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Amagc: Bu calismanin amaci cerrahlar ve implant imalatcilari icin bir veri tabani
olusturmak gayesi ile Turk toplumunda proksimal femur geometrisinin farkh ézelliklerini
degerlendirmektir.Gere¢ ve yoéntem: 40- 80 yas arasindaki 380 (190 erkek, 190
kadin) hastanin dogru pelvis 6n-arka dijital géruntuleri elde edildi. Femur basi capi,
horizontal offset, boyun saft acisi, femur boynu genisligi, boynu uzunlugu ve femur
boynu eksen uzunlugu 6él¢ildi. Bulgular: Her iki cinsiyette de, femur basi ¢capi ve
kalcanin horizontal ofsetinde sag ve sol kalgcalar arasinda anlaml fark saptandi.
Femur boyun-gaft agisi, femur boyun genisligi, femur boyun uzunlugu ve femur boyun
aks uzunlugu 6lgumlerinde ise sag ve sol kalgalar arasinda anlamli fark saptanmadi.
Sonug: Genellikle erkeklerde kadinlara gdre daha yuksek degerler saptandi.
Proksimal femur cerrahisi ile ugrasan cerrahlar ve implant imalatcilari icin bu calisma
bir veri tabani hizmeti sunabilir.

Anahtar Kelimeler: Proksimal femur geometrisi; Turk toplumu; Proksimal femur
cerrahisi, Femur boyun agisi

Abstract

Objective: The aim of this study is to assess different features of the proximal femoral
geometry of the Turkish population to build a database for surgeons and implant
manufacturers. Methods: Antero-posterior pelvic radiograms of 380 (190 male, 190
female), 40-80 year old patients were reviewed retrospectively. The femoral head
diameter, horizontal offset, neck shaft angle, femoral neck width, femoral neck length
and the femoral axis length were measured. Results: In males, there was statistically
significant difference between right and left hips at femoral head diameters and
horizontal offset of hip(p=0.005, p=0.04). In females, there was statistically significant
difference between right and left hip at femoral head diameter but not at horizontal
offset(p=0.02, p=0.09). No significant difference was detected at the measurements
of neck-shaft angle, femoral neck width, femoral neck length and femoral neck axis
length. Conclusion: In male population, when all parameters evaluated, most of the
time, in all parameters higher average values found than the female population. This
study may offer a data base for surgeons and manufacturers who deal with proximal
femoral bone surgery.

Keywords: Proximal femoral geometry; Turkish population; proximal femoral surgery,
femoral neck angle
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Introduction

Proximal hip surgeries including trauma and hip arthroplasty
procedures have been increased tremendously in the
last ten years all over the world. More than 250.000 hip
fractures occur annually in the United States and this
number will double within the next 30 years (1). Proximal
femoral fractures most of the time require surgery. For a
good proximal femoral surgery, computerized tomography
or radiographs can be used for preoperative planning to
match the preplanned internal fixation devices (DHS and
PFN) and prosthesis with that of the proximal femoral
geometry in order to restore the normal hip biomechanics.
A large proportion of the implants usually supplied by the
manufacturers are in standard sizes. If the used prosthesis
or fixation implants do not match the proximal femoral
geometry, then improper load distribution will result in
great patient discomfort and aseptic loosening (1, 2). As a
result of this fact, a consensus has been reached among
many surgeons that close adaptation of prosthesis and
the internal fixation implants to the proximal femoral bone
geometry is necessary to achieve an optimal primary
stability and secondary biologic fixation (3, 4). Many studies
have been conducted using computerized tomography and
radiography on dry bone on the proximal femoral geometry,
showed substantial variations in these parameters among
populations of different geographic regions (5, 6). Especially
in Japanese population smaller values were found(6).

Noble et al. (7) demonstrated the presence of both endosteal
and periosteal variation, and the need for multiple stem
designs to achieve close fit. Nelson & Megyesi studied sex
and ethnic differences in bone architecture and therefore
established the need for developing gender-specific

implants (8). Females may need more smaller femoral
designs.
Different ethnic populations have different femoral

configurations. There are also major differences between
both genders. Different ethnic populations and different
genders all need different types of orthopaedic femoral
implant designs. The aim of this study is to provide a
data base for surgeons and manufacturers regarding the
proximal femoral geometry for the Turkish population by
means of digital radiographic evaluation.

