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ABSTRACT

Background: The optimal revision construct for failed olecranon
fracture fixation is controversial. Here, we aim to review existing revision
technigues and describe tension band wiring as a surgical option for
these challenging scenarios and to evaluate its clinical and
radiographic outcomes.

Methods: This retrospective case series was performed at an urban,
university-based, level-1 trauma center. Patients aged 18 to 65 years
who underwent revision fixation of their olecranon fracture using
tension band wiring were included. The study data were collected
through a retrospective chart review and review of the existing
radiographic studies. Primary outcome measure was mechanical
failure. Secondary outcome measures included nonunion, malunion,
medical, and surgical complications. Functional outcome was
determined by range of motion and restoration of extensor
mechanism strength.

Results: A total of five patients were included in this study. Causes for
revision were acute implant failure (n = 2), aseptic nonunion (n = 1), and
infected nonunion (n = 2). All patients eventually achieved bony union
after revision. Two patients required an additional surgery because of
Kirschner wire migration (n = 1) and symptomatic implant (n = 1).
Average flexion was 126° (range 110 to 135) and average extension
was 18° (range 5 to 30). All patients experienced restoration of
extensor mechanism with full strength and returned to their previous
working status. No other mechanical failures, surgical complications,
or medical complications occurred.

Conclusions: Early results of revision open reduction and internal
fixation for failed olecranon fracture fixation using tension band
wiring demonstrated favorable outcomes and low complication
rates. This technique may be used for revision of failed olecranon
fixation.
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Case Series and Review of the Literature

lecranon fractures constitute nearly 10% of all

upper extremity fractures.!> Because of the

intra-articular nature of olecranon fractures,
open reduction and internal fixation is often necessary.
Primary reduction techniques frequently described
include tension-band wiring (TBW), locking plate fix-
ation, intramedullary nail fixation, intramedullary
screw fixation, and triceps advancement with fragment
excision.? Decision making for the primary treatment
approach is influenced by fracture type, comminution
extent, and elbow stability. Although TBW has shown
favorable outcomes for simple and nondisplaced frac-
tures, its role in revision surgeries remains inadequately
explored.

Currently, there is no consensus on optimal revision
techniques after failed olecranon fracture fixation, as
factors like fracture comminution, diaphyseal extension,
elbow instability, soft-tissue deficiency, construct design
limitations, and implant prominence contribute to the
complexity.'3 Revision surgeries also pose challenges
because of interval healing, scarring, and limited treat-
ment options, particularly after failed plate fixation.!

Given the paucity of the literature, and as an extension
of this review, a case series is included to evaluate the
clinical and radiographic outcomes of tension band
wiring after failed primary olecranon fixation.

Intermedullary Fixation (Nail and Screw)

Use of olecranon nails is becoming more popular for
primary treatment of both simple and complex olecranon
fractures.* Although long-term studies are limited, ex-
isting biomechanical studies reveal robust fixation
through compression across the fracture site. Nails have
a minimal extracortical profile, which may decrease the
likelihood of implant irritation.*> However, it should be
noted that although long-term studies demonstrate
favorable outcomes with little-to-no implant irritation,
elective implant removal remains high (half of pa-
tients).> Data regarding the use of olecranon nails for
revision of failed olecranon fixation are extremely
limited.

Intramedullary noncannulated long screws are also
used to achieve rigid internal fixation with minimal
exposure and reduced risk of implant-related complica-
tions. This technique allows for endosteal purchase at
the isthmus of the ulna, increasing pull-out strength and
providing anatomic reduction while enabling early
range of motion.® Advantages of this approach include
quicker surgery, less blood loss, and a minimal ex-
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tracortical profile.® Data regarding intramedullary
screw fixation in the revision setting are minimal.

Locking Plate Fixation

Locking plate fixation (LFP) with anatomically con-
toured plates has gained popularity for primary fixation
of complex olecranon fractures. It is thought that
dynamic fracture site compression provided by LFP is
useful in comminuted fractures where rotational stability
is required and in fractures involving the coronoid pro-
cess.” LFP has also been advocated as a superior method
of fixation compared with others due to having fewer
complications and revision surgery rates. However,
more recent studies have noted similar outcomes when
comparing LFP to other fixation methods.8-® Tobenna
Oputa et al, in a 140 patient study, noted no notable
difference in complication rate, infection rate, or rate of
implant-related symptoms when comparing LPF with
TBW in both simple and comminuted fracture groups.$

Tension Band Wiring

Tension band wiring (TBW) is the standard approach for
simple transverse fractures, allowing early motion and
demonstrating comparable outcomes to plate fixation
for simple displaced fractures.®-!! Interestingly, consid-
erations such as age, comorbidities, and sex may affect
the revision surgery rate more markedly than the
implant type.’

