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 � PrOtOCOL

Statistical and health economic analysis 
plan for a randomized controlled 
trial of surgical fixation with K- wires 
versus plaster casting in the treatment 
of dorsally displaced distal radius 
fractures: DRAFFT2

Aims
Describe a statistical and economic analysis plan for the Distal Radius Acute Fracture Fixation 
Trial 2 (DRAFFT2) randomized controlled trial.

Methods
DRAFFT2 is a multicentre, parallel, two- arm randomized controlled trial. It compares surgi-
cal fixation with K- wires versus plaster cast in adult patients who have sustained a dorsally 
displaced fracture of the distal radius. The primary outcome measure is the Patient- Rated 
Wrist Evaluation (PRWE, a validated assessment of wrist function and pain) at 12 months 
post- randomization. Secondary outcomes are measured at three, six, and 12 months after 
randomization and include the PWRE, EuroQoL EQ- 5D- 5L index and EQ- VAS (visual analogue 
scale), complication rate, and cost- effectiveness of the treatment.

results
This paper describes the full details of the planned methods of analysis and descriptive sta-
tistics. The DRAFFT2 study protocol has been published previously.

Conclusion
The planned analysis strategy described records our intent to conduct statistical and within- 
trial cost- utility analyses.

Cite this article: Bone Joint Open 2020;1-6:245–252.
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Introduction
Distal radius fracture is one of the most 
common reasons for emergency depart-
ment attendance.1 ‘Manipulation’ of the 
bone fragments is usually recommended 
if there is displacement of a dorsally angu-
lated fracture. The manipulation is intended 
to restore the normal anatomy, i.e. to move 
the bone fragments back into their normal 
alignment. After manipulation, the bone 
fragments may fall back out of normal align-
ment hence clinicians will apply support to 
the bone fragments while they heals. This 
trial will compare two techniques for holding 
the position of the bone fragments – plaster 

casting and surgical fixation using Kirschner 
wires (K- wires).

Plaster casting involves the application of 
a plaster cast from below the elbow to just 
above the metacarpal- phalangeal joints. The 
cast is moulded over the skin to hold the bone 
fragments in place. It is simple, inexpensive 
and has few complications but is suscep-
tible to re- displacement especially when 
the swelling starts to settle a few days after 
the surgery. Surgical fixation with K- wires 
involves inserting smooth metal wires with a 
sharp point through the skin across the frac-
ture site to hold the bone fragments directly 
in place while they heal. However, there are 
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table I. Summary of outcomes and data collection schedule.

time point Data collection

Baseline PRWE and EQ- 5D- 5L pre- injury and contemporary, routine 
radiographs of the wrist

6 weeks Complication records, routine radiographs of the wrist, 
operative record

3 months PRWE, EQ- 5D- 5L, record of complications/rehabilitation 
or other interventions and healthcare resource use 
questionnaire

6 months PRWE, EQ- 5D- 5L, record of complications/rehabilitation 
or other interventions and healthcare resource use 
questionnaire

12 months PRWE, EQ- 5D- 5L, record of complications/rehabilitation 
or other interventions and healthcare resource use 
questionnaire

PRWE, Patient Reported Wrist Evaluation; EQ- 5D- 5L, EuroQol five- 
dimension five- level.

small risks of complications (e.g. infection and damage 
to nerves or blood vessels around the wrist) and K- wire 
fixation costs more and takes longer to apply than plaster 
cast.

