axes of the First Metatarsal and 

Proximal Phalanx  

After angular measurements had been taken (Figure 1), perpendicular bisectors of the 

longitudinal axes of the first metatarsal and proximal phalanx were drawn (Figure 2). The 

Autocad
®
 program computed the location of the intersection point of the perpendicular 

bisectors, length of the perpendicular bisectors, and length of a line segment (named ‘DL’ = 

distance length) joining the intersection point of the perpendicular bisectors and of the 

longitudinal metatarsal and phalangeal axes. Three categories were established for the site of the 

intersection point: inside the foot (up to the tissue border), out of the foot but within a distance 

of a foot width, and out of the foot but far away from a distance of a foot width. Width of the 

foot was measured radiographically as the distance between the maximal prominence of the 

fifth and first metatarsals. 

  

First Metatarsophalangeal Arc Circumference 

The first metatarsophalangeal arc was defined by the midpoint of the curvature of the first 

phalanx and by placing two points each at the proximal and distal metadiaphyseal metatarsal 

junctions at the lateral borders. Details of drawing of the circle have been previously reported.
29 

 

Clinical Assessment of Hallux Valgus Severity 

After radiographs had been taken and with the patient in the same position, a macroscopic 

photograph of the involved forefoot was taken using the same digital camera (Canon
®
S40). 

Three independent observers rated the severity of hallux valgus in forefoot photographs using a 

visual analogue scale (VAS) The VAS consisted of a 100 mm horizontal line, the left end 

representing ‘normal appearance or absence of hallux valgus deformity’ (0 mm) and the right 

‘maximum hallux valgus deformity’ (100 mm). Each observer was unaware of the purpose of 

the study and masked regarding other observers’ assessments. 
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Statistical Analysis 

The normal distribution of quantitative variables was evaluated using normal probability graphs. 

The relationship between quantitative values of the different angular measurements was 

assessed with the Pearson’s product-moment correlation coefficient. The bivariate correlation 

coefficient among VAS scores of the three observers was calculated. Concordance was 

determined by the intraclass correlation coefficient (ICC). A discriminant analysis of principal 

components with varimax rotation was performed to obtain a single score of severity for the 

VAS assessment (summary VAS score or s-VAS). The Pearson’s correlation coefficient was 

calculated to assess the relationship between s-VAS and angular values and DL values, as well 

as the relationship between DL values and position of the center of the circle that included the 

first metatarsophalangeal arc circumference represented by the length of the radius. Groups 

were compared with the analysis of variance (ANOVA) and Tukey’s test for multiple testing. 

On the other hand, to assess the influence of angular measurements on DL, a lineal regression 

multivariate analysis was performed. Statistical significance was set at P < 0.05. The Statistical 

Analysis System (SAS) statistical software package (version 8.0) (SAS Institute, Cary, NC) was 

used for the analysis of data. 

 

Results and Discussion 

A total of 301 dorsoplantar weightbearing radiographs from 176 patients with hallux valgus 

(bilateral hallux valgus, n = 90; unilateral hallux valgus, n = 86) and 35 controls were analyzed. 

There were 192 women and 19 men, with a mean age of 56 ± 14 years (range 28–87 years). The 

classification of hallux valgus deformities based on angular measurements is shown in Table 1. 

Angular values showed a mean (± standard deviation, SD) values of 30.3 (12.6)° for HVA, 12.3 

(3.8)° for IMA, 26.4 (13.1)° for DMAA, and 4.5 (4.9)° for PPAA.  

 The intersection point of the perpendicular bisectors and of the longitudinal metatarsal 

and phalangeal axes was found inside the foot in 111 (37%) patients, out of the foot but within a 

distance of a foot width in 145 (48.2%) and out of the foot but far away from a distance of a 
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foot width in 45 (15%). The mean DL was 12.0 (7.2) mm. The mean length of the radius for the 

first metatarsophalangeal arc circumference was 13.0 (6.5) mm. Figures 3, 4, and 5 show the 

categories established for the site of the intersection point and the location of the center of the 

circle inside the foot (Figure 3), out of the foot but within a distance of a foot width (Figure 4), 

and out of the foot but far away from a distance of the foot width (Figure 5). 

 The mean (SD) s-VAS score was 35.4 (20.0). As shown in Table 2, the three observers 

showed a high degree of agreement in the classification of the severity of hallux valgus 

deformity using VAS, with a correlation coefficient > 0.8 for all pair comparisons (P < 0.001). 

On the other hand, the ICC was 0.846 (95% confidence interval [CI] 0.817–0.871) (P < 0.001). 

There were statistically significant differences between mean s-VAS scores according to 

severity of hallux valgus, that is, the s-VAS score was significantly higher when the intersection 

point was found inside the foot (52.8 [14.7]) as compared with out of the foot but within a 

distance of a foot width (30 [13.5]) and out of the foot but far away from a distance of a foot 

width (9.9 [7.2]) (Table 2). 

 With regard to mean HVA, IMA, DMAA and PPAA values and severity of hallux  

valgus, measurements of all angles except PPAA showed significantly lower values when the 

intersection point was located out of the foot more distantly and vice versa, significantly higher 

values for severe deformities in which the intersection point was found inside the foot (P < 

0.001) (Table 3). 

