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the PPH, the larger the compressive stresses predicted. Inter-
nal forces on the PPH, due to differences in length between 
its medial and lateral sides, may force the PPH into a less-
stressful position. The geometry of the PPH is a significant 
factor in HAV development influencing the other reported 
skeletal parameters and, thus, should be considered during 
preoperative evaluation. Clinical assessment should evaluate 
the first ray as a whole and not as isolated factors.
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1 Introduction

Hallux abducto valgus (HAV) is one of the most common 
forefoot deformities, occurring more frequently in elderly 
women [32]. The symptoms associated with HAV are well 
known and can be summarized as lateral deviation of the 
big toe, increased angle between the first and second meta-
tarsal (commonly known as a bunion), dislocation of the 
sesamoids, and muscle dysfunction [11]. These changes do 
not always correlate with each other, nor do they have the 
same intensity, rendering HAV a complex disease. In fact, 
there are more than 130 surgical procedures for the treat-
ment of HAV which can be divided into soft tissue proce-
dures, osteotomies, arthrodesis, arthroplasties, and com-
bined procedures [20].

HAV is considered a deformity of multifactorial origin, 
primarily attributed to the use of footwear [23, 35], genetic 
conditions [22], and gender [40]. Additional factors also 
include metatarsus varus [18], abnormal length of the meta-
tarsus [26] or abnormal shape of the metatarsal head [29], 
action of the foot muscles [34], and foot pronation [33].
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parameters related to HAV. This study examined the geom-
etry of the proximal phalanx of the hallux (PPH) as a poten-
tial etiologic factor in this deformity. A total of 43 cadaver 
feet (22 males and 21 females) were examined by means 
of cadaveric dissection. From these data, ten representa-
tive PPHs for both genders were selected, corresponding 
to five percentiles for males (0, 25, 50, 75, and 100 %) and 
five for females. These ten different PPHs were modeled 
and inserted in ten foot models. Stress distribution patterns 
within these ten PPH models were qualitatively compared 
using finite element analysis. In the ten cases analyzed, ten-
sile stresses were larger on the lateral side, whereas compres-
sive stresses were larger on the medial side. The bones of 
males were larger than female bones for each of the param-
eters examined; however, the mean difference between lat-
eral and medial sides of the PPH (mean ± SD) was larger 
in women. Also the shallower the concavity at the base of 

 * Javier Bayod 
 jbayod@unizar.es

1 Group of Structural Mechanics and Materials Modeling 
(GEMM), Biomedical Research Networking Center 
in Bioengineering, Biomaterials and Nanomedicine 
(CIBER-BBN), Aragón Institute of Engineering Research 
(I3A), University of Zaragoza, Ed. Betancourt,  
C/María de Luna s/n, Saragossa, Spain

2 Nursing Physiotherapy and Podiatry Faculty, Medicine 
Faculty, Complutense University, Madrid, Spain

3 Faculty of Health Sciences, Rey Juan Carlos University, 
Madrid, Spain

http://crossmark.crossref.org/dialog/?doi=10.1007/s11517-015-1260-4&domain=pdf


646 Med Biol Eng Comput (2015) 53:645–653

1 3

Despite a large number of studies on this subject, the 
underlying cause of this deformity remains unclear. Even 
the use of footwear (commonly regarded as the primary 
suspect in HAV pathology) has not been confirmed as a 
cause. Barnicott and Hardy [3] measured the angle of the 
first metatarsophalangeal (MTP) joint in Nigerians who 
had never worn shoes and compared it with age-matched 
Nigerian soldiers who wore army boots. They found no sig-
nificant differences in the angle of the MTP joint between 
the shod versus barefoot population. However, a significant 
difference was observed between men and women.

Using radiographs from pathologic versus non-path-
ologic male and female patients, several studies have 
focused on the skeletal parameters influencing HAV. Exces-
sive length of the first metatarsal with respect to the second 
[19, 31, 37], also called protrusion [6, 18, 26, 28], has been 
associated with hallux valgus, but a short first metatarsal 
relative to the second [39] has also been suggested as an 
etiologic factor in HAV. Other reported etiologic factors 
include the shape of the metatarsal head [28, 29], a high 
intermetatarsal angle [18, 19], and hypermobility [25, 33]. 
Such a divergence of opinions regarding the etiology of 
HAV underscores the need for a new perspective in order to 
elucidate the underlying cause of this deformity.

