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wiring than plate fixation-a propensity
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Abstract

Background: Traditional tension band wiring and plate fixation represent the commonest methods for treating
olecranon fractures. However, there is no agreement on which method provides the best outcome. The aim of this
retrospective study is to compare the outcomes of tension band wiring (TBW) and plate fixation (PF) for treating
displaced olecranon fractures. This is the first study to use propensity score matching analysis to compare treatment
methods for olecranon fracture.

Method: A total of 107 patients aged between 18 and 85 had acute isolated and displaced olecranon fractures.
The patients were divided into either TBW (n = 49) or PF (n = 58) groups. To conduct propensity score matching for
the treatment method (TBW versus PF), 58 patients were analyzed by logistic regression (29 patients in each group).
Various demographic and treatment-related variables were examined and analyzed to determine their correlation.

Results: Functional effects between two groups are similar (in terms of Mayo Elbow Performance Score (MEPS), the
patients’ range of elbow motion (ROM) and forearm rotation (RFR), the time return to work (RTW)). The total
adverse events rate and metalwork removal events rate are higher in TBW than that in PF. After propensity score
matching analysis, similar primary treatment efficacy (indicated by MEPS> 90) in 2 groups and more primary adverse
events (indicated by metalwork removal) were perceived in TBW than that in PF. Logistic regression analysis
revealed that fracture type was an independent factor that affected the efficacy of a treatment (regression
coefficient = − 1.24 < 0, P = 0.03), indicating that fracture severity was inversely proportional to the efficacy of a
treatment for olecranon fracture. Furthermore, logistic regression analysis demonstrated that the treatment method
was an independent factor that affected metalwork removal of olecranon fracture (regression coefficient 2.38 > 0,
OR = 10.77, P < 0.01), indicating that the risk of metalwork removal in the TBW Group was 10.77 times that in the PF
Group.
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Conclusion: When initially discussing the surgical approach with patients, physicians should fully weigh the
possibility that TBW may lead to a second surgery due to the higher risk of internal fixation removal and that TBW
won’t yield better functional outcomes than PF .

Keywords: Olecranon fracture, Elbow instability, Complications, Mayo elbow performance score, Metalwork removal

Background
The olecranon is situated directly under the skin and is
vulnerable to damage. Olecranon fractures account for
1% of all upper extremity fractures, with an incidence
rate of 11.5 to 12 per 100,000 population annually [1, 2].
Most olecranon fractures involve the articular surface of
the elbow joint, and uneven articular surfaces can cause
limited elbow joints, traumatic arthritis and other com-
plications. Surgical intervention is necessary to achieve
accurate reduction and rigid fixation in cases of unstable
elbow joints and osteoarthritis [3]. Despite advocates for
alternative surgical techniques including intramedullary
nailing and suture fixation, TBW fixation remains the
standard management for simple isolated, displaced frac-
tures of the olecranon (Mayo type 2A) [2].
Some researchers believe that plate fixation (PF) is an

effective alternative, as there are few complications with
this method. PF can be used for any type of olecranon
fracture but it is particularly recommended for the fol-
lowing indications: comminuted fractures, Monteggia
fracture dislocations, oblique fractures (particularly those
distal to midpoint of the trochlear notch) and fractures
that involve the coronoid process [4].
Though prospective studies and retrospective studies

have noted comparable functional outcomes between
TBW and plate fixation [5, 6], it remains unclear
whether the initial higher cost of plate fixation is offset
by the cost associated with the higher rate of TBW con-
struct removal. The aim of the current study was to de-
termine if any difference exists between TBW and plate
fixation with respect to the functional outcomes (Mayo
Elbow Performance Score) and adverse events (metal-
work removals). To our knowledge, this is the first study
to adopt propensity score matching to compare TBW
and PF for the treatment of olecranon fractures.

Methods
This is a retrospective single-center case control trial in-
cluding active adult patients with a simply displaced
fracture of the olecranon treated at Huizhou Central
People’s Hospital (Huizhou Hospital Affiliated to Guang-
dong Medical University). Ethical approval was obtained
from the Institutional Review Board of Guangdong Med-
ical University, and the study conformed to the tenets of
the Declaration of Helsinki. We obtained the verbal con-
sent of the patient or his directly-related family mem-
bers. The ethics committee approved this procedure

because the two treatments in this study were univer-
sally applicable and the treatment itself did not require
ethical approval.

