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ABSTRACT

Objective: This study is to evaluate the clinical and radiological outcome of unstable fracture neck of the femur in young adults treated with
three cannulated cancellous screws augmented with medial buttress plate.

Materials and methods: Fifteen patients of less than 60 years were operated from January 2017 to March 2018. Reduction was achieved by
closed or open means to Garden’s alignment index grade I. Internal fixation was done with three cannulated cancellous screws through mini
lateral incision, and medial buttress plating was done through modified Smith-Peterson approach. All patients were mobilized from the
immediate postoperative period and allowed toe-touch weight-bearing as tolerated. All patients were followed at 2 weeks, 6 weeks, 3 months,
6 months, and 12 months postoperatively.

Results: Fracture united in 14 of 15 patients. Reduction loss and backing out of cancellous screws occurred in one patient. No cases of avascular
necrosis was identified at a mean follow-up of 13.7 months. No significant femoral neck shortening was observed in all united fractures.

Conclusion: Anatomical reduction by closed or open method; stable fixation with three cannulated cancellous screws augmented with medial
buttress plate, increases fracture union rate compared to the historical series using closed reduction and cancellous screw fixation alone. Open
reduction and medial antiglide plate fixation do not appear to increase morbidity.
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INTRODUCTION

Femoral neck fractures are rare in young patients, which are usually
caused by high-energy trauma and continue to pose challenge to
the treating orthopedic surgeon in achieving the union.

In 1935, Pauwels classified femoral neck fractures according
to the verticality of the fracture? to indicate relative stability.
Irrespective of the method of fixation, the risk of complications
increases as the angle of fracture inclination increases. The type llI
Pauwels fracture patternis associated with increased risk of fixation
failure due to greater shear forces at the fracture site. The reported
rate of nonunion is ranging from 16 to 59%, and the avascular
necrosis of the femur head is 11-86%.37

In 1964, Garden described about the common presence
of posteroinferior comminution of femur neck fracture.® This
comminution and its location allows gravitational and muscular
forces to act on the fracture even in the lying patient to cause
retroversion at the fracture site and femoral neck shortening.

Collinge et al., in a computed tomography-based study
on displaced Pauwels type Il femoral neck fractures in young
adults, found more than 1.5 cm of posteroinferior neck fragment
comminution and relative deficiency in 96% cases.’

These destabilizing morphological features of Pauwels type
Il fracture neck of the femur mandate anatomical reduction and
stable fixation, which may not be achieved by closed reduction
and cancellous screw fixation alone. Schwartsmann et al.®
macroscopically and radiographically studied the morphology
of 106 femoral necks collected from patients undergoing total
hip arthroplasty for femur neck fracture and showed the always
existing inferomedial fracture spike of the proximal head fragment.
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This spike if anatomically reduced by closed or open means and
fixed in antiglide fashion with a contoured one-third tubular plate,
as hypothesized by Mir and Collinge, might increase the strength
of the parallel inverted triangular cannulated cancellous screw
construct and may prevent many treatment failures.” Kunapuli
et al. conducted biomechanical analysis of 40 composite femurs
and reported that Buttress plate augmentation increased failure
loads on average by 83%, energy absorbed to failure by 183%, and
construct stiffness by 35%.'°

MATERIALS AND METHODS

We have treated 15 patients of less than 60 years of age with Pauwels
type lll femoral neck fracture from January 2017 to March 2018.
All were of Garden types Ill and IV. The mean age of patients was
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36 years (range 17-60 years). A male preponderance can be noted
in the study sample (11 men and 4 women).

The surgery was performed after an average delay of 18 days
with the range from 7 days to 5 weeks, mostly due to delayed
presentation. All patients were followed at 2 weeks, 6 weeks,
3 months, 6 months, and 1 year postoperatively. Fracture union
and complications were assessed by plain radiograph in anter-
oposterior (AP) and lateral views in all follow-ups. Union was
defined as the absence of visible fracture line in both views.
Nonunion was defined when clearly visible fracture line present at
1 year follow-up. To assess femoral neck shortening in horizontal
and vertical plane, theinjured hip’s line diagram was superimposed
and compared with the line diagram of contralateral uninjured hip
with the AP radiograph taken at the time of confirmed fracture
union (Fig. 1). Any degree of osteonecrosis from Steinberg stage
2 upward on any of the follow-up radiographs was planned to
define avascular necrosis.

