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The With Or Without Olecranon K‑wire 
(WOW OK) Trial of tension band wire fixation 
versus cerclage fixation without K‑wires 
in displaced stable olecranon fractures: study 
protocol for a randomized controlled trial
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Abstract 

Background  Displaced olecranon fractures with a stable elbow joint are classified as Mayo type 2a or 2b and are 
commonly operated with tension band wiring, i.e. two K-wires and a cerclage. Retrospective studies have reported 
fewer reoperations and complications with cerclage fixation alone when compared to tension band wiring, 
though with similar long-term results. We decided to compare tension band wiring to cerclage fixation of displaced, 
stable olecranon fractures in adults in a randomized controlled trial.

Methods  All patients ≥ 18 years old with Mayo type 2a and 2b fractures presenting at Skåne University hospital will 
be eligible for study inclusion, unless exclusion criteria are met. Two hundred participants will be included and rand-
omized 1:1 to cerclage fixation or tension band wiring.

Outpatient physiotherapist follow-up appointments will be scheduled at 2 and 6 weeks and at 3, 12, and 36 months 
at the Dept. of Orthopaedics. A lateral view radiograph of the elbow will be analysed at 6 months. The primary 
outcome of our study is the rate of reoperations. Secondary outcomes are complication rates, severity of complica-
tions, and patient-reported outcome measures (QuickDASH, Short Musculoskeletal Function Assessment, pain level, 
and patient satisfaction). The sample size was calculated to give 80% power for detecting a statistically significant 
difference in reoperation rates (with alpha-value 0.05), based on a previous retrospective study.

Discussion  Reoperation and complication rates after tension band wiring of olecranon fractures are high. Treatment 
of these injuries is debated, and several ongoing trials compare tension band wiring with plate fixation, suture fixa-
tion, and non-operative treatment. As data from retrospective studies indicate that cerclage fixation may be superior 
to tension band wiring, we see a need for a randomized controlled trial comparing these methods. The WOW-OK Trial 
aims to obtain level-1 evidence that may influence treatment choice for this type of fracture.

Trial registration  ClinicalTrials.gov NCT05​657899. Registered on 16 November 2022. The trial complies with SPIRIT 
and CONSORT guidelines. The SPIRIT figure is found in Table 2.
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Introduction
Olecranon fractures account for approximately 20% of 
all fractures of the proximal forearm [1]. Stable, undis-
placed fractures are routinely treated non-operatively 
[2–4], while displaced fractures with instability in the 
ulno-humeral joint (so called trans-olecranon disloca-
tions) are commonly operated with plate fixation [2, 
5]. Displaced fractures that leave the elbow joint stable 
(Mayo type 2a and 2b) are often treated with tension 
band wiring (TBW) or plate fixation [2]. TBW is associ-
ated with soft tissue irritation, and high reoperation rates 
with hardware removal range from 25 to 84% in the liter-
ature [5–9]. Plate fixation has been associated with fewer 
reoperations but more severe complications compared 
to TBW in 2a and 2b fractures [10]. A Cochrane review 
from 2014 did not find any good support favouring either 
TBW or plate fixation over the other [11]. Nonoperative 
treatment of Mayo type 2a and 2b fractures yields accept-
able outcomes in elderly patients with low functional 
demands but is not recommended to patients with mod-
erate or high functional demands [12–15].

Previous retrospective studies at our department have 
shown that Mayo 2a and 2b fractures can be operated 
with cerclage fixation without K-wires (CF) yielding half 
the reoperation rate compared with TBW [7, 16]. To our 
knowledge, no other clinical studies have compared CF 
with TBW. As of 15 November 2022, there are 6 studies 
comparing treatments for olecranon registered on Clini-
calTrials.gov. These included the following: one active 
and one completed study comparing TBW with plate fix-
ation [17, 18], two active and one terminated study com-
paring surgical with non-surgical treatment [19–21], and 
one active study comparing TBW with suture fixation are 
registered [22]. Also, one active study comparing TBW 
with suture fixation is found in the International Stand-
ard Randomized Controlled Trial Number (ISRCTN) 
registry [23].