Unlike previous studies, this study proposed the size 
and shape of the proximal phalanx of the hallux (PPH) as 
a skeletal parameter involved in HAV development. The 
underlying hypothesis involves abnormal stress on the 
PPH due to its shape (characterized by a larger length on 
the medial side compared with the lateral side), causing a 

tendency for the PPH to rotate. The effect of sexual dimor-
phism on the PPH was also evaluated to determine whether 
this factor predisposed women to suffer HAV pathology to 
a greater extent compared with men. The geometry of the 
PPH was examined by cadaveric dissection, and the stress 
state was predicted by FE analysis. In addition to provide a 
better understanding of this deformity, it is hoped that PPH 
geometry may provide an additional criterion by which 
physicians may gauge potential HAV severity.

2  Materials and methods

2.1  Proximal phalanx of the hallux (PPH) dissection 
and modeling

A total of 43 cadaver feet (22 males and 21 females) were 
examined by two surgeons (R.B.V. and L.I.) by means of 
cadaveric dissection. Data obtained from cadaveric dis-
section are common among surgeons as it allows quicker 
and easier collection of patient data, thereby obtaining a 
sufficient quantity of data [24]. Parameters that defined 
PPH geometry (Fig. 1) included longitudinal distance of 
the medial aspect (LDM), longitudinal distance of the 
central aspect (LDC), longitudinal distance of the lateral 
aspect (LDL), depth of the concave area at the base of 
the PPH (DCA), height of the base of the PPH (H), and 
width of the base of the PPH (W). All parameters involv-
ing each PPH examined were tabulated and divided by 
percentiles.

Fig. 1  Clinically signifi-
cant PPH parameters. LDM 
longitudinal distance of the 
medial aspect, LDC longitudinal 
distance of the central aspect, 
LDL longitudinal distance of the 
lateral aspect, DCA depth of the 
concave area of the base of the 
PPH, H height of the base of the 
PPH, and W width of the base 
of the PPH
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From this data set, five representative PPHs were 
selected for each gender, corresponding to five percentiles 
for males (0, 25, 50, 75, and 100 %) and five for females. 
These ten different PPHs were modified using parameters 
based on the data provided by surgeons. They were sub-
sequently inserted into the FE foot model generating ten 
models which shared the same structure, differentiated only 
by PPH geometry. The parameters used to create each new 
proximal phalanx are shown in Table 1.

2.2  Finite element (FE) models

The FE geometry was obtained from a three-dimen-
sional reconstruction of CT images of the right foot of a 
healthy male in his mid-thirties, and informed consent was 
obtained. CT images were acquired using a slice thickness 
of 2 mm. The FE meshes were constructed using commer-
cial software HARPOON (Harpoon r1.4.5, CEI, Manches-
ter, England). These meshes consisted of approximately 
783,000 linear tetrahedrons with an average size of 1 mm 
which were determined after a mesh sensitivity analysis 
to ensure the convergence of the model [14]. The models 

were subsequently exported to the FE package, ABAQUS 
(ABAQUS 6.11.3, HKS, Pawtucket, RI).

Foot models consisted of 28 bones (talus, calcaneus, 
cuboid, navicular, three cuneiforms, five metatarsals, five 
proximal phalanges, four middle phalanges, five distal pha-
langes and two sesamoids), cartilage, nine ligaments (pos-
terior talo-calcaneal, calcaneus, navicular, tarsometatarsal, 
and intermetatarsal, lisfranc, calcaneal cuboid-calcaneus-
navicular, plantar and the plantar fascia), and nine tendons 
(extensor hallucis brevis, longus and capsularis, flexor digi-
torum brevis and longus, flexor hallucis brevis and longus, 
adductor and abductor halluces).

2.3  Material properties and boundaries

Seven different tissues were considered in our model, all 
idealized as homogeneous, isotropic, and linearly elastic 
materials (Table 2). Each bone was differentiated into cor-
tical and trabecular bone [12, 14]. Ligaments were mod-
eled using a tension-only, one-dimensional truss element 
that transmitted only axial forces, distinguishing between 
two types of material, i.e., stiffer ligaments (such as plantar 
fascia and superficial and deep plantar ligaments) and the 
remaining, more compliant ligaments [10]. Cartilage prop-
erties were selected from the literature [16]. The muscles 
were simulated with one-dimensional beam elements. In 
order to prevent moments at elements representing tendons, 
connections between muscles and bones were characterized 
as tension-only, one-dimensional elements, similar to liga-
ments [4, 27]. Joints were simulated by ligaments and car-
tilage which enabled free movement between bones during 
simulations [4]. Node to surface contact was used to pre-
vent penetration between tendons and bones. The external 
face of the bone elements was defined as the master sur-
face, whereas the slave surface was modeled with the nodes 
between the beams that represented the muscle.

