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Abstract: Background: A femur fracture is accounted for as one of the most common fractures in the population.
The femoral neck has had an angle with the longitudinal axis of the bone shaft, which is defined as neck- shaft
angle (NSA). Regional epidemiologic information about NSA might be useful for orthopedic surgeons. In the present
study, we aimed conduct a comparative study of NSA in patients with femoral neck or intertrochanteric fractures in
Rasht, Iran. Methods: The study population consisted of all patients with hip fractures. Patients with femoral frac-
tures (neck and intertrochanteric) were examined by an emergency medicine specialist at the time of admission. An
Anterior-Posterior X-ray image was taken at the time of admission. Patients NSA was measured by expert orthopedic
surgeons and was compared between patients. Results: In the present study, we evaluated the data of 80 patients
with femoral fractures and 40 healthy individuals as control group. Patients were divided into two groups of femoral
neck fractures (40 patients) and intertrochanteric fractures (40 patients). Analysis of the NSA showed no significant
differences between the NSA of patients with neck and intertrochanteric fractures and also control group (P>0.05).
Our data showed that the mean NSA in patients with femoral neck fractures were 131.04+3.7° degrees while the
NSA of patients with intertrochanteric fractures were 132.07+4.1°. The NSA of controls were also 132.8+6.9°. We
also found no significant differences between the NSA of different age groups or between male and female patients.
Conclusion: The results of this study showed that no significant differences could be indicated between NSA of
healthy subjects and patients with femoral fractures. We believe that paradoxical results of former reports could be
due to population and regional factors.

Keywords: Femur fracture, femoral neck, intertrochanteric fractures, neck- shaft angle, Iran ethnicity

would rise from 1.66 million in 1990 to 6.26
million in 2050 [6, 7]. Morbidities and mortali-
ties following femur fractures put a heavy bur-
den on societies and requires a huge economic
and financial resources [8, 9].

Introduction

Femur fracture is accounted as one of the most
common fractures among elderly individuals
[1]. Previous reports show that the prevalence
of femur fractures are rising in populations due

to increased quality of life and life expectancy
and increase in population of adolescents [2,
3]. Femur fractures are mainly divided into
intertrochanteric and femur neck fractures.
Based on clinical data, almost 20% of per-
formed surgeries by orthopedists are due to
femur fractures and almost 50% of femur frac-
tures are femur neck fractures [4, 5]. It has
been anticipated that with increased life expec-
tancy, the number of femur neck fractures

Trochanteric fractures include intertrochanter-
ic, large trochanteric, subtrochantric, and a
combination of inter and subtrochanteric frac-
tures [10]. Most epidemiological studies con-
sider only two categories for proximal femoral
fractures: the femoral neck and intertrochan-
teric fractures [11]. The femoral neck is located
along the longitudinal axis of the bone shaft
and forms an angle which is called many names
such as: neck-shaft angle (NSA), collodiaphyse-
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al angle (CDA), diaphyseal-femoral neck angle,
angle of the neck of the femur, angle of inclina-
tion, cervicodiaphyseal angle and collum diaph-
yseal angle [12, 13].

The importance of NSA is well known for femo-
ral bone mobility in the pelvis and lateral bal-
ance control during mobility. Based on evi-
dence, the geometry of the proximal of femur is
influenced by various factors such as ethnicity,
genetics and environmental conditions [14].
The normal NSA varies between 120-140
degrees. Coxa vara is defined when the NSA is
less than 120 and when the angle is more than
140, it is called coxa valga [15]. The knowledge
of the NSA is invaluable in the diagnosis and
treatment of upper femoral fractures. One of its
applications can be expressed in the design of
prostheses to repair the natural shaft angle.
This knowledge about the geometry of the prox-
imal femoral region is also important in plan-
ning preoperative procedures for arthroplasty,
or fracture fixations. This issue is also useful in
designing suitable implants with a more accu-
rate angle of the femoral neck. The use of
implants that are smaller or larger than the size
of the femur can lead to improper tension in the
soft tissue and more stress on joints such as
the patellofemoral [16].

As mentioned, femoral fractures put heavy
socio-economic burdens in both developing
and developed countries. As a result, evalua-
tion of NSA and type of femoral fracture in the
Iranian population, especially in different
regions can provide an appropriate knowledge
in designing more profitable and accurate pros-
thesis and bring better therapeutic results.
Furthermore, regional epidemiologic informa-
tion about NSA might be useful for orthopedic
surgeons. Previous studies conducted in differ-
ent countries about the evaluation of NSA in
different races have yielded variable results
[17, 18]. Therefore, here in the present study,
we aimed conduct a comparative study of NSA
in patients with femoral neck or intertrochan-
teric fractures in Rasht, Iran.

Methods and material
Study design
This cross sectional study was performed in

2018-2019 in Poursina hospital, Rasht, Iran.
The study population consisted of all patients
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with hip fractures (femoral neck and intertro-
chanteric fractures) with the mechanism of fall-
ing down from the surface. The current study
was approved by the Ethical committee of
Guilan University of Medical Sciences. Patient’s
written informed consents were also taken
from each patient.

