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ABSTRACT
Objective: The study was conducted to develop regression equations for stature estimation from measurements of fragment-

ed bones.
Materials and method: A total of 96 Malaysian adults, aged between 25 to 45 years old, were selected from the Hospital Kuala 

Lumpur and Hospital Raja Permaisuri Bainun, Perak. Standing height of each subject was measured in anatomical position, 
followed by radiography of the forearm. Radial and ulnar segments were measured on the radiographic films. The data collect-
ed were analysed by Statistical Package for Social Sciences version 23.0 (SPSS).

Results: Results exhibited significant correlation between five radial segment lengths with stature, and two ulnar segment 
lengths with stature (p < 0.05). The regression equations derived from the neck to radial tuberosity length (SEE = 6.38) and olec-
ranon breadth (SEE = 6.68) showed the highest accuracy in radius and ulna, respectively. 

Conclusion: This was the first study conducted on stature estimation based on fragmentary bone measurements in the 
Malaysians. The study had shown good accuracy in stature estimates, and should be extended on other bones in a larger sample 
to provide better estimates. 
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BACKGROUND

Identification of unknown skeletal remains is a key part of forensic 
anthropology. Forensic anthropologists are often called to help medical 
examiners in providing the biological profile of unknown individuals 
such as sex, age, ancestry and stature (Dayal et al. 2008). Stature is usu-
ally estimated using two methods, either anatomical or mathematical 
method (Petrovecki et al. 2007; Dayal et al. 2008; Brandt 2009; 
Auerbach & Ruff 2010). In the anatomical method i.e. Fully's method, 
stature is calculated from measurements of cranium, vertebrae, femur, 
tibia, talus and calcaneum (Tatarek & Sciulli 2005). All of the measure-
ments were added to obtain stature of the skeletonised remains (Dayal et 
al. 2008). Nevertheless, this method is seldom used as it is tedious and 
time consuming. Besides, complete skeletonised remains are rarely 
obtained in most forensic cases (Raxter et al. 2006). 

The mathematical method on the contrary, estimate stature by 
applying measurements on one or more bones (Auerbach & Ruff 2010). 
As stature and long bones were highly correlated, the stature of an indi-
vidual can be approximated by measuring the long bone lengths 
(Shields 2007). The advantage of using this method is that one bone 
measurement may be adequate to estimate stature. Nevertheless, differ-

ent regression equations are required for specific populations to account 
for inherent population variation in terms of genetic and environmental 
differences such as climate, nutritional and physical activity (Dayal et 
al. 2008). Hence, specific-population regression equation is likely to be 
generated from specific population for estimation of stature to have bet-
ter estimates (Raxter et al. 2006; Salles et al. 2009).

Studies have been performed on various skeletal elements that have 
potentials in stature assessment including crania, scapula, clavicles, long 
bones, metacarpals, metatarsals and vertebrae (Byers et al. 1989; 
Nagesh & Pradeep Kumar 2006; Auerbach & Ruff 2010). Forensic 
anthropologists have focused on fragmentary bones as Müller (1935) 
developed equations to estimate maximum lengths of humerus, radius, 
and tibia. The study had defined five segments of humerus, four seg-
ments of radius, and seven segments of tibia by utilising the margins of 
articular surfaces and key points of muscle attachment to define these 
segments. In the study, Müller (1935) enumerated the percentage of 
total length represented by each bone section, and applied these values 
to gauge the length of the fragmentary bone. Müller (1935) had impart-
ed an important avenue in the study of skeletal material for stature esti-
mation. Since then, other researchers have pivoted on incomplete and 
fragmented bones for stature estimation, which included parts of femur 
(Steele & McKern 1969; Mysorekar et al. 1980; Rother et al. 1980; 
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Simmons et al. 1990; Ghosh et al. 2015), tibia segments (Steele & 
McKern 1969; Mysorekar et al. 1984; Holland 1992; Chibba & Bidmos 
2007; Dan et al. 2009), humeral segments (Steele & McKern 1969; 
Wright & Vásquez 2003; Jaswinder & Zora 2012; Mohanty et al. 2012), 
radial segments (Mysorekar et al. 1980; Mysorekar et al. 1982) and 
ulnar segments (Mysorekar et al. 1984; Badkur & Nath 1990)

In this study, regression equations were derived from radial and 
ulnar segments for stature estimation. As it was difficult to procure 
donated human bodies or skeletal remains; this study was performed on 
radiographs of long bones in living subjects, which were chosen from 
local hospitals. The radiographic method had been the best technique to 
measure bone lengths in living individuals, and similar studies were 
done by several researchers in the field (Muñoz et al. 2001; Sarajlić et 
al. 2006; Petrovečki et al. 2007; Hasegawa et al. 2009; Amal Hayati et 
al. 2011; Farsinejad et al. 2014; Farsinejad et al. 2014; Ismail et al. 
2018). To date, Malaysian are still lacking in studies of stature estima-
tion, and has no reliable regression equations to be used for estimating 
stature. Hence, this study was conducted to develop regression equa-
tions from radiographic measurements of radial and ulnar segments for 
stature estimation in the Malaysians. 

