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Abstract

Background The use of tension band wiring (TBW) for comminuted olecranon fractures is less recommendable these days.
However, some experts preferentially apply TBW to comminuted fractures resulting in favorable outcomes. We here present
the surgical technique using TBW with eyelet and absorbable pins for selected comminuted olecranon fractures and review
the clinical and radiographic outcomes.

Methods Twenty-four surgically treated patients with Colton Group 2C or 2D olecranon fractures in focus on the intermedi-
ate fragment (IMF) were enrolled. IMFs were primarily fixed with buried bioabsorbable poly-L-lactic acid pins followed by
definitive fixation of the olecranon process with TBW with eyelet. The adequacy of the reconstructed notch was especially
estimated by parameters on radiographs using digital imaging software.

Results The average follow-up was 30 months (10 to 86 months). All 24 fractures achieved union, and the maintenance of
the articular curvature was confirmed according to statistical analysis on radiographs. The average elbow flexion was 135.1°
(range 100° to 145°), and the average elbow extension was —4.8° (range —20° to 10°). The mean Mayo Elbow Performance
score was 97.3 points (range 80 to 100 points). No cases of pin migration, infection, nerve problem, heterotrophic ossifica-
tion, or secondary osteoarthritis were observed.

Conclusions For selected comminuted olecranon fractures, TBW with the eyelet pins and biodegradable pins could yield
satisfactory clinical and radiographic outcomes.
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Introduction

Tension band wiring (TBW) is a standard technique for
displaced olecranon fractures. TBW forms a biomechani-
cal construct which converts the triceps’ traction force into
inter-fragmental compression [1]. Meanwhile, contoured
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locking plates fixation seems to be also favored in complex
elbow fracture patterns and extensive comminution from
the viewpoint of its inherent locking stability [2—4]. Which
should be better chosen between two construct types in
diverse circumstances is still controversial [5-7]. Recently,
modified TBW method using eyelet pins has boost clinical
and radiographic outcomes of olecranon fractures, thanks
to the eyelet structure preventing the backing out of wires
[8, 9]. We also have introduced eyelet pins to various types
of olecranon fractures, and here we describe our own spe-
cific tactics to handle the selected comminuted olecranon
fractures with TBW using eyelet pins. This article presents
the clinical results of 24 patients with comminuted types
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involving intermediate fragments (IMF) [10, 11] which be
able to surgically treat with combined TBW technique and
bioabsorbable poly-L-lactic acid (PLLA) pins fixation.

Patients and methods

The review board of our hospital approved this study. Our
strategic focus is placed on IMF of the trochlear notch.
Despite the array of established classification for olecranon
fractures, IMF is best expressed on the classification system
introduced by Colton (Fig. 1) [12—14]. In this study, patients
suffering the comminuted olecranon fracture belonging Col-
ton 2C or 2D were to be enrolled, while excluding Colton
Group 4. Pathological fractures, neurovascular injuries,
open fractures, and cases with open growth plates were also
excluded. We ultimately enrolled 24 patients (nine men
and 15 women) with Colton 2C and 2D at average age of
63 years (range 23-86 years).

Surgery was performed with the patient in the lateral
position under general anesthesia or supraclavicular bra-
chial plexus block. The fracture was exposed using a pos-
terior midline incision with a lateral convex curve. The
proximal olecranon process with the triceps attached was
turned over proximally. After the debridement of hematoma
and interposed soft tissues, the impacted and comminuted
IMFs were exposed. The IMFs were elevated so that the
articular surfaces of IMFs adequately fit the trochlea of the
humerus. If a bone defect was created by the elevation of
IMFs, calcium hydroxyapatite ceramic (HA) (NEOBONE,
Aimedic MMT Co., LTD., Tokyo, Japan) was filled up into
the defect. IMFs were fixed with one or more buried PLLA
pins (GRAND FIX, Gunze Medical Division, Tokyo, Japan)