Inclusion and exclusion criteria

Our inclusion criteria were: patients older than
50 years, hip fractures following falling from the
surface. The exclusion criteria were: congenital
pelvic anomaly on the same or opposite frac-
ture side, having a history of pelvic fracture on
the same or opposite side, a history of previous
surgery on the femur or hip, having a hip pros-
thesis, diseases such as renal failure, hyper-
parathyroidism, rheumatoid arthritis, Paget’s
disease and bone malignancies, prolonged
immobility, other hip fractures except for femo-
ral and intertrochanteric neck or fractures with
a different mechanism of falling from the sur-
face. We also included 40 normal individuals as
control group.

Measuring tools

All patients were examined by an emergency
medicine specialist at the time of admission.
An Anterior-Posterior X-ray image was taken at
the time of admission. Diagnosis of femoral
neck or intertrochanteric fractures was made
using X-ray images. A total number of 80
patients entered our study. A medical student
collected the demographic data of patients.

NSA measurements

The method of measuring the NSA in this study
was as follows: The neck axis was drawn by
measuring two points, one in the center of the
head and the other at the end of the middle
part of the narrowest part in the neck (highest
pressure in the neck). The two points were then
connected, showing the axis of the neck. The
shaft axis was determined by considering two
midpoints, one at the upper end in the shaft
and the other at the middle of the shaft. The
two points connected and extend at the upper
end of the same line. We used a goniometer
modality for measuring the NSA of patients. It
should also be noted that all measurements
were performed by an expert orthopedic sur-
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Table 1. Age and sex distributions in patients

) Femoral neck fracture intertrochanteric fracture Controls
Variable Range p-value
Frequency Percent Frequency Percent Frequency Percent
Age (years) 50-60 9 22.5 12 30 15 375 0.361*
60-70 13 325 12 30 10 25
70-80 14 35 7 17.5 9 22.5
>80 4 10 9 22.5 6 15
Sex Male 20 50 19 475 13 32,5 0.232**
Female 20 50 21 52.5 27 675
*P-value using Fisher’s test; **P-value using Chi-square test.
B Femoralneck M Intertrochanteric ™ Controls Results
fracture fracture
i Study population
35 In the present study, we evalu-
30 ated the data of 80 patients
25 with hip fractures with the
RercoRt:55 mean age of 68.2+10.7 rang-
15 ing from 50 to 95 years. 40
10 healthy individuals were also
5 included as control group with
0 the mean age of 67.3+12.1
50-60 60-70 70-80 >=80 years. Data of patients were
divided into two groups of
Age group

Figure 1. Age distribution of patients in different groups.

geon. NSA was also measured in all control
cases in order to compare with patients.

Statistical analysis

Data were collected and analyzed using SPSS
software version 24 (SPSS 24.0, SPSS JAPAN,
Tokyo, Japan). Quantitative variables with nor-
mal distribution were described with mean and
standard deviation, quantitative variables with
abnormal distribution of mean and mid-quarter
amplitude and for qualitative variables, number
and percentage were used. The normal distri-
bution of the quantitative study variable in the
subgroups was measured using the Shapiro-
Wilk test. To compare the NSA in femoral and
intertrochanteric neck fractures, independent
t-test or non-parametric Mann-Whitney test
(abnormal distribution) and for qualitative vari-
able of Chi-square test or Fisher’'s exact test
was used. Logistic test was also used to relate
the type of fracture to the NSA by adjusting the
effect of other variables. The level of statistical
significance of the tests was considered
P<0.05.
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femoral neck fractures (40
patients) and intertrochanter-
ic fractures (40 patients).

Demographic data

Mean age of patients with femoral neck frac-
tures was 67.9+9.3 and the mean age of
patients with intertrochanteric fractures was
68.4+12.9 years. There were no significant dif-
ferences between three groups regarding age
and sex (P>0.05). The age and sex distribution
of patients are summarized in Table 1 and
Figure 1.

NSA measurements

Analysis of NSA showed no significant differ-
ences between NSA of patients with femoral
neck fractures and intertrochanteric fractures
and controls (P>0.05). Our data showed that
the mean NSA in patients with femoral neck
fractures were 131.04+3.7° while NSA of pa-
tients with intertrochanteric fractures were
132.07+4.1°. The NSA of controls were also
132.8+6.9°. We also found no significant dif-
ferences between NSA of different age groups
or between male and female patients (Table 2).
In examining the relationship between fracture
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Table 2. Comparison of NSA based on differ-
ent age and sex groups

) NSA
Variable Range ——————— p-value
Mean SD
Age 50-60 132.4 5.7 0.321

60-70 1319 4.6
70-80 130.2 3.7
>80 1339 6.1
Sex Male 131.7 4.2 0.620
Female 131.2 3.5

types (femoral neck and intertrochanteric frac-
ture) with NSA by modulating the effect of other
variables, no significant results were obtained
based on logistic regression test (P>0.05)
(Table 3).

