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SUMMARY: The determination of variables such as age, height, ethnicity and sex are extremely important to the identification
of biological findings, especially in accidents with fatal victims. The diagnosis of sex can be 100 % certain for caseslie whic
skeleton is complete and in a good state of conservation, the individual is an adult and the morphometric variableslafitie popu
to which the individual belongs are known.: The aim of the present study was to perform a morphometric evaluation of &he proxim
femur and compare measurements between males and females. Sixty pairs of femurs were acquired from the Department of Animal
Morphology and Physiology of the Universidade Federal Rural de Pernambuco. The bones were measured with the aid of the ImageJ
software program and the following variables were compared between bones from male and female cadavers: DFH — diameter of
femoral head on the craniocaudal and sagittal axes; DFN — diameter of femoral neck on the craniocaudal and sagittal axes; FNL —
femoral neck length; ILL — intertrochanteric line length. The morphometric variables had the following mean values in the male
bones: DFH-craniocaudal axis — 4580.35 mm; DFH-sagittal axis — 48.20.35 mm; DFN-craniocaudal axis — 3320.40 mm;
DFN-sagittal axis —29.96 0.05 mm; FNL — 31.7% 0.05 mm; ILL — 66.4& 0.59 mm. The mean values for the female bones were
as follows: DFH-craniocaudal axis — 4068.20 mm; DFH-sagittal axis — 42.610.20 mm; DFN-craniocaudal axis — 29#40.03
mm; DFN-sagittal axis — 26.060.04 mm; FNL — 31.1& 0.04 mm; ILL — 60.8& 0.41 mm. With the exception of the femur neck
length, all variables measurements were significantly larger (p < 0.0001) on the male bones. The present findings déraonstrate t
the femur bone, particularly the proximal portion, exhibits important sexual dimorphism and has high potential for foperssis.pur
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INTRODUCTION

The determination of variables such as age, heiglskull shape, cephalic indices and indices of the radius and
ethnicity and sex are extremely important to thGumerus bones (Cuenca; Vioarsddattiral, 2002). The
identification of biological findings, especially in accidentsletermination of sex is based on the comparative study of
with fatal victims. However, the state in which a humathe bones encountered with standard reference data on
body is found often provides little information when ondone morphology (Cuenca). This sexual diagnosis is
uses techniques such as DNA testing. Thus, forensionsidered to be one of the first essential steps toward a
anthropology fulfills this role and responsibilityregardingoositive identification (Kraniotet al, 2009). According
the identification of missing persons for cases in whicto Cuenca, the determination of sex can be 100 % certain
the mortal remains are found skeletonized due to the actimn cases in which (1) the skeleton is complete and in a
of time and/or external agents (Cuenca, 1994). good state of conservation; (2) the individual is an adult;

