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ABSTRACT: Determining sex isone of the first and most important steps in identifying decomposed corpses or skeletal remains. Previous stud-
ies have demonstrated that populations differ from each other in size and proportion and that these differences can affect metric assessment of sex.
This paper establishes standards for determining sex from fragmentary and complete femurs in a modern Croatian population. The sample is com-
posed of 195 femora (104 male and 91 female) from positively identified victims of the 1991 War in Croatia. Six discriminant functions were gen-
erated, one using seven variables, three using two variables, and two employing one variable. Results show that complete femora can be sexed with
94.4% accuracy. The same overall accuracy, with slight differences in male/female accuracy, was achieved using a combination of two variables
defining the epiphyses, and with the variable maximum diameter of the femoral head.
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The 1991 conflict between Croatia and Serbia, which followed
the dissolution of the former Y ugoslavia, caused extensive material
destruction and loss of life. From 1991 to 1995 there were more
than 14 000 war-related deathsin Croatia. A specific feature of this
conflict was executions and mass buria of civilians. To deal with
this humanitarian crisis, the Croatian government formed the Com-
mittee for Imprisoned and Missing Individuals. Collaborating
closely with law enforcement and medico-legal communities in
Croatia, the Committee, from 1993 to the present, recovered 3328
individualsfrom 131 mass graves and from alarge number of indi-
vidual graves. The number of individuals recovered from mass
graves, defined as graves containing three or more individuals, is
2017. At present, 1385 individuals are unidentified or still missing.
To identify and determine the cause of death of theseindividuals, a
joint U.S.-Croatiaforensic anthropology project was developed. In
this project, forensic anthropologists from the Croatian Academy
of Sciences and Arts and the Department of Forensic Medicine at
the School of Medicine, University of Zagreb, together with foren-
sic anthropologists from the Smithsonian Institution, Washington,
D.C., and the University of Tennessee in Knoxville developed a
forensic anthropology database in which data were collected on
age, sex, stature, metric characteristics, osteological and dental
pathology, and on perimortem trauma and possible cause of death.
The purpose of this database, modeled on the forensic database de-
veloped at the University of Tennessee, wasto: (1) identify abasic
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and standard set of measurements, observations, and definitions to
ensure that data are comparable; (2) store the datain acomputer in
such away that particular subsets can be quickly accessed, and (3)
provide up-to-date discriminant formulae for determining sex, es-
timating stature, and defining other traits useful for comparativere-
search and forensic analysis. This paper reports on one of these ob-
jectives—determination of sex by discriminant function analysis of
the femur.

Determining sex is one of the first and most important steps in
identifying decomposed corpses or skeletal remains. Because a
complete pelvisis not always present, it isimportant to be able to
determine sex from other skeletal elements. To date, almost all
bones have been used in determining the sex of an individua
through statistical analysis (1-4). Special emphasis has been
given to long bones, particularly the femur, as this is the largest
bone in the human skeleton and thus most likely to remain pre-
served. Studies have been conducted on North American blacks
and whites (5-7), American Indians (8,9), European whites
(10-16), Africans (17,18), Indians (19), Thai (20), Japanese (21),
and Chinese (22-25). These studies have two common conclu-
sions. The first is that in most population breadth and circumfer-
ence dimensions tend to be more dimorphic than those of length.
The second is that there are significant size differences between
populations and that therefore all discriminant formulae for deter-
mining sex are population-specific. So far, no metric analyses of
sexua dimorphism in the femur of modern Croatians have been
published. Discriminant function analyses for sex assessment
have been applied to 160 femora from four medieval sitesin con-
tinental Croatia (14). The sites were in use from the seventh to the
fourteenth century and are not representative of modern Croat-
ians. The purpose of this paper is to conduct a discriminant func-
tion analysis of sexual dimorphism in the modern Croatian femur
and to establish standards for this population that will facilitate
future identifications.
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Materials and M ethods

The analyzed sample consists of 195 femora (104 male and 91
female) from positively identified victims of the 1991 War in Croa-
tia. Positive identification was achieved using avariety of methods
including DNA analysis, dental records, and antemortem X-rays.
All socioeconomic categories are represented in the sample. The
mean age of the male individuals was 42.6 years (ranging from 18
to 82) and for females 51.0 years (29 to 80).