(1.5 mm diameter, 20-30 mm length), depending on each
fragment size (Fig. 2). If the reduction of IMFs was piled
up longitudinally, PLLA pins were planned to be transfixed
into multiple fragments. The proximal olecranon process
was repositioned and stabilized with the TBW system with
eyelet (either Ring Pin, Teijin Nakashima Medical Co., Ltd.,
Okayama, Japan or Tension Band Pin System, Acumed,
Hillsboro, OR, USA). One pair of eyelet pin was inserted
into the intramedullary cavity along the long axis of the
ulna, as dorsally as possible to escape from stabilized IMFs.
Figure-of-eight wiring was tightened through the eyelet por-
tion under the tendon of the triceps (Fig. 3). An arm splint
was applied for 2 weeks postoperatively, followed by active
range of motion (ROM) exercises. The clinical results were
evaluated according to the Mayo Elbow Performance score
(MEPS). Postoperative complications, hardware removal,
and radiographic results were also reviewed. The number
of IMFs, used PLLA pins and HA was recorded. To estimate
whether over-compression occurred or not, the adequacy of
reduction on the lateral view of the elbow joint was assessed
by the maintenance of the articular curvature of the olecra-
non notch by using the following three parameters on the
imaging software (Radiograph: Centricity, GE Healthcare
Japan Corp., Tokyo, Japan, CT: AquariusNET, TeraRecon
Inc., CA, USA): (A) the straight line distance between the
tips of the olecranon process and the coronoid process, (B)
the maximum antero-posterior diameter of the trochlea of
the humerus, and (C) the length of the line drawn verti-
cally from line A to the deepest part of the olecranon notch.
B/A and C/A were calculated and defined as two types of
value expressing the articular curvatures [15] (Fig. 4). We
compared the measurements of B/A and C/A, respectively,
immediately after surgery and at the final follow-up with the
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Fig.2 The schemas of reconstruction and stabilization for commi-
nuted trochlear notch in a virtual case with single-multi-interme-
diate fragments (IMFs). The left top figure (a) shows a lateral view
of the proximal ulna with a single depressed IMF. The left bottom
figure (b) demonstrates that the IMF was elevated so that its artic-
ular surface adequately fits the face of the trochlea of the humerus.
If a bone defect was produced, calcium hydroxyapatite ceramic
(HA) (NEOBONE, Aimedic MMT Co., LTD., Tokyo, Japan) was

implanted as a bone substitute (black thick arrow). The IMF was fixed
not to stick over the surface by two poly-L-lactic acid (PLLA) pins
(GRAND FIX, Gunze Medical Division, Tokyo, Japan) (black thin
arrow). The right top figure (c¢) shows antero-posterior view of the
proximal ulna with two depressed IMFs. The right bottom figure (d)
shows that IMFs were anatomically reconstructed with a total of four
PLLA pins (black thin arrow) and one HA block (black thick arrow)

Fig.3 Radiographs of the elbow in sample case with double IMFs. a,
b Anterio-posterior and lateral view of initial radiographs. ¢, d Two
sagittal images (c: ulnar side and d: radial side) of reconstructed CT
preoperatively best demonstrate Colton classification Group 2D olec-
ranon fracture. e, f Anterio-posterior and lateral view of radiographs

postoperative immediately. g, h Anterio-posterior and lateral view of
radiographs postoperative at 14 months. Union was achieved at all
fracture sites. The extension and flexion angles of the elbow were,
respectively, —3° and 140°, and Mayo Elbow Performance score was
100 points
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Fig.4 Three parameters (A, B, and C) were set to assess the mainte-
nance of the articular curvature of the olecranon notch. I The straight
line distance (A) between the tips of olecranon process and coronoid
process. II The maximum antero-posterior diameter (B) of the troch-

paired ¢ test. An error level of less than 5% (p value, 0.05)
was defined as statistically significant (SPSS Statistics, ver.
22, IBM Japan, Ltd., Tokyo, Japan).

Results

All patients had unilateral involvement. Ten patients had
Group 2C, and 14 had Group 2D fractures. Seven cases had
an associated elbow dislocation. One case had an associated
clavicle fracture on the ipsilateral side. The number of IMFs
was single (i.e., Group 2C) in 10, double in 11, and triple
in 3. Multiple IMFs were located transversely in 5 cases,
longitudinally in no case, and irregularly arrayed in 9 cases.
The average number of used PLLA pins was 2.0 in Group 2C
and 2.8 in Group 2D. HA blocks were used in 21 cases. Ring
Pin was used in 20 cases, and Tension Band Pin was chosen
in 4 cases by surgeon’s preference. Additional Kirschner
wire (K-wire) was applied to fix extra-articular comminuted

III

lea of the humerus. III The length (C) of the line drawn vertically
from the line A to the deepest part of the olecranon notch. B/A and
C/A were calculated and defined as two types of value expressing the
articular curvatures

fragment in 3 cases. Another TBW loop was added along
the extra K-wire. At the final follow-up averaged 30 months
(10 to 86 months), 22 patients had excellent and 2 had good
results with a mean MEPS of 97.3 points (80 to 100 points).
The average elbow flexion was 135.1° (100° to 145°), and
the extension was —4.8° (—20° to 10°). Union around both
IMFs and olecranon process was obtained in all fractures as
judged by bridging trabecular bone. All IMFs did not dem-
onstrate radiographic evidence of collapse or osteonecrosis.
Regarding the maintenance of articular curvature, B/A at the
final follow-up averaged 0.76 +0.06 compared to postopera-
tive immediate values of 0.75 +0.07 (p =0.39). And the final
values of C/A averaged 0.45 +0.05 compared to postopera-
tive average of 0.44 +0.04 (p=0.11) (Table 1). These small
differences were not statistically significant.