Patients and Methods
This study was approved by the ethical committee at

07/05/2015 with a protocol number of 2070-GOA and
decision number 2015/12-34. A retrospective study was
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conducted reviewing the true pelvis antero posterior (AP)
radiographies obtained within the last 5 years from the
radiology department for patients between 40-80 years
of age. Out of more than one thousand pelvis AP views,
the true AP pelvis views of 380 patients composed of 190
men and 190 women were studied. The inclusion criteria in
this study were as follows: True AP views for patients with
no hip disorders, no previous hip surgery, no previous hip
fracture history and any infectious lesion. Whereas patients
without true AP pelvis views, with hip deformity, rheumatoid
arthritis, osteoarthritis and osteonecrosis of the femoral
head were excluded from this study.

Only true pelvis AP views were included in this study.
For a standard pelvis AP view to be obtained, a standard
pelvis positioning protocol was followed in our radiology
department with the beam of the X-ray directed toward
the midline above the symphysis pubis and both lower
extremities were in 15° of internal rotation. All radiograms
were taken using the same standard radiographic
positioning using the same radiographic machine (Philips
Medical Systems, Digital Diagnost). All mneasurements
were performed by an expert orthopaedic surgeon on hip
surgery.

The proximal femoral geometric parameters assessed
were as the following:

Femoral head diameter (FHD): Which is the diameter of a
complete circle drown around the femoral head (Fig 1).

The horizontal offset (HO): Which is the distance between
the hip joint center of rotation and the continuation of the
line of the femoral shaft axis (Fig 1).

The neck-shaft angle (NSA): Which is an angle formed by
the intersection of the neck axis line and the femoral shaft
anatomical axis line (Fig 1).

The femoral neck width (FNW): Which is the mid-point
distance between the superior cortex and the inferior cortex
of the femoral neck perpendicular to the femoral neck axis

(Fig 2).

The femoral neck length (FNL): Which is the distance
between the lateral margin of the femoral head and the
superior base of the trochanteric region (Fig 2).

The femoral axis length (FAL): Which is the straight-line
distance between the extremities of the greater trochanter
and femoral head in the sagittal plane (Fig 2).
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Figure 1: A; Femoral head diameter (FHD), Which is the diameter of a complete circle drown around the
femoral head. B; The horizontal offset (HO), which is the distance between the hip head center (FHC) of
rotation and the continuation of the line of the femoral shaft anatomical axis (FSAA). C; the femoral neck-
shaft angle (FNSA), which is an angle formed by the intersection of the neck axis line and the femoral
shaft anatomical axis line.

Figure 2 : A; The femoral neck width (FNW), which is the mid-point distance between the superior cortex
(a) and the inferior cortex (b) of the femoral neck perpendicular to the femoral neck axis (c). B; The femoral
neck length (FNL), which is the distance between the lateral margin of the femoral head and the superior
base of the trochanteric region. C; The femoral axis length (FAL), which is the straight-line distance
between the extremities of the greater trochanter and femoral head in the sagittal plane.
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For the statistical analysis the Unpaired Student T-test was
conducted to compare between genders and both right
and left proximal femurs’ geometric features. Statistical
significance level was set at p <0.05.

Results

We compared each genders’ right and left proximal femoral
geometry measured mean values, then the general
proximal femoral geometry mean values of both genders
were compared to each other and the mean values of the
general right and left proximal femurs in both genders were
compared (table 1-4).

Analyzing the data revealed that, the mean values of
the femoral head diameter (FHD) of the right and the
left hips, statistical significance was detected between
both sides(p=0.017), whereas in the male population, a
statistical significance was also detected between both
sides(p= 0.005). Mean value of female FHD was smaller
than the general mean value of male FHD. A significant

statistical difference was detected between the general
FHD values of both genders(p = 0.000). The general mean
values of right and left FHD in both genders were statistical
significant between both sides in general(p= 0.001).

In the comparison of horizontal offset (HO) of the right and
the left hips in the female population were not statistical
significant(p=0.097), whereas in the male population a
statistical significance was detected between both sides(p=
0.046). However the general mean value of female HO was
significantly smaller than male group(p = 0.000). For the
general mean values, statistical significance was detected
between both sides in general(p= 0.04).

In comparison of the neck shaft angle (NSA) of the right
and the left hips no statistical significance was detected
between both sides(p=0.095), in the male population there
was also no statistical significance was detected between
both sides(p= 0.48). No significant statistical difference was
detected between the general NSA of both genders with p
=0.075.

of both sides of both genders in general in the Turkish population.