Patients
In total, 176 patients with displaced olecranon fractures
(Mayo 2A and Mayo2B) were treated at our department
from 2005 to 2019. Sixty nine patients were excluded
from this study, and data from the remaining 107 pa-
tients were analyzed (Fig. 1). The inclusion criteria were
as follows: ① aged between 18 and 85; ②displaced olec-
ranon fractures with minimal or moderate fragmentation
of olecranon; ③ olecranon fractures treated by TBW or
PF (Fig. 2). The exclusion criteria were as follows: ①
pregnant women/skeletal immature patients; ② patients
who were unable to comply with follow-up; ③ associ-
ated fractures with radial head fracture/coronoid/distal
aspects of the humerus; ④ associated ligamentous in-
jury/dislocation/subluxation of the elbow; ⑤ previous
history of fractures on the side of injury; ⑥ open olecra-
non fractures.

Variables
The following clinical factors were examined retrospect-
ively using the patients’ medical records: age; sex; career
(heavy manual worker or not); mechanism of injury (fall
from standing height; fall from height; motor vehicle col-
lision; sports; fight/assault); dominant hand; side of in-
jury; body mass index (BMI); diabetes; alcohol
consumption (alcohol consumption< 21 units/wk. or al-
cohol consumption> 21 units/wk); smoking; American
Society of Anesthesiologists (ASA) grade; associated in-
jury (ipsilateral shoulder joint injury, ipsilateral wrist
joint injury, minor head and others); type of fracture
(classified by Mayo classification:2A-noncommunited
fracture;2B-communited fracture); treatment methods
(tension band wiring versus internal plate fixation). The
fracture type was divided into 2 categories: Mayo 2A
and Mayo 2B. Any disagreements regarding the radio-
graphs and the Mayo classification were resolved by dis-
cussion within two co-first authors. The patients were
divided into 2 groups based on treatment methods: the
tension band wiring group (TBW Group: 48 patients)
and the plate fixation group (PF Group: 57 patients).
The choice of implant was made by the patients on the
advice of the attending surgeons. All operations were
performed by the chief surgeons with more than 5 years
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of independent operation experience and some of the
chief surgeons are part of the authors.

Outcome
Various functional effects were assessed as following:
Mayo Elbow Performance Score (MEPS), the patients’
range of elbow motion (ROM) and forearm rotation
(RFR), the time return to work (RTW). The MEPS can
be divided into 4 levels: excellent (≥ 90), good (80 ~ 90),

general (70 ~ 80) and poor (≥ 70). The primary func-
tional outcome was assessed by treatment efficacy (as in-
dicated by an excellent MEPS, a generic and upper-limb
specific validated clinical score). And then the occur-
rences of various adverse events were recorded as fol-
lowing: metalwork removal, infection, revision and
others (union, malunion, painful stiff elbow, persistent
instability of the elbow, posttraumatic arthritis, hetero-
topic ossification). The primary adverse event was

Fig. 1 None

Fig. 2 A Preoperative lateral radiograph of elbow demonstrating Mayo 2A olecranon fracture. B Postoperative radiograph after tension band
wiring. C Prepoperative lateral radiograph of elbow demonstrating another Mayo 2A olecranon fracture. D Postoperative radiograph after plate
fixation. This figure comes from the corespondent author’s research team
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assessed by metalwork removal, a frequent complication
predominated by prominence at the site of the proximal
ulna.

