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Purpose: We aimed to characterize the incidence of complications regarding olecranon osteotomy,
looking more specifically at the type of osteotomy and the fixation construct used to repair the
osteotomy.
Methods: In accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines, a comprehensive search was performed. A study was included if it was an adult clinical
study, a transverse or chevron olecranon osteotomy was performed, and the study explicitly states the
fixation construct used to repair the osteotomy. A quality assessment was performed in each study prior
to data extraction.
Results: We included 39 studies with a total of 1,445 patients. Most studies included patients who were
being treated primarily for a distal humerus fracture. The overall incidence of delayed union was 27/643
(4.2%), with a higher rate in transverse osteotomy than in chevron osteotomy (5/49 (10.2%) vs 22/595
(3.7%)). Nonunion occurred in 43/811 (5.4%) of patients, with a higher rate in transverse osteotomy (6/73
(8.2%) vs. 37/712 (5.2%)). Implant failure or loss of reduction occurred in 44/746 (5.9%) of patients, with a
higher rate in transverse osteotomy (11/49 (22.4%) vs 33/688 (4.8%)). The removal of implants occurred in
236/1078 (21.9%) of all patients, with the highest rate in those studies that used plate fixation 44/99
(44.4%).
Conclusions: Compared with chevron osteotomy, patients who underwent transverse osteotomy had a
higher incidence of delayed union, nonunion, and implant failure or loss of reduction requiring revision
surgery. The incidence of implant removal indicates that patients should be informed that nearly half of
the osteotomy fixed with a plate was removed after implantation.
Type of study/level of evidence: Therapeutic III.
Copyright © 2023, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Osteotomy of the olecranon allows excellent visualization and
access to the elbow joint.1 Although olecranon osteotomy is most
often used for exposure to intra-articular fractures of the distal
humerus where anatomic reduction is of paramount importance,
its use includes any surgery where direct visualization of the elbow
joint is vital for success, such as contracture release.2,3 The
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orientation of the olecranon osteotomy varies and may be chevron,
transverse, or oblique.

A large variety of fixation options exist to repair the olecranon
osteotomy. Classically, the osteotomy is repaired with a tension
band wiring (TBW) construct, including a stainless-steel wire in a
figure-of-eight configuration secured to the bone with K-wires.4

Theoretically, the tension band construct converts tensile forces
into compression forces at the opposing bony edges, thereby
encouraging union.5,6 Newer techniques use a long, fully, or
partially threaded cancellous screw (with or without a washer)
spanning the osteotomy site.7 Adding a stainless-steel wire in a
figure-of-eight configuration (ie, a tension band) to the single
cancellous screw has the benefit of additional compression at the
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osteotomy site. The use of plate and screw constructs is becoming
more common, likely due to the low-profile nature of newer plates
and the strength of locking screw constructs.8,9 Complications, such
as implant failure or loosening and osteotomy nonunion or delayed
union, occur with each fixation construct and often require addi-
tional surgery, adding to the morbidity of the treatment.10,11 Due to
their subcutaneous location, implants are often prominent and
prove bothersome.

Despite its common use, there is no consensus regarding the
optimal type of osteotomy or fixation construct to repair the
osteotomy. This is especially important regarding the associated
complications.

We aimed to systematically review the available literature to
better characterize the complications associated with types of
osteotomies and various fixation constructs.

Materials and Methods

Data sources

The study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. A trained clinical health sciences librarian (S.T.W.)
developed a comprehensive search strategy using the following
electronic databases from inception to April 22, 2022: PubMed,
Cochrane Central Register of Controlled Trials, EMBASE, CINAHL via
EBSCO, and Web of Science. Search terms were used to retrieve
articles addressing the two main concepts of the search strategy:
olecranon and variations in the term osteotomy. The search results
were then downloaded toMendeley, and duplicates were removed.
All references were uploaded to the Covidence Systematic Review
software,12 a web-based tool designed to facilitate and track each
step of the abstraction and review process.

