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ABSTRACT 

 

Introduction: The main symptoms of scoliosis are postural changes  such as slouching. 

uneven shoulders, protruding ribs, or asymmetrical waist. Several previous studies have 

demonstrated that the foot plays an important role  in supporting body weight and establishing 

dynamic balance in walking function. In addition, flat feet (pes planus) may cause lower limb 

rotation and lower back pain, possibly due to altered postural responses and the resulting 

compensatory pattern between the spine and lower limbs. Objective:  To describe the 

association between the occurrence of pes planus and the severity of scoliosis in elderly 

patients (age 60 and above) at  PHC Surabaya Hospital. Methods: This study is an analytical 

study using a cross-sectional study with probability sampling with purposive sampling. The 

minimum number of samples required for this study was calculated using the Lemeshow 

formula, resulting in 69 samples. Data were collected in the form of primary data (medial 

longitudinal arch [MLA] Clarke angle measurement results) and secondary data (medical 

records) of 69 patients with a history of scoliosis (using  Cobb angle criteria) from August to 

October 2023 at PHC Surabaya Hospital, where specialists in orthopedics and traumatology 

were gathered. They were then tested with the Spearman correlation test using the Statistical 

Package for  Social Sciences (SPSS) version 29. Results:  patients diagnosed with flat feet 

(pes planus) Among the 69 patients, 57 patients (82.6%) had scoliosis, but based on the results 

of the statistical analysis of the two variables, there was no significant correlation between 

them (p = 0.932). Conclusion: In PHC Surabaya Hospital, there were no significant results 

regarding the correlation between the occurrence of flat feet (pes planus) and the severity of 

scoliosis. This was due to the inclusion and exclusion criteria set by the researchers, such as 

age, BMI, and  medical history. 
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INTRODUCTION

The main symptoms of scoliosis are 

changes in  posture, such as slouching. 

Examples: slumped shoulders, protruding 

ribs, hip asymmetry, etc.1,2 Due to changes 

in spine mobility and posture, movement 

patterns may change from step to step.3 

Unfortunately, the underlying mechanisms 

that cause spinal deformity in patients with 

scoliosis are: foot characteristics and gait 

performance remain unclear. 

 To obtain more detailed information 

on the underlying mechanisms, it is 

essential to have a deeper understanding of 

a series of body parameters in patients with 

scoliosis, including foot morphology, 

plantar pressure distribution, and gait 

performance. Plantar pressure 

measurement and gait analysis are widely 

recognized as important biomechanical 

parameters for quantitatively evaluating 

human gait, which can provide useful 

information on foot function and help 

develop more effective prevention and 

intervention strategies.4-7 In some studies, 

the pressure curve (COP) of patients with 

scoliosis is different from that of healthy 

controls.6,8-11 Several previous studies have 

shown that the foot plays an important role  

in supporting  body weight  and 

establishing dynamic balance in gait 

function.12  

Foot problems Lead flatfoot (pes 

planus) occurs in approximately 15-25% of 

adults and consists of a set of deformities 

related to collapse of the medial 

longitudinal arch, heel eversion, and 

forefoot abduction. Flatfoot is associated 

with a possible defect in the absorptive 

ability of the foot to walk and adapt to the 

environment.13-15  

It is usually asymptomatic at first, but 

can cause pain and affect balance.16 

Flatfoot may be an associated factor. Foot 

osteoarthritis and recurrent knee pain.17 In 

addition, flatfoot may cause lower limb 

rotation and lower back pain. This is 

probably due to altered postural responses 

and the resulting compensatory patterns 

between the spine and lower limbs.18,19  

Therefore, it remains controversial in 

the existing literature. The degree of 

scoliosis is determined using the Cobb 

angle as follows: Mild scoliosis, Cobb 

angle 40° or 45°. None of these studies 

were able to correlate differences in plantar 

pressure distribution and gait with the 

degree of scoliosis severity. There is a need 

to investigate the relationship between 

scoliosis severity  and gait performance.20-

22 

Foot structure can have a significant 

effect on the dynamic function of the foot, 

and the relationship between foot 

morphology and function has been studied 

for a long time.23,24  
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For example, medial translation of  

COP may be associated with low foot arch 

morphology.8 Previous studies have shown 

that foot posture can affect the gait 

performance of scoliosis patients.25 

To the best of our knowledge, most 

studies have not mentioned the difference 

in foot morphology between scoliosis and 

control groups, or the effect of foot posture 

on the walking performance of scoliosis 

patients. Therefore, it is unclear whether 

foot posture has a significant effect on the 

walking performance of scoliosis patients, 

and what differences there are between 

patients with different degrees of scoliosis 

and normal control patients. 