SuRrGIcAL TECHNIQUE

We wanted to achieve anatomical reduction by closed or open
means. The implants used were three 6.5 mm partially (16 mm)
threaded cannulated cancellous screws in inverted triangular
fashion through separate mini lateral incision and contoured
three-holed one-third tubular plate in antiglide fashion on the
inferomedial aspect of neck of the femur to buttress at the fracture
site, through modified Smith—Peterson approach (Figs 2 and 3).
Under appropriate anesthesia, patient was placed in fracture
table with traction attachment. Image intensifier was used to
check fracture reduction. Not more than two attempts were made
to reduce the fracture by closed means by gentle traction and
internal rotation of the leg. Lowell’s shallow S curves on both views
on fluoroscopy were considered as good reduction. When fracture
reduction was achieved by closed means, cannulated screw guide
wires were introduced into femoral head through small incision
over the lateral aspect of proximal femur. Cannulated cancellous
screws implanted in inverted triangular fashion were pending final
tightening. With the limb still in fracture table, the neck of the femur
was exposed through modified Smith—-Peterson direct anterior
approach. The ascending branch of lateral femoral circumflex artery
was typically found in the midportion of the incision; and by blunt
dissection, an attempt was made to preserve this artery to utilize its

Fig. 1: Preoperative X-ray fracture of femur neck

contribution of blood supply to the femur head. The hip joint capsule
was exposed by mobilizing gluteus minimus and tensor fascia
laterally and the iliopsoas and rectus femoris medially. Two cobra
retractors were placed, one above and one below the femoral neck,
extracapsularly. The T-shaped capsulotomy was made sharp through
anterior capsule, with the long limb of capsulotomy in line with the
femoral neck and the other limb along the capsulolabral junction,
not going too posteriorly to avoid possible damage to the medial
circumflex femoral artery entry point as it provides the primary
blood supply to the femur head. After evacuation of hematoma, the
capsule was tagged with heavy sutures for elevation and retraction.
The two cobra retractors were then repositioned inside the capsule,
one above and one below the femoral neck, giving an excellent view
of the entire anterior surface of femoral neck and fracture. Now the
limb was freed from the fracture table and was held by an assistant
with the hip in abduction and external rotation and knee in flexion,
which was to elevate the capsule along the inferomedial neck
toward the lesser trochanter, which was essential for the placement
of medial buttress plate. The undercontoured three-holed one-third
tubular plate was used. The proximal hole portion of the plate was
used to buttress the head fragment, and the screw was not placed in
this hole to avoid the drilling of the femur head. The middle hole was
positioned just below the fracture spike of the head fragment, so the
plate and the 3.5 mm cortical screw through middle hole create an
axilla at the apex of the fracture and the proximal fragment reduces
into the axilla. Distal hole was filled with another 3.5 mm cortical
screw. This antiglide fashioning of the plate and screw buttresses
and prevents the tendency of varus displacement of the unstable
fracture neck of the femur and also achieves compression along the
fracture line. Final tightening of the cannulated cancellous screws
was done. Full range of hip movements was made to confirm the
absence of plate impinging on the labrum. Capsule was closed.
Wound was closed in layers.

When closed reduction was not achieved, the fracture was
open reduced by the same approach as mentioned, K-wire joysticks
were used to reduce the fracture. Multiple K wires were used to
hold the reduction. Then the fracture was fixed with the implants
as mentioned above.

Postoperatively supine abductor strengthening exercises
were started early and toe-touch weight-bearing was allowed as
tolerated.

1{ X
Fig. 2: Perioperative picture showing one-third tubular plate on the
medial side of femur neck
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REsuLTs

Of the 15 patients who underwent this surgery, closed reduction
was achieved in four patients. All these four fractures were less than
2 weeks old (from 7 days to 14 days) when operated. Remaining 11
fractures were reduced by open method, with the average delay
of 23 days (range from 14 days to 35 days) (Table 1).

The mean follow-up was 13.2 months (range 12-18 months).
All patients were operated by the lead author (Prof VSV). The mean
operative time was 61 minutes for closed reduction cannulated
cancellous screw fixation with open buttress plate fixation group
(range 58-97 minutes). The mean operative time for open reduction
cannulated cancellous screw fixation and antiglide plate fixation
group was 90 minutes (range 63-106 minutes).

The incidence of complications related to the surgery is shown
in Table 1. In one patient nonunion and cancellous screw backing
out was noted at 6 months’ follow-up, and implant removal and

Fig. 3: Postoperative X-ray showing three inverted cannulated cancellous
screws with one-third tubular antiglide late

Table 1: Master chart

bipolar arthroplasty were done. The mean femoral neck shortening
was 4 mm (range 2-9 mm). Two patients reported mild pain during
walking till 3 months’ follow-up.

