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Olecranon fractures are one of the most common
elbow fractures in adults and also constitute
approximately 8 to 10% of all upper limb fractures.[1,2]
Simple transverse olecranon fractures are the most
common pattern.[3] These fractures generally show a
bimodal distribution; they are seen after high-energy
trauma in young patients and after simple falls in
older patients due to poor bone quality.[4] Due to the
tension of the triceps brachii muscle and tendon,
many olecranon fractures are displaced and the
chance of conservative treatment is therefore low. To
date, many different procedures have been defined in
the surgical treatment of olecranon fractures, and the
most preferred procedures by surgeons are tension
band wiring (TBW) and plate fixation (PF). Tension
band wiring is a simple and low-cost procedure
and so it is considered the gold standard by many
authors.[5] Functional results are satisfactory in the
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ABSTRACT
Objectives: This study aims to compare clinically and functionally
patients who had previously undergone tension band wiring
(TBW) or plate fixation (PF) procedure due to the diagnosis of
Mayo type 2A olecranon fracture in our clinic.

Patients and methods: Data of 92 patients (51 males, 41 females;
mean age 42.3±12.6 years; range, 16 to 75 years) operated on for
olecranon fractures between January 2014 and December 2018
were recorded retrospectively. Forty-four patients received TBW
and 48 patients received PF treatment. Their Disabilities of the
Arm, Shoulder, and Hand (DASH) and Mayo scores and elbow
range of motion (ROM) measurements were used for clinical and
functional evaluations. Data including the time to return to work,
revision rate, and follow-up time were also recorded.

Results: The mean follow-up time was 38.2±17.2 months. Patients
returned to work in 9.2±4.1 weeks in the TBW group and
7.8±3.6 weeks in the PF group (p=0.279). The revision rate was
14% in the TBW group and 2% in the PF group (p=0.335). The
mean DASH score was 10.0±1.8 in the TBW group and 7.7±1.2
in the PF group (p=0.001). The mean Mayo score was 84.0±9.3
in the TBW group and 88.3±9.1 in the PF group (p=0.049). For
elbow flexion-extension ROM, 4° of difference was measured in
favor of the PF group (p=0.043). Mean Mayo score, mean DASH
score, and mean flexion-extension ROM values were statistically
significantly different between the two groups.
Conclusion: Both surgical techniques are suitable and reliable in
the treatment of olecranon fractures. Although TBW treatment is
low-cost and simple to apply, its biggest disadvantage is a high
rate of secondary surgery for implant removal due to irritation of
the skin.
Keywords: Elbow surgery, Mayo classification, olecranon fixation,
olecranon fracture, plate fixation, tension band wiring.

treatment of simple olecranon fractures, but there
are limited indications in comminuted fractures.[6]
In addition, high complication rates and secondary
surgical requirements have been reported in some
studies.[7-9] Therefore, many alternative treatment
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procedures have been developed, such as shaped
plates, intramedullary rods, precontoured plates, and
tendon sutures.[10,11] As a result, PF with locking
screws has been preferred most frequently as an
alternative to TBW by surgeons. Plate fixation can be
used safely for all olecranon fractures, particularly
oblique and complex fractures. However, one of the
disadvantages of PF is that it is a more expensive
procedure compared to TBW.[12]
Different scales have been created to evaluate the
functional results of olecranon fractures after surgery.
The Disabilities of the Arm, Shoulder, and Hand
(DASH) questionnaire evaluates daily living activities
and all upper limb functionality. The Mayo score is
focused on movement, pain, and elbow stability.[13]
In the absence of any complications after the
surgical treatment of olecranon fractures, the results
are satisfactory. Possible complications that may
occur are nonunion, malunion, proximal migration
of Kirschner (K)-wires, decreased range of motion
(ROM) and posttraumatic osteoarthritis.[14]
In this study, we aimed to compare clinically and
functionally patients who had previously undergone
TBW or PF procedure due to the diagnosis of Mayo
type 2A olecranon fracture in our clinic.

