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Background: The financial and resource burden of management of olecranon fractures in the elderly is likely to increase
with an aging population. There is limited evidence guiding treatment choice in this cohort. This study aimed to determine
whether operative treatment of displaced olecranon fractures in elderly patients provides superior 12-month functional
outcomes compared to nonoperative treatment.

Methods: A multicenter pragmatic randomized controlled trial was conducted across 24 hospitals in Australia and New
Zealand. Patients aged ‡75 years presenting with an acute (within 14 days), displaced, closed, isolated olecranon fracture
were included. Operative treatment involved reduction and stabilization using tension bandwiring or plate fixation. Nonoperative
treatment consisted of a sling for comfort and early movement as tolerated. The primary outcome was the Disabilities of the
Arm, Shoulder and Hand (DASH) score at 12months. Secondary outcomes were the DASH score at 3months and pain, quality
of life, Mayo Elbow Performance Score (MEPS), active elbow range of motion, and complication rate at 3 and 12 months. Data
were analyzed based on an intention-to-treat principle, with sensitivity analyses using as-treated groups.

Results: Sixty participants were randomized, 27 to the operative group (mean age and standard deviation [SD], 83 ± 5.8
years; 22 [81%] females) and 33 to the nonoperative group (mean age, 82± 4.5 years; 23 [70%] females), with no significant
difference in baseline characteristics. There was no significant difference (mean difference, 26.6; 95% confidence interval
[CI]=214.9 to 1.8; p= 0.12) in themeanDASH scores at 12months (the primary outcome) between the operative (12.3± 14)
and nonoperative (18.9 ± 18) groups. Although active elbow extension was significantly superior in the operative group at
12 months, no other secondary outcome differed significantly between groups at 12 months.

Conclusions: The study found no significant difference in DASH scores at 12 months between the operative and
nonoperative groups. This supports nonoperative treatment as a reasonable option for displaced stable olecranon
fractures in elderly patients.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

I
solated stable olecranon fracture (Type II according to the
Mayo classification) is one of the most common injuries
around the elbow1. There is an increasing incidence of these

fractures in the elderly, especially after the seventh decade of life, due

to osteoporosis and a greater risk of falls2,3. This creates a substantial
burden on both individuals and the health-care systems4.

Displaced olecranon fractures have traditionally under-
gone surgical intervention via tension band wiring or plate
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fixation, with proponents espousing the possible benefits of
restoration of articular congruity and recreation of the extensor
mechanism5-7. Poor bone quality and a fragile soft-tissue enve-
lope, however, render fracture fixation in the elderly challeng-
ing8. Complication rates ranging from 15% to 80% have been
reported following olecranon fracture stabilization in this pop-
ulation, with wound breakdown, fixation failure, and sympto-
matic hardware requiring removal reported as the most
common adverse sequelae3,9,10.

Studies have demonstrated that nonoperative manage-
ment can lead to satisfactory functional outcomes, challeng-
ing the traditional preference for surgical treatment in this
cohort5-7,9,11-18. Most, however, are observational cohort studies
and case series with small patient volumes5-7,11-18. We know of
only 1 prior prospective randomized controlled trial compar-
ing nonoperative and operative treatment of displaced olecra-
non fractures in elderly patients, but that study was terminated
prematurely due to an unacceptably high complication rate
in the operative group9. The authors concluded that the
study was underpowered to prove noninferiority of non-
operative treatment.

The aim of the present study was to compare the effec-
tiveness of nonoperative and operative measures in restoring
upper limb function 12 months after displaced olecranon fractures
in elderly patients. Secondary aims included comparison of pain,
subjective general health, range of motion, and complication rates
between groups at 3 and 12months.Wehypothesized that operative
treatment of displaced olecranon fractures in elderly patients pro-
vides superior patient-reported pain and functional outcomes at
12 months compared with nonoperative treatment.

Materials and Methods
Design

This multicenter pragmatic randomized controlled trial was
conducted at 24 sites including tertiary trauma centers and

district general hospitals across regional and rural Australia and
New Zealand. The study was approved by the Hunter New
England Human Research Ethics Committee (Trial ID 2019/
PID01062) and was prospectively registered with the Australian
New Zealand Clinical Trials Registry (ACTRN12614000588695).
The study protocol was published in 201519 (see Appendix 1).

Eligibility Criteria
Patients were considered eligible for the study (Fig. 1) if they
(1) were 75 years of age or older, (2) presented with a displaced
(>2 mm)9 simple or comminuted olecranon fracture (Fig. 2),
(3) were treated within 14 days of the injury, and (4) were
deemed medically fit for surgery.