TBW also allows for early postoperative rehabilita-
tion to avoid stiffness, minimal implant prominence, and
less soft-tissue handling/dissection.!? In the context of
revision fixation, initial fixation before implant failure
may contribute to interval healing at the articular sur-
face and allow for successful TBW fixation despite
initial fracture comminution. The unique ability of the
tension band construct to translate tensile forces of the
posterior aspect into compression forces at the joint may
also expedite healing in these situations.

Cost is an important factor in decision making that is
often overlooked.!> The average total cost of TBW
surgery was found to be 2.6 times cheaper than plate
fixation in the treatment of displaced olecranon frac-
tures.'* When the cost of TBW with implant removal
was compared with the cost of LPF without removal, the
cost was still markedly less (181% cost difference).'*
For these reasons, we propose TBW is a preferred option
in revision cases with a highly comminuted proximal
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segment, osteoporotic bone, or cases where limited bone
stock preclude an attempt at plate fixation.

Allograft Reconstruction

Koso et al reports a technique of using a tendo-osseous
allograft reconstruction (OTOA) as a revision option for
failed olecranon fixation.!> Three of the nine patients
they reported on had olecranon fractures that were fixed
with an OTOA. The technique, as reported by the au-
thors, has very narrow indications and selected patients
for whom standard treatment methods were unlikely to
be successful, such as one with limited preoperative
elbow flexion with triceps repair or reconstruction, one
with failed triceps reconstruction, and another with loss
of more than half of the articular surface of the greater
sigmoid notch of the proximal ulna. Two of the three
patients with olecranon fractures treated with this
approach suffered serious complications such as deep
infection, and gross instability with recurrent ulno-
humeral dislocation. With these considerations, this
technique remains an approach for those without
additional options to restore function to the upper
limb.15

Sotelo et al reports a technique of using an Achilles
allograft for reconstruction of the triceps, which can be
used in this situation as well. They report on seven pa-
tients, three of which received the tendo-Achillis allograft,
and four of which received a rotational flap using the
anconeus. Patients were indicated for the allograft if their
anconeus muscle had been devitalized. Of the patients
who received an allograft, no failures were reported, and
all of the patients had good outcomes with return to daily
activities without additional limitations.'®

Olecranon Excision With Triceps
Advancement

In cases with severely comminuted fractures, especially in
elderly or osteoporotic patients, partial olecranon exci-
sion with triceps advancement serves as an alternative
approach to LFP, TBW, or olecranon nails.'” Nonsur-
gical management is also feasible for isolated displaced
fractures in elderly patients with multiple comorbid-
ities.!8 Although comparative data on triceps advance-
ment versus other primary treatments are limited,
biomechanical
strength regardless of positioning.

Regarding fixation of the triceps brachii tendon in
cases where triceps lengthening is necessary, V-Y and

decreased extensor

19,20

studies reveal
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turndown techniques are available options. The V-Y
plasty may lead to greater levels of postoperative
pain, decreased elbow extension strength, and
extension lag.?! However, it is a simpler procedure
when compared with the turndown technique and
provides adequate length of the triceps aponeurosis
along with good exposure required for reduction of
the elbow joint.?2! The turndown (Van Gorder)
technique involves using an allograft from the
Achilles tendon or fascia lata following a transverse
sectioning of the triceps.?? This approach neces-
sitates an additional surgical preparation, which
may affect both the healing process and mechanical
results at the elbow. Furthermore, this method re-
quires much longer procedure time and elevates the
risk of complications because of the extrasurgical
site.2?

Olecranon Nail With Allograft

As a combination of using both an olecranon nail and
allograft reconstruction, this technique has shown
some success in recent years at our institution. There is
currently an ongoing study looking at outcomes in
three patients who developed nonunion of the ulna and
underwent repair using an olecranon nail with allo-
graft. Preliminary data show very positive results with
all patients reporting no complications 1 year post-
operatively and great outcome scores; however, data
are sparse, and this technique requires more explora-
tion before it can be recommended. Current in-
dications, advantages, and disadvantages are still
being discussed; however, initial data are promising
and warrant inclusion in the list of possible techniques.
A summary of the advantages and disadvantages of the

various revision approaches discussed is shown in
Table 1.

