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Abstract
Purpose The tension band wiring (TBW) technique is a com-
mon treatment for the fixation of olecranon fractures with up
to three fragments. The literature and surgeons describe TBW
as an uncomplicated, always available and convenient opera-
tion producing excellent results. The purpose of this study was
to determine whether TBW ismore ambitious than believed or
the procedure provides an increased level of tolerance
concerning the surgical technique.
Methods This study reviewed 239 TBW cases in patients with
olecranon fractures or osteotomies. We reviewed a total of
2,252 X-rays for ten operative imperfections: (1) nonparallel

K-wires, (2) long K-wires, (3) K-wires extending radially
outwards, (4) insufficient fixation of the proximal ends of the
K-wires, (5) intramedullaryK-wires, (6) perforation of the joint
surface, (7) single wire knot, (8) jutting wire knot(s), (9) loose
figure-of-eight configuration, and (10) incorrect repositioning.
Results On average, there were 4.24 imperfections per inter-
vention in the cases reviewed. A total of 1,014 of 2,390
possible imperfections were detected. The most frequent im-
perfections were insufficient fixation of the proximal ends of
the K-wires (91 % of all cases), the use of a single wire knot
(78 %) and nonparallel K-wires (72 %). Mayo IIa (n =188)
was the most common fracture type.
Conclusions Our results and the number of complications
described by the literature together support the conclusion that
TBW is not as easy as surgeons and the literature suggest.
Although bone healing and the functional results of TBW are
excellent in most cases, the challenges associated with this
operation are underestimated.

Level of Evidence: IV, treatment study

Keywords Tension-bandwiring . TBW .Olecranon
fractures . Imperfections . K-wire . Radiographs

Introduction

Fractures of the olecranon account for up to 40 % of all
fractures around the elbow joint. An uncomplicated fracture
of the olecranon is considered to be a common injury. The
main goal of tension band wiring (TBW) is the exact reposi-
tioning of the articular surface and the re-establishment of
stability in the humero-ulnar joint. The literature and surgeons
refer to TBW as a simple, always available and convenient
technique that can be performed by residents early in their
training. In contrast to the widespread belief that TBW is an
easy-to-learn and easy-to-use operative technique, the
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complication rate reaches up to 80 % [1–3]. The most com-
mon complications in patients undergoing TBW are pain and
the need for hardware removal due to migration of the K-wires
and prominence of the hardware [2–6]. Other complications
have been reported in different studies, including the loss of
range of motion [7–10], degenerative changes of the elbow
joint [11], nerve and vascular injuries [12–14], nonunions
[15], heterotopic ossification [16, 17] and infection [18, 19].
The number of complications, including the high incidence of
necessary hardware removals, and recurrently suggested sur-
gical improvements in TBW raise the question of whether the
current method is up to date or a critical review of the tech-
nique is required. In this retrospective study, we want to
determine if TBW is an easy-to-use technique in patients with
olecranon fractures. The purpose of this study was to point out
that the difficulty of TBW is underestimated because of its
good outcomes. Therefore, we examined pre-, intra- and post-
operative radiographs for fracture classification and imperfec-
tions in the TBW in order to prove that the technique should
be used more precisely.

Materials and methods

This retrospective study reviewed 233 patients (239 cases;
153 female and 86 male cases) with olecranon fractures (n =
231) or olecranon osteotomies (n =8) undergoing tension
band wiring (TBW) at five different institutions. The mean
age of the patients at the time of surgery was 58 years
(64.9 years for females and 45.7 years for males). This work
was based on 2,252 pre-, intra- and postoperative radiographs
in the anteroposterior and lateral projections (Fig. 1a and b).

Every X-ray image was reviewed and discussed with an
elbow trauma specialist. The pre-operative radiographs helped
to classify the fractures.We used theMayo Clinic classification
[20] as this is themost common gradation used in the clinic and
allows for reliable predictions concerning the morphology and
outcome of the fracture. The study included every patient
diagnosed with an olecranon fracture with intraoperative or
early postoperative radiographs after tension band wiring.

Mayo Clinic classification

The Mayo Clinic classification is a useful system that
describes olecranon fractures based on their displacement
and stability (I = stable, undisplaced; II = stable, but
displaced; III = unstable due to accompanying lesions)
and comminution (a = non comminuted, b = comminuted).

Intraoperative imaging provided the most precise illustra-
tion of the elbow joint and, if available, was primarily used to
determine the imperfections in the TBW (for examples, see
Figs. 6a,b, 7a,b, 8a,b, 9a,b and 10a, b). Intra-operative

imaging allowed for an evaluation of the surgical technique
immediately after the intervention when secondary complica-
tions, such as migration of K-wires, were non-existent. In
cases in which intra-operative documentation was missing,
we utilized early postoperative radiographs, usually taken one
or two days after the operation. We identified a total of ten
imperfections based on the literature and clinical knowledge
(Fig. 2).

