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Abstract

Purpose Osteonecrosis of femoral head remains a major
complication of femoral neck fractures. It has been postu-
lated that early internal fixation drastically reduces the inci-
dence of osteonecrosis of the femoral head. However, there
is a paucity of literature looking at the effect of time delay to
internal fixation on the development of this late complica-
tion. In this study, we aim to assess the effect of time delay
and method of internal fixation on the development of
osteonecrosis in those less than 60 years of age.

Methods We retrospectively analysed 92 patients less than
60 years of age who presented with intracapsular neck of
femur fractures that underwent internal fixation between
1999 and 2009.
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Results Of the 92 intracapsular fractures, 50 underwent fixa-
tion using cannulated screws, 32 using a dynamic hip screw,
and ten using a dynamic hip screw with a derotation screw. In
total, 13 patients (14.1 %) developed osteonecrosis of the
femoral head, the highest incidence being in the cannulated
screw fixation group with an osteonecrosis rate of 24 %. We
did not find the time delay to internal fixation to be a signif-
icant predictor of the development of osteonecrosis.
Conclusion Our study demonstrated that the method of
internal fixation rather than delay in internal fixation was
more predictive of osteonecrosis of the femoral head. We
did not find support to the current belief that early surgical
fixation of neck of femur fractures reduces the risk of
osteonecrosis in patients less than 60 years.

Introduction

Fractures of the neck of femur (#NOF) can be described as
the current ‘orthopaedic epidemic’ as they constitute the
majority of acute admissions to orthopaedic ward [1].
Osteonecrosis of femoral head (ONFH) and non-union are
the two most common complications of intracapsular #NOF
following internal fixation, but other potential complications
include neurovascular compromise in the distal leg, short-
ening, varus or valgus deformity, post-traumatic osteoarthri-
tis, malrotation deformity, wound infection, and deep vein
thrombosis, amongst others [2]. ONFH is usually a late
complication after surgical repair of #NOF and thus these
patients must be followed up for a considerable period of
time to fully ascertain the results of a particular approach.
The usual management of #NOF in elderly patients is
hemi-arthroplasty or total hip arthroplasty [3]. Multiple trials
and reviews have supported the use of arthroplasty in these
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situations over internal fixation, as it is associated with im-
proved functional outcomes and a lower rate of re-operation
[4, 5]. In contrast, there is much less evidence to support any
treatment method in the management of patients under the age
of 60 years where these fractures are considerably less com-
mon [6, 7]. Since this patient group is younger, it is imperative
to retain as much bone as possible; thus, hip replacements are
a last resort [8], especially given their increased activity levels
[9]. Furthermore, there appears to be an increased incidence of
complications after #NOF in this demographic, especially
ONFH and non-union are reported to be as high as 45 %
and 35 %, respectively [6, 10, 11].

Currently, there are conflicting views in the literature re-
garding the optimal time to internal fixation. For instance, Jain
et al. (2002) concluded that postoperative complications were
more prevalent with fixation after 12 h from injury [12], whilst
Karaeminogullari et al. (2004) found no association between
time to fixation and ONFH [13]. In this study, we aim to
address these inconsistencies by analysing the effect of time
delay to fixation on ONFH in a hip fracture cohort of patients
less than 60 years. We also look at the influence of different
methods of internal fixation—cannulated cancellous screw
(CS), dynamic hip screw (DHS) or dynamic hip screw with
a derotation screw (DHS+DS).

Methods

The databases of two hospitals in Southeast England were
used for retrospective analysis. One hundred and seven
patients under the age of 60 years presenting with intra-
capsular #NOF between 1999 and 2009 were identified. Of
these, five patients were treated with total hip replacement
and three with bipolar hemiarthroplasty. These patients were
excluded from the data. No follow-up data was available for
seven patients, so these patients were also excluded from the
data. Therefore, 92 patients under the age of 60 with #NOF
were included.

Mechanisms of injury ranged from high-energy trauma,
such as road traffic accidents, falls from significant heights
to low-energy injuries, such as mechanical falls (Table 1).
Smoking history was noted.