Statistical analysis
All statistical analyses were performed using SPSS soft-
ware. First, the baseline data of the two groups was com-
pared. Two-sample independent t-tests were adopted for
continuous variables that followed a normal distribution,
and two-sample independent rank sum tests were
adopted otherwise. Chi-square test was used to compare
categorical variables. Propensity score analysis was per-
formed to minimize selection biases associated with a
retrospective data analysis between the TBW Group and
the PF Group. For each patient, a propensity score for
the treatment method group was calculated by a logistic
regression analysis of all predictive variables. Propensity
score matching was calculated for all 107 patients by lo-
gistic regression analysis for all 13 factors associated
with treatment. The concordance index was 0.02, indi-
cating a strong ability to differentiate patients based on
whether they were treated by PF or TBW. The Hosmer–
Lemeshow statistic was nonsignificant (P = 0.05), indicat-
ing good calibration. The propensity scores in the PF
Group ranged from 0.153 to 0.788, and the propensity
scores in the TBW Group ranged from 0.153 to 0.788.
The baseline variables of the 58 propensity-score-
matched cases (PF versus TBW) were then evaluated as
above.
Functional effects between two groups were compared

by the Mann-Whitney test because the continuous data
were not normally distributed. Adverse events, including
various complications, were compared by the Chi-square
test. Furthermore, the 58 propensity-score-matched
cases were then evaluated by univariate analysis and
multivariate analysis by logistic regression to identify the
potential factors associated with 2 primary outcomes re-
spectively: treatment efficacy (MEPS > 90) and primary
adverse events (metalwork removal). In all analyses, two-
tailed p values < 0.05 were considered significant.

Results
Comparison of variables in group TB and group PF in 107
patients before PSM and in 58 patients after PSM
The variables in Group TB and Group PF in107 patients
before PSM and in 58 patients after PSM (shown in
Table 1). There were differences between the TBW
Group and the PF Group regarding diabetes, dominant
hands and the side of injury. Propensity score matching
resulted in 58 patients being matched to 29 patients in
each group and there was no difference between the
above 2 groups (shown in Table 1).

Comparison of functional outcome and adverse events in
group TB and group PF in 107 patients before PSM and
in 58 patients after PSM
Before PSM, there was no significant difference between
Group TBW and Group PF in terms of MEPS (91.60
(86.7,94.75) vs 92.2 (77.2,95.2), P = 0.56), flexion of elbow
(144(131,151) vs 145 (133.5153.1), P = 0.36), forearm ro-
tation (146 (135,150) vs 145 (135,150), P = 0.72), and
RTW (6 (3,9) vs 5 (3,7), P = 0.13). A different cost was
found between the TBW Group and the PF Group: the
cost in PF Group was markedly higher than that in the
TBW Group (23,204.5 (18,400, 24,847) vs 11,592 (9832,
17,102), P < 0.001)). Before PSM, metalwork removal
rate was higher in the TBW Group than in the PF
Group (46.43% vs 16.64%, P < 0.001) and other adverse
events rate was higher in the PF Group than in the
TBW Group (12.5% vs 8.93%, P < 0.001). Total adverse
events rate was higher in the TBW Group than in PF
Group (62.5% vs 37.5%, P < 0.001) (shown in Table 2).
After PSM, there was no significant difference between

Group TBW and Group PF in terms of MEPS
(92(86.8,94.3) vs 93.8(87.9,95.5), P = 0.93), flexion of
elbow (144(134,151) vs 148(135,153), P = 0.62), forearm
rotation (145(135,148.5) vs 148(135,150), P = 0.5), and
RTW (6 (3,9) vs 6(3.5,9), P = 0.9). After PSM, metalwork
removal rate was higher in the TBW Group than in the
PF Group (61.29% vs 16.13%, P = 0.03) and total adverse
events rate was higher in the TBW Group than in PF
Group (74.19% vs 25.81%, P = 0.001) (shown in Table 2).

Univariate analysis of variables relating to treatment
efficacy (MEPS> 90) and primary adverse events
(metalwork removal) in 58 patients after PSM
As indicated by Table 3, a univariate analysis of 58 pa-
tients after propensity match scoring revealed that frac-
ture type was significantly correlated with treatment
efficacy (as indicated by MEPS> 90). The results of uni-
variate analysis of metalwork removal were correlated
with fracture type and age (Table 3).