The controversy over treatment method for Mayo 2a 
and 2b fractures elicits the need to examine our research 
question: Is outcome following CF better than TBW for 
Mayo type 2a and 2b olecranon fractures? Our hypoth-
eses are that CF will result in lower reoperation rate, 
complication rate, and intra-operative radiation time and 
exposure compared with TBW, while yielding non-infe-
rior results in our specified secondary and tertiary out-
come measures, including the patient related outcome 
QuickDASH. We aim to investigate this in a prospective 
1:1 randomized controlled trial (RCT).

Methods
Trial summary
All patients presenting at Skåne University Hospital in 
Malmö or Lund with olecranon fractures of Mayo type 

2a and 2b will be eligible for inclusion in the trial. Par-
ticipants meeting exclusion criteria will be excluded. 
Informed voluntary written consent will be required for 
participation. Participants will be randomized 1:1 to sur-
gery with CF or TBW.

Baseline descriptive data will be collected, and par-
ticipants will be invited to a clinical follow-up at a physi-
otherapist outpatient clinic at the Dept. of Orthopaedics 
for collection of outcome measures at 2 and 6 weeks 
and 3, 12 and 36 months after surgery. The physiothera-
pist will be blinded to the treatment method of the par-
ticipants. At 6 months, a lateral elbow radiograph will be 
performed and assessed for secondary dislocation and/or 
nonunion by an orthopaedic consultant.

The primary outcome measure is reoperation rates. 
Secondary outcome measures are complication rates 
and patient-reported outcome measures (PROM). Sev-
eral tertiary outcome measures will be collected. Our 
hypothesis is that reoperation rates, complication rates, 
and intra-operative radiation time and exposure will be 
lower in the CF group while other outcome measures will 
be non-inferior for CF.

Null hypothesis
The null hypothesis in this study is that there is no dif-
ference in outcome measures at the follow-up time-
points in adult participant with Mayo type 2a and 2b 
olecranon fractures treated with CF and TBW. Our 
alternative hypothesis is that CF yields superior results 
with fewer reoperations, fewer overall and severe com-
plications, lower intra-operative radiation time and 
exposure, and non-inferior results in other outcomes.

Objectives and outcome measures
The primary outcome measure is reoperation rates. A 
reoperation is cumbersome and costly and exposes the 
patient to additional risks associated with further surgi-
cal and anaesthesiologic procedures. Because of its sig-
nificance for both patients and health-care systems, and 
as previous data indicate a large difference in reopera-
tions between the two methods, reoperation rates was 
chosen as the primary endpoint.

The secondary outcome measures are:

•	 Complication rates based on a complication defined 
as any negative unexpected event attributed to the 
treatment.

•	 Severe complication rate is a constructed variable. 
Complications will be classified by the study official 
according to the modified Clavien-Dindo classifica-
tion, a score specific for complications to orthopaedic 
surgery [24, 25]. Any complication of level 3a, 3b or 
higher is considered severe, thus creating a dichoto-
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mous variable (severe complication/not severe com-
plication).

•	 The Quick Disabilities of the Arm, Shoulder and 
Hand score (QuickDASH) is a self-assessed ques-
tionnaire consisting of 11 items graded 1–5 assessing 
upper limb function for the affected arm, resulting in 
a 0–100 score [26]. It was chosen as it is a validated 
instrument [27], which is widely used throughout 
the literature, enhancing comparability of the results. 
The QuickDASH questionnaire performs similar to 
its full-length version the Disabilities of the Arm, 
Shoulder and Hand score [28].

•	 The Short Musculoskeletal Function Assessment 
(SMFA) questionnaire is a validated 46-item ques-
tionnaire used to assess overall musculoskeletal func-
tion [27, 29]. The result is converted to a 0–100 score 
with perceived function decreasing with increasing 
score. The interpretation of SMFA depends on trans-
lation and cultural adaptation. The Swedish adapta-
tion is used in this trial, using bother (bSMFA) and 
dysfunction (dSMFA) indices as suggested by Wil-
liams [29].