Table 1  Parameters used 
to model the new proximal 
phalanges sorted by percentiles 
of the dissected population

LDM longitudinal distance of the medial aspect, LDC longitudinal distance of the central aspect, LDL lon-
gitudinal distance of the lateral aspect, DCA depth of the concave area of the base of the PPH, H height of 
the base of the PPH, and W width of the base of the PPH

LDM LDC LDL DCA H W

M_0 30.52 28.76 29.04 3.57 16.51 20.93

M_25 31.18 31.54 31.33 1.56 16.39 22.39

M_50 36.5 35.39 35.04 3.08 23.21 24.53

M_75 40.31 33.01 36.51 1.25 17.78 21.35

M_100 38.51 37.91 38.4 2.21 15.56 20.72

W_0 31.23 29.00 29.5 1.27 14.08 17.51

W_25 31.71 30.48 30.86 0.72 13.23 17.66

W_50 34.45 30.15 32.63 0.66 12.33 19.04

W_75 38.64 34.24 35.34 2.32 17.26 17.72

W_100 40.16 39.35 42.78 2.42 18.7 20.00

Table 2  Material properties and element types used in the 3D finite 
element models

Component Young’s  
modulus (MPa)

Poisson  
coefficient

Type of element

Cortical bone 17,000 0.3 Tetrahedral

Trabecular bone 700 0.3 Tetrahedral

Ligaments 260 0.3 Tension-only truss

Plantar fascia 350 0.3 Tension-only truss

Cartilage 10 0.4 Tetrahedral

Muscles 450 0.3 Beam

Tendons 450 0.3 Tension-only truss
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The position of the model was very important, since 
loads on the foot change in both direction and amplitude 
with each position. With this aim, Gefen et al. [17] pro-
posed dividing the stance phase of gait into six different 
stages (initial-contact, heel-strike, mid-stance, forefoot-
contact, push-off, and toe-off), defining loads values for 
each of these stages.

The best position to analyze the initial development 
stage of the hallux valgus deformity was the position where 
the metatarsal heads support their self-weight. According to 
the stance phases suggested by Gefen et al. [17], the model 
was positioned in the toe-off stage, forming an angle of 90° 
between the metatarsals and phalanges (Fig. 2).

In this position, the insertion of the Achilles tendon 
was considered as a fixed support, since this tendon gener-
ates most of the reaction force balancing the body weight. 
First and second phalanges were also considered as fixed 

support. For the remaining phalanges (third, fourth, and 
fifth toes), only the vertical movement was restricted [17]. 
In this position, the PPH displacement was fully restrained 
due to the position of the PPH in the foot structure at the 
particular stage of the gait cycle analyzed [17]. Further-
more, a load of 180.5 kg was applied to the joint surface 
formed by contact between tibia and fibula with the talus. 
This is the load that roughly corresponds to a subject with 
a body weight of 60 kg at this phase of gait. Also, at this 
stance phase, tendons were subjected to an initial preten-
sion of 2 % to sustain the position in a resting state. Addi-
tional details on values and justifications used for loads 
and boundary conditions may be found in García-González 
et al. [15].

3  Results

3.1  Computer model predictions

For proper comparison, all models were ordered by size 
and gender. Gender was defined by a letter (M for males 
and W for females), and the percentile of the dissected pop-
ulation was characterized by a number (0 for the smallest 
phalanx and 100 for the largest one). Figure 3a shows the 
tensile stress distributions in the PPH, while Fig. 3b shows 
the compressive stress distributions. The stress distributions 
were similar for both men and women with a larger loaded 
area (appearing primarily in the larger phalanges) found 
in women compared with men. The tensile stresses (maxi-
mum principal) were mainly located in the lateral zone 
and the head of the PPH, whereas the compressive stresses 
(minimum principal) appeared mainly in the base and 
medial aspect of the PPH. Figure 4 shows the average ten-
sile and compressive stress on both sides of PPH for each 
case analyzed. In all cases, tensile stresses were larger on 
the lateral side, whereas compressive stresses were larger 
on the medial side.

