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Immobilisation of torus fractures of the wrist in children
(FORCE): a randomised controlled equivalence trial in the UK

Daniel C Perry, Juul Achten, Ruth Knight, Duncan Appelbe, Susan | Dutton, Melina Dritsaki, James M Mason, Damian T Roland, Shrouk Messahel,
James Widnall, Matthew L Costa, for the FORCE Collaborators in collaboration with PERUKI

Summary

Background The most common fractures in children are torus (buckle) fractures of the wrist. Controversy exists over
treatment, which ranges from splint immobilisation and discharge to cast immobilisation, follow-up, and repeat
imaging. This study compared pain and function in affected children offered a soft bandage and immediate discharge
with those receiving rigid immobilisation and follow-up as per treating centre protocol.

Methods In this randomised controlled equivalence trial we included 965 children (aged 4-15 years) with a distal
radius torus fracture from 23 hospitals in the UK. Children were randomly allocated in a 1:1 ratio to the offer of
bandage group or rigid immobilisation group using bespoke web-based randomisation software. Treating clinicians,
participants, and their families could not be masked to treatment allocation. Exclusion criteria included multiple
injuries, diagnosis at more than 36 h after injury, and inability to complete follow-up. The primary outcome was pain
at 3-days post-randomisation measured using Wong-Baker FACES Pain Rating Scale. We performed a modified
intention-to-treat and per protocol analysis. The trial was registered with ISRCTN registry, ISRCTN13955395.

Findings Between Jan 16, 2019, and July 13, 2020, 965 children were randomly allocated to a group, 489 to the offer of
a bandage group and 476 to the rigid immobilisation group, 379 (39%) were girls and 586 (61%) were boys. Primary
outcome data was collected for 908 (94%) of participants, all of whom were included in the modified intention-to-
treat analysis. Pain was equivalent at 3 days with 3 - 21 points (SD 2-08) in the offer of bandage group versus 3 - 14 points
(2-11) in the rigid immobilisation group. With reference to a prespecified equivalence margin of 1-0, the adjusted
difference in the intention-to-treat population was —0-10 (95% CI -0-37 to 0-17) and-0-06 (95% CI —0-34 to 0-21) in
the per-protocol population.

Interpretation This trial found equivalence in pain at 3 days in children with a torus fracture of the distal radius
assigned to the offer of a bandage group or the rigid immobilisation group, with no between-group differences in
pain or function during the 6 weeks of follow-up.
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be removed at home could be safe and effective
alternatives to casts.® A Cochrane review identified ten

Introduction
A third of individuals sustain a fracture during

childhood.** Although adult fractures typically result in a
complete disruption of the cortex of the bone, children’s
bones can crush or buckle, resulting in mild deformation
with no break in the cortex, such injuries are called torus
or buckle fractures. Torus fractures of the distal radius
are the most common fractures in children,* causing
60000 emergency department attendances per year in
the UK. Torus fractures are considered minor injuries,
with pain being the principal clinical feature. Despite
the frequency of the injury there is national and
international variation in practice and guidelines about
whether the wrist of children with torus fractures of the
distal radius needs to be immobilised and whether or
not they need clinical follow-up.’

There is a common belief among families and clinicians
that a fracture needs plaster cast immobilisation to ensure
adequate healing. However, torus fractures heal very
quickly, and it has been suggested simple splints that can
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randomised controlled trials (including a total of
695 children) investigating the treatment of torus
fractures. The review concluded that the recovery
appeared similar regardless of treatment given (ie, plaster
cast, removable splint, or bandage). In addition, the
location of immobilisation removal (ie, clinic visit or
home) had no effect on recovery; however, the quality of
the evidence was deemed low or very low.” The review
generated uncertainty as to whether torus fractures of the
distal radius required rigid immobilisation or if recovery
would be equivalent with a bandage or no treatment. The
review highlighted uncertainty concerning the safety and
acceptability of immediate discharge at diagnosis;
however, if safe and acceptable, these interventions could
demedicalise this injury and prevent the overuse of
health-care resources for this common fracture.

