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CONSORT 2010 checklist of information to include when reporting a randomised trial*
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	Item No
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	Reported on page No

	Title and abstract

	
	1a
	Identification as a randomised trial in the title
	3

	
	1b
	Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts)
	3

	Introduction

	Background and objectives
	2a
	Scientific background and explanation of rationale
	3

	
	2b
	Specific objectives or hypotheses
	4

	Methods

	Trial design
	3a
	Description of trial design (such as parallel, factorial) including allocation ratio
	4

	
	3b
	Important changes to methods after trial commencement (such as eligibility criteria), with reasons
	4

	Participants
	4a
	Eligibility criteria for participants
	4

	
	4b
	Settings and locations where the data were collected
	4

	Interventions
	5
	The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
	4

	Outcomes
	6a
	Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed
	5

	
	6b
	Any changes to trial outcomes after the trial commenced, with reasons
	5

	Sample size
	7a
	How sample size was determined
	5

	
	7b
	When applicable, explanation of any interim analyses and stopping guidelines
	5

	Randomisation:
	
	
	

	 Sequence generation
	8a
	Method used to generate the random allocation sequence
	5

	
	8b
	Type of randomisation; details of any restriction (such as blocking and block size)
	5

	 Allocation concealment mechanism
	9
	Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the sequence until interventions were assigned
	6

	 Implementation
	10
	Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
	6

	Blinding
	11a
	If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
	6

	
	11b
	If relevant, description of the similarity of interventions
	6

	Statistical methods
	12a
	Statistical methods used to compare groups for primary and secondary outcomes
	6

	
	12b
	Methods for additional analyses, such as subgroup analyses and adjusted analyses
	7

	Results

	Participant flow (a diagram is strongly recommended)
	13a
	For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
	7

	
	13b
	For each group, losses and exclusions after randomisation, together with reasons
	8

	Recruitment
	14a
	Dates defining the periods of recruitment and follow-up
	9

	
	14b
	Why the trial ended or was stopped
	9

	Baseline data
	15
	A table showing baseline demographic and clinical characteristics for each group
	9

	Numbers analysed
	16
	For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
	11

	Outcomes and estimation
	17a
	For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)
	11

	
	17b
	For binary outcomes, presentation of both absolute and relative effect sizes is recommended
	12

	Ancillary analyses
	18
	Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
	12

	Harms
	19
	All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)
	12

	Discussion

	Limitations
	20
	Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
	12

	Generalisability
	21
	Generalisability (external validity, applicability) of the trial findings
	12

	Interpretation
	22
	Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
	12

	Other information
	

	Registration
	23
	Registration number and name of trial registry
	13

	Protocol
	24
	Where the full trial protocol can be accessed, if available
	13

	Funding
	25
	Sources of funding and other support (such as supply of drugs), role of funders
	13


*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
Title and abstract

1a

Short vs Long Arm-cast for distal forearm fractures: the Verona RCT

1b

We conducted a prospective, monocentric, randomized, parallel-group, open label, blinded endpoint evaluation non-inferiority trial comparing the efficacy of above elbow cast (AEC) and below elbow cast (BEC) in distal radius fractures (DRFs) nonoperative treatment.

Two-hundred-eighty patients of any age >18, affected by DRFs were successfully randomized and included for analysis over a 3 years’ time. Non-inferiority thresholds were defined as 2 mm difference for radial length (RL), 3° difference for radial inclination (RI) and volar tilt (VT).

