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Abstract. Hallux valgus is one of the most common foot deformities. Plantar 
pressure technologies are used widely for determination of biomechanical 
changes in foot during walking. There are already published claims relating to 
the pressure distribution of HV condition. However some of these claims are 
disputed and challenged. Although, disputed or otherwise, association of HV to 
sole pressure widely presented as a means of identifying such condition. Or 
knowing that HV exist, establishing what kind of pressure variation is expected 
may lead to better foot wear design for HV patients. Despite of extensive work 
on sole pressure patterns of patients, there has been no reported work found on 
conditions which leads to HV. Considering the fact that 23% of adults develop 
such condition during their life time, understanding HV is badly needed. 

To have better understanding of how plantar pressure patterns can be linked 
to the deformity progression or existence, extracting some patterns out of force 
and pressure measurements can be beneficial in recognising the patients with 
and without deformity during their gait cycle. We examined the dynamic 
changes of the forces that applied to the whole sole of the feet in control group 
and in the patients group when they walked at different speeds. 

It was observed for those with HV condition having higher forces on 2nd and 
3rd metatarsal heads, and less force on the 1st metatarsal head compared to those 
without the condition. Although this finding was previously reported in the lite-
rature what was new was the fact that, speed of walking shown to have a signif-
icant influences on plantar force distribution. This finding in itself is significant 
as no sole pressure distribution given in conjunction with walking speed in the 
past.   

It was observed that there was significant variability of pressure distribution 
of the same individual from one trial to another indicating that getting consis-
tent pressure pattern is an important hurdle to overcome. After many trials indi-
viduals’ walking regulated giving consistent readings. After achieving this, it 
was further discovered that pressure pattern very much depended on walking 
speed. Considering the fact that inconsistency of pressure of unregulated (ca-
sual) walking and variability of due to speed raises doubts of validity of pre-
viously published work on HV which ignored such factors.  Having said that, 
in our studies too, raised loading is observed on Metatarsal 2 and, 3 although it 
was not possible to give statistical significance to these finding. Although the 
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loading on metatarsal 2 and 3 may indicate existence of HV, in authors’ opi-
nion, there is little chance of using pressure pattern as a predictive tool as no 
such pressure increase observed on those appeared to be at the start of HV con-
dition or any individual with normal feet. 
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1 Introduction 

Hallux Valgus (HV) is an angulation of the big toe of more than fifteen degrees [3]. 
23% percent of people develop this disease during their lives. It is postulated that HV 
causes abnormal pressure distribution on the fore- and mid-foot especially at the joint 
next to the HV zone. HV is associated with pain, poor balance, inflammation, reduc-
tion in motion and risk of falling [1, 2]. Furthermore, it is accompanied by collapse of 
the forefoot transverse arch during standing, metatarsal pain and callus formation.[10] 

 

 
Fig. 1. (a) A foot with Hallux Valgus deformity [4]; (b) typical X-ray image of a HV foot be-
fore and after operation [5] 

Severity of HV and intervention are determined by several factors such as age, gait 
deviation, pain location and duration [10]. 

For redistributing the pressure evenly over the sole of the foot in patients with HV, 
Gait analyses are widely used to determine how anatomical variations and disorders 
of the foot affect walking patterns [11]. 

This paper investigates the differences between foot plantar pressure pattern in foot 
with and without HV in order to evaluate the possible effects of various gait patterns 
on the progression of HV. 

Recent studies have shown that women are more predisposed to HV than men by a 
ratio of 2 to 1 [6]. There is genetical predisposition to HV, but it could be the case that 
the footwear aggravates the condition. 

Wearing narrow toe box and high-heels shoes have direct effect on reconstruction 
of the bones. Studies on the early humans show that once they started wearing foot 

b a 



78 S. Eshraghi et al. 

 

support mechanical factors over their feet changed, and as a consequence foot defor-
mities appeared [7]. 

A direct relationship claimed by many between changes in distribution of pressure 
underneath the foot and changes in the shape of the first metatarsal bone. 

In the foot with HV the pressure from the first metatarsal head is transferred to the 
2nd and 3rd metatarsophalangeal joints [8].  

The first quantitative study of plantar pressure in HV has been done and found sig-
nificantly lower peak force under the great and second toes and higher peak force 
under the third to fifth metatarsals. However, other studies found decreased peak 
pressure under the fourth and fifth metatarsals and increased pressure under the first 
to third metatarsals [10].  In hallux valgus feet the medial plantar peak and mean 
pressures are higher under the first, second and third metatarsal heads [12]. 