In all, 93% union rate was achieved in our series. The average
time taken for radiological union was 188 days, ranging from 90
to 330 days. No avascular necrosis was reported in any of the nine
patients at the time of final follow-up.

Discussion

Femoral neck fractures in the young adult is a high-risk injury due
toits potential for significant complications. The timing of operative
intervention, the method of achieving the anatomical reduction
(closed vs open), and the choice of the implant are debatable. In
spite of lack of consensus in these issues, the existing and emerging
literature support the need for an anatomical reduction and
supplemental fixation to prevent complications and to maximize
functional outcome.

Early fixation of fracture of the femur neck is advocated in the
literature; butin our series, the average delay from injury to surgery
is 15 days (from 1 week to 5 weeks).

We believed the idea of achieving union by anatomical
reduction and stable fixation. The risk of avascular necrosis is
usually determined at the time of the primary fracture, and unstable
internal fixation works against the revascularization of femoral
head. Razik et al.’s retrospective analysis of 92 patients suggests to
give lessimportance to the time to internal fixation of intracapsular
fracture neck of the femur."

Anatomical reduction was achieved either by closed or by open
means. Ghayoumi et al.'s meta-analysis revealed no significant
difference in the incidence of nonunion, avascular necrosis, or total
complications between the closed and open reduction methods.'?
The modified Smith-Peterson anterior approach enables direct
visualization and manipulation of the fracture fragment for exact
anatomical reduction. In addition, opening the fracture for either
reduction or fixation evacuates fracture hematoma, and this may
reduce joint pressure and risk of avascular necrosis of the femur
head.

Time since
injury to Open/closed ~ Weight-bear- Harris hip  Duration of
S.no. Patient/age Pauwels angle surgery reduction ing started Radiological union at score follow-up
1 Patient 1—17/F 60 14 days Closed 5th POD 4 months 95.7 12 months
2 Patient2—17/M 70 10 days Open 4th POD 6 months 92 15 months
3 Patient 3—17/M 55 7 days Closed 3rd POD 5 months 93.7 12 months
4 Patient 4—43/M 55 14 days Open 4th POD 11 months 95 12 months
5 Patient 5—42/M 55 24 days Open 3rd POD 7 months 91.7 18 months
6 Patient 6—28/M 45 14 days Closed 3rd POD 3 months 95.8 12 months
7 Patient 7—35/M 50 21 days Open 5th POD 7 months 93.1 14 months
8 Patient 8—45/F 55 14 days Open 3rd POD 5 months 79.7 12 months
9 Patient 9—45/M 50 12 days Closed 5th POD 6 months 78.2 14 months
10 Patient 10—60/F 55 35 days Open 5th POD Nonunion implantexit/  79.6 16 months
hemiarthroplasty
11 Patient 11—50/F 55 28 days Open 4th POD 8 months 82 14 months
12 Patient 12—45/M 60 7 days Open 4th POD 6 months 91 12 months
13 Patient 13—32/M 50 7 days Open 5th POD 5 months 92.7 12 months
14 Patient 14—40/M 55 10 days Open 4th POD 7 months 920 12 months
15 Patient 15—29/M 65 8 days Open 5th POD 8 months 95 12 months

POD, postoperative day
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We used three 6.5 mm partially threaded (16 mm) cannulated
cancellous screws in inverted triangular fashion. First the inferior
screw was positioned along the inferior cortex in the AP projection
and centrally on the lateral projection to resist inferior displacement
and varus. Then the posterior screw was positioned along the
posterior cortex, centrally in AP projection and posteriorly in lateral
projection, to resist posterior displacement and retroversion of the
femoral neck. The final screw was placed anteriorly on the lateral
view and centrally on the AP view, to function as a tension band,
resisting retroversion of the femoral neck.

To increase stability of the unstable femur neck fracture, we
used medial buttress plate in antiglide fashion; this resists vertical
shear forces and converts it into compression forces.

In our small series of patients with the short-time follow-up,
there is no increased complications related to the antiglide plate
augmentation. The union rate is better than the best results in
traditional methods.®

Inasimilar, unrelated study of 28 patients, Ye et al. demonstrated
similar results."*

Since this study is a small series of patients and of short-time
follow-up, our results may be confirmed with a large multicenter
series and long-time follow-up.

CONCLUSION

Vertically unstable femoral neck fractures in young adults are
challenging, with a relatively high failure rate. Anatomical reduction
and adequate stable fixation are required for fracture union. Closed
oropen anatomical reduction, cannulated cancellous screw fixation
augmented with medial buttress plate would be the most beneficial
option in these fractures. Larger randomized trials comparing this
combination fixation strategy with traditional fixation methods
would be essential to understand the optimal fixation method.
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