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SUMMARY: The purpose of the present study was to create a regression equation for measuring stature using measurements
obtained from the long bone radiographs of adult individuals in Anatolian population. In this study, the maximum lengtimergasure
of the six long bones in the upper and lower limbs of 167 healthy individuals were determined from radiographic imagaedSingle
multiple regression equations were created to predict the stature of the individuals from the maximum bone stature. éqoatitrese
the standard error of estimate was determined in the range of 1.68—4.09 cm. As a result of this study, the obtainecgegitéssion
resulted in highly reliable and successful results in terms of predicting stature. These equations will provide convenéelittared
accuracy in the estimation of stature from skeletal remains obtained from societies that lived and living in AnatolianBesitiefate
that it will guide researchers working in the fields of Forensic Anthropology, Forensic Medicine and Anatomy.

KEY WORDS: Radiographic measurements; Stature estimation; Regression equation; Length of the long bones.

INTRODUCTION

Stature is one of four major parameters, along witharts may have been sufficient to estimate the stature
age, sex and race, that is very important in identifyin@zaslaret al, 2003; Petroveclet al).
individuals in forensic anthropology, forensics, and crime
scene investigation. It also provides information about Karl Pearson, who was a mathematician, created
many characteristics of a population, including nutritiommegression equations for stature estimation in 1899, which
health, and genetics (Krishan & Sharma, 2007). were used effectively in identification in many studies, and

resulted in significant progress in studies in this field

Stature constitutes very important data, especialyPearson, 1898; Radoinow al, 2002). However,
for human evolutionary studies. Estimating stature fromommonly used equations (Pearson; Trotter & Gleser,
skeletal remains is part of the process of restructuring th852) may not provide accurate results for the stature
life of an individual and it clearly affects body mass (Caestimation of individuals from different populations, which
rreteroet al, 2012). Stature estimation is an indispensabtzan lead to serious inaccuracies, especially in forensic
part of the identification process from skeletal remains onedicine and forensic anthropology. For this reason, the
body parts, and forensic medicine and anthropologicalost accurate result in stature estimation can be achieved
studies in this field (Petroveckt al., 2007). by regression equations of the population on which it is

based (Radoinovet al).

Anthropometric investigations have shown that the
rates between stature and long bone sizes are constant The aim of the this study was to create a regression
during the growth period, but vary depending on statusfjuation for measuring stature using measurements
and ancestry. Moreover, studies have shown that in casdgained from the long bone radiographs of adult
where parts of the body or bones were available, theselividuals in Anatolian population.
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MATERIAL AND METHOD

In the present study, a total of 167 people (97 male, 70 feme
between the ages of 18-65 with no orthopedic and surgical medical his
or pathologies admitting to Cukurova University, Faculty of Medicin
Radiology Department between 2016 and 2019 were included in (5
study. The study was approved by the Ethics Committee and rel

to the demographic data of the participants, the maximum len
measurements of the long bones of 88 people (40 female, 48 male
lower and upper limbs (i.e., humerus, ulna, radius, femur, tibia, a
fibula); and the maximum length measurements of the long bones of
people (30 female, 49 male) in only lower limb (i.e., femur, tibia ar
fibula) were taken from their radiographic images.

The Silhouette VR X-ray machine (GE Medical Systems LL( >

I, USA) was used to obtain the images of the patients who wefig. 1. Maximum humerus Iength
admltted to the radiology department, and the patient collimator distaj
was set as 120 cm during imaging. In terms of the reliability of the stu
radiological measurements were measured twice by the same resea|
and no statistically significant difference was found (p>0.05). Informg
consent was given by the patients admitted to the hospital, and t
stature was measured by one technician using a stadiometer. Radiolo|
images were obtained from the hospital database. Maximum bone le
measurements were performed using Enlil PACS system softw
(Eskisehir, Turkey) on the radiographic images. Measurements tal
from long bones:

- Maximum humerus length (MHL): The length between the highest po
of head of humerus and the lowest point of the capitulum of hume
(Fig. 1). )

- Maximum ulna length (MUL): The length between the highest point
the olecranon and the lowest point of the ulnar styloid process.

