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SUMMARY: Three-dimensional reconstruction and quantitative analysis of the femoral calcar were performed to assess the feasibility
of utilizing the femoral calcar volume ratio as a method for evaluating the correlation between the femoral calcar andpatgd Com
tomography (CT) images of the hip were collected from 196 subjects who had undergone hip CT scans. Three-dimensionaioreconstruc
of the femoral calcar was performed, and the following parameters were measured: the height, length, width, volume, andf@levalu
femoral calcar, as well as the volume and CT value of the cortical bone at the same level. The femoral calcar volumehexio was
calculated as the ratio of the cortical bone volume at the same level to the femoral calcar volume. Subsequently, the lwetneati
measurements and age was analyzed. Three-dimensional reconstruction of the femoral calcar exhibited good reliabilityeibditgprod
(ICC > 0.963, P < 0.001). Among the 196 femurs, the femoral calcar was not observed in 11 cases; neither age nor sdiedvas alenti
factor contributing to the absence of the femoral calcar (P > 0.05). The femoral calcar displayed diverse shapes, witiptheespgithe
most common (39.8 %), followed by the ridge-type (28.1 %) and septum-type (26.5 %). The femoral calcar volume ratio w8s positiv
correlated with age in all subtypes (r=0.580-0.694).The presence or absence of the femoral calcar is not associatedewtagengr
study subjects with a femoral calcar, the femoral calcar volume ratio increased with age. Calculation of the femoralucadceatiml
provides a new method for the clinical assessment of changes in the femoral calcar.
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INTRODUCTION

The concept of the femoral calcar was first describefdiacture (Zhanget al,, 2009). A biomechanical study by
by the German anatomist Merkel in 1874, originally referringuzyk et al (2012) revealed that placing screws above the
to as the bony spur that extends into the cancellous bondeahoral calcar during intertrochanteric fracture surgery
the base of the femoral neck (Merkel, 1874). Over margignificantly improved stability and reduced stress. If the
subsequent years of research, the concepts of the femdéeahoral calcar is damaged or its volume is reduced, the risk
calcar and Adams' arch have been confused (Bartordt elof proximal femoral fracture increases significantly (Mei
al., 2023). The term femoral calcar refers to the vertical boray}., 2021). Previous studies have shown that the risk of
plate below the lesser trochanter of the femur, near the megiedximal femoral fracture increases with age (Viganal,
cortical. Itis thickest at the junction with the medial cortica2023), but it remains unclear whether this is due to age-
of the femoral neck and gradually thins from the inner to thelated changes in the morphology of the femoral calcar.
outer part of the femur (Griffin, 1982). Peacocket al. (1998) reported that, when measured via
radiographs, the thickness of the femoral calcar at the lesser
The femoral calcar plays a central role in managingochanter of the femur decreases with age, but their
complex stresses at the junction of the femoral stem antasurement site contained adjacent cortical bone and did
neck (Hammer, 2019). It can bear and distribute loads fromot represent the true femoral calcar. Le Corradieal
the femoral head, preventing overloading of the posterig2011) noted that femoral calcar length and height were
and medial proximal femur and thus reducing the risk gfositively correlated with individual height and weight but
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not with age. Without accounting for physical differencesicquisition of Hip CT Scans

rigorous comparisons of the correlation between femoral

calcar morphology and age cannot be made. Hip CT was performed via multislice CT (Discovery

CT750 HD, GE Medical Systems) with a scanning speed of

Therefore, this study standardized the equipment ad@0 kV and a slice thickness of 0.625 mm. The participants

techniques used for quantitative analysis of threavere placed supine in the middle of the scanning bed, with

dimensional reconstructions of the femoral calcatheir arms raised and their thighs internally rotated bilaterally,

conducting a quantitative analysis of the correlation betweand axial hip CT scans were performed. The resulting CT

different measurements and age. To avoid the influenceiofages were saved as 2-D digital imaging and

physical differences, the ratio of the volume of cortical bor@ommunications in medicine (DICOM) files.

to the volume of the femoral calcar at the same level was

used as an index to measure changes in the femoral caltaree-dimensional Reconstruction of the Femoral Calcar

