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Abstract  

Background: Accurate height measurement is crucial for paediatric nutritional assessment, growth 

monitoring, and clinical decision-making. When direct measurement is difficult, surrogate 

anthropometric indicators such as middle finger length (MFL) may provide practical alternatives. 

Objectives: To evaluate the relationship between MFL and standing height among adolescents in 

Yenagoa, Bayelsa State, and to develop predictive equations including sex- and age-specific models. 

Methods: This cross-sectional study included 1,222 adolescents (10–19 years) from selected secondary 

schools. Standing height and MFL were measured using WHO-standardized procedures. Pearson 

correlation assessed the relationship, and linear regression produced predictive equations. Analyses 

were performed for the total population, by sex, and across three age groups (10–13, 14–16, 17–19 

years). Agreement between measured and predicted height was assessed using Bland-Altman analysis  

Results: A moderate positive correlation was observed between MFL and height (r = 0.672, p < 0.001). 

The overall predictive equation was Height = 89.782 + 8.819(MFL) (R² = 0.452). Sex-specific models 

demonstrated slightly higher correlation in males (r = 0.685) than in females (r = 0.659). Age-stratified 

analyses showed stronger correlations in older adolescents. 

Conclusion: MFL is a practical predictor of standing height in Nigerian adolescents. Sex- and age-

specific models improve predictive accuracy, offering utility in clinical, public health, and forensic 

contexts. 

Keywords: Anthropometry, Height, Middle Finger length, Regression model, Stature estimation, 

Nigeria. 

 

Introduction 

Anthropometry is fundamental to paediatric 

practice for monitoring growth, assessing 

nutritional status, and guiding clinical 

management. Standing height is particularly 

important for calculating body mass index (BMI), 

determining drug dosages, and assessing growth 

patterns. 1,2 Direct height measurement may be 

difficult in children with spinal deformities, 

musculoskeletal injuries, or acute illnesses 

requiring immobilisation. Alternative 

anthropometric measures, including arm span, 

tibial length, foot length, and hand dimensions, 

are frequently used in such circumstances as 

proxies. 1,3-4 Middle finger length (MFL) is 

advantageous because they are easily accessible 

and the procedure requires minimal training and 
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equipment compared with arm span, sitting 

height or lower limb measurements. 4   

Studies from different populations have shown 

that regression models5 based on hand and finger 

measurements can predict stature with acceptable 

accuracy, although prediction equations vary 

with age, sex, ethnicity, and geographical 

location. 4-6 MFL is less affected by posture and 

spinal deformities. Multiple studies have 

demonstrated a significant positive correlation 

between hand measurements and standing height, 

but there is very limited published research 

specifically focused solely on MFL in Nigeria. 7 

Adolescence, characterised by rapid growth and 

hormonal changes, can influence body 

proportions. 6 This study aimed to determine the 

correlation between MFL and standing height 

among adolescents in Yenagoa and develop 

population-specific predictive equations, 

including sex- and age-stratified models. 

 

Methods 

This cross-sectional study was conducted in 

Yenagoa, Bayelsa State, Nigeria, from March to 

September 2023. The participants were 

apparently healthy adolescents aged 10 – 19 

years, drawn from selected secondary schools in 

Yenagoa, using a multistage sampling technique. 

Adolescents with physical deformities affecting 

height or hands, with congenital hand anomalies 

or chronic illnesses affecting growth, were 

excluded. 