Discussion

In the present study, we found no significant
differences between the NSA of patients with
femoral neck and intertrochanteric fractures
and also control group. Besides, the mean the
NSA in patients with femoral neck fractures
were 131.04+3.7° while NSA of patients with
intertrochanteric fractures were 132.07+4.1°.
The NSA of controls were also 132.8+6.9°. We
also found no significant differences between
the NSA of different age groups or between
males and females. There have also been some
previous studies evaluating the NSA between
different populations.

In a study by Panula and colleagues which was
performed Finland in 2008, NSA of 428
patients with femur fractures were evaluated to
evaluate the geometry of the proximal femoral
region with intertrochanteric fractures and fem-
oral neck fractures. They reported no signifi-
cant differences between NSA of patients with
femoral neck fractures and intertrochanteric
fractures. They also showed no significant rela-
tionships between age and sex of patients and
NSA [18]. Another study was conducted by
Kazemi and others in 2016 on 60 patients with
femur fractures. They reported that the mean
NSA in patients with femoral neck fractures
were 123.2+7.1° while NSA of patients with
intertrochanteric fractures were 124+6.4° but
no significant differences was reported
between the two parameters [19]. These
results are in line with the findings of our study
showing no significant differences between
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NSA in different femoral fracture types. Another
study was conducted in 2019 by Dehghan and
colleagues. They evaluated the association
between proximal femoral geometry and inci-
dence of proximal femoral fractures. They eval-
uated 81 patients with proximal femur fracture
and reported that the mean NSA among all
patients was 133.71+6.33 and there were no
significant differences between NSA and frac-
ture types [20].

In another study by Gnudi and others in 2002 in
Italy, proximal femur geometry was assessed to
detect and distinguish femoral neck fractures
from trochanteric fractures in postmenopausal
women. In this study, compared to the control
group, the femoral neck density was significant-
ly lower in the fracture group, and it was also
concluded that the NSA was associated with
the risk of hip fracture in patients but was not
independent of femoral neck bone density [21].
In another study by Tuck and colleagues in
England, they showed that NSA is probably not
a significant factor in prediction of hip frac-
tures. They evaluated the relationship between
NSA and fragility fracture. They showed that the
mean NSA in femoral neck fractures were
129+46.1 degrees while NSA of patients with
intertrochanteric fractures were 130.6+5.2
degrees [22]. These results are not in line with
our findings. We indicated that no significant
differences could be observed among NSA of
different type of femoral fractures. We believe
that such variations could be due to differenc-
es of study populations. An important point of
our study was that we found no significant dif-
ferences between NSA of patients with frac-
tures and also healthy controls. This issue was
indicated in some previous studies but some
other studies have reported different results.

Some of the previous studies have showed that
gender and bone density could influence the
NSA [23, 24] and suggested the development
of a new pattern for design of prostheses to
repair the natural shaft angle in patients with
femoral fractures. On the other hand, Laxmi
and others showed no significant differences
between genders and NSA [25]. We believe th-
at population and regional factors are most
important affecting factors in NSA measure-
ments. Jalali and colleagues performed a stu-
dy on 260 patients in Iran in 2017. They report-
ed that the NSA of the Iranian population is 6
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Table 3. Relationship between fracture types with NSA by modulating the effect of other variables

Standard Deviation 95% confidence interval

Variable Beta coefficient (S.D) (OR) (min-max) T p-value

Groups Intertrochanteric -1.38 1.176 -3.715, 0.946 -1.477 0.470
Femoral neck fracture -0.837 1.158 -3.130, 1.456 -0.723
Controls Reference

Sex Male -0.157 0.985 -2.109, 1.795 -0.159 0.874
Female Reference

Age groups 50-60 -1.457 1.536 -4.500, 1.586 -949 0.345
60-70 -1.797 1.511 -4.791, 1.197 -1.189 0.237
70-80 -3.549 1.612 -6.743, -0.355 -2.202 0.03
>80 Reference

to 7 degrees higher than the world average,
and this angle is 2.5 degrees higher in women
than men, and the average angle of this total
population was 139.5 [17]. In contrast, we sh-
owed that the mean NSA in patients with femo-
ral neck fractures were 131.04+3.7 degrees
while NSA of patients with intertrochanteric
fractures were 132.07+4.1 degrees which is
lower than what Jalali and colleagues reported
and almost similar to world average. These
results also show the importance of regional
and racial factors in evaluation of NSA.

The limitations of our study were: because of
emergency of patients condition we did not
evaluate factors such as: BMI, weight, lifestyle
factors (:vitamin D deficiency, smoking, high
caffeine intake, immobility, alcoholism), long-
term use of drugs such as corticosteroids and
genetic factors and also we were unable to
measure the Bone Mineral Densitometry for
samples.

Conclusion

In summary, the results of this study showed
that there were no significant differences
between healthy subjects and patients with
femur fractures regarding NSA which could be
used in terms of prosthesis selection in differ-
ent regions. It should also be noted that all
prostheses used in Iran are made from differ-
ent ethnicity model of non-lranians, and pros-
thesis companies can design a suitable model
according to the results of this study and simi-
lar research in other parts of the country
according to the ergonomics of Iranians. We
suggest that more studies should be performed
in this regard.
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