Case Series: Olecranon Fractures Treated
With Tension Band Wiring Revision

Methods
This retrospective case series was conducted at a level-1
trauma center. Patients aged 18 to 65 years who
underwent revision fixation of olecranon fractures using
tension band wiring were included from 2016 to 2018.
Patients with pathologic fractures from neoplastic dis-
ease were excluded. Approval from the institutional
review board was obtained.

Patients were considered as incomplete follow-up if
clinical and radiographic outcome data were not
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Table 1. Summary of Approaches for Revision of Failed Olecranon Fixation

Surgical
Construct

Nail/screw

Locking plate
fixation

Tension band

wiring (TBW)

Bony triceps
advancement

Allograft
reconstruction

Nonsurgical
management

Key Considerations and
Indications

Simple and complex
fractures
Robust fixation

Unstable patterns

Severe comminution

Fractures involving the
coronoid process

Simple transverse
fractures

Severely comminuted
fractures, especially in
osteoporotic or elderly
patients

In cases of failed plate
fixation with residual
proximal bone loss

Uses tendo-osseous
allograft
Useful for concomitant
triceps or articular
damage

Isolated displaced
fractures in elderly
comorbid patients

Advantages

Minimal extracortical
profile

Achieves dynamic
fracture site
compression

Allows early motion

Lower cost

Lower risk of infection and
revision

Alternative approach
when open reduction is
unlikely to be
successful

May be an option without
the need to restore
primary proximal bone
stock

Satisfactory outcomes in
selected high-risk
cases

Viable option in specific
cases where surgery
entails an excessive
level of risk

Disadvantages

Elective implant removal
rates remain high

Limited data for revision
settings

Higher cost
Higher risk of infection
and revision

Similar clinical outcomes
to plate fixation in
simple transverse
fractures

Similar range of motion at
6 months

Decreased extensor
strength

May lead to greater
postoperative
biomechanical
restrictions in revision

surgery

High complication rates,
infection, or instability
Narrow indications

Additional Information

Implant -related
symptoms may not
differ markedly from
TBW

TBW provides tensile
forces preventing
fracture fragment
escape

Comparative data on
triceps advancement
versus other methods
lacking

Consideration of interval
healing and soft-tissue
scarring in revision
settings

available for a minimum of 12 weeks after surgery.
Technical data on the fixation construct and the
mechanical failures were collected from the postopera-
tive radiographs and determined by two board-certified
orthopaedic surgeons.

Surgical Technique

All patients underwent revision fixation of the olecranon
using tension band wiring. Patients were positioned in a
sloppy lateral position on a standard OR table. The
posterior incision from the index procedure was used.
The ulnar nerve was carefully dissected and protected.
The previous implant was exposed as demonstrated in
Figure 1. The fracture was reduced with forceps, and a
tension band wiring construct was performed as per
established techniques.®-10 Specifically, for the insertion
of our 1.0-mm wire, a 2.0-mm drill was employed to
create a hole in the ulna approximately 40-mm distal to
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the fracture line and 5 mm from the posterior cortex.
Using the same hole, a loop was fashioned with the wire
approximately one third along its length. Two parallel
1.6-mm Kirschner wires were then inserted through the
proximal end of the olecranon to the anterior cortex,
maintaining proximity to the articular surface. Em-
ploying the 1.0-mm wire, a figure-of-eight configuration
was crafted beneath the triceps tendon around the
protruding ends of the Kirschner wires. The wire was
united and tightened, and once appropriately tensioned,
the Kirschner wire and 1.0-mm wire were cut and
tamped down to prevent soft-tissue irritation, as illus-
trated in Figure 2. Stages of patient management are
depicted in Figures 3-6.

Outcome Measures
The primary outcome measure focused on mechanical
implant failure, specifically defined as the mechanical

© American Academy of Orthopaedic Surgeons



Figure 1
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Figure 2

Intraoperative views demonstrating proximal ulna prior to
complete plate removal.

breakdown of the tension band wiring (TBW) con-
struct. Secondary outcome measures included non-
union (necessity for a subsequent surgical procedure to
enhance healing), malunion (radiographic varus or
valgus malalignment exceeding 5°, procurvatum or
recurvatum malalignment exceeding 10° radio-
graphically, or clinical rotational deformity exceeding
10°), postoperative surgical complications, peri-
operative medical complications, and postoperative
functional status (assessed through parameters such
as range of motion, use of assistive devices, and return
to work).