Methods
trial design. The DRAFFT2 trial is a randomized, multi-
centre, superiority trial with two parallel arms performing 
comparison between surgical fixation with K- wires and 
plaster casting in patients who have sustained a dorsally 
displaced fracture of the distal radius. Eligible patients are 
randomized in a 1:1 ratio to the two treatment groups. 
Randomization is stratified by centre, intra- articular ex-
tension of the fracture and age of the patient ( ≥ 50 or < 
50 years of age). The trial is not blinded. It is registered in 
the International Standard Randomized Controlled Trials 
database (ISRCTn11980540). Further details of the trial 
design and procedures, including full eligibility criteria, 
are found in the DRAFFT2 study protocol.2

Outcomes
Primary outcome. The primary outcome measure is the 
Patient Reported Wrist Evaluation3 (PRWE) 12 months post- 
randomization. PRWE4 is a validated, self- reported 15- item 
questionnaire, that rates wrist function using a range of 
questions in two (equally weighted) sections concerning 
the patient’s experience of pain and disability. The score is 
out of 100 (best score = 0 and worst score = 100).
Secondary outcomes. Secondary outcome measures are: 
PRWE three and six months post- randomization, PRWE 
area under the curve (AUC), EuroQol five- dimension five- 
level (EQ- 5D- 5L) index at three, six, and 12 months, EQ- 
5D- 5L index area under the curve (AUC), EuroQol visual 
analogue scale (EQ- VAS) at three, six, and 12 months, EQ- 
VAS AUC, complications and cost- effectiveness. To cal-
culate EQ- 5D- 5L index scores we will use the Crosswalk 
Index Value Calculator mapping the 5 L descriptive sys-
tem data onto the 3 L dataset using the mapping func-
tion5 as, at the time of writing, there is still debate about 
the appropriate value set for the 5 L. The data collection 
is summarized in Table I.
Sample sizest. In the DRAFFT trial,6 which recruited from 
the same patient population, the standard deviation (SD) 
of the PRWE at 12 months was 16. However, other studies 
of patients with fractures of the distal radius showed a SD 
for the PRWE which ranged between 16 and 23 points.7 
Therefore, we chose a conservative estimate of the SD of 
18 points.

A six- point mean difference between groups equates 
to a standardized effect size of 0.33, assuming a SD of 18 
points. We believe the target difference (six points) would 
be important on both an individual patient and a popula-
tion level, and could lead to a change in clinical practice 
in the UK.

The total number of patients required to obtain 90% 
power to detect a six- point difference between groups for 
the PRWE will be 380; i.e. 190 patients in each treatment 
group. With an allowance for a 20% loss to follow- up, we 
would plan to recruit 476 patients in total.

Statistical analysis
General analysis principles. Final analysis will occur after 
the final has patient has been followed up for the final 
time, the data has been cleaning and locked. All out-
comes will be assessed at this time.

The significance level used will be two- sided 5% level 
with corresponding 95% confidence intervals (CIs) calcu-
lated whenever possible. Any analyses not pre- specified 
will be labelled as “exploratory”.

Two analysis populations will be used in the statistical 
analysis. Intention- to- treat (ITT): inclusion of all available 
randomized participants who will be analyzed in the 
groups to which they were randomly allocated irrespective 
of non- compliance. If a participant has observed data on 
any of the time points, they will be included in the anal-
ysis. Per protocol (PP): eligible participants who received 
the treatment they were randomized to. Participants did 
not receive their allocated intervention will not be included 
in this population. This population will be finalized prior to 
the conducting the analyses of outcomes.

Details on data checks and reliability can be found 
in the Supplementary Material (online supplementary 
appendix 1).

no formal interim analysis is planned for this study.
Descriptive analysis. The flow of participants through 
each stage of the trial, including the number of individ-
uals screened, eligible, randomized to each arm, receiv-
ing allocated treatment, and included in the primary 
analysis will be summarized using a COnSORT flowchart 
(Figure 1). Reasons for ineligibility, loss to follow- up and 
exclusion from the primary analysis will be summarized.
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Fig. 1

COnSORT flowchart.

