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Featured Application: This work describes in detail a novel technique quite useful for nonunion of
subtrochanteric hip fractures

Abstract: The objective is to describe a new technique for subtrochanteric hip nonunions. Three patients with
a nonunion of a previously nailed subtrochanteric hip fracture were selected. The nail was withdrawn, and a
simple lateral approach was performed. A hip screw was introduced through the neck, and a dynamic plate
(135-150°) was applied, to increase the femoral-neck angle (valgus) and reduce the head offset at the hip. The
correction was achieved just by mobilizing the nonunion site. No osteotomy was done. Fixation promoted
dynamic mechanical compression and fracture healing. The mean age of patients was 57 (34-85). 2 women, and
one man. The duration of surgery was 102 min (63-123). The femoral neck angle before surgery was 125° (122-
128), and after surgery 147° (142-150). Offset was 50 mm (42-59) before surgery and 20 mm (19-24) after surgery.
Leg length was increased by 8,6 mm (6-12). Harris hip score was improved from 37,33 (30-42) to 93,33 (88-96).
All patients healed and were asymptomatic after 12 months of follow-up. In conclusion, valgus correction with
a dynamic hip screw is a useful technique for a nonunion of a subtrochanteric hip fracture. This zone is well
vascularized, so just dynamic mechanical compression at the fracture site is needed.
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1. Introduction

Subtrochanteric hip fractures account for 5-34% of proximal femoral fractures [1]. The reported
nonunion rate of these fractures is about 4-20% [2-5].

The subtrochanteric area of the proximal femur is located between the lesser trochanter of the
femur and 5 cm below it [6]. It is formed of thick cortical bone with a tenacious blood supply. The
subtrochanteric area is the highest stressed zone in the human skeleton; the cantilever anatomy of the
proximal femur creates an unequal distribution of stresses at proximal femur with the medial cortex
exposed to compression stress 20% more than the tensile stress acting on the lateral cortex, creating
varus bending stress on any fixation device with impending failure if bone healing does not go in the
expected timely manner[4].

The common treatment for subtrochanteric fractures is intramedullary nailing[6]. Due to the
anatomy of the region, it is common not to reduce them appropriately, leaving the proximal femur
in varus[7]. This increases greatly the varus bending stress applied, leading to nonunion and nail
breakage|7].

Nonunion is believed to occur mainly due to the high deforming forces in this region[8]. Varus
malalignment is considered a key points that lead to nonunion[7]. To prevent this situation it has
been recently remarked that a medial entry point when nailing subtrochanteric hip fractures is of
paramount importance, to avoid varus[9].

Other factors involved in nonunion in this area are residual displacement (gaps between bone
ends) and poor vascularization[7].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Current treatment of subtrochanteric nonunions is operative [1]. Commonly used methods are
based on correct reduction (avoiding varus) and new fixation with an intramedullary
(cephalomedullary nail) or extramedullary device (plates)[1]. Arthroplasty is considered only a
salvage procedure when new fixation is impossible to perform[1]. Recent reports indicate similar
results after new osteosynthesis versus arthroplasty for patients older than 50 y.o.[10]. Bone
grafting[11], Teriparatide[12], and recombinant human bone morphogenetic protein (BMP)[13] have
been also used to aid the fixation, with promising results.

Nail fixation, with over-reaming of the canal, is the most commonly used technique, with an
overall union rate of 98%[1,14]. Nevertheless, it is difficult to achieve a good correction, and
shortening is a common problem [1]. The combination of an external fixation or traction may solve
this problem, but requires a long time and several interventions [1].

Extramedullary fixation, after osteotomy and correction of deformity, is another approach to the
problem. Fixed angle devices are the more commonly used (Condylar blade plates, condylar locking
plates, 95° dynamic condylar screw plates, and so on), but recent reports indicate a failure rate with
non-dynamic blade plates, of up to 29%[15]. Most authors also use bone grafts to enhance
healing[5,16], and an osteotomy to correct deformity[1,16]. Overall union rate is reported around 71-
98% [1,5,15,16].

On the other hand, for nonunion of femoral neck fractures (between the head and the
trochanteric area), the valgus trochanteric osteotomy is a well-known procedure that has achieved
good results for decades and is now starting to be used for trochanteric nonunions [17,18]. It changes
the forces in the nonunion site from shearing to compression. The nonunion site is not disturbed, no
bone graft is needed, and union is usually achieved quickly. To date, no one has applied this principle
to subtrochanteric nonunions.

