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Abstract

Background: The main complications following closed reduction and internal fixation of displaced intracapsular femur 
fractures (DICFF) are avascular necrosis (AVN) and nonunion. Little is known about the factors that predict these complications. 
The purpose of this study was to assess the clinical and radiological risk factors of failure following closed reduction and 
internal fixation of DICFF among non-elderly patients. 
Methods: We retrospectively reviewed patients under the age of 65 years who underwent closed reduction and internal 
fixation of DICFF in our center from January 2007 to January 2018. The extracted data included baseline characteristics and 
the fixation method. Postoperative radiographs were obtained during follow-up visits in order to evaluate complications, such 
as AVN and nonunion. 
Results: In total, 90 patients were included in the study, with a mean follow-up of 6.5 years. Garden III fractures were 
associated with significantly lower rates of AVN (odds ratio [OR] = 0.304, 95%confidence interval [CI]: 0.101-0.916) compared 
to Garden IV fractures. Neutral and varus reduction positions had significantly higher rates of AVN (OR = 7.182, 95%CI: 1.951-
26.446) and (OR= 5.560, 95%CI: 1.130-27.351), respectively, compared to the valgus position. Longer surgery procedures 
were associated with a higher risk of AVN (OR = 1.018, 95%CI: 1.006-1.031). 
Conclusions: Both varus and neutral reduction positions as well as Garden IV classification served as predictive factors for 
failure following closed reduction and internal fixation of DICFF. The type of fixation (CCS vs Targon plate) and the Pauwel 
angle had no significant effect on the rates of AVN or nonunion following fracture reduction.
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Introduction

Hip fractures are a growing concern for healthcare 
systems worldwide and are responsible for a major decline 
in quality of life [1]. The incidence of femoral fractures 
is increasing, and it is estimated that there could be up 
to 4.5 million cases yearly by 2050 [2]. Anatomically 
closed reduction and internal fixation are mandatory in 
order to preserve the blood supply of the femoral head 
in patients younger than 65 years of age who sustained 
displaced intracapsular femur fractures (DICFF). The main 
complications following closed reduction and internal 
fixation of DICFF are avascular necrosis (AVN) and nonunion 
of the femoral head, with rates of 16% and 33%, respectively, 
having been reported in a meta-analysis [3].

While several studies have examined the complications 
that can arise from fixation and reduction, few studies 
have investigated the predictors for failure following 
this procedure. It has been shown that varus reduction, 
difficulty in achieving reduction, and fracture displacement 
were predictors for failure after surgery for DICFF [4–6]. 
The purpose of this study was to assess the clinical and 
radiological risk factors that determine failure following 
closed reduction and internal fixation of DICFF. 

Methods

Our institutional research ethics board approved this 
retrospective study. A search of our institutional research 
database was performed to identify patients younger than 
65 years of age who had undergone a closed reduction 
and internal fixation of DICFF between the January 2007 
and January 2018. We excluded patients younger than 
18 years, those who had a pathologic fracture, and those 
who were treated with primary total hip arthroplasty or 
hemiarthroplasty or did not meet the required two-year 
minimal follow-up period. 

The data retrieved from the patients’ electronic 
medical records included baseline characteristics (e.g., sex, 
age), time from admission to surgery, surgery length, and 
fixation method. Preoperative radiographs that included an 
anteroposterior view of the pelvis and an anteroposterior of 
the hip were selected for evaluation in order to classify the 
fracture according to the Garden and Pauwel classifications 
[7,8]. Garden Types I and II fractures are non-displaced, while 
Types III and IV fractures are displaced. Type III fractures 
represent complete fractures with partial displacement, 
indicated by a change in the angle of the trabeculae, and 
Type IV fractures represent complete fractures with 

complete displacement, leading to parallel orientation of 
the trabeculae [7]. The Pauwel classification categorizes 
fractures according to the angle of the fracture line and the 
horizontal axis, whereby fractures below 30 degrees are 
Degree I, those between 30-50 degrees are Degree II, and 
those of 50 degrees and above are Degree III [8].

