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Objectives: In this study, we evaluate patients with acute femoral neck fractures with respect to
the type of fractures and complications.
Methods: In a 4-year cross-sectional study, the patients with acute femoral neck fractures who
were admitted to Rasoul Akram Hospital were selected. Anatomical features and the type of
fracture were determined by using plain radiography and CT scan. Fractures were classified
according to the Garden classification. The patients were also evaluated for any postoperative
complications for at least 6 months.
Results: A total of 124 patients were enrolled. The Mean±SD age of the patients was 64.9±12.7
years and 87 (74.4%) were male. Based on the Garden classification, 7 fractures (5.9%) belonged
to type I, 10 fractures (8.5%) to type II, 48 fractures (41%) to type III, and 52 fractures (44.4%) to
type IV. Avascular necrosis in 28 cases (23.9%), non-union in 14 cases (12%), and claudication
and pain in 35 cases (29.9%) were noted. The mean age of patients was different between fracture
groups (P=0.01).
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Background: Despite the advances in the methods of treating femoral neck fractures, treating
some types of these fractures is still challenging. Therefore, understanding these fractures, their
treatments, and the ways to control their complications are necessary for the orthopedists.

Conclusion: Our results showed that most of the patients with femoral neck fractures admitted
to Rasoul Akram Hospital were associated with displacement. In this study, the most common
complications were pain and claudication, avascular necrosis of the femoral head, and nonunion.
In sum, further displacement of the fracture will result in more complications.

1. Introduction
he prevalence of femoral neck fractures in
youth is increasing due to serious car accidents. This type of fractures also happens

in the elderly as a result of the improvements in medical
care [1]. Despite the advances in the methods of treating
these fractures, repairing unsolved fractures is still challenging and cannot be ignored [2].
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Therefore, understanding these fractures, their treatments, and ways to control their complications are necessary for the orthopedists. Choosing a treatment for femoral
neck fractures is based on age, general health status, the
presence of osteoarthritis, the patient’s former activity level, and above all, the amount of fracture displacement [2].
Based on the available statistics, 1.7 million people
experience femoral neck fractures annually and over 5
million people around the world suffer from disability
following femoral fractures [3]. A femoral neck fracture
is a problem that affects a person’s entire life and some of
its major complications include disability, dependency,
and death. Also, femoral fractures cause major health issues problems. Especially for the elderly, 20%-36% of
femoral neck fractures come along with death and complications one year after the damage [4]. Nonunion and
avascular necrosis are the main complications of femoral
neck fractures occurring in 17%-33% [5] and up to 25%
of patients, respectively. Other complications occur in
about 35% of the cases [6].
There is a standard method for classifying femoral neck
fractures called the Garden classification. According to this
classification, incomplete fractures are type I, complete
fractures without displacement are type II, complete fractures with partial displacement are type III, and complete
fractures with complete displacement type class IV [7].
This study aimed to evaluate femoral neck fractures
in terms of anatomic features with respect to patients’
radiologic images before and after the surgery in four
years. Also, the incidence of postoperative complications is determined.

2. Methods
Study Design and patients
In a 4-year prospective study, all patients admitted to
Rasoul Akram Hospital with acute femoral neck fractures
were evaluated for anatomical features of the fracture
and postoperative complications. Also, fractures were
assessed based on the Garden classification by using anteroposterior and lateral views on plain radiography. Patients were excluded from the study if their radiological
examination was incomplete. The data on every patient
were collected in a checklist prepared by the researcher.
All patients underwent CT scans for measuring the femoral neck version angle and the mid-coronal line was the
criterion for the measurements on the axial view (0 to
30 degrees were assumed normal). The patients were fol-
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lowed for complications every 6 months up to 4 years and
the overall incidence of each complication was checked.
Statistical Analysis
The data collected from the patients were analyzed in
SPSS version 18. We used mean and standard deviation
for continuous variables and frequency for categorical
ones. Also, all comparisons were done based on the Garden classifications and femoral neck version angle. The
Chi-square test was used to examine the significance of
the relationship between gender and the incidence of various complications with the Garden classification. Oneway ANOVA analysis was used to compare the mean
age between the various types of Garden classification.
P<0.05 was considered statistically significant in all tests.
Ethical issues
The patients gave their informed written consent before
the study. The study was approved by the Ethics Committee of Iran University of Medical Sciences and the researchers adhered to the codes of the Declaration of Helsinki and its later amendments during the study period.