 The aim of this study was to describe 

the association between the occurrence of 

flatfoot and the severity of scoliosis in 

elderly patients at Surabaya PHC Hospital. 

  

METHOD 

Population 

The population used in this study 

were scoliosis patients who had a history of 

flat foot/ pes planus and were treated at 

PHC Surabaya Hospital in July – 

September 2023. 

The inclusion criteria in this study 

are: 

a. Patients ≥60 years old who 

were diagnosed with flat 

foot/pes planus at PHC 

Surabaya Hospital in 

August – October 2023. 

b. Measurements the vertebral 

curvature with Cobb’s angle criteria 

consisting of the severity of scoliosis 

(mild, moderate, and severe). 

The exclusion criteria in this study are: 

a. History of secondary causes such as 

trauma or surgery to the vertebrae or 

spine, systemic disease such as 

rheumatoid arthritis or lupus, and 

neuromuscular diseases. 

b. History of drug use that anti-

inflammatory corticosteroid or     

immunosuppressive drugs. 

c. Personal Nutrition 

Condition of Obesity (BMI 

≥30). 

The drop out criterion in this study 

was that the patient died before the 

measurements were taken. 

 

Medial Longitudinal Arch 

Measurements 

Patients were instructed to stand  

with both feet on a povidone-iodine-soaked 

felt pad and press firmly against the stamp 

pad. They were then asked to step forward 

and place their right foot on the chart 

sheet44  

Participants were asked to stand 

steadily in a relaxed bipedal standing 

position for 2 seconds, with equal weight 
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on both feet, facing forward, and then step 

forward to clear the chart sheet. If the 

footprint was not clear due to insufficient 

ink, the footprint was discarded and the 

process repeated.26 

 
Figure 1. Clarke’s angle.26 

CA was calculated using a marking 

pen, ruler, and protractor marked at 1 

degree intervals. CA is determined by 

calculating the angle between the medial 

tangent (line AB in Figure 1 connecting the 

medial end of the first metatarsal head to 

the heel) and a second line (line AC in 

Figure 1 connecting the first metatarsal 

head to the heel apex of the MLA 

concavity) connected and determined. 

Below is the interpretation of CA .26,27 

 

Table 1. Interpretation of Flat Foot/ Pes 

Planus based on Clarke's angle.26,27 

Normal 42°–54° 

Mild Pes planus 35°–41° 

Moderate Pes planus 30°–34,9° 

Severe Pes planus <30° 

 

Foot Posture Index 

Foot posture  was measured using the 

Foot Posture Index (FPI), in which an 

experienced researcher manually inspected 

the subjects' feet.28 The FPI consists 

of six items,  each rated on a 

scale of −2, −1, 0, +1, and +2 

(negative values for clear 

signs of supination, 0 for clear 

signs of neutrality, and 

positive values for clear signs 

of pronation). 

 The six elements were used to 

classify foot position  as follows:  (i) 

palpation of the talar head, (ii) observation 

of  supramalleolar/inframalleolar 

curvature, (iii) calcaneal inversion/valgus, 

(iv)  prominence of the medial 

talonavicular joint, (v) congruence of the 

medial arch, and (vi) abduction/adduction 

of the forefoot in the hindfoot.29 

 

Measuring the Severity of Scoliosis  

Demographic information about the 

participants was obtained through surveys 

and questionnaires. Weight and height 

were measured using an automated 

weight/height measuring system. 

 Radiographic Cobb angle and ankle 

range of motion were assessed by the same 

experienced physiotherapist. 4,444 

scoliosis patients were classified as normal 

(Cobb angle 45°) according to the Cobb 

angle of the major curve according to 

clinical practice (Table 2). 