Patients were excluded if they (1) were unable to provide
consent due to cognitive impairment, (2) had other fractures
around the elbow (coronoid, radial head, proximal ulna, or distal
humerus), (3) had an associated ligamentous injury, (4) had a
subluxated or dislocated ulnohumeral joint (Mayo Type III), (5)
had 180� of rotation of the proximal fragment whereby the tra-
becular surface directly contacted and threatened the overlying
skin, (6) had an open injury, and (7) had concomitant ipsilateral

fractures. Patients with preexisting ipsilateral upper limb prob-
lems such as rotator cuff disease were not excluded.

Participants
Between June 2014 and October 2022, 94 patients with displaced
olecranon fractures were screened and 76 of them were deemed
eligible for inclusion. Sixty-four of these patients agreed to par-
ticipate and provided written informed consent. Twenty-nine
patients were randomized to the operative group and 35 were
allocated to the nonoperative group. Two patients from each
group were lost to follow-up and excluded from the primary
analysis. The study followed the Consolidated Standards of Re-
porting Trials (CONSORT) guidelines20. The CONSORT flow-
chart for recruitment and the flowof participants through the trial
is outlined in Figure 1.

Randomization
Randomization was performed using a central web-based system
(Sealed Envelope) using the technique of minimization to ensure
balance of groups by sex, age (75 to 80 years versus ‡81 years) and
preexisting upper limb pathology. While participants and surgeons
were not blinded to treatment allocation, outcome assessors and
the statisticianwere.Masking of treatment allocation using dummy
intervention group names was maintained until all authors agreed
on the results and interpretation of the statistical analysis.

Interventions
Participants in the nonoperative group wore a sling for comfort
and were allowed early range of motion as tolerated. Patients in
the operative group underwent surgery using the treating surgeon’s
preferred technique (tension band wiring or plate fixation). Post-
operatively, an above-the-elbow elbow backslab splint was applied
and remained in place for 2 weeks, after which progressive
range of motion was allowed as tolerated. All participants
were assessed at 2 weeks, 3 months, and 12 months. Referral
for formal physiotherapy was not routinely provided for
patients in either group.

Outcome Measures
The primary outcome assessed was the Disabilities of the Arm,
Shoulder and Hand (DASH) score at 12 months after intervention.
This score ranges from 0 to 100, with higher scores indicating
greater levels of disability21,22. Secondary outcomemeasures included
the DASH score at 3 months, and the following at 3 months and
12months: the pain score on a visual analog scale (Pain-VAS; scored
from 0 to 10, with higher scores indicating greater pain), EuroQol
Visual Analog Scale23 (EQ-VAS; scored from 0 to 100, with higher
scores indicating higher health-related quality of life), Mayo Elbow
Performance Score24 (MEPS; ranging from 5 to 100, with higher
scores indicating superior elbow function), adverse events, elbow
active range of motion, and elbow extension strength.

Sample Size and Statistical Analysis
A power calculation determined that a sample size of 26 par-
ticipants in each group would provide 95% power to detect the
minimum clinically important difference (15 points) in the
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DASH score at a significance level of 0.0519,21,25,26. To account
for a 20% loss to follow-up, we started with a target sample size
of 65 patients. Randomization, however, was stopped at 64

instead of 65 patients because an adequate sample size per the
power analysis was reached with minimal loss to follow-up (4
of 64 randomized patients or 6% loss to follow-up).

Fig. 1

CONSORT flow diagram showing recruitment and flow of patients through the trial.

Fig. 2

Anteroposterior and lateral radiographs of a recruited patient’s olecranon fracture.
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Data were analyzed based on an intention-to-treat princi-
ple, with sensitivity analyses using as-treated groups. The
Welch t test was used for analysis of continuous variables,
and the Fisher exact test was used to assess categorical var-
iables. All statistical analysis was performed using R statis-
tical computing software (version 4.1.1, R Foundation for
Statistical Computing)27.

Results
Demographics

There was no significant difference in baseline characteris-
tics between the 27 patients allocated to operative treat-

ment (mean age and standard deviation [SD], 83 ± 5.8 years; 22
[81%] females) and the 33 patients allocated to nonoperative
treatment (mean age, 82 ± 4.5 years; 23 [70%] females) (Table
I). Race and ethnicity data were not collected.

