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Among predisposing anatomical causes, a wide intermetatarsal angle, 
“Spreizfuss”, including metatarsus primus varus, is significantly cor- 
related with the hallux valgus deformity (Harris & Beath 1947, Hardy 
& Clapham 1951). There are also indications of a more prominent 
“relative protrusion” of the first metatarsal in the hallux valgus foot. 
The presence of a comparatively long great toe or first metatarsal in 
hallux valgus has been suggested since the reports of Mayo (1920) 
and Morton (1935), but seems weakly substantiated. 

The present study was decided primarily in order to determine the 
relationship that may occur between the degree of hallux valgus and 
the following skeletal parameters: the absolute lengths of the first 
two metatarsals and the protrusion of the head of the first metatarsal 
in relation to the second. The analyses of correlation were also made 
after the addition of the proximal phalanx. 

M A T E R I A L  A N D  M E T H O D S  

I n  the present 25 cases of uncorrected hallux valgus the valgus deformity ranged 
from 10 to  50”, measured on a standard plantari-dorsal radiograph as the angle 
between the axis of the first metatarsal and that of the proximal phalanx. The 
ages of the patients ranged between 19 and 69 years, sex ratio 8 women to 2 men. 
No cases of neurological o r  rheumatic disorder were represented; all were 
“genuine” deformities. 

The actual skeletal parameters were recorded on the radiographs according to 
Figure 1: The absolute lengths of the first and second metatarsal were measured 
on the axis, their quotient used in the correlation analysis. A true measure cannot 
be obtained because of the irregularity of the proximal joint surface of these 
bones. However, the  point of intersection of the axis and the distal projected 
border of this surface was regarded as the best available. 

The relative metatarsal protrusion (d) was defined as the difference between the 
distal articular joint surfaces of the first and second metatarsals after correction 
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Figure 1 .  Standard radiograph wi th  actual 
parameters : 
hu - hallux oalgus 
sf - intermetatarsal angle 
m p u  - metatarsus primus varics 
d - relative metatarsal protrusion 
m’ l  - 1st metatarsal bone 
n1’2 - 2nd metatarsal bone 

for the metatarsus primus varus angle. Thus the first metatarsal was designed 
parallel with the second by placing one point of a pair of dividers in the inter- 
section of axis with the base of the first metatarsal, as defined above, drawing an 
are with the radius of the first metatarsal with the other. The same principles 
were applied when the lengths of the proximal phalanx were added. The meta- 
tarsus primus varus (mpv) and intermetatarsal (sf) angles were determined ac- 
cording to the figure. Correlation was calculated as the linear correlation coefficient 
and has been referred to as “significant” when the level of probability was less 
than 0.05. 

R E S U L T S  

The interdependence of hallux valgus and a wide intermetatarsal 
angle was established by a significant, high correlation coefficient, 
0.6 (Figure 2 ) .  Even higher probability existed for an association with 
a wide metatarsus primus varus angle by a coefficient of 0.8 (Figure 3 1 .  

Again the observations on the relative metatarsal protrusion 
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Figure 2 .  Relationship between hallux valgus and intermetatarsal angles. 
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Figure 3.  Relationship between hallux ualgus and metatarsus primus varus angles. 

showed significant positive coefficient of correlation, (0.4 Figure 4 )  
indicating a more prominent first metatarsal to be of importance for 
the development of hallux valgus. The protrusion of the end of the 
first proximal phalanx was, however, not significantly correlated. 

The quotient of the lengths of the first and second metatarsals 
showed no significant correlation to the degree of hallux valgus. The 
incorporation of the proximal phalanxes did not change the outcome. 
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Figure 4 .  Relationship between hallux valgus and relative metatarsal protrusion. 

D I S C U S S I O N  

As in the present material, a valgus deformity of the great toe amount- 
ing to 10” or more is indicative for diagnosis (Kelikian 1965, Hierton 
1969, Dei Poli et al. 1970).  