 

Anthropometric measurements 

Standing height was measured using a 

stadiometer, with participants barefoot and the 

head in the Frankfurt plane. MFL was measured 

from the midpoint of the proximal flexion crease 

at the base of the left middle finger 

(metacarpophalangeal crease) to the fingertip 

(apex). The distance between these two 

landmarks, measured using a Vernier calliper 

with the finger fully extended, is recorded. The 

measurements were taken by the researcher and 

research assistants twice and averaged.3 

 

Sample size determination 

A minimum sample size was calculated using the 

Fisher’s z-transformation formula below: 8 

n = ((Zα+Zᵦ)/C)²+3 

Where:  

C = 1/2 ln⁡((1+r)/(1-r)) 

n= minimum sample size 

Zα= Standard normal deviate corresponding to a 

95% confidence interval (1.96) 

Zẞ= Standard normal deviate for desired power 

(0.84 for 80% power) 

r = correlation coefficient from the study on the 

relationship between hand dimensions and stature 

among adolescents by Usman et al. = 0.668. 8 

The value of C was calculated as 0.807.  

Therefore, n = ((1.96+0.84)/0.807) ²+3 = 16. This 

became 18 after making an adjustment for a 10% 

non-response rate. 

 

Sampling technique 

A four-stage sampling technique was used. A list 

of all secondary schools obtained from the Post–

Primary School Management Board and the 

Ministry of Education showed a total of 37 

private and 17 public schools across the 15 wards 

in Yenagoa LGA. The schools were stratified into 

public and private secondary schools.  

 

Stage 1: Selection of wards 

The names of the 15 wards were written on pieces 

of paper and put in a basket. An independent 

observer selected seven of the 15 wards in 

Yenagoa LGA (i.e., 46%, representative of the 

total wards) using simple random sampling 

(closed ballot) with the help of an independent 

observer. Any ward picked was not returned until 

the seven wards had been selected. 

Stage 2: Selection of schools 
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Figure 1: Schematic diagram showing the methods used at each sampling stage 

 

There are 54 secondary schools in Yenagoa LGA, 

comprising 50 co-educational, two all-boys, and 

two all-girls. The schools in each of the seven 

selected wards were stratified into public and 

private. There are 17 public (including the all-

boys and all-girls schools) and 37 private schools 

in Yenagoa LGA. Based on the number of private 

and public schools in each of the selected wards, 

21 schools were proportionately selected (in a 

ratio of ≈2:1) using a computer-generated table of 

random numbers. In other words, for every public 

school selected, two private schools were 

selected.  

The sample population in each of the selected 

schools was taken by proportional allocation 

based on the school enrolment using a sampling 

fraction. The sampling fraction was calculated 

thus: 

sf=y/N 

Where: y = population in each school 

            N = total population of all selected 

schools (7432) 

15 wards 
 

7 wards 
 

 

54 schools 
 

21 schools 
 

Private schools 
14 

Public schools 
7 

 

 Participants in each class by  

Systematic random sampling 

 

1ST Stage – Selection of wards 

Proportionate sampling (2:1) 

4th Stage – Selection of 

participants 

Class selection in each school by 

simple random sampling 

 

3rd Stage – Selection of classes 

Simple random sampling 

2nd Stage – Selection of schools 
Simple random sampling 
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Sampling Fraction (sf) = (population in each 

school)/(total population of all selected schools) 

The (sf) was multiplied by the sample size (n = 

1,161) to get the total sample population for the 

school.  

Stage 3: Selection of class 

In each selected school, simple random sampling 

was used to select an arm of each class (JSS1- 

SS3) for schools with more than one arm. Where 

there were no arms, the whole class was selected. 

Stage 4: Selection of participants 

The number of participants selected in each class 

was calculated based on the total number of 

students in the class (proportional to population 

size). In the selected class arms, with the help of 

the class teachers, the list of pupils between 10-

19 years (as at last birthday) was obtained from 

the class registers. Thereafter, a process of 

systematic random sampling was used to select 

the participants.  

 

Ethical considerations 

Ethical approval for the study was obtained from 

the State Ministry of Education, Ministry of 

Health, as well as the Niger Delta University 

Teaching Hospital Ethics Committee. Written 

parental consent and adolescent assent were 

obtained. 

 

Statistical analysis 

The data were analysed using SPSS version 26. 

Descriptive statistics summarised demographics, 

height, and MFL, while Pearson correlation tests 

assessed relationships. Linear regression 

produced predictive equations for total 

population, sex, and age groups. Model validation 

was performed using 10-fold cross-validation. 