and (3) the morphometric variables of the population to

The determination of age and height is performedhich the individual belongs are known.
by a study of long bones. The determination of ethnicity
is performed based on more detailed process that are not  Studies have determined the morphometric patterns
always reliable, such as the observation of facial angldsy some bones, such as the mandible, iliac bone, skull,
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pelvis and scapula, especially in European and AmericATERIAL AND METHOD
populations (Cunha 2001; Oliveira Costaal, 2016).
The bones of the skull and pelvis form a set of the most
used and efficient characters in morphological evaluations One hundred twenty femurs (60 pairs) were examined:
(Cunha). 58 (29 pairs) from male cadavers and 62 (31 pairs) from female
cadavers. The bones were acquired from the Anatomy Sector
Since it is not always possible to recover the pelvig the Department of Animal Morphology and Physiology of
and skull in forensic contexts, other bones of the skelettimre Federal Rural University of Pernambuco and were
have been tested for purposes of sexual diagnosis (Bruneiginally from the Santo Amaro Public Cemetery in the city
& Murail, 2006), such as the tibia, femur, radius, ulnaf Recife, Brazil. This study received approval from the
mandible and scapula (Oliveira Costaal; Lucena dos Research Ethics Committee of the Pernambuco University
Santost al, 2018). The femur is the strongest and longegbrocess number: 1.307.166; certificate number:
bone in the human skeleton and extends from the pel¥ig926115.9.0000.5207). The bones used in the study were
to the knee. At the proximal portion, the femur is formedbtained from individuals buried between December 2009 and
by the head, the anatomical neck (uniting the head to thlarch 2012 and exhumed between in April and May 2014.
trochanters), greater and lesser trochanters (which serve
as the site of insertion for the muscles) and the surgical The inclusion criteria were femurs from individuals
neck (uniting the diaphysis to the proximal epiphysiglder than 18 years of age at the time of death and intact femurs
(Mourédo & Vasconcellos, 2001). The femur forms thaith no signs of trauma and no apparent anomalies. The
skeleton of the thigh, carries the weight of the bodygxclusion criteria were femurs with any type of anomaly, those
supports the movement of the legs, provides fixation far an advanced state of deterioration at the measurement sites,
the muscle, and stores blood cells, calcium and phosphtitese with apparent trauma and those from individuals who
(Chowdhuryet al., 2013). were less than 18 years of age at the time of death. According
to Almeida & Costa (1977), differences between sexes are
Knowledge of the morphometric characteristics obnly evident after puberty and are influenced by the
the proximal femur is important to reducing the risk oénvironment, hormones and musculature.
complications related to surgical procedures in the area
due to vascular, metabolic or traumatic causes and to  After cleaning and identification, the bones were
enable the alignment of prostheses to be implant@totographed using a professional digital camera (Canon®
(Mahaisavariyaet al, 2002). Morphometric studies on- model 40D) set on automatic capture using a 50 mm lens,
the proximal femur have been conducted in differemthich was positioned on a tripod at a distance of 61 cm
populations and communities (Mahaisavamyaal; EI- from the base on which the bones were placed. The
Kaissiet al, 2005; de Sousat al, 2010) and the data measurements were subsequently made on the digital images
from these studies demonstrate regional and socigith the aid of the ImageJ® software, version 1.47.
differences in the morphometrics of this bone.
The morphometric evaluation consisted of the
An investigation of the morphometricfollowing variables: DFH — diameter of femoral head on the
characteristics of the proximal femur in dry bones and tleeanio-caudal axis (distance along a straight line from the
standardization of data for a given population are of conpper limb to the lower limb of the head of the femur) and
siderable importance to the determination of risk factosagittal axis (distance along a straight line from the anterior
in pathological conditions, preoperative planning and th@rtion to the posterior portion of the head of the femur);
design of the components of prostheses (Netdé, 1988; DFN — diameter of femoral neck on the cranio-caudal axis
Rubinet al, 1992; Chiret al, 1997; Bergoet al, 2002; (distance along a straight line from the anterior portion to
Khanget al, 2003; Irdesel & Ari, 2006; Atillat al, 2007). the posterior portion of the anatomical neck of the femur)
and sagittal axis (distance along a straight line from the upper
Therefore, given the importance of thdimb tothe lower limb of the anatomical neck of the femur);
morphological and morphometric study of the femur asSNL — femoral neck length (distance along a straight line
well as the establishment of femoral morphometribetween the lower region of the head of the femur to the
patterns and the identification of sexual dimorphism ibase of the greater trochanter); and ILL — intertrochanteric
the proximal femur, the aim of the present study was time length (distance along a straight line that unites the
evaluate morphometric differences in variables of thi@ghest points of the greater and lesser trochanters anteriorly)
proximal femur between bones from male and fema(&ourao & Vasconcelos, 2001; Murlimangt al, 2012;
cadavers. lyemet al, 2013; Menezest al, 2015) (Fig. 1).
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Table I. Values (in mm) of morphometric variables of
proximal femur from males and females and differences
between sexes.

