Int. J. Morphol.,
36(1)104-108, 2018.

Determination of Sex Based on the Morphometric
Evaluation of the Proximal Tibia

Determinacion del Sexo Basada en la Evaluacion Morfométrica de la Tibia Proximal

Elizabete Regina Silva Lucena dos SanthPedro Paulo Feitosa de Albuquerqu®
Priscilla Virginio de Albuquerque?; Belisa Duarte Ribeiro de Oliveirg & Vitor Caiaffo ®

LUCENA DOS SANTOS, E. R. S.; ALBUQUERQUE, P. P. F.; ALBUQUERQUE, P. V.; OLIVEIRA, B. D. R.; CAIAFFO, V.
Determination of sex based on the morphometric evaluation of the proximalribid. Morphol., 36(1104-108, 2018.

SUMMARY: Anatomic differences are found between human males and females. These characteristics of sexual dimorphism vary
across populations and have important implications for the study of human evolution. Researchers have employed anthoofefogical
the characterization of human cadavers in different states of decomposition using complete skeletons, isolated bones dragraeiits.
The aim of the present study was to differentiate males and females based on morphometric aspects of human tibias fitiam the Braz
population. Sixty pairs of adult human tibias were obtained from bone collection of the Anatomy Sector of the Departmeral of Ani
Morphology and Physiology of the Rural Federal University of Pernambuco, Brazil. Ten measurements were made on thefjtiiat face o
tibial plateau: Anteroposterior diameter of the joint surface of the medial condyle (APM), Transverse diameter of thiagendfshie
medial condyle (TM), Anteroposterior diameter of the joint surface of the lateral condyle (APL), Transverse diametenb$thae of
the lateral condyle (TL), Anterior transverse measure of inter-condyle area (ATI), Posterior transverse measure of ietarea(ieyl),
Middle transverse measure of inter-condyle area (MTI), Anteroposterior measure of inter-condyle area (API), Anterior nietstre of
condyle area (Al) and Posterior measure of inter-condyle area (PI). The median morphometric values for the males’ peowiarat tibi
APM - 4.707+ 0.406; TM - 3.024 0.307; APL -4.02% 0.414; TL - 3.405 0.323; ATl - 3.365 0.425; PTlc - 1.78& 0.307; MTI - 1.167
+0.279; API - 5.14& 0.377; Al - 2.865: 0.249 and PI - 2.29¥ 0.344. The median morphometric numbers for the female’s proximal tibia
were: APM - 4.334: 0.317; TM - 2.702 0.298; APL - 3.542 0.382; TL - 2.991 0.281; ATI - 2.818 0.307; PTI - 1.55% 0.222; MTI
- 1.054+ 0.262; API - 4.59& 0.303; Al - 2.565: 0.21; PI - 2.03% 0.225. All parameters measured showed values significantly higher (p
< 0.05) for the male’s proximal tibia. The findings demonstrate sexual dimorphism in this leg bone, which can be useddsitibdens
reliability for scientific and forensic purposes. The results of these studies can be useful in cases where other methapisliaebie,
increasing the range of options for forensic investigation.
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INTRODUCTION

Morphometry entails measurements of distance&®egarding the morphology of the skeleton, differences
between pairs of anatomically homologous points, tangetiétected inbody structures can be essential to the
points or extremes of structures. It is the study of variatiomfetermination of sex from the analysis of bones based on
in measurements and correlations between suskxual dimorphism, which is evidenced by the dimensions
measurements (covariations). Morphometry is an importasf bone structures (Hsiaet al, 1996; Rogers, 2005).
tool used in studies to understand the relationship of varimdeed, the determination of sex based on skeletal
bles, such as age and sex, between organisms. characteristics plays a crucial role in forensic medicine

and anthropology (Hsiaet al,, 2010).

