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The relationship between foot pronation and the alignment of the lower extremities, pelvis, and 
spine remains contentious in the literature. The aim of this study was to investigate the 
relationship between pronated foot and lower limb, pelvis and lumbar region alignment in 
asymptomatic young adults. The study included 96 feet of 48 participants aged 18-25 years with no 
pain complaints. The arch structure was evaluated with the Staheli index calculated from the 
footprint. The alignment of the lower extremities, pelvis and lumbar region were evaluated from 
photographs using posture evaluation programs. Spearman’s correlational analysis was used to 
examine the correlations between continuous variables, and the Mann Whitney U-test to compare 
independent group differences, with p<0.05 considered statistically significant. The Staheli index 
showed a weak positive correlation with the calcaneo-tibial angle (r=0.26, p<0.05) but no 
significant correlations with other biomechanical parameters of the proximal segment. Statistically 
significant differences were determined between the pronated foot group (n=49) and the control 
group (n=47) in respect of the Staheli index and the calcaneotibial angle (p<0.05). Lower 
extremity, pelvic and spine alignment values were similar between groups. These results showed 
that arch structure was not related to alignment in the proximal segments. The only exception was 
the calcaneotibial angle, which is a foot-related biomechanical parameter. The study results were 
similar to findings in the literature stating that foot pronation will not cause any changes in 
alignments of proximal body regions. Conducting this study in asymptomatic adults, in whom 
biomechanical compensations have already occurred during growth process, may offer valuable 
insights into the potential relationship between foot pronation and proximal alignment. 

  

Introduction 
The foot plays an important role in transferring body 
weight to the ground and transmitting reaction forces 
from the ground to the trunk. Disruption of the 
normal alignment of the foot may cause structural or 
functional disorders in the upper segments over time. 
Similarly, an effect on the proximal segments may 
eventually affect distal alignment (Bittencourt et al., 
2012). Generally, this malalignment in the pronation 
direction in the foot is described as causing increased 
subtalar joint pronation, tibial and femoral internal 
rotation, and knee valgus alignment. In the light of this 
information, many healthcare professionals and 

researchers believe that flat feet are an important risk 
factor for musculoskeletal disorders (Neal et al., 2014; 
Moisan et al., 2023).    

 The relationship between foot pronation and lower 
extremity and trunk alignment in asymptomatic 
healthy individuals has been discussed in the 
literature. Some studies have reported that foot 
pronation has an effect on many components of body 
alignment  in healthy individuals (Khamis & Yizhar, 
2007; Pinto et al., 2008, Abdel-Raoof et al., 2013; Ingle 
et al., 2020). Some of these studies have investigated 
the acute effect of medial wedge-induced 
hyperpronation and stated compensatory effect of 
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pronation on proximal alignment (Khamis & Yizhar, 
2007; Pinto et al., 2008).  However, another study that 
used the same wedge-induced method stated that foot 
pronation does not affect pelvic and spinal alignment 
in healthy individuals (Duval et al., 2010). There are 
also studies evaluating the long-term effects of 
pronation in individuals with excessive foot pronation. 
Among these studies, there are some that have 
indicated that foot pronation has no effect on 
alignment factors or affects only one or two 
components (Tyagi et al., 2024; Duval et al., 2010; 
Bayiroğlu et al., 2024; Nguyen et al., 2009; Gandhi & 
Salvi, 2017; Pradhan et al., 2021). The relationship 
between foot arch structure and lower extremity, 
pelvis and spine alignment in asymptomatic 
individuals is not fully understood and additional 
studies are needed in this field. Therefore, to be able to 
better understand this issue, there is a need to 
investigate the relationship between pronated foot, 
and alignment of the lower extremities, pelvis and 
lumbar region.  

Studies in which hyperpronation is induced with a 
medial wedge have reported that the effects of short-
term position change in the foot on the upper 
segments can be observed (Khamis & Yizhar, 2007; 
Pinto et al., 2008). However, studies investigating the 
effect of a real structural disorder on the upper 
segments developmentally may provide clearer 
information about the compensatory alignment of the 
body.  