Case Presentations

Case 1

A 67-year-old nonsmoking woman with a closed olec-
ranon fracture initially underwent plate fixation.
Fourteen days postoperatively, acute implant failure led
to a TBW revision surgery, complicated by pin migra-
tion. The patient achieved union with a final motion arc
of 30 to 110° and maintained 5/5 triceps strength.

Case 2

A 22-year-old nonsmoking woman presented with an
open olecranon fracture, initially treated with plate fixa-
tion. Fourteen days later, acute implant failure necessitated
a TBW revision surgery, accompanied by symptomatic
implant complications. Despite challenges, the patient

Intraoperative views demonstrating proximal ulna after
tension band wire placement.

achieved union and demonstrated a motion arc ranging

from 30 to 125°, maintaining 5/5 triceps strength.

Case 3

A 54-year-old nonsmoking woman with a closed olec-
ranon fracture developed an infected nonunion after
initial plate fixation. After 38 days, a TBW revision was
performed, ultimately resulting in union. The patient
exhibited a motion arc of 5 to 135° and maintained 5/5

triceps strength.

Case 4

In a 73-year-old non-smoking woman with a closed
olecranon fracture, an aseptic nonunion occurred fol-

lowing initial plate fixation. After 27 days, a TBW

Figure 3

AP and lateral elbow radiographs demonstrating proximal
olecranon fragment migration prior to plate fixation.
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Figure 4

V-

G N

AP and lateral elbow radiographs demonstrating proximal
olecranon fragment migration post-plate fixation showing
reduction of the proximal fragment.

revision was conducted, leading to union with a motion
arc of 10 to 130° and maintaining 5/5 triceps strength.

Case 5

A 75-year-old woman with a 19-pack-year history of
tobacco use presented with an open olecranon fracture.
Eighty-six days after initial plate fixation, a TBW
revision was performed due to an infected nonunion.
The patient achieved union with a motion arc ranging
from 15 to 130°, maintaining 5/5 triceps strength.

Results

Five patients treated from 2016 to 2018 at a university-
based, urban, level-1 trauma center were included.
Two of our five patients were referrals from an external
facility, leading to a lack of detailed information on
their initial fracture patterns or fixation constructs. All
underwent removal of the previous plate fixation
(n = 5) followed by revision surgery with tension band
wiring. Causes for revision included acute implant
failure (n = 2), aseptic nonunion (n = 1), and infected
nonunion (n = 2). The average time for initial construct
failure was 35.8 days (range 14 to 86 days). The
average time for TBW revisions was
119.2 minutes (range 102 to 133 minutes), with a mean
estimated blood loss of 50.0 mL (range 50 mL).

All patients eventually achieved radiographic and clini-
cal union after revision. One patient required additional
surgery because of Kirschner wire migration, achieving
union at the last follow-up. Another patient underwent
implant removal because of symptomatic implant. Aver-
age follow-up was 392.8 days (range 160 to 392 days),
with restoration of extensor mechanism and full strength
in all patients. No mechanical failures, surgical compli-
cations, or medical complications occurred. A compre-
hensive review of all patients can be seen in Table 2.

surgical
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Discussion

Olecranon fractures present challenges for orthopaedic
surgeons, with varied injury patterns and no established
optimal treatment option in the revision setting.!** Bio-
mechanical stability and clinical outcomes for failed
olecranon fixation treatments remain controversial.®
This study evaluated five cases of olecranon fixation
failures through revision using tension band wiring
(TBW), resulting in successful radiographic and clinical
union in all instances. The application of this technique
demonstrated efficacy across diverse challenges,
including acute implant failure, aseptic nonunion, and
infected nonunion. Notably, patients exhibited favor-
able functional outcomes with an average arc of motion
ranging from 18 to 126°, and they successfully resumed
their previous working status within a mean follow-up
time of 392.8 days (range 160 to 392 days).

Although TBW is ideal for fracture patterns with well-
preserved articular cartilage and good bone quality, our
study showed that this technique may also be a viable,
or even preferred, option in the treatment of failed
olecranon fixation. The initial fixation before implant
failure may contribute to interval healing at the articular
surface to allow TBW despite initial fracture commi-
nution. The ability of the tension band construct to
translate the tensile forces of the posterior aspect into
compression forces at the joint may also expedite
healing in these situations. TBW allows for early post-
operative rehabilitation to avoid stiffness, minimal
implant prominence, and less soft-tissue handling/
dissection.!®-11 Regardless of techniques, treatment
should consider age, fracture pattern, bone quality, and
soft-tissue injury to avoid implant failure, nonunions,
and complications.®? Risks of failures and nonunion

Figure 5

AP and lateral elbow radiographs demonstrating proximal
olecranon fragment migration followed by migration of the
proximal fragment.
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Figure 6

A

AP and lateral elbow radiographs demonstrating final fracture
union after tension band wire placement.

include surgical technique, quality of fixation and
reduction, and distraction at the fracture site.!3 Also,
complications associated with revisions of olecranon
fractures include loss of motion, complex regional pain
syndrome, ulnar neuropathy, mechanical failure, non-
unions, and loss of extensor strength.!-3 In this reported
case series, no nonunions or implant failures were
reported; however, one case of pin migration and
symptomatic implant was also reported.

