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SUMMARY 
 

The fovea capitis femoris receives the distal at-
tachment of the ligamentum teres femoris. Alt-
hough recent research has shown that the latter 
may have a number of functions including me-
chanical stability to the hip joint, there is little pub-
lished information on the morphological variation of 
the fovea capitis femoris. The present study inves-
tigates the morphological variation of the fovea 
capitis femoris with respect to sex and age. Mor-
phometric properties were recorded from both left 
and right femurs of 212 individuals from the Athens 
skeletal collection. The fovea capitis femoris was 
photographed en face with a reference scale and a 
polyline outlining its boundary edges was extract-
ed. Two shape variables and three size variables 
of the fovea capitis femoris were calculated and 
used in the morphological analysis. Two variables, 
one size and one shape variable, exhibited bilat-
eral asymmetry. The sexual dimorphism of fovea 
capitis femoris is attributed to size variables, while 
at the same time there are age-related changes in 
its shape. The fovea capitis area and the fovea 
capitis maximum diameter have significant higher 
values in males, while the perimeter of fovea capi-
tis tends to have a more irregular shape in older 
individuals. However, fovea capitis femoris cannot 
be used for age estimation or sex determination of 
a human skeleton. 
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INTRODUCTION 
 

The main function of the ligamentum teres femo-
ris is to provide a functional blood supply to the 
femoral head (Brewster, 1991; Gray and Villar, 
1997) in the fetus. Although it remains unclear 
whether this role is retained through into adulthood 
(Chatha and Arora, 2005; Byrd, 2013; Chang and 
Huang, 2013), recent studies have suggested that 
the ligamentum teres may contribute to stability of 
the hip joint (Bardakos and Villar, 2009; Cerezal et 
al., 2010). The ligamentum teres is reported to be 
tensioned in combined flexion–adduction–external 
rotation of the hip joint (Gray and Villar, 1997; 
Bardakos and Villar, 2009; Chung, 1976). It ex-
tends from the edges of the acetabular notch, to 
the fovea capitis on the head of the femur (Cerezal 
et al., 2010; Crelin, 1976). 

The fovea capitis femoris (FCF) is located slightly 
posterior and inferior to the center of the articular 
surface of the femoral head (Michaels and Matles, 
1970; Wenger et al., 2007). In contrast to other 
ligament attachment sites, the FCF is represented 
as focal depression and is typically slightly ovoid, 
with an oblique, superior-to-posteroinferior orienta-
tion (Bardakos and Villar, 2009). The receptacle 
zone of the FCF, the smooth lower half, is said to 
help accommodate the fibers of the ligamentum 
teres when it is tensed (Bardakos and Villar, 2009; 
Rao et al., 2001), which is thought to contribute to 
its shape (Kapandji, 2007). Although in adults the 
ligamentum teres is occasionally absent on one or 
both sides (Tan and Wong, 1990), the FCF is a 
consistent entity (Tan and Wong, 1990; Cerezal et 
al., 2012). Even in cases of congenital absence of 
the ligamentum teres, the FCF is present although 
hypoplastic (Cerezal et al., 2010). 

The FCF is used as a marker in various studies 
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and its morphology has been evaluated for several 
anthropological enquiries. When measuring varia-
tions of the acetabular orientation through image 
analysis, the FCF is a standard landmark (Beltran 
et al., 2012). Additionally, the FCF serves as a 
marker for evaluating dysplastic hips (Siebenrock 
et al., 2013). From an anthropological perspective, 
the FCF’s morphology, apart from being used for 
differentiation of long bone fragments from each 
other even in juveniles (Scheuer et al., 2004; Bass, 
2005), recently has also been evaluated for sex 
determination of an individual (Murton et al., 2015). 
However, there has been very little research re-
ported on the anatomy of the FCF (Perumal et al., 
2017; Acar et al., 2017). 