3. Results
The current study was carried out on 124 patients at
Rasoul Akram Hospital to examine their femoral neck
fractures for anatomical features and complications.
Seven patients were excluded from the study because
of missing follow-up visits. The Mean±SD age of the
subjects was 64.9±12.7 years (range: 17-91 years). The
majority of patients were in the 60-69 age group which
included 41 patients and the number of patients below
40 was only 5 (4.3%). Also, the majority of patients were
male (87 people, 74.4%).
Fifty-one patients (43.6%) had the left femoral neck
fractures and 66 patients (56.4%) suffered from right femoral neck fractures. Based on the Garden classification, 7
patients (5.48%) were in type I, 10 patients (8.55%) in
type II, 48 patients (41.03%) in type III, and 52 patients
(44.44%) in type IV (Figure 1). In femoral neck version
assessment, 30 cases had anteversion with more than 30
degrees and 17 cases had retroversion from -1 to 30 and
the total average version was 17. Complications included
avascular necrosis in 28 patients (23.4%), nonunion in 14
patients (12%), pain and claudication (24.4%) and postfixation infection in 4 patients (3.4%) (Figure 2).
The statistical evaluation showed no significant relationship between the Garden classification and variables
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Table 1. Comparison of demographic data and complications of femoral neck fractures based on the Garden classification
Garden Classification
Variable

P

Type I
(n=7)

Type II
(n=10)

Type III
(n=48)

Type IV
(n=52)

Age (y), Mean±SD

52.1±10.6

61.1±16.0

64.6±13.6

67.6±10.3

0.014

Gender (male), No. (%)

5 (71.4)

7 (70)

35 (72.9)

40 (76.9)

0.948

Avascular necrosis, No. (%)

-

1 (10)

10 (20.8)

17 (32.7)

0.126

Nonunion, No. (%)

1 (14.3)

1 (10)

-

-

0.142

of gender (P=0.948), the prevalence of avascular necrosis (P=0.126), nonunion (P=0.142), and pain and claudication (P=0.072). The only positive and significant relationship was between age and the Garden classification
in a way that the patients in type IV had a significantly
higher mean age compared to type 1 (P=0.014). Also, 4
cases of infection were observed in types III and IV.
The comparison of demographic data and complications of femoral neck fractures based on the Garden classification are presented in Table 1.

4. Discussion
Femoral neck fractures usually occur with two different
mechanisms. In the first one, the fracture follows a high
energy trauma (like car accidents, falling from a height,
etc.) and the other one (and the most common type) occurs in people with osteoporosis following a low energy
trauma [2]. About 20% to 36% of femoral neck fractures,
especially in older patients, may lead to death and complications about after one year [8-11]. About 1.7 million hip
bone fractures happen every year and this number will rise
to 2.6 million until 2025 and 6.3 million until 2050 [12].

One-third of these fractures occur in Asia and mainly in
China [13]. Femoral neck fractures are common among
these fractures and include 53% of all proximal femurs
and 3.6% of all fractures [14]. Femoral neck fractures
are called unsolved fractures because they occur with a
high rate of femoral head necrosis and nonunion after
osteosynthesis. Currently, there is no standard guideline
for treating this type of fractures that end in minimum
complications [15].
The treatment of fractures depends on the age and the
pattern of fractures. Fractures with displacement are usually treated with surgery, especially joint replacement. In
older patients with displaced fractures, many surgeons
recommend replacement, but closed or open reduction
and fixation with screws or plates are preferred in the
younger people. However, the necessity of surgery for
treating femoral neck fractures without displacement is
still under debate [16, 17]. Conservative treatment for
the cases without displacement and impacted intracapsular fractures is well-explained [18, 19]. Some researchers
recommend internal fixation with a screw [20].