Table 1 Demonstration of the radiological measurements of different features of the proximal femoral geometry

i Parameters Both sides Right Left P value between |
H right and left :
! Mean+SD (Min.-Max.) (average) !
i Femoral head diameter 47.13+3.36 47.53+3.46 46.74+3.42 P=0.001 E
i (mm) i
: (39.2-57.8) (39.5-57.8) (39.2-56.1) :
Horizontal offset (mm) 41.11+5.28 41.48+5.41 40.72+5.14 P=0.04
; (29.6-62.2) (29.8-62.2) (29.6-61.9)
i Neck shaft angle (NSA) 129.71+4.37 129.85+4.41 129.57+4.34 P=0.38 |
: ©) :
i (117.5-145.5) (117.5-145.5) (118.0-143.8) i
: Femoral neck Width 38.21+4.89 38.47+4.96 37.93+4.82 P=0.11 i
i (mm) i
: (26.2-49.2) (26.8-49.2) (26.2-49.1) :
Femoral neck Length 34.56+4.74 34.85+4.73 34.28+4.74 P=0.09
: (mm) :
; (24.3-48.3) (25.9-48.3) (24.3-47.0) ;
i Femoral axis Length 109.71+9.74 110.37+9.67 109.03+9.78 P=0.051 i
i (mm) ]
; (87.1-135.2) (88.6-135.2) (87.1-134.7) |
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Demonstration of the radiological measurements of different features of the proximal femoral geometry
of male Turkish population.

; Parameters Right Left P value between right and E
i left :
i Mean=SD (Min.-Max.) i
E Femoral head diameter (mm) 48.44+3.69 47.49+3.68 P=0.005 :
; (41.22-57.8) (40.7-56.1) i
; Horizontal offset (mm) 42.74+5.21 41.88+5.01 P=0.046 i
; (32.7-62.2) (33.7-61.9) |
; Neck shaft angle (NSA)(°) 130.30+4.35 130.32+4.42 P=0.048 i
: (119.3-144.8) (120.3-143.6) i
i Femoral neck Width (mm) 42.27+3.31 41.57+3.13 P=0.015 i
; (32.5-49.2) (32.3-49.1) |
i Femoral neck Length (mm) 36.21+4.21 35.72+4.32 P=0.13 i
i (27.2-48.2) (26.3-46.9) i
i Femoral axis Length (mm) 116.26+7.61 115.10+7.68 P=0.06 i
i (98.5-135.2) (99.3-134.7) i

Table 3 Demonstration of the radiological measurements of different features of the proximal femoral geometry
in both sides in female Turkish population.
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i Parameters Right Left P value between right i
: and left ]
i MeanzSD (Min.-Max.) i
; Femoral head diameter (mm) 46.61+2.96 45.99+2.97 P=0.017 ;
i (39.5-53.3) (89.2-53.0) |
Horizontal offset (mm) 40.2245.32 39.56515.01 P=0.097
; (29.8-56.4) (29.6-55.6) ;
Neck shaft angle (NSA)(°) 129.39:4.42 128.83+4.12 P=0.095
; (117.5-145.5) (118.0-143.8) ;
i Femoral neck Width (mm) 34.68+3.09 34.29:3.19 P=0.1
(26.8-40.7) (26.2-41.5)
i Femoral neck Length (mm) 33.49+4.85 32.84+4.71 P=0.08 i
(25.9-48.3) (24.3-47.0)
i Femoral axis Length (mm) 104.49+7.75 102.97+7.67 P=0.024 E
(88.6-124.3) (87.1-124.9)



Table 4 Demonstration of the radiological measurements of different features of the proximal femoral geometry

in both genders in Turkish population.

For femoral neck width (FNW) of the right and the left
hips in the female population, no statistical significance
was detected between both sides(p=0.1), in the male
population a statistical significance was detected between
both sides(p= 0.015). A significant statistical difference was
detected between the general FNW mean values of both
genders(p = 0.001).

For the femoral neck length (FNL) of the right and the left
hips in the female population no statistical significance
was detected between both sides(p=0.08), in the male
population no statistical significance was also detected
between both sides(p=0.13). A significant statistical
difference was detected between the general FNL of both
genders(p= 0.02).

In comparison of the femoral axis length (FAL) of the
right and the left hips in the female population a statistical
significance was detected between both sides(p=0.024), in
the male population no statistical significance was detected
between both sides(p=0.06). A significant statistical
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; Parameters Male in Female in P value between male E
i and female i
{ Mean=SD (Min.-Max.) general general ]
i Femoral head diameter (mm) 47.96+3.71 46.30+2.98 P=0.000 i
i (40.7-57.8) (39.2-53.3) ;
i Horizontal offset (mm) 42.31+5.11 39.88+5.17 P=0.000 i
i (32.7-62.2) (29.6-56.4) |
i Neck shaft angle (NSA)(°) 130.31+4.13 129.11+4.28 P=0.075 i
; (119.3-144.8) (117.5-145.5) ;
Femoral neck Width (mm) 41.9+3.23 34.4813.15 P=0.001
; (32.3-49.2) (26.2-41.5) ;
i Femoral neck Length (mm) 35.96+4.27 33.17+4.78 P=0.02 i
(26.5-48.2) (24.3-48.3)
i Femoral axis Length (mm) 115.68+7.66 103.73+7.74 P=0.000 i
(98.5-135.2) (87.1-124.9)

difference was detected between the general LFA of both
genders(p = 0.000).

