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ABSTRACT
Introduction Medial epicondyle fracture of the humerus 
is a common injury in childhood. There is uniform 
agreement that minimally displaced fractures (dislocation 
≤2 mm) can be treated nonoperatively with immobilisation. 
Open fractures, fractures with joint incarceration or 
ulnar nerve dysfunction require surgery. There is no 
common consensus in treatment of closed medial 
epicondyle fractures with >2 mm dislocation without joint 
incarceration or ulnar nerve dysfunction. We hypothesise 
that there is no difference in treatment outcomes between 
nonoperative and operative treatment.
Methods and analysis This is a multicentre, controlled, 
prospective, randomised noninferiority study comparing 
operative treatment to non- operative treatment of >2 mm 
dislocated paediatric medial epicondyle fractures without 
joint incarceration or ulnar nerve dysfunction. A total of 
120 patients will be randomised in 1:1 ratio to either 
operative or nonoperative treatment. The study will have a 
parallel nonrandomised patient preference arm. Operative 
treatment will be open reduction and internal fixation. 
Nonoperative treatment will be upper limb immobilisation 
in long arm cast for 4 weeks. Data will be collected at 
baseline and at each follow- up up to 2 years. Quick- 
DASH is used as primary outcome measure. Secondary 
outcomes are patient- reported pain, differences in range 
of motion, Pediatric Quality of Life Inventory, cosmetic 
visual analogue scale and Mayo Elbow Performance 
Score.
Ethics and dissemination Ethical approval has been 
obtained from Helsinki University Hospital (HUS) ethical 
board HUS/1443/2019. Each study centre has obtained 
their own permission for the study. A written authorisation 
from legal guardian will be acquired and the child will 
be informed about the trial. Results of the trial will be 
disseminated as published articles in peer- reviewed 
journals.
Trial registration The trial has been registered at  
clinicaltrials. gov with registration number NCT04531085.

INTRODUCTION
The incidence of medial epicondyle fractures 
of the humerus in children and adolescents 
is ≥3:100 000 and account for approximately 
12%–20% of all paediatric elbow frac-
tures,1 2 30%–50% of these fractures are asso-
ciated with elbow dislocation and 5%–18% 
are incarcerated.3 4 Dysfunction of ulnar 
nerve has been reported in 10%–16% of 
cases.3

Minimally displaced (≤2 mm) fractures 
without incarceration or ulnar nerve dysfunc-
tion are treated nonoperatively.5–10 There is 
no common consensus between paediatric 
surgeons how to treat medial epicondyle 
fractures with >2 mm dislocation.11 12 It has 
been suggested that incarcerated fractures 
and fractures with elbow dislocation should 
be treated operatively, and that competitive 
athletes should be treated operatively with 
lower threshold than children and adoles-
cents without sporting activities.13

Strengths and limitations of this study

 ► This study is the first randomised controlled trial to 
examine the treatment and outcome of dislocated 
medial epicondyle fractures.

 ► This is a multicentre study with all five university 
hospitals in Finland participating.

 ► The trial has a blinded outcome assessor indepen-
dent of treating and recruiting surgeons.

 ► Primary outcome measure (Quick DASH) is not vali-
dated for use in children.

 ► Treating surgeon is not blinded to the allocated 
treatment.
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Grahn et al1 conducted a controlled treatment trial 
based on prospectively collected data from ≤16 years old 
patients with more than 2 mm displaced nonincarcerated 
medial epicondyle fractures with a minimum follow- up of 
1 year. Partial avulsion fractures were excluded, 41 were 
treated nonoperatively and 40 operatively. They found 
that neither the degree of primary fracture displace-
ment with or without concomitant elbow dislocation nor 
the choice of treatment (open reduction and internal 
fixation (ORIF) or long arm cast) affected outcome. 
Normal elbow function was restored in 74/81 patients. 
All but one primarily nonoperatively treated patients had 
returned to the same or higher level of sport as preinjury, 
whereas six surgically treated patients had downgraded 
their sporting activities. Pain at medial humeral epicon-
dyle either with direct contact or under load was reported 
by four nonoperatively and by six operatively treated 
children with normal sensation and elbow stability.1 In a 
systematic review of the literature regarding treatment of 
medial epicondyle fractures, Kamath et al14 found opera-
tive treatment to be superior to conservative in terms of 
bony union. However, the review did not show differences 
in terms of pain or patient- reported outcome measures 
between the two treatment modalities. According to 
the study of Lawrence et al,15 there was no difference in 
outcome assessed by QuickDASH and elbow range of 
motion at 2 years from injury in 6 nonoperatively and 14 
operatively treated athletes. Axibal et al16 showed similar 
results with no difference in the objective outcome in 
less than 1- year follow- up between 22 operated patients 
matched to 22 nonoperated patients.

