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ABSTRACT 
Background:Estimation of stature from human foot bones, foot dimensions, foot prints and foot outline reveal that the 

human foot, its bones and its impressions can successfully be used in estimation of stature in forensic and legal 

examinations. The present study was conducted to estimate stature from Foot Radiographs in a known population.Material 

& Methods:The present study was a cross-sectional, observational study carried out on 150 individuals to estimate stature 

from Foot Radiographs in a known population. The following parameters were estimated: Calcaneal pitch angle, 

Talohorizontal angle, Talocalcaneal angle, Talo-first metatarsal angle, Radiological foot length. The following correlation 

coefficients were calculated as follows: CPA and height for the right and left foot, THA and height for the right and left foot, 

TCA and height for the right and left foot, TFMA and height for the right and left foot and RFL and height for the right and 

left foot.Results:Mean calcaneal pitch angles of both sides of the foot were almost identical. They showed a slight negative 

correlation with the height of the patient. Hence, they may not help to assess the stature of a person. Mean talocalcaneal both 

the right and left side are almost equal and show a positive correlation with the height of the patient. Hence, they can be used 

to estimate stature. Mean TFMA of the right foot and left foot shows a slight positive correlation with the stature. 

Radiographic foot length is more for the left foot compared to the right foot. The right and left radiographic foot lengths 

were having a positive correlation with the height of the patient, which implies they can help to estimate the stature. 

Similarly, the mean THA on the left side is more the right side, and they were negatively correlated with the height of the 

person. Hence, they cannot be used to assess the stature of a person. Among all the parameters, the radiographic length of the 

left and right foot was more correlated followed by TCA on the left side and right side with the stature. Conclusion:The 

study concluded thatamong all the parameters, the radiographic length of the left and right foot was more correlated followed 

by TCA on the left side and right side with the stature.  
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INTRODUCTION 

Stature is one of four major parameters, along with 

age, sex and race, that is very important in identifying 

individuals in forensic anthropology, forensics, and 

crime scene investigation. It also provides information 

about many characteristics of a population, including 

nutrition, health, and genetics (Krishan & Sharma, 

2007). Stature comes from the Latin word statura, 

meaning “height, size of body growth”. Stature is 

measured as a vertical distance from the vertex to the 

floor. For establishing identity, stature is an important 

parameter in medicolegal and forensic examination. 2 

The mathematical method considers the regression 

coefficients derived from the measurements of many 

bones in the body. Foot angle was considered to be 

one of the reliable dimensions for estimating the 

stature of an individual. Determining the height by 

radiological evaluation is essential during natural 

disasters, mass deaths, and in disintegrated bodies 

where long bones cannot be found.3 Stature has been 

estimated through measurements of long bones such 

as the tibia, ulna and humerus4 (which is the gold 

standard), radiographic material5 and hand and foot 

measurements.6-9 Various methods to estimate stature 

exist because there are variations in race and 

ethnicity.5,8,10 The present study was conducted to 

estimate stature  from Foot Radiographs in a known 

population. 

 

MATERIALS& METHODS 

The present study was a cross-sectional, observational 

study carried out in the Department of Anatomy, LN 
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Medical College and Research Center, Bhopal, 

Madhya Pradesh (India) on 150 individuals to 

estimate stature from Foot Radiographs in a known 

population. Before the commencement of the study 

ethical clearance was taken from the Ethical 

Committee of the institute and informed consent was 

taken from the participants after explaining the study. 

