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Abstract

Background: The management of femoral neck fractures in the younger patient remains contentious, with high failure rates being 
reported in the literature. Patient age usually plays a major role during decision-making with regard to head-sparing versus head-sacrificing 
surgical strategies. The aim of this study was to review the outcomes of fixation of femoral neck fractures in patients younger than  
65 years in an attempt to identify factors that might predict fixation failure.
Methods: A retrospective study, evaluating the outcome of fixation of femoral neck fractures in patients younger than 65 years of age 
was conducted. Factors affecting the outcome of treatment were explored in an attempt to identify variables that might predict fixation 
failure.
Results: The final cohort comprised 51 men (76%) and 16 women (24%) with a mean age of 43.9±12.2 years (95% CI 41.0–46.8; 
range 23–64) and a median follow-up of 8.7 months (IQR 6.2–17.4). Thirteen patients (19%) presented with undisplaced (Garden I 
and II) fractures while 54 (81%) presented with displaced (Garden III and IV) fractures. Twenty-four patients (36%) met the definition 
of failure. These included 15 cases (22%) of non-union, seven cases (10%) of femoral neck collapse and two cases (3%) of avascular 
necrosis. Sixteen patients (24%) underwent conversion to total hip arthroplasty. All cases of failure occurred in patients who presented 
with Garden III and IV displaced fractures. Factors associated with failure included the presence of fracture comminution (p<0.001) and 
the increased vertical orientation of the fracture line according to the Pauwels classification (p<0.001). Neither patient age (p=0.117), 
time from injury to surgery (p=0.204), mechanism of injury (p=0.136), smoking (p>0.999) nor alcohol abuse (p=0.528) was associated 
with failure.
Conclusion: The incidence of fixation failure following surgical management of femoral neck fractures in patients younger than 65 
years of age remains high. While undisplaced fractures heal readily regardless of time from injury to surgery, mechanism of injury 
or fixation method, displaced fractures remain a difficult problem to solve. In our series, fixation failure was observed in one in three 
patients, while one in four required revision to total hip arthroplasty.

Level of evidence: Level 4
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Introduction

Femoral neck fractures are among the most frequently encountered 
injuries facing orthopaedic surgeons.1 The usual presentation 
is that of a fragility fracture in an elderly individual.2,3 Whereas 
consensus has generally been reached on the management of 
femoral neck fractures in elderly patients, the same is not true 
for the management of these injuries in patients younger than  
65 years.4-10 

Traditionally, the decision between head-sparing and head-
sacrificing procedures is based on the patient’s age, fracture 
displacement and time from injury, where the age of the patient 
generally carries the most weight during decision-making.11,12 
Despite the overall risk of failure being estimated at between 39% 
and 43%, the benefit of restoring the native hip joint has been 
thought to outweigh the risk of failure.13,14

The longevity of arthroplasty has been a further concern in the 
younger patient, adding to the call for head-sparing strategies in 
this population group. However, when this strategy fails, salvage 
arthroplasty surgery is technically more demanding and produces 
inferior results when compared with primary replacement.15-18 

A 2018 study by Bartels et al. examined data from the Norwegian 
Hip Fracture Register and reported that when compared to internal 
fixation, patients treated with arthroplasty had fewer operations, 
better patient satisfaction, less pain and better quality of life. The 
authors suggested lowering the age at which patients with displaced 
intra-capsular femoral neck fractures should be considered for 
arthroplasty.19 

Exactly how comorbid conditions like diabetes mellitus, HIV, 
osteoporosis, mechanism of injury and general life expectancy 
affect this management decision remains to be established. This 
study aims to present our experience of fixation of femoral neck 
fractures in patients younger than 65 years of age. Factors affecting 
the outcome of treatment were explored in an attempt to identify 
variables that might predict fixation failure.

Methods

A retrospective investigation of clinical records and serial radio-
graphs of all skeletally mature patients who underwent fixation for 
a femoral neck fracture between January 2011 and December 
2014 in a single, high-volume institution was performed. Ethical 
approval as well as Hospital Board approval was obtained prior to 
data collection.