The present study aims to contribute to the exist-
ing literature by evaluating whether the fovea capi-
tis femoris can be used for age-at-death estimation 
or sex assessment of a human skeleton. More 
specifically, the present study evaluates the varia-
tion in size and shape of the FCF with respect to 
age and sex using dry femora. 

 
MATERIALS AND METHODS 
 

For the purpose of this research 212 individuals 
(120 males and 92 females) were studied from the 
Athens Collection. The Athens Collection is housed 
in the Department of Animal and Human Physiolo-

gy of the University of Athens. All individuals were 
acquired from cemeteries in the Athens area, are 
Greek nationals, with the vast majority born in 
Greece, and their respective years of birth span 
from 1879 to 1965. Information on the name and 
age at death of each individual in the collection is 
derived from death records (Eliopoulos et al., 
2007). Adult individuals without any evidence of 
pathology or morphological deformities in femoral 
head were selected. 
 
Data acquisition 

Morphometric properties were recorded from 
both left and right femora. A Mitutoyo 150 mm dial 
caliper (graduation 0.02 mm) was used for the 
measurement of the femoral head’s maximum di-
ameter (FHMD) and a Canon EOS 100D camera 
with Canon EF 40 mm f / 2.8 STM fixed focal 
length lens for image acquisition of the fovea capi-
tis femoris (FCF). All FCF images were shot from a 
stationary position with a vertical camera view per-
pendicular to the reference scale at a fixed dis-
tance of 35 cm. All femoral samples were manually 
positioned with the FCF surface facing upwards 
and at the same plane with the reference scale as 
shown in Fig. 1. The 2D coordinates of a polyline 
outlining the boundary edges of the FCF were ex-
tracted using AutoCAD software. In order to evalu-
ate the reproducibility of the digitization method, 10 
femoral samples were positioned and photo-
graphed twice and polylines were extracted from 
both sets by the same observer. Additionally, pol-
yline extraction by two different observers was fur-
ther performed on 10 FCF images. Nevertheless, 
the sample of extracted polyline 2D coordinates 
used in the analysis of FCF’s morphological varia-
tion was digitized by the same observer. 

In total, 5 variables (2 shape variables and 3 size 
variables) were used in order to investigate the 
variation of the FCF. More specifically, the 3 size 
variables used in our study are the fovea capitis 
area (FCA) and the maximum diameter (FCMD) of 
the FCF, as well as the ratio of the fovea capitis 
area to the femoral head surface (FCA/FHS). The 
FCA/FHS ratio is expressed in percentage and the 
femoral head surface (FHS) was approximated as 
74% of the sphere (Ruff, 1988) calculated from the 
FHMD as 4πr

2
. Shape variables comprise the fol-

lowing two ratios: 
{ArPerIndex ∈ R:0<x≤1}: the ratio of the area to 

the squared perimeter of the fovea capitis multi-
plied by 4π so that ArPerIndex reaches maximum 
when fovea capitis is perfectly circular. 

{SMA ∈ R:0<x≤1}: the ratio of the minimum (IMIN) 
to the maximum (IMAX) principal component of sec-
ond moments of area of the FCF, which maximizes 
when fovea capitis area is evenly distributed 
across principal axes and as close as possible 
around its centroid. 

The FCA, its perimeter, the FCMD, as well as the 
IMAX and IMIN were calculated with GNU Octave 
from the coordinates of the recorded polylines (Fig. 
1). The three ratios were also calculated with GNU 
Octave. Regarding intra- and inter-observer error, 

Fig 1. A: The fovea capitis femoris (FCF) photo-
graphed in face with a reference scale. B: The fovea 
capitis maximum diameter and the polyline outlining the 
boundary edges of the FCF. 
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the mean absolute difference (MAD) between re-
peated digitized polylines was calculated for the 
FCA and FCMD variables. 
 