Prevention strategies focus on early disease 
detection, risk factor reduction, and slowing disease 
progression (Gutenbrunner et al., 2023). When 
determining the need for preventive rehabilitation 
interventions in individuals with asymptomatic 
flatfoot, consideration should be given not only to foot 
pronation but also to the kinetic chain (Moisan et al., 
2023). In this context, there is a need to investigate the 
relationship between foot posture and proximal 
alignment in asymptomatic flatfoot. Additionally, 
comparative studies involving healthy control subjects 
and individuals with flatfoot are necessary to examine 
the effect on the kinetic chain. In a previous study 
comparing individuals with pronation and 
hyperpronation, the absence of a healthy control 
group was stated as a limitation (Bayiroğlu et al., 
2024).  Although previous studies have provided 
information about the relationship of foot pronation 
with the lower extremities, pelvis and spinal region, 
there is disagreement in the literature about this 
research topic. Therefore, the aim of this study was to 

investigate the relationship between pronated foot and 
lower limb, pelvis and lumbar region alignment.   
 
Methods 
This cross-sectional, observational study was approved 
by the Clinical Research Ethics Committee of Akdeniz 
University (KAEK-902, December 13, 2023). The 
research was conducted in the period February 2024 - 
December 2024. All the study procedures were in 
accordance with the principles of the Declaration of 
Helsinki. Participants were included in the study after 
an informed consent form was signed.  

Participants 
The research sample comprised 96 feet of 48 university 
students (mean age: 20.81±2.02, aged; mean body 
mass index: 22.41±3.16; mean Staheli index: 
80±17.99). The participants were selected using a 
convenience sampling method based on inclusion and 
exclusion criteria. Participants were categorized into 
two groups based on their Staheli index values, with 49 
feet assigned to the pronation group and 47 feet to the 
control group. The control group was formed of 
healthy volunteers without obesity, gait disorder, or 
foot pain. The study exclusion criteria were defined as 
a history of lower extremity injury (fractures, strains, 
sprains, dislocations), the use of walking aids, the 
presence of functional limitations in independent 
walking, a history of spinal trauma or surgery, the 
presence of congenital abnormalities, or muscle 
contractures.   

Procedure 
Demographic data such as age, height, gender, and 
body mass index (BMI) were recorded. The arch 
structure of all the study participants was evaluated 
with the Staheli index calculated from the footprint. 
The alignment of the lower extremities, pelvis and 
lumbar region were evaluated on anterior, posterior 
and lateral view photographs using SCODIAC and 
APECS programs.  

Staheli index  
The Staheli arch index (Figure 1) is defined as the ratio 
of midfoot-width to hindfoot-width in a footprint, as 
an indicator of foot arch development (Staheli et al., 
1987). Footprint measurements were performed on a 
floor measurement platform designed by the 
researcher with the subject in the natural anatomic 
position. Staheli index values between 60 % and 79 % 
were classified as normal arch structure and ≥80 % as 
pes planus.  The height of the medial longutudinal 
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arch decreases as the Staheli index value increases. It 
has been determined that Staheli index has good 
diagnostic abilities and is suitable for assessing flatfoot 
(Chen at al., 2011). 
 

 
Figure 1. Staheli index=B/C×100%  

 

Alignment of the lower extremities, pelvis 
and lumbar region 
The alignment of the lower extremities, pelvis and 
lumbar region were evaluated  using SCODIAC and 
APECS programs applied to the photographs taken 
from the anterior, posterior and lateral sides of the 
subjects. The calcaneo-tibial angle, tibio-femoral angle, 
sacral slope angle, and lumbar slope angle were 
measured in the SCODIAC program. This software is 
available online and free to download. The 
photographic measurements revealed very good 
reliability in respect of sagittal parameters (Stolinski et 
al, 2017) and a moderate level of test-retest reliability 
for the calcaneotibial and tibio-femoral angles (Fortin 
et al., 2012) (Figure 2). 

