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Abstract
Background  Several clinical and biomechanical studies on tension band wiring (TBW) using a ring-pin system have 
been conducted, but no consensus has been reached on the ideal surgical technique. In this study, we aimed to 
determine the ideal interval and length of ring pins for the treatment of transverse olecranon fractures using TBW 
with a ring-pin system.

Methods  A biomechanical study was performed using 32 fourth-generation composite ulnae and a ring-pin system 
specially designed for TBW. Four groups of eight sawbones were created based on the interval and length of the ring 
pins. A cyclic loading test was performed to measure stability during the active range of motion exercises. A load-to-
failure test measured the maximal load until fixation loss.

Results  All groups were stable, with a micromotion of < 1.0 mm, except for Group 3 (length: 50 mm, interval: 10 mm) 
during the cyclic loading test. The mean micromotion and displacement of Group 3 were significantly higher than 
those of Groups 2 and 4 (length: 90 mm, interval: 10 mm). The maximal load to failure in Group 3 was significantly 
lower than that of Groups 2 and 4.

Conclusion  Inserting two ring pins in parallel at a 10-mm interval with a length of ≥ 70 mm for TBW in transverse 
olecranon fractures is recommended. Further widening of the pin interval provides no biomechanical benefit and 
may result in technical difficulties owing to the anatomical features of the ulna; in summary, 50-mm ring pins show 
significantly lower mechanical strength.
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Background
Olecranon fractures are relatively common injuries, 
representing approximately 10% of all fractures in the 
upper extremity. Among them, simple transverse olec-
ranon fractures are the most prevalent, accounting for 
up to 85% of all cases [1, 2]. The primary goal in treat-
ing olecranon fractures is to restore the integrity of the 
articular surface and ensure adequate stability [1]. This 
approach aims to facilitate early mobilization and pre-
vent the development of elbow stiffness [1]. Although 
plate fixation is recommended for complex fractures with 
significant fragmentation [1], simple transverse olecra-
non fractures are often treated using tension band wiring 
(TBW), which is an established fixation method [3].

Although TBW is widely accepted, it can lead to com-
plications, such as skin irritation and K-wire backing out 
[4]. To address these issues, the AO-modified technique 
recommends passing a K-wire into the anterior ulnar 
cortex to reduce wire migration [4]. However, this also 
increases the risk of complications such as damage to 
the radial nerve, penetration of the articular surface, and 

impingement on the proximal radius and biceps tendon, 
resulting in limited forearm rotation and pain [5].

To avoid these complications, we treated olecranon 
fractures using TBW with ring pins (eyelet pins) (Fig. 1A, 
B and C), and several studies have reported positive 
clinical outcomes [6, 7]. The ring pin was designed to 
be inserted at the intramedullary position instead of 
engaging the anterior cortex of the ulna (Fig. 1A, B and 
C). Despite several studies on the clinical outcomes and 
biomechanical properties of TBW with a ring-pin sys-
tem [6–9], there is no consensus on the optimal surgical 
technique for TBW with ring pins, such as the length of 
the pin and interval between pins, resulting in variations 
in the surgical technique. We have frequently received 
inquiries about the ideal pin length and interval between 
pins when we presented our clinical results at a domestic 
conference. However, because of a lack of biomechanical 
studies on this topic, we recognized the need to investi-
gate the optimal interval and length of ring pins used for 
TBW with a ring-pin system. Therefore, in this study, we 
aimed to determine the biomechanically ideal interval 

Fig. 1  Transverse olecranon fracture (A), which was treated by tension band wiring using ring pins (B and C). Ring pins were inserted along the intra-
medullary space of the ulna
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and length of ring pins for the treatment of transverse 
olecranon fractures using TBW.

Methods
This study was approved by the Institutional Review 
Board of our hospital (No. NON2023-001), and the 
need for informed consent was waived by the ethics 
committee because the study did not involve human 
participants. This biomechanical study used 32 fourth-
generation composite ulnae (Sawbones, Pacific Research 

Laboratories, Vashon, WA, USA), which had very simi-
lar structural properties to their cadaveric counterparts 
with less variability [10, 11]. The ring pin used in this 
study was a specially designed product for TBW from 
Jeil Medical (Korea). This ring pin has gained widespread 
use for TBW to surgically treat fractures such as olecra-
non and patella fractures. This implant consists of three 
components: a proximal tail (yellow arrow) designed to 
secure the grip for the power drill, a ring (red arrow) for 
the passage of the cerclage wire, and a sharp distal end 
(black arrow) intended for intramedullary insertion into 
the ulna (Fig.  2A). A snapper (white arrow) is used for 
further advancement of the ring pin and removal of the 
proximal tail (yellow arrow) (Fig. 2A). Ring pins are pro-
vided in lengths from 50 mm to 100 mm in 10-mm incre-
ments and are 1.6  mm in diameter (Fig.  2B). The pin is 
secured after the cerclage wire is threaded through the 
two rings (Fig. 3), making the proximal migration of the 
pins unlikely unless the cerclage wire breaks; thus, the 
risk of complications associated with pin migration are 
minimized (Fig. 3).