Surrounding PLLA pins, reactive line or radiolucent line
was not recognized. Neither heterotrophic ossification nor
early osteoarthritis was confirmed. There were no major
complications such as infection, skin closure problems or

Table 1 Radiographic results

. . Type of value
regarding the maintenance

B/A*

C/A**

of articular curvature of the Time of the measurement

Postoperative

Final follow-up Postoperative Final follow-up

olecranon notch immediate immediate
Mean 0.75 0.76 0.44 0.45
SD 0.072 0.06 0.04 0.052
p value*** 0.387 0.105

B/A, C/A: Reference to legend of Fig. 4

p value: Paired t test between postoperative immediate and the final follow-up

* #% Reference to legend of Fig. 2

*%* Student’s 7 test between postoperative immediate and the final follow-up

@ Springer



European Journal of Orthopaedic Surgery & Traumatology (2020) 30:237-242

241

nerve injury. Minor complications could be listed up as
following problems. A prolonged bone union occurred in
two cases and was successfully confirmed at 5 months and
12 months postoperatively, respectively. Subtle irritation at
the knot of the soft wire in seven cases and at the tip of the
eyelet in two ended up to hardware removal performed at
average of 11 months (10 to 13 months). Removal was also
conducted in five asymptomatic cases for comparison.

Discussion

TBW technique has been widely accepted and preferred for
fixation of olecranon fractures. It is theoretically suitable
for converting the triceps’ distractive force into compres-
sion [1]. The other advantages are low levels of technical
demand, soft tissue damage, and cost. Classical two major
drawbacks are (1) the tendency to slide back of K-wires and
(2) the possibility of over-compression across comminuted
fragments, both resulting in skin or subcutaneous irritation
and failure of fixation. Recently, it would be safe to say that
the former shortcoming is avoidable, because modified TBW
method using eyelet pins with the structure of preventing the
back out of wires has been developed and remarked favora-
ble results in practical use [8, 9]. The latter concern has
been a causative factor of the debate about which is supe-
rior between two major constructs, TBW or plate fixation in
clinical settings. Locking plates seem to be practicable for
comminuted fracture in favor of its mechanical strength and
stability to maintain postoperative reduction [2-4]. How-
ever, absolute priority of those has yet to be established. In
contrast to TBW, locking plates also have some opposite
disadvantages that are derived from mechanical lack of the
counteraction against the triceps’ tensile and the compres-
sive force into fracture site, plus the longer operation time
and high cost [5-7]. A few recent studies comparing the two
fixation methods in similar materials report no significant
clinical and functional difference [5-7, 16—18], and a certain
study claims a slight worse extension of ROM and a longer
time to union in plate group [5].

In 2009, Suresh described the unique idea that prior fixa-
tion of IMFs by lost K-wire technique can convert the com-
minuted olecranon fracture to a simple transverse one [11].
In consideration of impracticability of future MRI exami-
nation owing to buried stainless implants and eventual risk
of perforation, we adopted for bioabsorbable PLLA pins
instead of lost K-wire. This method using PLLA pins not
only ensures a direct fixation of IMFs, but also provides no
concern of a perforation into anywhere, once a PLLA mate-
rial is absorbed.

In this study, we retrospectively reviewed the clinical
and radiographic results of 24 patients with Colton Group

2C and 2D treated with combined TBW technique and
PLLA pins fixation. As a result, this method was safely
performed and successful in maintaining the articular
curvature of the olecranon notch, leading to satisfactory
clinical score. As an evidence of reliability on mechanical
strength of PLLA pins, various bioabsorbable implants
have generally been used in trauma and bone operations
[19]. The previous reports describe that the modulus of
elasticity is close to that of cortical bone, 200-260 MPa.
Their flexural strength is 12—15 GPa. The strength can
be maintained for approximately 4 months, which makes
them safe for the fixation and healing of articular frag-
ments [19, 20].

Intramedullary pin insertion might help the reduction of
IMFs being maintained. In intramedullary pins condition,
the compressive force produced by wire tensioning should
be prone toward more dorsal than in anterior transcortical
pinning, which might protect the IMF locating at anterior
side from over-compression [21].

The present study had some limitations as it was based
on a retrospective review. Comparative studies with the
present TBW technique and locking plate fixation may be
appropriate to verify the actual potential of the method.
The follow-up period seemed to be short for proper evalu-
ation of elbow arthritis rates and other late complications.
Despite a small sample size, our case review suggests that
the proposed method might be an encouraging treatment
option for comminuted olecranon fractures with IMFs.

Conclusion

In selected comminuted olecranon fractures in focus on
IMFs, TBW with the eyelet pins and the fixation of IMFs
using absorbable pins could yield satisfactory clinical and
radiographic outcomes.
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