Predictive performance was assessed using the 

coefficient of determination (R2), root mean 

square error (RMSE), mean absolute error of 

estimate (MAE), and standard error of estimate 

(SEE). Agreement between measured and 

predicted height was further evaluated using 

Bland-Altman analysis with calculation of the 

mean bias and 95% limits of agreement. 

Statistical significance was set at p < 0.05.  

 

Results 

Sociodemographic characteristics of participants 

One thousand two hundred and twenty-two 

adolescents participated in this study. There were 

547 (44.8%) males and 675 (55.2%) females, 

giving a male-to-female ratio of 1:1.2. Two 

hundred and twenty-six (18.5%) participants 

were aged 10–13 years, 812 (66.5%) were aged 

14-16 years, while 184 (15%) were aged 17-19 

years (Table I). 

 

Table I also shows that of the 1,222 participants, 

813 (66.5%) and 409 (33.5%) were recruited 

from private and public schools, respectively. 

Sixty-seven per cent lived in urban areas, 52% 

belonged to the lower socioeconomic class, and 

39% were from polygamous families. 

 

Correlation between MFL and height 

The study population comprised 1,222 

adolescents (547 males and 675 females) with a 

mean age of 14.8 ± 2.3 years, showing slightly 

higher mean height and middle finger length 

(MFL) in males (158.8 ± 12.4 cm; 7.5 ± 0.9 cm) 

compared to females (155.8 ± 11.6 cm; 7.3 ± 0.8 

cm). There was a significant positive correlation 

between MFL and height in both males (r = 

0.685) and females (r = 0.659), with a similar 

overall correlation (r = 0.672). These 

relationships were statistically significant across 

all groups (p < 0.001), as shown in Table II.  

 

Age-stratified correlation and regression 

analysis 

Age-stratified analysis demonstrated a 

progressive increase in the strength of correlation 

between middle finger length (MFL) and height 

with advancing age, from r = 0.612 in 10–13 

years to r = 0.723 in 17–19 years, with 

corresponding increases in coefficients of 

determination (R² = 0.374 to 0.511). The 
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regression models showed consistent linear 

relationships across age groups, with increasing 

slope coefficients, indicating greater predictive 

accuracy of MFL for height in older adolescents. 

Sex-specific models revealed comparable 

predictive capacity, with slightly higher 

explanatory power in males (R² = 0.469) than 

females (R² = 0.435), while the overall model 

demonstrated moderate predictive strength (R² = 

0.452) (Table III). 

 

Table I: Sociodemographic characteristics of participants 

Sociodemographic 

characteristics 

No. of respondents  

(n = 1222) 

Male Female 

(n = 547) (n = 675) 

n % N % N % 

Age             

10-13 years 226 18.5 103 18.8 123 18.2 

14-16 years 812 66.5 364 66.5 448 66.4 

17-19 years 184 15 80 14.6 104 15.4 

Type of School             

Public 409 33.5 181 33.1 228 33.8 

Private 813 66.5 366 66.9 447 66.2 

Place of residence             

Urban 821 67.2 363 66.4 458 67.9 

Rural 401 32.8 184 33.6 217 32.1 

Family Type             

Monogamous 270 22.1 122 22.3 148 21.9 

Polygamous 477 39 202 36.9 275 40.7 

Single/Separated/Divorced 475 38.9 223 40.8 252 37.3 

Socioeconomic Class (SEC) of 

parents 

            

Lower SEC 632 51.7 289 52.8 343 50.8 

Middle SEC 362 29.6 172 31.4 190 28.2 

Upper SEC 228 18.7 86 15.7 142 21 

 

Table II: Correlation between MFL and Height 

Variable Age (Years) Height (cm) MFL 

(cm) 