The following seven standard femoral dimensions were used in
theanalysis:

1. Maximum length—maximum length from the head of the femur
to the medial condyle.

2. Epicondylar breadth—the distance between the two most later-
aly projecting points on the epicondyles.

3. Maximumdiameter of the femoral head—the maximum diame-
ter of the femur head measured on the border of the articular
surface.

4. Sagittal subtrochanteric diameter—the anterio-posterior diam-
eter of the proximal diaphysis measured 5 cm below the highest
point of the lesser trochanter.

5. Transverse subtrochanteric diameter—the transverse diameter
of the proximal diaphysis measured 5 cm below the highest
point of the lesser trochanter.

6. Sagittal diameter of the femur at midshaft—the anterio-poste-
rior diameter measured at the midpoint of the diaphysis.

7. Transverse diameter of the femur at midshaft—the transverse
diameter measured at the midpoint of the diaphysis.

Maximum length and epicondylar breadth were measured with
an osteometric board, the other dimensions with a Sylvac digital
caliper with a precision of 0.01 mm. Measurements were taken
from the |eft side whenever possible. Each variable was measured
three times by the same author, using the mean value to reduce in-
traobserver error. Specimens with obvious gross pathological le-
sions and perimortem damage were excluded.

Sexual dimorphism was analyzed using univariate statistics with
the Index MmMYMf X 100, where Mm is the average for males and
Mf isthe average for females. The multivariate statistics were per-
formed using the DISCRIMINANT procedure of the statistical
package Statgraphics 4.0.

Results

Table 1 shows the descriptive statistics for both sexes. The in-
dex of dimorphism is always greater than 100, indicating that
males, as expected, have greater femora dimensions. The highest
value of the index is seen in the maximum diameter of the
femoral head, which has a difference higher than 17%, while the
lowest values are recorded in the midshaft and subtrochanteric
transverse diameters of the femur (5.0 and 5.3%, respectively).
The F-ratios for al variables indicate that the differences are sta-
tigtically significant (P < 0.0001). The standard deviations sug-
gest that males exhibit more variation than females. These results
indicate strong sexua dimorphism in the analyzed sample and
presuppose that the variables are useful in evaluating morpholog-
ical differences between sexes. The variance-covariance matrix is
presented in Table 2.

TABLE 1—Sexual dimorphism and univariate statistics of the femur in the analyzed sample.

Males Females Sexual Dimorphism
Variable N M SD N M SD Index F Sig.
Max length 104 469.61 22.80 91 439.36 16.25 106.88 110.80 0.00001
Epicond. br. 104 86.72 4.36 91 75.17 4.10 115.35 359.39 0.00001
Max head dia 104 49.17 2.97 91 41.74 1.79 117.79 430.41 0.00001
A-P subtr. dia 104 28.88 2.33 91 25.87 2.24 111.63 84.30 0.00001
Trans.subtr. dia 104 32.09 248 91 30.47 1.95 105.32 24.93 0.00001
A-P midsh. dia 104 30.84 271 91 26.80 222 115.09 127.65 0.00001
Trans. midsh. dia 104 28.80 2.20 91 27.42 214 105.03 16.01 0.0001
TABLE 2—The variance-covariance matrix.
Max Epicond. Max Head A-P Subtr. Trans.subtr. A-P Trans.
Length Br. Dia Dia Dia Midsh. Dia Midsh. Dia
Max length 400.631
Epicond. br. 33.7190 18.0005
Max head dia 17.5618 5.72053 6.21799
A-P subtr. dia 13.9877 4.22157 1.38365 5.23851
Trans.subtr. dia 3.41945 1.58523 1.34358 0.48036 5.07203
A-P midsh. dia 222447 4.42851 2.02186 2.82270 0.24295 6.21750
Trans. midsh. dia 4.97897 2.26147 0.53492 1.45900 2.78685 0.49889 5.77664
TABLE 3—Discriminant function analysis with all seven variables.
Disc. Cannonica Wilks Sig.
Function Eigenvalue Correlation \ X2 DF Level
1 2.6941 0.8539 0.2707 247.63 7 0.00001