(1) Nonparallel K-wires

Parallelism of the inserted K-wires was verified through
examination of both the anteroposterior and lateral radio-
graphs of the elbow joint. K-wires were considered nonparal-
lel when the angle between them was greater than 5°. Parallel
K-wires deliver the best force transmission [21].

(2) Long K-wires

Fig. 1 Intraoperative radiographs of the elbow joint in anteroposterior
and lateral projection (example for adequate, but not ‘perfect’, tension
band wiring after olecranon fracture because of the use of a single wire
knot, an insufficient fixation of one K-wire end and a loose figure-of-eight
configuration)
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Although Prayson et al. described a maximal tolerable pro-
trusion of 10mm, we classified an excess length as when one of
the K-wires surmounted the far cortex by twice the length of the
K-wire tip. LongK-wiresmay cause several complications such
as vascular or nerve lesions and limited mobility [13, 14, 22].

(3) K-wires extending radially outwards

K-wires extending radially outwards were easily visualized
in the anteroposterior projection.

(4) Insufficient fixation of proximal ends of the K-wires

The proximal ends of the K-wires should be bent into a U-
shape (180°) in order to fix the bent ends into the bone. The
intraosseous fixation decreases complications such as wire
prominence under the skin and wire migration [3].

(5) Intramedullar K-wires

In the past, intramedullary placement of K-wires was a
common technique in TBW. Several studies found that a
transcortical fixation results in higher stability and a lower
rate of wire migration [10, 23, 24]. Therefore, transcortical
fixation is recommended.

(6) Perforation of the joint surface

Exact repositioning without affecting the joint surface is
crucial to ensure bone healing and recovery of the patient’s
full range of motion. Intra-articular K-wires contribute to early
revision surgery because they restrict mobility and cause
possible long-term damage, including osteoarthritis.

(7) Single wire knot

The AO Manual of Fracture Management states that tying
the wire cerclage with one knot is sufficient. Several authors
recommend the use of two wire knots to guarantee equal

compression. These studies demonstrated that two wire knots
provided greater stability than a single knot [25–27].

(8) Jutting wire knot(s)

We classified twist ends as distant when they were not in
direct contact with the bone. Jutting wire knots may lead to
complications, such as pain, and necessitate hardware removal
[28, 29].

(9) Loose figure-of-eight configuration

The TBW technique relies on the conversion of the traction
forces of the triceps muscle to compressive forces on the
fracture gap to promote bone healing. Loose configurations
were noted when the wire cerclage was distant from the bone
or exhibited a rippled course.

(10) Incorrect repositioning

Correct repositioning of the joint surface is essential in
olecranon fractures. Incorrect repositioning results in compli-
cations including pain, restrictions in the range of motion and
a higher rate of osteoarthritis [2, 5, 30]. We classified the
repositioning as incorrect when remarkable step-offs were
present or fragments were missing.

Results

The average number of observed imperfections per operation
was 4.24, and no case was considered to be a flawless treat-
ment. Surgeries with four imperfections were the most com-
mon. Five of the 239 cases had one imperfection. A total of
87.44 % (n =209) of the reviewed cases showed three or more
imperfections (Fig. 3).

Across all 239 cases, a total of 2,390 possible insufficien-
cies were reviewed. The total number of imperfections found
was 1,014 (42.4 %). The most common imperfection was the
missing proximal fixation of the K-wires, which occurred in

Fig. 2 Possible imperfections of
tension band wiring (modified
from [21])
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218 operations (91.21 %). The second most common imper-
fection were non-parallel K-wires (n =171, 71.55 %). K-wires
surmounting the contralateral cortex too far were observed in
153 cases (64.01 %). While a perforation of the joint surface
was found in five cases, an incorrect repositioning with loose
or ill-fitting fragments and joint incongruity was detected in
39.74 % of all surgeries (n =95) (Fig. 4).

The most common fracture was the “Mayo IIa” fracture,
observed in 188 cases (78.66 %). In type IIa fractures, 41.22 %
of all possible imperfections were observed, corresponding to
an average of 4.12 imperfections per TBW. The case with the

most imperfections in a single TBW was a case of type IIa
fracture that demonstrated eight of ten possible imperfections.
A type IIb fracture (comminuted, dislocated and stable) oc-
curred in 18 cases (7.53 %) and showed a total of 84 out of a
possible 180 imperfections (46.67 %). Type IIa and Ib fractures
had the lowest imperfection rates with 775/1880 (41.22 %) and
8/20 possible imperfections (40 %), respectively.