MATERIALS  AND  METHODS

Subjects

The subjects comprised 96 Malaysian adults between 25 to 45 years 
of age, selected from the Department of Orthopaedic, Hospital Kuala 
Lumpur and Hospital Raja Permaisuri Bainun, Perak. Radial and ulnar 
segments lengths were measured in 50 and 46 subjects, respectively. An 
assumption was made that the subjects comprised Malaysian adults, 
irrespective of sex and ethnic. Subjects with physical trauma, abnormal-
ities or other pathological conditions of radial and ulnar segments were 
excluded from the study. Informed consent was obtained from the par-
ticipants beforehand. The Universiti Kebangsaan Malaysia Medical 
Centre and National Medical Research Register (NMRR), Ministry of 
Health of Malaysia had granted the ethical approval for this study. 

Table 1. Descriptive statistics of stature, radial and ulna measurements.
Parameters N Minimum (cm) Maximum (cm) Mean SD

Stature (radius) 50 147.47 183.10 165.36 8.11
MHR 50 3.22 5.53 4.35 0.52
MHN 50 1.15 2.33 1.71 0.26
MNR 50 1.47 4.00 2.87 0.51
MUS 50 1.08 3.10 2.05 0.41
MDH 50 1.82 2.80 2.25 0.21
Stature (ulna) 46 146.30 182.10 164.78 8.13
UHO 46 1.70 4.00 2.85 0.43
UOB 46 2.70 4.10 3.44 0.33
UMOB 46 0.90 2.50 1.82 0.44
URN 46 0.30 1.50 0.80 0.25
UTO 46 1.60 2.70 2.14 0.28

Note: Length from radial head to tuberosity (MHR), radial head to neck (MHN), neck to radial tuberosity (MNR), ulnar notch to styloid process (MUS), 

diameter of radial head (MDH), height of olecranon (UHO), olecranon breadth (UOB), minimum olecranon breadth of ulna (UMOB), diameter of radial 

notch (URN) and diameter of trochlear notch (UTN).

Table 2. Regression equations for radial and ulnar segments.
 Regression equations SEE R R2 F

Stature 136.593  + 10.012 MNR 6.38  0.63  0.39  31.06 
Stature 123.829  + 9.550 MHR 6.48  0.61 0.37  28.63 
Stature 114.879  + 22.454 MDH 6.62  0.59  0.35  25.49 
Stature 139.602  + 15.029 MHN 7.17  0.48  0.23  14.60 
Stature 150.313  + 7.349 MUS 7.60  0.37  0.14  7.79 
Stature 114.658 + 14.573 UOB 6.68 0.58 0.34 22.73
Stature 148.208 + 5.805 UHO 7.83 0.31 0.09 4.52
Stature 104.947 + 1.520 MHR + 
   2.741 MHN + 
   4.717 MNR + 
   2.947 MUS + 
   13.13 MDH 5.76 0.74 0.55 10.58
Stature 112.640 +  7.151 MNR + 
   14.311 MDH 5.84 0.71 0.50 23.66
Stature 128.592 + 4.365 MHR + 
   6.190 MNR 6.34 0.64 0.41 16.58
Stature 105.848 + 4.133 UHO + 
   13.705 UOB 6.51 0.62 0.39 13.55

Note: Correlation (R), correlation coefficient (R2), standard error of estimate (SEE), length from radial head to tuberosity 

(MHR), radial head to neck (MHN), neck to radial tuberosity (MNR), ulnar notch to styloid process (MUS), diameter of radi-

al head (MDH), height of the olecranon (UHO), olecranon breadth (UOB), minimum olecranon breadth of ulna (UMOB), 

diameter of radial notch (URN) and diameter of trochlear notch (UTN).



Prediction of Stature from Fragmentary Bones 411

Measurement of Height 

The standing height of the subjects was assessed in an anatomical 
standing position, barefooted with both arms by the side (Saladin 2007). 
The measurements were taken by a SECA Portable Stadiometer in cm 
(in two decimals) by following the Protocol for Collecting Height, 
Weight and Waist Measurement in New Zealand Health Monitor 
(NZHM) Surveys (2008). 