Morphological and morphometric differences
between males and females are demonstrated through  Not all structures of the human skeleton serve as a
anatomic, biological and/or physiological analysesieference for metric methods used to define sex in
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anthropological examinations or forensic investigationsf trauma and bone from individuals under the age of 18
(Walrathet al., 2004; Harvati & Weaver, 2006). The bonegears at the time of death.
most commonly used for this purpose are the mandible,
skull, pelvis, long bone and scapula, especially in EuropeBones were obtained from individuals aged 15 to 98 years,
and American populations. The skull and pelvis constitutaut only those from individuals aged 18 years or older were
the most often used and efficient sets of charactersused. The individuals had been buried between December
morphological analyses and are extremely important to tRB&@09 and March 2012 and were exhumed between April
identification of sex (Cunha, 2001; Oliveira Costaal, and May 2014. All cadavers were obtained from the Santo
2016). Long bones also play an important role in th&maro cemetery located in the city of Recife, Brazil. The
evaluation of sexual dimorphism (Azevedo, 2008). present study received approval from the ethics committee
of the University of Pernambuco (certificate number:
The tibia is a long bone that supports a large part ©f307.166).
the body weight and is directly related to movements of
the lower limbs. This bone also has strong dimorphic The pairs of tibias were identified, organized and
characteristics. The proximal portion of the tibia expandaumbered from 1 to 60. The researcher in charge of the
forming a surface to support the body weight, the force afeasurements analyzed the material in a randomized
which is transmitted through the femur. The medial antianner and had no information on the sex of each pair of
lateral condyles, intercondyle area and tibial tuberosity atibias. After cleaning and sterilization, photographs were
located at this end of the tibia (Stranding, 2010). Thaken of the head of the tibial plateau with a digital camera
proximal portion of the tibia can be used for the evaluatidiCanon®, model 40D) using a 55-mm lens. The highest
of the results of knee replacement surgery or otheortion of the plateau was positioned 21.3 centimeters from
specialized treatments. Moreover, morphometry is the lens of the camera, which was placed on a tripod.
reliable method for the evaluation of structures in this
region of the tibia for medical purposes (Ganehal, Ten measurements were made on the joint face of
2014). Morphometric variables are also important tthe tibial plateau. A computational technique was employed
forensics as a method for the identification of an indiviesing ImageJ® version 1.47. The measurements were
dual based on his/her unique characteristics (Delwindetermined following the method described by Gardhi
2013). al. (Fig. 1):

Considering the importance of sexual dimorphisri. APM: Anteroposterior diameter of the joint surface of
to the identification of skeletons for scientific, medical and the medial condyle.
forensic purposes, the aim of the present study was2oTM: Transverse diameter of the joint surface of the
investigate sexual dimorphism based on morphometricmedial condyle.
aspects of the tibial plateau from human bones obtaindd APL: Anteroposterior diameter of the joint surface of

from individuals of the Brazilian population. the lateral condyle.
4. TL: Transverse diameter of the joint surface of the late-
ral condyle.
MATERIAL AND METHOD 5. ATI: Anterior transverse measure of inter-condyle area.

6. PTI: Posterior transverse measure of inter-condyle area.
7. MTI: Middle transverse measure of inter-condyle area.
Sixty pairs of human tibias (120 bones) from adulB. API: Anteroposterior measure of inter-condyle area.
individuals of the Brazilian population were obtained fron®. Al: Anterior measure of inter-condyle area.
bone collection of the Anatomy Sector of the Departmeid0. Pl: Posterior measure of inter-condyle area.
of Animal Morphology and Physiology of the Rural Fede-
ral University of Pernambuco, Brazil. Mean and standard deviation values were calculated
for all measurements. The data were submitted to the
The inclusion criteria were intact bone with no sign&olmogorov-Smirnov test using GraphPad Prism 5.01. The
of trauma or apparent anomalies from adult humans, sinstudent’s t-test was used for the comparisons of means
differences between sexes are only evident after pubeviith normal distribution and the Mann-Whitney test was
due to the influence of the environment, hormones anged for the comparisons of means with non-normal
musculature (Almeida & Costa, 1977). The exclusiodistribution. A 95 % confidence level was used in all ca-
criteria were any type of anomaly, an advanced state s#s. Thus, p-values < 0.05 were considered indicative of
deterioration at the measurement site (tibial plateau), sigstatistical significance.

105



LUCENA DOS SANTOS, E. R. S.; ALBUQUERQUE, P. P. F.; ALBUQUERQUE, P. V.; OLIVEIRA, B. D. R.; CAIAFFO, V. Determination of sex based on the morphometric evaluation of the
proximal tibia.Int. J. Morphol., 36(1).04-108, 2018.