 Table 4 shows the correlation between s-VAS (severity of hallux valgus according to 

the observers) and the remaining measures. HVA and IMA showed a strong and significant 

correlation with s-VAS, that is, the greater hallux valgus deformity rated by the observers, the 

greater the values of these angles. On the other hand, severity of hallux valgus rated by the 

observers correlated negatively with DL, that is, the greater hallux valgus deformity rated by the 

observers, the shorter the DL. 

 The relationship between each angle and DL is summarized in Table 5. In the univariate 

analysis, for each 10 mm of DL increase, the HVA decreases 0.8º, IMA decreases 0.5º, DMAA 

decreases 0.7º, and PPAA increases 0.01º. In the multivariate analysis, an increase of 10 mm of 
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DL causes decreases of 0.531º of HVA and 0.07º of IMA, and increases of 0.05º of DMAA and 

of 0.04º of PPAA if the remaining angles for each case are maintaned unchanged. The 

application of these data to a theoretical model shows that for the intersection point the 

perpendicular bisectors to be found in the external border of the fifth metatarsal, the mean 

values (SD) of angular measurements would be 40.46 (10.9)º for HVA, 14.26 (3.8)º for IMA, 

36.04 (11.6)º for DMAA and 7.53 (4.2)º for PPAA. The mean (SD) values for the intersection 

point to be found out of the foot but within a distance of a foot width would be 26.31 (9.4)º for 

HVA, 9.83 (5.2)º for IMA, 22.82 (10.5)º for DMAA and 7.57 (4.9)º for PPAA. 

 Finally, an excellent correlation between DL and length of the radius of the circle that 

included the first metatarsophalangeal arc circumference was observed (r = 0.911, 95% CI 

0.890–0.928, P < 0.001) (Figure 6). 

 The intersection point of the perpendicular bisectors of the longitudinal axes of the first 

metatarsal and proximal phalanx was located within the bony foot in all cases of severe hallux 

valgus and in some moderate high, whereas the point was observed out of the foot but far away 

from a distance of a foot width in all cases of normal angular measurements and in some mild 

hallux valgus deformities. Measurements of all angles (HVA, IMA, DMAA) except PPAA 

showed significantly lower values when the intersection point was located out of the foot more 

distantly and vice versa, significantly higher values were observed for severe deformities in 

which the intersection point was found inside the foot. 

 On the other hand, the clinical assessment of hallux valgus deformity according to VAS 

scores given by independent observers on visual inspection of forefoot photographs was shown 

to be a reliable procedure. These results, however, cannot be compared with data reported by 

others because intraobserver and interobserver reliability studies have been previously been 

carried out only in angular measurements for which physicians were provided with a series of 

black and white photographs of radiographs with a hallux valgus deformity [32].
 
In our study, 

the three observers showed a high degree of agreement with a correlation coefficient > 0.8 for 

all pair comparisons and an ICC of 0.846. The s-VAS score was significantly higher when the 

intersection point was found inside the foot as compared with outside the foot. In addition, HVA 
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and IMA values showed a strong and significant correlation with s-VAS, that is, the greater 

deformity rated by the observers, the greater the values of these angles. On the other hand, 

severity of hallux valgus rated by the observers and by radiographic measures correlated 

inversely with DL, that is, the greater hallux valgus deformity rated by the observers and 

radiographic measures, the shorter the DL. 
 

 
According to our data, if the external border of the fifth metatarsal is considered as the 

limit for the intersection point of the perpendicular bisectors in a case of severe hallux valgus, 

the mean values of the angles obtained were 42.5º for HVA and 15.1º for IMA, which are 

consistent with values of HVA ≥ 40º generally considered to define severe hallux valgus. 

Moreover, if the limit of the intersection point of the perpendicular bisectors is established out 

of the foot but within a distance of a foot width, the angles obtained of HVA 26.7º and IMA 

11.4º are also in agreement with values of HVA > 20º generally considered to define moderate 

hallux valgus [8,14–17,33–35]. 

 In a previous study, the location of the center of the circle formed by the first 

metatarsophalangeal arc circumference correlated significantly with HVA, DMMA, and IMA 

measurements [29]. In the present study, an excellent correlation between DL and length of the 

radius of the circle was found, so that, from a practical point of view, the position of the 

intersection point of the perpendicular bisectors of the longitudinal axes of the first metatarsal 

and proximal phalanx may have practical relevance, since these lines can be easily drawn on 

weightbearing radiographs. Moreover, severity levels according to its position inside or outside 

the foot were significantly related not only to angular measurements, but also to clinical 

assessment of severity of bunion deformity based on visual inspection by three independent 

observers.  

 

Conclusions 

The intersection point of the perpendicular bisectors of the mid axes of the first metatarsal shaft  
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and the first proximal phalanx is a reliable indicator of hallux valgus severity because showed a 

significant correlation with angular measurements, visual inspection of the degree of deformity 

and location of the center of the first metatarsophalangeal arch circumference. Assessment of 

the location of the intersection point as a function of the degree of hallux valgus deformity may 

have practical relevance since these lines can be easily drawn on weightbearing radiographs. 

