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Introduction
The talus has been referred to ‘as the universal joint 
of the foot [1]. The incidence of fractures of the talus 
ranges from 0.1 to 0.85% of all fractures [2,3]. The 
talar fractures range from relatively minor chips or 
fragments that are broken off the edges of the talus to 
very serious fractures such as complete talar extrusion 
or major crushing injuries of the talus that can be quite 
devastating [4].

Talar neck fractures account for ~50% of all talar 
fractures. Fractures of the talar neck and body are 
often secondary to high‑energy trauma, usually owing 
to motor vehicle accident or falls from height owing 
to hyperdorsiflexion of the talus against the anterior 
of the tibia [5]. Approximately 50% of patients have 
multiple traumatic injuries. So, general assessment is 

mandatory, and life‑threatening injuries must take the 
priority [6].

The most commonly used classification for talar neck 
fractures is that described by Hawkins [7] (Fig. 1). In the 
Hawkins classification, type I refers to a fracture without 
associated joint dislocation, that is, an undisplaced 
fracture of the talar neck. As noted by Daniels and 
Smith [8], there is no room for the term ‘a minimally 
displaced type I talar neck fracture.’ The Hawkins type II 
fracture refers to a talar neck fracture with associated 
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subluxation or dislocation of the subtalar joint. This is 
the most common type of talar neck fracture‑dislocation 
[8]. A Hawkins type III fracture involves a dislocation 
of the ankle as well as of the subtalar joint [7–10]. The 
Hawkins type  IV fracture was described by Canale 
and Kelly [9] and implies associated subluxation or 
dislocation of the talonavicular joint. These injuries 
(type  IV) are relatively uncommon compared to the 
Hawkins type II and III fracture‑dislocations [9].

The current practice is urgent reduction of fracture‑
dislocation to keep the vascular integrity of the talus, 
decrease cutaneous tension, and avoid soft‑tissue 
compromise [2,11–14].

Urgent fixation is a matter of controversy. It is 
thought to be indicated to avoid the complications 
of osteonecrosis and skin necrosis [4,15]. Anatomical 
reduction is essential to achieving a good result 
following talar neck fractures [16–19].

The aim of this study is to determine how different 
factors, like fracture type, skin condition, surgical delay, 
quality of fracture reduction, and surgical approach, 
affect the incidence of osteonecrosis after talar neck 
fractures and to determine the functional outcomes 
after osteonecrosis.

Patients and methods
The study was a single‑center, prospective case series 
study of 50  patients of talar neck fracture, who 
were evaluated and treated at the Department of 
Orthopedics, Assiut University Hospital, from January 
2016 to August 2018.

This study included all skeletally mature patients 
with any type of fresh talar neck fractures (according 

to Hawkins classifications) that occurred since less 
than 30  days, managed by internal fixation. Other 
talar fractures, open grade 3 fractures according to the 
Gustilo and Anderson classification system for open 
fractures, pediatrics (skeletally immature) fractures, 
pathological fractures, extruded talus, old talar neck 
fractures that exceeded the 30‑day duration since time 
of trauma, and those who were managed conservatively 
were excluded.

A total of 50  patients, comprising 38  males and 
12 females, with talar neck fractures were included in 
our study. Their age ranged from 15 to 76 years. The 
average follow‑up duration was 14  months (range, 
8–32  months). Local assessments of skin condition 
using the Gustilo and Anderson classification system 
for open fractures [20] and the Tscherne classification 
for closed fractures [21], deformity, and neurovascular 
status were done to all cases.

All cases were evaluated radiologically using plain 
radiograph films (anteroposterior, lateral, mortise, 
and Canale views) and computed tomographic scan. 
Hawkins classification system [7] was used to evaluate 
the talar neck fractures radiologically. All cases were 
managed by open or closed reduction and internal 
fixation. Surgical timing was estimated from the time 
of trauma till the time of surgery. It was divided into 
three groups within 8 h, between 8 and 24 h, and after 
24  h. Open reduction was done using the following 
surgical approaches for the talar neck fractures: 
anteromedial including the transmalleolar approach, 
anterolateral approach, posterior approach, dual 
approaches, and percutaneous approach. Intraoperative 
quality of reduction was evaluated using C‑arm.