3.2  Phalanx dissection measurements

The measurements for the 43 PPH dissected are summa-
rized in Table 3. Male bones were larger than female bones 
for each of the parameters examined in this study. How-
ever, the mean difference between the length of the lateral 
and medial sides of the large PPH (Mean + SD) in men 
was 1.87 mm, while this value was 2.40 mm in women, 
with the medial side being longer in both cases. In rela-
tive values, this difference was also proportionally larger in 
female phalanges. In large PPHs, the LDM compared with 
the LDL was 7 % larger in women, whereas it was only 
5 % larger in men.

Fig. 2  Lateral view of the finite element model of a human skeleton 
right foot. The model was reproduced in toe-off position, forming a 
90° angle between the metatarsals and phalanges
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According with the stress distribution, the medial side 
of the PPH in each model was compressed because of its 
length, whereas the lateral area was tensioned because it 
was shorter.

Stress differences were also found in the concavity at the 
base of the PPH where the metatarsal joint is located. In this 
area, a correlation between stress and DCA was observed, 
where the shallower the concave area, the larger the com-
pressive stresses predicted (Fig. 5). It should be noted that 
compressive stresses in this area were doubled in magnitude 
and extent when compared with tensile stresses and were 
higher than the compressive stresses on the plantar face.

1.051 =

38.80

36.93
<

36.95

34.55
= 1.070

4  Discussion

In this paper, the geometrical characteristics of the PPH 
and their relationship to gender were analyzed for the 
first time. We gathered data from 43 cadaveric feet from 
healthy men and women. Subsequently, 10 representative 
cases were modeled by FE analysis. This enabled us to 
compare the stress distribution that occurs in the PPH in 
HAV.

It is very common to use the FE method to study foot 
pathology [9]. This technique provides an estimate of the 
mechanical stresses within the internal structures of the 
body that is often not directly measurable. In addition, the 
calculated stress distributions suggest where injury is likely 
to occur before it actually occurs.

Fig. 3  Stress on the plantar 
area of the first and second radii 
of undeformed shape. a Tensile 
stress. b Compressive stress. 
The letter M corresponds to 
male gender, W corresponds to 
female gender, and the number 
corresponds to the percentile, 
with 0 being the smallest pha-
lanx within the dissected popu-
lation and 100 the largest one
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Two FE studies related to HAV have been reported in 
the literature. The first study by Tao et al. [38] analyzed 
the influence of ligament laxity on the metatarsocuneiform 
joint of the first radius in HAV development. In addition, 

Matzaroglou et al. [30] compared the Chevron osteotomy 
at 60° and 90° as a treatment for HAV. Despite the state-
ment by Tao et al. [38] that hypermobility helped in the 
adduction of the first metatarsal, neither of these two stud-
ies took into account the geometry of the PPH.

This paper describes a new approach to understanding 
of HAV pathology from the perspective of the shape of 
the PPH. Prior research measured the length of the bones 
of first ray at the initial stage of HAV pathology for both 
male and female feet. Munuera et al. [31] concluded that 
the length of the metatarsal and the PPH in patients with 
HAV was higher than in non-pathologic cases. Using 98 
non-pathologic feet, they reported an absolute mean PPH 
length of 32.70 ± 3.2 very similar to the 32.43 ± 2.3 meas-
ured in our population. Furthermore, in the figure they used 
to explain their method of measuring PPH length, they 
showed a representative PPH geometry. In that figure, it 
was easy to see the different lengths between medial and 
lateral sides of the PPH [31]. They also mentioned that the 
values of the variables between males and females were 
higher for male feet compared with female feet, which is 
consistent with our results. Measurements reported by Fer-
rari et al. [13] similarly noted that size was the main differ-
ence between male and female bones of the feet.