Study selection and data extraction

The list of potential studies identified through the database
search was reviewed for inclusion by two independent reviewers.
Where there was uncertainty regarding eligibility, a third reviewer
was consulted. Studies were included if theywere a clinical study of
patients 18 years of age and older, a transverse or chevron olecranon
osteotomy was performed, and the study specified a fixation
construct was used to repair the osteotomy. Studies were excluded if
they were case reports, technique papers, review articles, or biome-
chanical studies including pediatric patient population or olecranon
fractures, used any osteotomy other than chevron or transverse, or
did not explicitly state the fixation of the olecranon osteotomy. De-
tails of the data extraction process are outlined in Figure 1.

Studies that reported a minimum follow-up of fewer than 12
months were excluded prior to data extraction because this time
period is insufficient to accurately detect the outcomes of interest
of this study. Data were analyzed and presented descriptively.

Results

Data synthesis

Summing all studies amounted to 1,445 patients who under-
went olecranon osteotomy (Table 1). The average age of these pa-
tients was 44.5 ± 10.3 years. Two studies did not report the age of
their study population.9,13 Twenty-three of the studies indicated
the sex of the patients, of which 53.6% were male and 46.4% were
female.

Of the 39 studies included, 36 included patients with distal
humerus fractures. One study included only patients with distal
humerus nonunion,14 whereas two studies that did not include
distal humerus fractures included only patients with an elbow joint
contracture.15,16

The average follow-up time period of all the included studies
was 30.9 ± 14.0 months. The range of follow-up for all patients was
1.5e156 months. Five studies did not report an average follow-up
time period but rather included a minimum follow-up time
period for patients included in their study.7,11,13,17,18

Regarding the type of osteotomy used, 34 studies included a
total of 1,308 patients who underwent chevron osteotomy, whereas
five studies included a total of 93 patients who underwent trans-
verse osteotomy. Two studies had a total of 44 patients who un-
derwent either transverse or chevron osteotomy, but these studies
did not specify the number of each osteotomy type; therefore, these
studies were excluded from any analysis of osteotomy type.19,20

Fixation options varied greatly among the included studies.
Tension band wiring using K-wires and a stainless-steel wire was
the most frequently used option, involving 761 patients used
exclusively in 19 studies. The next most frequently used fixation
construct was a 6.5 mm cancellous screw with TBW, involving 382
patients and used exclusively in six studies. Only three studies
exclusively used plate and screw fixation, two of which used only
hook plate fixation.21,22 One study exclusively used a multiplanar
locking intramedullary nail (OlecraNail; Mylad Orthopedic Solu-
tions); this study had 35 patients.16 The remaining studies involved
patient populations with more than one fixation construct.

Overall, there was a 27/643 (4.2%) incidence (27 reported cases)
of delayed union of olecranon osteotomy (Table 2). Delayed union
was defined by the individual papers and aggregated for the pur-
poses of this review. The incidence of a delayed union in transverse
osteotomy 5/49 (10.2%) was higher than in chevron osteotomy 22/
595 (3.7%). Considering the fixation construct, the incidence of
delayed union was the lowest in TBW alone 11/355 (3.2%) and the
highest with cancellous screw alone 2/26 (7.7%) (Table 2).

Overall, there was a 43/796 (5.4%) incidence (43 reported cases)
of nonunion of olecranon osteotomy (Table 3). In all studies, the
incidence of nonunion was higher in transverse osteotomy 6/73
(8.2%) than in chevron osteotomy 37/712 (5.2%). Considering the
fixation construct, the incidence of nonunion was the lowest with
cancellous screw and TBW 12/308 (3.9%) and the highest with
cancellous screw alone 5/72 (6.9%).

Overall, there was a 44/746 (5.9%) incidence (44 reported cases)
of implant failure and loss of reduction of the olecranon osteotomy,
including those requiring revision surgery (Table 4). In all studies,
the incidence of implant failure in transverse osteotomy 11/49
(22.4%) was higher than in chevron osteotomy 33/688 (4.8%).
Considering the fixation construct, the incidence of implant failure
and loss of reductionwere the lowest for cancellous screw and TBW
8/178 (4.5%) and the highest for cancellous screw alone 3/39 (7.7%).