•	 Overall satisfaction will be self-reported using a vis-
ual analogue scale (VAS) from 0 to 100. Zero corre-
sponds to “completely satisfied” and 100 to “not satis-
fied at all”.

•	 Pain in rest and motion will be self-reported with 
VAS from 0 to 100. Zero corresponds to “no pain at 
all” and 100 to “worst imaginable pain” in the elbow.

The tertiary outcome measures are:

•	 Grip strength will be evaluated using a JAMAR 
dynamometer according to the guidelines from the 
Swedish national quality register for hand surgery 
(HAKIR) [30]. The dynamometers used will be cali-
brated at least once every year.

•	 Active postoperative range of motion (ROM) for 
extension, flexion, pronation and supination will be 
evaluated using the HAKIR guidelines [30].

•	 Secondary dislocation and/or nonunion rate will be 
assessed with a lateral view radiograph 6 months 
after the operation. In order to minimize radia-
tion dose, only one radiograph and one view will be 
obtained. If secondary dislocation and/or nonunion 
is found, the participant will be referred to the stand-
ard healthcare system, and further investigation may 
include a full radiographic examination. Any dem-
onstrated secondary dislocation and/or nonunion is 
regarded as a complication.

•	 Sick leave related to the elbow injury, counted in 
days.

•	 Intra-operative fluoroscopy radiation level will 
be measured as the dose area product (DAP) in 
mGy·cm2, and intraoperative fluoroscopy time will 
be measured in seconds. This will be recorded at the 
time of surgery from the fluoroscopy machine used. 
The model and make of the machine vary between 
operating rooms and may change during the study.

•	 Surgical time will be recorded in minutes during sur-
gery counting from skin incision to the final suture of 
the surgical wound.

•	 Post-operative antibiotic treatment is defined as any 
prescribed antibiotic treatment related to the surgery 
after the intervention.

Sample characteristics
The study will be conducted at Skåne University Hos-
pital serving the towns of Malmö and Lund in southern 
Sweden. The hospital is a tertiary centre for orthopaedic 
trauma and an academic centre for orthopaedic research. 
The hospital serves a defined geographic catchment area, 
with no other hospital that treats olecranon fractures in 
that area. Patients referred with olecranon fractures from 
other hospitals, for example due to severe soft-tissue 
injury or multi-trauma, will not be eligible for inclusion. 
To further characterize the study sample, descriptive sta-
tistics on age, gender, dominant hand, Mayo subclass (2a 
or 2b), high energy trauma, and current smoking (dur-
ing the last month) will be recorded at inclusion or in the 
peri-operative period.

Sample size
The primary outcome measure of the study is reopera-
tion rates, and the sample size is based on this metric. 
Reoperation rates are assumed to be 13% for CF and 
27% for TBW, based on a previous study at our institu-
tion [16]. As active patient participation is not required 
to calculate reoperation rates, and as it will be col-
lected in the same health-care system as the previous 
retrospective study, we do not expect any drop-out of 
participants (relative to that study) for assessment of 
reoperations. The sample size of each arm needed to 
achieve 80% power is 98; thus, we plan to recruit a total 
of 200 participants, yielding 81% power.

We expect all 200 participants to be available for anal-
yses of peri-operatively recorded variables (age, sex, 
fracture type, fluoroscopy DAP, fluoroscopy time and 
operation time). For analyses of complications, the same 
assumption is made as for reoperations, i.e. no drop-out 
relative to our previous retrospective study. For all other 
variables collected at follow-up, we expect 170 partici-
pants to be available for statistical analysis. The expected 
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power for all variables at different sample sizes are shown 
in Table 1, including all relevant assumptions made.

Eligibility and exclusion
All patients presenting at Skåne University Hospi-
tal > 17 years old with a Mayo type 2a or 2b olecranon 
fracture will be eligible for the study. Patients living 
in our catchment area but who sustain an olecranon 
fracture outside the area will be eligible for inclusion if 
treated at our hospital. The exclusion criteria are:

•	 Participants unable to participate in follow-up (for 
example due to active substance use disorder, demen-
tia, inability to communicate or understand the ques-
tionnaires (for example not speaking Swedish), or liv-
ing in other administrative health-care region).