Male and female in the age group of 21–25 years were 

included in the study. Pregnant, breastfeeding women, 

patients suffering from chronic liver, kidney, and 

heart disorders and patients with a history of foot 

fracture and bony deformities were excluded from the 

study. The radiological examination should be done 

after completion of the skeletal development. The 

following parameters were estimated in radiographs:  

1. Calcaneal pitch angle (CPA)11-15 

2. Talohorizontal angle (THA)11-15 

3. Talocalcaneal angle (TCA)11-15 

4. Talo-first metatarsal angle (TFMA)11 

5. Radiological foot length (RFL).11 

CPA12-15 is used in the diagnosis and severity grading 

at X-ray of the flat feet in adults. It is the angle of the 

calcaneus and the inferior aspect of the foot, with 

various sources giving various reference points. The 

first line forming the angle is defined as the calcaneal 

inclination axis, extending from the calcaneus by the 

inferior portion of the calcaneocuboid joint to the 

inferior border of the calcaneus12 or tangential to the 

inferior distal border of the calcaneus.13 The second 

line is defined as extending one of the above lines to 

the inferior border of the head of the fifth metatarsal 

bone or the inferior aspect of the medial sesamoid 

bone of flexor hallucis longus.14 or parallel to the 

ground.15-17Talocalcaneal angle18,19 is also called as 

the kite angle. It is the angle between lines drawn 

down the axis of the talus and calcaneus. This angle 

may vary depending on the position of the calcaneus 

under the talus and stiffness of the foot ligaments. The 

midtalar line should pass through the base of the first 

metatarsal, and the mid-calcaneal line should pass 

through the base of the fourth metatarsal. Normal 

TCA is 25–40°. TFMA18: this angle is formed 

between the long axis of the talus and first metatarsal 

on a weight-bearing lateral view. The mean value of 

the length of the foot, lateral TCA, TFMA, THA, and 

CPA were measured. The following correlation 

coefficients were calculated as follows: 1. Correlation 

coefficient for CPA and height for the right and left 

foot 2. Correlation coefficient for THA and height for 

the right and left foot 3. Correlation coefficient for 

TCA and height for the right and left foot 4. 

Correlation coefficient for TFMA and height for the 

right and left foot 5. Correlation coefficient for RFL 

and height for the right and left foot. All the readings 

were statistically analyzed using SPSS Version 20.0 

by IBM for windows statistical package program. 

 

RESULTS 

Mean calcaneal pitch angles of both sides of the foot 

were almost identical. They showed a slight negative 

correlation with the height of the patient. Hence, they 

may not help to assess the stature of a person. Mean 

talocalcaneal both the right and left side are almost 

equal and show a positive correlation with the height 

of the patient. Hence, they can be used to estimate 

stature. Mean TFMA of the right foot and left foot 

shows a slight positive correlation with the stature. 

Radiographic foot length is more for the left foot 

compared to the right foot. The right and left 

radiographic foot lengths were having a positive 

correlation with the height of the patient, which 

implies they can help to estimate the stature. 

Similarly, the mean THA on the left side is more the 

right side, and they were negatively correlated with 

the height of the person. Hence, they cannot be used 

to assess the stature of a person. Among all the 

parameters, the radiographic length of the left and 

right foot was more correlated followed by TCA on 

the left side and right side with the stature.  

 

Table 1: Foot parameters of patients 

Foot Parameters Mean ± SD Correlation coefficient 

Height 163.5±9.6  

CP right 24.5±1.30 -0.08 

CP left 24.51±1.30 -0.091 

TCA right 30.4±1.11 0.078 

TCA left 30.4±1.11 0.078 

TFMAright 2.54±0.94 0.059 

TFMA left 2.54±0.94 0.059 

THA right 44.6±5.76 -0.02 

THA left 45.5±5.65 -0.021 

RFL right 22.6±1.75 0.77 

RFL left 22.7±1.87 0.78 

 

DISCUSSION 

Stature estimation is one of the important factors of 

personal identification. The use of the proposed 

formula to predict the stature of a particular 

population is not suitable for other populations 

because regions have different gender, race, climate, 

and nutrition.20 

Mean calcaneal pitch angles of both sides of the foot 

were almost identical. They showed a slight negative 

correlation with the height of the patient. Hence, they 
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may not help to assess the stature of a person. Mean 

talocalcaneal both the right and left side are almost 

equal and show a positive correlation with the height 

of the patient. Hence, they can be used to estimate 

stature. Mean TFMA of the right foot and left foot 

shows a slight positive correlation with the stature. 