R P-

value 

Male (n=635) 14.9±2.4 158.8±12.4 7.5±0.9 0.685 <0.001 

Female (n=587) 14.7±2.2 155.8±11.6 7.3±0.8 0.659 <0.001 

Total (n=1222) 14.8±2.3 157.4±12.1 7.4±0.9 0.672 <0.001 

 

Bland-Altman analysis  

The Bland – Altman analysis demonstrated 

excellent agreement between measured and 

predicted height, with a mean bias of only 

0.002cm, indicating virtually no systematic 

overestimation or underestimation by the 

regression model. The RMSE and SEE values of 

approximately 6.18cm indicated moderate 

prediction accuracy. The MAE of 4.89cm 
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demonstrates that the average absolute prediction 

error was < 5cm.

Table III: Age-stratified correlation and regression analysis 

Group Regression Equation Age-stratified 

correlation (r) 

R² 

Age    

10-13 years Height = 87.345 + 8.550 (MFL) 0.612 0.374 

14-16 years Height = 90.784 + 8.820 (MFL) 0.701 0.485 

17-19 years Height = 92.501 + 9.012 (MFL) 0.723 0.511 

 Sex       

Male Height = 91.237 + 8.942 (MFL)   0.469 

Female Height = 88.112 + 8.678 (MFL)   0.435 

Total Height = 89.782 + 8.819 (MFL)   0.452 

 

Table IV: Bland-Altman Analysis and Validation of the Regression Model 

Parameter Value 

Sample size (n) 1222 

Mean bias (Measured – Predicted Height) 0.002cm 

Standard Deviation (SD) of Differences 6.18cm 

95% Confidence Interval of Bias -0.34 to +0.35 cm 

Lower – Upper limit of Agreement -12.11 cm to +12.11 cm 

Root Mean Square Error (RMSE) 6.18cm 

Mean Absolute Error (MAE) 4.89cm 

Standard Error of Estimate (SEE) 6.18cm 

 

Discussion 

This study demonstrated a significant positive 

correlation between middle finger length and 

standing height among adolescents in Yenagoa, 

Bayelsa State. The correlation coefficient (r = 

0.672) indicates a moderate to strong association, 

suggesting that middle finger length can serve as 

a reliable proxy for stature estimation in this 

population. The regression model developed in 

this study showed that the middle finger length 

accounted for 45.2% of the variability in height. 

This finding is comparable with previous 

anthropometric studies that demonstrated 

significant predictive relationships between hand 

dimensions and stature. 9-13 This may be further 

explained by the biological relationship between 

digital growth and overall skeletal development. 
13-16 During adolescence, rapid growth in long 

bones and body segments occurs, with 

measurable relationships between limb 

dimensions and height. Linear growth during 

puberty is influenced by growth hormone, 

Insulin-like growth factor-1, thyroid hormones 

and sex steroids, all of which affect skeletal 

maturation. 15,18,19 

 

As the phalanges and metacarpals undergo 

ossification in parallel with long bones of the 

limbs, finger length reflects cumulative skeletal 

growth and therefore correlates with height. 20 

Adolescence represents a period of rapid somatic 

growth characterised by peak height velocity and 
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sexual dimorphism in body proportions. The 

inclusion of participants aged 10–19 years 

captures this dynamic phase, making the findings 

particularly relevant for paediatric practice. 21, 22 

 

The strength of correlation observed in this study 

is comparable to findings from other populations. 

Studies in Indian, Turkish, and European 

adolescents have reported correlation coefficients 

ranging from 0.60 to 0.80 between hand 

dimensions and stature. 19, 23, 24 Research among 

Nigerian adults has also shown significant 

relationships between hand length, arm span, and 

height.25-28 However, anthropometric 

relationships vary across ethnic and geographic 

populations due to genetic background, 

nutritional status, socioeconomic conditions, and 

environmental influences. 29-31 For instance, 

African populations generally exhibit relatively 

longer limbs compared with trunk length, an 

adaptation linked to climatic and evolutionary 

factors. 8, 31 Therefore, locally derived prediction 

equations are essential for accuracy and clinical 

applicability. 32  

 

Studies involving adolescents and young people 

have reported positive relationships between 

hand dimensions and stature. 9, 14-16 However, 

anthropometric relationships may vary across 

ethnic and geographic populations because of 

genetic background, nutritional status, 

socioeconomic conditions and environmental 

influences. 27-29 locally derived prediction 

equations are, therefore, important for 

population-specific application. 