We sought to undertake a trial of no treatment and
discharge versus current care, which was a research
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Research in context

Evidence before this study

There is national and international variation in practice and
guidelines about whether children with torus fractures of the
distal radius need to have their wrist immobilised and whether
they need clinical follow-up. The variation is in part due to the
absence of quality evidence, as shown in a 2018 Cochrane
review. At the outset of the study we considered ten
randomised controlled trials compromising 695 patients
summarised in a 2018 Cochrane review of interventions for
treating wrist fractures in children. Early in recruitment we also
updated the search using PubMed using the terms “buckle” OR
“torus” AND “fracture*” to identify papers between January
2017 and 28 May 2020 (overlapping the period of the Cochrane
search). The newer search identified 59 new papers, of which
none were randomised controlled trials.

Added value of this study
This is a large, multicentre randomised controlled trial that
provides high quality evidence to guide clinicians and patients

recommendation made by the UK National Institute for
Health and Clinical Excellence (NICE).* However, families
advising our study group indicated that this approach was
not acceptable to them. These families expressed that they
were only prepared to consent for inclusion in the trial if
children were offered a bandage, even though it might not
always be applied. The aim of this randomised clinical trial
was to establish whether treating children with a torus
fracture of the distal radius with the offer of a soft bandage
and immediate discharge (offer of bandage group) provides
the same pain relief and recovery as treating them with
rigid immobilisation and follow-up as per the standard
practice of the treating centre (rigid immobilisation group).

Methods
Study design and participants
The Forearm Fracture Recovery in Children Evaluation
(FORCE) trial was a multicentre, randomised, controlled,
equivalence trial conducted in 23 emergency departments
within the UK, which included children’s major trauma
centres, mixed adult and children’s trauma centres, and
district hospitals. An equivalence design was chosen as both
interventions have been suggested to be acceptable,
although there is no evidence for either to be the standard of
care. Each intervention is compared against the other as a
possible replacement since they are similarly good clinically,
but one is potentially better in terms of safety, acceptability,
or cost. The National Research Ethics Committee approved
this study on Nov 16, 2018 (18/WM/0324). The protocol and
statistical analysis plan have been published.’®

Children aged 4-15 years with a radiologically confirmed
torus fracture of the distal radius were eligible to enter the
study. The diagnosis was made by the treating clinician
with a poster detailing the fracture pattern used to assist

on the most appropriate treatment for torus fractures of the
distal radius. This trial supports the strategy to de-escalate the
treatment of children with a torus fracture of the distal radius
by offering a bandage and immediate discharge from the
emergency department rather than rigid immobilisation .

Implications of all the available evidence

The study addresses a research recommendation posed by a UK
National Institute for Health and Care Excellence guideline,
and it will be incorporated into the next guideline update.

The findings will also contribute to guidelines rationalising the
overuse of health-care resources. Future research should seek
to develop and validate clinical decision tools to identify
children who would not benefit from radiography

(ie, differentiating torus fractures and soft tissue injuries from
more severe fractures requiring treatment).

recruitment. Any type of concomitant ipsilateral fracture
to the ulna was permitted. Patients were excluded if the
injury was more than 36 h old, the treating clinician
judged that there was a cortical disruption of the radius
on radiographs (eg, a greenstick fracture), there were
additional fractures outside the affected wrist, or if the
patient or parent would be unable to adhere to trial
procedures (eg, insufficient English language comprehen-
sion, developmental delay, or no internet access). A
radiologist reviewed all images in the days following
discharge and any radiographs requiring additional
consideration were highlighted to the clinical team.
Eligible children and their families were approached by a
local researcher and were provided with verbal and multi-
media or printed information about the trial before being
asked to provide written informed consent (parents) and
assent (children older than 7 years).

Randomisation and masking

Once consented, participants were randomly assigned in a
1:1 ratio to the offer of bandage group or rigid
immobilisation group wusing bespoke web-based
randomisation software provided by the Oxford Clinical
Research Trials Unit. The randomisation sequence,
generated by the trial statistician, was stratified by
recruitment centre and age (4-7 years vs 8-15 years) and
used variable block sizes of 2, 4, and 6. Treating clinicians,
participants, and their families could not be masked to
treatment allocation; however, the treating clinical team
did not take part in the follow-up assessment of
participants. The outcome data was collected directly from
the participant or their parent. Those involved in the data
cleaning and analysis were not blinded to participant
treatment allocation.
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Procedures

In the offer of a bandage group, a simple bandage such as a
gauze roller bandage was offered to participants. The
decision to use and discontinue use of the bandage was at
the discretion of the families. For those immediately
choosing to use a bandage it was applied in the emergency
department. For those initially choosing not to use the
bandage, it was provided should they choose to use it at
home. Participants were discharged from the emergency
department with no planned clinic follow-up. Participants
were advised to return to activities as comfort allowed and
that the bandage should not be worn for more than 3 weeks.