Medial Side ‘ Lateral Side Medial Side ; Lateral Side

-~

Fig. 1. Morphometric parameters made on proximal tibial plateau. APM: Anteroposterior diameter of the joint surface ofithe medi
condyle; TM: Transverse diameter of the joint surface of the medial condyle; APL: Anteroposterior diameter of the joirdfsbeface
lateral condyle; TL: Transverse diameter of the joint surface of the lateral condyle; ATI: Anterior transverse measuw@ntiiéer

area; PTI: Posterior transverse measure of inter-condyle area; MTI: Middle transverse measure of inter-condyle areapditekioter
measure of inter-condyle area; Al: Anterior measure of inter-condyle area; Pl: Posterior measure of inter-condyle area.

RESULTS

After the application of the eligibility criteria, 42 in the study. The values of the morphometric variables of
bones (21 pairs) were excluded. Seventy-eight bones (B tibias were higher for the male sex compared to the female
pairs) were in adequate condition and were therefore includesgk (Table 1).

Table I. Values (in cm) of morphometric variables of tibias from males and females and differences
between sexes (data expressed as mean and standard deviation)

Male Female Difference p

(cm) (cm) between sexes (cm)
APM 4,707 £0,406 4,334+0,317 0,373 <0.0001 *
™ 3,024 +0,307 2,702 +0,298 0,322 < 0.0001 **
APL 4,023+0,414 3,549 +0,382 0,481 <0.0001 *
TL 3,405 +0,323 2,991 +£0,281 0,414 < 0.0001 **
ATI 3,365+0,425 2,818+0,307 0,547 < 0.0001 **
PTI 1,788 £0,307 1,555+0,222 0,233 = 0.0002 **
MTI 1,167 £0,279 1,054 £0,262 0,113 = 0.0368 **
API 5,140 +0,377 4,596 £0,303 0,544 < 0.0001 **
Al 2,865 +0,249 2,565+0,210 0,3 <0.0001 *
PI 2,297+0,344 2,031 +0,225 0,266 < 0.0001 **

* Statistically significant difference between male and female tibias using Mann-Whitney test

** Statistically significant difference between male and female tibias using Student’s t-test

DISCUSSION

All measurements performed for the morphometrilm some measurements had a broader range than other
evaluation in the present study differed significantly betweeneasurements. The main findings was the larger values for
sexes. These findings demonstrate the usefulness of thetie male tibias compared to the female tibias, which is in
bia for the differentiation of sexes based on dimorphismagreement with data described in the literature (Mahéouz
Moreover, the differences were not uniform, as the differened, 2012; Limet al, 2013; Gandhét al).
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The largest differences in means between sexes we&®NCLUSION
found for the anterior transverse measure of the inter-condyle
area (0.547 cm)red anteroposterior measure of the
intercondyle area (0.544 cm). Gandhal reports similar These findings demonstrate the differentiation of ma-
results, with larger means in the male sex. Likewiségs and females through ten measurements on the tibial plateau,
Mahfouzet al. found that the region of the knee was 5 mmonfirming the dimorphic potential of this long bone of the
larger, on average, in males than females. The smalles. Studies involving a morphometric analysis of the tibia
difference in means between sexes was found for tfoe this purpose are scarce and further investigations of this
middle transverse measure of the inter-condyle area (0.1¥Be are needed, the findings can contribute to science in ge-
cm), which is in agreement with data reported by Gandheral and forensic science in particular. For example, the tibia
et al The mean differences for the other measuremeridsne could be used for sex determination of a victim in a
ranged from 0.233 to 0.481 cm. criminal case.

Unlike research involving the pelvis and skull, few
studies have investigated differences between sexu&ICENA DOS SANTOS, E. R. S.; ALBUQUERQUE, P. P. F;

dimorphism through measurements of the tibia. Howevéf-BUQUERQUE, P. V.; OLIVEIRA, B. D. R.; CAIAFFO, V. Deter-
minacién del sexo basada en la evaluacion morfométrica de la tibia

studies have demonstrated differences between sexes Uglidmal. int. J. Morphol., 36(1)104-108, 2018.

the pelvis, scapula and other long bones (Di \&tlal.,

1994:; Rabbi, 2000; Linet al; Mahfouzet al; Gandhiet RESUMEN: Se encuentran diferencias anatémicas entre hombres
aI.). The aim of a |arge portion of morphometric studiesmuieres. Estas caracteristicas del dimorfismo sexual varian entre las pobla-

