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Objective: To ascertain the geometry of the femur in the Brazilian population by means of a
radiographic study and to correlate the values with regard to sex and right/left side.
Methods: Five hundred anteroposterior radiographs of the pelvis of skeletally mature
patients (250 of each sex) who did not present any osteoarthrosis, fractures or tumoral or
infectious lesions were analyzed. The length and width of the femoral neck, length of the
femoral axis, neck-shaft angle and femoral offset were measured.
Results: The following means were observed: 36.54 mm for the length of the femoral neck;
37.48 mm for the width of the femoral neck; 108.42 mm for the length of the femoral axis;
130.47° for the neck-shaft angle; and 44.4 mm for the femoral offset.
Conclusion: The mean values for the main measurements on the proximal femur in Brazil-
ians differed from those of previous studies. It could also be shown that there was a
statistically significant mean difference between men and women for all the variables, both
on the left and on the right side, and that the men had greater means than the women.
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Ltda. All rights reserved.

Estudo radiografico dos aspectos anatémicos do fémur proximal dos
adultos brasileiros

RESUMO

Palavras-chave:
Fémur/anatomia e histologia
Fémur/fisiologia

Radiografia

Objetivo: Verificar a geometria do fémur da populacdo brasileira por meio de estudo radio-
gréfico e correlacionar os valores quanto ao sexo e ao lado direito/esquerdo.

Métodos: Foram analisadas 500 radiografias anteroposteriores de bacia de pacientes
esqueleticamente maduros, 250 de cada sexo, sem a presenca de osteoartrose, fraturas e
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leses tumorais ou infecciosas. Foram mensurados os valores do comprimento e da largura
do colo do fémur, do eixo femoral, do angulo colodiafiséario e do offset femoral.

Resultados: Observou-se uma média de 36,54 mm do comprimento do colo do fémur,
37,48 mm da largura do colo do fémur, 108,42 mm do comprimento do eixo femoral, 130,47°

do angulo colodiafisario e 44,4 mm do offset femoral.

Conclusdo: Os valores médios das principais medidas do fémur proximal dos brasileiros
diferem de trabalhos prévios. Foi possivel evidenciar também que existe diferenca média
estatisticamente significante entre homens e mulheres para todas as variaveis, tanto do lado

esquerdo quanto do direito, e que os homens tiveram média maior do que as mulheres.
© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier

Editora Ltda. Todos os direitos reservados.

Introduction

The femoral head projects superomedially and slightly for-
wards when it articulates with the acetabulum. The head and
neck form an angle of 115-140° (mean of 126°) with the long
axis of the body of the femur." The angle is greatest at birth and
decreases gradually, from around 150° in newborns to around
133° at 15 years of age. It is smaller in women because of the
width of the pelvis and greater obliquity of the body of the
femur.??

The femoral head and the acetabulum of the hip bone
grow independently but in such a way that they develop con-
gruently. This mechanism is influenced by forces that act
externally in these areas. The most important of these are
body weight and muscle tension forces, which need to have
magnitudes and directions for appropriate interactions. Any
change to the compression forces or any joint incongruence
will lead to deformities. The pressure, arching and shearing
stresses to which the femur is subjected are important in rela-
tion to fracture production and also development of various
pathological processes.*

Radiographic studies have suggested that the hip axis and
the femoral neck are becoming longer. These changes may
increase the risk of fractures through the increased length of
the lever arm. Other non-geometric factors that might predis-
pose toward femoral fractures have been widely debated in
the literature and these include: advanced age, female sex,
osteoporosis, genetic factors (such as Colial Spl polymor-
phism), smoking, alcohol abuse, previous fractures and low
estrogen levels. Thus, new analyses on how the geometric pat-
tern might influence pathological conditions of the femur are
pertinent.”1°

According to American statistics, more than 250,000 hip
fractures occur every year and this number is expected to
approximately double over the next 30 years.* The treat-
ment for most femoral fractures is surgical. Therefore, it is
important to know the geometry of the femur, since a large
proportion of implants come in standard sizes, selected from
a range supplied by manufacturers. For example, the PFN®
short nail (AO/ASIF) can provide inclinations of 125°, 130°
or 135° between the screws of the neck and the axis of the
intramedullary nail. Choosing these implants wrongly may
give rise to alterations to the anatomy of the hip joint.’>1?