Analyzing the trend of age-related changes in the femoral

calcar provides new ideas for the clinical evaluation of The hip CT image files were imported into

changes. Mimics21.0 software (Materialize NV Technologielaan,
Leuven, Belgium) for post processing. Firstly, the method

MATERIAL AND METHOD of Adamet al (2001) was used to segment the cancellous
bone from the proximal femur through threshold processing

Research Subjects to obtain a mask that removes the cancellous bone. The

femoral calcar and cortical bone in the cross section were

This retrospective analysis included 196 cases (180ibsequently divided into different masks layer by layer.
males and 96 females; mean age 5828249 years; age Reconstruction and three-dimensional imaging of the
range 20-98 years) who underwent hip CT scans at damoral calcar and cortical bone at the same level were
hospital from January 2021 to June 2024. The inclusigerformed (Fig. 1).
criteria included hip CT images covering the entire proximal
femoral region, no history of proximal femoral trauma oFemoral calcar Measurement
surgery, no history of severe degenerative arthritis, and no
history of tumors or connective tissue diseases. A total of In horizontal CT slices, the point where the femoral
196 cases of proximal femoral images were measured aralcar merges with the cortical bone of the medial lower
evaluated after three-dimensional reconstruction. segment of the femoral neck was defined as the superior

Fig. 1. Reconstruction of the femoral calcar and cortical bone at the same level. Main view (A); Posterior view (B); (€]t Ryt
view (D); Top view (E); Elevation view (F). Femoral calcar (blue); Cortical bone (grey).
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13.01mm

Fig. 2. Measurements of the femoral calcar height, length, and width. Femoral calcar height measurement (A); Femorathbalcar len
measurement (B); Femoral calcar width measurement (C). mm, millimeter; Femoral calcar (green)

endpoint. The merging point of the femoral calcar and th@yme level in CT images of the hip via Mimics 21.0 software

cortical bone at the lower edge of the lesser trochanter s high reliability and repeatability (ICC>0.963:0.001)
the femur is the lower endpoint. The vertical distancgraple ).

between these two endpoints was designated as the height
of the femoral calcar (Fig. 2A). The longest horizontal CT ~ Table I. ICC analysis of the measurement results from
slice of the femoral calcar was selected, and the length and the two observers.

width of the femoral calcar were measured in this CT slice  Measuement ICC P

(Fig. 2). The volumes and CT values of the femoral calcar ~ Calcar femorale shape 1 <0.001
and its cortical bone at the same level were automatically  Calcar femorale height 0988 <0.001
calculated and generated via Mimics 21.0 software. The ratio ~ Calcar femorale length 0987  <0.001
of the volume of cortical bone at the same level of the femoral ~ Calcar femorale width 0963 <0.001
calcar to the volume of the femoral calcar was defined as ~ Calcar femorale volume 0995  <0.001
the femoral calcar volume ratio (femoral calcar volume ratio ~ Cortical bone volume - 0998  <0.001
= volume of cortical bone at the same level of the femoral EZ:EZ: zmg:g:s \(I:?;u\gﬁ;;atlo 8322 :8881
calcar/volume of the femoral calcar). All the CT images were Cortical bone T value 0998 <0001

post processed and measured by two experienced radiologists - .
. . The femoral calcar volume ratio = volume of cortical bone
who were blinded to each other to assess interobserver ;e same level of the femoral calcar/volume of the
differences. femoral calcar. Abbreviations: ICC, intraclass correlation
coefficient.
Statistical analysis
In the horizontal CT slice, no femoral calcar was
Statistical analysis was performed using SPSS (IBMetected in 11 cases (5 males; 6 females), and in the
SPSS 25.0, IBM Corporation). Descriptive statistics of theemaining 185 cases, the cortical bone at the junction of
demographic characteristics and femoral calcar-relatéide medial lower part of the femoral neck with the femoral
measurements were expressed as the meatandard stem was thickened and showed a spur-like protrusion
deviations (xS). The chi-square test was employed fotowards the medial bone cancellous mass, which extended
categorical variables, whereas the independent samplesld¢wnwards to the distal part of the lesser trochanter (Fig.
test was applied to compare the differences in measurgd No statistically significant differences in sex or age
values between various types of femoral calcar. The intraclagsre observed between the groups with and without the
correlation coefficient (ICC) was used to evaluate theemoral calcar®P>0.05). The shape of the femoral calcar
reliability of the measurements taken by two doctors. Theas classified as septum-type (narrow and long), ridge-
Pearson correlation coefficient was used for correlatiaype (wide and short), and spur-type (between these two
analysis. A p-value of less than 0.05 was considerexktremes) (Fig. 3). The spur-type was the most common,