Table 2. Cobb Angle Criteria of Scoliosis  
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Angle Criteria 

<10 Normal 

10-20 Mild 

20-45 Moderate 

>45 Severe 

Statistical Analysis 

This study is an analytical study with 

a cross-sectional study.The sampling 

technique used in this study is probability 

sampling with purposive sampling, 

because the sample is selected from 

members of the population based on 

inclusion, exclusion and drop out criteria 

determined by the researcher. The 

minimum number of samples required for 

this study was calculated using the 

Lemeshow formula, resulting in 69 

samples. 

 

 Data were collected in the form of 

primary data (medial longitudinal arch 

[MLA] Clarke angle measurements) and 

secondary data (medical records) of 69 

patients with a history of scoliosis (using  

Cobb angle severity criteria) at PHC 

Surabaya Hospital in August - October 

2023 by specialists in Orthopedics and 

Traumatology . 

 

 

 

 

RESULT 

Table 3. Characteristics of Patient’s Scoliosis Severity due to Flat Foot 

 
Severity of Scoliosis 

Normal Mild Moderate Severe 

Severity of Flat 

Foot/Pes Planus 

Mild 9 (13%) 4 (5%) 8 (11,6%) 7 (10,1%) 

Moderate 3 (4%) 3 (4%) 6 (8%) 11 (15,9%) 
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Severe 0 (0%) 7 (10,1%) 9 (13%) 2 (2%) 

Total 12 (17,4%) 14 (20,3%) 23 (33,3%) 20 (29%) 

Based on the table above it can be 

seen that from the 69 patients studied, 57 

patients (82,6%) had scoliosis ranging 

from mild to severe after measuring with 

the Cobb Angle Criteria. The severity of 

the scoliosis patients studied include: mild 

24,5% (14/57), moderate 40,4% (23/57), 

and severe 35,1% (20/57).  

From this data, it can be seen that a 

total of 69 patients with a diagnosis of pes 

planus can see the degree of severity, 

among others including mild 40,6% 

(28/69), moderate 33,3% (23/69), and 

severe 26,1% (18/69). 

Then tested with the Spearman 

Correlation test using the Statistical 

Package for the Social Sciences (SPSS) 

version 29. These two research variables 

use an ordinal data scale which was then 

tested with the Spearman Correlation test 

using the Statistical Product and Service 

Solution (SPSS) version 29. 

Table 4. Results of statistical analysis using 

the Statistical Package for the Social 

Sciences (SPSS) version 29. 
 x y 

Spear

man’s 

rho 

x Correla

tion 

Coeffici

ent 

1.000 .011 

Sig. (2-

tailed) 
. .932 

N 69 69 

y Correla

tion 

Coeffici

ent  

.011 1.000 

Sig. (2-

tailed) 
.932 . 

N 69 69 
From the results of the analysis with the 

Statistical Package for the Social Sciences 

(SPSS) version 29, the value of p = 0.932 

(p< 0.05) was obtained, which interprets 

the research results as not significant.  

 

DISCUSSION 

Loss of the MLA in individuals with 

pes planus is generally accompanied by 

dysfunction of the supporting structures of 

the MLA (Lig. calcaneo-naviculare 

plantare, Lig.   collaterale   mediale,   

posterior   tibial 

tendon, plantaris aponeurosis, or M. 

flexor hallucis longus and brevis) resulting 

in a decrease in the function of the MLA in 

foot shock absorption, thereby increasing 

TF pressure.6  

This condition will also limit the tibia 

to rotate internally and will increase 

rotational pressure on the TF joint.3 On the 

other hand, weakness of the M. abductor 

hallucis which is responsible for the 

dynamic stability of  the  MLA  will  cause  

decreased ability biomechanics, external 
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force absorption, and impaired postural 

stability.  

This study aimed to compare the 

plantar pressure distribution foot 

morphology with mild, moderate, and 

severe AIS and their matched healthy 

peers. Idiopathic scoliosis is a deformity 

without a clear etiology. Research has 

shown that the disease is likely  related to 

genetic factors, growth disorders, and 

estrogen. Severe scoliosis cases had lower  

weights and BMIs than other cases, 

suggesting that scoliosis, especially severe 

scoliosis, may affect the physical growth of  

these adolescents.30,31  

In severe scoliosis, height may be 

reduced due to the  larger curvature. 