The APECS posture analysis program was used to 
calculate the pelvic tilt angles in the sagittal plane. 
APECS is available for download in  Google Play Store. 
APECS performs posture assessment with markers 
placed on the  photograph. A rapid analysis of 
anthropometric characteristics of posture is provided 
by APECS and it uses standardized anatomic angles 
for postural assessment. The APECS program has been 
shown to be a reliable and valid method in previous 

studies (Trovato et al., 2022; Welling et al., 2023) 
(Figure 3). 

Each participant was photographed with a camera 
placed on a tripod fixed at a height of 90 cm and a 
distance of 300 cm (Stolinski et al., 2017). The 
photographs were taken in a well-lit environment with 
a 90° camera angle. All the study participants were 
informed before the photographs were taken and the 
right and left anterior superior iliac spine (ASIS), 
posterior superior iliac spine (PSIS), right and left 
lateral and medial malleolus, midpoint of the patella 
and ankle were labelled with a marker. The subject was 
asked to stand in a position in which they felt 
comfortable with equal weight transfer on both feet 
during while the photographs were taken. 

Subjects were instructed to place their feet in the 
anterior direction. All the biomechanical parameters 
obtained from the digital photographs were calculated 
with the software program. These programs uses 
interactive click-on markers with the computer mouse. 
The assessor selects a specific marker from the graphic 
interface and places it directly on the corresponding 
marked anatomic reference point labelled by the 
assessor. The program then automatically calculates 
the angles of the markers corresponding to the 
calculation of the selected index (Figure 2 and Figure 
3). 

Data Analyses 
Data analyses were performed using SPSS vn. 25.0 
software (IBM SPSS Statistics 25, Armonk, NY, USA). 
Conformity of the data to normal distrbution was 
examined with the Kolmogorov-Smirnov test. 
Continuous variables were expressed as mean ± 
standard deviation (SD) values and categorical 
variables as number (n) and percentage (%).  
Spearman’s correlational analysis was used to examine 
correlations between continuous variables. The 
correlation analysis was conducted with a significance 
level set at p<0.05. A correlation coefficient between 
0.1-0.29 was considered low, 0.30-0.49 as moderate, 
0.50-0.69 as high, and  ≥ 0.70 was considered very 
high. The Mann-Whitney U Test was used to compare 
independent group differences.  A value of p<0.05 was 
considered statistically significant.   

A priori power analysis (α = 0.05, power level β= 
0.80, with 0.30 effect size) revealed a minimum sample 
size of 82 feet was required to analyze the correlation 
between pronated foot and lower extremity, pelvic, 
and lumbar alignment. The power analysis was 
conducted using G*Power (version 3.1; Franz Faull, 
Universitat Kiel, Germany). 
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Figure 2. Measurement of lower limb, sacral and lumbar regions alignment with SCODIAC a. Left calcaneotibial angle,         
b. Right calcaneotibial angle, c. Tibiofemoral angle, d. Lumbar lordosis and sacral slope angle. 
 

 
 

Figure 3. Measurement of right and left pelvic tilt angle 
with APECS. 
 

Results 
Evaluations were made of 96 feet of 48 participants. Of 
the participants, 83.3% (n=40) were female and 16.7% 
(n=8) were male. Demographic characteristics and 
foot, leg, pelvic, lumbar alignment properties of the 
study participants are presented in Table 1. 

Correlation analysis revealed significant 
relationships between certain variables examined in 
the study. The Staheli index was seen to have a weak 
positive correlation with the calcaneo-tibial angle. An 
increase in arch flattening is related to a slight increase 
in calcaneal eversion (r=0.26; p<0.05). No statistically 
significant correlation with other parameters, 
including the tibio-femoral angle, anterior pelvic tilt 
angle, sacral slope, and lumbar slope (p >0.05). It was 
determined that as the Staheli index increased, so the 
calcaneal angle also increased. The calcaneo-tibial 
angle showed no significant correlation with the tibio-
femoral angle, anterior pelvic tilt angle, sacral slope, or 
lumbar slope (p >0.05; Table 2). 