•	 Participants unable or unwilling to give informed 
written consent.

•	 Participants where non-operative treatment is indi-
cated (for example frail patients).

•	 Participants with severe open fractures of Gustilo-
Anderson type III.

•	 Participants with pathological fractures.
•	 Participants that are treated with surgery later than 

14 days from the initial trauma.
•	 Participants operated by a surgeon who has not 

attended education on the present study and surgical 
methods provided by the study officials. If surgery is 
supervised by a surgeon that has attended the educa-
tion, the participant will not be excluded.

If a participant meets any of the exclusion criteria, the 
study officials will exclude them from the study. An anon-
ymous record of the number of eligible but excluded par-
ticipant, including reason for exclusion, will be kept by 
the study officials.

Enrolment and consent
Eligible participants will be identified at the emergency 
department by the initially treating physician or by any 
treating physician or steering committee at any time 
point prior to intervention. Upon identification, poten-
tial participants will receive consent forms, written and 
oral information about the study from the steering com-
mittee. Participation is voluntary and participants will be 
required to sign a written consent form. Participants who 
decline participation will receive treatment according to 
the treating physicians’ preferences. The exclusion crite-
ria include inability to understand the given information 
or written consent. Thus, no consent will be presumed. 
Recruitment will end when 200 participants are included.

Allocation and randomization
Prior to commencement of the study, a randomization 
sequence will be created by a research assistant using a 
tool provided by the US National Cancer Institute (NCI) 
[43]. The sequence will be created using maximally tol-
erated-imbalance (MTI) randomization and entered into 
the REDCap software [44, 45]. No one will be able to 
access the sequence once entered to into REDCap. Rand-
omization will be stratified by age (≥ 65 years/ < 65 years), 
gender (male/female), and smoking (yes/no). These 
parameters are chosen as they are hypothesized to affect 
outcome and are available at inclusion.

Before the intervention, stratification data will be col-
lected and the participant will be allocated to either 
intervention in the surgical ward just prior to when the 
patient enters the operating theatre by the steering com-
mittee using the sequence in the REDCap software, 
whereby a unique ID will be created for each participant.

Blinding
Study participants will not be actively informed about 
which method was used but will be informed upon 
request. The physiotherapists measuring outcomes 
during follow-up will not be blinded to the treatment 
method; as they have access to the hospital files, a reliable 
blinding will be impossible to achieve in a cost-effective 
way. The physician assessing secondary dislocation or 
nonunion cannot be blinded as the treatment method 
will become apparent in the radiograph analysis. The 
study officials, surgeons, and other health-care providers 
will not be blinded. Data analysis will be performed on a 
blinded data set.

Intervention
Intervention is internal fixation by either CF or TBW in 
the corresponding study arms. All orthopaedic surgeons 
subspecialized in trauma at our department are familiar 
with both treatment methods and have attended an edu-
cation organized by the study officials. Surgery may be 
performed by other surgeons if supervised by a surgeon 
who has attended the education. During the trial, no spe-
cific concomitant treatment is prohibited or controlled 
by the trial.

Intra‑operative standards
All participants will receive prophylactic intravenous 
antibiotics as a single dose of 2 g cloxacillin (or 600 mg 
clindamycin if allergic to cloxacillin) 30 min prior to 
the surgery. Tourniquet, fracture forceps, provisional 
K-wires, and intra-operative fluoroscopy may be used at 
the surgeons’ discretion. A straight, or slightly curved, 
dorsal approach to the olecranon will be used. Follow-
ing fracture reduction and fixation, the stability of the 
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fixation will be checked under fluoroscopy during elbow 
extension and flexion. In case of comminution of the 
proximal fragment, a supplementary tendon suture may 
be used to decrease the risk of secondary displacement 
with implant cut-out. The wound will be closed in layers, 
and dressings and an elbow cast splint will be applied.