One-hundred-forty-three patients were treated with BEC, 137 patients were treated with AEC. Mean time of immobilization was 33 days. Mean loss of RL, RI, VT were respectively 1,63 mm, 2,54°, 3,52° for BEC and 1,59 mm, 2,83°, 4,11° for AEC. Differences of RL, RI, VT loss between BEC and AEC resulted all below prefixed non-inferiority thresholds. Rate of loss of reduction was similar

Below-elbow-cast performs as well as above-elbow-cast in maintaining reduction of a manipulated DRF. Being it more comfortable to patient, BEC might be preferable for nonoperative treatment of DRFs.
Introduction

Background and objectives

2a

Distal radius fractures (DRFs) represent a common clinical challenge in the everyday practice of an orthopaedic trauma service.  When managed nonoperatively, classic teaching was that immobilizing the elbow in an above elbow plaster would ensure better control of fracture instability, prevent loss of reduction and result in better outcome. Long arm casts are however cumbersome to be worn and treatment with lighter ones is generally more comfortable to patients. Currently, there is no general agreement on how to immobilize a DRF. Various methods have been described, but no one approach has been proved more effective than the others 1–4. The latest clinical practice guidelines of the American Academy of Orthopaedic Surgeons, released in 2009, labelled the evidence available for or against elbow immobilization in patients treated with cast as “inconclusive”, leaving the choice between them to the clinician’s judgment 5. 
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2b

The hypotheses were that below elbow cast performs as weel as above elbow cast in maintaining reduction of a manipulated distal radius fracture, being the first more comfortable
Methods

Trial design

3a

The study is a prospective, monocentric, randomized, parallel-group, open label, blinded endpoint evaluation non-inferiority trial comparing the efficacy of above elbow cast (AEC) and below elbow cast (BEC) in distal radius fractures (DRFs) nonoperative treatment
3b

There were no changes to methods after the trial started
Participants

4a

Inclusion criteria: age ≥ 18 years; candidate to nonoperative treatment; displaced fracture requiring manipulation, patient’s consent
Exclusion criteria: skeletally immature patient (less than 18); undisplaced fracture not requiring manipulation; fracture requiring ORIF, open fracture; any hand/wrist/forehand skin lesion on fractured limb; any vascular or neurological deficit; bilateral fracture; any association with ipsilateral upper limb fracture

4b

The study and all treatments were conducted at the Integrated University Hospital of Verona, Italy (AOUI – Azienda Ospedaliera Integrata di Verona).
Interventions

5

The first part of treatment was common to both groups. Closed manipulation was performed under hematoma block, then the forearm was immobilized in an opposite-to-the-dislocation position. The standard arm cast was a radial gutter made of plaster of Paris. 

The group of BEC patients were treated with a below-elbow cast extending from the metacarpal heads to 2-4 cm from the elbow crease. 

The group of AEC patients were treated with an above-elbow cast extending from the metacarpal heads to middle third of the arm. Posteroanterior and lateral view x-rays were taken prior to and after manipulation, at 7 and 35 days. The radial gutter was closed at the first office visit and removed at the final visit.
Outcomes

6a

The primary outcome of the trial was secondary displacement measured as variation of radial length (RL), radial inclination (RI) and volar tilt (VT) after ~7 days and at the end of treatment. 

Secondary outcomes included Disability of Arm, Shoulder and Hand (DASH) scores and Short Form 12 (SF-12) scores as measures of tolerability and quality of life, respectively, at the end of treatment. 

6b

No changes were made to trial outcomes after the trial commenced
Sample size

7a

For the study to have 80% power to show a difference between the treatments with a two-sided type 1 error rate of 5%, we calculated that around 150 patients would be required for each group using 2 mm difference in RL and 3° difference in RI and VT as non-inferiority thresholds. These estimates of minimal clinically important differences were based on previous reports of interobserver variability of up to 3° in radiographic parameter measurement and considerable deterioration of clinical outcome when  shortening of RL was > 5 mm.19–21 We included 53 additional patients to make up for a predicted 15% dropout rate.