In the rigid immobilisation group, a rigid wrist splint
that was either manufactured to conform to the wrist
(eg, a futura-type splint) or was moulded by clinicians to
conform to the wrist (eg, backslab or plaster cast) was
applied in the emergency department. The type of splint
was left to the discretion of the clinicians, but a record
was made of the splint used. Treatment advice and clinic
follow-up was as per the standard practice of the treating
centre.

Physiotherapy did not typically form a part in the
management of these injuries in either group, and no
specific guidelines were offered to clinicians or patients.
Prescriptions for analgesia were at the discretion of the
treating clinician following hospital guidelines or those of
the UK Royal College of Emergency Medicine." Families
were prompted by email or SMS to complete follow-up
questionnaires at 1, 3, and 7 days and at 3 and 6 weeks after
randomisation for the primary outcome, with additional
questionnaires for the secondary outcomes at several of
these timepoints. The primary contact was the parent.
With parental agreement, children older than 12 years with
a mobile telephone could be contacted directly to complete
questionnaires. If there was no response to the initial and
reminder messages, an attempt was made to speak to
families by telephone.

Outcomes
Outcome data were collected using REDCap electronic
data capture tools.”” The primary endpoint was pain at
3-days post-randomisation measured using Wong-Baker
FACES Pain Rating Scale (Wong-Baker scale).” The
primary outcome, primary outcome timepoint, and
primary outcome measurement tool was decided in
association with a parent and carers forum, along with
children and young people from the GenerationR Young
Persons Advisory Group.® The Wong-Baker scale is an
ordinal assessment of pain using a series of six facial
expressions to illustrate the degree of pain intensity. A
numerical rating is assigned to each face (from 0 meaning
not hurting to 10 meaning hurts worst). It has been
validated for use among children older than 3 years,
including in the paediatric emergency department.”
Most secondary outcomes were proxy reported for
participants younger than 8 years old, and self-reported by
participants 8 years and older. Secondary outcomes that
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were proxy reported for participants younger than 8 years
and self-reported by participants aged 8 years and older
were: functional recovery—Patient Report Outcomes
Measurement System (PROMIS Bank version 2.0) Upper
Extremity Score for Children Computer Adaptive Test,”
which was collected at baseline, 3, and 7 days, and 3 and
6 weeks and health-related quality of life using the EuroQol
3-level EQ-5DY (EQ-5DY-3L), which is a child-friendly
version of the EQ-5D-3L.*"* Responses were converted into
a utility score (range —0-594 to 1 [where 0 corresponds to a
health state equivalent to death and 1 to best health state.
Negative values are judged to be health states worse than
death). These data were collected at baseline, 3, and 7 days,
and 3 and 6 weeks; analgesia use and type over the last 24 h
was collected as a binary outcome at 1, 3, and 7 days.
Secondary outcomes that were proxy reported for all
participants during the 6 weeks after randomisation were:
days of school or childcare absence collected at 3 and
6 weeks; health-care resource use collected at 3 and 6 weeks
(not reported in this Article); complications collected at 1, 3,
and 7 days and 3 and 6 weeks, specifically return to hospital,
which prompted corroboration with treating hospital; and
satisfaction with treatment received using a 7-item Likert
scale collected at 1 day and 6 weeks (range 1 —7 [extremely
satisfied to extremely unsatisfied]). Serious adverse events
were to be collected on an ad-hoc basis using a bespoke
form; however, none occurred during the trial.

After 250 participants had been recruited, sites were
invited to take part in an audit to verify the diagnosis of
torus fracture. Diagnoses of patients enrolled were
compared to the formal radiological report produced in
the days following diagnosis.

Statistical analysis

The Wong-Baker scale has a minimally clinical important
difference of one face (2 points), determined in the
setting of the paediatric emergency department.” This
trial was designed to investigate the equivalence of the
offer of bandage compared with rigid immobilisation,
assessing the difference in means on the Wong-Baker
scale 3 days after randomisation. The equivalence
margin was chosen as half the minimally clinical
important difference, which is standard practice in
equivalence trials. We discussed this with clinical and
non-clinical stakeholders to confirm that this approach
would be acceptable to families and sufficient to change
clinical practice. Assuming an equivalence margin of
one point, 90% power, conducting two one-sided tests at
2-5% significance, and assuming that the SD was 2-3
(based on results from a feasibility study®), 278 patients
(139 per group) with primary outcome data were
required to show equivalence.