Displaced and unstable fractures (type IIIa: n =5, 2.09 %
and IIIb: n =2, 0.84 % of all cases) had the highest imperfec-
tion rates, which were 27/50 (54 %) and 12/20 (60 %), re-
spectively (Figs. 5, 6a,b, 7a,b, 8a,b, 9a,b and 10a,b).

Fig. 4 Frequency distribution of
detected imperfections in 239
cases

Fig. 3 Frequency scale of
surgeries with (x) imperfections
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In the group of olecranon osteotomies (n =8, 3.34 % of all
cases), we observed 42 of 80 possible imperfections (52.5 %).

Discussion

The literature and surgeons refer to TBW as a simple, cost-
efficient and easily performed procedure. After reviewing
2,252 digital radiographs of patients with olecranon fractures,
we conclude that this treatment is not nearly as elementary as
described. Over the years, minor changes have been applied to
optimize the technique of TBW, and the intra- and postoper-
ative complications appear to be low in both frequency and
severity. In contrast to the prevailing opinion, several case
reports highlight major risks, such as damage to the median
and anterior interosseous nerves, vascular lesions in the ulnar
artery, Volkmann’s contracture, radio-ulnar synostosis, hetero-
topic ossification and restriction in mobility [13, 14, 17, 22,
31–33]. Most of these complications occur when the K-wires
surmount the far cortex of the ulna. In our study this imper-
fection was present in 64.02 % (n =153) of the cases.
Attaining a minimal perforation of the contralateral bone
seems to be a demanding step during the procedure. Prayson
et al. stated that major complications may occur when the K-
wires extend by more than 10 mm. Wu et al. developed a
technique using long K-wires placed intramedullary to avoid
these complications. Despite good results, this technique has
not been widely applied in clinical practice [24].

The angle of the implanted K-wires is also important. K-
wires that extend radially outward may impair motion during
pronation and supination. K-wires that extended radially out-
wards were observed in 10.45 % (n =25) of the cases. Candal-

Fig. 5 Overview of the number
of cases classified byMayo Clinic
classification

Fig. 6 These radiographs show non-parallel K-wires, K-wires
surmounting the contralateral cortex by far, a jutting wire knot and the
use of a third K-wire

International Orthopaedics (SICOT) (2014) 38:847–855 851



Couto et al. evaluated two patients who suffered rotational
impairment after TBW. The group analyzed different forearm
positions and ulnar angulations during K-wire insertion into
artificially created olecranon fractures. The results showed that
the rotational position plays an important role in TBW. The
forearm should be maximally supinated at 30° ulnar angulation
when K-wires are inserted to prevent impingement of the radius
and of soft tissues, such as the biceps tendon or the supinator
muscle [22].

The main postoperative patient complaints were the prom-
inence of the K-wires under the skin, secondary dislocation
and the proximal migration of the K-wires causing pain, per-
foration of the skin and local inflammation. These complica-
tions are influenced by the proximal intraosseous fixation of
the K-wires into the bone and the missing transcortical fixation
[1, 3, 5, 23, 34]. An insufficient scuttling was detected in 218
of 239 cases (91.21 %) making it the most common imperfec-
tion in our study. K-wires that are not buried can cause painful

complications and enhance the risk for a secondary dislocation.
Macko et al. described symptoms caused by the implants
before union of the fracture in 17 of 20 cases (85 %). Fifteen
of the 20 patients complained of prominent K-wires under the
skin, and perforation appeared in four patients [3].

Villanueva et al. performed hardware removal in 17 of 37
cases (46 %). Skin perforation at the time of hardware removal
was present in three patients (8 %) [35]. In a study by Hume
et al., 42% of the patients suffered from local discomfort due to
K-wires. Migration could be detected in only one case. The
authors assumed that improper coverage of the proximal ends
of the K-wires might be veiled by the swollen local tissues [30].

Chalidis et al. recorded a hardware removal rate of 82.3 %
(n =51/62). Thirty four of the 51 patients (66 % of all hard-
ware removals) complained of mild pain in daily life, and
nonetheless 50 % of all 62 patients were completely satisfied
with a satisfaction rate of 10 out of 10. The mean satisfaction
rate was 9.3 out of 10 in all 62 patients who underwent

Fig. 7 In this case the surgeon used two figure-of-eight configurations
with one of the drilling channels being close to the cortex (risk of
avulsion). In addition, the proximal ends of the K-wires are not suffi-
ciently anchored into the bone and a fracture gap imposes postoperatively

Fig. 8 An insufficient fixation of proximal ends of the K-wires and the
use of one wire knot are visible. Even more striking are the perforation of
the joint surface and the fact that one K-wire surmounts the far cortex too
far
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surgery. The Mayo Elbow Performance Score (MEPS)
showed excellent results in 85.5 % of the cases (n =52) [1].