Postoperative follow‑up visits were arranged at ~1.5, 
3, 6, 12, 18, and 24 months and were used to look for 

Hawkins sign, Assiut University Hospital.

Figure 2

Classification of talar neck fractures (Hawkins classification). AO 
Trauma, AO Foundation. 

Figure 1
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Table 1 Quality of reduction classification according to the 
criteria of Lindvall et al. [22]
Anatomical 
reduction

No step-off at the neck or body and no 
frontal angulation

Nearly anatomical 
reduction

1-3 mm step-off of any fracture fragment or 
slight	varus	angulation	(≤5°)

Poor reduction An articular or neck mismatch, a step-off or 
gap	of	>3	mm,	or	neck	angulation	of	>5°

clinical and radiographical assessment of osteonecrosis 
and final functional outcome. Quality of reduction was 
evaluated postoperatively according to the criteria of 
Lindvall et al. [22] (Table 1).

Osteonecrosis was defined on plain radiographs as any 
area of increased density of the talar dome relative to 
the adjacent structures or the presence of subchondral 
lucency (Hawkins sign; Fig. 2) [7,17,23].

The final results were assessed using American 
Orthopedic Foot and Ankle Society (AOFAS) score. 
Usually the scoring system is divided as follows: 
excellent: 90 and 100,good: 75–89, fair: 50–74, and 
poor: less than 50 [24].

The possible predictive variables included the local skin 
condition (open or closed), fracture type according 
to Hawkins’ classification, surgical timing, surgical 
approach, and the initial quality of reduction.

All patients signed informed consent and the 
Institutional Review Board (IRB), Assiut University, 
approved the study by the Ethical Committee 
of Faculty of Medicine at Assiut University 
no. 17101020.

Statistical analysis
Numerical data were explored for normality by 
checking the distribution of data and using tests of 
normality (Kolmogorov‑Smirnov and Shapiro‑Wilk 
tests). Data were presented as mean, standard deviation 
(SD) and range values.

For Qualitative data were presented as frequencies and 
percentages. Chi‑square test was used for comparisons 
regarding qualitative data. For Quantitative data was 
presented as mean, standard deviation (SD) and range 

values. One way ANOVA test was used for comparisons 
regarding quantitative data.

The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM SPSS Statistics 
Version 20 for Windows.

Results
Clinical assessment revealed that 13 cases had medical 
co‑morbidities, 10 cases were patients with polytrauma, 
and 23 cases had associated foot and ankle fractures. 
Moreover, 27 cases had isolated talar neck fracture. In 
addition, seven cases had open talar neck fractures and 
43 cases were closed.

Radiological evaluation according to Hawkins 
classification [7] revealed that type I and type II fractures 
of the neck of talus were the most common types (60.0%), 
whereas type IV was the least common (6.0%).

Management was done at Assiut University Hospital. 
Surgical timing was recorded for every patient. Open 
reduction using anteromedial approach including the 
transmalleolar was the most common used in this 
study (14 cases) followed by the dual approaches and 
the percutaneous approach (13  cases each), posterior 
approach (six cases), and finally, the anterolateral 
approach (four cases). Quality of reduction was assessed 
using the Lindvall criteria [22] and revealed that 
reduction was anatomical in 14 cases, near anatomical 
in 32 cases, and poor reduction in four cases.

Complications in this study were evaluated after at least 
8  months of postoperative follow‑up. Osteonecrosis 
[avascular necrosis (AVN)] of the talus was seen in 
32 (64.0%) cases. Signs of revascularization were seen 
in the form of subchondral lucency (Hawkins sign) in 
15 (30%) cases.

Our study revealed that there was no statistically 
significant evidence that surgical timing affected the 
incidence of osteonecrosis of the talus (P  =  0.34), as 
shown in Table 2.

However, the degree of fracture, fracture‑dislocation 
according to Hawkins classification, statistically affected 
the incidence of osteonecrosis (P < 0.0001), as shown in 
Table 3, because it was 20.0% in Hawkins type I, 80.0% 
in type II, and 100.0% in types III and IV.

Bad skin condition especially Tscherne grade  2 closed 
fractures and open fractures had close relationship with 
the incidence of osteonecrosis (P = 0.001) because 20 of 
32  cases with osteonecrosis had bad skin condition, as 
shown in Table 4.