Discussion

Differences were detected between males and females in
comparison of all parametes. This suggests us, there are
differences in proximal femoral geometry between genders
in Turkish population.

Many studies investigated variant aspects of proximal
femoral geometry using direct measurements from
cadaveric hips, computed tomographies and direct
radiographies (10-12).

However by the introduction of picture archiving and
communication systems (PACS) which became widespread
and the standard radiological viewing toolin many orthopedic
clinics, radiologists and orthopedic surgeons became more
able to measure angles and distances even in a more
precise manner (12,13). A previous cadaveric study had
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been conducted to evaluate the osteometry of the proximal
femur regarding the Turkish population (11). However the
cadavers sample was small and the data regarding the age
and the sex of the involved cadavers were not provided by
the researchers. In this study, a large sample of patients
190 female and 190 male patients with ages between 40-80
were evaluated providing measurement of variant aspects
of the proximal femur.

Femoral head diameter is an important parameter that
should be taken into consideration in total hip arthroplasty. In
this study the average of the total femoral head diameter in
female population was 46.30mm, whereas it was 47.96mm
in the male population. However in the general aspect of
both genders the right and left FHD were (47.53mm and
46.74mm) respectively, A statistical significance was
detected between both sides p=0.001, the general FHD in
both sides was 47.13mm.

Many studies had focused on the head diameter for
different ethnic populations(8,14). Siwach RC et. al. (14)
in an anthropometric study demonstrated that the average
FHD in European population to be 43.53+3.4 mm in
general, whereas Nobel PC et al. (8) on an osteometric
measurements in Caucasians demonstrated the average
FHD to be 46.1+4.8 mm.

The total horizontal offset average in the Turkish population
is 41.11 mm. It had been demonstrated to be around
40.23mm in the Indian, 47mm in the Swiss, 40.5mm in the
French and 38mm in the European population (14, 15-17).
The neck shaft angle general average in the Turkish
population is 129.71°. It had been demonstrated to be
around 124.42° in the Indian, 122.9° in the Swiss, 129.2°in
the French and 128.4° in a previous study related to the
Turkish population (12, 14, 15, and 16).

The age of 40-80 years were chosen in this study since it had
been demonstrated to be the most frequent age vulnerable
to proximal femoral surgery (18). Many population studies
have demonstrated that with aging process the length of
the femoral neck increases whereas the width decreases
and they have correlated the increase of risk of fractures
to these changes (18, 19). No previous studies have
evaluated the width and the length of the femoral neck on
large patient sample in the Turkish population. The general
average femoral neck width was 38.21mm, whereas the
general average femoral neck length was 34.56mm. A
Brazilian study demonstrated the average general length of
the femoral neck to be 36.54mm and the average general
width to be 37.48mm (20).
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The average femoral axis length in the Turkish population
was 109.71mm, in a study for Mourano et al (21), He found
lengths of 92.1 mm for the right side and 92.0 mm for the
left side. Another old study conducted by O’Neil et al. (19),
measured the length of the femoral axis in female population
in 1950 and 1990 and recorded values of 124mm and
136.2mm respectively. Another study for Reid et al. (22),
recorded values of 124mm and 130.5mm respectively. This
difference can be explained by the different methodologies
used by researchers, the pelvic structure was not included
in the analysis of the length of the femoral axis. Nor was this
done in the study by Mouréo and Vasconcellos (21).

However this study, like other studies, has several
weakness. Being retrospective, is a weak point in this
study. The Radiographs of the majority of patients who
were involved in this study were obtained from the same
region (the Aegean region), it would be wiser to conduct a
multicenter study to compare between different regions in
Turkey and to yield a more logical standards of the proximal
femoral geometry features. One other limitation of the study
is, measurements were performed by single surgeon for
one time. More persons and more measurements might be
performed.

Conclusion

The average values of the proximal femoral geometry
measurement of multiple variants have been demonstrated
in this study. There have been statistically significant values
between some male and female variables. Male population
most of the time present higher values than the female
population. This study may offer a data base for surgeons
and manufacturers who deal with proximal femoral bone

surgery.
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