Other studies also demonstrated excellent results, although
the rate of required material removal reached up to 87 % [1, 4,
7, 10, 36]. The high rate of material removal represents a
second operation with additional stress on the patient, and
discomfort remains in up to 66 % of patients after removal
[1]. In contrast, the removal of material may diminish discom-
fort and increase the range of motion [9, 10]. Van der Linden
et al. compared humero-ulnar mobility before (116°±21°) and
after hardware removal (135°±11°) and found a significant
increase in the range of motion in the patients’ elbows with
hardware removal without capsulectomy. The AO modified
tension band wiring technique provides superb clinical and
patient satisfaction results and, therefore, has been a common
method for the treatment of olecranon fractures. In our study, a
comparison of the clinical outcomes to the radiographical
results revealed a mean of 4.24 imperfections per operation.

These imperfections were determined by highly qualified cli-
nicians using available guidance from the literature concerning
the surgical technique of TBW. None of the 239 cases could be
described as flawless. TBW seems to be a sophisticated pro-
cedure that leaves a large margin for error. Nineteen years ago,
Karlsson et al. stated that 96% of the patients who were treated
with different techniques after suffering olecranon fractures
(conservative, TBW, figure-of-eight wire and Rush pins tech-
niques) had excellent or good clinical results despite a reduced
range of motion and degenerative changes observed in follow-
up radiographs. About 50 % of the patients showed degener-
ative changes, but only four patients had symptoms [4]. This
raises the question of whether not only TBW but olecranon
fractures themselves have a tendency to yield good clinical
results regardless of the chosen therapy.

Brink et al. scrutinized the tension band principle in 2012
and suggested that the fixation functions as a static

Fig. 9 In this tension band wiring one K-wire extends radially outwards
and erodes the neck of the proximal radius. Additionally, an insufficient
fixation of proximal ends of the K-wires, a jutting wire knot and a tear of
the figure-of-eight configuration are noticed

Fig. 10 For this case tension band wiring (TBW) might not have been
the best option since the osteosynthesis shows imperfections like an
insufficient fixation of proximal ends of the K-wires, a perforation of
the joint surface, two figure-of-eight configurations and the use of an
additional screw
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compression device rather than a dynamic system. They used
six fresh frozen cadaveric upper limbs treated with tension
band wiring and applied various loading protocols. None of
the six fractures showed secondary dislocation, but the dy-
namic compression of the principle tension band was only
achieved when the elbow was actively extended against grav-
ity at between 30° and 120° [37].

The main goal of a surgical intervention in patients with
olecranon fractures is the correct repositioning of the joint
surface. In our study, incorrect reduction was detected in 95
cases (39.7 %). A perforation of the joint surface occurred five
times. Overall, joint congruity was disrupted in 100 of 239
surgical interventions.

In a study published by Hume et al., a good reduction (less
than 1 mm) was achieved in only 12 of 19 patients (63 %)
treated with TBWafter olecranon fractures. A loss of reduction
was observed in follow-up radiographs in ten of these cases [30].

Compared to the clinical outcomes of TBW reported in
various publications, the results of our study suggest that
olecranon fractures treated with tension band wiring require
a thorough approach to minimize imperfections and to help to
enhance the surgical outcome. Because of the multicenter
design of this study we can exclude surgeon and surgeon’s
experience bias. Despite the detected imperfections, TBW
appears to be an effective procedure in various studies. Fur-
thermore, fractures of the olecranon seem to have a tendency
to heal well and produce good clinical results [4].

A limitation of this study is that it contains an evaluation of
radiographs only. It is not possible to relate the imperfections
observed intra-operatively to postoperative outcomes. There-
fore, we cannot distinguish whether the frequency of imper-
fections and fracture morphology correlate with functional
outcomes or if the tension band wiring technique is simply a
procedure that withstands operative imperfections or probably
even failures. Another limitation of this study is the method of
measurement. The different manufacturers and the miscella-
neous diameters of the K-wires as well as the non-
standardized radiographs made it hard to evaluate the exact
lengths and angles of K-wires.

The principles of the tension band wiring technique as
described by the AO foundation represent a guideline for the
treatment of olecranon fractures. Many surgeons intentionally
use different approaches that produce similar results. There-
fore, another limitation of this study is that the recommenda-
tions made by the AO foundation allow for different strategies
in the treatment of olecranon fractures with TBW without
being seen as incorrect.

Conclusion

With more than 40 % of all possible imperfections, our study
shows that the TBW technique is not as simple as described by

many clinicians. The frequent necessity of material removal
due to patient discomfort and subsequent patient restrictions
require a thorough approach when using TBW. Although this
technique seems to tolerate imperfections and produce excel-
lent results, further enhancements must be devised to improve
the quality of patient treatment and the outcomes after tension
band wiring. Applying an optimal technique may reduce both
the postoperative complications and the need for secondary
surgery, especially metal removal, and increase patient
satisfaction.
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