Table 2 Effect of surgical timing on the incidence of 
avascular necrosis
Surgical timing AVN [n	(%)] P

No (n=18) Yes (n=32)
Before 8 h (n=11) 6 (33.3) 5 (15.6) 0.34
Between 8 and 24 h (n=15) 5 (27.8) 10 (31.3)
After 24 h (n=24) 7 (38.9) 17 (53.1)

AVN, avascular necrosis. χ2 test. *Statistically significant difference 
(P<0.05). **Highly statistically significant difference (P<0.01).
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Surgical approach statistically affected the incidence 
of osteonecrosis (P  =  0.013) because according to 
numbers available, 37.5% of all osteonecrosis cases 
were secondary to dual approaches, and it was the 
highest percentage among all other approaches as 
shown in Table 5.

The quality of reduction did not statistically affected 
the incidence of osteonecrosis (P = 0.003) because four 
(28.6%) of 14 patients who had anatomical reduction 
were complicated with osteonecrosis, whereas it was 
75.0% in near anatomical reduction and 100.0% in 
displaced fractures, as shown in Table 6.

Osteonecrosis of the talus did affected the final functional 
outcome (AOFAS) (P  <  0.001), as according to the 
available numbers, it was good to excellent in the absence 
of osteonecrosis (94.4%), whereas it was fair to poor in the 
presence of osteonecrosis (62.5%), as shown in Table 7.

Discussion
Closed fractures were classified according to Tscherne 
classification [21], and up to our knowledge, no previous 
reports or literature has used this classification in the 
talar neck fractures. We found a significant association 
of open fracture or compromised skin condition 
(according to Tscherne classification) and osteonecrosis 
of the talus (P  =  0.001). It was almost the same as 
reported by Vallier et al. [17] in their study that 9 of 
13 patients with an open fracture also had development 
of osteonecrosis; osteonecrosis occurred significantly 
more frequently in patients with open fractures than 
in patients with closed fractures (P < 0.05). Moreover, 
our results were as the same numbers as reported by 
Lindvall et al. [22] that osteonecrosis was a common 
finding seen after six of the seven open fractures [22].

In our study, fracture type according to Hawkins 
classification significantly affected the incidence of 
osteonecrosis (AVN) (<0.0001). Lindvall et al. [22] 
in their study reported the same results as ours that 
the rate of osteonecrosis was associated with the 
fracture type according to Hawkins classification. 
Moreover, this result was noted in other published 
reports [9,25–28].

However, Vallier et al. [17] reported the opposite that 
neither osteonecrosis nor collapse was associated with 

Hawkins’ classification, or the presence of an associated 
talar body fracture. However, their data showed a trend 
toward increased rates of osteonecrosis and collapse in 
association with greater initial fracture displacement 
according to Hawkins’ classification [17].

Surgical timing is a controversial issue, and we aimed 
to determine the effect of time delay from injury to the 
surgical interference. The classic articles of Hawkins 
[7], Canale and Kelly [9], Penny and Davis, [29] have 
recommend emergent treatment of talar neck fractures. 
The rationale for emergent treatment includes a 
reduction of osteonecrosis rates related to earlier 
reduction and decreasing secondary soft‑tissue injury.

However, other authors have compared the results of 
early and delayed treatment and found no difference 

Table 6 Effect of quality of reduction on the incidence of 
avascular necrosis
The quality of reduction AVN [n	(%)] P

No=18 Yes=32
Anatomical (n=14) 10 (55.6) 4 (12.5) 0.003**
Near anatomical (n=32) 8 (44.4) 24 (75.0)
Displaced (n=4) 0 4 (12.5)

AVN, avascular necrosis. χ2 test. *Statistically significant difference 
(P<0.05). **Highly statistically significant difference (P<0.01).

Table 4 Effect of skin condition on the incidence of avascular 
necrosis
Skin condition AVN [n	(%)] P

Yes=32 No=18
Closed=43

Grade 0 (n=9) 3 (9.4) 6 (33.3) 0.001**
Grade 1 (n=22>20) 9 (28.1) 11 (61.1)
Grade 2 (n=16>14) 14 (43.8) 0

Open (n=7) 6 (18.8) 1 (5.6)

AVN, avascular necrosis. χ2 test. *Statistically significant difference 
(P<0.05). **Highly statistically significant difference (P<0.01).