In light of current findings, we applied for ethical 
review board approval to conduct a randomised noninfe-
riority trial with the hypothesis being that conservatively 
treated medial epicondyle fractures fare as well as opera-
tively treated.

METHODS AND ANALYSIS
Study design
The study is designed as a multicentre parallel- group 
noninferiority randomised controlled trial (RCT) that 
complies with the Consolidated Standards of Reporting 
Trials guidelines (figure 1). A patient preference arm will 
be available. Patient recruitment will be done at all univer-
sity hospital areas of Finland (Helsinki, Kuopio, Oulu, 
Tampere, Turku). The study is coordinated by Helsinki 
University Central Hospital, Children’s Hospital Pediatric 
Orthopedic Unit (HUS New Chlidren’s Hospital, Sten-
bäckinkatu 9 C, 00029 HUS, Finland). Trial data analysts 
and person performing the recruitment will be unaware 
of the assigned treatment. The study is overseen by an 
external study monitor according to trial data monitoring 
protocol provided by HUCH Clinical Research Insti-
tute (Clinical Research Institute HUCH P.O Box 700, 
FI-00029 HUS, Helsinki, Finland, https:// hyksinstitu-
utti. fi/ services/ monitoring- services/? lang= en). The trial 

is registered at  clinicaltrials. gov. Any changes in study 
protocol will be uploaded to the trial registry.

Patient recruitment
All patients with a medial epicondyle fracture referred 
to the aforementioned hospitals will be screened for 
eligibility by a specialist of either hand surgery, paedi-
atric surgery, paediatric orthopaedics or orthopaedics. If 
inclusion criteria are met, written consent is asked from 
the guardian. Patients and parents are given a written 
informed consent regarding the trial. The patient version 
is age adjusted for easier understanding according to the 
Finnish Investigators Network for Pediatric Medicines ( 
www. finpedmed. fi).

Inclusion criteria
Patients aged 7–16 years presenting with a ≥2 mm 
displaced nonincarcerated medial epicondyle fracture 
with or without concomitant elbow dislocation and 
normal ulnar nerve function.

Exclusion criteria
Pathological fracture, open fracture, systemic bone 
disease, concomitant fracture or injury of the same upper 
limb requiring operative intervention, and other disease- 
preventing participation in full follow- up regime and 
range of motion exercises.

Randomisation
After agreeing to participation in the trial, patients are 
randomised according to a computer- generated rando-
misation list17 to either operative or nonoperative treat-
ment. Randomisation ratio is 1:1, block size is 10. Prior to 

Figure 1 Flowchart of the study.
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the recruitment, assigned arm of the RCT trial has been 
placed in sealed envelops. Each study centre receives a set 
of 10 consecutive envelopes at a time. Allocation sequence 
is kept at the main study centre (HUS, New Children’s 
Hospital) where it is unavailable to recruiting physicians. 
Patient allocation in the trial is determined as the patient 
opens the assigned envelope.

Patient’s choice arm
Patients who meet inclusion criteria,but refuse participa-
tion in the randomised trial are offered to choose treat-
ment method (operative or nonoperative) and continue 
in a prospective parallel patient preference arm that 
otherwise follow the same treatment and follow- up (FU) 
protocol as the RCT.