statistically significant. accounting for 39.8 % (78/196), followed by the septum-
type and ridge-type accounted for 26.5 % (52/196) and
RESULTS 28.1 % (55/196), respectively. No statistically significant

differences in femoral calcar shape distribution were
The method of three-dimensional reconstruction anfdund between different sex groups or age groups
measurement of the femoral calcar and its cortical at te>0.05) (Table II).
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timber (8.5%1.81 mm), and the ridge-type
timber was the shortest (78216 mm). The
ridge-type was the widest (46B.25 mm),
with the largest volume (705.2835.05
mm®) and the highest CT value
(935.0%+70.66 HU), which were
significantly different from those of the other
two subtypes P<0.05). There was a
significant difference in the femoral calcar
volume ratio between the subtypPs.(.05),
with the septum-type subtype being the
largest (28.258.07), followed by the spur-
type (24.837.62), and the ridge-type being
the smallest (20.55.89) (Table IlI).

Grouped by sex, the correlation
between femoral calcar volume and age was
not statistically significant for males in the
ridge-type P = 0.386). The remaining groups
showed a negative correlation between the
femoral calcar volume and age (r = -0.486—
0.724;P<0.05). The femoral calcar volume
ratio showed a good positive correlation with

age (r=0.580-0.694<0.05), irrespective of
Fig. 3. Horizontal CT-slice observation of the femoral calcar. Septum-type (Afex and subtype (Fig. 4, Table IV).

Spur-type (B); Ridge-type (C); Femoral calcar not found (D). CT, CompUtegpecifically, in females, the strongest

tomography. correlation between the femoral calcar
volume ratio and age was found for the
There was no significant difference between the three types##ptum type (r=0.694P<0.001), and in
femoral calcar height and cortical bone CT values at the same let@dles, the strongest correlation between the
(P>0.05). There were significant differences in the length of thiémoral calcar volume ratio and age was
femoral calcar among the three typ®s@.05). The septum-type found for the spur-type (r=0.678<0.001)
timber was the longest (9.68.59 mm), followed by the spur-type (Table IV).

Table Il. Descriptive analysis of patient demographics.

Patient Information Total Septum-type Spur-type Ridge-type Not found P

Number 196 52 78 55 11

Sex (Male/Female) 100/96 29/23 42/36 24/31 5/6 0561
Age (Years) 53.82+20.49 58.62+19.3 51.9+18.71 52.4+23.32 51.91+22.28 0.274

Note: Data are expressed as the meatandard deviation.

Table Ill. Measurements of the femoral calcar and cortical bone at the same level as the femoral calcar.

Septum-type Spur-type Ridge-type P(Septu  P(Septu  P(Ridge-
m-type/ m-type/ type/
Spur- Ridge- Spur-
type) type) type)
Calcar femorale heighftnm) 39.24+6.14 39.054+6.79 40.99+6.41 0.868 0.154 0.100
Calcar femoraléength (mm) 9.68+1.59 8.55+1.81 7.82+2.16 <0.001 <0.001 0.036
Calcar femoralevidth (mm) 3.02+0.67 3.20+0.73 4.63+1.25 0.151 <0.001 <0.001
Calcar femorale olume (mnd) 476.58+226.25 521.50+211.38 705.78+335.05 0.251 <0.001 0.001
Cortical bone véume (mnf) 12514.44+3553.33 11846.06+3283.17 13154.69+4209.17 0.613 0.188 0.046
Calcar femorale @lumeratio 28.25+8.07 24.83+7.62 20.51+5.89 0.016 <0.001 0.001
Calcar femorale CT value (HU) 856.38+133.02 897.12+135.87 935.09+70.66 0.094<0.001 0.038
Cortical bone CTvalue (HU) 915.10+105.35 915.46+148.94 948.04+93.78 0.988 0.090 0.154

Note: Data are expressed as the meatandard deviation.
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Table IV. Pearson correlation between the measurements of the femoral calcar and age.