7b
We performed a mid-term analysis in the same way as of the definitive study. We did it to confirm percentage of expected dropouts and sample size, to check if randomisation was effective and to see if any difference was already detectable.
Randomisation:
Sequence generation

8a

Randomization was carried out by a statistician with no involvement in the clinical care of patients. Software random allocation in blocks of 4 resulted in 353 sequentially numbered opaque sealed envelopes.
8b

We used a block size of 4 for randomization; no restrictions were added
Allocation concealment mechanism

9

353 sequentially numbered opaque sealed envelopes were produced. When a patient was eligible for enrollment, the progressive envelope was opened in order to assign the participant to a treatment group.
Implementation

10

Randomization was carried out by a statistician with no involvement in the clinical care of patients. Patients were enrolled by the 
Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions

Blinding

11a

After assignment to intervention, only the medical team evaluating xrays was blinded.

The list of patients’ xrays to analyse didn’t report the type of treatment, that was added after the list of measurements was complete.
11b

Not applicable
Statistical methods
12a
For the study to have 80% power to show a difference between the treatments with a two-sided type 1 error rate of 5%, we calculated that around 150 patients would be required for each group using 2 mm difference in RL and 3° difference in RI and VT as non-inferiority thresholds. These estimates of minimal clinically important differences were based on previous reports of interobserver variability of up to 3° in radiographic parameter measurement and considerable deterioration of clinical outcome when  shortening of RL was > 5 mm. We included 53 additional patients to make up for a predicted 15% dropout rate.

Since our aim was to identify the real treatment efficacy under optimal conditions, we conducted a per-protocol analysis, excluding all patients who prematurely dropped out of the trial.  Continuous variables were compared using t-tests, whilst categorical variables were compared using chi-squared tests. We calculated 95% confidence intervals (CI) for continuous variables, assuming a normal distribution. To test for non-inferiority of BEC versus AEC, based on the non-inferiority thresholds described above, we used t-tests to compare all radiological parameters between the two groups. Percentage loss of reduction between the two groups was compared using chi-squared tests. As a secondary outcome we compared DASH and SF-12 scores between BEC and AEC groups using superiority t-tests, with the null hypothesis that the difference between the groups was equal to zero. All the variables included in the analysis were complete, no missing data were reported. All analyses were performed using SAS 9.4.
12b
We did not use baseline differences to decide whether and which covariates should be used to adjust treatment effect because we assumed that, in randomized control trials, any baseline difference between the two groups should be attributed to chance, and thus be negligible.
Results
Participant flow
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180 patients assigned
to group A (BEC)

29 patients dropped out from study
26 pts had unsatisfactory reduction
3 pts had cast damaged/broken

8 patients did not complete FU

tot: 37 patients excluded from analysis

L

173 patients assigned
to group B (AEC)

25 patients dropped out from study
18 pts had unsatisfactory reduction
5 pts had cast damaged/broken
1 pt had skin laceration during
manipulation
1 pt had severe anatomy alteration,
third fracture episode

11 patients did not complete FU

tot: 36 patients excluded from analysis

143 patients completed
study in group A

137 patients completed
study in group B




13a
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13b
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Recruitment

14a

Patients were recruited from March 1st 2017 to February 29th 2020. The follow up for each patient was of ~35 days from treatment.

14b

The trial has been completed

Baseline data

15
Baseline patient demographics

	Characteristic
	Group A (below-elbow cast)
	Group B (above-elbow cast)
	T-test (T) or Chi-squared test (χ2)
	p-value

	Age yrs – mean (st dev)
	70,2 (13,7)
	69,5 (15,4) 
	T= 0.42
	P=0.68

	Sex – no (%)
	
	
	χ2=0.02
	P=0.89

	male
	19 (13%)
	19 (14%)
	
	

	female
	124 (87%)
	118 (86%)
	
	

	Osteoporosis – no (%)
	
	
	χ2=1.53
	P=0.46

	yes
	44 (31%)
	78 (57%)
	
	

	no
	84 (59%)
	38 (28%)
	
	

	missing
	15 (10%)
	21 (15%)
	
	

	Type of fracture (AO classification) – no (%)
	
	
	χ2=0.20
	P=0.90

	type A
	48 (34%)
	43 (31%)
	