PATIENTS AND METHODS
A total of 114 patients who underwent TBW or PF
procedure due to Mayo type 2A olecranon fractures
between January 2014 and December 2018 at Ankara
Atatürk Training and Research Hospital, Department
of Orthopedics and Traumatology were examined
(a)

retrospectively. The patients were evaluated in terms
of age, sex, follow-up, and radiological, clinical, and
functional outcomes. The study’s inclusion criteria
were as follows: Mayo type 2A olecranon fractures,
more than 2 mm of joint displacement, and elbow
extension loss. Patients with additional pathology
in the same elbow, Monteggia equivalent fractures,
tumor-related pathological fractures, open fractures,
and revision surgery were excluded. Finally, 92 patients
(51 males, 41 females; mean age 42.3±12.6 years; range,
16 to 75 years) who were eligible for the study were
identified. All patients included in the study were
operated on by the same surgeon. The study protocol
was approved by the Ankara City Hospital Ethics
Committee (approval: 07.05.2020-E1-20-511). A written
informed consent was obtained from each patient.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.
The patients were divided into two groups as
those receiving TBW (n=44) and those receiving PF
(n=48). Standard anteroposterior and lateral elbow
radiography were taken before and after surgery for
all patients (Figure 1a, b). All patients discharged after
surgery were followed-up regularly. Time to return
to work, follow-up times, and revision rates were
recorded. The joint ROM values of all patients were
measured one year after radiographic union by the
same observer with a goniometer and results were
recorded (Figure 2a, b). All measurement values were
calculated by comparisons with the opposite elbow.
Additionally, the functional scores of the patients
were evaluated one year after radiographic union
using the DASH and Mayo scores. The validated
Turkish translations of both scales were used.
(b)

FIGURE 1. (a) Anteroposterior X-ray of Mayo type 2A olecranon fracture that occurred in a
23-year-old female patient. (b) Lateral X-ray of Mayo type 2A olecranon fracture that occurred in
a 23-year-old female patient.
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All patients were operated on in the supine
position, using an arm table and a tourniquet for
bleeding control. For all patients, a standard posterior
longitudinal approach was sufficient for reduction
and fixation (Figure 3a). In order to protect the ulnar
nerve, the incision was performed by curving the
radial side at the tip of the olecranon.

(a)

(b)

FIGURE 2. (a) Measurement of elbow extension degree of
a 32-year-old female patient who underwent surgery due to
olecranon fracture at one year after surgery with goniometer.
(b) Measurement of elbow flexion degree of a 32-year-old
female patient who underwent surgery due to olecranon
fracture at one year after surgery with goniometer.

(a)

The working principle of TBW is to convert
the tensile forces of the triceps brachii muscle into
compression forces in the joint line. After the surgical
incision is completed and the fracture is exposed
(Figure 3b), fracture reduction is provided with a bone
clamp. Two 1.6-mm K-wires are then placed antegrade
from the olecranon towards the distal anterior cortex
of the ulna, as perpendicular to the fracture line
as possible. Neurovascular structures are preserved
by placing the K-wires as distal as possible to the
coronoid process.[15] A hole is drilled with a 2-mm
drill approximately 4 cm distal to the fracture line.
Then, a 1-mm metal wire is passed through this hole,
placed towards the proximal to make a figure eight,
and rotated over both K-wires. In order to provide
good compression in the fracture line, a knot is made
and tightened with pliers, and fixation is completed
(Figure 4a, b). For better fixation, the proximal ends
of the K-wires are bent and embedded in the triceps
brachii tendon. The excess metal wire is twisted
and cut to prevent skin irritation. After checking
the implants and fracture line with fluoroscopy, the
operation is completed.
(b)

FIGURE 3. (a) Standard posterior longitudinal approach with radial side curving we used in
surgical treatment of olecranon fracture. (b) Intraoperative view of explored olecranon fracture.
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(a)

(b)

FIGURE 4. (a) Anteroposterior X-ray of a 28-year-old male patient undergoing tension band wiring
procedure due to olecranon fracture. (b). Lateral X-ray of a 28-year-old male patient undergoing
tension band wiring procedure due to olecranon fracture.