 

From a clinical perspective, the ability to estimate 

height using finger length has important 

implications. Accurate stature measurement is 

required for calculating body mass index, 

assessing nutritional status, determining drug 

dosages, evaluating growth disorders, and 

interpreting pulmonary function tests. 32-34 In 

certain situations, such as severe scoliosis, limb 

deformities, neuromuscular disorders, 

contractures, or acute trauma, direct measurement 

of standing height may be impractical or 

impossible. Alternative methods such as arm 

span, knee height, and sitting height have 

traditionally been used as proxies. 10, 14, 16 

However, these methods may require more space, 

specialised equipment, or patient mobility. Finger 

length measurement offers advantages due to its 

simplicity, portability, low cost, and minimal 

patient discomfort. 18, 20 

 

The findings are also relevant in forensic and 

disaster victim identification contexts, where 

incomplete remains may be encountered. 

Estimation of stature from body parts is a well-

established practice in forensic anthropology. 
5,6,24 Although the present study focused on living 

adolescents, the derived regression equation may 

contribute to forensic databases for Nigerian 

populations. Sex-related differences in 

anthropometric relationships have also been 

reported in several studies, with males generally 

exhibiting larger body dimensions and different 

proportionality patterns compared with females. 
7,25 Hormonal influences during puberty 

contribute to these differences, as testosterone 

promotes greater skeletal growth in males, 

whereas oestrogen accelerates epiphyseal closure 

in females. 26-28 Although the current study 

developed sex-specific prediction equations, 

future research should validate and refine these 

equations to improve accuracy. 

 

Nutritional status is another important 

determinant of growth and body proportions. 

Chronic malnutrition, recurrent infections, and 

socioeconomic deprivation can impair linear 

growth, leading to stunting.27, 28 Conversely, 

improved nutrition and health care are associated 

with secular increases in height over generations. 
27,29,30 The Niger Delta region has unique 

environmental and socioeconomic characteristics 

that may influence growth patterns, including 
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dietary habits and exposure to environmental 

pollutants. Incorporating nutritional assessments 

in future studies would provide deeper insight 

into factors affecting anthropometric 

relationships in this population. 

 

The relatively significant coefficient of 

determination (R² = 0.452) indicates that nearly 

half of the variability in height can be explained 

by middle finger length alone. While this 

demonstrates substantial predictive ability, it also 

suggests that other factors—such as genetic 

potential, overall limb proportions, and 

environmental influences—contribute to stature. 

Multivariate models incorporating additional 

anthropometric parameters may improve 

predictive accuracy. The findings in this study 

support the utility of MFL as a surrogate 

anthropometric measure for stature estimation 

when direct height measurement is not feasible.  

 

This study has several strengths. The large 

sample size enhances statistical power and 

generalizability within the study area. 

Standardised measurement techniques minimised 

measurement error, which is a common challenge 

in anthropometric research. The focus on 

adolescents, especially MFL, fills a gap in 

Nigerian literature, as most previous studies have 

involved adults. 

 

Limitations 

The study was conducted in a single geographical 

area, which may limit generalizability to other 

populations and/or other ethnic groups in Nigeria. 

Inter-observer variability, although minimised, 

cannot be completely excluded.  

 

Conclusion 

This study suggests that middle finger length is a 

significant and practical predictor of standing 

height among adolescents in Yenagoa. The 

findings support the use of simple hand 

measurements as surrogate indicators of stature in 

clinical, public health, and research settings. For 

paediatricians, particularly in resource-limited 

environments, this method offers a convenient 

tool for growth assessment when direct 

measurement is not feasible. 

