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Introduction
Hallux valgus is a foot deformity characterized by the lateral 
deviation of the big toe that accompanies the medial deviation 
of the first metatarsal bone (1).  Hallux valgus, one of the most 
common foot deformities in the adult population, is associated 
with many demographics and biomechanical abnormalities such 
as age, female sex, use of narrow-nosed shoes, short achilles tendon, 
ligament laxity, and increased pronation in the back foot (2-5). 
Hallux valgus deformity is often accompanied by callus formation 
in the big toe, subluxation of the first metatarsophalangeal joint 
and pain (6). These symptoms that accompany hallux valgus can 

cause a significant reduction in the person’s quality of life (7,8).

Plantar foot pressure distribution measurement provides 
important information about foot and ankle function during 
walking or other functional activities (9). Plantar pressure 
distribution is frequently used in the evaluation and treatment 
plan of individuals with hallux valgus as well as neurological and 
musculoskeletal diseases associated with foot disorders (9-13). 
There is a correlation between the presence of hallux valgus and 
the reduction in the medial longitudinal arch (14). It is thought 
that changes in the position of the big toe as well as a decrease 
in the medial longitudinal arch in individuals with hallux valgus 
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may cause changes in plantar pressure distribution. When the 
literature is examined, it is observed that changes in plantar 
pressure distribution in individuals with hallux valgus are the 
subject of many studies (13,15-20). However, when these studies 
are examined, it is observed that the plantar pressure distribution 
of elderly individuals with severe hallux valgus was investigated 
during walking (13,16-18,20) and/or the presence of pain was 
not questioned in the evaluated individuals (13,15-18). Changes 
in plantar pressure distribution in asymptomatic individuals 
with young and mild hallux valgus were not the subject of any 
studies. Therefore, the aim of this study was to investigate plantar 
pressure distribution in static standing posture in asymptomatic 
individuals with mild hallux valgus and compare it with healthy 
individuals without hallux valgus. The hypothesis of this study 
is that the plantar pressure distribution of individuals with mild 
hallux valgus will differ from the control group.

Methods
Power Analysis

Power analysis was conducted to determine the number of cases 
in this study. In order to perform this study with 80% power 
and 5% error margin, it was found that in case the peak pressure 
value of the control group is 140 kPa and the standard deviation 
is 40 kPa, a minimum of 15 individuals in each group are needed 
to detect a deviation of 40 kPa at the peak pressure (15,17).

Subjects

This study was conducted with the participation of 53 individuals, 
including 6 males and 47 females in the age range of 19-51 years.  
The hallux valgus group consisted of a total of 25 individuals, 
including 3 males and 22 females with asymptomatic hallux 
valgus who did not suffer any pain associated with hallux valgus 
in the age range of 19-51 years. The control group was made 
up of 28 individuals, including 3 males and 25 females without 
hallux valgus in the age range of 20-51 years. Assessments within 
the scope of this study were performed in the Toros University. 
Individuals with asymptomatic hallux valgus and the control 
group were formed from the relatives of the researcher. In the 
study, patients with plantar fasciitis, foot injuries such as achilles 
tendinopathy, rheumatic diseases such as rheumatoid arthritis or 
osteoarthritis, history of major trauma or surgery involving the 
foot and/or lower extremities and significant postural disorder 
involving the foot and/or lower extremities were not included. In 
order to carry out this study, the necessary approval was obtained 
from the Toros University Non-interventional Ethics Committee 
(decision No: 2018-03/05). Individuals who read and approved 
the informed consent form were included in this study.

Hallux Valgus Assessment

The individuals ‘big toe position was evaluated using the 
Manchester Scale, which was defined as valid and reliable in 
clinical evaluation (21,22).  The scale consists of 4 phases. Stage 
0 shows that there is no deformity and it is the normal big toe 
position. Stage 3 indicates the presence of severe hallux valgus. 

