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ABSTRACT 

The aim of this study was to develop regression equations for stature estimation using the upper 

limb bone in Korean individuals. A total of 105 samples (55 men and 50 women) obtained from 

cadavers were used for developing equations. Bones with obvious pathologies or healed 

fractures were excluded. The coefficient of determination (r2) of the variables was slightly 

higher in men than in women. Ulna length (MLU) in both sexes was found to have the highest 

r2 value. Moreover, the regression equation using a stepwise analysis in a sample of combined 

sex using partial segments was based on MLR (Maximum length of the radius), MLH 

(Maximum length of the humerus) and TDHH (Transverse diameter of the humeral head) (r2 

= 0.949). This method can be used to estimate stature when unidentified human bones are found 

at excavation sites. 
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1. INTRODUCTION

Identification of an unknown body who died in mass disasters, wars, homicide, suicide or 

accidental deaths is a very important component of identification for forensic anthropology. Long 

bones are usually used to estimate stature (1), and a number of studies from various populations 

have reported regression equations for this estimation. 

Since Telkka (2) in 1950 reported stature estimation using long bones in Finland, numerous 

reliable regression equations using long bones have been developed for various populations (3-

16). All these studies were limited because they lacked well-documented recent skeletal material, 

in part because of secular trends in height (10). 
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Shahar and Pooy (17) developed regression equations to estimate stature from arm span and knee 

height in Malaysian individuals. Kimura (18) estimated stature from the second metacarpal bone; 

other regression equations (19,20) have been developed from limb bone length in Japanese 

individuals. A few regression equations were additionally developed for stature estimation from 

limb bone length for Chinese (21,22), Hong Kong (23), and Thai (24) populations.  

 

Choi et al. (25) studied the correlation between postmortem stature and dried limb bones of only 

adult Korean men. Estimating stature from fragmented bone is difficult. Therefore, regression 

equations that allow stature estimation from partial measurements of the long bone are required. 

 

Anthropometric dimensions vary with populations, even in subjects of the same continent, and 

these variations are attributed to genetic and environmental factors (5,10,25). In a Korean study, 

regression equations for estimating stature using long bones have been developed, but only in male 

subjects (25). Moreover, differences in stature have been observed with secular changes (10). 

According to a recent study, a large increase in Korean stature was observed at the beginning of 

the 20th century (26). Therefore, in the present study, we created specific formulae or regression 

equations to predict stature of Korean individuals. 

 

The aim of this study was to develop equations for estimating stature from upper limb bones, and 

to collect forensic and anthropological data with which stature can be estimated when partial bone 

remains are found. 

 

2. MATERIALS AND METHODS  
 

Height and lower limb bone lengths were measured for 105 adult Korean cadavers (55 men, 50 

women) between 42 to 95 years of age (mean, 71.7 years; standard deviation, 14.0 years). Stature 

was measured after death from the inferior part of the heel to the vertex in the supine position. The 

long bones were removed from fresh cadavers. Articulate cartilage was removed using a surgical 

knife. No bones with obvious pathologies or healed fractures were included, and all measurements 

were taken using an osteometric table (Osteometric table, EGO, Korea) and digital calipers 

(Mitutoyo, Tokyo, Japan). 

 

Seven variables were measured: maximum length of the humerus (MLH), vertical diameter of the 

humeral head (VDHH), transverse diameter of the humeral head (TDHH), maximum diameter of 

the humeral head (MDHH), epicondylar breadth of the humerus (EBH), maximum length of the 

ulna (MLU), and maximum length of the radius (MLR) (Table 1). 

 

Statistical analysis was performed using SPSS 17.0 (SPSS Inc., Chicago, IL) for Windows. Means 

and standard deviations of the results of individual factors were calculated and statistically 

analyzed to identify any significant differences. 

 

3. RESULTS 
 

There was no statistically significant difference between right and left limb bone length (paired t-

test; P > 0.05). Regression analysis was therefore performed with right bones only. Because there 
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was a statistically significant difference between men and women, the regression equations were 

made independently for each sex (P < 0.05). 

 

Table 2 presents the means and standard deviations of all variables for both sexes. The mean values 

of all measurements used in the present study were significantly higher in men than in women. 

 

Table 3 presents the resulting regression equations for stature estimation in male subjects. In men, 

MLU was found to be the most appropriate variable for stature estimation (r2 = 0.899). In the 

equation derived from stepwise regression analysis using partial segments, 3 variables—MLU, 

MLH and TDHH—were selected for male subjects (multiple regression correlation: r2 = 0.975). 