The trial was separately powered to assess equivalence
between treatments in two age groups (47 years and
8-15 years). This took into account differences in outcome
response characteristics by age” accommodated a
discontinuity within reporting of the secondary outcome
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1513 patients assessed for eligibility

548 ineligible
459 declined consent
89 unable to enrol

v

| 965 enrolled |
| 965 randomly assigned |
489 assigned to offer of bandage group | | 476 assigned to rigid immobilisation group

23 without outcome data

34 without outcome data

| 2 withdrew from the study ) 1 withdrew from the study
21 had missing outcomes 33 had missing outcomes
A4 A4
466 reported primary outcome at day 3 | | 442 reported primary outcome at day 3

v

v

428 included in per-protocol analysis for

primary outcome

442 included in per-protocol analysis for
primary outcome

v

v

466 included in modified intention-to-treat
analysis for primary outcome

442 included in modified intention-to-treat
analysis for primary outcome

Figure 1: Trial-flow diagram
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instruments (ie, self-reported for the older group and proxy-
reported the younger group), and increased the power to
examine rare secondary outcomes (ie, complications).

As per the prespecified analysis plan,” two analysis
populations were considered: the intention-to-treat
population and the per-protocol population. The
intention-to-treat analysis is referred to as modified as it
only includes the intention-to-treat population with
available primary outcome data. The per-protocol
population included all participants who received their
allocated treatment, did not change from this treatment
before the primary outcome timepoint, provided
sufficient follow-up data for analysis, and were eligible
for the study. Analyses of outcomes were performed for
the intention-to-treat population and repeated for the
per-protocol population, with equivalence required in
both populations for equivalence to be claimed.?*

Wong-Baker scores at 3 days after randomisation were
summarised by treatment group using means and SDs.
A multivariable linear regression model adjusting for
stratification factors and participant gender was used to
compare the two groups with the adjusted difference and
95% CI reported. The assumption of approximate
normality of the residuals was assessed graphically and
confirmed to be appropriate. An unadjusted t-test was
also performed. These analyses were repeated separately

Offer of bandage Rigid immobilisation
group (n=489) group (n=476)
Age, years 9-61(2:99) 9-69 (2-85)
Age range, years
4-7 153 (31%) 147 (31%)
8-15 336 (69%) 329 (69%)
Sex
Female 179 (37%) 200 (42%)
Male 310 (63%) 276 (58%)
Data are n (%) or mean (SD) unless indicated otherwise.
Table 1: Baseline characteristics by treatment group

for the two age groups, with results reported in a similar
manner. A sensitivity analysis was performed using
repeated measures linear regression models, including
treatment-by-time interactions to compare Wong-Baker
scores from 1 day to 6 weeks after randomisation.

Similar methods were used to analyse the continuous
secondary outcomes (PROMIS and EQSDY) and
analogous logistic regression models were used to
analyse binary secondary outcomes (analgesia use and
school absence). Satisfaction scores were summarised
using medians and IQRs and compared using a Mann-
Whitney U-test. The number of complications observed
was very low; therefore, formal comparison was not
performed. A significance level of 0-05 was used
throughout, with 95% ClIs reported. All secondary
analyses were considered as supporting the primary
outcome analysis. All analyses were conducted using
STATA (version 15.1). A steering and Data and Safety
Monitoring Committee oversaw progress, conduct, and
participant safety. The trial was registered with ISRCTN
registry, ISRCTN13955395.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results
Between Jan 16, 2019, and July 13, 2020, we screened
1513 patients, of which 965 were eligible for inclusion and
randomised to a group. 489 (51%) patients were randomly
allocated to the offer of a bandage group and 476 (49%)
patients to the rigid immobilisation group (figure 1) and
379 (39%) were girls and 586 (61%) were boys. Study
follow-up was continued until Aug 27, 2020. All
965 participants were included in the intention-to-treat
population, and 870 (90%) participants were included in
the per protocol population. 908 (94%) participants
provided data for the primary endpoint (466 in the offer of
a bandage group and 442 in the rigid immobilisation
group).