Septum-type Spur-type Ridge type
Male Female Male Female Male Female
r P r P r P r P r P r P
Calcar femorale height 0.041 0832 -0.332 0122 -0.535 <0001 -0.222 0.193 0206 0335 0.089 0634
Calcar femorale length -0.198 0303 -0.550 0007 -0.365 0018 -0.220 0.197 0.160 0456 -0.479 0006
Calcar femorale width -0.365 0051 -0.324 0131 -0.554 <0001 -0.494 0.002 -0.425 0039 -0.195 0294
Calcar femorale volume -0.486 0008 -0.724 <0001 -0.698 <0001 -0.594 <0001 -0.18 0386 -0.633 <000
Cortical bone volume 0044 0820 -0.633 0001 -0.406 0008 -0.256 0132 0274 0195 -0.325 ! 0075

Calcar femorale volume ratio 0.663 <0.001 0.69%4 <0001 0.679 <0001 0.615 <0001 0.586 0.003 0.580 0001
Calcar femorale CT value -0.355 0058 -0.727 <0.001 -0.217 0167 -0.429 0.009 0.086 0691 -0.409 0022

Cortical bone CT value -0.333 0078 -0.691 <0001 -0.331 0032 -0.353 0035 -0.481 0017 -0.340 0.062
Bold indicates statistically significant correlations (P< 0.05).

: Male : Male : Male
50 : Female 50 : Female 50 : Female

25

Calcar femorale volume ratio
Calcar femorale volume ratio
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Calcar femorale volume ratio
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Fig. 4. Relationships between the femoral calcar volume ratio and age in males (green) and females (orange). Septunpiiype (A); S
type (B); Ridge-type (C). The light-colored area shows the 95 % confidence interval for the regression line.