Plank conducted the study on plantar pressure and patients with Hallux valgus ob-
served to have the highest pressure on the third, second, first, fourth and fifth [9]. 

HV can be treated using surgical methods by cutting the first metatarsal bone and 
relocating the bone to a new position, but designing suitable shoes and shoe support 
can reduce the progression of the HV. 

2 Methodology 

2.1 Subjects 

10 volunteers recruited, six without HV and four who had developed HV. The forces 
to the foot in different anatomical zones at walking race of 0.5 Hz stride frequency 
have been studied. Foot-scan advanced & hi-end system (RSscan International NV, 
Belgium) was used to record pressure distribution over the 10 anatomical zones under 
the feet to evaluate the differences between different speeds and zones, especially in 
the metatarsophalangeal joints.  

HV diagnosis was based on the first metatarsal angel relative to the first proximal 
phalanx for more than 15 degrees. 

There were eight females and two males participated in the study with the mean 
age of 39.25 years old, and mean weight of 68.75 kg. 

Informed consent was obtained from each participant before data collection and the 
experimental procedures were approved by the ethical committee of the Brunel  
University. 

2.2 Data Collection 

The plantar measuring system [RsScan Inc.] was used to measure the plantar force 
distributed over the right foot of each volunteer. The pressure plate was 578 mm*418 
mm*12 mm in dimensions. And the active sensor area was about 488 mm *325 mm. 
The pressure range is between 0 – 200 N/cm2. 

Initial results proved to be inconsistent; the same individual found to produce 
widely varying pressure distributions from one walk to another, in some cases as 
much as 20% on the maximum pressure values. In order to regulate the results to 
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achieve consistency the influence of various parameters were studies.  The most 
important element found to be the speed of walking.  It was observed that at certain 
speed, individuals appeared to be walking steadier giving more repeatable pressure 
distributions. To achieve this start and end points of the walking was defined for vo-
lunteers. They were asked to walk between those points to be familiarising with the 
process of the experiment. They were asked to have 4.6 second speed when they past 
the mat. The tenth of a second accuracy seems to be too precise but soon found to be 
achievable and individuals managed to remain within +/- 0.1 second of 4.6s.  Any-
body failing to achieve this was asked to repeat the walk. Each individual performed 
10 successful trials. Ten valid trials were collected for each subject. A valid trial 
means that individual’s foot is completely within the pressure mat and that individual 
does not change his walking speed or gait in order to step in the mat. In other word 
the walking style should not change as he or she steps on the mat. 

2.3 Data Analysis 

The software, “foot scan”, divides each foot to the 10 anatomical zones; the relative 
force related to each region of the foot was data logged and saved in excel sheets. 
There are options for data logging, either force or pressure.  In this case force option 
is chosen because pressure depends on the size of the region as well as the actual 
force value, whereas force value is the total force carried by each region which seems 
to be more meaningful. The force values recorded are normalised against the body 
weight. For each region the time axis was also normalised. Then Mean, standard dev-
iation and the cross correlation of regions has been calculated.  

3 Results and Discussion 

A typical result is shown in Figure 2. Here 10 trials of normal walking force pattern 
for metatarsal 2 is plotted. It is important to see such large variation despite of great 
care taken in running the experiment. Two of the graphs appear to be smaller than the 
others, 3 of the graphs are in the mid-range and the rest are very much together. It is 
shown that keeping repeatable pattern depended very much on the individuals. It is 
also found that at faster walking speed consistency appeared to increase, as it will be 
discussed later. Furthermore consistency is influenced if individuals taken up walking 
as regular exercises. Those “walkers” presented more regular walking patterns at slow 
or fast walking speeds. 