Figure 1. Frequency of fractures based on Garden classification
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Figure 2. Frequency of patients’ complications

In 1961, Garden proposed a classification system for
femoral neck fractures which is useful for impacted fractures without displacement and incomplete fractures [2123]. Although the Garden classification is well-accepted,
its usefulness is still under discussion. For example,
distinguishing fractures without displacement from a
fracture with displacement is usually difficult with plain
radiography [24, 25]. In a study by Zelvodki et al., only
34% of surgeons from 5 states in the U.S. and Canada
were able to distinguish between all types of the Garden
classification in patients with femoral neck fractures. In
this study, all surgeons were provided by the data of 298
patients with femoral neck fractures. Nevertheless, 46%
of surgeons could distinguish between all types with and
without displacement (i.e., distinguishing between types
I/II from the Garden classification and types III/IV) [26].
The posterior angle of the femoral head in impacted
fractures has a great impact on the need for reoperation
and avascular necrosis after the internal fixation [16, 25].
However, no efficient method is available for measuring the
displacement of the femoral head [27]. In the current study,
the rates of postoperative complications, avascular necrosis, nonunion and pain, and claudication in patients without
displacement (i.e., type I/II) were 5.8%, 11.7%, and 17.6%,
respectively, while in other studies, these rates were reported as 10%-20%, 10%, and 20%-30% [27-29]. The results
of the current study on pain and claudication and avascular
necrosis are a little lower than other studies. The different
treatment methods and patients’ ages could describe the discrepancy between the results of our study and others’.
In the current study and based on the Garden classification, 7 cases (8.9%) had type I, 10 cases (8.5%) type II,
48 cases (41%) type III, and 52 cases (44.4%) type IV. In
a study by Dou et al. in 2013, these rates were 5%, 8%,
41%, and 46.1%, which are close to those of our study
except that the sample size of the population under study
was 466 patients in their study and 117 in ours [30]. A
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recent study about the treatment results of the surgery
and fixation of bones with screws in adults’ femoral neck
fractures by Dasht Bozorg et al. (2011) in Iran showed
that based on the Garden classification, 2 patients had
fracture type I, 3 patients had fracture type II, 18 patients
had fracture type III, and 14 patients had fracture type IV.
Thirty-two patients were treated using the open method
(76.2%) and 10 patients (23.8%) with the closed method.
Twelve patients (28.6%) had nonunion and 7 patients
(16.7%) suffered from femoral head necrosis and 4 of
these cases came with a union.
All cases of nonunion occurred in patients who were
treated by open fixation [31]. Moghtadaei et al. (2008)
studied 80 patients, who were treated using internal fixation, and a total of 29 patients (36.3%) had experienced
at least one of the complications. The complications
were as follows: 19 patients (23.8%), avascular necrosis; 12 patients (15%), the nonunion; 3 patients (3.75%)
infection; and 28 patients (35%), pain and claudication.
The complications were lower in femoral base fractures
and higher in femoral subcapital and trans-cervical fractures (P=0.016). Also, the rate of complications in patients with displaced fractures was more than that in the
patients with non-displaced fractures (P=0.001) [32].
In the current study, the rate of complications was more
in types III and IV of the Garden classification. However, this difference was not statistically significant which
may be due to the misdiagnosis caused by a mismatch
between plain radiographs and CT scans.
Chen et al. in a study on femoral neck fractures found
that a CT scan was more reliable than plain radiographs
for the classification of femoral neck fractures [33]. Mikaeil Hajializade et al. in an experimental study found
that locally using simvastatin and ezetimibe-loaded
nanofibers would augment bone healing and prevent later
nonunion complications [34].
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A previous study in China by Dou et al. had also reached
the same results. They had concluded in their study that
some cases of fractures are type I according to the plain
radiography but were reported as type IV according to the
CT scan results [30]. In a study on femoral neck fractures
by Karim Pisoudeh et al in 2019, they showed that reducing the delay for surgery, increasing anatomic reduction,
and preventing the shortcomings of the femoral neck can
improve the quality of life, reduce complications, and
decrease the economic burden [35]. In a study on 2015
Abolghasemian et al found that smoking have statistically significant association with the time to femoral head
collapse in patients who suffer from femoral head osteonecrosis due to trauma or any other causes [36].

5. Conclusion
Our results showed that most of the femoral neck fractures
admitted to Rasoul Akram Hospital were associated with
displacement. In this study, the most common complications were pain and claudication, avascular necrosis of the
femoral head, and nonunion. In sum, more displacement of
the fracture will lead to more complications. We suggest
that further studies be done for evaluating the causes of the
complications, the way to prevent them, and the relations
between the type of surgery and the complications.

Ethical Considerations
Compliance with ethical guidelines
This study ethically approved by the Ethics Committee
of Iran University of Medical Sciences. also it observed
the Helsinki Declaration and its later amendments and
before the study, the patients gave their informed consent
to participate in this study.
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