Specimen preparation
An oscillating saw was used for osteotomy at the center 
of the semilunar notch to create a transverse olecranon 
fracture (Mayo Type 2A) model [1]. To prevent a reduc-
tion clamp slippage, a drill hole (diameter: 2.4 mm) was 
made 2 cm distal from the osteotomy site. For wire pas-
sage, a coronal hole with a 2.0-mm diameter was cre-
ated in the proximal part of the ulna, 4  cm distal from 
the osteotomy site, and positioned 5  mm away from 
the posterior cortex using a 2.0-mm drill. The fracture 
was then reduced using one or two reduction clamps 
and maintained by tightening the clamp. To allow for 
later advancement, ring pins were inserted along the 
intramedullary cavity of the ulna, protruding 5–10  mm 
from the bone. A cerclage wire (18 gauge) was threaded 

Fig. 3  Transverse olecranon fracture model, which was fixed by tension 
band wiring using ring pins. Bypassing the cerclage wire through the ring, 
the pin is secured, thus making the proximal migration of the pins unlikely 
unless the cerclage wire breaks. Consequently, complications associated 
with pin migration are minimized

 

Fig. 2  Ring pin set (Jeil Medical, Seoul, Korea). (A) It consists of three parts: the proximal tail (yellow arrow) for securing the grip for the power drill, the ring 
(red arrow) for the passage of the cerclage wire, and the sharp distal end for intramedullary insertion into the ulna (black arrow). A snapper (white arrow) is 
used for further advancement of the ring pin and removal of the proximal tail (yellow arrow). (B) Ring pins are provided in lengths from 50 mm to 100 mm
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through the predrilled coronal hole of the ulna and then 
through two rings in a figure-of-eight method. Two wire 
twists were placed on each ulna side and tightened simul-
taneously. This ensured consistent and balanced tension 
across the construct (Fig.  3). The protruding pins were 
impacted using a snapper and hammer until bone contact 

was established, enabling additional tightening. The tails 
were subsequently removed using a snapper (Fig. 2A).

Four groups (each consisting of eight sawbones) were 
created to compare differences according to the inter-
val and length of the ring pins. In Group 1, two 70-mm 
ring pins were inserted at a 20-mm interval, and they 
were inserted in a converging direction to avoid penetra-
tion of the cortical portion (Fig.  4A). In Group 2, two 
70-mm ring pins were inserted in the parallel direction 
at a 10-mm interval (Fig.  4B and C). Two 50-mm ring 
pins were inserted in Group 3 and two 90-mm ring pins 
in Group 4 in the parallel direction at a 10-mm interval. 
Groups 1 and 2 were compared to analyze the biome-
chanical differences according to the pin insertion inter-
val, and Groups 2, 3, and 4 were compared to analyze the 
differences according to pin length.

Biomechanical testing
The setup of the biomechanical test was adjusted based 
on the protocols used in previous studies [12]. The 
mechanical testing machine used in this study was the 
Instron E3000 (Instron Engineering Corporation, Nor-
wood, MA, USA) (Fig. 5). Specimens were secured at the 
same point of the ulna in the positioning apparatus cus-
tomized for this study (yellow arrow) to eliminate errors 
caused by the experimental conditions (Fig. 5). To elimi-
nate interference caused by the polyester band or steel 
wire, the load (red arrow) was applied to the load screw 
(black arrow) at a 90° angle to the ulnar axis (Figs. 4 and 
5). To ensure consistency, the length of the lever arm was 

Fig. 5  Biomechanical testing setup using an Instron E3000 (Instron En-
gineering Corporation, Norwood, MA). Specimens were fixed in a posi-
tioning apparatus customized for this study (yellow arrow). The load (red 
arrow) was applied to the load screw (black arrow) in the direction of 90° 
of the ulnar axis. The load cell’s moving distance was assumed to be an ap-
proximation of the micromotion during the test. Fixation loss was defined 
as an increase of 2 mm or more in the moving distance of the load cell or 
when a catastrophic failure occurred

 

Fig. 4  C-arm images of specimens according to the length and interval of ring pins. (A) Two 70-mm ring pins were inserted at 20-mm intervals. (B and 
C) Two 70-mm ring pins were inserted at 10-mm intervals
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adjusted to equalize the distance and ratio between the 
load cell’s movement and the fracture displacement. For 
the sake of simplicity in measurement, the movement of 
the load cell was approximated as an indication of micro-
motion during the test. Fixation loss was defined as either 
2 mm or more in the load cell’s movement or the occur-
rence of a catastrophic failure.