Overall, there was a 236/1078 (21.9%) incidence (236 reported
cases) of the removal of olecranon osteotomy implants (Table 5).
Considering the fixation construct, the incidence of implant
removal was the highest with plate fixation 44/99 (44.4%) and
similarly low for all other constructs, as shown in Table 5.

Overall, there was a 54/771 (7.0%) incidence (54 reported cases)
of infection (Table 6). Considering those cases where a fixation
construct was identified, the incidence of infection was the lowest
associatedwith TBWalone 17/459 (3.7%) and the highest associated
with plate fixation 6/44 (13.6%).

Discussion

The fact that most included studies involved patients who had
experienced a distal humerus fracture, either immediately prior or
in the past (ie, revision surgery or nonunion), is expected, given the
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses chart. *: all originally identified records; **: all records excluded after screening.
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frequency of use of the olecranon osteotomy in extensile exposure
of the elbow joint. However, because of its access to the elbow joint,
olecranon osteotomy use has other applications, including expo-
sure for elbow joint contracture release.

Regarding the follow-up time period, an average of 31 months is
sufficient to identifymost postoperative complications. Studies that
reported an average or maximum follow-up time period of fewer
than 12 months were excluded from this study since most com-
plications occur within the first 12 months after surgery, and the
inclusion of these studies could have led to understating the inci-
dence of complications.

Chevron osteotomy was used far more often than transverse
osteotomy. In performing the chevron osteotomy, most studies
used a sagittal saw to cut through the bone only to the far cortex
and then used an osteotome to complete the osteotomy, thereby
creating an irregular surface. This irregular cortical surface allowed
the fragments to key into one another when the osteotomy was
repaired. This way, the increased surface area from the “V-shaped”
bone ends fits together efficiently. This also had the effect of
increasing rotational stability comparedwith transverse osteotomy.
Patients who underwent transverse osteotomy showed a higher
incidence of delayed union, nonunion, and implant failure or loss of
reduction than chevron osteotomy. In their patient series in which
the authors used both chevron- and transverse-type osteotomy,
Holdsworth and Mossad19 had three osteotomies with a delayed
union, all of which were transverse osteotomies. Similarly, Eralp
et al20 had only one nonunion following transverse osteotomy.
Based on the experiences in these mixed osteotomy technique
patient series, each study concluded that the chevron osteotomy is
more reliable and produces superior results regarding osteotomy
healing. This conclusion is supported by other clinical and biome-
chanical studies.23

The anconeus pedicle olecranon flip osteotomy, used by Habib
et al,24 represents a variation in the chevron technique. In their patient
series, the authors described an additional osteotomy to remove a
section of bone from the olecranon that measures approximately 2.5
cm long, 1.5 cm wide, and 3 mm to 4 mm thick, along with the
attached triceps tendon and pedicle of the anconeus muscle. In their
10-patient series, they reported no cases of loss of reduction and that
all osteotomies healed in an average of seven weeks.24

Tension band wiring effectively converts tension forces into
compression forces to assist in fracture healing. This is indicated in



Table 1
Data Extraction From 39 Included Studies

Author Year Indication(s) No. of
Osteotomy
Patients

Type of
Osteotomy

Osteotomy Fixation
Construct

Delayed
Union,
n/N (%)

Nonunion,
n/N (%)

Implant
Failure/ Revision,
n/N (%)

Implant
Removal,
n/N (%)

Infection,
n/N (%)

Atalar et al29 2009 Complex distal humerus fracture 19 Chevron Screw and TBW 0/21 (0) 0/21 (0) 0/21 (0) 5/21 (23.8%)
San�e et al28 2009 Distal humerus fracture 14 Transverse TBW 2/14 (14.3) 1/14 (7.1) 14/14 (100)
Woods et al11 2015 Distal humerus fracture 160 Chevron TBW, plate, screw and