Baseline demographics of recruited participants were
similar in both treatment groups (table 1) and between
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those eligible and randomised and those not eligible and
not randomised (ie, declined consent; appendix p 2).
Over the recruitment period, approximately twice as
many children who were aged 8-15 years presented to
hospital with a torus fracture and were screened for
inclusion than did children aged 4-7 years. Recruitment
continued until at least 278 primary outcomes were
collected for each age subgroup. Consequently,
665 participants were recruited who were aged 8-15 years
and 300 were aged 4-7 years. The injury involved the
dominant hand in 426 (44%) participants and the
non-dominant hand in 524 (54%) participants; 15 (2%)
participants were reported to be ambidextrous or were
unsure about their dominant hand. 20 protocol deviations
were reported during the trial (appendix p 2).

Of those patients assigned to the offer of bandage
group, 458 (94%) chose to have the bandage applied in
the emergency department. In the rigid immobilisation
group, 451 (95%) patients were treated with a removable
wrist splint, with the remainder treated with a more
traditional cast (ie, backslab or circumferential cast) or a
soft cast. The median days of bandage usage was 7 days
(IQR 4-16) in the offer of bandage group and the median
days of splint usage was 18 days (14-21) in the rigid
immobilisation group. At 3 weeks, 177 (37%) of patients
in the rigid immobilisation group indicated that they
continued to wear the immobilisation device, while only
50 (10%) in the offer of bandage group continued to wear
the bandage.

By the primary outcome timepoint of 3 days,
36 (7%) patients in the offer of bandage group had
changed treatment to rigid immobilisation, while
one (0-2%) patient in the rigid immobilisation group
declined the intervention (table 2). After day 3, a further
21 (4%) patients in the offer of bandage group changed
treatment to rigid immobilisation. Overall, 53 (11%)
participants in the offer of bandage group and 22 (5%)
participants in the rigid immobilisation group returned
to hospital during follow-up for at least one change of
immobilisation (ie, participants changing from bandage
to bandage, bandage to splint or splint to splint).

The study demonstrated equivalence of the
interventions using the primary outcome of pain at
3 days (figure 2). Average pain scores at 3 days
were 3-21 points (SD 2-08) in the offer of bandage group
and 3-14 points (2-11) in the rigid immobilisation group
using a modified intention-to-treat analysis. With
reference to the prespecified equivalence margin of 1.0,
the adjusted difference in the intention-to-treat
population was —0-10 (95% CI —0-37 to 0-17) and the per
protocol population was —0-06 (95% CI —0-34 to 0-21;
table 3). The trial was separately powered to assess
equivalence in the two age subgroups and there was
equivalence in both subgroups at the primary timepoint
(figure 2). Similarly, there was evidence of equivalence in
the Wong-Baker Scale at all other follow-up timepoints
throughout the trial (figure 3; table 3). Sensitivity analyses
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of the primary outcome also demonstrated equivalence
between the offer of a bandage and rigid immobilisation
group. The PROMIS upper extremity scores from

Offer of bandage  Rigid immobilisation
group (n=489) group (n=476)

Total participants changed 36 (7%) 1(0-2%)
from allocated treatment by
day3

Aged 4-7 years 15/153 (10%) 0/147

Aged 8-15 years 21/336 (6%) 1/329 (0-3%)
Reason for crossover

Child or parent decision 6 (1%) 1(0-2%)

Clinical decision 1(0-2%) 0

Pain 18 (4%) 0

Alternative fracture 1(0-2%) 0

identified

Other 10 (2%) 0
Changed from allocated 21 (4%) 0
treatment after day 3

Aged 4-7 years 6/153 (4%)

Aged 8-15 years 15/336 (4%)
Reason for change after day 3

Pain 11 (2%) 0

Alternative fracture 1(0-2%) 0

identified

Other* 9 (2%) 0

Number of patients returning to hospital for hospital-initiated
immobilisation changes by follow-up timepoint

Day 1 10 (2%) 5(1%)
Day 3 22 (4%) 8 (2%)
Day7 20 (4%) 3(0:6%)
Day 21 9 (2%) 6 (1%)
Total number of 61 22
immobilisation changes
Total number of 53 (11%) 22 (5%)

participants with at least
one immobilisation change

Data are n (%) or n/N (%) unless indicated otherwise. *Splint to bandage, splint
to splint, bandage to bandage or bandage to splint

Table 2: Details of treatment received by allocated group

Population Effect (95% Cl) n

Intention to treat H
| -010(-037t0017) 908
i 005(-0-44t00-53) 286
| 016 (-048100.16) 622