All of the study patients were followed at routine 
postoperative visits at 6 weeks, 3 months, 6 months, 1 year, 
and yearly thereafter for a minimum of 2 years. Postoperative 
radiographs, including an anteroposterior view of the 
pelvis and anteroposterior and lateral views of the hip 
were routinely obtained during follow-up visits in order 
to evaluate union of the fracture as well as complications, 
such as nonunion and AVN. AVN was diagnosed when 
subchondral sclerosis or segmental collapse of the femoral 
head were revealed on simple radiographs. When AVN was 
clinically suspected but there were no corroborative signs 
on simple radiographs, the presence of AVN was determined 
by a magnetic resonance imaging (MRI) scan. Nonunion was 
defined by no progression in fracture healing after a period 
of 6 months [9].

Statistical Analysis

All of the statistical analyses were performed with IBM 
SPSS V24. We used mean and standard deviation (SD) or 
median and interquartile range (IQR) for numerical data 
and count (percentage) for categorical data. We applied 
logistic regression to assess the odds ratio (OR) for AVN and 
nonunion, and to account for the covariates of age at surgery, 
surgery length, sex, time to surgery, Garden and Pauwel 
classifications, reduction position, and type of fixation. 
Statistical significance was set at a p-value < 0.05. 

Results

Between January 2007 and January 2018, 90 patients 
with DICFF were treated with closed reduction and internal 
fixation at our institution. There were 66 (73.3%) males. 
The mean age at surgery was 49 years (SD=8.92). Forty-
one patients (45.6%) had a left-sided fracture (Table 1). 
The mean follow-up duration was 6.5 years (SD=2.4, range 
2-11 years). Forty-nine hips were classified as Garden IV. 
The median time from emergency department admission 
to surgery was 7.5 hours (IQR = 5.2-9.95). Thirty-nine hips 
(43.3%) were fixated with three cannulated screws (CCS) and 
51 hips (56.7%) were fixated with the Targon femoral neck 
(FN) Plate. The median surgery length was 71.5 (IQR=51-95) 
minutes, and the revision rate to total hip arthroplasty was 
13.3% (n = 12).
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Sex
Men 66 (73.3%)

Women 24 (26.7%)
Age at surgery (y) Mean (SD) 49 (8.92)

Garden n (%)
Garden III 41 (45.5)
Garden IV 49 (54.5)

Time to surgery (H) Median (IQR 25-75) 7.5 (5.2-9.95)

Type of fixation n (%)
3 Cannulated screws 39 (43.3)

Targon FN plate 51 (56.7)
Avascular necrosis n (%) 38 (42.22)

Nonunion n (%) 11 (12.22)
Failure n (%) 39 (43.33)

Surgery length (m) Median (IQR 25-75) 71.5 (51-95)
Follow up time (y) Mean (SD) 6.5 (2.4)

Side n (%)
Left 41 (45.6)

Right 49 (54.4)
Revision rate n(%) 12 (13.3)

Table 1: Results of 90 patients with DICFF in the year January 2007 and January 2018.

 AVN of the femoral head 

During the follow-up period, 38 patients (42.22%) were 
diagnosed with AVN of the femoral head (Table 2). The age 
at surgery (OR = 1.017, 95%CI 0.931-1.109), time to surgery 
(OR = 0.988, 95%CI 0.936-1.042), sex (OR = 0.86, 95%CI 
0.264-2.811), type of fixation (OR = 0.744, 95%CI 0.186-
2.968), and Pauwel classification (p > 0.05) had no significant 
effect on the risk developing AVN after internal fixation. 