Parameters Male Female  p-value
DFH — cranio-caudal axis
Mean 4509  40.65
Median 4590 40.26
SD 035 020 <0.0001*
Min 3487 36.15
Max 5026 4487
DFH - sagittal axis
Mean 4826 4254
SD 035 020 s
Median 4897 4179 00001
Min 3718 3872
Max 5590 47.69
DFN — cranio-caudal axis
Mean 33.21 29.11
SD 030 023 N
A Median 332 o2sgg <0000
Fig. 1. Representation of morphometric measurem&ptiameter Min 2683 2539
of femoral head on cranio-caudal axis; B) diameter of femoral head  pax 4109 3623

on sagittal axis; C) diameter of femoral neck on cranio-caudal axigyp; .

. . - sagittal axis
D) diameter of femoral neck on sagittal axis; E) femoral neck length;

. S Mean 2996 2605
F) intertrochanteric line length. Images of measurements performed ¢, 042 029
g ) *
with ImageJ ® software. Median 2023 2538 <00001
Min 2257 2179

After the measurements, the respective mean and me- . 4099 3539
dian (depending on the distribution [normal or non-normal] of;

the data) and standard deviation values were calculated for each y .., 3170 3109
measurement. The Kolmogorov-Smirnov normality test was gp 037 032
used to determine the distribution of the data with the aid of pjedian 3166 3083 07963
GraphPad Prism 5.01. The Student’s t-test was used for the Min 2286 2079
comparison of the means of data with normal distribution. The  Max 4202 4005
Mann-Whitney test was used for the comparison of medians afL
data with non-normal distribution. The level of significance  Mean 6646  60.80
was set to 5 % (p < 0.05) and all measurements were made SD 059 042 00001 #*
with a margin of safety with 95 % reliability. Median 6771 6057

Min 4934 5277

Max 7541 7135
RESULTS DFH — cranio-caudal axis (diameter of femoral head on cranio-cau-

dal axis), DFH — sagittal axis (diameter of femoral head on sagittal

axis), DFN — cranio-caudal axis (diameter of femoral neck on cranio-

caudal axis), DFN — sagittal axis (diameter of femoral neck on sagittal
Table | displays the values (in mm) of the morphometrigxis), FNL (femoral neck length), ILL (intertrochanteric line length),

variables of the proximal femur from males and females amd: 0.0001. * Student's t-test. ** Mann-Whitney Test.

differences between sexes. The measurements on the male bones

were significantly larger than those on the female bones for all variables analyzed, femurs from male cadavers had

variables, except femoral neck length (Table 1). larger measurements than those from female cadavers.
No comparison was performed of the right and left sides
due to the absence of data on the dominant limb, which

DISCUSSION is a factor that can exert an influence on bone morphology.