Overall population
Aged 4-7 years

Aged 8-15 years

Per protocol

~0-06 (-034t0 0-21) 870
013 (-036t00-62) 271
i -014(-0-46t00-19) 599

Overall population

Aged 4-7 years .
Aged 8-15 years

—_—

I T T 1
-1.0 -05 0 05 1.0
«— —>

Favours splint - Favours bandage

Figure 2: Day 3 Wong-Baker Scale score treatment effects compared with
equivalence margin

See Online for appendix
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Offer of bandage group Rigid immobilisation group  Effect size (95% Cl)* p value
(n=489) (n=476)
Primary outcome
Modified intention-to-treat analysis 3-21(2-08); n=466 314 (2-11); n=442 -0-10 (-0-37t0 0-17)
Per-protocol analysis 317 (2:04); n=428 314 (2-11); n=442 -0-06 (-0-34 t0 0-21)
Other timepoints for the primary outcome
Day 0 521(2:32) 4.91(2:10)
Day 1 4-29 (2-25); n=408 3:94(2-13); =382 -0-36 (-0-61t0-0-12)
Day 3 3-21(2-08); n=466 314 (2-11); n=442 -0-09 (-0-32t0 0-14)
Day 7 2:32 (1-81); n=459 212 (1-68); n=439 -0-21 (-0-44 t0 0-02)
Day 21 0-81 (1:32); n=432 0-87 (139); n=429 0-04 (-0-20t0 0-27)
Day 42 0-27 (0-81); n=436 0-24 (0-77); n=431 -0-05 (~0-28 t0 0-19)
Secondary outcomes
PROMIS
Baseline 25.0 (6:3) ; =489 256 (7:7); n=476
Day 3 284 (7-8); n=462 27-8 (7-9); n=441 -0-50 (-1-58 t0 0-57) 036
Day7 347 (9-9); n=456 34.5(9-2); n=437 ~0-12 (120 t0 0-96) 0-82
Day 21 466 (10-1); n=431 463 (10-1); n=426 -0-26 (-1:36 t0 0-83) 0-64
Day 42 52.8(7:3); n=434 52.6 (7-5); n=428 -0-20 (-1-29 to 0-90) 072
EQ5DY-3L
Baseline 0-53(0-34); n=489 0-56 (0-34); n=476
Day3 0-56 (0-27); n=459 0-55 (0-27); n=441 -0-01 (-0-04 to 0-02) 0-43
Day7 0-71(0-23); =456 0-69 (0-24); n=435 -0-01 (-0-04 to 0-02) 0-53
Day 21 0-89 (0-16); n=430 0-89 (0-16); n=426 ~0-01 (~0-04 to 0-02) 0-65
Day 42 0-97 (0-10); n=434 0-96 (0-10); =428 ~0-00 (-0-04 t0 0-03) 0-82
Satisfaction
Day 1 2(1,2), 406 1(1,2),380 <0-0001
Day 42 1(1,2),433 1(1,2), 425 . 012
Use of any analgesia within the previous 24h
Day1 337/408 (83%) 297/382 (78%) OR 0-53 (0-28t0 0-98) 0-04
Day3 264/465 (57%) 227/442 (51%) OR 0-60 (0-36 t0 0-99) 0-05
Day7 116/459 (25%) 100/439 (23%) OR0-70 (0-40t0 1-22) 0-21
School absence
Participants who missed school 112/430 (26%) 93/425 (22%) OR 0-79 (0-57 to 1-08) 014
Number of days of school missed 1.5 (1-2); n=112 1.5 (1-2); n=93 - 0-37
Any complication 5(1-0%) 3(0-6%)
Alternative fracture: greenstick 1(0-2%) 1(0-2%)
Alternative fracture: complete but 3(0-6%) 2 (0-4%)
remains undisplaced
Other 1(0-2%) 0
Data are mean (SD), n/N (%), or median (IQR) unless otherwise indicated. Analyses are by intention to treat unless otherwise stated. PROMIS=Patient Report Outcomes
Measurement System. EQ5DY-3L=child friendly EuroQol 3-level. OR=odds ratio.*Effect sizes are adjusted difference, unless otherwise stated as OR.
Table 3: Primary and secondary outcomes by treatment group

baseline to week 6 for the intention-to-treat population
are summarised by treatment group and separately for
each age subgroup (table 3; appendix p 3). There was no
significant difference between the offer of bandage group
and rigid immobilisation group at any timepoint. There
was an increase in function over time with a marked
increase between day 7 and week 3. PROMIS scores were
higher in the older age subgroup than in the younger age
subgroup.