Patients younger than 65 years, presenting with Orthopaedic 
Trauma Association (OTA) type 31 B fractures who were treated by 
fracture fixation were included for review.20 Pathological fractures 
and fractures treated by head-sacrificing procedures were 
excluded. Admission records were assessed for mode of injury, 
associated injuries and comorbid conditions. Imaging studies 
consisted of an antero-posterior radiograph of the pelvis as well 
as antero-posterior and lateral view radiographs of the affected 
hip. Traction view radiographs were performed where excessive 
shortening was encountered, and computerised tomography (CT) 
scans were obtained when accurate fracture configuration could 
not be ascertained from plain radiographs. Fracture line orientation 
was assessed using the annotative measurement tools of the 
Phillips Intellispace Picture Archiving and Communication System 
(PACS). Laboratory investigations comprised a full blood count, 
renal and liver function tests and a nutritional profile. 

Surgical management consisted of either open or closed re-
duction followed by fixation with three cannulated screws in an 
inverted triangle configuration or a sliding hip screw with or without 
an anti-rotation cannulated screw. Open reduction was performed 

where a Leadbetter manoeuvre failed to produce an acceptable 
closed reduction and was performed through the Smith-Peterson 
approach.21,22 The use of a calcar plate to maintain position following 
open reduction was used at the discretion of the operating surgeon. 
The decision to use cannulated screws in an inverted triangle con-
figuration, or in combination with a sliding hip screw, was made 
on the basis of bone quality; in cases with poor bone quality, a 
sliding hip screw in combination with an anti-rotation screw was 
preferred. Standard post-operative antibiotic prophylaxis consisted 
of 24 hours of a first-generation cephalosporin.

Outpatient follow-up consisted of a two-week, six-week, three-
month, six-month and 12-month review. At the two-week clinic 
follow-up, sutures were removed, and the wound inspected. 
Outpatient notes and follow-up radiographs were reviewed for 
complications experienced during healing.

Union was confirmed by a minimum score of 18 according to 
the Radiographic Union Score for Hip (RUSH).23 Failure was 
defined as any revision surgery, including re-fixation or conversion 
to arthroplasty, femoral neck collapse of greater than 10 mm, 
any varus collapse, screw cut-out or joint penetration, as well as 
avascular necrosis of the femoral head.

Data was analysed using STATISTICA version 12.0 (StatSoft 
Inc., Tulsa, OK, USA). Captured clinical and demographic data 
is presented as median and interquartile ranges (IQR) for non-
parametric data, and means and standard deviation for parametric 
data. Categorical data is presented as frequencies. Independent 
t-tests or Mann-Whitney U tests were used to detect differences 
between groups for parametric and non-parametric data, re-
spectively, while the Pearson’s chi-squared or Fisher’s exact test 
was used to detect differences between categorical variables. 
Significance was accepted at the p<0.05 level. 

Results

A total of 108 patients underwent fixation for femoral neck frac-
tures. Twenty-five patients were older than 65 years and were 
subsequently excluded. Sixteen patients (19%) were lost to 
follow-up prior to confirmation of union or failure. The final cohort 
comprised 51 men (76%) and 16 women (24%) with a mean age 
of 43.9±12.2 years (95% CI 41.0–46.8; range 23–64) (Figure 1)  
(Table I). The median follow-up was 8.7 months (IQR 6.2–17.4).

Figure 1. Antero-posterior radiograph with comminuted fracture of the 
right femoral neck
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Table I: General and clinical characteristics of patients 

  n=67

Age (years) 43.9±12.2 (67)

Sex (% male) 76% (51)

Affected side (% right) 63% (42)

Polytrauma 16% (11)

Mechanism of injury

   Low energy fall 43% (29)

   MVA/PVA 22% (15)

   Fall from height 18% (12)

   Gunshot 10% (7)

   Assault 6% (4)

Displacement

   Undisplaced (Garden I & II) 19% (13)

   Displaced (Garden III & IV) 81% (54)

   Follow-up time (months) 8.7 (6.2–17.4) (67)

Data is presented as mean±standard deviation for parametric data, median 
(interquartile range) for non-parametric data or frequencies, with the number 
of participants in parentheses. MVA: motor vehicle accident; PVA: pedestrian 
vehicle accident

Medical comorbidities were observed in 18 patients (27%). 
These included five HIV-positive patients, two diabetic patients, 
four patients with confirmed cardiovascular disease and five 
patients with known epilepsy. All HIV-positive patients were on 
highly active anti-retroviral (HAART) treatment. The prevalence 
of these comorbidities was too low to measure association with 
fixation failure. Twenty-nine patients (43%) were active smokers 
and 13 (19%) admitted to excessive alcohol intake. Time delays 
between injury, admission and surgery are indicated in Table II. 