Baseline characteristics are reported by treatment 
group, including the stratification factors and important 
prognostic, demographic and clinical covariates.

numbers (with percentages) for binary and categor-
ical variables and means (and standard deviations), or 
medians (with lower and upper quartiles) for contin-
uous variables will be presented; there will be no tests 

of statistical significance nor CIs for differences between 
randomized groups on baseline variables.
Compliance. The compliance with treatment will be re-
ported by treatment group. non- compliance is defined 
as not receiving the treatment the participant was rand-
omized to for any reason, for example, surgeon’s choice 
or a need to perform an open reduction internal fixation.
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Analysis of the primary outcome. The primary outcome 
measure, PRWE score at 12 months post- randomisation, 
will be modelled using a mixed effects model. This model 
will account for centre (random effect), baseline (post- 
injury) values, other time points, articular extension 
of the fracture (intra and extra), and age ( ≥ 50 or < 50 
years of age) (fixed effects). Treatment by timepoint in-
teractions will also be included to allow time- specific 
treatment effects to be calculated including the prima-
ry outcome time point. This is a different approach from 
that initially suggested in the DRAFFT2 protocol2 (linear 
regression with cluster- robust option to control for site), 
but is in keeping the principle outlined there (allowing 
for adjustment for clustering by site as well as the other 
stratification variables as fixed effects).

The main comparison will be performed on an 
intention- to- treat basis and results presented with 
adjusted mean difference and the corresponding 95% CI.
Analysis of the secondary outcomes. The same mixed ef-
fects model, intention- to- treat basis and results presenta-
tion as the primary outcome will also be used to assess 
the secondary PRWE three and six months outcomes. The 
same modelling approach will be used for the EQ- 5D- 5L 
index and EQ- VAS secondary outcomes at three, six, and 
12 months. The distribution of the five domains will be 
reported in tabular and graphical form by treatment.

The secondary outcome of complications, including 
those needing further surgery at one- year post- 
randomisation, will be analyzed as follows. Further 
surgery, including those in the cast arm who receive any 
surgery, will be analyzed by calculating the odds ratio 
and 95% CI using logistic regression. Other generic, 
non- surgical, complications: complex regional pain 
syndrome, deep vein thrombosis/pulmonary embolus 
(pooled together) will be analyzed using the same 
method. Other individual complications will be summa-
rized by treatment arm, but not analyzed, and reported 
in tabular form.

An AUC analysis will be performed for the PRWE and 
EQ- 5D (both EQ- 5D- 5L index and EQ- VAS). The esti-
mates obtained in the mixed model for each time point 
used in the analysis will be used to calculate the AUC. 
These adjusted estimates rather than raw, unadjusted, 
estimates results in less bias estimates of the AUC when 
missing data is present.8

Missing data. Where possible the reasons for missing data 
will be ascertained. Withdrawals/loss to follow- up to-
gether with reasons will be reported by intervention arm. 
Any deaths (and their causes) will be reported separately.

The mechanism for missing items required for defini-
tion of outcomes will be investigated. Missing data will 
be reported and summarized by treatment arm. An ITT 
analysis strategy to assess assumptions about departures 
from randomization policies and handling of missing 
data will be carried out to examine the robustness of the 

primary results. Varying scores of the PRWE (for instance 
40th, 50th, 60th percentiles) will be imputed by treatment 
group for data missing and these “complete” datasets 
will be reanalysed, using the same model used in the 
primary analysis. Their adjusted mean differences and 
95% CIs plotted.

While there is a mechanism to deal with missing data 
in the PRWE (a missing item may be with the mean score 
of the subscale for that individual), there is no limit to 
how many items can be replaced in a subscale. We will 
explore the way missing values in the PRWE subscales are 
treated effect the outcome if there is substantial number 
of responses with individual items missing as opposed to 
the all of the respective PWRE subscale.

For the economic analysis, multiple imputation anal-
ysis will be used to impute missing cost and health utili-
ties. This will be done using chained regression equations 
predicting missing values from the observed covariates 
(observed responses of participant) and creating sets of 
multiple datasets containing possible values for missing 
observations.9 Pooled estimates were then calculated 
using Rubin’s rules10 to obtain an overall mean estimate 
of the costs or quality- adjusted life years (QALYs).
Sensitivity analyses. Sensitivity analyses of the primary 
outcome and secondary PRWE outcomes only will be car-
ried out on a per- protocol basis to examine robustness 
of conclusions to assumptions about departures from 
randomization.