EQ-5DY-3L utility scores from baseline to week 6
increased over time, and the mean score at 6 weeks was

0-97 (SD 0-10) in the offer of bandage group and
0-96 (0-10) in the rigid immobilisation group (table 3);
however, there were no significant differences between
the two groups. Scores were consistently higher in the
younger age subgroup than in the older age subgroup.
Overall parental satisfaction was high at days 1 and 42; at
day 1 parents in the rigid immobilisation group were more
satisfied than parents in the offer of bandage group;
however, this difference was not present at 6 weeks (table 3).

There was no difference in the rate of complications,
with five complications (1%) in the offer of bandage
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group and three (1%) in the rigid immobilisation group
(table 3). Seven complications were treatment changes
owing to a change in the fracture diagnosis after
randomisation, and one was a re-fracture. No
complications required any intervention beyond the
application of a plaster cast, and there was no need for
surgery or fracture manipulation for any patient. The
rates of school absence were similar in both groups
(table 3), and among those who reported missing school
the median school absence was 1-5 days (IQR 1-2),
which was the same for each intervention group. There
was a small, yet significant increase in the use of
analgesia in the offer of bandage group compared with
the rigid immobilisation group (83% vs 78%) at day 1,
although this did not occur at any other timepoints
(table 3). The analgesia used was either paracetamol or
ibuprofen on all but two occasions, and a post-hoc
analysis of pain scores adjusted by contemporaneous
analgesia use demonstrate treatment effect estimates are
all within the prespecified equivalence margin
(appendix p 3).

12 centres agreed to participate in the diagnostic
confirmation audit, which included 218 (87%) of the first
250 participants enrolled. The radiological report
confirmed the diagnosis of torus fracture in
84% of participants (95% CI 80-89). There was diagnostic
variance in 16% of participants. No fracture was reported
in 15 (7%; 95% CI 4-10) patients, a greenstick fracture in
15 (7%; 4-10) patients, a Salter-Harris II fracture in three
(1%; 0-3) patients, and an unspecified fracture
in one (0-5%; 0-1) patient.

Discussion
This multicentre trial of torus fractures of the distal
radius, with or without an ulna fracture, found
equivalence in pain scores at 3 days post-randomisation
among children treated with an offer of a bandage and
immediate discharge, and those treated with rigid
immobilisation and routine follow-up. There was no
significant difference in the pain scores at any timepoint
during the 6 weeks of follow-up and no evidence of any
significant differences in patient self-reported function.
The FORCE Study was a large pragmatic study in
23 hospitals with diverse catchment areas and a range of
health professionals engaged in participant recruitment
(ie, physicians, surgeons, physiotherapists, and nurse
practitioners). As such, the findings are likely to be
generalisable broadly in the UK and across different
health-care settings. This study contributes to the
evidence in this field by improving the methodological
quality and recruiting more participants than the total of
the ten studies that contributed to the current Cochrane
review in this area.” The results were aligned with those
from the Cochrane review, confirming that pain and
recovery were equivalent regardless of treatment.
Furthermore, the size of this study allowed particular
consideration to patient safety.
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Figure 3: Wong-Baker Scale score by treatment group and age group from baseline to 6 weeks after

randomisation for the intention-to-treat population

Re-fracture or progressive deformity are key safety
concerns that are commonly perceived by clinicians and
families, which have slowed the de-escalation of
treatment for torus fractures. Of the 965 children in this
study, none were found to have a worsened deformity. In
total, only eight complications were reported, seven of
which were treatment changes owing to a change in the
fracture diagnosis after randomisation (four originally
allocated to bandage and three originally allocated to
rigid immobilisation), all of whom were treated with cast
immobilisation without any manipulation. Although a
change of treatment was only necessary in seven
participants (<1%), the diagnostic confirmation audit
demonstrated diagnostic disagreements in approximately
15% of participants. As with many radiological diagnoses,
it is often difficult to establish whose diagnosis is
correct among emergency department clinicians and
radiologists. Although reporting radiologists are experts
in image interpretation, they cannot correlate clinical
and radiological findings and infrequently use
standardised terms when reporting fracture films of
distal radius fractures in children* An independent
radiological report from an expert is therefore helpful,
although disagreements should prompt further
diagnostic verification with minor disagreements rarely
being of clinical significance.