The tibio-femoral angle exhibited a weak positive 
correlation with the sacral slope (r=0.22; p<0.05) and 
anterior pelvic tilt angle (r= 0.18; p<0.05), but no 
significant association with lumbar slope (p >0.05). 
The anterior pelvic tilt angle was weakly positively 
correlated with the sacral slope (r=0.28; p<0.05) and 
the lumbar slope (r=0.21; p<0.05). A strong positive 
correlation was determined between the sacral slope 
and lumbar slope (r=0.77; p<0.05; Table 2).  

Table 3 presents the comparison of biomechanical 
features between the pronation and control groups. 
The Staheli index was significantly higher in the 
pronation group compared to the control group 
(p<0.05). Similarly, the calcaneotibial angle was 
significantly greater in the pronation group than in the 
control group (p<0.05). No significant differences 
were observed between the pronation group and 
control group in respect of the tibiofemoral angle, 
anterior pelvic tilt angle, sacral slope, and lumbar 
slope. These findings indicated that lower extremity, 
pelvic and spinal alignments were relatively similar in 
the two groups (p >0.05). 
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Table 1 
Demographic characteristics of the participants and biomechanical features of the lower limb, 
pelvic, and lumbar regions.  
Variables Mean±SD Median (Min-Max) 

Age (years)  20.81±2.02 20.50 (18-25) 
Height (cm)  166.37±7.21 165 (154-185) 
Weight (kg)  62.12±10.72 59.50 (43-85) 
Body mass index (kg/m²)  22.41±3.16 22.75 (16.40-29.6) 
   

SI  80±17.99 80 (60-145) 
CTA (°)  6.71±4.20 6.10 (0.10-18.10) 
TFA (°)  6.51±3.17 6.40 (0-15.10) 
APTA (°)  13.71±5.58 13 (3-25) 
SS (°)  26.07±7.77 25.20 (6.70-47.10) 
LS (°)  43.63±9.36 41.85 (20.50-64) 

°: Degree; SI: Staheli Index; CTA: Calcaneotibial angle; TFA: Tibiofemoral angle; APTA: Anterior Pelvic tilt 
angle; SS: Sacral slope; LS: Lumbar Slope.  

 
Table 2 
Spearman’s Correlational analysis of biomechanical features of the lower limb, pelvic, and lumbar regions. 

Variables 
SI CTA (°) TFA (°) APTA (°) SS (°) LS (°) 

r (p-value)  
SI  1 0.26 (0.00)* 0.07 (0.47) -0.01 (0.91) -0.07 (0.49) -0.06 (0.57) 
CTA (°)   1 0.02 (0.81) 0.02 (0.83) -0.17 (0.10) 0.02 (0.81) 
TFA (°)    1 0.18 (0.03)* 0.22 (0.01)* 0.13 (0.10) 
APTA (°)     1 0.28 (0.00)* 0.21 (0.02)* 
SS (°)      1 0.77 (0.00)* 
LS (°)       1 
°: Degree; SI: Staheli Index; CTA: Calcaneotibial angle; TFA: Tibiofemoral angle; APTA: Anterior Pelvic tilt angle; SS: Sacral 
slope; LS: Lumbar Slope; *p < 0.05. 

 
Table 3 
Comparison of biomechanical features between pronation and control groups.  

 Variables 
Pronation Group (n=49 feet) Control Group (n=47 feet) 

p * 
Median (Min-Max) Median (Min-Max) 

SI  93 (80-145) 71 (60-79) 0.00 
CTA (°)  6.50 (1.10-18.80) 5.1 (0.10-17.90) 0.04 
TFA (°)  6.10 (0-15) 6.65 (1-15.10) 0.93 
APTA (°)  14 (3-25) 12 (3-25) 0.92 
SS (°)  25.2 (6.70-47.10) 27.60 (13.50-47.10) 0.28 
LS (°)  41.7 (25.30-60.30) 42 (20.50-64) 0.48 
°: Degree; SI: Staheli Index; CTA: Calcaneotibial angle; TFA: Tibiofemoral angle; APTA: Anterior Pelvic tilt angle; 
SS: Sacral slope; LS: Lumbar Slope; *Mann Whitney U test. 