One advantage of the PF procedure is that it
provides more stable fixation than TBW in cases
of complex fractures.[5] In this procedure, after
the fracture line is revealed, temporary fracture
reduction is also provided with a bone clamp. Then,
a 3.5-mm limited contact dynamic compression plate
suitable for olecranon and proximal ulna anatomy
is placed and fixation is completed with locking
screws (Figure 5a, b). Proximal screws are placed
unicortically to avoid intraarticular penetration. In
addition, one locking screw is placed intramedullary
from the tip of the olecranon to increase stability.
After checking the implants and fracture line with
fluoroscopy, the operation is completed.
A similar rehabilitation program was applied in
both patient groups after surgery. All patients had

(a)

an adjustable-angle elbow orthosis and no angle
restrictions. On the same day, passive movement was
started to protect the ROM of all patients. All patients
were discharged one day after surgery. Active flexion,
extension, pronation, and supination were started for
all patients at the end of the second week. At the end
of the sixth week, the rehabilitation process of all
patients was completed.
Statistical analysis
Statistical analysis was performed using the SPSS
version 15.0 software (SPSS Inc., Chicago, IL, USA).
Independent samples t-tests were used to evaluate
parametric statistics and Mann-Whitney U tests were
used to evaluate non-parametric statistics. Values of
p<0.05 were accepted as statistically significant.

(b)

FIGURE 5. (a) Anteroposterior X-ray of a 44-year-old male patient undergoing plate fixation
procedure due to olecranon fracture. (b) Lateral X-ray of a 44-year-old male patient undergoing
plate fixation procedure due to olecranon fracture.
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Table I
Characteristic features of patients in both groups
TBW group
n

%

Age (year)

Mean±SD

PF group
n

%

40.4±18.1

Sex
Male
Female

Mean±SD

p

43.7±20.5

0.726
0.458

24
20

55
45

6

14

Follow-up (month)

27
21

56
44

1

2

39.3±16.8

Revisions (patient) (ratio)
Return to work (week)

37.2±17.6

9.2±3.1

0.623
0.335

7.8±2.6

0.279

TBW: Tension band wiring; PF: Plate fixation; SD: Standard deviation.

RESULTS
Data on the demographic characteristics of the
patients such as age, sex, mean follow-up, mean
time to return to work, and revision rates are shown
in Table I. Both groups had at least three years
of follow-up. During this period, no patient had
radiographic arthrosis or heterotopic ossification.
Four patients in the TBW group and two patients
in the PF group underwent revision surgery after
six months due to radiographic nonunion. In
revision surgery, all patients underwent fracture
line debridement, autografting, and plate fixation
with a different implant, and union was observed in
all patients. These patients were evaluated one year
after revision surgery. The mean DASH score was
13.6±2.1, the mean Mayo score was 78±8.6, and the
mean flexion-extension ROM degree was 132.5±11.3°
in patients undergoing revision surgery. In addition,
although earlier time to return to work was observed
in patients in the PF group when the treatment
groups were compared, there was no statistically
significant difference (p=0.279).