Primary Outcome
No significant difference (p = 0.12) was observed in the DASH
scores at 12 months (the primary outcome). The mean DASH
score was 12.3 ± 14 for the operative group and 18.9 ± 18 for
the nonoperative group. The mean difference was 26.6
(95% confidence interval [CI], 214.9 to 1.8) in favor of the
operative group.

Secondary Outcomes
There was a significant difference, favoring the operative group,
in the DASH score and MEPS at 3 months. The MEPS at
12 months, however, did not differ significantly between
groups. Pain-VAS and EQ-VAS did not differ significantly
between groups at either 3 or 12 months. Active elbow
extension was significantly better in the operative group than
in the nonoperative group at 3 months (p = 0.004) and

TABLE I Baseline Characteristics for 60 Patients Randomized to Operative and Nonoperative Groups

Characteristic* Operative (N = 27) Nonoperative (N = 33) P Value

Age: mean (SD) [range] (yr) 83 (5.8) [75-95] 82 (4.5) [75-91] 0.19

Female sex 22 (81) 23 (70) 0.45

Right hand dominant 15 (56) 20 (61) 0.90

Comorbidities

Diabetes mellitus 1 (4) 6 (18) 0.09

Smoking 0 (0) 0 (0) —

Residential status 0.34

Home 24 (89) 24 (73)

Retirement village 2 (7) 2 (6)

Nursing home 1(4) 7 (21)

Preexisting upper limb problems 4 (15) 10 (30) 0.26

Mayo fracture classification28 0.51

IIA 14 (52) 21 (64)

IIB 13 (48) 12 (36)

*Categorical characteristics are presented as number (%). SD = standard deviation.

TABLE II Secondary Outcomes at 3 Months for 60 Patients Randomized to Operative and Nonoperative Groups*

Secondary Outcome

Mean (SD)

MD (95% CI) P ValueOperative (N = 27) Nonoperative (N = 33)

DASH 18.2 (15) 29.9 (23) 211.7 (221.6 to 21.6) 0.02†

Pain-VAS 1.3 (1.5) 2.1 (2.2) 20.8 (21.7 to 0.2) 0.14

EQ-VAS 72.4 (16) 73.6 (16) 21.2 (29.6 to 7.1) 0.76

Active elbow ROM (�)
Flexion 133.4 (12) 124.1 (16) 9 (2.1 to 16.5) 0.01†

Extension 11.0 (11) 19.4 (11) 28.4 (213 to 22.8) 0.004†

MEPS 89.6 (11) 81.4 (18) 8.2 (0.3 to 16.1) 0.04†

*SD =standard deviation,MD=meandifference,CI = confidence interval, DASH=Disabilities of theArm,Shoulder andHandscore, Pain-VAS=pain
visual analog scale, EQ-VAS = EuroQol visual analog scale, ROM = range of motion, MEPS = Mayo Elbow Performance Score. †Significant.
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12 months (p = 0.02). Although active elbow flexion was
significantly better in the operative group at 3 months, it did
not differ significantly between the groups at 12 months.
Although our hope was to compare the groups with respect
to extension strength measured with a dynamometer, this
outcome measure was abandoned as not all hospitals had
access to a dynamometer and reliable strength assessment
proved difficult in frail elderly patients. Similar to Duck-
worth et al.9, we assumed that any loss of strength affecting
function would be reflected in patient-reported outcome
measures. All outcomes are summarized in Tables II and III.

Complications
Adverse events were defined as death, infection, implant failure,
and any additional surgery. There were 4 complications (15%)
in the operative group. Four patients (12%) randomized to the
nonoperative group crossed over to the operative group. Two
of these patients sought a second opinion from another
surgeon in the private sector within 1 week after randomi-
zation. The reasons for a second opinion and for the decision

to manage surgically were unknown. The other 2 patients
crossed over due to progression to an open fracture (1) or a
painful nonunion (1). No significant difference in compli-
cation rate was observed between the operative and non-
operative groups at 12 months (odds ratio [OR] = 1.03, 95%
CI = 0.20 to 5.81, p = 1.00). Complications and crossover
time points are summarized in Table IV.

Sensitivity Analysis
Four patients crossed over between treatment groups, all from
the nonoperative to the operative group. A sensitivity analysis
based on the treatment received produced results similar to
those of the intention-to-treat analysis (see Appendix 2).