Only asymptomatic individuals with Stage 1 hallux valgus were 
included in the study. The assessment of the position of the big 
toe according to the Manchester scale of individuals was done 
by a physiotherapist with 27 years of experience in foot health 
and diseases. Also the hallux angle of the toe of individuals 
was measured using goniometric measurement. Goniometric 
measurements were made while individuals were in a standing 
upright position. While the first metatarsophalangeal joint was 
designated as the pivot point of the goniometer, a lever of the 
goniometer was placed on the metatarsal bone and its other arm 
was placed as parellel to the proximal phalanx. The hallux angle 
was recorded in degrees.

Measurements of Foot Pressure Distribution  

Measurements of static foot plantar pressure distribution of the 
subjects were evaluated using the Tecscan MatScan systems, 
which were reported to be reliable and valid (Texcan, Inc., South 
Boston, Massachusetts, USA) (23,24). Measurements were made 
with bare feet, standing in a comfortable upright position for 30 
seconds. The peak pressure (kPa) average pressure (kPa), peak 
force of the heel (Ibs), mid-foot peak force (Ibs), forefoot peak 
force (Ibs), contact area (cm2), the force-time integral (Ibs*s), 
pressure-time integral (kPa*s) and the change in the center of 
force (cm) were recorded (Figure 1).

Statistical Analysis

Statistical analysis was performed using SPSS for Windows-
version 22 software. The compatibility of variables with normal 
distribution was examined using visual (histogram and probability 
graphs) and analytical methods (Kolmogorov-Smirrov/Shapiro-
Wilk tests). Demographic data and the parameters of the 
pedographic analysis results were evaluated using descriptive 
analyses and were presented using the median and interquartile 
range. Since it was determined that the parameters evaluated did 
not show normal distribution, these parameters were compared 
between the groups using the Mann-Whitney U test. Cases where 
p value is less than 0.05 were evaluated as statistically significant 
results.

Figure 1. Plantar pressure distribution map obtained from 
pedographic analysis
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Results

Age (p=0.858), height (p=0.412), weight (p=0.762) and body 
mass index (p=0.581) of both groups included in the study were 
found to be similar (Table 1).

It was found that the hallux angle of individuals with hallux 
valgus increased compared with the control group (p<0.001). 
Plantar pressure distribution analysis results showed that the 
peak pressure (p=0.669), average pressure (p=0.950), heel peak 
force (p=0.660), mid-foot peak force (p=0.894), forefoot peak 
force (p=0.824), contact area (p=0.695), the force-time integral 
(p=0.498), pressure-time integral (p=0.769), and changes in 
centre of force (p=0.178) parameters were similar in both groups 
(Table 2).

Discussion

This study was planned to investigate plantar pressure distribution 
in asymptomatic individuals with mild halllux valgus. The results 
showed that, unlike the hypothesis of the study, the results of 
plantar pressure analysis of individuals with and without hallux 
valgus were similar. Similar to the results obtained, Iliou et al. 
(15) showed that average of the pressures in the metatarsal region 
was similar in individuals with mild hallux valgus and without 
hallux valgus, and that the average pressure significantly increased 
at first and second metatarsal heads in individuals with moderate 
or severe hallux valgus. Unlike the results obtained, Hida et al. 

(13) reported decreased peak force, contact area, contact time 
and force-time integral compared and increased forefoot peak 
pressure and force values in individuals with moderate and severe 
hallux valgus compared with the control group during walking. 
Mickle et al. (16) reported increased peak pressure, pressure-time 
integral and peak pressure in the first metatarsal region in the 
aged population with hallux valgus. Galica et al. (17) reported 
increased peak pressure in the front foot and abnormal pressure 
distribution in the rear foot in the geriatric population with 
hallux valgus. Wen et al. (20) reported an overload in the first and 
second metatarsal bones, a decrease in the amount of pressure 
around the hallux and a collapse in the medial longitudinal arch. 
As seen here, the studies in the literature differ markedly from 
the results we obtained. There may be several major reasons for 
this. First, a significant portion of these studies were conducted 
on individuals of advanced age with significant hallux valgus. In 
addition, individuals with pain were included in these studies 
or the pain of individuals was not questioned. In addition, 
in all studies, foot pressure distribution of individuals with 
hallux valgus was evaluated during walking and foot pressure 
distribution in static condition was not evaluated.