Multivariate analysis of variables relating to treatment
efficacy (MEPS> 90) and primary adverse events
(metalwork removal) in 58 patients after PSM
A multivariate analysis revealed that fracture type was
an independent factor that affected the efficacy (regres-
sion coefficient = − 1.24 < 0, P = 0.03), indicating that
fracture severity was inversely proportional to the treat-
ment efficacy. The Mayo 2B efficacy rate was 29% of the
Mayo 2A efficacy rate in terms of excellent MEPS
(MEPS> 90). Furthermore, multivariate analysis demon-
strated that group (treatment type) was an independent
factor that affected metalwork removal of an olecranon
fracture (regression coefficient 2.38 > 0, OR = 10.77, P <
0.01), indicating that the risk of metalwork removal in

Qiu et al. BMC Musculoskeletal Disorders          (2021) 22:692 Page 4 of 9



Group TBW was 10.77 times higher than that in Group
PF. Multivariate analysis demonstrated that age was an
independent factor that affected metalwork removal (re-
gression coefficient = − 0.04 < 0, P = 0.03), indicating that
for each additional year of age, the probability of metal-
work removal is 96% of the probability of patients 1 year
younger (Table 4). In other words, age is a protective
factor against metalwork removal.

Discussion
Although several novel treatments appeared promising,
tension band wiring remains the gold standard within

transverse simple olecranon fractures (Mayo 2A) [2, 4].
Plate fixation was preferred for comminuted olecranon
fractures owing to better biomechanical compression
across fractures. However, some scholars also recom-
mended tension band wiring for comminuted olecranon
fractures (Mayo 2B) owing to the comparable cost and
shorter operation time [3, 7]. Previous studies have dem-
onstrated the similar functional outcomes between TBW
and PF. The treatment efficacy of the classical treatment
methods (TBW and PF) for olecranon fractures is un-
clear [8]. Therefore, there is no agreement on which
method provides the best outcome and should be

Table 1 Comparison of variables in Group TB and Group PF in 107 patients before PSM and in 58 patients after PSM

Group (before PSM) χ2/Z P Group (after PSM) χ2 /Z P

TBW PF TBW PF

Sex Male 24 (22.43) 34 (31.78) 0.62 0.43 14 (24.14) 18 (31.03) 1.12 0.21

Female 24 (22.43) 25 (23.36) 15 (25.86) 11 (18.97)

Age 35 (22,59.8) 35 (22,59.8) −1.24 0.22 33 (22,51) 38 (30,55.5) −1.39 0.17

Occupation Heavy worker 13 (12.15) 16 (14.95) 0 0.99 20 (34.48) 20 (34.48) 0 > 0.05

No heavy worker 35 (32.71) 43 (40.19) 9 (15.52) 9 (15.52)

Associated injury None 22 (20.56) 33 (30.84) 5 0.29 16 (27.59) 13 (22.41) 3.27 0.55

Ipsilateral shoulder joint injury 5 (4.67) 9 (8.41) 3 (5.17) 5 (8.62)

Ipsilateral wrist joint injury 7 (6.54) 2 (1.87) 5 (8.62) 2 (3.45)

Minor head injury 8 (7.48) 9 (8.41) 3 (5.17) 6 (10.34)

Others 6 (5.61) 6 (5.61) 2 (3.45) 3 (5.17)

Mechanism of injury Fall from standing height 19 (17.76) 22 (20.56) 2.06 0.73 14 (24.14) 10 (17.24) 2.08 0.75

Fall from height 6 (5.61) 12 (11.21) 3 (5.17) 5 (8.62)

Motor vehicle collision 11 (10.28) 15 (14.02) 6 (10.34) 9 (15.52)

Sports 7 (6.54) 5 (4.67) 4 (6.9) 3 (5.17)

Fight/assault 5 (4.67) 6 (5.61) 2 (3.45) 2 (3.45)

Diabetes No 39 (36.45) 56 (52.34) 4.96 0.03 27 (46.55) 29 (50) 2.07 0.49

Yes 9 (8.41) 3 (2.80) 2 (3.45) 0 (0)

Dominant hand Left hand 0 (0) 6 (5.61) 5.17 0.03 0 (0) 0 (0) – –

Right hand 48 (44.86) 53 (49.53) 29 (50) 29 (50)

Side of injury Left hand 24 (22.43) 41 (38.32) 4.22 0.048 19 (32.76) 17 (29.31) 0.29 0.79

Right hand 24 (22.43) 18 (16.82) 10 (17.24) 12 (20.69)