So, for subtrochanteric nonunions, a dynamic valgus correction at the nonunion site (without
osteotomy), fixed dynamically with an extramedullary device (dynamic hip screw), was developed,
to enhance healing without graft, restore length, and initiate weight bearing immediately.

The objective of this paper is to show the surgical technique and results with the first three
patients.

2. Materials and Methods

The objective of surgical technique is threefold: a) to get a valgus correction of the proximal
fragment, to overcorrect to 150 degrees valgus; b) to get dynamic compression at the nonunion site;
c) not to damage bone vascularization by adding osteotomies, but achieving the correction only by
decompaction of the nonunion site.

Surgery is performed on a traction table, preoperative cefazolin (2 gr), and standard skin
preparation is done as usual.

The first step is to withdraw the previous material (i.e. broken nail) with standard methods
(Figure 1)

Figure 1. Left: subtrochanteric fracture with nonunion that failed in varus. Right: fluoroscopy image
after nail retrieval. Observe the marked varus of the nonunion site.
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After that, a standard lateral approach is performed, through the skin, fascia lata, and subvastus
approach (Figure 2)

Figure 2. lateral approach to the nonunion site.

The third step is to take three samples of nonunion site for microbiological study, to discard
infection.

The fourth step is to fill the void in the head due to previous fixation material, with an allogenic
bone graft (40gr spongiosa bone from the tissue bank). Impacted into the head (Figure 3).

Figure 3. impaction of bone graft into the void in the head, to achieve better purchase of new fixation
material.

Next, measurements are done to get 150 degrees of valgus to the femoral neck. In this case, a
135-degree DHS implant is to be used, so, as 110 degrees is now found at the neck, the guide wire for
the head screw is to be inserted in 15 degrees of varus related to the neck (to achieve a final valgus of
135 + 15 =150 degrees). 135 degrees DHS is preferred, as in this plate, head screw purchase low and
through intact bone Figure 4
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Figure 4. insertion of the cephalic screw. Left guidewire inserted in 15 degrees varus to the neck.
Center: triple reamer. Right: screw insertion, as deep as possible, to get a harder bone.

After that, decompaction of the nonunion site is performed. It is
paramount not to damage vascularization at this site, trying to be as
minimally invasive as possible. A Chisel is inserted through the
nonunion site for the decompaction of both bone ends. It is quite
important to open the medial site to aid in later valgus correction
(Figure 5). No bone graft is added to the nonunion site.

Pl AN

Figure 5. decompaction of nonunion site. A chisel is inserted (left), and the medial site is opened by
levering the proximal fragment up at the medial side (right).

Finally, reduction is achieved by introducing the plate and joining it to the femoral shaft. Care
should be taken to make this slowly and progressively, to avoid intraoperative cut-out (Figure 6)
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Figure 6. Left: the plate is applied to the cephalic screw. Right: the plate is pushed to the femoral shaft
to achieve valgus correction of the proximal femur.

Finally, screws are applied to the plate (Figure 7), and the wound is routinely closed.

_ T

Figure 7. Left: plate applied to the femoral shaft. Right: screws are introduced to the plate.

The patient is allowed full weight bearing from the first day after correction is checked (Figure
8)

Figure 8. final result. Observe the valgus correction to 150 degrees.

3. Results
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The mean age of patients was 57 (range 34-85). 2 women, and one man. Three fractures were
subtrochanteric. The younger patient was 34 years old and had been operated on several times by
nail exchanges (Figure 9).

(@) (b) ©

Figure 9. case 1: left: 34 y.o. male with subtrochanteric nonunion operated three times, in varus.
Center: After surgery varus is corrected, and dynamic compression is achieved at nonunion site.
Right: fracture healed 6 months later. Observe small impaction of the proximal cephalic screw.

The second patient was a woman, 85 y.o., with a varus nonunion (Figure 10)

Figure 10. 85 y.o. woman with a subtrochanteric nonunion (left). Center: after surgery. Right: 10
months later nonunion is healed.

The third case is a woman, 56 y.o., that has been shown in the description of the technique
(Figures 1-8)

The duration of surgery was 102 min (63-123). The femoral neck angle before surgery was 125°
(122-128), and after surgery 147° (142-150). Offset was 50 mm (42-59) before surgery and 20 mm (19-
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24) after surgery. Leg length was increased by 8,6 mm (6-12). Harris hip score was 37,33 (30-42) before
surgery, and 93,33 (88-96) after it. All patients healed and were asymptomatic after 12 months of
follow-up.