In this study, the foot pressure distribution of individuals was 
evaluated in the static state and it was found that the change 
in the foot pressure center of individuals with hallux valgus was 
similar to that of the control group. These results indicate that 
there is no loss of postural stability in asymptomatic individuals 

Table 1. Median values of demographics of groups (interquartile range/ %25-%75 percentile) 

Parameters Control Group HV Group p

Age (year) 35.5 (25.5-42.5) 31.0 (25.0-46.0) 0.448

Gender (F/M) 25/3 22/3 -

Height (m) 1.62 (1.58-1.65) 1.62 (1.57-1.68) 0.140

Weight (kg) 63.5 (55.8-70.1) 62.2 (55.4-67.2) 0.670

BMI (kg/m2) 23.8 (21.9-26.1) 23.4 (21.4-25.6) 0.408

Hallux angle (˚) 12 (10-13) 21 (19-22) <0.001

BMI: Body mass index, HV: Hallux Valgus, F: Female, M: Male

Table 2. Median values of plantar pressure analysis results of groups (interquartile range/ %25-%75 percentile)  

Parameters Control Group HV Group p

Peak pressure (kPa) 132 (102-164) 124 (103-162) 0.238

Average pressure (kPa) 108 (80-139) 108 (81-128) 0.568

Heel peak force (Ibs) 30.9 (27.7-38.9) 31.0 (25.0-42.6) 0.566

Mid-foot peak force (Ibs) 20.4 (16.2-28.6) 21.4 (15.6-28.8) 0.254

Front foot peak force (Ibs) 32.7 (27.1-37.4) 30.2 (26.4-39.0) 0.910

Contact area (cm2) 91.8 (77.5-99.2) 91.5 (84.0-98.0) 0.827

Force-time integral (Ibs*s) 359.1 (325.7-407.4) 385.1 (324.1-445.9) 0.930

Pressure-time integral (kPa*s) 187.0 (165.5-198.0) 181.0 (170.0-206.0) 0.665

Change in centre of force (cm) 6.10 (5.2-8.2) 7.0 (6.1-8.4) 0.121

kPa: Kilopascal; Ibs: Pound 
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with mild hallux valgus. Similar to the results we obtained, Kavlak 
(25) found that hallux valgus did not affect static and dynamic 
balance in the geriatric population. Hurn et al. (26) examined 
the relationship between the balance performance on one leg and 
the severity of hallux valgus in a study and found that there was 
no loss of balance in individuals with mild and moderate hallux 
valgus and that the amount of mediolateral oscillation increased 
in individuals with severe hallux valgus.

This study had some limitations. Firstly, this study was conducted 
only in young and asymptomatic individuals with mild hallux 
valgus. If geriatric individuals and individuals with different 
severity of hallux valgus were included in the study, differences 
in plantar pressure distribution could be revealed in line with 
the progression of hallux valgus. Second, the pedographic 
analyses performed in this study were performed by a non-blind 
evaluator, but we believe that the measurement using standard 
methods minimalized possible biases. Finally, the majority of the 
individuals evaluated in this study consisted of women. However, 
similar gender distribution of individuals with hallux valgus in 
our study and in studies in the literature suggests that this would 
not result in a significant change in results.

Conclusion
As a result, it was found that pressure and force distributions of 
asymptomatic individuals with mild hallux valgus and the control 
group without hallux valgus were similar.  The results suggest 
that in individuals with asymptomatic mild hallux valgus, hallux 
valgus development does not affect plantar pressure distribution, 
or that plantar pressure distribution is not associated with hallux 
valgus development. Furthermore, similar changes in the center 
of force in asymptomatic individuals with mild hallux valgus and 
in the control group indicate that postural control is not affected 
in asymptomatic individuals with mild hallux valgus. 
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