Cost is an important factor in decision making that is
often overlooked.'3-2324 Orthopaedic surgeons tend to
markedly underestimate the cost of orthopaedic im-
plants, with the error in cost estimation being higher with
more expensive implants.'* The average total cost of
TBW surgery was found to be 2.6 times cheaper than
plate fixation in treatment of displaced Mayo 2a olec-
ranon fractures.!* When the cost of TBW with implant
removal was compared with the cost of plating without
removal, the cost was still markedly less (181% cost
difference).'* With these considerations, TBW might be a

Table 2. Patient Demographics and Outcomes

Marcus C. Appleton, MD, et al

preferred option for primary or revision olecranon fix-
ation when considering cost and postoperative outcomes.
Although our clinical and radiographic outcomes are
favorable, the literature regarding other revision techni-
ques has been few. However, several studies evaluated
chronic olecranon nonunions and their treatment out-
comes. Papagelopoulos and Morrey?® evaluated 24
patients with nonunion of olecranon fractures treated
with different techniques—excision (1), plate fixation
(16), and joint replacement (3). They found favorable
outcomes with only nine patients reporting moderate
pain, an average arc of motion of 98°, and union being
achieved in 15 of the 16 patients treated with osteo-
synthesis. Also, Danziger and Healy?® treated five
chronic olecranon nonunions, four with tension band
wiring, and one with plating and reported that all five
achieved radiographic union with nearly full range of
motion. From our review of the literature, our five
patient sample represents the largest study of TBW used
for revision of failed olecranon plate fixation.
Limitations inherent in this case series include its retro-
spective design and the restricted number of patients. Fur-
thermore, the absence of a comparison group treated with
an alternative technique restricts our ability to draw direct
comparisons, necessitating reliance on historical data from
the literature. Although our study comprised only five pa-
tients, the extended average follow-up duration of
392.8 days adds value to our findings. Notably, similar-
sized studies in the past have yielded statistically significant
results within comparable study populations.?73:10-17.27
The existing literature on biomechanical and clinical
outcomes associated with tension band wiring in the context
of failed olecranon fixation is sparse. Despite these limi-
tations, our study demonstrated successful bony union and

Days Arc of
Patient Age Mode of | Until Surgical Motion Triceps
No. Sex (yr) Tobacco Use | Fracture | Failure TBW | Complications | Union | (Degrees) |Strength
1 F 67 No Closed Acute 14 Pin migration Yes 30-110 5/5
failure
2 F 22 No Open Acute 14 Symptomatic Yes 30-125 5/5
failure implant
3 F 54 No Closed Infected 38 . Yes 5-135 5/5
nonunion
4 F 73 No Closed Aseptic 27 . Yes 10-130 5/5
nonunion
5 F 75 Previous 19 Open Infected 86 . Yes 15-130 5/5
pack-year nonunion
history
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favorable functional outcomes in all cases, accompanied by
acceptable complication rates. The cost-effectiveness of our
surgical technique positions it as a viable option in tech-
nically challenging scenarios. However, given the scarcity
of literature addressing the management of these revisions,
additional studies are warranted to elucidate the long-term
clinical outcomes of tension band fixation following failed
olecranon plate fixation.

Conclusion

In summary, this case series presents successful outcomes
in the revision fixation of failed olecranon fractures using
tension band wiring (TBW) as a technique. The study
includes five cases demonstrating favorable results,
including successful union and improved functionality.
TBW stands out as a cost-effective and versatile option,
proving particularly effective in challenging scenarios
like acute failures and nonunions. Despite these prom-
ising findings, the limited availability of comparative
data highlights the need for further research to establish
the long-term efficacy of TBW in managing failed
olecranon fixation, both in primary and revision set-
tings. Although this study offers valuable insights into
the potential of TBW, it emphasizes the necessity for
more comprehensive investigations to solidify its role in
these intricate revision cases.
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