Discussion

The study found no significant difference in overall upper
limb disability, as assessed by DASH scores, between the

operative and nonoperative groups at 12 months after interven-
tion. However, the 95% CI for the primary outcome does not
exclude a clinically important difference in theDASH score favoring

TABLE III Primary (DASH) and Secondary Outcomes at 12 Months for 60 Patients Randomized to Operative and Nonoperative Groups*

Outcome†

Mean (SD)

MD (95% CI) P ValueOperative (N = 27) Nonoperative (N = 33)

DASH 12.3 (14) 18.9 (18) 26.6 (214.9 to 1.8) 0.12

Pain-VAS 0.9 (1.5) 1.2 (1.9) 20.3 (21.2 to 0.5) 0.45

EQ-VAS 67.9 (22) 76.3 (20) 28.4 (219.3 to 2.4) 0.12

Active elbow ROM (�)
Flexion 133.6 (11) 132.5 (9.2) 1.1 (24.1 to 6.3) 0.67

Extension 9.4 (8.4) 15.5 (11) 26.1 (211.2 to 21.1) 0.02†

MEPS 95.0 (8.3) 90.8 (15) 4.2 (21.9 to 10.4) 0.17

*DASH = Disabilities of Arm, Shoulder and Hand score, SD = standard deviation, MD =mean difference, CI = confidence interval, Pain-VAS =
pain visual analog scale, EQ-VAS = EuroQol visual analog scale, ROM = range of motion, MEPS = Mayo Elbow Performance Score.
†Significant.

TABLE IV Complications at 12 Months for 60 Patients Randomized to Operative and Nonoperative Groups

Group Complication Additional Information

Operative Deep infection and secondary fixation failure Reoperation for hardware removal and debridement

Operative Hardware irritation Reoperation for hardware removal

Operative Hardware migration and fracture displacement Managed nonoperatively

Operative Death Embolic cerebrovascular accident unrelated to surgery

Nonoperative Crossover to surgery, reason unknown Sought second opinion within 1 week post-randomization

Nonoperative Crossover to surgery, reason unknown Sought second opinion within 1 week post-randomization

Nonoperative Skin tenting by displaced fragment and
progression to open fracture

Managed surgically at 7 weeks post-randomization

Nonoperative Painful nonunion Managed surgically at 9 months post-randomization

Nonoperative Death Aspiration pneumonia unrelated to admission for elbow fracture
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operative treatment. Better upper limb function (DASH andMEPS
outcomes) and elbow flexion at 3months, and elbow extension at 3
and 12 months, were noted in the operative group. No other
secondary outcome, including pain, subjective general health, or
complication rate, differed between the 2 groups.

The findings in this study are consistent with the only
previous randomized controlled trial on this topic9. The
previous trial, however, reported a much higher complication
rate in the operative group (81.8% versus 15% in the current
study), resulting in its premature termination9. Complications
including infection and failure of fixation may occur more
commonly in this age group due to poor bone and soft-tissue
quality, reduced compliance with postoperative movement
restriction, and increased comorbidities. Our findings are also
in agreement with observational cohort studies and case series
demonstrating satisfactory outcomes and safety with nonop-
erative treatment of displaced olecranon fractures5-7,11-18. Earlier
functional recovery was experienced in the operative group,
with better DASH and MEPS outcomes at 3 months. Thus,
surgery may have a role in elderly patients who require an early
return to function, such as those who are currently employed
or living independently.

We believe that this is the first adequately powered study
to provide experimental evidence supporting the use of non-
operative treatment for displaced stable olecranon fractures in
the elderly. The low rate of crossover, blinding of the statistician
and outcome assessors, success of randomization in achieving
similar group characteristics, and the high follow-up rate support
the internal validity, and the inclusion of multiple centers and
surgeons supports generalizability.

This study should be interpreted with consideration of cer-
tain limitations. The unavailability of race and ethnicity data may
affect the study’s generalizability. The non-blinded nature of the
interventions may have introduced performance bias, potentially
influencing outcome measures such as pain and functional assess-
ments. It is also possible that the effect of surgerymay be affected or
modified by the degree of displacement, a question that we were
unable to answer in our study due to its design. Radiographic
outcomes were not recorded and may have differed between
groups. However, any such differences were not reflected in the
clinical outcomes. While the sample size was adequate to detect
important differences in DASH scores, the study may not have
been adequately powered for all clinical outcomes. Additionally,
the findings at 12 months may not represent longer-term out-
comes. Finally, the recruitment phase was slow, due to strict
adherence to rigorous inclusion and exclusion criteria, leading to
an 8-year study period.

Conclusions
Contrary to our hypothesis, the findings of the SOFIE trial sug-
gest that nonoperative treatment is a reasonable option in elderly
patients with displaced stable olecranon fractures as it provides
functional outcomes similar to those of operative treatment.
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