Cerclage fixation
The distal fragment will be drilled transversely using a 
2.0-mm drill approximately 4 cm distally to the fracture 
line and 5 mm anterior to the posterior cortex. A cerclage 
will be put through the triceps tendon, just proximal to 
its attachment on the olecranon, passed over the fracture 
in a figure of eight configuration and through the drilled 
hole, and tightened. A second hole will be drilled at least 
10 mm distal to the first hole and a cerclage will be placed 
through the second hole and the triceps attachment in a 
figure of zero figuration. Fluoroscopic images of CF are 
shown in Fig. 1.

Tension band wiring
The standard TBW method described in the AO guide-
lines will be used [46]. Fluoroscopic images of CF are 
shown in Fig. 1.

Follow‑up
After surgery, follow-up will be identical in both study 
groups (Table  2). Standard peri-operative care will be 
given at the hospital.

In addition to descriptive baseline data, operation time, 
fluoroscopy DAP, and fluoroscopy time will be recorded. 
SMFA-questionnaires will be administered and collected 
by The Swedish Fracture Register (SFR) by mail shortly 
after the trauma (recall of pre-injury status), and 12 
months later, and this data will be retrieved from SFR by 
the study officials.

At 2 weeks post-operatively, the cast will be removed, 
and a physiotherapist will record grip strength and ROM. 
Any reoperations, complications, ROM, grip strength, 
and return to work will be recorded at 6 weeks, 3 months, 
12 months, and 36 months at the outpatient clinic at 
the dept. of Orthopaedics by a physiotherapist. PROMs 

Fig. 1  Fluoroscopy views of olecranon fractures. A, B Radiographs of olecranon type 2a fractures with a lateral (A) and an anterior–posterior 
view (B). Figure 1C and 1D shows radiographs following CF with a lateral (C) and an anterior–posterior view (D). E, F Radiographs following TBW 
with a lateral (E) and an anteriorposterior view (F)
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(except SMFA) will be recorded by the participants in 
REDCap at the same time points. Reoperations and com-
plications are recorded in each patient’s medical jour-
nal and subsequently retrieved by the study officials at 
interim analysis points and at the end of the trial.

At 6 months, a lateral view radiograph will be assessed 
by researchers DW and GC for any secondary dislocation 
or non-union. If secondary dislocation or nonunion is 
confirmed at any other point during the study, it will be 
recorded.

Any issue requiring additional follow-up or treatment 
will be handled in the standard health-care system which 
is public and tax-financed. After 36 months, the current 
follow-up will end.

Post‑inclusion withdrawals and exclusions
Participants included during the initial assessment may 
be excluded at any point post-inclusion if exclusion cri-
teria are met. If consent has been given at this point, the 
data already recorded will be analysed. Participants may 
decide to voluntarily withdraw at any point, receiving 
standard healthcare. Upon withdrawal, participants may 
choose to allow previously and future health-care data 
to be analysed, only allow previously collected data to be 
analysed, or decline analysis of any such data.

Adverse event management
Any adverse events will be treated in the standard health-
care system. In such cases, there will be no difference to 
the standard care. All participants are fully insured and 
entitled to compensation through the Swedish Patient 
Injury Act, under the same conditions as patients not 
participating in the study.

End of trial and early termination
Recruitment will end when 200 participants have been 
recruited.

Interim analyses will be performed by the data moni-
toring committee every 6 months, starting in May 2024. 
All participants that have completed the follow up at 6 
weeks be included in the interim analyses. For ethical 
reasons, the recruitment will be terminated by the steer-
ing committee if any of the following criteria is met:

•	 A statistically significant difference of ≥ 10% in reop-
eration rate between the study groups

•	 A statistically significant difference of ≥ 10% in severe 
complications rate between the study groups

•	 A statistically significant difference of ≥ 20 Quick-
DASH points between the groups at any follow-up 
time-point

Table 2  Time-points for follow-up and data gathering, SPIRIT-figure

a The secondary dislocation or nonunion rate will be assessed from a lateral elbow radiograph at 6 months or will be recorded if diagnosed at any other time-point