TWB, and screw
21/160 (13.1) 15/160 (9.4) 41/160 (26.9) 14/160 (8.8)

Gainor et al30 1995 Complex distal humerus fracture 10 Transverse Screw and TBW or TBW 3/10 (30)
Holdsworth &

Mossad19
1990 Displaced distal humerus fracture 27 Chevron or

Transverse
Screw and TBW 3/27 (11.1) 4/27 (14.8)

Babhulkar &
Babhulkar13

2011 Intra-articular distal humerus fracture 184 Chevron TBW 3/94 (3.2) 1/94 (1.1) 1/90 (1.1)

Wu15 2003 Traumatic elbow contracture 20 Transverse TBW ("modified") 0/20 (0.0%)
Coles et al31 2006 Distal humerus fracture 67 Chevron Screw and TBW or plate 1/67 (1.5) 0/67 (0) 2/67 (3.0) 18/67 (26.9)
Zhang et al32 2014 Intercondylar distal humerus fracture 36 Chevron TBW 2/36 (5.6) 1/36 (2.8) 5/36 (13.9) 15/36 (41.7) 2/36 (5.6)
Ring et al33 2004 Distal humerus fracture or nonunion 47 Chevron TBW 0/45 (0) 0/45 (0) 1/45 (2.2%) 12/45 (27) 1/45 (2.2)
Tian et al17 2013 Distal humerus fracture 25 Chevron TBW 0/25 (0) 0/25 (0) 0/25 (0%) 0/25 (0) 0/25 (0)
Daroch et al34 2016 Distal humerus fracture 40 Chevron TBW 1/40 (2.5) 3/40 (7.5)
Hewins et al9 2007 Distal humerus fracture 17 Chevron Plate 0/17 (0) 0/17 (0) 1/17 (5.9) 1/17 (5.9)
Kinik et al25 1999 Intra-articular distal humerus fracture 4 Chevron TBW ("self-locking") 0/4 (0) 0/4 (0) 0/4 (0) 0/4 (0)
Henley35 1987 Intercondylar distal humerus fracture 28 Transverse Screw and TBW or TBW 1/28 (3.6) 2/28 (7.1) 6/28 (21.4) 6/28 (21.4) 2/33 (6.1)
Azboy et al36 2016 Intra-articular distal humerus fracture 18 Chevron Screw and TBW 2/18 (11.1) 0/18 (0) 4/18 (22.2)
Schmidt- Horlohe

et al21
2011 Distal humerus fracture 31 Chevron Plate 2/31 (6.4) 2/31 (6.4) 1/31 (3.2) 15/31 (48.4) 0/31 (0)

Cannada et al37 2011 Supracondylar or intercondylar distal
humerus fracture

67 Chevron Screw and TBW or TBW 3/67 (5.2) 8/67 (11.9) 8/71 (11.3)

Eralp et al20 2001 Intra-articular distal humerus fracture 17 Chevron or
Transverse

TBW 1/17 (5.9) 0/17 (0)

McKee et al27 2000 Displaced intercondylar distal humerus
fracture

11 Chevron TBW 3/11 (27.3) 1/11 (9.1)

Tyllianakis et al38 2004 Intra-articular distal humerus fracture 26 Chevron TBW or screw and TBW 0/26 (0) 3/24 (12.5) 3/24 (12.5) 1/24 (4.2)
Tak et al39 2009 Intra-articular distal humerus fracture 89 Chevron Screw and TBW 4/89 (4.5) 0/94 (0) 29/89 (32.6) 8/89 (8.9)
Jung et al40 2016 Intercondylar distal humerus fracture 38 Chevron TBW 1/38 (2.6) 0/38 (0) 3/38 (7.9)
Iorio et al41 2013 Intra-articular distal humerus fracture,

revision ORIF, or TEA
14 Chevron Olecranon sled 0/14 (0) 0/14 (0) 2/14 (14.3)