The majority of patients had a pre-fracture ASA score of
less than three [14] and mobility score greater than five [15].
Their age ranged from 11 to 59, with a mean of 44.7
(median age, 50 years).

Garden’s classification [16] of #NOF was used to divide
patients into undisplaced (Garden I or II) and displaced
(Garden III and IV) intracapsular fracture groups; there were
24 and 68 patients, respectively, in the two groups. This is
an important distinction when considering frequency of
ONFH [1] since displaced fractures pose a greater risk to
the vascular supply of the femur [17].
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Table 1 Data on the 92

patients with intracap- Characteristic No. of
sular fractures of the hip patients
Side of fracture
Left 45
Right 46
Bilateral 1
Time to fixation (hours)
<6 10
6—12 24
12-18 17
18-24 20
24-48 13
>48 8

Fracture classification
Displaced (Garden III & IV) 68
Non-displaced (Garden I & 1I) 24

Mechanism

High energy 85
Low energy 7
Polytrauma 12
Smokers 27
Complications

Acute hip infection 2

Pulmonary embolus

Method of fixati
CS cannulated cancel- cthod of fxation

lous screw, DHS dynam- cs 50
ic hip screw, DHS+DS DHS 32
dynamic hip screw with DHS + CS 10

a derotation screw

To accurately assess time to fixation, the time of initial
injury, time of presentation and time of fixation were all
recorded. Time to fixation was then used to further sub-
divide patients into the following groups: less than or equal
to six h, six—12 h, 12-18 h, 18-24 h, 24-48 h, and more
than 48 h (see Table 2).

Ninety-two patients with intracapsular fractures underwent
fixation with either dynamic hip screws (DHS), cannulated
screws (CS), or dynamic hip screw with a derotation screw

Table 2 Incidence of ONFH according to time to fixation

Variable Time to surgical fixation (hours)
<6 6-12 12-18 1824  24-48 > 48
No. of 102) 242) 174 20(2) 13(3) 8(0)
patients®
AVNrate 20% 83% 235% 10% 231% 0%

ONFH osteonecrosis of femoral head
p-value for each group was 0.999

# Number of patients developing ONFH are in parentheses
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(DHS+DS) (Table 1). There were no technical problems
reported during any of these procedures. Three patients expe-
rienced early postoperative complications, namely, one pul-
monary embolism and two superficial wound infections that
resolved within the duration of the patient’s hospital stay.
The mean follow-up period was two years, within which the
incidence of long-term complications was documented. ONFH
was diagnosed both clinically and radiologically. Time to
fixation and method of fixation were correlated to the occur-
rence of ONFH using the Statistical Package for the Social
Sciences (SPSS®), and a binary logistic regression model was
applied to evaluate the predictive value of the categorical
variables of time and method of fixation on ONFH rates.

Results

Of'the 92 patients who had intracapsular #NOF, 32 had internal
fixation with a dynamic hip screw (DHS), 50 with cannulated
screws (CS) and ten patients had DHS+DS (Table 1).

In total, 13 patients (14.1 %) developed ONFH: two with
undisplaced fractures (8.3 % of all undisplaced fractures) and
11 with displaced fractures (16.2 % of all displaced fractures).

The incidence ONFH did not rise significantly past the
six h mark (Fig. 1), and there was no significant difference
in ONFH rates according to time to fixation (p=0.999).

In contrast, we found that method of fixation was more
predictive of ONFH risk. More specifically, 24 % of all
patients undergoing cannulated screw fixation developed
ONFH, compared with 3 % of all patients undergoing
DHS and 0 % undergoing DHS+DS (p=0.012) (Table 3).