The values of joint ROM measured by
goniometer for all patients at a mean of one
year after radiographic union are presented in
Table II. At first, all elbow joint ROM measurements
showed functional motion arcs of 30° to 130° of
elbow extension/flexion and 50° pronation to 50°
supination. After both procedures, residual deficit
was detected in active flexion, extension, pronation,
and supination. Active pronation and supination
ROM were measured for both procedures and
similar values were found. When elbow active
flexion-extension ROM measurements were
compared, a mean of 4° of difference was seen in
favor of the PF group and this was statistically
significant (p=0.043). On the other hand, there
was no significant difference in active pronationsupination ROM (p=0.257).
Approximately one year after radiographic union,
the elbow joint was evaluated functionally with the
DASH score (range, 0 to 100) and the Mayo score
(range, 0 to 100), and the data obtained are shown in
Table III. A high DASH score shows poor results and

Table II
Values of range and loss of motion
TBW group

PF group

Degree±SD

Degree±SD

p

Mean extension deficit

5.3±2.1

2.8±1.8

0.385

Mean flexion deficit

5.0±2.2

3.5±1.9

0.426

Mean pronation deficit

0.6±0.2

0.3±0.2

0.752

1.2±0.5

0.9±0.4

0.811

Mean flexion-extension ROM

Mean supination deficit

139.8±7.3

143.8±5.8

0.043*

Mean pronation-supination ROM

98.3±1.2

98.8±0.8

0.257

TBW: Tension band wiring; PF: Plate fixation; SD: Standard deviation; ROM: Range of motion; * Statistically
significant.
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Table III
Values of Disabilities of the Arm, Shoulder, and Hand and
Mayo score
TBW group

PF group

Mean±SD

Mean±SD

p

DASH score

10.0±1.8

7.7±1.2

0.001*

Mayo score

84.0±9.3

88.3±9.1

0.049*

TBW: Tension band wiring; PF: Plate fixation; SD: Standard deviation; DASH:
Disabilities of the Arm, Shoulder, and Hand; * Statistically significant.

a high Mayo score shows good results. Although they
were close to each other, functionally more successful
scores were calculated in the PF group. When the
groups were compared, the differences were found
to be statistically significant (DASH, p=0.001; Mayo,
p=0.043).
Superficial infection developed in one patient in
each group in the early period. After the patients
applied to the hospital, wound debridement
and irrigation were performed on the same day.
Staphylococcus epidermidis growth occurred in wound
cultures taken intraoperatively from these patients.
According to the wound cultures, 3×100 mg oral
amoxicillin+clavulanate treatment was given for three
weeks by infectious diseases clinic to both patients.
Both of the patients recovered without the need for
implant removal. In addition, due to skin irritation by
the implants, 26 (59%) patients in the TBW group and
four (8%) patients in the PF group underwent implant
removal within one year of radiographic union.

DISCUSSION
In many previous studies, it has been stated that TBW
gives very good results in cases of simple olecranon
fractures and is an appropriate treatment.[7,16] In
addition, the implants used in TBW treatment are
cheaper. In a retrospective study by Tan et al.,[17]
TBW was found to have lower costs than PF in
the treatment of 147 patients with Mayo type 2A
olecranon fractures. However, some complications
related to the implants used in TBW procedures have
been reported. These implants cause skin irritation
in 40 to 90% of cases, which is a source of serious
discomfort for patients.[18] Due particularly to the
proximal migration of K-wires, 60 to 80% of patients
have to undergo secondary surgery for implant
removal.[19] According to a systematic review and
meta-analysis, lower complication rates and fewer
implant removals were detected in cases of PF.[20]
The comparison made by Powell et al.[21] found that
complication and reoperation rates were lower in the