The cyclic loading test aimed to measure the stabil-
ity with an active range of motion (AROM) exercise. To 
simulate the AROM of the elbow, a force of 5–110 N was 
applied 500 times to the specimen at a frequency of 1 Hz 
[13, 14]. The load cell’s moving distance is considered the 
micromotion during the AROM exercise [12]. The most 
posterior point of the ulnar cortex served as the reference 
for displacement measurement. Comparisons were made 
between baseline fixation and the measurement taken 
after 500 cycles. Displacement was estimated by digital 
calipers (Mitutoyo, Neuss, Germany).

For specimens that successfully completed cyclic load-
ing testing without failure, a load-to-failure test was con-
ducted to determine the maximum load at which fixation 
loss occurred. The load was incrementally increased at a 
rate of 5 mm/min starting from 0 N.

Statistical analysis
A power analysis was conducted to determine the appro-
priate sample size using G*power 3.1 software with ref-
erence to a previous study [12]. The required sample 
size was eight elbows per group to provide 95% power 
(alpha = 0.05) for the maximum load in the load-to-failure 

test [12]. Owing to the small number of specimens, the 
data were statistically assessed using nonparametric 
analysis. The Mann–Whitney U test was conducted to 
assess significant differences between Groups 1 and 2. 
To detect any differences among Groups 2, 3, and 4, a 
Kruskal–Wallis test was employed as a global test. If 
the Kruskal–Wallis test revealed significant differences 
among the groups, a subsequent Mann–Whitney U test 
was conducted to identify specific significant differences 
among groups. For post hoc tests, the Bonferroni cor-
rection was applied to adjust for multiple comparisons. 
A p-value < 0.05 was considered statistically significant 
when comparing Groups 1 and 2. Statistical significance 
was adjusted using the Bonferroni correction when com-
paring Groups 2, 3, and 4 (p < 0.017, i.e., 0.05, divided by 
three as the number of tests).

Results
Cyclic loading test
All groups were stable with a micromotion of < 1.0 mm 
except for Group 3 (length: 50  mm, interval: 10  mm). 
There were no significant differences in the mean micro-
motion and displacement after exercise between Groups 
1 (length: 70 mm, interval: 20 mm) and 2 (length: 70 mm, 
interval: 10 mm) (Table 1). The mean micromotion dur-
ing the cyclic loading test of Group 3 (length: 50  mm, 
interval: 10  mm) was significantly higher than that of 
Groups 2 (length: 70 mm, interval: 10 mm) and 4 (length: 
90 mm, interval: 10 mm), although there were no signifi-
cant differences between Groups 2 and 4 (Fig.  6A). The 
mean displacement after the cyclic loading test of Group 
3 (length: 50  mm, interval: 10  mm) was significantly 
higher than that of Groups 2 (length: 70  mm, interval: 
10 mm) and 4 (length: 90 mm, interval: 10 mm), although 
there were no significant differences between Groups 2 
and 4 (Fig. 6B) (Table 1).

Load-to-failure test
No significant difference was observed in the maximal 
load-to-failure test between Groups 1 and 2. The maxi-
mal load to failure of Group 3 was significantly lower 
than that of Groups 2 and 4, although there was no sig-
nificant difference between Groups 2 and 4 (Fig.  6C) 
(Table  2). All failures occurred owing to wire loosening 
or breakage (Fig. 7). There were no cases of load screw or 
ring-pin breakage.