However, such differences were not 

observed, probably due to the small sample 

size of severe cases. Many previous studies 

have reported that plantar pressure and gait 

are affected by multiple factors, such as 

age, sex, BMI, and walking speed.32-34 

 Therefore, we analyzed the plantar 

pressure of elderly people with mild, 

moderate, and severe scoliosis  and 

compared it with that of elderly people. We 

compared healthy people taking into 

account age, sex, BMI, and activity.  After 

adjusting for these covariates, we found 

significant differences in foot function  

between the scoliosis group and the control 

group. 

There are several limitations to this 

research: 

a. This study only involved patients 

aged 60 years and over, so the 

correlation between the incidence of 

flat foot/ pes planus and the severity 

of scoliosis is unknown in the 

younger population. 

b. Because this study involved elderly 

patients aged 60 years and over, 

comorbid diseases in the population, 

such as hypertension, dyslipidemia, 

diabetes, and gout arthritis could not 

be avoided. This plays a role in 

confounding factors causing spinal 

degeneration changes. 

c. Not all patients studied were new 

patients, so it cannot be ascertained 

whether the severity of scoliosis 

based on Cobb Angle in patients is 

the result of progression of scoliosis 

or the first onset of scoliosis that 

correlates with flat foot/pes planus. 

d. This study uses BMI criteria 

according to WHO which classifies 

obesity for individuals with a BMI of 

30. This is a weakness of the research 

because the Indonesian population 

uses the Asia-Pacific BMI, which 

classifies obesity for individuals with 

a BMI of ≥25. 

e. Not all patients studied were patients 

with bilateral flat foot/ pes planus 

history, so the correlation between 
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the incidence of pes planus and the 

severity of scoliosis cannot be clearly 

known. 

 

CONCLUSION 

PHC Surabaya Hospital did not find 

any significant results  regarding the 

correlation between the occurrence of 

flatfoot/pes planus and the severity of 

scoliosis. 

This is related to the inclusion and 

exclusion criteria set by researchers, such 

as age and BMI. However, it can be 

determined that the prevalence of flat 

foot/pes planus and scoliosis patients at 

PHC Surabaya Hospital is 82.6%. 

 

 

 

 

 

 

REFERENCES 

1. Altaf F, Gibson A, Dannawi Z, 

Noordeen H. Adolescent idiopathic 

scoliosis. BMJ. 2013; 346: f2508. 

https://doi.org/10.1136/bmj.f2508 

PMID: 23633006. 

2. Cheng JC, Castelein RM, Chu WC, 

Danielsson AJ, Dobbs MB, Grivas 

TB, et al. Adolescent idiopathic 

scoliosis. Nat Rev Dis Primers. 2015; 

1: 15030. 

https://doi.org/10.1038/nrdp.2015.30 

PMID: 27188385. 

3. Daryabor A, Arazpour M, Sharifi G, 

Bani MA, Aboutorabi A, Golchin N. 

Gait and energy consumption in 

adolescent idiopathic scoliosis: a 

literature review. Ann Phys Rehabil 

Med. 2017; 60(2): 107–116. 

https://doi.org/10.1016/j.rehab.2016.

10.008 PMID: 27986427. 

4. Hebert-Losier K, Murray L. 

Reliability of centre of pressure, 

plantar pressure, and plantar-flexion 

isometric strength measures: a 

systematic review. Gait Posture. 

2020; 75: 46–62. 

https://doi.org/10.1016/j. 

gaitpost.2019.09.027 PMID: 

31593873. 

5. Rai D, Aggarwal L. The study of 

plantar pressure distribution in 

normal and pathological foot. Pol J 

Med Phys Eng. 2006; 12: 25–34. 

6. Catan L, Cerbu S, Amaricai E, Suciu 

O, Horhat DI, Popoiu CM, et al. 

Assessment of static plantar pressure, 

stabilometry, vitamin D and bone 

mineral density in female adolescents 

with moderate idiopathic scoliosis. 

Int J Environ Res Public Health. 

2020; 17(6): 2167. 

https://doi.org/10.3390/ijerph170621

67 PMID: 32214036. 

7. Baker R, Esquenazi A, Benedetti 

MG, Desloovere K. Gait analysis: 



Online-ISSN 2565-1409                                                   Journal of Widya Medika Junior Vol. 6 No. 3 July 2024 

248 
 

 

clinical facts. Eur J Phys Rehabil 

Med. 2016; 52(4): 560–574. PMID: 

27618499. 