By eliminating obvious secondary cases, such as rheumatoid arthritis, 
neurological disorders and congenital deformity, the material should 
be representative for the “genuine” type of hallux valgus. The distribu- 
tion by age and sex is also in accordance with other studies (Hardy & 
Clapham 1951, Maclennan 1966),  as is the very striking correlation 
between the hallux valgus and the size of the intermetatarsal and 
metatarsus primus varus angle. Increasing varus of the first metatarsal 
should aggravate the valgus of the great toe. In fact the present co- 
efficient of correlation is almost identical with that in Hardy & Clap- 
ham’s extensive study of 1951. This finding thus emphasizes the con- 
clusion of a causal relationship, but should not be interpreted as aetio- 
logically indicative, especially as the deformity of hallux valgus pre- 
cedes widening of the metatarsus primus varus angle, which has been 
demonstrated in younger individuals (Hardy & Clapham 1952, Piggott 
1960). The advanced position of the great toe and its metatarsal has 
been regarded as another intrinsic factor causing hallux valgus. The 
principle is fairly obvious, as a protruded hallux should be more prone 
to give way towards valgus. Different methods have been applied in 
the evaluation of the relative metatarsal protrusion. Morton (1935) 
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measured the distance from the head of the first metatarsal to a 
perpendicular to the axis of the second metatarsal at the point of 
intersection of the distal articular surface. The disadvantage is, how- 
ever, that any increase in the metatarsus primus varus angle should 
lead to an apparent shortening of the first metatarsal. Harris & Beath 
(1947) estimated the radial distance between arcs of circles centred 
on the calcaneum. Hardy & Clapham (1951) measured the relative 
metatarsal protrusion as the radial distance between arcs centred in 
the intersection between a transverse tarsal line and the axis of the 
second metatarsal which, in cases of metatarsus primus varus, gives 
a slight underestimation of the relative protrusion of the first meta- 
tarsal. These arcs should ideally be centred in the intersection of the 
first and second metatarsal axis which, however, in practise could be 
inconvenient. The method used in the present study reduces the 
metatarsus primus varus before measurement. In spite of some in- 
accuracy in the measurement, the finding of no correlation to the 
quotient of the lengths of the first and second metatarsals does not 
detract from the results, because a systematic error would tend to 
produce rather a closer correlation. 

In Hardy & Clapham’s study (1951) a significant positive correlation 
occurred between the prominence of the first metatarsal and hallux 
valgus in cases with high valgus and a low intermetatarsal angle only. 
A significant difference of relative metatarsal protrusion was also 
established between a morbid group and controls with means of 4 mm 
and 2 mm respectively. Theoretically this result could imply a 
dependency upon the degree of flatfoot, an often mentioned cause of 
hallux valgus. This should be true, provided the base of the first 
metatarsal is depressed relatively more than the second, which is 
probably not the case in the pronated foot. Hardy & Clapham’s study 
did not incorporate measurements on the absolute lengths of the first 
two metatarsals. Our results, including also this parameter, should 
allow the statements that in hallux valgus the first metatarsal is not 
comparatively longer than the second, as no correlation occurred in 
respect to length, but also that the causal anatomical factor should be 
sought more proximally in the tarsus in view of the correlation found 
regarding the relative protrusion of the first metatarsal. A prominent 
innermost cuneiform bone, not only by shape but even by some in- 
directly effecting anatomical variation, could be of relevance. This 
would correspond to the interpretation given by Ewald (1912) and 
Truslow (1925) on the cause of metatarsus primus varus being due to 
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the oblique setting of the distal articular facet of this particular bone, 
which they regarded as a condition inherent in the individual’s growth 
and development and not an acquired deformity. 

Neither a relatively long great toe nor a more distal position of the 
first proximal phalanx seem to be determining factors for hallux 
valgus. Because of the correlation with the metatarsal protrusion, the 
latter circumstance was unexpected and is without any rational ex- 
planation : the further correlation between hallux valgus and the 
protrusion of the first proximal phalanx beyond the second would have 
been anticipated as the more logical. 

Thus, concerning this question, only a protruded first metatarsal 
head is of significance for hallux valgus. 

S U hi M A R Y 

In a study of radiographs of hallux valgus feet, significant positive cor- 
relations were found between the degree of valgus and the degree of 
metatarsus primus varus, as well as the intermetatarsal angles, which 
are in correspondence with results in earlier publications. We also 
found a significant correlation concerning the relative protrusion of 
the first metatarsal head but not the quotient of the length of the first 
two metatarsals. We therefore suggest that a causal skeletal factor for 
hallux valgus should be sought more proximally in the tarsus. 
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