From earlier research, the shape of the first metatarsal 
head has also been considered an important anatomical fea-
ture of HAV. Mann and Coughlin [29] postulated that the 
shape of the first metatarsal head could be either square or 
rounded. A flattened metatarsophalangeal articulation would 
resist deforming forces much better than a rounded meta-
tarsal head, which was thought to be highly prone to HAV 
development. This idea was also expressed by Mancuso 
et al. [28] in their study of the protrusion of the first meta-
tarsal. They found a preponderance of rounded heads in their 
HAV population. The results from our simulations supported 
this hypothesis. The stresses in the concavity at the base of 
the PPH were larger for smaller depths (flatter heads) where 
opposition to rotation occurred. However, in deeper PPHs 
(rounded heads), lower stress levels were predicted (Fig. 5).
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Fig. 4  Average tensile and compressive stresses at the medial and 
lateral sides of the PPH. The letter M corresponds to male gender, W 
corresponds to female gender, and the number corresponds to the per-
centile, with 0 being the smallest phalanx within the dissected popu-
lation and 100 the largest one

Table 3  Summary of data gathered from dissection

LDM longitudinal distance of the medial aspect, LDC longitudinal distance of the central aspect, LDL longitudinal distance of the lateral aspect, 
DCA depth of the concave area of the base of the PPH, H height of the base of the PPH, and W width of the base of the PPH

Variable (mm) Male (n = 22) Female (n = 21)

Min Mean − SD Mean Mean + SD Max Min Mean − SD Mean Mean + SD Max

LDM 30.52 33.84 36.32 38.80 40.31 31.23 31.71 34.33 36.95 42.78

LDC 28.76 31.08 33.38 35.68 37.91 29.00 29.11 31.47 33.83 39.35

LDL 29.04 32.05 34.18 36.93 38.40 29.50 29.79 32.17 34.55 40.16

DCA 0.87 1.26 2.04 2.82 3.90 0.66 1.04 1.63 2.22 2.83

H 13.79 14.66 16.88 19.10 23.21 12.33 13.56 15.33 17.10 19.35

W 17.88 19.73 21.48 23.23 25.34 17.51 17.86 20.05 22.24 25.45
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Our results suggested that the geometry of the PPH 
influenced its own stress pattern. The stresses estimated 
using the FE models were due to the difference in length 
between the medial and lateral sides. Stresses were ten-
sile on the medial aspect of the PPH and compressive on 
the lateral aspect (Fig. 4). This stress pattern indicated an 
imbalance in the first ray. The internal forces within the 
PPH could then force a rotation of the PPH toward a more 
balanced position. Such a potentially less-stressful position 
involves rotation of the PPH laterally, so that the new con-
figuration offsets the difference in lengths, thus relieving 
the stress. This rotation also causes separation of the meta-
tarsals (Fig. 6).

A similar idea was proposed by Ferrari et al. [13] but 
was expressed using angles to explain the differences in the 
angulation of the metatarsocuneiform joint between gen-
ders. They identified a significant difference in the angle of 
the facet on the metatarsal base with the medial cuneiform 
between men and women. Women had a greater angle, 
which caused a greater adduction of the metatarsal on the 
cuneiform compared with men [13]. In the case of the PPH 
base, the larger the differences in length between sides, the 
greater would be the abduction.

The rotation of the phalanx may be compounded by 
muscle function. No muscle inserts on the distal zone or 
head of the first metatarsal, nor on its middle area or dia-
physis. The peroneus longus tendon is the only tendon that 
inserts on the proximal plantar area or on the base of the 
first metatarsal. In addition, the tibialis anterior tendon 
inserts on the medial and plantar area. By contrast, several 
tendons insert on the base of the proximal phalanx as fol-
lows: at its dorsal base, the tendon of the pedal muscle and 
tendon capsularis; at its plantar zone, two tendons from the 
short plantar flexor muscle; at its medial area, the adduc-
tor hallucis tendon; and at its lateral area, the tendon of the 
abductor hallucis muscle. Two tendons insert on the distal 
phalanx: one at the dorsal base (the extensor hallucis lon-
gus) and another at the plantar base (the flexor hallucis 
longus).

The electromyographic investigations performed by 
Iida and Basmajian [21] and Shimazaki and Takebe [34] 
found a weak medial flexion force against a stronger lat-
eral flexion force in mild and severe HAV. Forces that 
markedly decreased abduction activity compared with 
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Fig. 5  Scatterplot and the trend line showing compressive stress at 
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the concave area of the base of the PPH

Fig. 6  Diagram demonstrat-
ing how the proximal phalanx 
rotates to reduce the stress
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adduction were also reported in a much more recent elec-
tromyographic study [2], but none of these studies clari-
fied whether this was a cause or a consequence of HAV. 
Thus, although it is still unclear whether muscle imbal-
ance in first ray is the cause or just an aggravating factor 
in HAV development, there is evidence that muscle imbal-
ance is related to the development HAV and could have a 
strong influence if other factors triggered rotation of the 
PPH.