	

	type B
	17 (12%)
	18 (13%)
	
	

	type C
	78 (55%)
	76 (55%)
	
	

	Stability of fracture (Lafontaine) – no (%)
	
	
	χ2=0.12
	P=0.73

	stable
	68 (48%)
	68 (50%)
	
	

	unstable
	75 (52%)
	69 (50%)
	
	


Radiographic parameters comparison between BEC and AEC at baseline (post reduction) and at final control

	BASELINE (POST REDUCTION)



	Parameter
	Group A (below-elbow cast) -mean [95% CI]
	Group B (above-elbow cast) -mean [95% CI]
	T-test (T) comparing groups
	p-value

	Radial height (RH) 
	11.31 mm [11.03;11.60]
	11.35 mm [11.05;11.64]
	T=-0.17
	P=0.86

	Radial inclination (RI)
	20.90° [20.41;21.39]
	21.08° [20.58;21.59]
	T=-0.50
	P=0.62

	Volar tilt (VT) 
	-8.06° [-9.11;-7.01]
	-6.55° [-7.56;-5.55]
	T=-2.05
	P=0.04

	FINAL CONTROL (35 days)



	Parameter
	Group A (below-elbow cast) -mean [95% CI]
	Group B (above-elbow cast) -mean [95% CI]
	T-test (T) comparing groups
	p-value

	Radial height (RH) 
	9.73 mm [9.33;10.12]
	9.72 mm [9.35;10.09]
	T=0.02
	P=0.99

	Radial inclination (RI)
	18.07° [17.42;18.72]
	18.54° [17.88;19.19]
	T=-1.01
	P=0.31

	Volar tilt (VT)  
	-3.95° [-5.61;-2.29]
	-3.03° [-4,35;-1,71]
	T=-0.86
	P=0.39

	Δ FINAL CONTROL – BASELINE



	Parameter

	Parameter
	Group A (below-elbow cast) -mean [95% CI]
	Group B (above-elbow cast) -mean [95% CI]
	T-test (T) comparing groups
	p-value

	Radial height (RH)
	-1.59 mm [-1.88;-1.29]
	-1.63 mm [-1.89;-1.36]
	T=0.2
	P=0.84

	Radial inclination (RI)
	-2.83° [-3.37;-2.29]
	-2.54° [-3.05;-2.03]
	T=-0.77
	P=0.44

	Volar tilt (VT) 
	4.11° [2.61; 5.61]
	3.53° [2.22;4.83]
	T=0.58
	P=0.56

	Δ OF LOSS OF RADIOGRAPHIC PARAMETERS DURING TREATMENT (BEC – AEC)



	Parameter
	Group A-B  -mean [95% CI]

	Radial height (RH)
	0.04 mm [-0.36;0.44]

	Radial inclination (RI) 
	-0.29° [-1.03;0.45]

	Volar tilt (VT) 
	0.59° [-1.39;2.57]


Numbers analysed
16
A total of 280 patients (143 in group A and 137 in group B) completed the study and were included in the analysis
Outcomes and estimation
17a
There were no significant differences in baseline radiographic parameters between the two groups, except for volar tilt, which was lower in the BEC group compared to AEC group (-8.1° vs -6-5°), P=0.041. This difference was clinically negligible. 

Mean time of immobilization was 33 days (95% CI [31.88;34.10]) for patients treated with a BEC and 32.6 days (95% CI [31.5; 33.63]) for those treated with an AEC. Upon removal of cast at final follow-up, mean loss of RL was 1.59 mm for BEC vs 1.63 mm for AEC (between-group difference: 0.04 mm; CI 95% [-0.36;-0.44]);  mean loss of RI was 2.83° in BEC vs 2.54° in AEC (between-group difference: -0.29°; CI 95% [-1.03;0.45]; mean loss of VT was 4.11° in BEC vs 3.52° in AEC (between-group difference: 0.59°; CI 95%, [-1.4;- 2.57]). Differences in loss of RL, RI and VT during treatment between the two groups reached statistical significance when tested for non-inferiority (P < 0.0001 for RL, P < 0.0001 for RI and P=0.0087 for VT) and all differences were below the prefixed thresholds outlined above. 