 
 
 
 

Discussion 
Many healthcare professionals view flatfoot as a 
deformity and a risk factor for musculoskeletal issues, 
even without symptoms. It is widely believed that feet 
outside certain criteria compensate biomechanically, 
thereby increasing the risk of injury.  Therefore, the 
relationship between the arch of the foot and the 

alignment of the proximal segments continues to be of 
interest to healthcare professionals. The current study 
was conducted with the purpose of examining this 
relationship, and the results showed no correlation 
between the arch structure of the foot and the 
alignment of proximal segments. The findings of the 
current study showed that arch structure was not 
related to alignments in the proximal segments, with 
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the exception of the calcaneotibial angle, which is a 
biomechanical parameter related to the foot. These 
results may be attributed to the fact that the study 
population consisted of asymptomatic adults. These 
results provide information that the morphological 
structure of the arch of the foot alone should not be 
the sole focus in the clinical decision-making for 
preventive rehabilitation applications planned for 
asymptomatic pes planus and its effect on body 
alignment.   

In a previous study, differences were found 
between the groups with and without flatfoot in 
respect of the foot-related biomechanical 
measurements such as talar declination, 
intermetatarsal, hallux abductus and calcaneal cuboid 
angles and static calcaneal stance eversion. No 
significant effect or risk factor was detected related to 
the proximal segments (Shibuya et al., 2014). That 
study suggested that calcaneal alignment is altered in 
individuals with pronated feet, similar to the current 
study results.  

Several studies have identified a relationship 
between foot pronation and increased Q-angle (Tyagi 
et al., 2024; Khamis & Yizhar, 2007; Ingle et al., 2020). 
In contrast, Nguyen et al. (2009) stated that navicular 
drop was not a significant independent predictor of 
quadriceps angle. In another study, no statistically 
significant relationship was found between the 
tibiofemoral angle, pelvic tilt, and the degree of flatfoot 
(Gandhi & Salvi, 2017). The current study results are 
consistent with those of previous studies regarding the 
relationship between pronated foot and tibiofemoral 
angle (Nguyen et al., 2009; Gandhi & Salvi, 2017). The 
inconsistency in the literature may be attributed to 
differences in methodology and variations in the arch 
structure among study participants, and the use of 
different measurement methods makes it difficult to 
compare the results.  

The relationship between foot posture and pelvic 
alignment remains complex and somewhat 
controversial. While some studies have found 
significant correlations between foot pronation and 
pelvic tilt (Khamis & Yizhar, 2007; Pinto et al., 2008; 
Pradhan et al., 2021), others have not identified such 
relationships (Khamis et al., 2015; Panaet et al., 2021; 
Duval et al., 2010; Tyagi et al., 2024) similar to the 
current study results. This discrepancy may stem from 
methodological differences, such as variations in 
participant characteristics, measurement techniques, 
or biomechanical compensations, which influence the 
observed relationships. Moreover, this discrepancy 
highlights the complex interplay of factors 

contributing to postural alignment, suggesting that 
foot posture alone may not have a direct or consistent 
impact on pelvic alignment in all populations. Further 
research is necessary to clarify these relationships, 
considering variables such as other compensatory 
mechanisms.   

Valgus alignment has been shown to be weakly 
correlated with an increase in anterior pelvic tilt in 
healthy subjects (Hodel et al., 2023). In the current 
study, a weak positive relationship was found between 
tibiofemoral angle and pelvic tilt. The positions of the 
foot during the evaluation led to the same results in 
the analyses. As in the previous study, all the current 
study subjects were instructed to place their feet 
straight, in the anterior direction (Hodel et al., 2023).   