Table II: Time delays between injury, admission and surgery

Delays Hours (n=67)

Injury to admission (hours) 12 (4–26)

Admission to surgery (hours) 47 (27–96)

Injury to surgery (hours) 75 (46–123)

Data is presented as median (interquartile range)

Seventeen patients (25%) required an open reduction to 
achieve an anatomically acceptable position. In five patients (8%) 
open reduction was supplemented with a calcar plate (Figure 2). 
Fixation was achieved with a sliding hip screw combined with an 
anti-rotation cannulated screw in the majority of cases (n=31, 46%) 
followed by the use of cannulated screws in an inverted triangle 
configuration (n=19, 28%) and sliding hip screw alone (n=16, 
24%). In one case, an undisplaced femoral neck fracture with an 
ipsilateral femoral shaft fracture was treated with a third-generation 
cephalo-medullary nail.

Twenty-four patients (36%) met the definition of failure. These 
included 15 cases (22%) of non-union, seven cases (10%) of 
femoral neck collapse and two cases (3%) of avascular necrosis. All 
cases of failure occurred in patients who presented with displaced 
fractures while no failures occurred after fixation of undisplaced 
fractures.

Fifty-four patients who sustained displaced fractures completed 
follow-up to union or failure (Table III). Fixation failure occurred in 
24 (44%) of these cases (Figure 3). Factors associated with failure 
included the presence of fracture comminution (p<0.001), the 
vertical orientation of the fracture line according to the Pauwels 

Figure 2. Intra-operative image of reduced facture with three cannulated 
screws and calcar plate

Figure 3. Antero-
posterior radiograph 
of right hip showing 
non-union and fixation 
failure 

Figure 4. Antero-posterior radiograph showing conversion to right hip 
arthroplasty
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classification (p<0.001), and the need for open reduction (p<0.001). 
Neither patient age (p=0.117), time from injury to surgery (p=0.204), 
mechanism of injury (p=0.136), smoking (p>0.999) nor alcohol 
abuse (p=0.528) was associated with failure.

Sixteen patients (24%) underwent conversion to total hip 
arthroplasty (Figure 4). Mode of failure for patients requiring 
arthroplasty included 14 of the 15 cases of non-union and both 
patients who developed avascular necrosis. All seven cases where 
femoral neck collapse occurred united with resultant shortening of 
the femoral neck, with none of these patients requiring arthroplasty 
at latest follow-up.

Discussion

A recent survey among orthopaedic surgeons reported a lack of 
consensus in the management of femoral neck fractures in young 
adults and called for definitive clinical trials to resolve this issue.8 
The aim of the present study was to review the outcomes of fixation 
of femoral neck fractures in patients younger than 65 years in an 
attempt to identify factors that might predict fixation failure.

It is concerning that, apart from fracture comminution and ge-
ometry, no other evaluated factors were shown to predict failure, 
including age, mechanism of injury, comorbidities or time from 
injury to fixation. These findings and similar results by other authors 
might demand a paradigm shift towards arthroplasty during the 
management of displaced femoral neck fractures in the younger 
patient.

Longevity of arthroplasty has remained a major concern re-
garding head-sacrificing strategies in the young femoral neck 
fracture patient, but as life expectancy varies significantly between 
geographic areas, the term ‘young’ patient should also be taken in 
the context of geographic location. The difference in life expectancy 
between Hong Kong (ranked 1) and the Central African Republic 
(ranked 191), for example, is almost 31 years (85.29 vs 54.36).24 

Despite Norway being listed as having a life expectancy of almost 
83 years (ranked 17th), Bartels et al. still suggested that patients 
as young as 55 years would benefit from total joint arthroplasty 
for displaced femoral neck fractures.19,24 It stands to reason that 
patients in countries with significantly lower life expectancy might 
potentially benefit from this approach at an even younger age.