Table 3 shows the results of the discriminant function anaysis
whenall sevenvariablesare used. The posterior probability of group
memberships, standardized and unstandardized discriminant func-
tion coefficients, are shown in Table 4. Standardized coefficients
indicate the relative contribution of each variableto thefunction. In
this sample, the maximum diameter of the femoral head makes the
greatest contribution to the function, followed by epicondylar
breadth and sagittal midshaft diameter. Sagittal subtrochanteric di-

TABLE 4—Standardized and unstandardized discriminant function
coefficients and posterior probability of group member ships when all
seven variables are used.
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ameter and maximum length contribute the least. Unstandardized
coefficients are used for calculating discriminant function scores
from the raw data. A discriminant score is obtained by multiplying
each variable with its unstandardized coefficient and adding them
together along with the constant. If the scoreisgreater than zero, the
individual isconsidered male; ascorelower than zeroindicatesafe-
male. The posterior probability of group membership for a case at
the centroid quantifies the relationship between the discriminant
score and classification accuracy. This statistic makes more sense
than giving group centroids because now the female centroid isjust
the negative of the male. Further, the posterior probability is more
interpretable and can be converted to the centroid if need bewiththe
formula: centroid = —In (U/p — 1).

Variablein Standardized Unstandardized Because the recovered skeletal remains from the 1991 War in
Function 1 Coefficient Coefficient Croatiafrequently exhibit perimortem or postmortem damage, sev-
eral discriminant functions were generated to determine sex from
Max length 0.02037 0.003370  fragmentary femoral remains. Five discriminant functions (Func-
Epicond. br. 0.43629 0.337158 . . .
Max head dia 0.63954 0.839826 tions 2 to 6) were calculated, three employing two variables, and
A-P subtr. dia 0.00092 —0.000522 two using a single variable (Table 5). When a single variable is
Trans.subtr. dia —0.02455 —0.034304 used (Functions 5 and 6), two approaches are possible. Unstan-
A-P midsh. dia 0.09441 0.123464 dardized coefficients are provided to cal cul ate adiscriminant score,
-('—:L?]”;am' dsh. dia 0.02407 B 78:(3)%21%32 but it is easier to compare the dimensions of the analyzed specimen
Posterior probabilty 0.995326 to ademarking point. The demarking point is the simple average of

TABLE 5—Sandardized and unstandardized discriminant function
coefficients, and posterior probability of group member ships for

Functions 2 to 6.

the means for each sex. A higher value indicates a male, a lower
value afemae.

Reclassification of the cases used to devel op the functions shows
that with fully preserved femorain which all seven variables can be
measured, the overall accuracy for both sexes is 94.4% (Table 6).
The same overall accuracy with slight differences in accuracy ob-

Functions and Standardized Unstandardized tained for males and females is obtained with the single variable
Variables Coefficient Coefficient maximum diameter of the femoral head and, with acombination of
5 Max head dia 0.65354 0.854413 two variables, maximum diameter of the fgmoral heac! and epi-
Epicond. br. 0.48194 0.370118 condylar breadth. Good overall separation is also provided by a
Constant —68.79652 combination of the variables epicondylar breadth and transverse
Posterior probability 0.995090 subtrochanteric diameter (93.3%), with epicondylar breadth and
3 Eféagf;ﬂb ?rr dia g-ggg% g-gggggg sagittal subtrochanteric diameter (91.8%), and with the single vari-
Constant ) 54890053 able epicondylar breadth (91.3%).
Posterior probability 0.976851 ) )
4, Epicond. br. 0.97195 0.625020 Discussion
A-P subtr. dia 0.06104 0.070905 ) S
Constant —52.533252 To deal with the large number of unidentified victims from the
Posterior probability 0.976252 1991 War in Croatia, a joint U.S.-Croatia forensic anthropology
5 gaxahe? dia - 5}1'%?‘51852 project was developed. Because skeletal biologists have long rec-
nger?gr probability 0.988332 ognized that each population group requires its own specific stan-
Demarking point (mm) Females < 45.45 < Males  dards for accurate determination of sex, an important part of this
6. Epicond. br. 0.641649 project was collecting measurements from various skeletal ele-
gggﬁf'f\m sebilit —5(1)-332(2)82 ments. Osteometric analysis, with the use of discriminant function
erior probability . f ot i
Demerking point (mm) Females < 80.94 ~ Males _statlstlcg has _beco_m_e one of _the most common ways of determin
ing sex in unidentified remains. There are two main reasons for
TABLE 6—Sexing accuracy for Functions 1 to 6.
Males Females
Functions and Variables N % N* % N* Average
1. Function (all seven variables) 195 93.3 97/104 95.6 87/91 94.4
2. Function (Max. head dia. and Epicond. br.) 195 92.3 96/104 96.7 88/91 94.4
3. Function (Epicond. br. and Trans.subtr. dia.) 195 90.4 94/104 96.7 88/91 93.3
4. Function (Epicond. br. and A-P subtr. dia.) 195 91.3 95/104 92.3 84/91 91.8
5. Function (Max. head dia.) 195 94.2 98/104 94.5 86/91 94.4
6. Function (Epicond. br.) 195 93.3 97/104 89.0 81/91 91.3