 

Authors’ Contributions: OMA conceived and designed 

the study along with AFO. BIJ did the literature review. 

OMA, BIJ and AFO did data curation, analysis and 

interpretation. OMA drafted the manuscript, while BIJ 

and AFO revised the draft for sound intellectual content. 

All the authors approved the final version of the 

manuscript.  

Conflict of Interest: None declared. 

Financial support: The authors did not receive any 

financial support for this research or for the preparation 

of the manuscript.  

Accepted for publication: 6th July 2026.  

 

References 

1. Ubulu LU, Bamidele BL, Ebukhaile RO, 

Adunfe OO, Ibeabuchi NM. Predictive 

modelling of stature from percutaneous 

anthropometric hand dimensions of adolescent 

Nigerian school children. J Forensic Sci 

Criminal Investig 2020;14(5):1-8. 

https://doi.org/10.19080/JFSCI.2020.14.55589

7.  

2. World Health Organisation. WHO guideline on 

assessing and managing children at primary 

health-care facilities to prevent overweight and 

obesity in the context of the double burden of 

malnutrition. Geneva: World Health 

Organisation; 2022. 

3. de Onis M, Branca F. Childhood stunting: a 

global perspective. Matern Child Nutr 

2021;17(S1):e13019. 

https://doi.org/10.1111/mcn.13019.  

4. Akombi BJ, Agho KE, Hall JJ, Wali N, 

Renzaho AMN, Merom D. Stunting and severe 

stunting among children under-five years in 

Nigeria: a multilevel analysis. BMC Pediatr 

2021;21:192. https://doi.org/10.1186/s12887-

021-02613-9.  

5. Taffé P, Zuppinger C, Burger GM, Gonseth 

Nusslé S. The Bland–Altman method should 

not be used when one of the two measurement 

methods has negligible measurement errors. 

PLoS One 2022;17(12):e0278915. 

https://doi.org/10.1371/journal.pone.0278915.  

https://doi.org/10.19080/JFSCI.2020.14.555897
https://doi.org/10.19080/JFSCI.2020.14.555897
https://doi.org/10.1111/mcn.13019
https://doi.org/10.1186/s12887-021-02613-9
https://doi.org/10.1186/s12887-021-02613-9
https://doi.org/10.1371/journal.pone.0278915


Middle Finger Length as a Predictor of Standing Height Among Adolescents in Yenagoa, Bayelsa State, 

Nigeria 

 

©Niger J Paediatr. Volume 53, Issue No. 3, 2026___________________________________________417 

6. Adedoyin RA, Mbada CE, Farotimi AO, 

Akinpelu AO, Awotidebe TO. Relationship 

between anthropometric indices and body 

proportions among Nigerian adolescents. BMC 

Pediatr 2021;21:449. 

https://doi.org/10.1186/s12887-021-02885-3.  

7. Rostamzadeh S, Saremi M, Vosoughi S, 

Bradtmiller B, Janani L, Farshad AA, et al. 

Analysis of hand-forearm anthropometric 

components in assessing handgrip and pinch 

strengths of school-aged children and 

adolescents. BMC Pediatr 2021;21:39. 

https://doi.org/10.1186/s12887-020-02468-0.  

8. Arifi F, Ameti V, Metaj Z, Memishi S. Stature 

and its estimation utilizing length of hand 

measurements of adolescents. Sports Injr Med 

2021;5(1):1-6. https://doi.org/10.29011/2576-

9596.100171.  

9. Parash MTH, Rahman MM, Naushaba H, 

Haque S, Shimmi SC. Simple linear regression 

approach for evaluating models to estimate 

stature based on upper limb dimensions. Egypt 

J Forensic Sci 2022;12:20. 

https://doi.org/10.1186/s41935-022-00277-3.  