When analysing the rates of ONFH according to both the
Gardner classification and type of fixation, we found that
there was no significant difference in the development of
ONFH according to the method of fixation for undisplaced
#NOF (Gardner I and II) (Table 4). However, we did find a
significantly higher rate of ONFH in the CS group for
displaced fracture (29.4 %) compared to both DHS or
DHS+DS (4 % and 0 % respectively) (p=0.012).
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Fig. 1 Osteonecrosis of femoral head (ONFH) rates according to time
to fixation

Table 3 Incidence of ONFH according to method of fixation (p=0.012)

Method No. of patients® Osteonecrosis rate
CS 50 (12)a 24 %

DHS 32(1) 31 %

Both 10 (0) 0%

ONFH osteonecrosis of femoral head
* Number of patients developing ONFH are in parentheses

Discussion

Osteonecrosis of the head of the femur (ONFH) is a serious
and unpredictable complication which can occur after dis-
placed intracapsular #NOF due to disturbed blood supply of
the femoral head. It is also thought that ONFH is more likely
to occur in #NOF with delayed time to surgical fixation. Its
incidence in patients less than 60 years is noted to vary from
16 % to 86 % [6, 10, 11, 18, 19]. Younger patients have a
higher prevalence of femoral head osteonecrosis and non-
union [11, 19]. It is imperative to anticipate the occurrence
of ONFH as it can lead to femoral head collapse and oste-
oarthritis which often necessitates further surgeries.

The femoral head has an inherently vulnerable blood
supply due to its natural course [2]. It is fed by a variety
of vessels, mainly branches of the medial and lateral femoral
circumflex arteries that branch off the femoral profunda
artery that is in turn fed by the common femoral artery.
These circumflex arteries encircle the femoral head in the
trochanteric area and branch off into retinacular vessels that
pass proximally toward the head in three segments: small
anterior, posteroinferior and posterosuperior retinacular ar-
teries. Additionally, the round ligament of the femur carries
arterial supply to the anterosuperior femoral head distally
from the acetabular branch of the obturator artery [20].
Lastly, the medullary cavity carries nutrient vessels consti-
tuting another arterial blood supply to the femoral head.
Although numerous, this arterial supply to the femoral head
is intrinsically precarious, thus leaving this area susceptible
to vascular compromise in the face of trauma. More specif-
ically, the terminal arteries are intracapsular and can be
easily disturbed with #NOF, their manipulation and changes
in intracapsular pressure [21].

It is widely accepted that anatomical reduction and stable
internal fixation of #NOF reduces the risk of ONFH and is
therefore the goal of therapy. However, there is paucity of
evidence-based literature indicating the most favourable time
to fixation that minimizes ONFH rates post-fixation. There-
fore, there are numerous alternative management algorithms
which have been published for use internationally [8, 22, 23].
Each of these algorithms holds subtle differences, but consider
similar factors when determining type of fixation, including
patient age (both chronological and physiological bone age),
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Table 4 Incidence of ONFH

according to Garden’s classifi- Garden’s classification Method of fixation Number of patients ONFH rate p value
cation and method of fixation
I and II (undisplaced) CS 16 (2) 12.5 % p=0.579

DHS 7 (0) 0 %

DHS + CS 1(0) 0 %
ONFH osteonecrosis of femoral 111 and TV (displaced) CS 34 (10) 29.4 % p=0.012
head DHS 25 (1) 4%
* Number of patients developing DHS + CS 9 (0) 0 %

ONFH are in parentheses

activity levels, comorbidities and fracture patterns. For in-
stance, Kuner et al. (1995) reported a significant advantage
in fracture outcome with intervention within 24 h of injury
[24], whilst Braun et al. (1991) went a step further and
demonstrated that operating within six h improved functional
outcome and ONFH rates [18].

In light of these different approaches to the management
of #NOF, our multi-centred study endeavours to assess the
evidence behind prompt surgical fixation. We retrospective-
ly analysed patients’ outcomes from #NOF sustained in a
variety of incidents ranging from low to high energy trauma.
These patients had either DHS, CS or both fixations inserted
at varying time points post-injury.

Time to fixation

Analysing ONFH occurrence in our 92 patients, we could
not identify a significant pattern between increasing time to
fixation and ONFH rates, and hence was not a valid predic-
tor of ONFH following internal fixation. This inconsistency
across the various time groups is illustrated in Fig. 1, and in
our study no linear relationship was found between ONFH
rate and increasing time to fixation.