- Maximum radius length (MRL): The length between the highest point
the head of radius and the lowest point of the radial styloid process.

- Maximum femur length (MFeL): The length between the highest point
head of femur and the lowest point of the medial condyle of femur (Fig.

- Maximum tibia length (MTL): The maximum length between the higheg
and the lowest points of the upper part of the tibia.

- Maximum fibula length (MFiL): The distance between the apex head
fibula and the lowest point of the lateral malleolus.

Fig. 2. Maximum femur length.
Statistical analysis of the data that were obtained in the present

study was performed using SPSS v.20.0 software (IBM Corp., Armonjaper and lower limb bones were used for
NY, USA). The suitability of the quantitative data for normal distributiopbtaining a single regression, and the
was determined using the Kolmogorov Smirnov test. The descriptiyetermination coefficient of a regression

analysis was performed to obtain mean, standard deviation and raggiémation equation (R2) and standard error of
(minimum and maximum) of the measurements. The paired samplesstimate (SEE) were calculated. In addition, a
test was used for the right-left comparison of the data that showed mattiple regression equation was acquired by a
mal distribution in both sexes.The relation between stature and maximgtépwise method through combining different

lengths of the upper and lower limb bones was determined using ¥aéiables. Statistical significance was accepted

Pearson correlation test. The dimensions of maximum lengths of #eP< 0.05.
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RESULTS

The ages, heights, and maximum lengths of the upper 1 h€ correlation between the maximum length
and lower limb bones. which were collected fronineasurements of the bilateral upper and lower limbs bones

radiological images, of 167 individuals (70 females, 9?nd the stature was examined (Table Iif). The highest
males) are shown in Table I. correlated measurement with stature was determined in the

females (r = 0.919) and in the males (r = 0.910) as the right

The statistical difference between the maximun$ide maximum humerus length.

length measurements of the bones on the right and left sides ) ) )
of the individuals is shown in Table II. A statistical difference Single regression equations were created from the

in the maximum length of all of the lower and upper limp§@ximum length measurements and standard error of
of the males was observed (P < 0.05). estimate values individuals were shown in (Table 1V). All

Table |. Descriptive statistics (cm) of the adult individuals.

Females Males
Meas.rements N Min Max Mean SD N  Min Max  Mean SD
Age (vears 70 18 65 4303 1262 97 18 61 3501 1140
Staure (cm) 70 1500 1830 16141 657 97 1630 1860 17354 526
Right MHL (cm) 40 2846 3440 3105 159 48 3087 40 3406 188
Left MHL (cm) 40 2810 3398 3083 160 48 3074 3954 3389 189
RightM UL (cm) 40 2248 2687 2464 107 48 2418 30 2699 132
Left MUL (cm) 40 2222 2661 2443 108 48 2425 2068 2689 131
Right MRL (cm) 40 2090 2581 2271 121 48 23 2731 2506 124
Left MRL (cm) 40 2087 2519 2254 113 48 2249 2710 2495 123
Right MFeL (cm) 70 3846 5067 4373 247 97 4429 5440 4789 189
Left MFeL (cm) 70 3883 5032 4382 235 97 4431 5530 4801 195
RightMTL (cm) 70 3175 4226 3562 247 97 3638 4543 3943 185
Left MTL (cm) 70 3184 4211 3574 212 97 3624 4519 3954 188
Right MFiL (am) 70 3070 4130 3470 218 97 3470 4423 3827 178
Left MAL (cm) 70 3111 4070 3473 208 97 3510 4417 3837 182

Table Il. Bilateral differences in the maximum length measurements of the adult individuals.