Statistical analysis 

Prior to any statistical analysis, a Kolmogorov-
Smirnov test was conducted in order to determine 
whether parametric or non-parametric test will be 
used. Initially, paired sample t-test or Wilcoxon test 
(non-parametric), depending on the results of the 
normality test, was performed in order to test for 
bilateral asymmetry and whether the left and right 
sides should be analyzed separately. Independent 
sample t-test or Mann-Whitney test (non-
parametric) was used in order to evaluate the 
presence of sexual dimorphism in the FCF. Addi-
tionally, the sample was divided in 3 age group 
categories: 1) 20-39 years old, 2) 40-59 years old 
and 3) ≥60 years old and tested for age related 
changes through either ANOVA or Kruskal-Wallis 
H test (non-parametric). The specific age ranges 
were chosen for similar size of each subgroup 
based on the availability of our sample, while they 
are still representative of young-aged, middle-
aged, and old-aged groups of individuals. In cases 
where statistically significant difference was de-
tected, Dunn’s Test, with Bonferroni adjusted p 
values, was used to pinpoint which specific groups 
differ significantly from the others. Finally, the ap-
propriateness of the fovea capitis femoris as a sex 
and age estimator was evaluated through Discrimi-
nant Function Analysis (DFA). SPSS software 
(PASW Statistics 23.0) was used to perform all 
statistical analyses. 

 
RESULTS 
 

Regarding the reproducibility of the digitization 
method in the present study, the MAD concerning 

intra-observer error was found approximately 0.05 
mm for FCMD and 2 mm2 for FCA, whereas for 
inter-observer error the MAD values were 0.08 mm 
and 2.5 mm

2
, respectively. Considering the overall 

observed variability of the FCMD and FCA varia-
bles in our sample, as shown in table 1, the intra- 
and inter-observer errors may be regarded as neg-
ligible. 

All 5 FCF variables, for male and female groups 
separately, were tested for bilateral asymmetry. 
According to the Kolmogorov–Smirnov test, the 
ArPerIndex variable of the left side both for males 
and females failed the normality test (p-values: 
<0.001 and 0.019 for males and females respec-
tively). The SMA variable of the left side for fe-
males also failed the normality test (p-values: 
0.034). Consequently, the Wilcoxon test was per-
formed for the ArPerIndex variable for both sexes, 
as well as the SMA variable for the female group, 
while in all other cases the paired sample t-test 
was performed. The FCA/FHS and SMA variables 
exhibited bilateral asymmetry in females. Hence-
forth, the left and right sides were analyzed sepa-
rately for these variables, whereas the average 
values of the left and right side of the FCA, FCMD 
and ArperIndex variables were used for the subse-
quent analyses. 

Table 1 presents the descriptive statistics for all 5 
FCF variables analyzed with respect to sex and 
age. In most of the size variables males exhibit 
higher values than females, the exception con-
cerns the ratio of the fovea capitis area to the fem-
oral head surface. In case of the shape variables 
the reverse applies. However, regarding the FCA/
FHS variable as well as the shape variables, the 
differences between sexes are small, when con-
sidering the confidence intervals for their mean 
values. These observations are confirmed by the 
evaluation of the presence of sexual dimorphism. 

    N Mean Std. Deviation 95% Confidence Interval for Mean Kolmogorov-Smirnov 

          Lower Bound Upper Bound Sig. 

FCA 
Males 120 219.939 64.738 207.410 232.468 .200 

Females 92 177.565 48.299 166.952 188.177 .181 

FCMD 
Males 120 19.959 3.034 19.372 20.546 .200 

Females 92 17.874 2.737 17.273 18.475 .200 

ArPerIndex 
Males 120 0.873 0.043 0.864 0.881 .013 

Females 92 0.880 0.039 0.871 0.889 .200 

SMA         
(Left side) 

Males 120 0.588 0.133 0.562 0.614 .200 

Females 92 0.608 0.155 0.574 0.642 .034 

SMA      
(Right side) 