Baseline
Standard anterior–posterior and lateral radiographs 
of the elbow will be obtained after closed reduction of 
the possible elbow dislocation. All participants in either 
the RCT or patient’s choice arm undergo cone- beam or 
normal CT before treatment initiation. Initial fracture 
dislocation will be calculated from the CT scans in three 
planes (anterior–posterior, cranial–caudal and medial–
lateral) and both radiographs (anterior–posterior and 
lateral) using the method described by Edmonds et al.18 
Date of injury, method of injury, patient’s age at time of 
injury, sex, injured side, dominant hand and main sport 
or musical instrument as well as level will be documented. 
Motor and sensory function as well as range of motion 
of both upper limbs will be assessed. Carrying angle 
(degrees) and valgus stress test will be assessed if possible 
for both limbs.

Intervention
Nonoperative treatment means upper limb immobilisa-
tion with forearm in neutral prosupination with a long 
arm cast for 4 weeks. Treatment is started after baseline 
examination.

Operative treatment is scheduled after baseline exam-
ination and is to be done within 7 days from injury. During 
sedation, both elbows are stress- tested using the valgus 
stress test, any instability is documented, carrying angle 
of both elbows are measured. Procedure of preference 
is ORIF with cannulated nonresolvable 4.0 mm screw 
with or without washer. If the fracture fragment is too 
small or fragmented for screw fixation, 1.6 mm—1.8 mm 
Kirshner- wires and/or bone anchor are used. After frac-
ture fixation, the injured side is again stress tested. Radio-
graphs (anterior–posterior and lateral) documenting the 
fixation are taken. Long arm cast with forearm in neutral 
prosupination is applied for 4 weeks. Time from injury 
to surgery, fixation method, length of surgery (min) and 
surgeon’s level of training (consultant, registrar) will be 
documented. Hardware is not routinely removed.

All patients will receive a written exercise plan 
explaining the active and passive range of motion (ROM) 
exercises that are to be performed at a minimum three 

times per day from cast removal. Physiotherapy will be 
offered if guardians and/or patients feel that no progress 
in ROM after 2 weeks of home exercises.

Blinding
This trial tests a clinical intervention that is not suitable 
for protection against treatment bias. Recruiter will be 
blinded. Consultant on duty will perform randomisation 
and allocation. Nonoperative treatment will be started 
immediately after recruitment. ORIF will be performed 
by surgeon on duty. Surgeon is not blinded. Trial data are 
collected at each appointment at the outpatient clinic by 
a physician not related to the trial. Statistician analysing 
trial data are blinded to treatment group.

Outcome measure
Follow- up is set at 1, 3, 6, 12 and 24 months from initia-
tion of treatment with the option of ending the FU at 12 
months if patients are pain free with full ROM in relation 
to uninjured side. Elbow standard radiographs (anterior–
posterior and lateral) are taken at each appointment 
from 3 months on until bone union is achieved or trial 
ends (table 1).

Patients will be examined at the paediatric ortho-
paedic outpatient clinic. On each appointment, active 
and passive ROM of both upper limbs (elbow extension–
flexion, prosupination, wrist extension–flexion) as well as 
carrying angle are measured using a goniometer. Stability 
of both elbows is assessed using the moving valgus test19 
and the valgus stress test.20 Distal sensation is examined 
by Semmes- Weinstein monofilaments.21 Signs of cold 
intolerance will be assessed. Grip strength is measured 
with a dynamometer.

Patients and guardians are requested to answer the 
following patient- reported outcome measures at each 
appointment; QuickDASH,22 Pediatric Quality of Life 
Inventory (PedsQL), PedsQL Pediatric Pain Question-
naire,23 cosmetic visual analogue scale (VAS 0–100) and 
Mayo Elbow Performance Score (MEPS).24

Time of returning to main sport or music and its level 
will be documented (weeks). Any adverse effects (wound 
infection, nerve damage) are documented as well as hard-
ware problems and possible hardware removal as well as 
conversion of treatment during FU (cast to ORIF or liga-
ment reconstruction).