Males Females
Measurements M ean difference SD T-value P-value M ean difference SD T-value P-value
(right-l€ft) (right-l€ft)
MHL 0.174 0.256 4.716 <0.001 0.217 0.233 5.904 <0.001
MUL 0.099 0.282 2.439 0.019 0.201 0.194 6.563 <0.001
MRL 0.110 0.248 3.082 0.003 0.170 0.196 5.494 <0.001
M FeL -0.119 0467  -2514 0.014 -0.087 0429  -1.708 0.092
MTL -0.109 0381  -2.822 0.006 -0.115 0.363  —2.653 0.010
MFiL -0.099 0355  —2.747 0.007 -0.031 0398  -0.663 0.509
R-vaue
M easurements Males Femd es
Right Left Right Left
MHL 0.910+ 0.894+ 0.919" 0.896" Table Ill. Correlation between
MUL 0.833+ 0.823+ 0.875" 0.861" the stature and limbs
MRL 0.808" 0.753+ 0.851" 0.853" measurements.
MFeL 0.737+ 0.777~ 0.841" 0.855" **Significant at 0.01 (two-
MTL 0.736" 0.729- 0.811" 0.809" tailed).
MFiL 0.707 0.714~ 0.806"~ 0.797"
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for use in stature estimation must be designed with thegression equations created for individuals belonging to
understanding that the most accurate biological and gene®ilovakia populations, the standard error of estimate was
profiles are created using standards that are specific toegported as ranging between 4.41 and 6.11 cm, and the best
target population. Since there are different biological relatiestimate was obtained using the foot length measurement
degrees between extremities and stature, bones of the loeguation (Uhrovét al, 2015).
and upper limbs have been used in many studies to estimate
stature (Ahmed, 2013a). The materials of these studies were  Although, forensics and anatomists have benefited
skeletal collections, cadavers, anthropological measuremefntsn the use of corpses and cadavers in some studies in the
of living individuals, and radiological images of theliterature, they have not been used frequently due to reasons
individuals. Itis our belief that it is not objective to evaluatéike the inaccessibility and insufficient number of materials
these different measurement materials and methods witliar height and stature, respectively. Specifically, in cases
the same group. For this reason, evaluations must be madere the full body parts of the victim are unavailable or
using different materials and methods. only certain limbs, such as the hands, fingers, arms, and legs
are present, the regression equations that were created
The studies that have been conducted to predigteviously and were specific to the community will
stature in living individuals were mostly studied using theontribute to the acquisition of information about the victim
regression equation created as a result of statistical analywigfile. It was observed in Turkey that the radius length
of the direct anthropometric measurements of individualprovided the best predictive relation, especially in single
Based on the measurements of various parts of the bodyegression equations that were created in cadaver stature
various populations, the stature regression equation of tipaediction studies. In addition, the measurement of fresh
specific population was created. Many researchers haw@davers may have higher sensitivity when compared to dry
performed investigations using this measurement methbdne remains (Celbis & Agritmis, 2006). In studies
in the Middle East, Africa, Europe, Asian communities, andonducted on Asian societies (Malaysia, and Korea), single
Turkey. When the studies carried out in Turkey were firgtnd multiple regression equations were created for stature
considered, single and multiple regression equations weredictions, and the standard error of estimate in the single
created for stature estimation from the resulting lengthegression equations was between 2.91 and 8.53 cm, while
height, and width measurements from various body partstbit in the multiple regression equations was between 3.73
students from different areas, hospital staff, military stafind 5.27 cm. Moreover, the lower leg and thigh lengths, and
and orthopedically healthy patients, and individuals ahaximum femur and tibia lengths were the measurements
various age groups and lifestyles. In these equations, tied to obtain the best estimations (Bioal, 2013; Leeet
standard error of estimate was between 2.69 and 10 cm. Hhe 2014). Single and multiple regression equations were
best estimate was based on the leg and thigh lengths, aegeloped for stature estimation from the bones of the lower
size of the tibia in the single regression equations, and larged upper limbs in studies conducted on cadavers of