The length of the neck of the femur was the only
The present morphometric findings demonstrate sexuariable for which no significant difference between sexes
dimorphism in the proximal epiphysis of the femur. For nearlyas found. Analyzing radiographs of the proximal femur,
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de Fariaset al (2015) demonstrated differences betweeno significant differences between sides and the authors
males and females regarding the width and length of tdéd not perform a comparison of the sexes. Using
neck, length of the femoral axis and neck-diaphyseal angtaorphometry on radiographs, Kranietial found a mean
The authors found larger values for males (38.544n72 of 34.41+ 2.80 mm for men and 29.992.66 mm for
mm, p <0.0001). In the present study, the mean was 81.7dvomen, but this difference did not achieve statistical
0.05 mm for males and 31.2®.048 for females. Performing significance. de Sousa al found a mean of 31.452.8
morphometricswith the aid of digital calipers, Mour&o & mm for this variable, and Piresal found a mean of 36.60
Vasconcellos found a mean of femoral neck length of 244#64.8 mm. Analyzing an Indian population, Veretaal.,
+ 4.35 mm. Using digital morphometry with the aid of thédound a mean of 24.0% 3.05 mm, but like Mourdo &
AutoCad software, de Soushaal found a mean of 30.30 Vasconcellos, de Soush al. and Pirest al did not
+ 4.2 mm. Pirest al (2012) also used radiographs tgerform a comparison of the sexes. Using radiographs for
measure the length of the femoral neck and found a methe measurements, de Faritsal found a significant
of 35.70+ 6.4 mm. Measuring the femoral neck on thelifference between sexes, with a mean of 4@ 398
Indian population with the aid of calipers, Verrmaal —mm for males and 34.68 3.19 mm for females (p <
(2017) found a mean of 44.258.09 mm. The last four 0.001). In the present study, we employed digital
studies did not perform a comparison between the sexamrphometrics (ImageJ® version 1.47) and also found a
The differences in values may be due to the differedifference between the sexes with regard to the width of
methods employed to perform the measurements and the femoral neck.
different populations analyzed.
Unlike the studies cited, the width of the femoral
neck was analyzed on two axes in the present investigation:
Regarding the diameter of the femoral head, Igbiglihe longitudinal (cranio-caudal) and sagittal (Fig. 1),
& Msamati (2000) examined radiographs and found highdemonstrating differensan the two variables. The mean
values for both the vertical diameter (48:38.51 mm, p on the longitudinal axis was 33.210.040 for males and
= 0.001) and transverse diameter (50458.32 mm, 29.11+ 0.034 for females (p < 0.0001). On the sagittal axis,
p<0.001) of the head of the femur in males compared tite mean width of the femoral neck was 296058 mm
females. Afroze & Huda (2005) also used radiographs af@ men and 26.0% 0.044 mm for females (p < 0.0001).
found differences between sexes in the diameter of tfiae mean for the longitudinal (cranio-caudal) axis (3%.21
femoral head in individuals from northeastern Bangladest.040 mm) is similar to the value found in the other studies,
In males, the authors found a mean of 538530 mm (p in which this variable was only evaluated on this axis. The
< 0.001) for the vertical diameter and 42+20.33 mm (p slight differences in the width of the femoral neck among
< 0.001) for the transverse diameter. In the present stuthe studies cited and the present investigation may be due to
sexual dimorphism was also found, with larger values foegional, cultural and population differences among the
males regarding both the vertical diameter (DFH — cranidifferent regions in Brazil.
caudal axis: 45.18 0.35 mm, p < 0.0001) and transverse
diameter (DFH — sagittal axis: 48.270.35 mm, p < Differences between sexes were also found regarding
0.0001). Using classic osteometry and radiography, Kanidtie length of the intertrochanteric line in the present study:
et al (2009) found a mean of 46.22.47 mm for males 66.47+ 0.59 mm for males and 60.8M.42 mm for females
and 42.44 2.26 mm for females, but did not find sexual(p < 0.0001). Isaaet al. (1997) also measured the
dimorphism. Using different forms of mechanical (ringntertrochanteric line and found a mean of 57 8.7 mm,
gauge and vernier calipers) and radiographic (radiograpnst did not perform a comparison between the sexes.
and tomograms) measurements, Athapattal (2014), However, Isaaet al states that this variable is positively
found the following mean values: ring gauge — 458 m;  correlated with total femur length. As women generally have
vernier calipers —47.694 mm; x-ray —48.92 5.31 mm; a shorter height in comparison to men, this may also be an
tomography — 48.02 5.5 mm. Using digital calipers, important variable for the definition of the sexual
Vermaet al found a mean of 42.32 4.11 mm for the dimorphism of the femur.
diameter of the femoral head on the cranio-caudal axis in
the Indian population. However, the latter two studies did
not perform a comparison of the sexes. CONCLUSION

Regarding the width of the femoral neck, Mouréao
& Vasconcellos found a mean of 26:73.1 mm for the The present findings demonstrate that the femur bone,
right side and 26.8 3.3 mm for the left side, demonstratingparticularly the proximal portion, exhibits important sexual
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