Because of the clinical importance of the morphometric
aspects of the proximal femur, a wide-ranging survey was

conducted in order to provide data on the geometry of femoral
bones among Brazilians.

The aims of the present study were to ascertain the femoral
geometry of the Brazilian population by means of radiographic
evaluations and correlate the parameters with regard to sex
and right/left side.

Materials and methods

An observational cross-sectional study was conducted, in
which patients who had undergone radiography on the pelvis
in anteroposterior (AP) view were evaluated. The population
comprised of 250 men and 250 women who were attended at
the emergency service or in the outpatient clinic or wards of
the orthopedics and traumatology service. None of the radio-
graphic images was produced for occupational reasons. The
AP radiographs of the pelvis included in this study were from
skeletally mature patients who did not present osteoarthrosis,
fractures or tumoral or infectious lesions.

To obtain the radiographs, the incident ray was directed
along the median line, just above the pubic symphysis and
the feet were rotated internally at around 15°. The patient was
positioned in dorsal decubitus and the ampoule was one meter
from the frame. The degree of magnification obtained through
the radiographic method was corrected.

The femoral measurements analyzed were as follows:

Offset - distance between the center of rotation of the hip
and a line traced out perpendicularly through the center of
the femoral shaft (Fig. 1).

WEFN - width of the femoral neck, i.e. the distance at the mid-
point of the femoral neck, perpendicular to its axis (Fig. 2).
LFA - length of the femoral axis, i.e. the straight-line dis-
tance between the extremities of the greater trochanter and
femoral head, in the frontal plane (Fig. 2).

LEN - length of the femoral neck, i.e. the distance in mil-
limeters between the lower region of the femoral head and
the base of the greater trochanter (Fig. 2).

NSA - neck-shaft angle created between the neck and shaft,
which was measured in the frontal plane by means of
goniometry (Fig. 3).

The analysis on the measurements of the radiographic
parameters was done by two examiners. To compare all
the variables regarding sex, the ANOVA test was used. The
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Fig. 1 - Measurement of the offset.

software used in this statistical analysis comprised SPSS V17,
Minitab 16 and Excel Office® 2010. The significance level was
set at 0.05 (5%) and all the confidence intervals constructed
over the course of the study were 95%.

Results

The right and left sides were compared for all the variables
(Table 1). These comparisons were made separately for each
gender and for both together (general). Here, the paired Stu-
dent’s t test was used, given that the data were paired, i.e.
the same subject provided the study limb and his or her own
control.

It could be seen that some of the comparisons between the
sides were statistically significant. The results from measur-
ing the width of the femoral neck and offset presented mean
differences between the sides for both sexes and in general.

In comparing the lengths of the femoral neck, there was
only a statistically significant difference in the general com-
parison, with a mean of 36.65 on the left side, versus 36.44 on
the right side (p =0.048).

Fig. 2 - Width of the femoral neck (WFN); length of the
femoral axis (LFA); length of the femoral neck (LFN).

g\
>

Fig. 3 - Neck-shaft angle (NSA).

On the other hand, regarding the length of the femoral axis,
there was only a statistically significant result from comparing
the men, such that the mean for the left side was 114.06, versus
114.39 on the right side.

Lastly, regarding the neck-shaft angle, there were statisti-
cally significant differences between the sides for the women
and in general. It needs to be highlighted that the left side
always had a greater mean than the right side.