N* = Ratio of cases correctly classified by a given function.
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this. First, it reduces the subjective criterion for sexual determina-
tion by discrete characters, and, second, it isrelatively simpleto use
and avoids the necessity of having previous experiencein thistype
of analysis. The most serious problems in applying it may arise
from small sample size and skewed distribution of the sexes.
Therefore, al attempts were made to collect measurementsfrom all
intact skeletal remains.

The results of this study show that the Croatian femur is a good
skeletal component from which to determine sex, with classifica-
tion accuracy reaching 94.4%. This overal accuracy is achieved
with three functions, one using al seven variables, one using a
combination of two variables, maximum head diameter and epi-
condylar breadth, and one using only one variable, maximum head
diameter. Slight differencesin male/female accuracy are present in
the three functions. Females are most accurately sexed with the
function using maximum head diameter and epicondylar breadth
(96.7%), while males are most accurately sexed by using just max-
imum head diameter (94.2%). The most noticeable gap in accuracy
between the sexes is present in the Function 3, which uses epi-
condylar breadth and transverse subtrochanteric diameter. In fe-
males, accuracy with this function is as high as that achieved with
maximum head diameter and epicondylar breadth (96.7%), while,
in males, accuracy isjust 90.4%, the lowest in al six functions de-
veloped. Differencesin accuracy between the sexes can result from
anumber of factorsincluding variation in sample size and intrasex
variability.

Values of the standardized coefficients of the discriminant func-
tions generated in this study are consistent with the results of pre-
vious studies of long bonesin different populations that found that
breadth dimensions provide better separation of the sexes than
length. In the present study, maximum length of the femur has the
second lowest standardized coefficient, and only sagittal sub-
trochanteric diameter contributes less to the first function. When
calculating functions to determine sex from fragmentary femoral
remains, maximum length contributed so little that it was not in-
cluded in any of the generated functions. Black (8) believes that
thisis caused by differential bone remodeling between males and
females that leads to greater cortical bone development in males
during adol escence that remains unchanged throughout adulthood.
This differential cortical bone development primarily affects
breadth and circumference measurements. DiBennardo and Taylor
(5) and Macho (17) suggest that epiphyseal measurements and
midshaft circumference are more reliable indicators of sex because
the functional demands of weight and musculature concentrate on
these parts of the bone.

As human skeletal remains from forensic contexts are usually
not complete, it is necessary to have sex determination techniques
applicable to various parts of the body. This paper provides such
standards for the modern Croatian popul ation using the dimensions
of the femur. The results obtained permit accurate diagnosis of sex
from complete and fragmentary femora and thus constitute an im-
portant tool for forensic specialists involved in the ongoing identi-
fication of victims of the 1991 War in Croatia.

Acknowl edgments

The authors would like to thank Dr. Douglas W. Owsley from
the Department of Anthropology, National Museum of Natural
History, Smithsonian Institution, Washington, D.C., and Dr.
Richard L. Jantz from the Anthropology Department, University of
Tennessee, Knoxville, Tennessee, for their support and expertisein
developing the Croatian forensic database. This study was finan-
cialy supported by the Ministry of Science and Technology of the

Republic of Croatia (Grant “Forensic database for exhumed vic-
tims of the 1991 War in Croatia,” Grant No. 0108249).

References

1. Kelly MA. Sex determination with fragmented skeletal remains. JForen-
sic Sci 1979;24:154-8.

2. DiBennardo R, Taylor JV. Multiple discriminant function analysis of sex
andraceinthepostcranial skeleton. Am JPhysAnthropol 1983;61:306—14.