. . L . . . clones y tienen implicaciones importantes para el estudio de la evolucién
'nVOIV'ng the tibia is the delineation of the proflle of th%umana. Los investigadores han empleado herramientas antropolégicas para

knee area or a description and differentiation of regions @faracterizacion de cadaveres humanos en diferentes estados de descompo-
the tibia in particular populations to provide a method faicion utilizando esqueletos completos, huesos aislados o incluso fragmentos
evaluating deformities in the knee region for medic%seos. El objetivo del presente estudio fue diferenciar a hombres y mujeres

h idi d k | asandose en aspectos morfométricos de las tibias humanas de la poblacién
purposes, such as guiding treatments and knee rep acemeliena. Se obtuvieron sesenta pares de tibias adultas en la recoleccion 6sea

surgeries (Kwalet al, 2007; Gandhet al; Moghtadaeét  del Sector de Anatomia del Departamento de Morfologia Animal y Fisiolo-
al., 2015). gia de la Universidad Federal Rural de Pernambuco, Brasil. Se realizaron
diez mediciones en la cara articular de la meseta tibial: Diametro

In th d hnici k .. anteroposterior de la superficie articular del céndilo medial (APM), diametro
n the present study, ethnicity was not taken mtf?ansversal de la superficie articular del condilo medial (TM), diametro

consideration in the evaluation of dimorphism. Howevesnteroposterior de la superficie articular del cédilo lateral (APL), diametro
analyzing 1000 knees, Mahfow al determined the transversalde la superficie articular del condilo lateral (TL), medida transversa

existence of differences between sexes as well as ethniciﬁ@grior del area intercondilea (ATI), medida transversal posterior del area
intercondilea (PTI), medida anteroposterior del area intercondilea (API),

with regard to the morphology of the_dlsml region of thﬁledida anterior del area intercondilea (Al) y medida posterior del area

femur and proximal region of the tibia. It has also be@afercondilea (PI). Los valores morfométricos medianos para la tibia proximal

demonstrated that each population can have a distinetlos varones fueron: APM - 4.7&70.406; TM - 3,024+ 0,307; APL -

moroholoaical pattern. Using computed tomodra h)a023i 0,414; TL - 3,405 0,323; ATI - 3.365¢ 0,425; PTI - 1,78& 0,307,

M Ff)'l d g. |p f d 9 hp . |g p TI-1,167+0,279; API - 5.14& 0.377; Al - 2,865 0,249y Pl - 2,29%
oghta ae_Et al perrorme _a. m_orp ometr.|c eva uatlc_)no,344. Los nimeros morfométricos medianos para la tibia proximal de la

of the proximal area of the tibia in the Iranian populatioRembra fueron: APM - 4.3340.317; TM - 2,702 0,298; APL - 3,542

and compared the results to similar studies involving382; TL - 2,99t 0,281; ATI - 2,818 0,307; PTI - 1.55% 0.222; MTI -

different populations (China, Korea, India and Japan#,054i 0,262; API - 4.596 0.303; Al - 2,565 0,21; Pl 2.03& 0,225.

d . diff h The f bdos los parametros medidos mostraron valores significativamente mas al-
emonstrating differences among these groups. e 1qg (p <0,05) para la tibia proximal del varén. Los hallazgos demuestran di-

that the Brazilian population has a highly miscegenategbriismo sexual en este hueso de la pierna, que se puede utilizar con una
population could also translate to differences in sudiabilidad considerable para fines cientificos y forenses. Los resultados de

patterns in comparison to other population groups estos estudios pueden ser Utiles en casos donde otros métodos no son aplica-
' bles, aumentando el rango de opciones para la investigacion forense.

Like the tibia bone, in which sexual dimorphism PALABRAS CLAVE: Morfometria; Tibia; Morfologia; Ana-
was confirmed in the present study, other bones of thnia.
human skeleton exhibit differences between sexes.
According to Azevedo, the bones of the pelvis and skull
exhibit dimorphism. Indeed, researchers in Brazil and othREFERENCES
parts of the world have dedicated themselves to the

morphometric investigation of sexual dimorphism in suchimeida, A. J. & Costa, J. B. QicBes de Medicina Legal4" ed. Séo
bones Paulo, Companhia Editora Nacional, 1977.
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