Table III: Details of displaced fracture cases

  Failure yes (n=24) Failure no (n=30) p-value

Age (years) 45.9±13.0 (24) 40.7±10.8 (30) 0.117

Delay: injury to surgery (hours) 83.5 (44.0–120.5) (24) 57.0 (42.0–100.0) (30) 0.204

Mechanism of injury

Low energy fall 45 (10) 55 (12)

0.136

MVA/PVA 29 (4) 71 (10)

Fall from height 36 (4) 64 (7)

Gunshot 75 (3) 25 (1)

Assault 100 (3) 0.0 (0)

Fracture comminution

Yes 94 (16) 6 (1)
<0.001

No 22 (8) 78 (29)

Pauwels classification

Type 1 0 (0) 100 (3)

<0.001Type 2 17 (2) 83 (10)

Type 3 56 (22) 44 (17)

Smoking

Smoker 46 (12) 54 (14)
>0.999

Non-smoker 43 (12) 57 (16)

Alcohol abuse

Yes 54 (7) 46 (6)
0.528

No 41 (17) 59 (24)

Reduction

Open 82 (14) 18 (3)
<0.001

Closed 27 (10) 73 (27)

Type of fixation

DHS & anti-rotation screw 46 (13) 54 (15)

0.744
DHS 43 (6) 57 (8)

Cannulated screws 45 (5) 55 (6)

Cephalomedullary nail 0.0 (0) 100 (1)

Data is presented as mean±standard deviation, median (interquartile range) or frequencies, with the number of participants indicated in parentheses. MVA: motor vehicle 
accident; PVA: pedestrian vehicle accident; DHS: dynamic hip screw
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Stockton et al. conducted a retrospective cohort study of 796 
patients between the ages of 18 and 50 years who underwent 
internal fixation for femoral neck fractures and found that one 
in three patients required a re-operation and one in seven were 
converted to a total hip arthroplasty.25 We observed similar 
outcomes, where failure was observed in one in three patients, 
while one in four required revision to total hip arthroplasty. 

In addition to non-union, fracture collapse with resultant short-
ening of the femoral neck was also a prominent complication seen 
in our series. Contradictory to Zlowodzki et al. who reported a large 
proportion of patients treated with cannulated screws ended with 
shortening, all patients who collapsed in the current cohort were 
treated with a sliding hip screw, with or without an anti-rotation 
screw.26 Despite the fact that all cases of collapse eventually united, 
a significant impact on physical activity can be anticipated as a 
result of this femoral neck shortening.26

Recent advances in implant technology has produced devices 
like the Targon® FN (BBraun, Melsungen, Germany) and Conquest 
FN® (Smith & Nephew, Memphis, TN, USA), specifically designed 
for fixation of femoral neck fractures.27 Both these implants are 
an attempt to solve the issue of non-union and fracture collapse/
implant failure.28-32 As these devices would not foreseeably alter 
the incidence of avascular necrosis, especially following displaced 
fractures, this remains an unresolved issue. With fracture collapse 
and non-union being observed more frequently than avascular 
necrosis in the current series, this new family of devices might 
prove beneficial, but remains to be investigated thoroughly. 

Various limitations prohibit the generalisability of these results, 
including the retrospective nature of the study design, the small 
sample size and the single centre cohort which might not be 
representative of other centres. The results might also be skewed 
by the fact that nearly 20% of patients were lost to follow-up prior 
to confirmation of union.

Conclusion

Undisplaced femoral neck fractures in patients younger than 
65 years heal readily regardless of time from injury to surgery, 
mechanism of injury or fixation method. Displaced fractures in the 
young patient remains a difficult problem to solve. In our series, 
fixation failure was observed in one in three patients, while one in 
four required revision to total hip arthroplasty. Apart from fracture 
comminution and geometry, no other evaluated factors were shown 
to predict failure, including age, mechanism of injury or time from 
injury to fixation.
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