3. Iscan MY, Miller-Schaivitz P. Sexual dimorphism in the femur and tibia.
In: Reichs KJ, editor. Forensic osteology. Advancesin the identification
of human remains. Springfield: Charles C. Thomas, 1986;101-11.

4. Hoyme LE, Iscan MY . Determination of sex and race: accuracy and as-
sumptions. In: Iscan MY, Kennedy KAR, editors. Reconstruction of life
from the skeleton. New York: Alan R. LissInc., 1989;53-93.

5. DiBennardo R, Taylor JV. Classification and misclassification in sexing
the black femur by discriminant function analysis. Am J Phys Anthropol
1982;58:145-51.

6. Taylor JV, DiBennardo R. Determination of sex of white femoraby dis-
criminant function analysis—forensic science applications. J Forensic
Sci 1982;27:417-23.

7. Iscan MY, Miller-Schaivitz P. Determination of sex from the femur in
blacks and whites. Coll Antropol 1984;8:169-75.

8. Black 1l TK. A new method for assessing the sex of fragmentary skele-
tal remains; femoral shaft circumference. Am J Phys Anthropol 1978;
48:227-32.

9. Dittrick J, Suchey JM. Sex determination of prehistoric central Califor-
niaremains using discriminant analysis of the femur and humerus. Am J
Phys Anthropol 1986;70:3-9.

10. Godycki M. Sur la certitude de determination de sexe d' apres le femur,
le cubitus, et I"humerus. Bull Mem Soc Anthropol Paris 1957;8:405-10.

11. Steel FLD. The sexing of long bones, with referenceto the St. Bride' sse-
ries of identified skeletons. J R Anthropol Inst Great Br Ireland 1972;
92:212-22.

12. Pettener D. Ladeterminazione del sesso mediante analisi multivariata di
caratteri metrici del femore. Riv Antropol 1979;60:281-8.

13. MacLaughlin SM, Bruce MF. A simple univariate technique for deter-
mining sex from fragmentary femora: its application to a Scottish short
cist population. Am J Phys Anthropol 1985;67:413—7.

14. Saus M. Discriminant function sexing of fragmentary and complete
femora from medieval sites in continental Croatia. Opusc Archaeol
1997;21:167-75.

15. Trancho G, Robledo B, Lopez-Bueis |, Sanchez JA. Sexua determina-
tion of the femur using discriminant functions. Analysis of a Spanish
population of known sex and age. J Forensic Sci 1997;42:181-5.

16. Mall G, Graw M, Gehring KD, Hubig M. Determination of sex from
femora. Forensic Sci Int 2000;113:315-21.

17. Macho GA. Is sexua dimorphism in the femur a “population specific”
phenomenon. Z Morphol Anthropol 1990;78:229-42.

18. SteynM, Iscan MY . Sex determination from the femur and tibiain South
African whites. Forensic Sci Int 1998;90:111-9.

19. Singh S, Singh SP. Weight of the femur—auseful measurement for iden-
tification of sex. Acta Anat 1974;87:141-5.

20. King CA, Iscan MY, Loth SR. Metric and comparative analysis of sex-
ual dimorphismin the Thai femur. J Forensic Sci 1998;43:954-8.

21. TagayaA. Interpopulation variation of sex differences: an analysisof the
extremity long bone measurements of Japanese. JAnthropol Soc Nippon
1987,95:45-76.

22. Tan CK. Some characteristics of the Chinese femur. Singapore Med J
1973;14:505-10.

23. Wu L. Sex determination of the Chinese femur by discriminant function.
JForensic Sci 1989;34:1222-7.

24. WulL, Yang M, Tai F. Sex discriminant analysis of long bones of lower
limb. Acta Anthropol Sinica 1989;8:147-54 (Chinese with English ab-
stract).

25. Iscan MY, Ding S. Sexua dimorphism in the Chinese femur. Forensic
Sci Int 1995;74:79-87.

Additional information and reprint requests:
Dr. Mario Saus

Department of Archaeology

Croatian Acacemy of Sciences and Arts

A. Kovacica5s

10 000 Zabreb

Croatia

E-mail: mslaus@hazu.hr