Wagener et al26 2015 Intra-articular distal humerus fracture 19 Chevron Screw and TBW (fibrewire) 0/19 (0) 0/19 (0) 0/19 (0) 0/19 (0)
Aksoy et al42 2010 Intra-articular distal humerus fracture 21 Chevron Screw and TBW 0/21 (0) 0/21 (0) 0/21 (0)
Edwards et al16 2017 Posttraumatic elbow contracture 35 Chevron Intramedullary nail 0/35 (0) 0/35 (0) 0/35 (0) 0/35 (0)
Habib et al24 2014 Intra-articular distal humerus fracture 10 Chevron TBW 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0) 0/10 (0)
Kamrani et al14 2018 Distal humeral nonunion 6 Chevron TBW 0/6 (0) 1/6 (16.7) 0/6 (0) 1/6 (16.7) 1/6 (16.7)
Wagner et al22 2018 Distal humerus fracture 11 Chevron Hook plate 0/11 (0) 0/11 (0) 1/11 (9.1) 4/11 (36.4) 2/11 (18.2)
Li & Zhao18 2017 Distal humerus fracture 18 Chevron TBW 0/18 (0) 0/18 (0) 0/18 (0) 0/18 (0) 1/18 (5.6)
Guo et al43 2017 Distal humerus fracture 34 Chevron TBW 0/34 (0)
Kumar44 2017 Distal humerus fracture 21 Transverse TBW 3/21 (14.3) 0/21 (0) 5/21 (23.8) 5/21 (23.8) 0/21 (0)
Meldrum et al45 2021 Distal humerus fracture 91 Chevron TBW, plate, screw and

TWB, and screw
3/91 (3.3) 34/91 (37.4) 3/91 (3.3)

Ca~nete San
Pastor7

2021 Distal humerus fracture 26 Chevron Screw 2/26 (7.7) 1/26 (3.8) 8/26 (30.8) 1/26 (3.8)

Rollo et al46 2018 Intra-articular distal humerus fracture 46 Chevron Plate 0/46 (0)
Singh et al47 2019 Complex distal humerus fracture 24 Chevron TBW 0/24 (0) 2/24 (8.3)
Ansari et al48 2020 Intra-articular distal humerus fracture 28 Chevron TBW 1/28 (3.6) 1/28 (3.6) 3/28 (10.7)
Haglin et al8 2020 Distal humerus fracture 48 Chevron TBW or plate 2/48 (4.2) 2/48 (4.2) 3/48 (6.3) 1/48 (2.1)

1445 27/642 (4.2) 43/789 (5.4) 44/742 (5.9) 236/1076 (21.9) 54/772 (7.0)

If more than one fixation construct was used in a study, they are listed in order of frequency used within that study. Blank cells represent those that were not explicitly stated in the study. Incidences listed are aggregates for all
fixation constructs used.
ORIF, open reduction internal fixation; TEA, total elbow arthroplasty.
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Table 2
Delayed Union

Delayed Union Cases (n) Incidence (%)

Overall 27 4.2
Osteotomy
Transverse 5 10.2
Chevron 22 3.7

Fixation
TBW alone 11 3.1
Cancellous screw and TBW 15 7.5
Cancellous screw alone 2 7.7
Plate and screw 3 5.1

Includes only outcomes explicitly stated in studies.
TBW, tension band wire.

Table 3
Nonunion

Nonuinon Cases (n) Incidence (%)

Overall 43 5.4
Osteotomy
Transverse 6 8.2
Chevron 37 5.2

Fixation
TBW alone 21 6.8
Cancellous screw and TBW 12 3.9
Cancellous screw alone 5 6.9
Plate and screw 5 5.0

Includes only outcomes explicitly stated in studies.
TBW, tension band wire.

Table 4
Implant Failure or Loss of Reduction, Including Those Requiring Revision Surgery

Implant Failure Cases (n) Incidence (%)

Overall 44 5.9
Osteotomy
Transverse 11 22.4
Chevron 33 4.8

Fixation
TBW alone 29 6.1
Cancellous screw and TBW 8 4.5
Cancellous screw alone 3 7.7
Plate and screw 4 7.4

Includes only outcomes explicitly stated in studies.
TBW, tension band wire.