body parts like the tibia and ulna in the multiple equatioriadividuals in European and Balkan countries (Portugal,
(Ozaslaret al; Duyaret al, 2006; Zeybelet al, 2008). Croatia, and Bulgaria). In these equations, the standard error
of estimate was between 2 and 8.44 cm, and the most
The standard error of estimate was reported as rangsigccessful estimate was in the stature measurements based
from 2.75 to 8.66 cm in the equations created in studies the long bones (De Mendoncga, 2000; Radoirei\a;
conducted on communities of the Africa (Sudan, and Ghan®gtroveckiet al).
The best prediction measurements were obtained from the
length of the foot, ulna, and tibia in the equations of these The frequency of radiological studies has increased
studies, and the estimates indicated that lower extremityer recent years due to present day opportunities in stature
measurements could yield better results than those of #&timation. The main preferences for performing these
upper extremity (Ahmed, 2013a,b; Ableglual, 2016;). In  studies includes advantages such as data not deteriorating
the equations for Indian individuals, the standard error ofver time, the lack of damage to human skeletons, application
estimate ranged between 2.06 and 6.19 cm, and the leniging possible to living individuals, the lack of skeletal
of the foot, and hand in both sexes were the measuremgntsparation, and efficient usage of time. Single and multiple
that provided the best estimations (Krishan & Sharma; Seegression equations were created using body mass indices
et al, 2014). Studies conducted in China and South Koreamd body weight data via hand measurements taken from
showed that standard estimated errors were in the rangenafividuals in studies conducted in Turkey using radiological
2.96 and 6.47 cm in the regression equations, and the besiges. In these equations, the standard error of estimate
estimate was obtained using the hand breadth and lengihged between 0.87 and 5.96 cm (Karaetaal, 2008).
measurements (Targg al, 2012; Jee & Yun, 2015). In the The standard error of estimate in the equations created in
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studies on individuals in European and Balkan countries waste estudio, las medidas de longitud maxima de los seis
observed in the range of 2 and 5.21 cm (ltaly, Switzerlanduesos largos en los miembros superiores e inferiores de
and Croatia), and the highest estimate was obtained frdi&7 individuos sanos se determinaron a partir de imagenes
the long bone and first metatarsal measurements (Petroveeldiograficas. Se crearon ecuaciones de regresion Unica y
et al; Giurazzeet al, 2012; Zectet al, 2016). When Asian multiple para predecir la estatura de los individuos a partir
societies were considered (Japan and Malaysia), the sindtela estatura 6sea méaxima. A partir de estas ecuaciones, se
and multiple regression equations created from radiologicdétermind el error estandar de estimacion en el rango de
images showed a standard error of estimate between 21168 a 4,09 cm. Como resultado de este estudio, las
and 15.99 cm, and the best estimation relation was masleuaciones de regresion obtenidas dieron resultados alta-
based on the femur, humerus, radius, ulna, tibia, and fibuteente confiables y exitosos en términos de predecir la esta-
lengths (Hasegawet al, 2009; Ismaikt al, 2018). In most tura. Estas ecuaciones proporcionaran una precision conve-
of the studies, it was observed that more successfhiknte y predictiva en la estimacion de la estatura a partir de
predictions could be obtained from multiple regressiorestos 6seos obtenidos de sociedades que vivieron y viven
equations than from single equations (Ozastal; Duyar en Anatolia. Ademas, anticipamos que guiara a los investi-
etal; Karamaret al; Zeybeket al; Hasegawat al; Uhrova gadores que trabajan en los campos de Antropologia Forense,
et al; Ismailet al). Medicina Forense y Anatomia.

In the present study, single and multiple regression PALABRAS CLAVE: Medidas radiogréficas; Es-
equations were created for the stature estimations of the Idimgacion de la estatura; Ecuacion de regresion; Longi-
bones of the upper and lower extremities of individuals, itud de los huesos largos.
our population. In the single regression equations created
herein, the standard error of estimate was obtained in the
range of 1.94 to 4.09 cm, while it was in the range of 1.68 REFERENCES
2.24 cm in the multiple equations.
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