Therefore, there must be some intrinsic predisposing 
factors (such as protrusion of the first metatarsal, shape of 
the head of the first metatarsal, metatarsocuneiform angu-
lation, intermetatarsal angle, or the geometry of the PPH) 
that make some feet more vulnerable to HAV deformity 
than others. In addition, these factors are also affected by 
confinement forces exerted by footwear and the imbalanced 
forces of the muscular activity at the MTP joint. Future 
studies which investigate all these factors together, instead 
of examining each factor individually, are needed. Also, the 
influence of each factor on HAV development would be 
very useful for clinical evaluation.

Concerning the parameters used in this study, it should 
be noted that for all simulated cases, differences in the 
stress state were due solely to differences in the geometry 
of the PPH, since the materials used, the boundary condi-
tions, and the geometry and position of the rest of foot skel-
eton were the same for all simulated cases. This assump-
tion was adopted in order to isolate the influence of PPH 
geometry from other factors. On this basis, the same load 
condition was estimated for the female skeletons as was 
used for the male skeletons. As bone density is lower in 
women compared to men [5], in the same way that wom-
en’s feet are smaller [41] and support lower body weight, 
the value of the load for women should be increased to 
match these factors, in a way that maintains the rate of load 
vs. the degree to which the female foot is able to withstand 
the load. That configuration is reasonable considering that 
the results of the simulation were limited to a qualitative 
comparison between the cases analyzed. Such assump-
tions had no influence on the stress distribution pattern of 
the model, where tensile stresses predominated on the lat-
eral side while compressive stresses predominated on the 
medial side of the PPH.

Our study had several limitations. The fat surround-
ing the skeleton was not simulated, although all other 
soft tissues that interact with the skeleton were taken into 
account. The results obtained from the model, however, 
were only applicable to hard tissue since, although the 
model contained some soft tissue, it was simulated in a 
very simplified and idealized manner and only introduced 
into the model to create a more realistic environment for 
the bone structure. This assumption was considered ade-
quate as bone is much harder than soft tissue, and the goal 

of the study was to analyze the state of the PPH under 
stress. In addition, we performed a quasi-static analysis as 
we were only interested in analyzing an isolated phase of 
gait in which the weight of the body rested on the meta-
tarsal heads. This is the position where the phalanx with-
stands greater forces. Further development of the model is 
currently underway in order to include all of the tissues in 
more detail.

We advise caution when comparing the results obtained 
from our model with other studies. The current technol-
ogy is not able to measure the stress within bone, so the 
results cannot be compared directly with experimental 
measures. Another option involves comparison with other 
FE models of the foot. In this regard, however, the reader 
should beware of comparing stress values between differ-
ent FE models. This is not a trivial matter. The simplifica-
tions, assumptions, and boundary conditions influence the 
values predicted which makes direct comparison of the 
results from different FE models almost impossible. Fur-
thermore, to the authors’ knowledge, there is no previous 
FE model which has reported values of bone stress in the 
toe-off position. Most prior studies only measured values 
of plantar pressure [8, 10, 36] and rarely in toe-off position 
[1, 7, 17]. In addition, usually only von Mises stresses were 
reported, but we felt that for the purpose of analysis of 
bone, maximum and minimum stresses were more accurate 
than von Mises stresses, particularly in this study where we 
attempted to distinguish between tensile and compressive 
stresses.

5  Conclusions

The present study proposed a new skeletal parameter 
involved in HAV. The geometry of the PPH has the fea-
ture of a larger medial compared with lateral side, sub-
jecting it to stresses that could provoke rotation of the 
PPH toward a more relaxed position. That potential bal-
anced position produced a tendency toward separation 
of the first metatarsal relative to the original anatomical 
position, which constituted the beginning of the HAV 
deformity.

The data gathered from the dissection showed that the 
difference in length between the medial and proximal side 
is greater in women. This suggests that sexual dimorphism 
of the PPH could be an influential factor in the formation of 
bunions, with women more prone to suffer this pathology.

The geometry of the PPH is a significant factor in the 
development of HAV, with as much influence as the other 
reported skeletal parameters, and should be considered dur-
ing preoperative evaluation. Therefore, the clinical assess-
ment of HAV should involve evaluation of the first ray as a 
whole and not as insolated factors.
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