Garden III fractures were associated with significantly 
lower rates of AVN compared to Garden IV fractures (OR= 
0.304, 95%CI: 0.101-0.916). Neutral and varus reduction 
positions had significantly higher rates of AVN (OR= 7.182, 
95% CI: 1.951-26.446 and OR= 5.560, 95% CI: 1.130-27.351, 
respectively), compared to valgus positions. Finally, longer 
surgery procedures were associated with a higher risk of 
AVN (OR= 1.018, 95%CI: 1.006-1.031).

 OR P-value
95% C.I.

Lower Upper
Sex 0.862 0.806 0.264 2.811

Type of fixation Cannulated screws/Targon plate (Targon plate is reference) 0.744 0.675 0.186 2.968
Garden 3 (garden 4 -reference) 0.304 0.034 0.101 0.916

reduction position - neutral (reduction position – valgus = reference) 7.182 0.003 1.951 26.446
reduction position - varus (reduction position – valgus = reference) 5.56 0.035 1.13 27.351

pauwel degree 2 (Pauwel degree 1 = reference) 0.437 0.512 0.037 5.165
pauwel degree3 (Pauwel degree 1 = reference) 0.836 0.887 0.07 9.921

Age at surgery 1.017 0.714 0.931 1.109
Time to surgery 0.988 0.65 0.936 1.042
Surgery length 1.018 0.004 1.006 1.031

Table 2: OR of AVN.

Nonunion of the femoral head

During the follow-up period, 11 patients (12.22%) were 
diagnosed with nonunion of the femoral head (Table 3 and 

Figure 1). Sex (OR=1.971, 95%CI: 0.275-14.13), type of 
fixation (OR=1.140, 95%CI: 0.224-5.81), Garden III fractures 
(with Garden IV fractures as reference) (OR=0.558, 95%CI: 
0.118-2.65), varus reduction (OR=9.773, 95%CI: 0.918-
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104.1), and time to surgery (OR=0.996, 95%CI: 0.984-1.006) 
had no significant effect on the OR of nonunion. However, age 
at surgery and surgery duration (OR=1.232, 95%CI: 1.030-

1.473 and OR=1.020, 95%CI: 1.001-1.039, respectively) had 
a significantly increased OR of nonunion.

 OR P-value
95% C.I.

Lower Upper
Sex 1.971 0.499 0.275 14.13

Type of fixation Cannulated screws/Targon plate
1.14 0.875 0.224 5.81

(Targon plate is reference)
Garden 3 (garden 4 -reference) 0.558 0.463 0.118 2.65

reduction position - neutral (reduction position – valgus = reference) - - - -
reduction position - varus (reduction position – valgus = reference) 9.773 0.59 0.918 104.101

pauwel degree 2 (Pauwel degree 1 = reference) - - - -

pauwel degree3 (Pauwel degree 1 = reference) - - - -
Age at surgery 1.232 0.22 1.03 1.473

Time to surgery 0.996 0.415 0.987 1.006
Surgery length 1.02 0.04 1.001 1.039

Table 3: OR of non-union.

             

Figure 1: From Left to Right: anterior posterior X ray of a 61 y/o male with left hip Garden 4 fracture(A) who underwent a 
CRIF with a TFN plate (B) and developed nonunion (C). THA was preformed 8 months after the trauma.

Treatment failure of DICFF 

During the follow-up period, 39 cases (43.33%) 
underwent failure of surgical reduction and fixation of DICFF 
and developed AVN or nonunion or both (Table 4). Sex (OR= 
1.054, 95%CI: 0.327-3.392), type of fixation (OR = 1.502, 
95%CI: 0.502-4.497), Garden III fractures (with Garden IV 
fractures as reference) (OR=0.394, 95%CI: 0.138-1.121), 

Pauwel classification (p > 0.05), age at surgery (OR= 1.041, 
95%CI: 0.978-1.108), and time to surgery (OR= 0.996, 95%CI: 
0.988-1.005) had no significant effect on the OR of failure of 
surgical reduction and fixation. The duration of surgery (OR= 
1.019, 95%CI: 1.006-1.032) and varus reduction (OR= 4.463, 
95%CI: 1.107-17.997) or neutral positions (OR= 7.061, 
95%CI: 1.917-26.014) had a significantly increased OR of 
failure.