Radiographical Procedures

The antero-posterior (AP) projections were conducted by using 
Shimadzu X-ray machine and Okamoto X-ray film of 30cm x 40cm in 
size. The exposure limit used for the upper limbs were 66 kvp (kilovolt-
age peak) or 12.5mAs (miliampere per second). All radiopaque materi-
als were removed from the body of each subject. The AP projection of 
radius and ulna were taken with the subjects seated at the table end, with 
arms and hands in full extension, in horizontal supine position.

The radial parameters comprised length from radial head to tuberos-
ity (MHR), radius head to neck (MHN), neck to radial tuberosity 
(MNR), ulnar notch to styloid process (MUS) and diameter of radial 
head (MDH). The ulnar parameters comprised height of the olecranon 
(UHO), olecranon breadth (UOB), minimum olecranon breadth of ulna 
(UMOB), diameter of radial notch (URN) and diameter of trochlear 
notch (UTN). All measurements were performed twice, and an average 
was taken. 

Data Analysis

The statistical analyses were evaluated by Statistical Package for 
Social Sciences (SPSS) version 23.0. The normality of data distribution 
was assessed by Shapiro-Wilk's test, while the Pearson's correlation was 
used to analyse correlations between radial and ulnar segment lengths 
with stature. Single linear regression equations and multiple linear 
regression equations were generated to estimate stature from radial and 
ulnar segment lengths, and in combination of multiple parameters. 

RESULTS

The data was found to be normally distributed by Shapiro-Wilk's 
test. The descriptive statistics showed the values for radial and ulnar 
segment lengths (Table 1). The Pearson's correlation revealed positive 
correlation between radial segment length and stature (Table 2). The 
highest correlation was observed in MNR (r = 0.63), followed by MHR 

(r = 0.61), MDH (r = 0.59), MHN (r = 0.48), MUS (r = 0.37) in that 
sequence. Significant correlations in ulnar segment lengths were 
observed in UOB (r = 0.58) and UHO (r = 0.30). 

Single linear regression equations and multiple linear regression 
equations were developed from radial and ulnar segments (Table 2). In 
single linear regression equations, the highest accuracy was obtained 
from equation based on MNR (SEE = 6.38) and UOB (SEE = 6.68) for 
radius and ulna respectively. The accuracy of the equations was 
increased when all five radial segments were used in combination (SEE 
= 5.76).

DISCUSSIONS

Archaeology and forensic anthropology are scientifically involved 
in the findings of bone fragments (as in injury, mutilation, destruction, 
or post-mortem gnawing by wild animals), which were often presented 
to the forensic anthropologists for identification purposes (Petrovecki et 
al. 2007; Giurazza et al. 2012). In the absence of intact long bones, stat-
ure estimation is made possible from bone fragments. 

The difficulty of identifying fragmented bones can be overcome by 
formulating regression equation based on bone segments. Regression 
equations in this study had provided reliable estimates of stature based 
on radial and ulnar segments. A study had reported that there were cer-
tain markers on bones that allow approximation of actual bone length 
and stature (Ari & Kafa 2009). In this study, five radial segments 
(MHR, MHN, MNR, MUS and MDH) and two ulnar segments (UMOB 
and UHO) were utilised to estimate stature with good accuracy (SEE= 
5.84-7.83 cm).

Generally, it is vital to have equations for specific population (Byers 
et al. 1989; Shields 2007; Dayal et al. 2008). There is genetic variation 
among individuals in a population, that results from gene effects, which 
explains the genetic variations among individuals. Environmental fac-
tors can have strong impact on both population size and intrapopulation 
genetic variation even at a small scale. The regressions equations gener-
ated in this study were not specific to sex or ethnicity, which is useful 
for stature estimation in unknown skeletonized remains. 

In this study, the correlation coefficient and standard error of esti-
mate were compared with other studies conducted on fragmented bones 
(Table 3). It was evidenced that regressions based on combination of 
bone segments exhibited higher correlations than that based on just one 
bone segment. Despite the fact that multiple regression equations would 
statistically enhance the accuracy in estimated stature against linear 
regression equations, the best estimates are only from using the maxi-
mum length (Badkur & Nath 1990), due to the higher correlation with 

Table 3. Comparison of regression equations in previous studies and this study (2019).
Studies Bone segments  'R' value  SEE (cm)