ASA grade I 34 (31.78) 41 (38.32) −0.14 0.89 1 (1,1.5) 1 (1,1) −0.23 0.97

II 10 (9.35) 13 (12.15)

III 4 (3.74) 5 (4.67)

Alcohol consumption < 21 units/wk 42 (39.25) 55 (51.40) 1.02 0.34 28 (48.28) 26 (44.83) 1.07 0.61

> 21 units/wk 6 (5.61) 4 (3.74) 1 (1.72) 3 (5.17)

Smoking No 34 (31.78) 41 (38.32) 0.023 1.00 22 (37.93)) 20 (34.48)) 0.35 0.78

Yes 14 (13.08) 18 (16.82) 7 (12.07)) 9 (15.52)

Fracture May 2A 29 (27.10) 28 (26.17) 1.79 0.24 22 (37.93) 20 (34.48) 0.07 > 0.05

May 2B 19 (17.76) 31 (28.97) 7 (12.07) 9 (15.52)

BMI 23.32 ± 3.29 22.47 ± 3.31 0.04 0.19 17 (29.31) 22.9 (19.14,25.15) −0.156 0.88

Follow period (month) 33 (14,65) 41 (16,55) −0.15 0.89 39 (15,65) 42 (22,53) − 0.288 0.78
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recommended. The current study aimed to examine the
differences between TBW and PF using propensity score
matching analysis and aimed to explore which treatment
method for displaced olecranon fractures is better. Pro-
pensity score matching was calculated for all 107 pa-
tients by logistic regression analysis for all 13 baseline
variables and resulted in 29-matched cases. Though this
is a retrospective study, the baseline variables between
TBW group and PF group were balanced after PSM.
There was no difference in functional effects between

Group TBW and Group PF (in terms of the MEPS, fore-
arm arc, elbow flexion, and RTW), which was consistent
with previous studies [3, 9, 10]. A multivariate analysis
revealed that fracture type was an independent factor
that affected the efficacy (regression coefficient = − 1.24 <
0, P = 0.03), indicating that fracture severity was in-
versely proportional to the treatment efficacy. The Mayo
2B efficacy rate was 29% of the Mayo 2A efficacy rate in

terms of excellent MEPS (MEPS> 90). As pointed out by
previous studies, the implant irritation was higher in
TBW group than that in PF group (12/13 vs 7/13) [11]
and the more hardware removal in TBW group than
that in PF group (10/58 patients vs 4/23, P = 0.0077)
[12]. Hence, the metalwork removal rate was higher in
the TBW group than in the PF group, which was con-
firmed again in the current study in both the original
107 patients recruited to participate in this study and in
the 58 patients analyzed for propensity score matching.
Given the position of internal fixation on the dorsal as-
pect ulna, the main perceived adverse events of olecra-
non fracture treatment are prominent hardware
removal. Even if the tip portion of the cable and Kirsch-
ner wire were usually embedded in proximal ulna bone
cortex by our chief doctors in the initial implant proced-
ure, many patients chose a metalwork removal because
of soft tissue stimulation of the metalwork. Metalwork

Table 2 Comparison of functional outcome and adverse events in Group TB and Group PF in 107 patients before PSM and in 58
patients after PSM

Group Before PSM P(χ2 /Z) After PSM P(χ2 /Z)

Functional
outcomes

MEPS (QSD) Tension band
wiring

91.6 (86.7,94.75) 0.56(−0.59) 92 (86.8,94.3) 0.93(−0.09)

Plate fixation 92.2 (77.2,95.2) 93.8 (87.9,95.5)

Elbow flexion (QSD) Tension band
wiring

144 (131,151) 0.36(−0.93) 144 (134,151) 0.62(−0.51)

Plate fixation 145 (133.5153.1) 148 (135,153)

Forearm rotation
(QSD)

Tension band
wiring

146 (135,150) 0.72(−0.37) 145 (135,148.5) 0.5(−0.69)

Plate fixation 145 (135,150) 148 (135,150)

RTW (QSD) Tension band
wiring

6 (3,9) 0.13(−1.53) 6 (3,9) 0.9(−0.14)

Plate fixation 5 (3,7) 6 (3.5,9)