Males 120 0.564 0.142 0.537 0.592 .200 

Females 92 0.571 0.134 0.541 0.601 .200 

FCA/FHS 
(Left side) 

Males 120 4.336 1.241 4.096 4.576 .200 

Females 92 4.498 1.168 4.242 4.755 .092 

FCA/FHS 
(Right side) 

Males 120 4.207 1.268 3.962 4.453 .200 

Females 92 4.287 1.255 4.011 4.563 .200 

FCA: fovea capitis area; FCMD: fovea capitis maximum diameter; ArPerIndex: ratio of the area to the squared perimeter of the fovea 
capitis multiplied by 4π; SMA: ratio of the IMIN to the IMAX principal components of second moments of area of the FCF; FCA/FHS: ratio 
of the fovea capitis area to the femoral head surface expressed in percentage. 

Table 1. Summary statistics for the femoral head fovea capitis variables. FCA in mm2; FCMD in mm. 
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Table 2 presents the independent sample t-test 
results regarding the presence of sexual dimor-
phism in the fovea capitis femoris variables. In 
males the ArPerIndex variable and in females the 
SMA variable of the right side, failed the normality 
test (K-S sig. Males: 0.013; Females: 0.034). Con-
sequently, a Mann-Whitney test was performed for 
these variables. 

According to the results, only the size variables 
FCA and FCMD are sex dimorphic. Applying dis-
criminant function analysis on the FCA and FCMD 
variables resulted in significant models for both 
variables (Wilk’s lambda: 0.888 and 0.884 respec-
tively; p < 0.001 for both). The cross-validated 
classification accuracy ranges from 62.7% to 
65.6% for the FCA and FCMD variables respec-
tively (Table 3). 

Regarding the FCF’s size and shape changes 
related to aging process, the FCA and the FCMD 
were evaluated separately for males and females 
since they exhibit sexual dimorphism, while the 
SMA, the FCA/FHS and the ArPerIndex were eval-
uated for the total sample. Regarding the results of 
the Kruskal-Wallis H test or the ANOVA, depend-
ing on the results of the normality test (Table 4), 
only the ArPerIndex exhibits statistically significant 
difference (p = 0.028) between age group catego-
ries. Finally, Dunn’s pairwise tests adjusted by 
Bonferroni correction revealed statistically signifi-
cant difference (p = 0.025) only between the age 
groups of «20-39 years old» and «≥60 years old» 
in the ArPerIndex variable. 

 
DISCUSSION 
 

Very few studies in the literature have focused on 

the anatomy of the FCF, even though the femur is 
widely used in anthropology (Bass, 2005). The 
present study evaluated the sex- and age-related 
morphological variation of the FCF using a number 
of variables that accurately represent its size and 
shape properties and aimed to assess whether the 
fovea capitis femoris can be used for sex and/or 
age-at-death estimation of a human skeleton. Pe-
rumal et al. (2017) analyzed the morphology and 
morphometry of the FCF on 125 dry adult femurs 
(61 right and 64 left) from the Anatomy Museum of 
the University of Otago in New Zealand. They pho-
tographed the FCF en face with a reference scale 
and they recorded the maximum and the minimum 
length (LL: longitudinal length and TL: transverse 
length respectively), as well as the cross-sectional 
area (CSA) of the FCF using the ImageJ software. 
According to Perumal et al.’s research, the LL and 
CSA mean values of the FCF were 1.8 cm and 1.8 
cm

2
 respectively. These findings are similar to the 

results of our research regarding the FCMD and 
FCA variables respectively in the female group. 
Unfortunately, Perumal et al. (2017) were not able 
to classify the bones based on sex, due to lack of 
demographic data. Additionally, Perumal et al. 
(2017) found that 17% of the femoral head was 
occupied by the FCF with the use of the 

ratio. In our study, as determined by the FCA/
FHS ratio, only 4.21% and 4.29% of the femoral 
head is occupied by the FCF in males and females 
respectively. This disagreement with Perumal et al. 
(2017) is due to the different approaches used for 
femoral head surface estimation. Nevertheless, we 
consider the estimate used in the present study 
more accurate based on Ruff, who reported it to be 
approximately 74% of the sphere calculated by the 
FMHD (Ruff, 1988) as opposed to the cross-
sectional area utilized by Perumal et al. (2017). 