Detailed data of patients is shown in Table 1.

Table 1. Detailed data of patients.

Pat. #1 Pat. #2 Pat #3 Mean
Age 34 54 85 57
Sex Male Female Female 1:2
Time from fracture
to nonunion 40 12 12 21
(months)
DHS used 135° 150° 150°
Du.ratlon of surgery 120 63 123 102
(min)

Femoral neck angle
pre-surgery
Femoral neck angle
post-surgery

122¢ 128° 125° 125°

142¢ 150° 150° 147°

Pre-surgery off-set

59 42 50 50
(mm)

Post-surgery offset

24 19 18 20
(mm)

Vertical distance
nonunion-head pre-57 43 32
surgery (mm)

Vertical distance
nonunion-head 65 55 38
post-surgery (mm)

Increase in leg

length (mm) 8 12 ° i
Harris hip score 30 42 40 37,33
pre-surgery

Harris hip score 9% 9% 88 93,33

post-surgery

4. Discussion

Most subtrochanteric nonunions are due to technical errors during osteosynthesis. Varus mal-
alignment is the most common factor. This varus mal-alighment means that high shear forces are
applied to the fracture site when walking, making the fracture unable to heal. Nearly all treatments
of subtrochanteric nonunions involve some degree of varus correction [4,5].

So, to correct nonunion, is key to achieve valgus overreduction to get compression forces at the
nonunion site [1].

This overcorrection is quite difficult (if not impossible) to perform with a nail. You need to insert
a nail in a too-medial entry point, which is most times impossible to get [7]. The only way to get
overcorrection is with an extramedullary system.

Most extramedullary systems described to date can correct varus but are not able to apply
dynamic compression at the nonunion site. Silva et al [17] published a case series of trochanteric
nonunions treated with valgus subtrochanteric osteotomy and several forms of fixation, most of them
non-dynamic. Nevertheless, they achieved union in 16 out of 17 patients reported. Vienti et al [5]
reported 8 subtrochanteric nonunions with no varus malalignment treated with a 95-degree blade
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plate, bone, and RIA graft. 7 nonunions healed, and the other one was operated again with the same
system and more fixation (double plate), achieving union.

Non-dynamic compression has the problem of the reabsorption of bone ends after osteotomy.
This makes this zone less stiff and applies bending forces to the plate that can make it break or fail.
That's the reason to use this system, to apply dynamic compression. In all cases some impaction of
the nonunion site occurred, demonstrating that the system is dynamic and promotes union through
mechanical compression at the nonunion site.

Vidyadhara et al [18] developed a closing lateral wedge valgus osteotomy fixed with a dynamic
hip screw for trochanteric nonunion. They achieved union in all seven patients treated. The
philosophy (valgus correction) and fixation method (dynamic compression) are quite similar to ours.
The differences are that they did not use it for subtrochanteric fractures, and they performed a closing
wedge osteotomy to correct valgus. In our study, we did not perform an osteotomy (just
decompaction of the nonunion site to allow correction). In this way, we did not alter the
vascularization of the zone, and we achieved an elongation of the limb (shortened by the nonunion).

Valgus correction and dynamic compression have been also indicated in recent papers. El Alfy
et al [4] performed a valgus osteosynthesis to subtrochanteric nonunions through a modification of a
95-degree blade plate. They performed a removal of the nonunion site and claimed a dynamic
compression at the fracture site. This technique is somehow similar to ours, as it overcorrects varus,
but it is fixed with another system that applies less compression to the nonunion site. Moreover, they
removed the nonunion site, creating some vascular deficit in this situation, and used bone graft in
some cases (8 out of 26). Nevertheless, they achieved union in nearly all cases (25 out of 26).

This technique has some limitations. The main limitation is the small number of patients treated
to date. This nonunion is not quite usual, so to get a large number of patients is difficult. The objective
of this paper is to publish a standardized method to be used by other centers and to get a bigger
number of patients.

In conclusion, Valgus correction with a dynamic hip screw is a useful technique for a nonunion
of a subtrochanteric hip fracture. This zone is well vascularized, so just dynamic mechanical
compression at the fracture site is needed. This variation in the technique makes surgery easier to
perform.
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