  Single Linear Regression Multiple Linear Regression 

Mysorekar (1980) Femur 0.74-0.80 - -
 Radius 0.78-0.80 - -
Mysorekar (1982) Humerus 0.87-0.91 - -
 Radius 0.66-0.83 - -
Mysorekar (1984) Ulna 0.75-0.97 - -
 Tibia 0.58-0.80 - -
Badkur and Nath (1990) Ulna 0.10-0.72 0.27-0.55 -
Wright (2003) Femur 0.19-0.99 - 0.60-1.84
 Tibia 0.05-0.99 - 0.32-1.26
 Fibula 0.05-0.99 - 0.46-1.32
 Humerus 0.00-0.99 - 0.29-1.75
Chibba & Bidmos (2007) Tibia 0.54-0.70 - 5.2-6.71
Bidmos (2008) Femur 0.53-0.79 0.73-0.83 3.71-5.31
Ari (2009) Calcaneum 0.02-0.83 - 0.35-0.74
 and Talus
Abledu (2016) Femur 0.58-0.82 - 1.37-1.93
Mohanty (2012) Humerus 0.10-0.63 - -
This study (2018) Radius, ulna 0.31-0.63 0.62-0.74 5.76-7.83

Note: Correlation (R), standard error of estimate (SEE).
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stature. This however should not hinder studies in estimating stature 
from fragmentary bones.

Table 3 exhibited that the regression equations based on radial and 
ulnar segments exhibited higher SEE than those based on the femoral, 
tibial and humeral segments. Comparison with other studies indicated 
that femoral segment was the best fragment that showed the highest cor-
relation with stature (Holland 1992; Wright & Vásquez 2003; Chibba & 
Bidmos 2007; Bidmos 2008). By comparison, correlation values in this 
study were slightly lower than those by Badkur and Nath (1990), 
Mysorekar et al. (1980), Mysorekar et al. (1982), Mysorekar et al. 
(1984). This could be explained by the different segments of radius and 
ulna utilised in these studies. Steele (1970) observed that the longer the 
segment is, the higher the correlation becomes. It was thus evident that 
regression equations derived from longer bone segments are more 
favourable than smaller bone segments (Mysorekar et al. 1982; Wright 
& Vásquez 2003). Also, stature estimates from longitudinal segments 
were more superior than transverse segments. Nevertheless, the regres-
sion equations from both longitudinal and transverse segments would be 
complementary for stature estimation.

The regressions derived in this study showed reduced accuracy as 
compared to other studies in Table 3, and this could be due to insuffi-
cient sample size and method differences in bone measurements. 
According to Hauser et al. (2005), direct measurements were more 
accurate than that by radiography. In addition, SEE for fragmented bone 
was slightly higher than those obtained for intact long bones as stated 
by Bidmos (2008). The issue raised in regression equations developed 
from fragmented bones was due to the accumulation of errors when 
converting the segments into maximum length before the estimated stat-
ure can be calculated. Several studies (Mysorekar et al. 1980; 
Mysorekar et al. 1982; Mysorekar et al. 1984; Wright & Vásquez 2003; 
Salles et al. 2009; Chandran & Kumar 2012; Mohanty et al. 2012; 
Gidna & Domínguez-Rodrigo 2013; Vinaykumar et al. 2015; Abledu et 
al. 2016) had focused on estimating the maximum bone length rather 
than using the segment measurement directly to estimate stature (Steele 
1970). This present study followed the study by Simmons et al. (1990) 
which highlighted that it was more accurate to estimate stature directly 
from measurements of fragmentary bones instead of reconstructing the 
maximum bone length beforehand.

Very few studies had utilised fragmentary ulnar and radial bones for 
stature estimation, maybe due to the fact that ulna has less contributions 
in estimating stature compared to other long bones. Nevertheless, it is 
still worth to develop regression equations from fragmentary bones. It is 
suggested that in the absence of intact bone, regression equations could 
provide a reliable estimate of adult stature (Ghosh et al. 2015; Abledu et 
al. 2016). However, the stature estimated based on fragmentary bone 
measures would normally attain higher SEE than intact bones (El-Najjar 
& McWilliams 1978). Hence, it was indicated that radial and ulnar seg-
ments can be used to estimate Malaysians' stature with good estimates. 

CONCLUSION

This study had produced new regression equations using radial and 
ulnar segments for stature estimation in the Malaysians. The regression 
equations were based on five radial segments (MHR, MHN, MNR, 
MUS and MDH) and two ulnar segments (MOB and HO), with good 
estimates (SEE = 5.84-7.83 cm). It is therefore stated that in the absence 
of intact radius and ulna, regression equations derived from this study 
can provide reliable estimates of stature in the Malaysians. As this was 
the first study on bone segments in Malaysia, it could be extended on 
other bones in a larger sample to provide better estimates. 
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