 

Table 4 presents the resulting regression equations for stature estimation in female subjects. In 

women, MLU was the most appropriate variable for stature estimation (r2 = 0.888). In the equation 

derived from stepwise regression analysis using partial segments, MLU and VDHH were selected 

for female subjects (multiple regression correlation: r2 = 0.950). 

 

Table 5 presents the resulting regression equations for stature estimation using data for both male 

and female subjects. In this combined sample, MLU was the most appropriate variable to estimate 

stature (r2 = 0.906). In the equation derived from stepwise regression analysis using partial 

segments, 3 variables—MLU, MLH and TDHH—were selected for men (multiple regression 

correlation: r2 = 0.949).  

 

On comparing coefficients of determination, r2 values from simple regression analysis were found 

to be smaller than those derived from multiple regression analysis (Tables 3–5). 

 

4. DISCUSSIONS  

 

This investigation was performed for a sample from the Korean population in which it was possible 

to measure height directly. The regression formulae and tables were derived from calculated 

heights. 

 

Some studies showed that long bones are the most appropriate specimens for evaluating stature 

(4). Other studies demonstrated that lower limb bones are better predictors of stature than upper 

limb bones (1,16,27). However, to estimate stature from lower limb bones were already reported 

on Korean population (28) and the lower limb bones may not be found at the scene. Therefore, 

upper limb bones were evaluated in this study. Moreover, partial measurements of humerus were 

measured in this study because partial segments of humerus may be found at the scene. 

 

Hauser et al. (7) and Prasad et al. (29) reported that the length of the femur was closely correlated 

with stature, but another report (4) found the ulna and radius to be one of the important materials 

for estimating stature. Although MLU was a slightly better predictor of stature than MLH and 

MLR in both sexes in the Korean population, the main predictors of stature differ between 

populations (Table 6). Additionally, the Korean population—according to the results of Choi et al. 

(25) and the present study—were existed the difference the correlation to estimate stature of each 

other (Table 6). These results support the observation that, anthropometric dimensions vary with 

populations, and that these variations are attributed to genetic and environmental factors. 
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Among Asian populations, Korean was slightly better predictors than Thai and Japanese for both 

sexes (Table 6). From these results, it is clear that regression formulae need to be determined for 

the Korean population  

 

One study investigated the correlation between postmortem stature and the dried limb bone lengths 

of adult Korean men (25). The present study revealed a slightly higher correlation of limb bone 

lengths with stature than that obtained by Choi et al. (25). These differences between 2 Korean 

studies may reflect secular change between the study samples. In addition, Choi et al. (25) insisted 

that the regression equations for stature estimation in women were needed because no regression 

equations had been developed for female subjects. For this reason, the regression equations in the 

present study are invaluable. 

 

 Forensic anthropologists are often confronted with fragmentary remains (29). Steele and McKern 

(30) reported equations for assessing stature from fragmented long bones. The results of the present 

study have demonstrated that variables such as EBH correlate better with stature than other partial 

measurements (Tables 3–5). These results indicate that the  variable related to the epicondylar 

breadth in case of humerus, the easier it is to estimate stature even if the bone was found in 

fragmented condition. 

 

Some studies (12) have investigated the difference between living and postmortem statures. Jantz 

et al. (8) indicated that the principal difficulty in developing stature estimation formulae was the 

lack of reliable antemortem height estimates. All previous studies have shown that the living 

stature is 2–3 cm shorter than the reported antemortem stature. A few studies have indicated that 

dry bones are shorter than fresh bones by approximately 2 mm (7,10). The estimated values in this 

study obtained through the application of these methods are estimations of cadaveric height and 

not living stature. The limitation of this study was the inability to measure antemortem stature. 

However, we attempted to measure the stature at 3–5 days after death. 