 

 OR P-value
95% C.I.

Lower Upper
Sex 1.054 0.93 0.327 3.392

Type of fixation Cannulated screws/Targon plate 1.502 0.467 0.502 4.497
(Targon plate is reference)     

Garden 3 (garden 4 -reference) 0.394 0.081 0.138 1.121
reduction position - neutral (reduction position – valgus = reference) 7.061 0.003 1.917 26.014
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reduction position - varus (reduction position – valgus = reference) 4.463 0.036 1.107 17.997
pauwel degree 2 (Pauwel degree 1 = reference) 0.503 0.5 0.68 3.704
pauwel degree3 (Pauwel degree 1 = reference) 1.213 0.85 0.164 8.969

Age at surgery 1.041 0.206 0.978 1.108
Time to surgery 0.996 0.411 0.988 1.005
Surgery length 1.019 0.005 1.006 1.032

Table 4: OR of failure (AVN and nonunion combined).

Discussion

The purpose of this study was to assess the clinical and 
radiological risk factors that determine the failure of closed 
reduction and internal fixation for displaced intracapsular 
fractures of the hip in a population of patients under 65 years 
of age. The main reasons for treatment failure in DICFF were 
nonunion and AVN. The overall failure rate for the entire 
cohort of this study was 43.33%. The overall AVN rate for 
the entire cohort was 42.22%, and the overall nonunion rate 
was 12.22%. In addition, the overall conversion to total hip 
arthroplasty for the entire cohort at final follow-up was 13%. 

A meta-analysis of 106 reports published by Lu-Yao, et 
al. [3] revealed nonunion and AVN rates of 33% and 16%, 
respectively, with up to 36% of patients undergoing revision 
surgery within 2 years from primary fixation surgery. 
Similarly, a meta-analysis published by Slobogean, et al. [10] 
analyzed 41 studies and reported nonunion and AVN rates 
of 9.3% and 14.3%, respectively, with up to 18% of patients 
undergoing revision surgery. In comparison to both of these 
studies, our current study results showed a significantly 
higher rate of AVN and a similar rate of nonunion as those 
reported by Slobogean, et al. [10].

 A few earlier studies had examined the radiological 
and clinical factors which may predict failure following 
closed reduction and internal fixation of DICFF. Patient 
factors associated with an increased risk of failure included 
increasing age, [11,12] male sex presence of fracture 
comminution,[13,14] angle of the fracture surfaces, [4,11] 
angulation at the fracture site [4,13] level of the fracture, 
[15] size of the head fragment [13], and degree of fracture 
displacement [13]. Parker, et al. [4] found that the best 
predictor of nonunion following reduction and internal 
fixation was the measurement of fracture displacement. 
The limitation of their study, however, was a poor inter-
observer agreement for classification of Garden Grade 
III or IV fractures, rendering their results insufficiently 
reliable for clinical use. We tried to minimize this error by 
the classification of Garden III and IV fractures being agreed 
upon by three independent observers. According to our 
results, fracture displacement had no effect on the rates of 
nonunion after fixation and reduction, but patients with 

Garden III fractures had significantly lower rates of AVN 
compared to patients with Garden IV fractures. 

The majority of the blood supply to the femoral head 
comes from the medial femoral circumflex artery. This artery 
courses up the posterior-superior aspect of the FN where it 
is prone to damage during FN fracture displacement [16]. It 
is therefore possible that Garden IV fractures are more likely 
than Garden III fractures to disrupt the vasculature of the 
femoral head, leading to AVN. 