In support of this finding, Karaeminogullari et al. (2004)
had similar results when studying ONFH and non-union
rates in patients whose fractures were fixed before or after
the 12 h mark from injury [13]. Before 12 h, ONFH and
non-union rates were 12.5 % and 25 %, versus 14 % and
27 % after 12 h (not statistically significant). In addition,
Haidukewych et al. (2004) found no difference in osteonec-
rosis rates for surgical intervention before and after 24 h
(25 % and 20 % respectively) [10]. Upadhyay et al. (2004)
also found no discrepancy in ONFH or mal-union rates in
patients even after 48 h [19], further endorsing our findings.

Method of fixation

Stability of surgical fixation and quality of union are two
major predictors of ONFH. Current literature demonstrates
the controversy over optimum fixation method regarding
#NOF of young adults. For instance, Zhou et al. (2007)
demonstrated that cannulated screws reduced the risk of
ONFH as well as improved fracture union rates [25]. Ly

@ Springer

and Swiontkowski (2009) favoured three cannulated screws
as definite treatment; however, they also raise the issue of
capsulotomy and its role in these types of fractures [26]. On
the other hand, Kuner et al. (1995) showed that DHS devi-
ces promised the best outcomes [24].

Detailed analysis of our data revealed that type of fixation
may in fact play a vital role in rates of ONFH. Internal
fixation with DHS had an ONFH rate of 3 %. This is in
contrast to CS which had an ONFH rate of 24 %. Thus, in
support of Kuner et al. (1995), our study found DHS to be a
superior method of fixation to CS [24].

Our results suggest that management with DHS alone, or
in combination with derotation screw, is associated with
significantly lower rates of ONFH in those under 60 years
of age compared to CS fixation, regardless of time to fixa-
tion. Figure 2 shows a clear tendency for ONFH to develop
in patients with displaced #NOF treated by CS. The signif-
icantly lower ONFH risk seen with DHS and DHS+DS in
our study provides strong support for the use of DHS or
DHS+DS over other methods of fixation in the management
of displaced #NOF in young patients. We did not find that
the method of fixation for undisplaced #NOF had any sig-
nificant influence on ONFH rates.

In further support of our data, Bonnaire and Weber
(2002) as well as Baitner et al. (1999) have shown that

50% - = Undisplaced #NOF
m Displaced #NNOF
40% +~
@ s 5
% 30% 1
T
m ./"
8 20%
10%
0% . . ‘ . A ",/
Cannulated Dynamic Hip Both
Screws Screww

Method of fixation

Fig. 2 Osteonecrosis of femoral head (ONFH) rates according to type
of fracture and method of fixation
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DHS with derotation screw fixation gives superior stabi-
lisation of #NOF which ultimately reduces ONFH rates,
based on biomechanical study of cadaveric femurs with
basicervical fractures [27, 28]. Furthermore, Chen et al.
(2008) and Hrubina et al (2010) have shown similar
promising results with DHS fixation in basicervical and
pertrochanteric #NOF [29, 30].

Limitations

Our study has several limitations. First, despite the large
period of data analysis (ten years), only 92 patients were
included in data analysis. It was a retrospective study that
relied on outpatient clinic follow up; no follow-up data was
available for seven patients (and hence these were not in-
cluded in the study). In relation to the method of fixation,
there was not enough information available from data col-
lection to provide reference to the type of DHS (e.g. amount
of holes, angle) or number of cannulated screws used. Nor
was there enough to comment on intraoperative placement
of prosthesis (e.g. technical success of placement of DHS /
CS) and whether this had any implication on osteonecrosis
rates.

Conclusion

Our study suggests time to internal fixation of intracapsular
#NOF is less important in the prevention of ONFH than was
initially thought. Patients treated more than 48 h post-
fracture showed no increased incidence of ONFH.

Internal fixation of displaced #NOF using cannulated
screws was found to be associated with a significantly
increased incidence of ONFH compared with DHS and
DHS+DS. Our results suggest that the use of DHS or
DHS+DS in stabilising displaced intracapsular #NOF is
a safe and effective method in patients less than 60 years.
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