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Introduction

Tension band fixation is a classic fracture repair
method which is most frequently used in olecra-
non fractures [1]. According to the theory devel-
oped by Pauwels in the 1980s [2], a curved
tubular structure submitted to a compressive
force presents with a tension side and a compres-
sive side [3]; therefore, when a tension band is
applied on the tension side, it will concomitantly
increase compression on the opposite side.
Following this accepted 40-year-old principle, it
is mandatory for the bone on the opposite side of
the tension band to present a frank fracture line,
with no bone loss and no comminution.
However, the olecranon cannot exactly be
described as a curved tubular bone submitted to a
compression force, and studies have revealed the
weak compression created by olecranon tension
bands [4]. Brink et al. actually report greater
compression in active extension [5]. Indeed, dur-
ing active motion, multiple force vectors are
applied to the first 8 cm of the olecranon in a
complex axis. Anatomic causes include the prox-
imal ulna dorsal angulation (PUDA), which var-
ies from O to 14 degrees [6], and a 14-degree
varus angulation, and they need to be considered
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[7] to obtain anatomic reduction. This portion of
the ulna includes two joints, but since it is not a
diaphysis, it does require precise anatomic reduc-
tion. We could also say that it is part of another
“joint,” the forearm pro-supination axis — now
considered to be an important virtual articulation.
These three joints can be negatively impacted
during the treatment of proximal ulna fractures.
One such example is PUDA malalignment,
shown in the lab to cause radial head subluxation
[8]. A case-controlled study on olecranon frac-
ture fixation revealed that patients with a non-
anatomic reduction of their PUDA of 5 degrees
or more presented with worse outcomes in terms
of range of motion [9]. Non-anatomic reduction
of the sigmoid notch joint surface is also associ-
ated to worse outcomes. Finally, the proximal
ulna is the insertion site of the elbow’s collateral
ligaments, which need to be preserved or repaired
in complex olecranon fracture cases.

That being said, all studies comparing plate
and tension band (TB) fixation in olecranon frac-
tures have failed to show any significant clinical
difference (Table 10.1) [10-15]. Some authors
found more complications with the tension band
method, mainly associated with a higher hard-
ware removal rate [11, 12]. A systematic review
published in 2016 reported equivalent results for
both methods, but more reoperations in the TB
groups [16]. One of the elements favoring ten-
sion band fixation is its much lower cost com-
pared to locking plate fixation. Indeed, with the
tension band method, total treatment costs are
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Table 10.1 Comparative table of tension band and plate for olecranon fractures in clinical studies [10-15]

Tension band Plate
ROM Hardware ROM Hardware
Author Year N arc Score removal arc Score removal
Amini [10] 2015 10/10 132° MEPS 97 4 132° MEPS 95 1
QDASH 10 QDASH
11
Snoddy [11] 2014 43/134  na na 20/43 na na 25/134
Tarallo [12] 2014 33/45 na MEPS 88 10/33 na MEPS 89  4/45
QDASH 12 QDASH
11
DelSole [13] 2016 23/25 132° na 2/23 126° na 0/25
Linan-Padilla 2017 26/23 140° VAS 2 8/26 142° VAS 2 10/23
[14]
Schliemann [15] 2014 13/13 na MEPS 97 12/13 na MEPS 97 7/13
QDASH 13 QDASH
14

ROM range of motion, MEPS Mayo Elbow Performance, QDASH QuickDASH (http://www.dash.iwh.on.ca/), VAS

visual analogue scale

Table 10.2 Schneider criteria

Oversized Kirschner wires in terms of length

Loose figure-of-eight configuration (i.e., the wire
cerclage not “flush” to the bone)

Incorrect reduction (i.e., congruent joint articular surface)
Perforation of the joint surface

Nonparallel Kirschner wires (with reference to the
other Kirschner wire) on anterior—posterior view
Kirschner wires extending radially outward

Proximal ends of the Kirschner wires not bent 180
degrees back into the cortical bone of the olecranon
Two intramedullary Kirschner wires

Single wire knot

Prominent wire knot(s) (i.e., twisted ends not
sufficiently bent back into direct contact with the bone)

From Claessen et al. [18], with permission

lower by more than 50%, including reoperation,
and the implant itself is six times cheaper [10-
15, 17]. It therefore should still be used in the
case of a simple fracture, in accordance with bio-
mechanical principles. However, two recent
papers have shown that it is not as easy as it
might appear at first glance to perform a “per-
fect” tension band of the olecranon, with a vast
majority of cases not following guidelines [18,
19]. Criteria used by these authors can be found
in Table 10.2 [10-15]. Contrary to clinical
reports, biomechanical studies show better per-
formance with locking plate systems [4, 20],
although it is difficult to accurately compare the
varying biomechanical setups from the different
studies. When compression is measured, the

locking plate creates 343 N of compression vs
77 N for the tension band [4], and on cyclic load-
ing, there is less fragment displacement with
plate fixation (0.25 mm vs 1.12 mm) [20].