Geometric-based analysis offers a novel approach for further research in the field of hallux 

valgus and to explore different ways to consider hallux valgus deformity. 
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metatarsal and proximal phalanx. 
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Table 1. Classification of severity of hallux valgus deformities according to angular 

measurements in 301 radiographs  

 

Angle Severity No. cases Percent 

Normal, < 15° 35 12 

Mild, 15−20° 42 13 

Moderate low, 21−29° 61 20 

Moderate high, 30−39° 92 31 

Hallux valgus angle (HVA) 

 

Severe, ≥ 40° 71 24 

Normal, < 9° 58 19 

Mild, 9−11° 76 25 

Moderate, 12−17° 135 45 
Intermetatarsal angle (IMA) 

Severe, ≥ 18° 32 11 

Normal, < 9° 22 7 

Mild, 9−19° 76 25 

Moderate, 20−39° 150 50 

Distal metatarsal articular angle 

(DMAA) 

Severe, ≥ 40° 53 18 

Normal, < 6° 116 38 

Mild, 6−10° 115 38 

Moderate, 11−20° 63 21 

Proximal phalangeal articular angle 

(PPAA) 

Severe, ≥ 21° 7 2 
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Table 2. Severity of hallux valgus deformity and VAS scores for the three observers. 

 

Data Mean (SD), mm 
Pearson’s  

r coefficient 
P value 

VAS scores    

Observer 1 32.0 (19.0)   

Observer 2 37.5 (19.9)   

Observer 3 36.8 (20.9)   

s-VAS
* 

35.4 (20.0)   

Agreement    

Observer 1 vs 2  0.873 < 0.001 

Observer 1 vs 3  0.856 < 0.001 

Observer 2 vs 3  0.876 < 0.01 

s-VAS
* 

   

Intersection point site    

Inside de foot 52.8 (14.7)  < 0.001
† 

< Foot width 30.0 (13.5)  < 0.001
† 

> Foot width 9.90 (7.22)  < 0.01
† 

 

*Summary final VAS score obtained by factor analysis. 

†Pair comparisons of s-VAS: inside vs < foot width, inside vs > foot width; < foot width vs > foot width. 
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Table 3. Mean angular values according to position of the intersection point   

Site of the intersection point 
P value 

Variables 

Inside One Two Inside vs 

one 

Inside vs 

two 
One vs two 

HVA 42.5 (7.5) 26.7 (6.9) 11.9 (3.7) < 0.001 < 0.001 < 0.001 

IMA 15.1 (3.3) 11.4 (3.0) 8.5 (2.2) < 0.001 < 0.001 < 0.001 

DMAA 38.6 (9.6) 22.3 (7.8) 9.5 (4.6) < 0.001 < 0.001 < 0.001 

PPAA 7.4 (5.6) 7.5 (4.6) 7.8 (4.3) 0.995 0.876 0.901 

 

Data as mean (SD). 
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Table 4. Correlation between summary VAS score and angular values and distance length (DL) 

 

Data 

Pearson’s correlation 

coefficient 

P value 

HVA 0.857 < 0.001 

IMA 0.823 < 0.001 

DMAA –0.072 0.211 

PPAA 0.579 < 0.001 

Distance length (DL) –0.694 < 0.001 
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Table 5. Relationship between angular measurements (HVA, IMA, DMAA and PPAA) and DL  

 

Univariate Multivariate 

 

Correlation 

index 

Beta 

coefficient 
P value R

 
Beta 

coefficient 
P value 

All patients       

HVA –0.805 –1.412 < 0.001 0.870 –0.531 < 0.001 

IMA –0.523 –0.278 < 0.001 0.425 –0.074 0.064 

DMAA –0.725 –1.329 < 0.001 0.837 0.050 0.497 

PPAA 0.015 0.010 0.795 0.151 0.044 0.484 
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Legends 

Figure 1. Measurements of the hallux valgus angle (HVA), the first intermetatarsal angle 

(IMA), the distal metatarsal angle (DMAA) and the proximal phalangeal articular angle 

(PPAA). 

Figure 2. Position on the intersection point (IP) of the perpendicular bisectors of the longitudinal 

axes of the first metatarsal shaft (line segment a–a’) and proximal phalanx (line segment b–b’). 

Distance length (DL) is the line segment from IP to a/b. 

Figure 3. Position of the intersection point (IP) (left) and of the center of the first 

metatarsophalangeal arc circumference (right) inside the foot in a case of severe hallux valgus 

deformity. 

Figure 4. Position of the intersection point (IP) and of the center of the first metatarsophalangeal 

arc circumference (right) out of the foot but within a distance of a foot width in a case of 

moderate hallux valgus deformity. 

Figure 5. Position of the intersection point (IP) and of the center of the first metatarsophalangeal 

arc circumference (right) out of the foot but far away from a distance of a foot width in a case of 

mild hallux valgus deformity. 

Figure 6. Correlation between DL and radius of the first metatarsophalangeal arc circumference. 
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