Allthough QuickDash is not validated for use in under 
18- year olds, it was selected as it has been used in the 
literature in evaluating results of fracture healing in 
adolescents, and it is available in both national languages 
(Finnish and Swedish).25 26

Primary outcome
Statistically significant difference in QuickDASH score is 
6.825 26 at 12 months FU.

Secondary outcome
Difference in active ROM in comparison to uninjured 
arm, PedsQL, PEDS QL Pain module, Cosmetic VAS, 
MEPS, need for additional procedures.
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Sample size
Based on the results of Kazmers et al25 and Aasheim 
and Finsen,26 we assume clinically significant differ-
ence between the groups to be 6.8 and the SD of the 
QuickDASH score to be 10 points. With 0.05 signifi-
cance level and 80% power, a noninferiority comparison 
would require 27 patients per group. Allowing a 20% 
dropout rate, the required sample would be 30 patients 
per group.

For subgroup analysis (less than 12 years vs 12 years and 
over), 30 patients per age group need to be collected. 
Assuming 50–50 split in the patients between the age 
groups, the sample size would be 60 per ORIF and nonop-
erated equalling a total of 120 patients.

Statistical analysis
Data will be analysed by using the Wilcoxon rank- sum 
test in Python V.3.8. (Python Software Foundation, Wilm-
ington, Delaware, USA). Our null hypothesis is that there 
is no difference in outcome between nonoperative versus 
ORIF. Level of significance is set at p<0.05.

Both treatment groups will be internally analysed for 
differences in primary outcome regarding age (less than 
12 years vs 12 years and over) at time of injury and amount 
of initial fracture displacement (mm). Depending on 
group size, patient choice arm can be merged for analysis 
to same RCT group.

Patient and public involvement
Patients, caregivers or public were neither involved in 
the development of the research questions nor the plan-
ning of the study design. They are neither involved in the 
recruitment nor conduct of the study. Results of the study 
are published only in peer- reviewed journals, no other 
information of the results of the study are provided to 
the patients or caregivers. Patients or caregivers will not 
take part in assessment regarding possible burden of the 
interventions of this study.

ETHICS AND DISSEMINATION
There is no common consensus for dislocated (>2 mm) 
medial epicondyle fractures. Treatment method varies 
by clinic and treating surgeon. Both ORIF and long arm 
cast are well- established treatment methods for humeral 
medial epicondyle fractures. If at any point an imminent 
problem in healing is observed, warranting a change in 
the treatment regimen, this will be done at the discretion 
of the treating physician regardless of the initial treatment 
allocation. The participants will be treated according to 
our best knowledge during and after the trial. Patients 
will not receive any compensation for participation. The 
Finnish Patient Insurance Centre will provide compensa-
tion for treatment injuries.

We have obtained national ethical approval from 
Helsinki University Hospital (HUS) ethical board 
HUS/1443/2019. A local permission to conduct the 
trial will be obtained by each study centre (Kuopio 
University Hospital, Oulu University Hospital, Tampere 
University Hospital and Turku University Hospital). A 
written authorisation from guardian will be acquired 
and child will be informed about the trial. Results of the 
trial will be disseminated as published articles in peer- 
reviewed journals. Authorship will follow the Interna-
tional Committee of Medical Journal Editors (ICMJE) 
recommendations.27

Time schedule
Last patient FU is expected by the end of 2023 and publi-
cation by the end of 2024.

CONCLUSION
The goal of this study is to compare two well- established 
treatment methods of dislocated nonincarcerated 
humeral medial epicondyle fractures in 7–16- year- old 
patients.

Table 1 Data collection time points

Baseline
Treament
Day 0

1.Check- up
4 weeks

2.Check- up
3 months

3.Check- up
6 months

4.Check- up
12 months

5.Check- up
24 months

Diagnosis, 
eligibility

x             

Randomisation x             

Surgery or 
non- operative 
treatment

  x           

Physical 
examination

x   x x x x x

Questionnaires     x x x x x

Computer 
tomography

x             

Standard 
radiograph

x   x x x x x
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