10. Vukotic M. Body height and its estimation 

utilizing hand length measurements. Int J 

Morphol 2022;40(2):396-400. 

https://doi.org/10.4067/S0717-

95022022000200396.  

11. Kim J, Lee JH. A novel graphical evaluation of 

agreement. BMC Med Res Methodol 

2022;22:51. https://doi.org/10.1186/s12874-

022-01532-w.  

12. Gerke O, Pedersen AK, Debrabant B, Halekoh 

U, Møller S. Sample size determination in 

method comparison and observer variability 

studies. J Clin Monit Comput 2022;36:1241-

1243. https://doi.org/10.1007/s10877-022-

00853-x. 

13. Tiruneh C, Teshome D, Geberemeskel T, Derso 

M, Necho M, Teshome Y, et al. Prediction of 

body height using hand length and hand breadth 

among students. SAGE Open Med 2024;12:1-

10. 

https://doi.org/10.1177/20503121231225259.  

14. Kataria S, Dechalwal S, Shedge R, Devi NK, 

Sachdeva MP, Jain S. Stature estimation using 

hand and foot metrics among the Meena tribal 

population of North-western India. J Forensic 

Sci Med 2024;10(2):111-119. 

https://doi.org/10.4103/jfsm.jfsm_92_23.  

15. Chawla H, Tyagi A, Dixit P, Aravindan U, 

Kumari M. Estimation of stature from upper 

limb measurements by regression analysis. J 

Indian Acad Forensic Med 2024;46(1):30-34. 

https://doi.org/10.48165/jiafm.2024.46.1.8.  

16. Farhan SS, Al-Imam A, Mohammed W. Stature 

estimation based on hand anthropometry using 

multivariable regression. Al-Rafidain J Med Sci 

2023;4:92-101. 

https://doi.org/10.54133/ajms.v4i.120. 

17. Azubike IT, Igbigbi PS. Stature estimation 

among Nigerian ethnic groups using finger 

lengths. Int Res Med Health Sci 2023;6(4). 

18. Osaat R. Prediction of stature using fingers’ 

lengths. J Hum Anat 2023;7(1):1-7. 

https://doi.org/10.23880/jhua-16000176.  

19. Syed MN, Shrivastav S, Mahato PK. Estimation 

of stature from hand length and hand breadth. J 

Cardiovasc Dis Res 2023;14(12). 

20. Bjelica D, Popović S, Kezunović M, Petković J, 

Jurak G. Body height and its estimation based 

on anthropometric measurements in 

adolescents. Children (Basel) 2022;9(11):1691. 

https://doi.org/10.3390/children9111691.  

21. Patra AP, Singh S. Comparison of regression 

analysis and mathematical methods for stature 

estimation from upper limb measurements of 

the modern South Indian population. J 

Anthropol Surv India 2024;73(2):178-193. 

https://doi.org/10.1177/2277436X241242532.  

22. Kaur M, Singh S, Nagpal R. Regression models 

for stature estimation from anthropometric 

measurements: validation and prediction 

accuracy. Forensic Sci Med Pathol 

2021;17:566-574. 

https://doi.org/10.1007/s12024-021-00389-8.  

23. Taffé P. Use of clinical tolerance limits for 

assessing agreement. Stat Methods Med Res 

2023;32(1):139-152. 

https://doi.org/10.1177/09622802221137743.  

24. Chatfield MD, Cole TJ, de Vet HCW, 

Marquart-Wilson L, Farewell DM. Bland-

Altman: a command to create variants of 

Bland–Altman plots. Stata J 2023;23(3):851-

74. 

https://doi.org/10.1177/1536867X231196488.  

