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Abstract
Since , the Trotter and Gleser formulae to determine the stature of recovered missing persons in Bosnia and Herzegovina have been used. The purpose of this study is to develop appropriate stature estimation formulae from the length of the femur, tibia and ﬁbula for use in the Bosnia and Herzegovina to help
in identiﬁcations of the victims. Research was undertaken on  male cadavers, of individuals who died
between the ages of  to  years. The cadaver length was measured and the length of the long bones was
obtained from X-ray photographs. The length of the cadavers of the individuals who died after age of 
years was corrected according to Giles’ table. This study established that using Trotter and Gleser’s formulae underestimate stature of tall people in the current population of Bosnia and Herzegovina. Smallest standard error of estimate is observed in the formula that uses the sum of the length of femur and ﬁbula. There
are no statistically signiﬁcant diﬀerences between the length of the bones from the left and right sides of
the body. Therefore, formulae developed from the average length of bone pairs are recommended for use
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Introduction
Estimation of stature from human skeletal remains continues to have an important role in
the determination of a biological proﬁle. Previous research has demonstrated that the most
reliable formulae are based on long bone lengths, particularly the bones of the lower limbs ().
Regression formulae, developed by Trotter and Gleser (, ) from American White, have been
widely used in Bosnia and Herzegovina to calculate statures of recovered skeletal remains of
missing persons since . However, based on studies of males from Trotter’s data from the
Terry Collection and World War II casualties and more recent data from the Forensic Data
Bank, Meadows and Jantz () and Ousley and Jantz () conclude that it is generally inappropriate to use regression formulae based on earlier samples, such as the Terry Collection, to estimate stature in the recently deceased because of secular changes in lower limb segment proportions. Similarly, Klepinger concludes that the application of Trotter and Gleser formulae
to recent cases requires revised conﬁdence intervals for estimated stature, because taller indi-
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viduals may be more frequently presented (). Ross and
Konigsberg () demonstrate that variation exists among
American Whites and Bosnians in the shape and proportion of long bones. These results further suggest that
stature prediction formulae developed from American
Whites are unsuitable for use on a Bosnian population.
The recent war in Bosnia and Herzegovina, 
to , resulted in approximately   missing persons, believed to be dead. More then 
 of them are still missing. The Trotter and Gleser stature formula used as part of the identiﬁcation process has not achieved appropriate results.
Therefore, the main purpose of this study is to develop
stature estimation formulae from the lengths of the femur, tibia and ﬁbula for the current local male population.

Material and Methods
The stature was measured of  Bosnian male cadavers in supine position with a graduated ruler and scaled
strap at the lower end of the ruler, according to the
Terry (). All cadavers were in state of rigor mortis. The
corpses were free of any pathological condition that
could inﬂuence the taking of accurate measurements.
The ages ranged from  to  (mean ,, standard deviation ,). For those over  years of age, stature was
corrected according to Giles’ table (). Radiographs of
the left and right lower limb of each cadaver were taken
and measurements of femur, tibia and ﬁbula were obtained. Leg was placed in the horizontal position. In order to minimize error in measurements resulting from
incorrect positioning and magniﬁcation, a calibrated
metallic ruler was placed at the outer side of the each
leg at the same level as the middle long axis of the bone.
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The ruler was included in each radiograph to measure
the distortion of the distance on metallic ruler and then
calculate correct length of the radiographed bones.
This approach was consistently used for every X-ray
photograph. Lengths of the bones were obtained from
the X-ray photographs according to the rules for measuring maximum lengths of the femur, tibia and ﬁbula
(). Statistical analysis was made using SPSS, as follows:
paired and unpaired t-tests, linear regression analysis
and analysis of variances (ANOVA). Descriptive statistic of long bone lengths and stature is shown in Table .

Results
Initial comparison of the length of the bones from
the left and right side of the body using a paired
t-test revealed no signiﬁcant diﬀerences (Table ).
Therefore, in the next analysis only mean values from
the both sides were used. The relationship between
recent population, presented with the length of the
bones in our study, and the length of the bones of
the control sample that consisted of recovered skeletal remains from missing persons (N = ) was
examined. Unpaired t-test showed no signiﬁcant differences (Table ), what conﬁrmed that this sample
could be taken as random sample of studied population.
The regression equations for estimation of stature, the
standard errors and the correlation coeﬃcients calculated from these equations are presented in Table .
Stature, length of the bones and standard errors (SE) in
cmOnly regression of the sum of the lengths of the femur
and tibia on stature is shown in Figure , because smallest standard error of estimate is observed in this formula.
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Discussion
Until  there were no research studies about stature
estimation for population in former Yugoslavia. Rollet’s
formulae () were recommended even if they were
developed prior to introducing the regression analysis
that are currently mostly applied in developing formulae for estimation of stature. Solution for the issue
of living stature-cadaver length still does not exist. Different authors used diﬀerent ratios, some used only
the cadaver length as a reference while some others
thought there was no diﬀerence (, , ). Most au-