Table 5
Implant Removal

Implant Removal Cases (n) Incidence (%)

Overall 236 21.9
Fixation
TBW alone 110 19.8
Cancellous screw and TBW 68 19.4
Cancellous screw alone 14 19.4
Plate and screw 44 44.4

Includes only outcomes explicitly stated in studies.
TBW, tension band wire.

Table 6
Infection

Infection Cases (n) Incidence (%)

Overall 54 7.0
Fixation
TBW alone 17 3.7
Cancellous screw and TBW 13 7.0
Cancellous screw alone 3 4.6
Plate and screw 6 13.6

Includes only outcomes explicitly stated in studies.
TBW, tension band wire.
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the repair of an olecranon osteotomy since this is essentially an
eccentrically loaded articular fracture that requires absolute sta-
bility and interfragmentary compression for direct bone healing to
occur. Several studies have used variations of the traditional TBW
technique. Wu et al15 used a modified TBW technique where wires
were inserted from the olecranon and directed through the length
of the intramedullary canal to the ulnar styloid distally. In their
series of 20 patients with posttraumatic elbow contracture treated
with transverse osteotomy, they did not report any complications.15

Kinik et al25 used a self-locking TBW techniquewhere the stainless-
steel cerclage wires were passed through loops formed in the
proximal ends of the wires prior to tightening in a figure-of-eight
fashion. This modification serves to lock the wires, thereby pre-
venting their proximal migration. In their series, which includes
four patients with olecranon chevron osteotomy, they reported no
postoperative complications or implant failures.25

As with TBW, there is considerable variation within the
cancellous screw and TBW groups. Screw diameter varied, with
studies using 4.5 mm, 6.5 mm, or 7.3 mm screws. The use of a
washer to augment the screw also varied, with some surgeons
using it only in cases of poor bone quality, whereas others used it
routinely without considering the bone quality. Wagener et al26

used Fibrewire (Arthrex), a high-strength suture, instead of a
stainless-steel wire in the same figure-of-eight configuration for
the TBW in their fixation construct. Although our analysis grouped
these 19 patients with the other cancellous screw and TBW con-
structs, it is important to note that there are no reported compli-
cations in this patient cohort.

Plate construct fixation also demonstrated variety between and
within studies. Of the 145 patients who underwent plate fixation, at
least five different types or uses of plates were represented.
Schmidt-Horlohe et al21 created a hook plate by cutting the ter-
minal plate link of a one-third tubular plate, leaving two spikes that
were then bent into a hook. In their series of 31 patients, two pa-
tients (6.5%) with delayed union went on to nonunion, one patient
(3.2%) had implant failure (screw loosening), and 15 patients
(48.4%) had their implants removed.21 Wagner et al22 used a
limited-contact hook plate (Synthes Holding AG) in their study.
Their series of 11 patients who underwent chevron osteotomy re-
ported no delayed or nonunion, one case (9.1%) of implant failure/
loss of osteotomy reduction and four cases (36.4%) of subsequent
implant removal.22 The analysis in these reviews combined the
older plate fixation techniques with modern precontoured plates.

Edwards et al16 used a multiplanar locking intramedullary nail
(OlecraNail; Mylad Orthopedic Solutions) for olecranon osteotomy
repair in their series of 35 patients with refractory posttraumatic
elbow contracture. This implant is sufficiently rigid to withstand
deforming forces encountered during rehabilitation, incorporates
proximal and distal fixation with the ability to compress across the
osteotomy site, and is not prominent. The authors reported no cases of
nonunion, loss of reduction, or removal of hardware due to irritation.