This chapter will present, first, a descriptive
classification of olecranon fractures, to help sur-
geons understand the injury; second, it will clar-
ify the indication for tension band in olecranon
fractures with illustrative cases; and third, it will
review surgical tips to increase the solidity of
olecranon tension band, based on biomechanical
and clinical studies.

Descriptive Olecranon Fracture
Classification

Several olecranon fracture classifications can be
used, and in my daily practice, I prefer to make a
list of all fractured fragments when planning for
surgery. The principal fragments are presented in
Fig. 10.1 and listed below:

e Tricipital fragment (Fig. 10.2)
e Intermediate fragment [21] (Fig. 10.3)
e Coronoid fragment
— Tip of the coronoid
— Anteromedial facet
e Posterior fragment (Fig. 10.4)
* Supinator crest (lateral collateral ligament)
e Sublime tubercle (medial collateral ligament)
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Fig. 10.1 Fragment ) Supinator
specific classification of Sublime crest
olecranon fractures tubercule

Intermediate

Tricipital

Posterior

Coronoid

Fig. 10.2 Image of the tricipital fragments present in an olecranon fracture, including the triceps insertion

Fig. 10.3 Image of the intermediate fragment. This frag-
ment is usually covered by cartilage and should be reduced
to match the trochlea curvature. It can be supported by a
threaded K-wire prior to closure of the acromion

Each fragment needs to be fixed in the case of
an olecranon fracture to recreate a stable and
mobile elbow. Whenever more than the tricipital
fragment is involved, a CT scan should be per-
formed, with 3D reconstruction if possible.
Failure to identify and treat all fragments can
lead to disastrous results (Fig. 10.5).

Indications for Olecranon Fracture
Tension Band

Tension band surgical fixation, using K-wires
and metallic wires, is a good surgical fixation
option in cases of a simple fracture, without
elbow instability or dislocation. For example, a
fracture with a tricipital fragment and an interme-
diate fragment could be fixed by the tension band
method in non-osteopenic bone. The intermedi-
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Fig. 10.4 Image of the posterior fragment. This fragment
is not articular. Its anatomic reduction is very important to
recreate patient specific proximal ulna dorsal angulation.

It is frequently associated with anterior subluxation of the
distal ulna and radial head

Fig. 10.5 Complex proximal ulna fracture with initial
treatment neglecting the coronoid fragment leading to
elbow subluxation. In the presence of concomitant olecra-
non fracture and coronoid fracture, the coronoid should be

fixed first, in flexion. The olecranon is then fixed in exten-
sion. Tension band is not recommended in that situation.
Fracture fixation revision is showed with coronoid fixa-
tion first
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Fig. 10.6 Example of a complex case of proximal radius and ulna fracture dislocation. Plate fixation is preferred in the

presence of a radial head fracture and/or elbow dislocation

ate fragment is reduced and fixed, first with a
threaded K-wire, followed by a classic tension
band. When the coronoid is involved or there is a
combined fragmentation of the intermediate frag-
ment and the posterior fragment, plate fixation
will create a more stable construct. When there
are associated injuries to the radial head and/or
ligaments, plate fixation is also more stable
(Fig. 10.6).