Sampatchalit et al. in 2009 used 11 cadaveric hip 
joints (8 males and 3 females) in order to examine 
the degenerative changes in the ligamentum teres 
of the hip with magnetic resonance arthrography, 
anatomical inspection and histological evaluation. 
According to their results, the maximum width of 
the fovea capitis ranges from 12 to 15 mm in 
males and 13 to 16 mm in females. In our sample, 
the mean values of the FCMD are higher for both 
sexes. This disagreement with our study is more 
likely due to the small sample size used by Sam-
patchalit et al. (2009) in their research rather than 
differences between populations. 

Murton et al. (2015) used the maximum fovea 
capitis height (MFCH: the distance between the 
most superior and the most inferior points on the 
FCF), as well as the maximum fovea capitis 
breadth (MFCB: the distance between the most 
medial and the most lateral points on the FCF) and 
calculated the fovea capitis index using the formu-
la: (MFCH x 100)/MFCB, in order to establish a 
new method for sex determination. Measurements 

A) 

  t df Sig. 

FCA 5.335 208 <.001 

FCMD 5.151 209 <.001 

SMA (Right side) -0.788 196 .431 

FCA/FHS (Left side) -0.969 198 .334 

FCA/FHS (Right side) -0.773 196 .440 

Significant difference (p≤0.05) 

B) 

  Mann-Whitney U Sig. 

ArPerIndex 4778 .114 

SMA (Left side) 4696 .589 

Significant difference (p≤0.05) 

FCA: fovea capitis area; FCMD: fovea capitis maximum diam-
eter; ArPerIndex: ratio of the area to the squared perimeter of 
the fovea capitis multiplied by 4π; SMA: ratio of the IMIN to the 
IMAX principal components of second moments of area of the 
FCF; FCA/FHS: ratio of the fovea capitis area to the femoral 
head surface expressed in percentage. 

Table 2. Results of Independent sample t-test (A) and 
Mann-Whitney test (B) regarding the presence of sexual 
dimorphism in the fovea capitis femoris variables.  
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were taken with a caliper. According to Murton et 
al.’s results (2015), although the MFCH and the 
MFCB didn’t exhibit sexual dimorphism, when both 
variables were combined into an index of shape 
there were significant differences between sexes 
for both left and right sides. In our study the re-
verse applies. More specifically, according to our 
results, shape variables of the FCF are not sexual-
ly dimorphic, while the FCMD exhibits sexual di-
morphism. 

Acar et al. (2017) used x-ray views to record the 
FCF variant configurations and age-related  

changes according to the fovea capitis index: 

     
The fovea capitis diameter was measured from 

its upper margin to its lower margin, while the fem-
oral head diameter from the diameter of a com-
plete circle around the femoral head. 

According to Acar et al.’s results, the FCI does 
not exhibit sexual dimorphism. This observation is 
consistent with our results, since we did not find 
statistically significant differences between sexes 
regarding the FCA/FHS variable, which is equiva-
lent to the Acar’s FCI. However, Acar’s FCI exhibit-
ed bilateral asymmetry in males, whereas in our 
research statistically significant bilateral asym-
metry of the FCA/FHS variable was observed in 
females. This may be due to the morphological 
variation between populations. 