In spite of the current trend to treat DICFF with open 
reduction, all of the fractures in our study were treated 
with closed reduction. The quality of reduction has been 
shown to impact fracture healing. Weil et al.6 demonstrated 
that malreduction in the dorsal-ventral direction and a 
lack of medial support were associated with higher rates 
of fixation failure. The effect of varus/valgus angulation on 
fixation failure, however, is not well understood. Chua, et al. 
[5] showed that difficulty in obtaining closed reduction and 
varus angulation were associated with fixation failure. Our 
results were in concordance with theirs: varus reduction 
was confirmed as a significant risk factor for AVN among our 
patients who had been treated by fixation and reduction. 

Fixation failure in Chua et al.’s study [5] was determined 
by loss of reduction or fixation, AVN, or nonunion. In our 
study, varus angulation had no effect on the rates of nonunion 
and was found to impact only the rates of AVN, implying that 
varus reduction disrupts the vasculature at the fracture 
site, thus predisposing to AVN. Given that varus angulation 
was predictive of fixation failure, our findings suggest that 
varus angulation should serve as a pivotal consideration for 
decision-making regarding the preservation or replacement 
of the femoral head. 

The effect of the fixation method on the complications 
following internal fixation has been well-studied. The 
method of fixation (CCS vs Targon FN plate) in our study had 
no effect on the rates of AVN or nonunion. These results are 
in agreement with those of other studies that compared the 
rates of AVN and nonunion between the two fixation devices 
[17–19]. 
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The relationship between the Pauwel angle and the risk of 
AVN and non-union after internal fixation is a subject of major 
interest. As Pauwel had initially suggested, a more vertical 
angle is associated with a higher incidence of nonunion. The 
results in the literature, however, are mixed. Parker, et al. 
[19] reported no association between the angle and the rates 
of nonunion, whereas Jo, et al. [20] found that Pauwel Type 
III fractures were associated with higher rates of nonunion. 
The interpretation of the fracture type has been reported to 
have a high degree of inter observer error, thus making those 
earlier results unreliable for clinical use. In the study by Jo, et 
al. [20] three observers evaluated the fracture type in order 
to minimize this error, suggesting a possible explanation 
for the variations in the literature. We additionally used 
multiple evaluators to classify the fracture type and found 
no significant effect of the fracture type on the Pauwel angle 
and the rates of nonunion after fixation. Similarly, our results 
showed no relationship between the Pauwel angle and the 
rates of AVN, whereas Wang, et al. [21] did find a significant 
relationship between them. Shen, et al. [22] suggested that 
one reason for the mixed results in the literature is that the 
Pauwel angle is variable due to different positions of the leg, 
suggesting that there is no unified standard for measuring 
the Pauwel angle. It follows, therefore, that the Pauwel angle 
should not be used as a reliable indicator for evaluating the 
risk of post-fixation complications. 

Treatment with closed reduction and internal fixation 
is preferred in non-elderly patients with DICFF, among 
whom preservation of the femoral head is of the utmost 
importance. Because AVN and nonunion represent common 
complications that result in a high risk of reoperation and 
morbidity, it is crucial to have an understanding of the factors 
that predispose young patients to these complications. 
Based on the results of our current study, we suggest that 
special attention should be given to patients with Garden 
Type IV fractures as well as patients with varus and neutral 
angulations. 
 

There are several limitations to this study that bear 
mention. The study population could have been larger and 
was therefore susceptible to a sampling bias. The patients in 
our study were treated with two different modes of fixation, 
CCS and the Targon FN Plate, and this could have also posed 
a limitation. A number of patients in our study were unable 
to undergo lateral radiographs due to the pain associated 
with obtaining the view, thus, the lack of lateral radiographs 
could have been an additional limitation. Finally, the study’s 
retrospective nature was an inherent limitation. 

In conclusion, varus and neutral reduction positions 
as well as a Garden IV classification emerged as predictive 
factors for failure following closed reduction and internal 
fixation of DICHF in patients under the age of 65 years. The 

age at the time of surgery, the type of fixation (CCS vs Targon 
FN plate), and the Pauwel angle had no significant effect upon 
the rates of AVN or nonunion following fracture reduction in 
this patient population. 
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