The postoperative rehabilitation protocol nearly always
involved a brief period of immobilization with a splint or cast, and
the range of motion exercises started between postoperative days
one and five in the 22 studies that reported their protocol. As ex-
ceptions, Babhulkar and Babhulkar13 and McKee et al27 slightly
delayed the start for the range of motion exercises, beginning be-
tween postoperative days five and seven13 and on postoperative
day seven,27 respectively. Habib et al24 maintained immobilization
for approximately 14 days postoperatively before beginning the
range of motion associated with daily activities. San�e et al28 kept
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immobilization in place for an average of 28 days postoperatively
(range, 19e60 days) prior to beginning range of motion exercises.
Conversely, Wagener et al26 allowed active and passive range of
motion exercises to begin immediately after surgery. Despite the
similarities in starting range of motion exercises postoperatively,
there was no consensus on the use of support devices or braces
after the initial cast or brace was removed. Many studies have
recommended a removable splint or brace, whereas others rec-
ommended no support device.

Implant failure or loss of reduction occurred in 5.9% of all cases
of olecranon osteotomy. Again, the incidence was higher in pa-
tients who underwent transverse osteotomy (22.4% vs 4.8% in
chevron osteotomy). In their study of the 15 patients who expe-
rienced a loss of reduction, Woods et al11 found that those patients
were significantly older than those who did not lose reduction
(71.4 vs 48.5 years). Additionally, they found the incidence to be
exceptionally high in postmenopausal women, who accounted for
10 (66.7%) cases. Additionally, TBW migration is a known
complication in TBW and a consideration for constructs that do
not use wires, such as a cancellous screw instead of wires in a TBW
construct.

Implant removal occurred in 21.9% of all cases of olecranon
osteotomy. These include cases in which the osteotomy implants
were routinely removed (in 100% of patients in one study28) or as
part of another surgery unrelated to the osteotomy itself; therefore,
it is unclear whether the implants were indeed symptomatic at the
time of their removal.

There are several important limitations to this systematic re-
view. First, this study was designed to be primarily descriptive.
Because of the vast heterogeneity in multiple areas of study design,
we did not set out to do an analytic analysis (ie, meta-analysis) of
these studies. Although we combined similar groups to calculate
incidence in order to demonstrate trends, these results should be
interpreted with appropriate caution. Although it is likely that the
incidence figures approach accuracy when considering the groups
with a large sample size, they may be less reliable when consid-
ering the groups with smaller sample sizes. Second, we excluded
biomechanical studies and those studies with patients who expe-
rienced an olecranon fracture rather than osteotomy. Indeed,
biomechanical studies offer valuable information that cannot be
obtained from patient cohort studies. However, our aim in this
study was to examine clinical outcomes. There was also heteroge-
neity among the groups. For example, tension band constructs
included wire and sutures, different types of plates were grouped
together in the plate group, and different screw sizes were grouped.
In the interest of limiting variables, we also excluded olecranon
fracture studies since each fracture is unique and typically not
reproducible in a surgical setting. Third, we were limited by the
information reported in each study, thus limiting the numbers used
for calculations. When counting patients and making calculations,
patients were omitted if it was not immediately clear how to
categorize them. In our attempt to make no assumptions to mini-
mize the risk of miscategorizing patients, the number of patients
included in certain analyses decreased. Although this may decrease
the applicability of the finding, we balance it with the risk of
skewing results with inaccurate assumptions. As an example, in
one study, one patient experienced nonunion, but that patient was
not included in the osteotomy type subgroup analysis as the au-
thors used both transverse and chevron osteotomies in their study
and did not specify to which group this failure belongs. However,
this patient was included in the overall incidence calculation and
the fixation type subgroup analysis but excluded from specific
osteotomy incidence calculations.

Overall, chevron olecranon osteotomy was used far more often
and with superior clinical results than transverse osteotomy. This
includes lower rates of delayed union, nonunion, and implant
failure or loss of reduction. Although various fixation constructs
were used, TBW alone and in conjunction with a single cancellous
screw (with or without a washer) was used more often than other
fixation constructs. Considering all fixation constructs, the inci-
dence of delayed union, nonunion, and implant failure or loss of
reduction were all acceptably low. However, the incidence of
implant removal was decidedly higher with the use of plate fixa-
tion, and patients should be properly counseled regarding this, as it
involves the morbidity of an additional procedure.
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