Adverse events Metalwork removal Tension band
wiring

26 (46.43) < 0.001 (11.8) 19 (61.29) 0.03

Plate fixation 11 (19.64) 5 (16.13)

Infection Tension band
wiring

2 (3.57) > 0.05 (0.44) 1 (3.23) –

Plate fixation 2 (3.57) 1 (3.23)

Revision Tension band
wiring

2 (3.57) 0.59 (0.59) 1 (3.23) –

Plate fixation 1 (1.79) 0 (0)

Others Tension band
wiring

5 (8.93) < 0.001 (18.44) 2 (6.45) –

Plate fixation 7 (12.5) 2 (6.45)

Total Tension band
wiring

35 (62.5) < 0.001 (11.5) 23 (74.19) 0.001

Plate fixation 21 (37.5) 8 (25.81)

Cost (yuan)(QSD) Tension band
wiring

11,592 (9832,17,102) < 0.001(−5.2) 11,943 (10,201,17,978) <
0.001(−3.13)

Plate fixation 23,204.5
(18,400,24,847)

23,519
(17,232,25,424.5)
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removals were the major adverse events both in original
107 patients before PSM and in 58 patients after PSM.
Metalwork removal was therefore adopted as the main
perceived adverse events, and the potential factors affect-
ing metalwork removal were investigated by binary logis-
tic regression analysis. Interestingly, age and treatment
options were two independent factors that affected
metalwork removal from a statistical perspective. We
have reasons to believe the reliability of the higher
metalwork removal rate in TBW than PF because some
experts have demonstrated that plate fixation provides
significantly greater compression force than tension

band wiring in the treatment of transverse fractures of
the olecranon, both over the whole fracture and specific-
ally at the articular side of the fracture [7, 12]. Another
biomechanical advantage of this method is the better
holding power of plate fixation and less soft tissue
stimulation of the metalwork [7]. Although the cost
of plate fixation in the current study was higher than
that of tension band wiring (23,519 yuan (17,232,
25,424.5yuan) vs 11,943 yuan (10,201, 17978yuan)),
the overall expense may be higher for patients treated
by TBW if the hospitalization and travel expenses in-
curred from the metalwork removal operation are

Table 3 Univariate analysis of variables relating to treatment efficacy (MEPS> 90) and primary adverse events (metalwork removal) in
58 patients after PSM

Treatment efficacy
(MEPS> 90)

P(χ2/Z) Primary adverse events
(metalwork removal)

P(χ2/Z)

Yes No No Yes

Sex Male 18 (31.03) 14 (24.14) 1 (0.01) 17 (29.31) 15 (25.86) 0.27 (1.24)

Female 15 (25.86) 11 (18.97) 10 (17.24) 16 (27.59)

Occupation No heavy labor 21 (36.21) 19 (32.76) 0.31 (1.02) 17 (29.31) 23 (39.66) 0.4 (0.85)

Heavy labor 12 (20.69) 6 (10.34) 10 (17.24) 8 (13.79)

Associated injury None 14 (24.14) 15 (25.86) 0.71 (2.35) 9 (15.52) 20 (34.48) 0.12 (7.2)

Ipsilateral shoulder joint injury 6 (10.34) 2 (3.45) 6 (10.34) 2 (3.45)

Ipsilateral wrist joints injury 4 (6.9) 3 (5.17) 3 (5.17) 4 (6.9)

Minor head injury 6 (10.34) 3 (5.17) 6 (10.34) 3 (5.17)

Others 3 (5.17) 2 (3.45) 3 (5.17) 2 (3.45)

Mechanism of injury Fall from standing height 13 (22.41) 11 (18.97) 0.95 (0.95) 13 (22.41) 11 (18.97) 0.9 (1.35)

Fall from height 4 (6.9) 4 (6.9) 3 (5.17) 5 (8.62)

Motor vehicle collision 9 (15.52) 6 (10.34) 6 (10.34) 9 (15.52)

Sports 4 (6.9) 3 (5.17) 3 (5.17) 4 (6.9)

Fight/Assault 3 (5.17) 3 (5.17) 2 (3.45) 2 (3.45)

Diabetes No 31 (53.45) 25 (43.1) 0.50 (1.57) 25 (43.1) 31 (53.45) 0.21 (2.38)