According to Graham’s criteria, 99 out of 143 patients (69%) treated with BEC maintained satisfactory reduction whereas this was achieved by 106 out of 137 patients (77%) treated with AEC. This difference was not significant (P=0.12) Considering that the percentage of fractures labelled as “maintained” varies according to the criteria of acceptability of reduction used, we tested a further 7 criteria. In all cases no statistically significant difference was observed (59% maintained in BEC vs 61% in AEC for type 4, 57% maintained in BEC vs 66% in AEC for type 6, 51% maintained in BEC vs 56% in AEC for type 8; see Table 3). DASH score, SF-12 (PCS and MCS) scores and elbow ROM were collected for a minority of patients (122/280 pts).  DASH score for BEC patients was 59 (95% CI [53.8;64.2]) and 59.9 (95% CI [55.6;64.3]) for AEC patients; mean PCS and MCS scores were 34.9 (95% CI [32.9; 36.9]) and 43.6 (95% CI [40.5;46.8]) respectively for BEC patients and, 36.6 (95% CI [34.9;38.2]) and 41.8 (95% CI [39.1;44.5]) for AEC patients. No statistically significant difference was observed between patient groups. 

When only patients who fractured their dominant side were considered, mean DASH score for the BEC group was 61.2 (95% CI [47.1;75.3]) and 64.1 (95% CI [57.3;70.8]) for AEC group; mean PCS and MCS scores were 34.9 (95% CI [30.2;39.7]) and 42.8 (95% CI [33.5;52.1]) respectively for the BEC group and  35.3 (95% CI [32.4;38.2] and 42.3 (95% CI [37.4;47.3]) for the AEC group. No significant difference was observed between the patient groups. BEC patients exhibited mean flexion of 123.6° (95% CI [117.1;130.1]), mean extension 6.7° (95% CI [2.5;10.8]), mean pronation 69.5° (95% CI [63.8; 75.3]) and mean supination 52.5° (95% CI [45.6; 59.3]. AEC patients had similar ROM, with mean flexion 123.9° (95% CI [118.9;128.9], mean extension 5.5° (95% CI [1.4°;9.5°]), mean pronation 72.1° (95% CI [66.4;77.9]), mean supination 52.9° (95% CI [45.5;60.3]).  

17b
Ancillary analyses
18
We did not perform subgroup or adjusted analyses
Harms
19
One patient suffered skin laceration during manipulation
Discussion

Limitations

20

We report the following limitations of the study. Quality of reduction was not assessed and could have potentially influenced the difference between BEC e AEC. Given that no computerized tomography was carried out, we may not have accurately measured every articular gap and it is possible that its prevalence might be different between the two study group. However, our approach is consistent with general clinical practice.

Furthermore, we limited our investigation to radiological outcomes only and did not include clinical outcome measures. SLA-VER aimed only at ascertain whether the type of casting used affects the likelihood of fracture maintenance.

Generalisability
21
The results of the study can be applied to the conservative treatment of displaced closed distal radius fractures, with no exceptions.

Interpretation
22
The efficacy of BEC in maintaining reduction of manipulated DRFs is similar to that of AEC. According to our model, when clinicians have to choose between using BEC or AEC to immobilize a DRF, the maximum predictable outcome difference between the two treatments do not exceed 2 mm in terms of radial length loss and 3° in terms of radial inclination and volar tilt loss. Maintenance of reduction of DRFs is more likely to depend on factors other than length of cast used.
Other informations

Registration

23

The study is registered on ClinicalTrials.org with the code NCT03468023
Protocols

24

Protocol details are available at https://clinicaltrials.gov/ct2/show/NCT03468023
Funding

25

The study received no funds 
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