It was concluded in a previous study that pronated 
feet affect spinal alignment, and the lumbar lordosis 
index was found to be increased in subjects with 
pronated foot (Ingle et al., 2020; Abdel-Raoof 2013). 
The current study results did not demonstrate a 
significant difference in lumbar lordosis angle between 
the subjects with pronated and normal feet. This 
discrepancy may indicate that the impact of foot 
posture on lumbar alignment is less direct or may be 
influenced by compensatory mechanisms elsewhere in 
the kinetic chain. Further studies are necessary to 
explore the biomechanical pathways connecting foot 
posture and spinal alignment in greater detail.  

It has been stated that  lumbar spine posture 
depends on the pelvic alignment in a standing 
position, and therefore, anteversion of the pelvis may 
lead to  hyperlordosis. As the pelvis is tightly 
connected to the lumbar spine at the sacro-iliac joint 
by an extensive fibrous connection, anterior tilt of the 
pelvis could increase the lumbar lordosis (Egund et al., 
1978; Levine et al., 1996). However, the degree of 
pelvic tilt at which low-back posture is affected has not 
been identified in some studies (Walker et al., 1987; 
Youdas et al., 1996; Beninato et al., 1993). In the 
current study, the anterior pelvic tilt angle, sacral slope 
and lumbar lordosis angles were correlated as in 
previous studies.  

The current study findings indicated that the 
morphological characteristics of the foot arch alone 
are insufficient to guide clinical decision-making for 
preventive rehabilitation strategies aimed at 
asymptomatic pes planus and its impact on body 
alignment. However, this does not suggest that 
proximal body regions should be overlooked in 
individuals with pronated feet. It is possible that 
compensatory mechanisms involving soft tissues may 
be influenced. In asymptomatic individuals, forces 
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might be absorbed or compensated by soft tissues 
before affecting the knee, pelvis, or spine. There is a 
need for further research including the evaluation of 
soft tissue involvement to provide a more 
comprehensive understanding. As the current study 
sample consisted of young adults, it should be taken 
into account that there may be different alignment 
effects due to loading in older age groups. The 
limitation of the study is that it is a cross-sectional 
study, providing only a one-time assessment of 
alignment differences. Longitudinal studies are needed 
to determine whether foot pronation has an effect on 
proximal alignment over time. As this study was 
performed on individuals with normal feet and 
asymptomatic flatfoot, healthcare professionals should 
be cautious about the potential role of the foot in 
influencing upper segment dynamics in symptomatic 
individuals. The inclusion of cases with symptomatic 
pes planus in future studies may help identify factors 
that are clinically significant. Future research should 
include individuals with normal feet, as well as those 
with symptomatic and asymptomatic flatfoot, together 
with detailed assessment methods of both contractile 
and non-contractile structures. Such studies would 
provide a more comprehensive understanding of how 
arch structure influences the proximal regions of the 
body. To achieve this, it would be particularly valuable 
to employ path analysis, which is a statistical modeling 
technique designed to examine direct and indirect 
relationships within complex systems. This method 
would allow for the quantification of both the direct 
effects of foot posture on variables such as pelvic 
alignment and lumbar lordosis, and the indirect effects 
mediated through other components of the body 
structures. With the application of this approach, 
future studies will be able to better elucidate the 
multifaceted interactions between foot posture and 
overall biomechanical function.  

Understanding the biomechanical structure of each 
part of the body is crucial to prevent and treat 
musculoskeletal disorders. Although the current study 
results seem to support the literature that 
asymptomatic pes planus is an anatomic variation that 
does not require treatment, the potential consequences 
of pes planus cannot be neglected. Considering the 
treatment costs, there is a need for the development of 
clinical decision-making methods to  be used when 
making decisions about a treatment program, 
supported by assessments of both contractile and non-
contractile structures, which reveal the effect of the 
flatfoot on the proximal segments.  
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