Regarding the FCF’s age-related changes, Acar 
et al. (2017) found statistically significant differ-
ences in FCI between the age group categories 
«20-39 years old» and «≥60 years old» as well as 
between the age group categories «40-59 years 
old» and «≥60 years old». More specifically, ac-
cording to their results, the fovea capitis diameter 
increases with aging process. In our research, the 
mean value of the FCMD is almost the same in all 
age group categories in males, and while in fe-
males the FCMD mean value increases with aging 
process, the differences are not statistically signifi-
cant. This disagreement with Acar et al.’s study 
(2017) may be due to the different techniques 
used to obtain the fovea capitis diameter. On the 
other hand, our research revealed that there are 
age-related changes in FCF’s shape. According to 
our research, the perimeter of the fovea capitis 
tends to have a more irregular shape in older indi-
viduals (ArPerIndex decreases). This could be the 
result of bone proliferation related to the aging pro-

cess (Boskey and Coleman, 2010), or presumably 
a combination of aging and activity patterns that 
may result to the observed morphological variation. 

The present study utilizes certain size and shape 
variables that aim to describe the morphological 
variability of the FCF in a most representative way 
possible, while still maintaining an easily reproduc-
ible and accurate method. However, it should be 
emphasized that not all researchers have used the 
same methods or variables for studying the fovea 

  N Constant Coefficient 
Percentage of correct classification % 

Totala Malesa Femalesa 

FCA 212 -3.271 0.016 62.7 69.2 54.3 

FCMD 212 -6.375 0.333 65.6 / 65.1 75.8 52.2 / 51.1 

aSingle values are given when original group classification equals cross-validated classification, otherwise both values are shown in 
the form: original group / cross-validated 

FCA: fovea capitis area; FCMD: fovea capitis maximum diameter 

Table 3. Discriminant functions and correct classification results of FCA and FCMD variables.  

A) 

  F df Sig. 

FCMD (Male group) 0.601 2 / 117 .550 

FCMD (Female group) 0.662 2 / 89 .518 

SMA (Right side) 0.041 2 / 196 .960 

FCA/FHS (Left side) 0.801 2 / 198 .450 

Significant difference (p≤0.05) 

Degrees of freedom are shown in the form: Between Groups / 

B) 

  Chi-Square df Sig.a 

FCA (Male group) 0.019 2 .991 

FCA (Female group) 0.009 2 .996 

SMA (Left side) 5.664 2 .059 

FCA/FHS (Right side) 0.300 2 .861 

ArPerIndex 

7.137 2 .028 

Dunn’s pair- Median Adj. Sig.b 

20-39 / 40-59 0.895 .511 

40-59 / ≥60 0.885 .593 

≥60 / 20-39 0.867 .025 

aSignificant difference (p≤0.05) 

bSignificant difference adjusted using the Bonferroni correc-
tion (p≤0.05) 

FCA: fovea capitis area; FCMD: fovea capitis maximum diam-
eter; ArPerIndex: ratio of the area to the squared perimeter of 
the fovea capitis multiplied by 4π; SMA: ratio of the IMIN to the 
IMAX principal components of second moments of area of the 
FCF; FCA/FHS: ratio of the fovea capitis area to the femoral 
head surface expressed in percentage. 

Table 4. Results of ANOVA (A) and Kruskal Wallis 
test (B) regarding age related changes of the fovea capi-
tis femoris variables.  
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capitis, hence the aforementioned comparisons 
with previous studies is on a more general basis. 
 
CONCLUSIONS 
 

Our findings indicate that the size variables FCA 
and FCMD are sexually dimorphic, while at the 
same time the shape variable ArPerIndex exhibits 
age-related changes. However, as shown by the 
results of the discriminant function analysis and 
Dunn’s pairwise tests, the magnitude of changes 
related both to sexual dimorphism and aging pro-
cess is small, and therefore the fovea capitis femo-
ris cannot be used for age-at-death estimation or 
sex assessment of an unidentified case. Neverthe-
less, further research including confounding fac-
tors such as mechanical stress and activity pat-
terns may shed light to the morphological variation 
of the FCF, which, to our current understanding, 
for the most part may be considered idiosyncratic. 
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