Activity  − 0.5 to 0 0 0.5 1.5 3 6 12 36

Inclusion, allocation, and randomization x

Intervention, both arms x

Primary outcome measures

  Reoperation rate x x x x

Secondary outcome measures

  Complication rate x x x x

  Severe complication rate x x x x

  QuickDASH x x x x

  Patient satisfaction x x x x

  Pain at rest x x x x

  Pain in motion x x x x

  SMFA x x

Tertiary outcome measures

  ROM, flexion x x x x x

  Grip strength x x x x x

  Post-operative antibiotics x x x x

  Secondary non uniona (x) (x) (x) x (x) (x)

  Sick leave x x x x

  Fluoroscopy time x

  Fluoroscopy DAP x

  Operation time x
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In case of termination of the study, participants that 
have already been recruited will complete follow-up. 
The study will end when all recruited participants have 
completed the follow-up, are excluded, or have otherwise 
withdrawn from the study.

Statistical analysis
For power and sample size calculations, the alpha value 
was set to 0.05. Our hypothesis is that CF will yield lower 
reoperation and complication rates, lower intra-operative 
radiation, and less intra-operative fluoroscopy time; thus, 
one-sided tests of proportions were used for sample size 
requirements calculations [47]. For all other variables, 
tests for non-inferiority were used with assumed means 
for ratio scalar and interval variables and assumed pro-
portions for nominal variables [47].

Statistical power and sample size requirements for 
demonstrating clinically significant differences between 
the groups were calculated using minimal clinically 
important difference (MCID) values from the literature. 
Power and sample size data, including relevant assump-
tions for all calculations, are presented in Table 1.

We expect ≥ 80% power for reoperation rates, com-
plication rates, severe complication rates, QuickDASH, 
SMFA, patient satisfaction, pain in motion and at rest, 
and ROM. However, we do not expect to achieve 80% 
power for analysis of grip strength, postoperative anti-
biotics use, secondary dislocation or nonunion rate, 
sick-leave time, fluoroscopy time, fluoroscopy DAP, or 
operation time (Table 1).

The minimal detectable differences (MDD) for vari-
ous outcomes and study sizes are presented in Table  1. 
For some of the secondary and tertiary outcome meas-
ures, the MDD is smaller than the MCID meaning that 
the study is under-powered for proving non-inferiority 
between the groups. Early termination of the trial result-
ing in a smaller sample size would further reduce MDD, 
hampering the power of the study.

The final study groups consist of all participants that 
complete the follow-up and participants that withdraw 
but permit analysis; see the section “ Post-inclusion with-
drawals and exclusions”. The study groups will be com-
pared using the chi-squared test for categorical variables 
(reoperation, complication) and Student’s t-test for con-
tinuous variables.

Comparisons between the study groups will primar-
ily be performed by “intention to treat” analyses. If large 
cross-over between study groups occurs, “as treated” 
analyses will be performed as well. Subgroup analysis 
stratified by Mayo classification, age, gender, open frac-
ture, and high energy trauma is planned for all outcomes.

Ethics
The study was approved by the Swedish Ethical Review 
Authority (DNR: 2021–06822-01). The associated risks 
are primarily post- or peri-operative complications. As 
both interventions are standard care at our department, 
no additional such risk is implied by the trial. One addi-
tional risk is the potentially harmful effect of radiation 
received from the radiograph at 6 months, as this is not 
part of standard care. The additional effective radiation 
dose is estimated to 0.001 mSv and minimized by only 
using one projection. The more rigorous follow-up could 
potentially enhance rehabilitation and health for included 
participant compared to standard care. Future patients 
may benefit from improved future treatment recom-
mendations based on study results. Using data from a 
previous study [16], the number needed to harm is esti-
mated to 6.8 for reoperations and 3.1 for complications 
when TBW is chosen over CF. We believe that the poten-
tial benefits for study participants and future patients 
outweigh the additional risks for the participants in the 
study.