25. Okeke SR, Nwankwo MJ, Eze CG, Opara KN. 

Growth pattern and anthropometric 

characteristics of Nigerian adolescents: 

implications for nutritional assessment. Afr 

https://doi.org/10.1186/s12887-021-02885-3
https://doi.org/10.1186/s12887-020-02468-0
https://doi.org/10.29011/2576-9596.100171
https://doi.org/10.29011/2576-9596.100171
https://doi.org/10.1186/s41935-022-00277-3
https://doi.org/10.4067/S0717-95022022000200396
https://doi.org/10.4067/S0717-95022022000200396
https://doi.org/10.1186/s12874-022-01532-w
https://doi.org/10.1186/s12874-022-01532-w
https://doi.org/10.1007/s10877-022-00853-x
https://doi.org/10.1007/s10877-022-00853-x
https://doi.org/10.1177/20503121231225259
https://doi.org/10.48165/jiafm.2024.46.1.8
https://doi.org/10.23880/jhua-16000176
https://doi.org/10.3390/children9111691
https://doi.org/10.1177/2277436X241242532
https://doi.org/10.1007/s12024-021-00389-8
https://doi.org/10.1177/09622802221137743
https://doi.org/10.1177/1536867X231196488


Okumoko Maureen A, et al. 

©Niger J Paediatr. Volume 53, Issue No. 3, 2026___________________________________________418 

Health Sci 2022;22(3):246-255. 

https://doi.org/10.4314/ahs.v22i3.28. 

26. Akinyemi JO, Odimegwu CO, De Wet N. 

Socioeconomic factors and adolescent growth 

patterns in sub-Saharan Africa. BMC Public 

Health 2022;22:1746. 

https://doi.org/10.1186/s12889-022-14164-5.  

27. Toriola AL, Goon DT, Shaw BS. 

Anthropometric characteristics and growth 

patterns of African adolescents: implications 

for health assessment. Int J Environ Res Public 

Health 2021;18(19):10231. 

https://doi.org/10.3390/ijerph181910231.  

28. Štefan L, Sporiš G, Krističević T. Relationship 

between anthropometric parameters and 

physical growth indicators in adolescents. 

Children (Basel) 2021;8(9):783. 

https://doi:10.3390/children8090783. 

29. World Health Organisation. WHO child growth 

standards: methods and development. Geneva: 

WHO; updated reference material, 2021. 

30. Usman Y, Modibbo MH, Gudaji A, Adamu LH, 

Ahmed AA. Estimation of stature using 

selected hand dimensions among adolescents of 

Fulani ethnic group in Yola, Nigeria. Afr J Med 

Surg Public Health Res. 2025;3(1):41-61. 

31. Tanko M, Ahmadu W, Agbon AN, Bauchi ZM, 

Sadeeq AA, Musa M. Determination of stature 

using anthropometric parameters among 

adolescents in Samaru-Zaria, Nigeria. Dutse J 

Pure Appl Sci 2020;6(4):57-66. 

32. Matos Chamorro RA, Ccencho YY, Molina 

Miranda MN. Assessment of mathematical 

models to estimate weight and height using 

RMSE and Bland–Altman methods. Nutr Clin 

Diet Hosp 2021;41(4):1-8. 

https://doi.org/10.12873/421matos.  

33. Silveira PSP, Vieira JE, Siqueira JO. Is the 

Bland–Altman plot method useful without 

inference for accuracy, precision, and 

agreement? Bland Altman related 

Methodological Study. Statistics Methodol J. 

2021.arXiv:2108.12937 (stat ME). 

https://doi.org/10.48550/arXiv.2108.12937.   

34. Bennouar S, Cherif AB, Hani HM, Kerrouche 

A, Abdi S. Prediction of body fat percentage: 

development and validation of new 

anthropometric equations. Clin Nutr ESPEN 

2023;57:510-8. 

https://doi.org/10.1016/j.clnesp.2023.08.002.   

 

https://doi.org/10.4314/ahs.v22i3.28
https://doi.org/10.1186/s12889-022-14164-5
https://doi.org/10.3390/ijerph181910231
https://doi.org/10.12873/421matos
https://doi.org/10.48550/arXiv.2108.12937
https://doi.org/10.1016/j.clnesp.2023.08.002

	Page 1