A second sensitivity analysis will use a three level model 
with participant within surgeon within centre to examine 
the potential surgeon (random) effects. This model will 
formally incorporate terms that allow for possible hetero-
geneity in responses for patients due to the recruiting 
centre and the surgeon, and the fixed effects of the treat-
ment groups, and stratification factors.
Pre-specified subgroup analysis. Subgroup analyses of the 
two clinical stratifying variables (age and intra- articular 
extension) on the primary outcome are planned. These 
analyses will use a model to formally test the interaction 
between each stratifying variable and the treatment fac-
tor; appropriate 95% CIs will be reported for the inter-
action effects in addition to p- values. These analyses will 
be labelled as exploratory and results from them will be 
interpreted and reported as such; in line with recommen-
dations for subgroup analysis.11 The results will be pre-
sented in a forest plot.
Additional analysis. Bayesian re- analyses of the main 
analysis of the primary outcome (PRWE) at 12 months are 
planned. Further details can be found in Supplementary 
Material (online supplementary appendix 1).

Health economic analysis
A within- trial cost- effectiveness analysis (CEA) will be 
undertaken using the multiple imputed trial dataset to 
assess the cost effectiveness of K- wires versus plaster cast 
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table II. Unit costs of health resource items.

resource item Unit Source

Fixation surgery

Full cast each nHS Supply Chain 
Catalogue16

non- sterile gloves each nHS Supply Chain 
Catalogue16

Surface wipes each nHS Supply Chain 
Catalogue16

Black bag each nHS Supply Chain 
Catalogue16

Yellow bag each nHS Supply Chain 
Catalogue16

Polythene bag for extras each nHS Supply Chain 
Catalogue16

Inco pad each nHS Supply Chain 
Catalogue16

Fixation surgery: K- wire only
K- wire each nHS Supply Chain 

Catalogue16

Reinforced gown XL each nHS Supply Chain 
Catalogue16

Surgical visor masks each nHS Supply Chain 
Catalogue16

Theatre masks each nHS Supply Chain 
Catalogue16

Biogel gloves each nHS Supply Chain 
Catalogue16

Image intensifier cover each nHS Supply Chain 
Catalogue16

Laceration pack each DRAFFT19

Sterilisation of drill each DRAFFT19

Sterile dressing gauze each nHS Supply Chain 
Catalogue16

Initial hospital stay
Intensive care unit per admission nHS Reference Costs18

Acute trauma ward per day nHS Reference Costs18

Rehabilitation ward per admission nHS Reference Costs18

Treatment after index surgery per day nHS Reference Costs18

Inpatient care
Orthopaedics: wrist/arm per day nHS Reference Costs18

Orthopaedics: other bones per day nHS Reference Costs18

Other non- surgery per day nHS Reference Costs18

Day case per day nHS Reference Costs18

Rehabilitation Unit per session nHS Reference Costs18

Outpatient care
Orthopaedics/Fracture clinic per consultation nHS Reference Costs18

Physiotherapist (nHS) per session PSSRU20

Physiotherapist (private) per hour The Physiotherapy 
Centre21

Pathology (blood tests) per hour nHS Reference Costs18

Radiology per test nHS Reference Costs18

Emergency department: wrist per attendance nHS Reference Costs18

Emergency department: others per attendance nHS Reference Costs18

Calls to nHS 111 per call Financial Times22

Primary and community care
General Practitioner (surgery 
visit)

per minute PSSRU23

General Practitioner (home visit) per minute PSSRU24

General Practitioner (phone 
contact)

per minute PSSRU20

Continued

from the UK nHS and Personal Social Services perspec-
tive in the base case (or primary) analysis.12