Starting the experiments, the very first thing was done is to ensure that the results 
were reliable and for that any weight and speed influences were eliminated, the force 
readings were normalised with respect to the weight of individuals. Furthermore time 
axis was normalised. The second thing was done is to ensure that the results were 
repeatable and for that any fluctuations in the mean value and standard deviations 
were studied. The Figures 3 shows normalised mean weight plotted against standard 
deviation for 2nd metatarsal as an example of all the experiments carried out. Repea-
tability and consistency of results were equally good in individuals with or without 
HV condition. It can be seen from the graph that both the mean and the SD fluctuates 
no more than +/-3%. 
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Fig. 2. The sample of the force graph in the 2nd metatarsal 

 
Fig. 3. Mean against standard deviation for 2nd metatarsal 

3.1 Correlation 

Although it was reported by previous researchers that the load during walking shifts 
to 2nd and 3rd metatarsal heads, studying load patterns shows that there is some difficul-
ties with this kind of conclusion. In some cases although the maximum load may shift 
from one metatarsal to another, the actual values of load remain very close and if one 
plots the maximum pressure line, as shown in Figure 4, screen dump from foot-scan 
software, in some cases load almost equally distributed among several metatarsals. 

It is probably much more reliable to study correlation of load distribution among 
metatarsals.  With the correlation, the time element is removed but similarities of 
patterns are compared, thus how similar the loading on each metatarsal is investi-
gated. This approach removes the uncertainty of attributing the maximum load to 
specific metatarsal and identify if they are similarly loaded (although not necessarily 
at the same moment in time). 

A typical (a normal walking individual) correlation results are shown in Table 1(a) 
among all 5 metatarsal. The best correlation is between 1 and 2, 2 and 3 metatarsals. 
Furthermore, all neighbouring metatarsals show good correlation (1 and 2, 2 and 3, 3 
and 4 etc). Table 1(b) shows the same individual walking a faster speed Table 1(a). 
These results give a strong indication that correlation results are unaffected by  
walking speeds.  
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Fig. 4. Force distribution under the foot 

Table 1. (a) Presents the correlations between metatarsals at normal speed. (b) Presents the 
correlation between metatarsals at fast speed. 

 
 

 

3.2 Speed of Walking 

Speed of walking from the correlation appears to have a little influence on the force 
pattern of each region. However it was observed that consistency of pattern was very 
much speed dependent. The correlation appears to be inconsistent with observed fluc-
tuation of pressure patterns not only among individuals but among samples of the 
same individuals. This can be observed in the results below, the first graph(a) shows 
normal walking and graph (b) shows faster walking with improved repeatibility.  
 

 

(b) MET 1 MET2 MET3 MET4 MET5 

MET1 1 

MET2 0.997054 1 

MET3 0.951535 0.968637 1 

MET4 0.710258 0.749726 0.876622 1 

MET5 0.255242 0.305956 0.467135 0.815737 1 
 

(a) MET1 MET2 MET3 MET4 MET5 

MET1 1 

MET2 0.987665 1 

MET3 0.89879 0.948886 1 

MET4 0.628394 0.725185 0.899859 1 

MET5 0.22128 0.353986 0.584925 0.852624 1 
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Fig. 5. Metatarsal 2 nd force distribution pattern (a) in the fast speed (b) in the normal speed 

3.3 Loading on 2nd and 3rd Metatarsals 

It is reported by many that load increases on the 2nd and 3rd metatarsal.  In this report 
this is also investigated.Figure6 (a), shows force loading of a person without HV and 
one with HV condition. It is shown that such increase may be observed, Figure 5, 
although what we observed also support the generally accepted finding, combining 
this finding with the difficulty of measuring reliable force patterns raises serious ques-
tions. It is therefore in the opinion of the authors that results are reliable only when 
studied together with the influence of walking speed.  

 

 

Fig. 6. Metatarsal force distribution in normal speed (a) in the normal foot (b) foot with HV 
condition 

4 Conclusion  

It is shown that there is variability of force distribution under the sole when measured 
on the same individual. Getting consistent patterns proved to be challenging. This 
finding raises questions of reliability of previously reported results. A great deal of 
work has gone into achieving consistent results. Variability of due to walking style 
and variability of possible effect of HV condition is roughly the same order of magni-
tude which put doubt on the pressure mat measurements. 

Furthermore it was discovered that the speed of walking also had a significant  
effect on the force distribution.   
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Although many investigations have been done in previously published works on 
HV, many of them neglected the importance of speed and the style of walking. 

In this study, higher force on 2nd and the 3rd metatarsals for foot with HV condition, 
in comparison with the normal foot is observed. It is difficult to make a conclusive 
remark that this is a firm indication of the condition given that other variations re-
ported in this report. Even if such results were taken to be a conclusive indicators of 
the condition as claimed by many previously, it is worth stressing that our investiga-
tion showed no such pressure increase within the population considered to be vulner-
able to the condition.  
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