Discussion
This biomechanical study investigated effects of ring-
pin length and interval in TBW with ring pins for the 
treatment of transverse olecranon fractures. Our results 
demonstrated that the ring-pin length significantly influ-
enced the biomechanical stability of the construct, with 
50-mm pins showing inferior fixation strength compared 

Table 1  Mean micromotion and displacement in the Cyclic 
loading test
Group (length/interval) Mean micromotion 

during the test (mm) 
(range)

Displacement 
after the test 
(mm) (range)

1 (70 mm/20 mm) 0.81 ± 0.13 (0.66–0.98) 0.82 ± 0.02 
(0.78–0.85)

2 (70 mm/10 mm) 0.80 ± 0.11 (0.64–0.93) 0.81 ± 0.02 
(0.79–0.84)

3 (50 mm/10 mm) 0.97 ± 0.12 (0.81–1.14) 0.87 ± 0.01 
(0.85–0.89)

4 (90 mm/10 mm) 0.75 ± 0.11 (0.56–0.89) 0.79 ± 0.02 
(0.76–0.83)

P-value
Group 1 vs. 2 0.798 0.645
Group 2 vs. 3 0.010* < 0.001*
Group 3 vs. 4 0.003* < 0.001*
Group 2 vs. 4 0.442 0.083
Groups 1 and 2 were compared using the Mann–Whitney U test. Given that the 
Kruskal–Wallis test revealed significant differences between Groups 2, 3, and 
4, the Mann–Whitney U test was performed to detect significant differences 
among the groups. Statistical significance was set at p < 0.05 when comparing 
Groups 1 and 2 and p < 0.017 when comparing Groups 2, 3, and 4 after adjusting 
for the Bonferroni correction as a post hoc test. Values are presented as 
mean ± standard deviation

* Statistically significant
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to 70-mm and 90-mm pins. In contrast, pin intervals 
(10 mm vs. 20 mm) did not result in a significant differ-
ence in micromotion or maximal load to failure. Further-
more, all observed failures were due to wire loosening 
or breakage, and not pin migration or breakage, sup-
porting the mechanical stability of ring pins and their 

effectiveness in minimizing complications related to pin 
migration.

Displaced olecranon fractures should be treated sur-
gically with open reduction and internal fixation using 

Table 2  Mean maximum load in the load-to-failure test
Group (length/interval) Maximum load (N) (range)
1 (70 mm/20 mm) 267.88 ± 26.11 (233.46–305.3)
2 (70 mm/10 mm) 276.01 ± 22.55 (244.69–313.66)
3 (50 mm/10 mm) 216.06 ± 26.70 (184.71–252.87)
4 (90 mm/10 mm) 293.25 ± 33.98 (246.82–359.31)
P-value
Group 1 vs. 2 0.505
Group 2 vs. 3 0.001*
Group 3 vs. 4 < 0.001*
Group 2 vs. 4 0.279
Groups 1 and 2 were compared using the Mann–Whitney U test. Given that the 
Kruskal–Wallis test revealed significant differences between Groups 2,3 and 
4, the Mann–Whitney U test was performed to detect significant differences 
among the groups. Statistical significance was set at p < 0.05 when comparing 
Groups 1 and 2 and p < 0.017 when comparing Groups 2, 3, and 4 after adjusting 
for the Bonferroni correction as a post hoc test. Values are presented as 
mean ± standard deviation

* Statistically significant

Fig. 7  All failures occurred as wire loosening or breakage without cases of 
ring pin breakage or backing out. All wire breakages occurred at the site of 
wire knots (red arrows) and not at the ring for wire passage

 

Fig. 6  Comparison of biomechanical test among four groups. (A) Comparison of mean micromotion during cyclic loading test among four groups. (B) 
Comparison of mean displacement after cyclic loading test among four groups. (C) Comparison of failure load among four groups
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plates, intramedullary nails, and TBW [1, 2]. Although 
TBW is commonly used for simple transverse olecranon 
fractures, it is associated with several complications. One 
of the main complications observed after conventional 
TBW is backing out of the K-wires, leading to a higher 
reoperation rate, particularly for implant removal [15]. 
To address this issue, a modified TBW technique was 
proposed that involves oblique placement of the K-wire 
from proximal to distal to capture the anterior ulnar cor-
tex, improve stability, and reduce the risk of the K-wire 
backing out [16, 17]. However, despite this modification, 
the distal tip of the K-wire has been associated with other 
postoperative complications, such as adjacent vessel 
pseudoaneurysm or impairment of forearm motion [18, 
19].

To overcome these problems, several researchers 
treated these fractures with TBW using ring pins and 
reported favorable clinical outcomes [6, 7, 9, 20]. Ring 
pins were inserted along the intramedullary space to 
eliminate postoperative complications associated with 
anterior transcortical fixation. Moreover, after passing 
through the rings and ulna, the cerclage wire was twisted 
to form a single construct consisting of a wire, ring pins, 
and ulna. This configuration effectively prevents proxi-
mal migration of the ring pin unless the wire breaks, 
thus minimizing the backing out of ring pins. Kim et al. 
[6] successfully treated 44 olecranon fractures with ring 
pins and observed no pin migration or loss of reduction. 
Okamoto et al. [7] treated 24 olecranon fractures without 
encountering any cases of pin migration. Shimura et al. 
[9] compared the efficacy of TBW with ring pins to ana-
tomical locking plates in 58 patients. The locking plate 
group exhibited a higher incidence of complications than 
the ring-pin group despite comparable clinical outcomes. 
Moreover, Sadri et al. [8] conducted a biomechanical 
study and determined that TBW using ring pins could 
offer comparable stability to AO-modified TBW, which 
involves the placement of K-wires penetrating the ante-
rior cortex of the ulna.