8. Chern JS, Kao CC, Lai PL, Lung 

CW, Chen WJ. Severity of spine 

malalignment on center of pressure 

progression during level walking in 

subjects with adolescent idiopathic 

scoliosis. Conf Proc IEEE Eng Med 

Biol Soc. 2014; 2014: 5888–5891. 

https://doi.org/10.1109/EMBC.2014.

6944968 PMID: 25571336. 

9. Kim K, Mullineaux DR, Jeon K. A 

comparative study of spinal 

deformity and plantar pressure 

according to the static standing 

posture of female adolescents with or 

without idiopathic scoliosis. Iran J 

Public Health. 2019; 48(2): 345–346. 

PMID: 31205890. 

10. Lee Jeong-Uk. Comparison of 

dynamic plantar foot pressure in 

normal subjects and patients with 

adolescent idiopathic scoliosis for 

health science research. Toxicol 

Environ Health Sci. 2017; 9: 269–

278. 

11. Lee J, Kim M, Kim J. Comparison of 

static plantar foot pressure between 

healthy subjects and patients with 

adolescent idiopathic scoliosis. Toxicol 

Environ Health Sci. 2014; 6: 127–132. 

12. Tas S, Unluer NO, Korkusuz F. 

Morphological and mechanical 

properties of plantar fascia and 

intrinsic foot muscles in individuals 

with and without flat foot. J Orthop 

Surg (Hong Kong) 2018;26. 

2309499018802482. 

13. Menz HB, Tiedemann A, Kwan MM, 

Plumb K, Lord SR. Foot pain in 

community-dwelling older people: an 

evaluation of the manchester foot 

pain and disability index. 

Rheumatology (Oxford) 

2006;45:863e7. 

14. Bluman EM, Title CI, Myerson MS. 

Posterior tibial tendon rupture: a 

refined classification system. Foot 

Ankle Clin 2007; 12:233e49. 

15. Venkadesan M, Yawar A, Eng CM, 

Dias MA, Singh DK, Tommasini 

SM, et al. Stiffness of the human foot 

and evolution of the transverse arch. 

Nature 2020;579:97e100. 

16. Demetracopoulos CA, Nair P, 

Malzberg A, Deland JT. Outcomes of 

a step cut lengthening calcaneal 

osteotomy for adult acquired flatfoot 

deformity. Foot Ankle Int 

2015;36:749e55. 

17. Menz HB, Munteanu SE, Zammit 

GV, Landorf KB. Foot structure and 

function in older people with 

radiographic osteoarthritis of the 

medial midfoot. Osteoarthritis 

Cartilage 2010;18:317e22. 

18. McGregor AH, Hukins DW. Lower 



Correlation of the Flat Foot…  Dian TA, Ricardo H, Tahalele PL, Huang V  

249 
 

 

 

limb involvement in spinal function 

and low back pain. J Back 

Musculoskelet Rehabil 

2009;22:219e22 

19. Cebulski-Delebarre A, Boutry N, 

Szymanski C, Maynou C, Lefebvre 

G, Amzallag-Bellenger E, et al. 

Correlation between primary flat foot 

and lower extremity rotational 

misalignment in adults. Diagn Interv 

Imaging 2016;97:1151e7. 

20. US Preventive Services Task Force, 

Grossman DC, Curry SJ, Owens DK, 

Barry MJ, Davidson KW, et al. 

Screening for adolescent idiopathic 

scoliosis: US Preventive Services 

Task Force recommendation 

statement. JAMA. 2018; 319(2): 

165–172. 

https://doi.org/10.1001/jama.2017.19

342 PMID: 29318284. 

21. Persson-Bunke M, Czuba T, 

Hagglund G, Rodby-Bousquet E. 

Psychometric evaluation of spinal 

assessment methods to screen for 

scoliosis in children and adolescents 

with cerebral palsy. BMC 

Musculoskelet Disord. 2015; 16: 351. 

https://doi.org/10.1186/s12891-015-

0801-1 PMID: 26578150. 

22. Kuznia AL, Hernandez AK, Lee LU. 

Adolescent idiopathic scoliosis: 

common questions and answers. Am 

Fam Phys. 2020; 101(1): 19–23. 