 

In this study, long bones (humerus, ulna and radius) were used for estimating stature, and no other 

study has estimated stature from long bones in fragmented condition in Korean subjects, thus 

allowing more accurate stature estimation and improving the process of identification of missing 

persons.  
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TABLES  

 

Table 1: Definitions related to measurements of femur, tibia and fibula 

Variable                    Definition 

MLH Maximum length of the humerus 

MLU Maximum length of the ulna 

MLR Maximum length of the radius 

VDHH Vertical diameter of the humeral head 

TDHH Transverse diameter of the humeral head 

MDHH Maximum diameter of the humeral head 

EBH Epicondylar breadth of the humerus 

 

 

Table 2: Means and standard deviations (SD) of measured variables (mm) 

Variable  
Male  Female  

  Mean    (SD)  Mean    (SD)  

MLH 304.6    (13.8)   283.6    (10.5) 

MLU 244.1    (33.1) 228.2    (8.5) 

MLR 224.9    (30.8) 209.2    (8.8) 

VDHH 46.4    (2.5)   41.1    (2.1) 

TDHH 43.1    (2.2)   38.3    (2.3) 
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MDHH 47.0    (2.5)   41.4    (2.5) 

EBH 62.8    (3.4)   55.4    (2.9) 

 

 

Table 3: Regression equations for estimating stature in men (mm) 

 

Variable  Regression equations R2 Sig. 

 MLH 5.061*MLH+133.449  = Stature±29.1 0.887 0.000 

MLU 6.285* MLU +113.027  = Stature±30.0 0.899  0.000 

MLR 6.809* MLR +111.025  = Stature±29.3 0.898  0.000 

VDHH 32.166* VDHH +180.979  = Stature±20.1 0.849  0.000 

TDHH 35.513* TDHH +145.690  = Stature±22.7 0.877  0.000 

MDHH 31.612* MDHH +189.445  = Stature±19.5 0.840  0.000 

EBH 24.209* EBH +157.635  = Stature±22.5 0.878  0.000 

Stepwise  

(2.902* MLU)+(3.832*  

TDHH)+ (1.817* 

MLH)+31.629 

= Stature 0.975  0.000 

 

 

Table 4: Regression equations for estimating stature in women (mm) 

 

 

Table 5: Regression equations for estimating stature in a mixed-gender sample (mm) 

Variable  Regression equations    R2 Sig. 

 MLH 5.184* MLH +90.408 = Stature ±41.0 0.896  0.000 

MLU 6.308* MLU +109.652  = Stature ±42.7 0.906  0.000 

MLR 6.788* MLR +133.363  = Stature ±40.9 0.901  0.000 

VDHH 30.766* VDHH +262.673  = Stature ±27.7 0.845  0.000 

TDHH 33.632* TDHH +241.593  = Stature ±28.6 0.853 0.000 

MDHH 30.173* MDHH +275.938 = Stature ±27.1 0.839  0.000 

Variable  Regression equations  R2 Sig. 

 MLH 5.150* MLH +92.120 = Stature ±26.0 0.880 0.000 

MLU 6.429* MLU +85.179 = Stature ±26.1 0.888 0.000 

MLR 6.920* MLR +102.816 = Stature ±25.0 0.880 0.000 

VDHH 32.656* VDHH +204.791  = Stature ±19.9 0.828 0.000 

TDHH 34.775* TDHH +215.528 = Stature ±16.9 0.809 0.000 

MDHH 32.625* MDHH +197.096 = Stature ±18.1 0.830 0.000 

EBH 25.250* EBH +145.999  = Stature ±21.8 0.868 0.001 

Stepwise  (5.193*MLU)+(8.746*VDHH)+8.004 = Stature  0.950 0.000 
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EBH 23.308* EBH +233.162  = Stature ±31.8 0.874  0.000 

Stepwise  
(3.338* MLR)+(6.426* 

TDHH)+(1.708*MLH)+48.889 
= Stature 0.949  0.000 

 

 

Table 6: Correlation (r2) with other studies 

  MLH MLU MLR 

Male   r  (r2)   

Turkish (2006)  (0.383) (0.408) 

Bulgarian (2002) 0.998    

American white 

(1952) 
0.790  0.755  0.756  

American negro 

(1952) 
0.716  0.712  0.713  

European (1996) 0.900   0.910  

Polish (2009) (0.744) (0.334)  

Thai (2011) 0.667  0.660  0.672  

Korean (1997) 0.720  0.710  0.720  

Japanese (2009) 0.685    

Egyptian (2008) 0.656   0.649  

This study (2015) 0.887  0.899  0.898  

Female  r  (r2)  

Turkish (2006)   (0.584) (0.727) 

American white 

(1952) 
0.802  0.759  0.789  

American negro 

(1952) 
0.748  0.649  0.633  

Bulgarian (2002) 0.998    

Japanese (2009) 0.670    

European (1996) 0.870   0.810  

Polish (2009) (0.640) (0.495)  

Egyptian (2008) 0.806   0.580  

Thai (2011) 0.552  0.567  0.616  

This study (2015) 0.880  0.888  0.880  
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