However, there have been several variations in the 
length of the ring pins among studies, and few stud-
ies have described the interval between the two ring 
pins. Sadri et al. [8] and Shimura et al. [9] used 80-mm 
ring pins, Kim et al. [6] suggested 90-mm ring pins, and 
Takada et al. [20] inserted 70-mm ring pins. We used 
70-mm or 90-mm ring pins, depending on the patient’s 
size. Although they did not explicitly describe the inter-
val between pins, it can be seen from the presented fig-
ures that most of the authors inserted ring pins in parallel 
or in a slightly converging direction.

Therefore, we aimed to determine the optimal insertion 
interval and length of ring pins for TBW with ring-pin 
systems in the treatment of transverse olecranon frac-
tures. Based on biomechanical testing, we found that the 

insertion interval of the ring pins did not significantly 
affect the strength of the TBW construct. Although we 
expected that a wider pin interval would affect biome-
chanical strength by allowing the wire to distribute ten-
sion over a broader area, our findings did not support 
this assumption. As such, we recommend inserting two 
ring pins in parallel at 10-mm intervals, as further widen-
ing of the interval provides no biomechanical benefit and 
may result in technical difficulties due to the anatomical 
features of the ulna, where the diameter of the medullary 
cavity narrows distally.

Moreover, using a ring pin with a length of 50  mm 
resulted in weaker biomechanical stability. In both 
cyclic loading and load-to-failure tests, the group using 
50-mm ring pins showed significantly lower strength 
compared to the groups using 70-mm and 90-mm ring 
pins, although no significant differences were observed 
between the groups using 70-mm and 90-mm ring pins. 
Therefore, we recommend the use of ring pins with a 
length of at least 70 mm for TBW in treating transverse 
olecranon fractures. As shown in the results of our bio-
mechanical study, if the TBW procedure is appropriately 
applied using ring pins of 70 mm or more, it is possible 
to obtain sufficient stability to initiate early active elbow 
range of motion exercise.

In this study, all failures occurred because of wire loos-
ening or breakage without ring-pin breakage or backing 
out, suggesting that ring pins offer reliable mechanical 
stability and may help to reduce the risk of complication 
associated with pin migration (Fig. 7). Sadri et al. [8] sug-
gested that the friction between the ring and wire could 
increase the risk of wire breakage, but all wire breakages 
occurred at the site of the wire knots and not at the ring 
for wire passage in our study (Fig. 7).

This study has several limitations. First, the tension of 
the wire knots was not standardized during the TBW 
procedure. To minimize variability, all procedures were 
performed by a trauma surgeon with > 20 years of expe-
rience and with extensive experience in TBW using ring 
pins [6, 21]. Second, our method for stimulating physi-
ologic muscle interaction differed from those used in 
previous biomechanical studies [22, 23]. Our approach 
was based on validated protocols from a previous study 
using the same bone model [12], which suggests that 
direct screw loading reduces variability by eliminating 
interference from polyester bands or steel wires. The 
relatively consistent results obtained, with a limited stan-
dard deviation and no catastrophic failure due to load-
screw breakage, suggest that our experimental setup was 
appropriate. Third, although fourth-generation compos-
ite bones mimic the structural characteristics of human 
bone, they lack surrounding soft tissues such as muscles 
and tendons, which limits the generalizability of our 
results to clinical practice. Therefore, the findings should 
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be viewed as indicative of biomechanical trends rather 
than as definitive clinical outcomes. Finally, the small 
sample size reduced the statistical power of this study. 
Future research incorporating finite element analysis 
and prospective clinical trials is necessary to validate and 
extend these findings.

Conclusions
Based on the biomechanical tests, we recommend insert-
ing two ring pins in parallel at a 10-mm interval and 
with a length of at least 70  mm for TBW in transverse 
olecranon fractures. Further widening of the pin inter-
val provides no biomechanical benefit and may result in 
technical difficulties owing to the anatomical features of 
the ulna, and 50-mm ring pins show significantly lower 
mechanical strength.
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