PMID: 31894928. 

23. Wong L, Hunt A, Burns J, Crosbie J. 

Effect of foot morphology on center-

of-pressure excursion during barefoot 

walking. J Am Podiatr Med Assoc. 

2008; 98(2): 112–117. Epub 

2008/03/19. https://doi.org/10. 

7547/0980112 PMID: 18347119. 

24. Cavanagh PR, Morag E, Boulton AJ, 

Young MJ, Deffner KT, Pammer SE. 

The relationship of static foot 

structure to dynamic foot function. J 

Biomech. 1997; 30(3): 243–250. 

https://doi.org/10.1016/s0021- 

9290(96)00136-4 PMID: 9119823. 

25. Buldt AK, Forghany S, Landorf KB, 

Murley GS, Levinger P, Menz HB. 

Centre of pressure characteristics in 

normal, planus and cavus feet. J Foot 

Ankle     Res.     2018;   11:   3.   Epub 

2018/02/15. https://doi.org/10. 

1186/s13047-018-0245-6 PMID: 

29441131. 

26. Hegazy F, Aboelnasr E, Abuzaid M, 

Kim I-J, Salem Y. Comparing 

Validity and Diagnostic Accuracy of 

Clarke’s Angle and Foot Posture 

Index-6 to Determine Flexible 

Flatfoot in Adolescents: A Cross-

Sectional Investigation. J Multidiscip 

Healthc [Internet]. 2021 Sep;Volume 

14:2705–17. Available from: 

https://www.dovepress.com/compari

n g-validity-and-diagnostic-



Online-ISSN 2565-1409                                                   Journal of Widya Medika Junior Vol. 6 No. 3 July 2024 

250 
 

 

accuracy-of-clarkes-angle-and-foot-

p-peer- 

27. Zhang M, Nie MD, Qi XZ, Ke S, Li 

JW, Shui YY, et al. A Strong 

Correlation Between the Severity of 

Flatfoot and Symptoms of Knee 

Osteoarthritis in 95 Patients. Front 

Surg. 2022;9:1–8. 

28. Redmond AC, Crane YZ, Menz HB. 

Normative values for the foot posture 

index. J Foot Ankle Res. 2008; 1(1): 

6. https://doi.org/10.1186/1757-

1146-1-6 PMID: 18822155. 

29. Cho Y, Park JW, Nam K. The 

relationship between foot posture 

index and resting calcaneal stance 

position in elementary school 

students. Gait Posture. 2019; 74: 

142–147. 

https://doi.org/10.1016/j.gaitpost. 

2019.09.003 PMID: 31525651. 

30. Gao C, Chen BP, Sullivan MB, Hui J, 

Ouellet JA, Henderson JE, et al. 

Micro CT analysis of spine 

architecture in a mouse model of 

scoliosis. Front Endocrinol 

(Lausanne). 2015; 6: 38. 

https://doi.org/10. 

3389/fendo.2015.00038 PMID: 

25852647. 

31. Man GC, Wang WW, Yeung BH, 

Lee SK, Ng BK, Hung WY, et al. 

Abnormal proliferation and 

differentiation of osteoblasts from 

girls with adolescent idiopathic 

scoliosis to melatonin. J Pineal Res. 

2010; 49 (1): 69–77. 

https://doi.org/10.1111/j.1600-

079X.2010.00768.x PMID: 

20524972. 

32. Jandova S, Gajdos M, Urbanova K, 

Mikulakova W. Temporal and 

dynamic changes in plantar pressure 

distribution, as well as in posture 

during slow walking in flat and high-

heel shoes. Acta Bioeng Biomech. 

2019; 21(4): 131–138. PMID: 

32022793. 

33. Gimunova M, Zvonar M, Mikeska O. 

The effect of aging and gender on 

plantar pressure distribution during 

the gait in elderly. Acta Bioeng 

Biomech. 2018; 20(4): 139–144. 

PMID: 30520439. 

34. Ko M, Hughes L, Lewis H. Walking 

speed and peak plantar pressure 

distribution during barefoot walking 

in persons with diabetes. Physiother 

Res Int. 2012; 17(1): 29–35. 

https://doi.org/10.1002/pri.509 

PMID: 21234990. 

 