PF group and that the difference was statistically
significant. In another study by Hume and Wiss,[22]
metal prominence was observed in 42% of patients
who underwent TBW. In our study, 26 (59%) patients
undergoing TBW procedures underwent secondary
operations due to implant irritation within one year
after radiographic union. In the PF group, only four
(8%) patients underwent implant removal for the same
reason. Secondary surgery performed due to implant
removal in TBW treatment stands out as the biggest
handicap of this treatment.
One of the main goals of surgery in olecranon
fractures is to start joint ROM exercises as soon as
possible in the postoperative period and to minimize
residual motion restriction.[23] Fifteen patients who
underwent plate fixation due to olecranon fractures
were followed-up by Inui et al.[24] for a mean of
14 months, and a mean of 11° of extension deficit
and 133° of flexion were measured, with 122°
of joint flexion-extension ROM being calculated.
Even if deficit was detected in the extension
movement, similar values were found in previous
studies.[25] In our study, the flexion-extension ROM
measurements obtained after both procedures were
found to be between 30° and 130°, which is the
functional elbow joint ROM.[26] Although there
were very good results for both procedures, greater
flexion-extension ROM by 4° was measured after
the PF procedure and this difference was found to
be statistically significant. Excellent results were
obtained for pronation-supination ROM and no
significant difference was observed between the
two procedures.
Many scales are used in research to evaluate
functional results after elbow surgery. The DASH
and Mayo scores are the most preferred and most
reliable ones, and they have an important place in the
evaluation of olecranon fractures following operation.
In a study conducted by Gathen et al.,[5] the DASH
and Mayo scores were applied to compare the TBW
and PF procedures in cases of olecranon fractures
and no significant difference was found between the
two procedures. Furthermore, in a systematic review
and meta-analysis conducted by Ren et al.,[27] no
significant difference was found between TBW and
PF procedures in terms of DASH score, improvement
rate, joint ROM, operation time, and blood loss. In
our study evaluating both procedures functionally
with the DASH and Mayo scores, better scores
were obtained in the group treated with PF, and a
statistically significant difference was detected.
Biomechanical studies on cadavers also play
an important role in the evaluation of implant
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stability and survival. In a study by Gordon et al.[28]
on cadavers, plate fixation was applied to olecranon
fracture models and very good results were reported
in terms of function. In olecranon fractures, TBW
and PF procedures were applied by Midtgaard et
al.,[29] a biomechanical comparison was performed on
cadavers and no significant difference was observed
in terms of fracture displacement between the groups.
However, 80% implant failure was detected after
the TBW procedure and only 10% following the PF
procedure; the twisted point of the metal wire was
determined as the weakest point of fixation. In another
biomechanical study, the rates of interfragmentary
compression and immobility in the fracture line were
found to be higher in the PF group.[30] In addition,
plate fixations with locked screws are reported to be
more resistant to repeated loads. Similarly, in patients
undergoing TBW procedures, radiographic loss of
reduction and articular step-off were observed more
frequently compared to PF.[21] In our study, six (14%)
patients who underwent the TBW procedure had
nonunion due to implant failure and later underwent
revision surgery. In patients undergoing revision
surgery, it was found that the metal wire was broken
or the twist was loosened. Only one (2%) patient
undergoing the PF procedure needed revision surgery
and implant failure was not detected in this patient.
We think that the hardware failure rate was higher
as a result of cyclic loads in the TBW procedure.
Although it was not statistically significant, shorter
time to return to work in the PF group may have been
due to the patient feeling safe as a result of implant
stability.[31]
There are some limitations of our study. Since
it was primarily a retrospective study, there were
data limitations. Although the number of cases
was relatively sufficient, longer follow-up times
are needed for better results. Another limitation is
that the joint ROM measurements were performed
manually and so there is a possibility of error. In
addition, the scales used in the functional evaluation
were filled in according to the patient’s statements
and may thus show subjective results. There is no
standard scale of analysis to evaluate both procedures
more objectively.
In conclusion, we have compared two procedures
that are preferred as standards in the treatment
of olecranon fractures clinically and functionally.
Satisfactory functional results were obtained
after both procedures. The PF group had greater
flexion-extension ROM, an earlier return to work, and
lower revision rates. Although the TBW procedure is
low-cost, it poses a serious challenge for orthopedic

91

surgeons in terms of implant irritation. Many factors
including the patient’s bone quality, the fracture
pattern, and the surgeon’s preference play a role in
determining which procedure is more appropriate.
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