Radiographic foot length is more for the left foot 

compared to the right foot. The right and left 

radiographic foot lengths were having a positive 

correlation with the height of the patient, which 

implies they can help to estimate the stature. 

Similarly, the mean THA on the left side is more the 

right side, and they were negatively correlated with 

the height of the person. Hence, they cannot be used 

to assess the stature of a person. Among all the 

parameters, the radiographic length of the left and 

right foot was more correlated followed by TCA on 

the left side and right side with the stature.  

Park S, et al (2021) aims to develop a Korean-specific 

equation predicting stature using radiographic 

measurements in the contemporary Korean 

population. The result showed a statistically 

significant correlation between metatarsal length and 

stature in Korean populations (male, R = 0.46, p < 

0.001; female, R = 0.454, p < 0.001). Values of 

correlation coefficients (R) of the equations were 

0.431 to 0.477. Compared to equations derived from 

other races, the Korean-specific equation showed 

significantly lower error values for estimating the 

actual height of Koreans through cross-validation.21 

Gwani AS et al (2017) hypothesized that foot length 

measured excluding the phalanges, the truncated foot 

length, may be more reliable in stature estimation than 

full foot length. All the dimensions measured were 

significantly larger in males than females. Linear 

regression equations were derived for estimation of 

stature using both the truncated foot length and full 

foot length. The regression equations derived from 

truncated foot length have larger correlation 

coefficient, coefficient of determination, adjusted 

coefficient of determination as well as smaller 

standard error of estimation than those derived from 

full foot length. This study suggests that even if the 

full foot length is available, excluding the phalanges 

may give more accurate stature estimation.22 

Singh V et al 2020 aims to measure the radiographic 

foot angles in different age groups of the North Indian 

population, National Capital Region, New Delhi, 

correlating it with the height of the individual. Results 

concluded that, among all the parameters, the 

radiographic length of the left and right foot was more 

correlated followed by TCA on the left side and right 

side with the stature. The correlation equation came to 

be Y = 69.97 + 4.18*X (Y = height and X = 

radiographic foot length for the right foot). The 

correlation equation was Y = 72.7 + 4.05*X (Y = 

height and X = Radiographic foot length for the left 

foot).23 

 

 

CONCLUSION 

The study concluded thatamong all the parameters, 

the radiographic length of the left and right foot was 

more correlated followed by TCA on the left side and 

right side with the stature.  

 

REFERENCES 
1. Krishan, K. & Sharma, A. Estimation of stature from 

dimensions of hands and feet in a North Indian 

population. J. Forensic Leg. Med., 14(6):327- 32, 2007. 

2. Dinakaran J, Hariganesgh P, Shamala S, Dhivya K, 

Saranya V, Saranya M. Stature Estimation of an 

Individual Using Nasal, Facial, and Palatal Height 

among Tamil Nadu Population. J Pharm Bioallied Sci. 

2021 Jun;13(Suppl 1):S751-S756. doi: 

10.4103/jpbs.JPBS_595_20. Epub 2021 Jun 5. PMID: 

34447195; PMCID: PMC8375831. 

3. Singh, Vishram, Chakradhar, V, Yadav, Yogesh, 

Singh, Rashi. Stature Estimation from Foot 

Radiographs of North Indian Population. Journal of the 

Anatomical Society of India 2019 Oct-Dec; 68(4):p 

274-278. 

4. Telkka A. On the prediction of human stature from the 

long bones. Acta Anat (Basel). 1950;9:103-17. 

5. Duyar Ý Pelin C. Estimating body height from ulna 

length: Need of a population-specific 

formula. Eurasian J Anthropol. 2010;1:11-17. 

6. Chikhalkar B, Mangaonkar A, Nanandkar S, Peddawad

 R. Estimation of stature from measurements of long 

bones, hand and foot dimensions. J Indian Acad 

Forensic Med. 2010;32:329-33. 

7. Pandha 

Re SR, Patil AD, Kasote A, Meshram MM. Estimation 

of height (stature) from inferior extremity length and 

foot length in children. Int J Recent Trends Sci 

Technol. 2012;3:33-7. 