Measurement of resource use. Resource use for the surgi-
cal fixation will be collected during the trial from informa-
tion gathered via the trial case report forms (CRFs) by the 
research team, while resource use due to the wrist fracture 
during follow- up will be collected via trial questionnaires 
given to participants at three, ssix, and 12 months after 
randomization. The questionnaires will capture informa-
tion such as: the number and duration of admissions to 
inpatient wards (classified as orthopaedics (wrist/arm), 
orthopaedics (any bones), rehabilitation unit); number of 
diagnostic tests; use of outpatient services (classified as 
orthopaedics, physiotherapy, pathology and radiology); 
and frequency of use of community- based health and 
social care services and social care services. Patients will 
also be asked to record direct medical costs (e.g. medi-
cations), direct nonmedical costs (e.g. aids and adapta-
tions, help with housework/childcare and travel) and in-
direct costs (i.e. lost productivity) attributable to patient’s 
health state.
Valuation of health outcomes. Unless a validated and ac-
cepted UK valuation set for EQ- 5D- 5L is available at the 
time of analysis, the current nICE recommended method 
of computing the utility values will be followed: the 5 
L descriptive system data will be mapped onto the 3 L 
valuation set via the mapping function5 and valued using 
the UK EQ- 5D time trade- off tariff.13 Utilities will be set to 
zero from the date of death for deceased participants.14 
QALYs will be calculated as the area under the baseline 
regression adjusted utility curve of EQ- 5D utility scores 
from baseline, three, six, and 12 months' data using the 
trapezoidal rule.15

Valuation of costs. It is not feasible to collect unit cost 
data for every operative consumable used in the fixation 
of fractures of the distal radius from all the trauma cen-
tres participating in the trial so only the ones that would 
differ in terms of utilization rate between the treatment 
arms will be obtained (Table  II). The operative costs for 
both plaster cast and K- wire fixation consumables will be 
obtained from the latest nHS Supply Chain catalogue.16 
Participants in both treatment groups will receive surgery 
from surgeons of different grades (i.e. consultant, staff 
grade etc.). Unit costs for each grade of surgeons will be 
sourced using the latest version of the Personal Social 
Services Research Unit’s (PSSRU) unit costs of Health and 
Social Care.17 The average operating time will be obtained 
from the participant CRF. Other staff that might partic-
ipate in the surgery include anaesthetists, technicians/
operating department personnel, nurses and radiogra-
phers, but the number and type of these staff is expected 
to be the same in both trial arms and for that reason, this 
information is not being collected. The unit cost of the in-
itial distal radius surgery fracture fixation will be assessed 
using nHS reference costs and the HRG code (HT45Z) for 
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resource item Unit Source

Practice nurse (surgery visit) per hour PSSRU23

Practice nurse (home visit) per hour PSSRU24

Practice nurse (phone contact) per hour PSSRU24

District nurse (surgery visit) per hour PSSRU20

District nurse (home visit) per hour PSSRU24

Physiotherapist (surgery visit) per hour PSSRU25

Physiotherapist (home visit) per hour PSSRU25

Occupational therapist (surgery 
visit)

per hour PSSRU23

Occupational therapist (home 
visit)

per visit PSSRU24

Medications BnF26 , nHS Electronic 
Drug Tariff27

Aids and adaptations
Wrist support (e.g. brace/splint) each nHS Supply Chain 

Catalogue16

Grab rail each PSSRU23

Dressing aids each nHS Supply Chain 
Catalogue16

Long handled aids (e.g. shoe 
horn)

each nHS Supply Chain 
Catalogue16

Bathing aids each nHS Supply Chain 
Catalogue16

Kitchen aids (e.g. jar openers) each nHS Supply Chain 
Catalogue16

Personal social services
Frozen meals- on- wheels per meal Meals on Wheels 

(LBM)28

Hot meals- on- wheels per meal PSSRU25

Laundry services per load north Yorkshire 
County Council29

Social worker per hour PSSRU23

Care worker/ help at home per hour PSSRU23

Lost productivity
Median wage per week Office for national 

Statistics30

BnF: British national Formulary, PSSRU: Personal Social Service Research 
Unit

table II. Continued

“Minor Hand Procedures for Trauma” and assigned to 
both trial groups. Day case costs or overnight admission 
costs will also be obtained from the latest nHS Reference 
Cost.18 If a patient reported a length of stay longer than 
the trim point specified in the nHS Reference Cost, the 
inpatient excess day cost from the nHS Reference Cost 
will be used where applicable.