Yes 2 (3.45) 0 (0) 2 (3.45) 0 (0)

Dominant hand Left hand 0 (0) 0 (0) – 0 (0) 0 (0) –

Right hand 33 (56.9) 25 (43.1) 27 (46.55) 31 (53.45)

Side of injury Left hand 19 (32.76) 17 (29.31) 0.59 (0.66) 15 (25.86) 21 (36.21) 0.42 (0.91)

Right hand 14 (24.14) 8 (13.79) 12 (20.69) 10 (17.24)

Alcohol consumption < 21 units/wk 32 (55.17) 22 (37.93) 0.31 (1.78) 26 (44.83) 28 (48.28) 0.62 (0.8)

> 21 units/wk 1 (1.72) 3 (5.17) 2 (3.45) 2 (3.45)

Smoking No 26 (44.83) 16 (27.59) 0.25 (1.56) 19 (32.76) 23 (39.66) 0.78 (0.11)

Yes 7 (12.07) 9 (15.52) 8 (13.79) 8 (13.79)

Group TBW 15 (25.86) 14 (24.14) 0.6 (0.63) 6 (10.34) 23 (39.66) < 0.001 (15.59)

PF 18 (31.03) 11 (18.97) 21 (36.21) 8 (13.79)

Fracture Mayo 2A 23 (39.66) 10 (17.24) 0.03 (5.12) 18 (31.03) 15 (25.86) 0.19 (1.97)

Mayo 2B 10 (17.24) 15 (25.86) 9 (15.52) 16 (27.59)

Age 36 (25.5,51) 0.84(−0.2) 43 (33,66) 31 (22,42) 0.005(−2.79)

ASA grade 1 (1,1) 0.74(−0.34) 1 (1,1) 1 (1,2) 0.415(− 0.82)

BMI 22.46 ± 3.12 0.58 (0.31) 23.02 ± 0.57 22.2 ± 0.56 0.99 (1.02)
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considered [3, 13], which was similar to studies in
other areas. For example, in a prospective study in
England, overall median cost was higher in TBW
group than that in PF group (5546 £(2961–5654£) vs
5174£ (3492–6828£)) [8] .Therefore, a second oper-
ation should carry considerable weight in the initial
implant decision.
Multivariate analysis demonstrated that age was an in-

dependent factor that affected metalwork removal (re-
gression coefficient = − 0.04 < 0, P = 0.03), indicating that
for each additional year of age, the probability of metal-
work removal is 96% of the probability of patients 1 year
younger. From a statistical perspective, age seems a pro-
tective factor against metalwork removal. However, age
should not be regarded as an independent factor of
metalwork removal: the false positive results may be re-
lated to underpowered effects and could possibly be re-
solved by increasing the sample size in future studies;
the poor follow-up compliance of the elderly leads to a
low positive record of subsequent adverse events. Con-
servative treatment or bone resection is still the first
treatment option for low-demand elderly individuals
with cancellous bone [14]. Plate fixation is still the pre-
ferred choice if internal fixation is decided for elderly in-
dividuals with olecranon fractures, owing to the more
reliable biological stability in plate fixation [8].
A primary disadvantage of this study was the lack

of blindness of both surgeons and patients to the al-
located treatment method. It is argued that this is
pragmatic in routine clinical practice, as people would
always be aware of their proposed treatments. A fur-
ther limitation to acknowledge is the fact that mul-
tiple surgeons with different experience levels were
involved over the study period and people with con-
comitant injuries were involved in this study, which
was also pragmatic and reflective of daily clinical
practice [15]. Third, we could not exclude potentially
subjective decisions to remove the metalwork. How-
ever, it is not routine to remove the metalwork unless
the patient is symptomatic.
Based on similar functional outcomes between the

two groups and more metalwork removals in the ten-
sion band wiring group, a second operation should

carry considerable weight in the initial implant deci-
sion, especially for patients with Mayo 2B olecranon
fracture.

Conclusion
When initially discussing the surgical approach with pa-
tients, physicians should fully weigh the possibility that
TBW may lead to a second surgery due to the higher
risk of internal fixation removal and that TBW won’t
yield better functional outcomes than PF .
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