The sexes were then compared for all the variables. These
comparisons were made on the right side and on the left side.
The ANOVA test was used here (Table 2).

It could be seen that both for the left side and for the
right side, there were statistically significant mean differences
between the men and women for the five variables. For exam-
ple, with regard to the offset on the right side, the mean for the
women was 41.97, versus 47.57 for the men, and with regard
to the offset on the right side, the mean for the women was
41.53, s 46.54 for the men (p <0.001). It could be seen that for all
the variables on both sides, the men had greater means than
the women.

Discussion

Several aspects of the geometry of the femoral neck have
been found to influence the risk of hip fractures. Studies have
correlated greater length of the femoral neck and lower val-
ues for the neck-shaft angle with greater incidence of hip
fractures.® 1314

Population-based studies have shown that, over time, there
has been an increase in the length of the femoral neck and
a decrease in the width of the neck in the female population
and have correlated these changes with an increase in the risk
of fractures. This may have contributed toward the one-third
increase in the incidence of hip fractures.'>'®

Few studies evaluating the geometry of the proximal femur
have been conducted in Brazil.'”-'® Because of the importance
of the morphometric evaluation, a larger sample was recruited
for the present study (250 radiographs from men and 250 from
women) than was used in previous studies. Moreover, mea-
surements of the femoral offset were included in the present
study.

In relation to the length of the femoral neck, the mean
difference between the sides was statistically significant
(p=0.048), but the mean obtained was greater than that
observed in the study by Mourdo and Vasconcellos,”” who
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Table 1 - Comparison of the variables with regard to the right and left sides.

Female Male General
Left Right Left Right Left Right

Length of the femoral neck
Mean 34.68 34.55 38.54 38.27 36.65 36.44
Median 34.00 33.00 38.27 38.20 36.10 36.00
SD 5.30 5.42 4.72 4.50 5.37 5.31
Min. 27.40 25.00 30.00 27.00 27.40 25.00
Max. 49.72 48.50 46.82 47.76 49.72 48.60
p-Value 0.355 0.056 0.048

Width of the femoral neck
Mean 34.81 34.55 40.61 40.16 37.71 37.25
Median 35.00 34.72 40.00 40.00 38.00 37.00
SD 3.39 2.98 4.24 3.71 4.81 4.45
Min. 24.20 28.60 31.00 32.00 24.20 28.60
Max. 41.16 41.13 51.15 49.36 51.15 49.36
p-Value <0.001 0.001 <0.001

Length of the femoral axis
Mean 102.48 102.68 114.06 114.39 108.27 108.57
Median 104.30 104.00 115.00 1115.00 107.46 108.00
SD 5.91 6.19 7.79 7.23 9.01 8.93
Min. 88.00 85.40 97.00 97.70 88.00 85.40
Max. 120.00 118.00 132.66 134.00 132.66 134.00
p-Value 0.519 0.047 0.051

Neck-shaft angle
Mean 129.54 128.42 132.38 131.53 130.96 129.98
Median 129.90 128.10 133.40 132.00 130.00 130.00
SD 9.16 5.09 9.39 531 9.37 5.43
Min. 120.00 116.70 120.00 118.80 120.00 116.70
Max. 143.60 144.10 146.00 150.00 146.00 150.00
p-Value 0.023 0.103 0.006

Offset
Mean 41.53 41.97 46.54 47.57 44.03 44.77
Median 41.31 42.55 47.00 48.60 44.60 45.00
SD 7.11 6.76 8.33 8.14 8.13 7.98
Min. 30.00 30.00 30.10 32.00 30.00 30.00
Max. 69.10 66.90 68.80 69.13 69.10 69.13
p-Value 0.002 <0.001 <0.001

found that the mean for the right side was 24.9mm and for
the left side, 24.3 mm. Duthie et al.'> analyzed Scottish popu-
lations at two different times and also found greater lengths of
the femoral neck: 34.9 mm and 38.3 mm for men and 32.5mm
and 35 mm for women. They explained this difference in terms
of better nutrition during childhood and changes in living
standards in general.