Despite the range of different types of rigid
immobilisation available, the majority of participants
were treated with a removable wrist splint. A study of
UK practice from 2017 illustrated that 40% of hospitals
primarily used casts for this injury,” which differs to the
widespread use of removable wrist splints within
this study. This difference either reflects a widespread
adoption across the UK of the 2016 NICE guideline,
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which advocates removable splints for torus fractures,®
or reflects the progressive nature of hospitals involved
in research who were early adopters of this practice.
Nevertheless, the results of this study support the
continued de-escalation of treatments in these injuries.

Recruiting patients to clinical trials in the context of
emergencies is difficult, which is magnified when the
patient group involves children. A concern before this trial
started was that families or clinicians would not be willing
to take part. This concern was unfounded among
clinicians, who were broadly in equipoise, with only
14 patients not enrolled owing to clinician preference.
However, families had strong pre-existing preferences,
with more than half of those who declined to participate in
the study citing a preference for rigid immobilisation,
while only 1% indicated a preference for the offer of a
bandage.

There remained a preference among parents or carers
after randomisation for rigid immobilisation, with
57 children changing treatment. Crossovers might have
been due to the pre-existing belief among parents or carers
that rigid immobilisation is the gold standard, coupled
with the clinician’s desire to escalate care among those
returning to hospital following the first visit. The desire of
clinicians to escalate care should be framed in the context
that both intervention groups had participants who
returned to hospital. In the offer of bandage group this
resulted in a crossover from bandage to a splint or cast.
Participants in the rigid immobilisation group were treated
with a different rigid immobilisation device, which was not
reported as a crossover. As such there was an imbalance in
crossovers reported between the intervention groups,
which could compromise the integrity of the trial; however,
as the total number of such crossovers was small (6%) in
the context of a trial of 965 participants it is unlikely to have
affected the results. Furthermore, the analysis undertaken
considered the results according to analysis of both the per
protocol and intention-to-treat populations.

The inability to mask families to the treatment allocation
is likely to have introduced some bias in patient-reported
outcomes. Given the strong preference for rigid
immobilisation, this bias seems likely to have overstated
the outcome severity in the offer of bandage group. This
bias could be indicative of the marginally increased use of
analgesia, the higher pain scores, and lower satisfaction
scores on day 1in the offer of bandage group. The finding
of equivalence, despite this potential for bias, adds further
weight to strengthen the study findings.

To maximise the generalisability of the findings,
no exclusion was made for comorbid diseases
(ie, neuromuscular or metabolic disease). There could be
specific comorbid groups for whom clinicians believe the
results are not applicable.

Implementing the offer of a bandage as the primary
treatment for patients with a torus fracture should consider
the strong preference among patients and their families for
rigid immobilisation; and it should involve dlinician and

patient or family education and policy change, such as
updates to guidelines produced by NICE.* The approach of
immediate discharge appears safe and is easily
implementable worldwide. Normalising the process of
offering a bandage among clinicians and better education
among patients and families could help to overcome
preconceived preferences, enabling better adoption of this
intervention. Additional reassurance to families could
come from the knowledge that immediate discharge is
safe, and the need for analgesia is not significantly different
between the offer of a bandage and rigid immobilisation,
with only simple analgesia (ie, paracetamol or ibuprofen)
necessary. To facilitate the implementation into clinical
practice and optimise external validity we have developed
an online dissemination tool. This tool has been co-
designed by cdlinicians and families, and it includes
educational materials and a diagnostic aid or treatment
pathway developed from the original recruitment materials.
A clinical decision tool to determine which wrist injuries
require radiography (ie, to differentiate clinically significant
fractures from torus fractures or soft tissue injuries) could
be used to further de-escalate care by preventing
unnecessary radiation and over-diagnosis. Similar tools
have been successful for ankle injuries with the
development of the Ottawa ankle rules.” There have been
clinical decision tools developed in paediatric wrist injuries,
although these only differentiate between fracture and no
fracture, and their implementation needs greater uptake.”
There was equivalence in reported pain at 3 days post-
randomisation and throughout the 6-week follow-up
period between children with a torus fracture of the distal
radius treated with the offer of a bandage and immediate
discharge and those treated with rigid immobilisation and
follow-up. There were no safety concerns in either group.
This trial supports the strategy of the offer of a bandage
and immediate discharge from the emergency department
for children with torus fractures of the distal radius.
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