8. Prasanna L. Prediction of stature and sex by hand 

dimension: A statistical analysis in North and South 

Indians of same age group, Research and reviews. J 

Med Health Sci. 2014;3:96-9. 

9. Akhlaghi M, Hajibeygi M, Zamani N, Moradi B. Estim

ation of stature from upper limb anthropometry in 

Iranian population. J Forensic Legal Med. 

2012;19:280-4. 

10. Perkins JM, Subramanian SV, Davey 

Smith G, Özaltin E. Adult height, nutrition, and 

population health. Nutr Rev. 2016;74:149-65. 

11. Ozaslan A, Karadayi B, Kolusayin M, Kaya A, Afsin 

H. Predictive role of hand and foot dimensions in 

stature estimation. Rom J Legal Med 2012;20:41-6. 

12. Sinacore DR, Gutekunst DJ, Hastings MK, Strube MJ, 

Bohnert KL, Prior FW, et al. Neuropathic midfoot 

deformity: Associations with ankle and subtalar joint 

motion. J Foot Ankle Res 2013;6:11.  

13. Crim JR, Manaster BJ, Rosenberg ZS. Imaging 

Anatomy: Knee, Ankle, Foot. Philadelphia, PA: 

Elsevier; 2017. p. 468. 

14. Wiesel SW. Calcaneal pitch angle segment. Operative 

Techniques in Orthopaedic Surgery (ISBN): 

9781496314680) Lippincott Williams and Wilkins 

2015.  

15. Lee YK, Yim SJ, Lee SH, Park CH, Lee SH. The 

talus1st metatarsal angle of young men in Korea. 

Korean Foot Ankle Soc 2010;14:161-4. 

16. Bourdet C, Seringe R, Adamsbaum C, Glorion C, 

Wicart P. Flatfoot in children and adolescents. 



International Journal of Life Sciences, Biotechnology and Pharma Research Vol. 12, No 3, July-Sep 2023 Online ISSN: 2250-3137     
Print ISSN: 2977-0122 

2299 
©2023Int. J. Life Sci. Biotechnol. Pharma. Res. 

Analysis of imaging findings and therapeutic 

implications. OrthopTraumatol Surg Res 2013;99:80-7.  

17. Ippolito E, Fraracci L, Farsetti P, De Maio F. Validity 

of the anteroposterior talocalcaneal angle to assess 

congenital clubfoot correction. AJR Am J 

Roentgenol2004;182:1279-82. 

18. Flores DV, Mejía Gómez C, Fernández Hernando M, 

Davis MA, Pathria MN. Adult acquired flatfoot 

deformity: Anatomy, biomechanics, staging, and 

imaging findings. Radiographics2019;39:1437-60. 

19. Arunakul M, Amendola A, Gao Y, Goetz JE, Femino 

JE, Phisitkul P. Tripod index. Foot Ankle Int 

2013;34:1411-20. 

20. Ahmed A.A. Estimation of stature using lower limb 

measurements in Sudanese Arabs. J. Forensic Leg. 

Med. 2013;20:483–8.doi: 10.1016/j.jflm.2013.03.019.  

21. Park S, Yi Y, Tsengel B, Kim J, Chun DI, Won SH, 

Min TH, Park JH, Lee M, Cho J. Adult Stature 

Estimation from Radiographic Metatarsal Length in a 

Contemporary Korean Population. Int J Environ Res 

Public Health. 2021 Oct 1;18(19):10363. doi: 

10.3390/ijerph181910363. PMID: 34639663; PMCID: 

PMC8508081. 

22. Gwani AS, Salihu AT, Garba IS, Rufa'i AA. 

Estimation of stature from radiographic measurement 

of foot dimensions: Truncated foot length may be more 

reliable than full foot length. Journal of Forensic and 

Legal Medicine. 2017 Feb 1;46:53-7. 

23. Singh V, Chakradhar V, Yadav Y, Singh R. Stature 

estimation from foot radiographs of North Indian 

population. J Anat Soc India 2020;68:274-8. 

 

 