thors agree that higher values for stature are received
when living person is measured not in standing but
in supine position, explaining it by relative ﬂattening of intervertebral discs and stronger muscle tonus
in persons standing. Variations in the height of living
persons during a day are also mentioned (, , ).
Since in our study the body length was measured at
the time when rigor mortis was distinct, above mentioned reasons which usually lead to increased height
of persons in supine position did not exist. Consequently, with a distinct contraction of the muscles
there could be no extension of intervertebral discs in
supine position, while relative shortening of muscles is
in this condition more distinct than in normal muscle
tonus. This is signiﬁcantly diﬀerent from conditions in
which Terry measured cadaver length (). His results
were used by Trotter and Glesser for showing that the
cadaver body length is in average , cm longer than
living stature. Therefore in our study cadaver length
is treated as living stature. The smallest standard error
in estimation of stature was received in formulae that
use respectively the sum of lengths of femur and ﬁbula,
ﬁbula and sum of femur and tibia length. This indicates
that in estimation of stature better precision can be
reached if both bones, meaning femur and one of the
long bones of the lower leg are used. This way, slightly
better precision is reached by using the femur and ﬁbula.
We believe that using formulae which include both
femur and one of the long bones of lower leg is very
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important because of noticed individual disproportions, and diﬀerent relations of these bones in tall and
short people. Trotter and Gleser in their study did not
recommend using ﬁbula, supporting this statement
with a fact that this is a very thin bone which breaks
easier than tibia so it can rarely be found in available
skeletal material. However, the results of their study
from  show the smallest standard error in formulae developed based on ﬁbula measurements ().
Using the analysis of variance (ANOVA), formulae created in our study were compared with Trotter and Gleser’s formulae from  and  (Table ). Their formulae from  were recommended for general use ().
No statistically signiﬁcant diﬀerence was noticed. However the mean absolute diﬀerence, calculated for our
study, was smaller for each individual bone as well as
for the sum of the length of bones in comparison with
the mean absolute diﬀerence calculated with Trotter
and Gleser’s formulae. This proves that stature estimation in male Bosnian population was more precise by
using the regression formulae developed in our study.
The results of this study show the noticeable diﬀerence
in stature estimation of tall persons between our formulae and Trotter and Gleser formulae, which constantly
underestimate the stature of tall persons (Figure ).
The results of ANOVA and Tukey-Kramer test showed
that diﬀerences in stature estimation for small persons
exist but they are not really important because they are
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signiﬁcant only in persons under  cm height, who
are not too many in male population. However, diﬀerences in stature estimation of taller persons are already
signiﬁcant for persons higher then  cm (Table ).
There are situations when due to lack of time, particularly during examination of remains from large mass
graves when it is not possible to calculate the stature based on formulae, we presented a table (Table )
from which the estimated stature can be read. Stature
is calculated from lengths of femur, tibia or ﬁbula as
well as the sum of femur and tibia or femur and ﬁbula.
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Conclusion
Trotter and Gleser’s formulae underestimate stature of tall people in the current population of Bosnia and Herzegovina.
Stature estimation formulae, developed in this study, which use respectively the sum of lengths of femur and ﬁbula,
ﬁbula and sum of femur and tibia length are recommended for use.

References
() Pelin C., Duyar I. Estimating Stature from Tibia Length: A Comparison of Methods. J. Forensic. Sci. ; ():-.
() Trotter M., Gleser G.C. Estimation of stature from long limb bones
of American whites and negroes. Am. J. Phys. Anthropol. ;
:–.
() Trotter M., Gleser G.C. A re-evaluation of stature based on measurements of stature taken during life and of long bones after death.
Am.J.Phys.Anthrop.; :-.
() Meadows L., Jantz R.L. Allometric secular change in the long bones
from the s to the present. J. Forensic. Sci. ; :–.
() Ousley S.D., Jantz R.L. The forensic data bank: documenting skeletal
trends in the United States. In: Reichs KJ, ed. Forensic osteology: advances in the identiﬁcation of human remains, nd ed. Springﬁeld:
C.C.Thomas, ; –.
() Ross A.H. Cranial and post-cranial metric variation: regional isolation in Eastern Europe (dissertation). University of Tennessee, .
Knoxville, TN.
() Klepinger L.L. Stature, maturation variation and secular trends in
forensic anthropology. J. Forensic. Sci. ; ():–.
() Terry R.J. On measuring and photographing the cadaver. Am. J.
Phys. Anthrop. ; : -.
() Giles E. Correction for age in estimating older adult’s stature from
long bones. J Forensic. Sci. ; ():-.

BOSNIAN JOURNAL OF BASIC MEDICAL SCIENCES 2006; 6 (1): 62-67

() Moore-Jansen P.M., Ousley S.D., Jantz R.L. Data collection procedures for forensic skeletal material;  Report Investigation no. .
The University of Tennessee, Department of Anthropology, Knoxville, TN.
() Zečević D. Sudska medicina. JUMENA, Zagreb, .
() Dupertuis C.W., Hadden J. On the reconstruction of stature from
long bones. Am J. Phys. Anthrop. ; :-.
() Wurm H. Zur Geschichte der Körperhöhenschätzmethoden nach
Skelettfunden. Anthrop. Anz. ; ():-.
() Wurm H., Leimeister H. Ein Beitrag zur speziﬁschen Auswahl
von Vorschlagen zur Körperhohenschätzung nach Skeletfunden,
zur Vergleichbarkeit von Schätzergebnissen und zur allgemeinen
Problematik realistischer Lebendhöhenschätzungen. Gegenbaurs
Morph. Jahrb ; ():-.
() De Mendonca M.C. Estimation of height from length of long bones
in a Portuguese adult population. Am. J. Phys. Anthropol. ;
:-.
() Ousley S. Should we estimate biological or forensic stature? J. Forensic Sci. ; (): -.
() Trotter M. Estimation of stature from intact long limb bones. In:
Stewart T.D., ed. Personal identiﬁcation in mass disasters. National
museum of natural history, Smithsonian Institution, Washington
D.C. ; -.