Regarding the length of the femoral axis, O'Neill et al.'®
evaluated this in female populations in 1950 and 1990 and
found values of 124 mm and 136.2 mm, respectively. In a simi-
lar study, Reid et al.'® found values of 124.0 mm and 130.5 mm,
respectively. The values for the length of the femoral axis
found in the present study were smaller than those of the stud-
ies by O’Neill et al.’® and Reid et al.”® This difference can be
explained by the different methodologies used, given that in
the present study, the pelvic structure was not included in the
analysis of the length of the femoral axis. Nor was this done in
the study by Mourdo and Vasconcellos,"” who found lengths
of 92.1 mm for the right side and 92.0 mm for the left side.

Higher values for the width of the femoral neck in the
Brazilian population were found here, in comparison with

the study by Mourdo and Vasconcellos,” whose values were
26.7 mm (+3.1) for the right side and 26.3mm (+3.3) for the
left side. Neither of the Brazilian studies found any significant
differences between the sides. O’'Neill et al.'® observed that
there was a positive correlation between the length and width
of the femoral neck and found measurements of 36.6 mm and
39.1mm for the widths in 1950 and 1990, respectively. Using
similar methodology, Reid et al.’® found mean values for the
width of the femoral neck of 38.1 mm from radiographs per-
formed on women in 1950 and 38.6 mm in 1990. They therefore
concluded that the width of the femoral neck had increased
over the course of time. In the radiographic study by Cheng
et al.,* the mean values found for the length of the femoral
neck for both sexes were 35.1 mm for the left side and 35.5 mm
for the right side.

For the neck-shaft angle, the present study found larger
values for the left side, with a statistically significant mean
difference between the sides. Mourdo and Vasconcellos'” ana-
lyzed a Brazilian population and also found a statistically
significant difference between the sides, with a neck-shaft
angle of 111.2° (+5.9) for the right side and 114.2 (+5.5) for
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Table 2 - Comparison of the variables in relation to
gender.

Conclusion

The mean values of the main measurements of the proximal
femur of these Brazilians differed from the values found in
previous studies. There was a statistically significant mean
difference between the men and women for all the variables,

Left Right
Female Male Female Male

Length of the femoral neck
Mean 34.68 38.54 34.55 38.27
Median 34.00 38.27 33.00 38.20
SD 5.30 4.72 5.42 4.50
Min. 27.40 30.00 25.00 27.00
Max. 49.72 46.82 48.50 47.76
p-Value <0.001 <0.001

Width of the femoral neck
Mean 34.81 40.61 34.55 40.16
Median 35.00 40.00 34.72 40.00
SD 3.39 4.24 2.98 3.71
Min. 24.20 31.00 28.60 32.00
Max. 41.16 51.15 41.13 49.36
p-Value <0.001 <0.001

Length of the femoral axis
Mean 102.48 114.06 102.68 114.39
Median 104.30 115.00 104.00 1115.00
SD 5.91 7.79 6.19 7.23
Min. 88.00 97.00 85.40 97.70
Max. 120.00 132.66 118.00 134.00
p-Value <0.001 <0.001

Neck-shaft angle
Mean 129.54 132.38 128.42 131.53
Median 129.90 133.40 128.10 132.00
SD 9.16 9.39 5.09 5.31
Min. 120.00 120.00 116.70 118.80
Max. 143.60 146.00 144.10 150.00
p-Value <0.001 <0.001

Offset
Mean 41.53 46.54 41.97 47.57
Median 41.31 47.00 42.55 48.60
SD 7.11 8.33 6.76 8.14
Min. 30.00 30.10 30.00 32.00
Max. 69.10 68.80 66.90 69.13
p-Value <0.001 <0.001

both on the left side and on the right side. The men presented
higher values than those of the women.
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