Unit cost of direct medical costs that are not part of 
the trial such as the inpatient care, outpatient care and 
community care will be sourced from the latest available 
nHS Reference Cost and PSSRU unit cost. The unit cost 
of medication related to surgical fixation will be sourced 
using the latest available British national Formulary26 or 
the nHS Electronic Drug Tariff.27

Collection of unit cost for direct nonmedical cost 
items such as help with housework/childcare and travel 
incurred by participant’s carer will be not be relevant 
because the cost per patient will be obtained from the 

questionnaire. Unit cost of aids and adaptations will be 
obtained from the latest nHS Supply Chain Catalogue;16 
the median wage that will be used in the computation of 
participant’s lost productivity will be obtained from the 
Office for national Statistics.30

Cost of health resource use per participant will 
be calculated by multiplying the frequency of health 
resource utilization reported by the proxy with the 
unit cost of each resource item and adding on direct 
nonmedical cost, which will be obtained directly from 
the questionnaire. The base currency of all costs will 
be the year in which the data analysis was performed 
and in UK pounds. The medication cost taken over the 
study period will be calculated using the cost per dose 
for each product and the mean quantity taken per day 
during the reported number of days. All medications 
are assumed to be in tablets unless stated otherwise. 
Cost of lost productivity will be calculated using the 
human capital approach: the daily median wage will be 
multiplied by the number of days the participant had to 
take time off work due to participant’s injury.
Data analysis. Resource use items will be summarized by 
randomized group and follow- up period and differences 
between groups will be analyzed using t- tests for con-
tinuous variables and Pearson chi- squared (χ2) test for 
categorical variables. Means and standard deviations for 
values of each cost category will be estimated by treat-
ment allocation and follow- up period. Differences in 
mean costs will assessed using t- tests and the bootstrap 
95% CI will be calculated based on 1,000 replications. 
There will be no discounting for costs and QALYs because 
the time horizon is one year.

The base case analysis will adopt an intention- to- 
treat (“as- randomized” with imputation of missing data) 
perspective and an incremental cost- effectiveness ratio 
(ICER) will be calculated as the difference in mean costs 
divided by the difference in mean QALYs between the 
treatments. The national Institute for Health and Care 
Excellence31 cost effectiveness threshold of £20,000 to 
£30,000 per additional QALY will be used to determine 
the cost effectiveness of K- wire versus plaster cast after 
facture of the distal radius. The more effective treatment 
will be considered cost- effective if it has an ICER below 
the £20,000 per QALY threshold.

The net monetary benefit of K- wire versus plaster 
cast will be calculated across different cost- effectiveness 
thresholds. The economic evaluation will be repeated 
for subgroups defined by the two clinical stratifying vari-
ables (age and intra- articular extension). One- way sensi-
tivity analyses will be performed to explore the effects of 
extending the study perspective (i.e. societal perspective) 
and assessing the impact of missing data on the ICERs 
(i.e. using complete case analysis). non- parametric boot-
strapping will also be performed to assess the uncertainty 
on the ICERs and varying levels of willingness- to- pay for 
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an additional QALY and presented in cost- effectiveness 
acceptability curves.

Findings of this economic evaluation will be reported 
in accordance with the Consolidated Health Economic 
Evaluation Reporting Standards (CHEERS) statement for 
the reporting of health economic evaluations.32

Statistical packages. All analysis will be carried out us-
ing STATA33 or R34 statistical software. The package and 
version number used for analysis will be recorded and 
reported.

Discussion
This paper provides details of the planned statistical 
and health economic analyses for the DRAFFT2 trial35 to 
reduce the risks of reporting bias. Any changes or devi-
ations from the analysis outlined in this paper will be 
described and justified fully in the final report.

Supplementary material
   Details on data checks, reliability and additional 

analysis
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