Surgical Tips and Tricks Based
on Biomechanical Studies

A preoperative x-ray of the normal side is useful
in complex fractures to achieve patient specific
PUDA. It is easier to repair olecranon fractures in
lateral decubitus, with the fractured elbow on top.
An elbow support is used under the arm and posi-
tioned as close as possible to the shoulder, allow-
ing for fluoroscopy visualization. Skin incision is
done as a lazy C shape starting on the ridge of the
ulna, 7 cm distal to the tip of the olecranon. The
incision is directed proximally, I cm lateral to the
tip of the olecranon. The incision ends in the cen-
ter of the posterior elbow, 2 cm proximal to the
olecranon to expose and protect the triceps. Full-
thickness skin flaps are created with a number 15
blade, just enough to see the fracture fragments.
Soft tissues are reflected from the fracture edge
and the medial and lateral side of the ulnar ridge.
Ulnar nerve and collateral ligament insertions
should be preserved but not necessarily identi-

fied. A sterile Mayo table is also used to support
the forearm, with the elbow in extension for the
reduction of the posterior and tricipital frag-
ments. Coronoid fragments are reduced with the
elbow in flexion [22]. The coronoid is the key-
stone for elbow stability and usually requires
plate fixation [23]. A sterile tourniquet is used
and inflated as little as possible, to decrease post-
operative edema and pain. Anatomic reduction of
all six potential fragments, of both joint surfaces,
the PUDA, and the varus angle, need to be as
similar as possible to the contralateral side prior
to definitive fixation. Small threaded K-wires
could be used for interfragmentary fixation of
intermediate fragments before “closing” the tri-
cipital fragment [24].

K-Wires

After anatomic reduction with a reduction clamp
and temporary K-wires, two 1.6-mm K-wires are
drilled in the ulna; this is easier with the elbow in
30 degrees of flexion. The entry points need to be
5 mm anterior to the tip of the olecranon and
should be parallel. Views differ on whether or not
to enter the anterior cortex:

e The anterior cortex fixation philosophy is sup-
ported by biomechanical studies revealing a
stronger pull-out strength [25]. When chosen,
it needs to be angled at 25 degrees on the lat-
eral view. This angle represents a compromise,
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decreasing the probability of intra-articular
penetration [26] and neurovascular injuries
[27]. Structures at risk are the ulnar artery and
anterior interosseous nerve [27]. To prevent
synostosis, K-wires should be directly aligned
with the ulna and not directed toward the
radius [28]. If a surgeon chooses an anterior
cortex fixation, it is important to retract the
wire by 5 mm, prior to bending and cutting it,
making it possible to bend the pin 5 mm away
from the cortex. A 5 mm of bent stump is left
and the remaining wire is cut. The K-wire is
then twisted 180 degrees to grab the metallic
wire. The K-wire is finally impacted in the
bone for 5 mm. Doing this achieves maximal

é -

k
Fig. 10.7 Example of a failed tension band fixation secondary to insufficient anterior cortex fixation, failure to impact
the k-wire in the olecranon and choice of too small implants

fixation and minimizes the risk to the anterior
structures.

The intramedullary fixation philosophy is sup-
ported by clinical studies, which report neuro-
vascular complications with the anterior
cortex fixation as well as a higher risk of syn-
ostosis [29-31]. This method is weaker and
K-wires are more likely to back out, especially
if they are not impacted into the olecranon
after having been bent and cut (Fig. 10.7). To
create a stronger intramedullary fixation, sur-
geons can choose longer K-wires or a 6.5-mm
cancellous screw [32, 33]. We do not recom-
mend using large screws because of the risk of
triceps fragment fragmentation [33].

4
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Wire

A 1-mm wire is inserted through a 2-mm cortical
tunnel, distal to the fracture. The two limbs are
then crossed. A second wire then goes under the
K-wires in the triceps tendon. Precautions should
be taken to protect the ulnar nerve on the medial
side. K-wires are then retracted 5 mm, one at a
time, to prevent fixation failure, before being
bent, cut, and re-impacted in the ulnar cortex.
Limbs of both wires can now be connected.
Compression with the wires is created by a sym-
metrical rotation and gentle traction of the wires
on each side of the fracture. Limbs are then cut
and knots are buried in the soft tissue [34].
Alternatively, in an olecranon osteotomy model,
Lalliss et al. showed similar strength using a
heavy suture (FiberWire, Arthrex, Naples, FL,
USA) [35].

Conclusion

Olecranon fractures are very common, requiring
surgical interventions in the vast majority of
cases. Tension band fixation is a cost-effective
procedure favored in simple fractures; however,
proper fixation methods need to be followed to
prevent failure. These include lateral decubitus
positioning, safe surgical approach, anatomic
reduction of each fragment with independent
small threaded wires, and tension band fixation
of the tricipital fragment. Complex fractures and
fracture dislocations are preferably treated with
designated periarticular locking plates.
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