Table 5 Effect of surgical approaches on the incidence of 
avascular necrosis
Approach AVN [n	(%)] P

No=18 Yes=32
Anteromedial and 
transmalleolar=14

4 (22.2) 10 (31.3) 0.013*

Anterolateral=4 1 (5.6) 3 (9.4)
Percutaneous=13 7 (38.9) 6 (18.8)
Dual	approaches=13 1 (5.6) 12 (37.5)
Posterior=6 5 (27.8) 1 (3.1)

AVN, avascular necrosis. χ2 test.*Statistically significant difference 
(P<0.05). **Highly statistically significant difference (P<0.01).

Table 3 Effect of the fracture type according to Hawkins classification on the incidence of osteonecrosis
AVN Fractures type according to Hawkins classification [n	(%)] P 

Hawkins type I (n=20) Hawkins type II (n=10) Hawkins type III (n=17) Hawkins type IV (n=3)
No (18) 16 (80.0) 2 (20.0) 0 0 <0.0001**
Yes (32) 4 (20.0) 8 (80.0) 17 (100.0) 3 (100.0)

AVN, avascular necrosis. χ2 test. *Statistically significant difference (P<0.05). **Highly statistically significant difference (P<0.01).
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such as Lindvall et al. [22], Vallier et al. [17], 
Sanders et al. [16], Higgins and Baumgaertner [30], 
and Patel et al. [31]. They reported that there was no 
correlation between surgical delay and the development 
of osteonecrosis or collapse. Our study showed the same 
result, and surgical timing did not have a significant 
effect on the development of AVN.

In our study, the choice of dual surgical approaches 
is more associated with AVN: 12 (92.3%) cases of 13 
dual‑approach cases. Fernandez et al. [32] reported 
the same that potential advantages of percutaneous 
fixation include less surgical dissection, which 
may theoretically reduce the rates of osteonecrosis. 
Moreover, Lindvall et al. [22] reported that the 
numbers were too small to identify any significant 
differences between surgical approaches regarding 
osteonecrosis rates. However, osteonecrosis was 
highest with dual approaches (61.5%) (P = 0.53) [22]. 
Schulze et al. [33] also preferred the single anteromedial 
approach, and this surgical approach avoids talar 
osteonecrosis. Ohl et al. [18] in their experience used 
no dual approaches, and fractures were treated through 
a single approach and sometimes in a percutaneously. 
This would explain the low rate of infection and a low 
osteonecrosis rate in their study.

Lindvall et al. [22] reported that osteonecrosis was 
not related to the quality of the reduction. However, 
Tadvi [23], Sanders et al. [16], and Schulze et al. [33] 
concluded that treatment should be directed to an 
anatomic reduction of the talar neck fracture. This 
will avoid articular surface incongruence and angular 
deformity in addition to preservation and rapid 
restoration of talar blood supply. The results of our 
study found that quality of reduction did significantly 
affect the incidence of AVN.

Vallier et al. [17] and Lindvall et al. [22] reported that 
osteonecrosis did significantly affect the functional 
outcome. Our study revealed the same results as 
osteonecrosis of the talus was associated with poorer 
functional outcome according to AOFAS (P < 0.001).

As with all clinical studies, the study has limitations. 
These include that the radiographic studies were not 
performed on a regularly prescribed basis like other 
studies [22] owing to poor compliance. Authors 

of recent studies have questioned the value of the 
AOFAS scoring system, which was the only used tool 
to measure the final functional outcome [34].

Conclusion
Osteonecrosis was associated with talar neck fracture 
type according to Hawkins classification, skin condition 
especially open and bad closed fractures, aggressive 
approach, and quality of reduction. We recommend 
urgent treatment of open injuries and reduction of 
dislocations. The operative treatment of fracture 
neck of talus seems to require a balance between 
an aggressive treatment with a strictly anatomical 
reduction through a dual approach that allows good 
visualization and essential respect of soft tissues to 
limit skin complications or osteonecrosis.
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