Oversight and monitoring
The principal investigator DW and co-authors GC, IK, 
and CR coordinate the study at all study centres and 
meet monthly. The day-to-day management of the study 
will be performed by the steering committee with sup-
port from administrative staff from the standard health-
care system. The surgical methods in this trial have been 
used extensively at our clinic and are considered low-risk; 
thus, there is no need for a data monitoring committee. 
Neither the steering committee, authors, nor the sponsor 
has any competing interests. No external endpoint adju-
dication system will be used.

Data handling
All data will be collected using the participants’ unique 
national identification numbers, then entered into RED-
Cap by the assessor, and stored securely on servers pro-
vided by Lund University accessible only by the steering 
committee. Before interim analysis, and at the end of the 
trial, the steering committee will transfer collected data 
to a pseudonymous database using the unique participant 
ID provided at randomization to discriminate data. This 
database will be stored electronically behind firewalls 
provided by the sponsor. The only registry of the key to 
the participant ID and corresponding national identifica-
tion number will be stored physically in a safe only acces-
sible by the principal investigator.
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Discussion
Migration of K-wires may lead to reoperations follow-
ing TBW fixation of olecranon fractures [48]. Using 
CF without K-wires eliminates the risk of migrating 
K-wires and retrospective studies have favoured this 
method [7, 16, 49]. Phadnis et  al. advocate a similar 
method using non-metal sutures [50, 51], although 
reserving this technique for Mayo type 2a fractures. 
They reported a reoperation rate after suture fixation 
in 1 of 41 consecutive participants, though mixing 
fractures and osteotomies [8]. The same group runs an 
RCT which is currently recruiting participants [52]. A 
biomechanical cadaver study showed similar fixation 
strength following CF and TBW, theoretically render-
ing K-wires superfluous [53]. Based on these findings 
in retrospective and experimental settings, we designed 
the current RCT to provide level 1 evidence examin-
ing outcomes following CF vs. TBW. We have chosen 
not to include plate fixation as a comparator, as that 
method is not used for Mayo type 2a and 2b fractures 
at our clinic. Thus, including plate fixation would make 
the implementation of this study in our healthcare set-
ting ethically difficult.

The planned study size is sufficient for detecting a 
clinically significant difference in the primary outcome, 
reoperation rates, if that difference is as big as in a retro-
spective study from our department [7]. We expect a high 
availability of participants for analysis. We do not expect 
missing data on reoperations due to participants mov-
ing out of the catchment area to differ from the previous 
retrospective study, on which the sample size calcula-
tion is based [16]. The retrospective study that underlies 
sample size calculations only included elderly subjects, 
which differs from the planned study. We believe that the 
reoperation rate in the planned RCT may be higher than 
in the retrospective study, as younger participants with 
high demands are more likely to require reoperations. 
However, it is also possible that K-wire migration will be 
less likely to occur in participants with better bone qual-
ity. Higher reoperation rates than assumed would yield 
higher statistical power to demonstrate a difference in 
reoperation rates.

The trial could be terminated early due to large differ-
ences in reoperations, complications, or QuickDASH 
scores between study groups, which would negatively 
affect statistical power for analyses of other outcomes. 
Early termination of the study will hamper its strength to 
draw conclusions on these outcomes, but we do not think 
it would be ethically justifiable to continue recruitment if 
the postulated exclusion criteria are met.

We believe this trial to be an ethically sound way of 
providing level 1 evidence comparing CF with TBW 
in Mayo type 2a and 2b fractures. It has the potential 

to influence the choice of treatment for these patients, 
thus improving patient outcomes and health.

Trial status, timeline, and protocol amendments
The current protocol is the first version (1.1) of the 
protocol. Recruitment of participants began in Janu-
ary 2023. Based on statistics from previous years, we 
expect to recruit 50 subjects per year and thus recruit-
ment is expected to end in 2027. The end of follow-up 
of the last recruited participant is expected to occur in 
2030. No amendments have been made. In the case of 
future amendments to the protocol, the Swedish Ethical 
Review Authority will be informed and the ClinicalTri-
als.gov registry will be updated. Journals where study 
results or the protocol are published will be contacted, 
and a list of amendments will be included in future ver-
sions. Participant will be informed if affected by the 
amendment.
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