DISCUSSION

With the global aging trend on the rise, the incidencadividuals over 60 years of age (Ketral, 1986). Most
of proximal femoral fractures continues to increase, makirgrevious studies of the femoral calcar have been based on
it one of the major orthopedic conditions in the elderlputopsies (Keret al, 1986; Hammer, 2010), which do not
population (Vigancdet al, 2023). This not only poses aprovide a visual description of the relationship between
significant threat to patients’ health but also imposes a heal@moral calcar morphological changes and age. Peatock
burden on socioeconomic well-being (Prieto-Alhaméira al. (1998) measured patients' femoral calcar via radiographs
al., 2018; Baghdadeét al, 2023). The femoral calcar is and reported that the femoral calcar thickness at the lesser
believed to be a human structure designed to accommodtehanter of the femur decreased with age, but the measured
bipedal locomotion (Kuperavageal, 2018) and is capable values included adjacent cortical bone and were not true of
of transmitting stresses from the cancellous bone of thiee femoral calcar. Although the femoral calcar has also been
femoral head to the cortical bone of the femoral stem (Li 8escribed in the orthopedic literature (Griffin, 1982; ketrr
Aspden, 1998), which reduces the risk of fracture by carryirad., 1986), its size has rarely been quantified and analyzed.
and distributing the loads transmitted by the femoral hede Corrolleret al. (2011) post processed CT images of the
and allowing for stress redistribution (Zhasigal, 2009). proximal femur described a method for measuring the
Hammeret al (2010) suggested that the femoral calcar i'®moral calcar and reported that the size of the femoral calcar
present throughout life but gradually decreases in size witlid not correlate with age. Physical differences affect femoral
age. An autopsy-based study revealed that the femoral calcaicar size (Peacoek al, 1998; Le Corrolleet al., 2011),
could not be clearly identified in three male specimens froand direct comparisons of femoral calcar morphology in
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correlation with age are not rigorous. In this study, wadge-type was the widest, the volume was the largest, and
investigated the morphological characteristics of the femoridle CT values were the highest. Analyzing the correlation
calcar and changes in the femoral calcar with age lpgtween femoral calcar volume and age, our study found a
performing three-dimensional reconstruction andegative correlation between femoral calcar volume and age
quantitative analysis of CT images of the proximal femur im all groups P < 0.05), except for the ridge-type in males,
196 cases, which provided new ideas for the clinicathich was not statistically significar®® & 0.386). The size
assessment of changes in the femoral calcar. of the femoral calcar is positively correlated with the height
and weight of the individual (Le Corrollet al, 2011), and
Different reconstruction algorithms affect the highdirectly analyzing the relationship between femoral calcar
contrast spatial resolution (HCSR) (Daetsal, 2018). The size and age without considering physical differences is not
CT image resolution, as well as the setting of the Hldgorous. This also explains why femoral calcar size did not
threshold, affect the accuracy of geometric measurementsrelate with age changes in the study by Le Correlier
of bone structures in CT scans (Lim Fatal, 2012; al. (2011).
Holcombeet al, 2018). The accuracy of multiplanar
reconstruction of the femoral calcar in this study depended In our study, the ratio of the cortical bone volume to
on the resolution of the cross-sectional CT slices. Therefothe femoral calcar volume at the same level was calculated
we used a thinner slice thickness (0.625 mm), uniform G® obtain the femoral calcar volume ratio. The size of the
equipment, and a scanning technique. Masks of the femof@inoral cortical bone correlates with the height and weight
calcar and its adjacent cortical bone were drawn separatefian individual (Zhanet al, 2016; Kiraet al, 2023). When
on the proximal femoral CT images layer by layer via Mimicthe correlation between femoral calcar morphology and age
21.0 software. The three-dimensional models of the femonrahs analyzed, the application of the femoral calcar volume
calcar and adjacent cortical bone were reconstructed amtio was able to exclude the effects of height and weight
measured separately. This measurement methdifferences in different individuals. Marshafl al. (2006)
demonstrated good reliability and repeatability (ICC > 0.963pund that the size of the femoral stem cortical bone did not
P< 0.001), providing a solid basis for subsequent analysetange with age. The femoral calcar volume ratio can more
The femoral calcar has a variety of shapes. Referring to timuitively reflect the change in the femoral calcar volume
study by Adanet al (2001), the femoral calcar was classifiedelative to the volume of the surrounding cortical bone, which
into three subtypes, with the spur-type being the moptovides a new idea for assessing the trend of changes in the
common (39.8 %), followed by the ridge-type (28.1 %) anfemoral calcar volume with age. Regardless of sex and
the septum-type being the least prevalent (26.5 %), a redfelinoral calcar subtype, the femoral calcar volume ratio was
that is the same as that of previous studies (Adaml, positively correlated with age (r=0.580-0.6%4x 0.05),
2001; Le Corrollert al, 2011). However, contrary to the with the femoral calcar volume decreasing with age.
findings of Adarret al (2001) and Le Corrollat al (2011),
Cazenavet al. (2022) did not identify a femoral calcar in a Our study has several limitations. Firstly, this was a
single modern cadaver dissection. Our study, for the firgttrospective study, and although homogenous equipment
time, discoveredh vivothat 5.6 % (11/196) of the subjectsand techniques were used and the study population was
lacked a femoral calcar, and the presence of the femosalected from patients who attended the clinic due to non-
calcar showed no significant age-related differencerthopedic conditions, it may still be affected by some
(P=0.274). Hammeet al. (2010) suggest that the femoraluncontrollable factors. Future studies may consider designing
calcar persists throughout life; thus, age cannot be considepedspective studies to assess the correlation between the
a factor in its absence, which may be related to the subjeétshoral calcar and age more accurately. Secondly, the
congenital development. participants in our study were exclusively of Asian ethnicity,
and the sample size was relatively limited. Both factors may
The femoral calcar serves as a reference point for tbempromise the generalizability of our findings to other
proximal femoral nail antirotation (PFNA) system and i®thnic groups and reduce the statistical reliability of the
critical for implant placement (Oner, 2020). Moreover, theesults. Subsequent investigations should address this
femoral calcar reduces the anteroposterior diameter of thmitation by enrolling larger, more ethnically diverse
medullary cavity and prevents the prosthesis from subsidisgmples to enhance the external validity of the conclusions.
after hip arthroplasty (Politist al., 2013). Unlike previous
studies (Le Corrolleet al, 2011), in order to describe the CONCLUSION
femoral calcar in more detail, we grouped the analyses
according to the shape of the femoral calcar. The results of  The method of measuring the femoral calcar after
the study showed that the septum-type was the longest, theee-dimensional reconstruction is highly reliable. The
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