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Abstract

Background: Segmental tibial fractures are fractures in two or more areas of the tibial diaphysis resulting in a
separate intercalary segment of the bone. Surgical fixation is recommended for patients with segmental tibial
fractures as non-operative treatment outcomes are poor. The most common surgical interventions are
intramedullary nailing (IMN) and circular frame external fixation (CFEF), but evidence about which is better is of
poor quality. An adequately powered randomised controlled trial (RCT) to determine optimum treatment is
required. STIFF-F aimed to assess the feasibility of a multicentre RCT comparing IMN with CFEF for segmental tibial
fracture.

Methods: STIFF-F was a mixed-methods feasibility study comprising a pilot RCT conducted at six UK Major Trauma
Centres, qualitative interviews drawing on Phenomenology and an online survey of rehabilitation. The primary
outcome was recruitment rate. Patients, 16 years and over, with a segmental tibial fracture (open or closed)
deemed suitable for IMN or CFEF were eligible to participate. Randomisation was stratified by site using random
permuted blocks of varying sizes. Participant or assessor blinding was not possible. Interviews were undertaken with
patients about their experience of injury, treatment, recovery and participation. Staff were interviewed to identify
contextual factors affecting trial processes, their experience of recruitment and the treatment pathway. An online
survey was developed to understand the rehabilitation context of the treatments.

Results: Eleven patients were screened and three recruited to the pilot RCT. Nineteen staff and four patients
participated in interviews, and 11 physiotherapists responded to the survey. This study found the following: (i)
segmental tibial fractures were rarer than anticipated, (i) the complexity of the injury, study setup times and
surgeon treatment preferences impeded recruitment, (ii) recovery from a segmental tibial fracture is challenging,
and rehabilitation protocols are inconsistent and (iv) despite the difficulty recruiting, staff valued this research
question and strived to find a way forward.
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Conclusion: The proposed multicentre RCT comparing IMN with CFEF is not feasible. This study highlighted the
difficulty of recruiting patients to an RCT of a complex rare injury over a short time period.

Trial registration: The study was registered with the International Standard Randomised Controlled Trials Number

Registry: ISRCTN11229660
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Key messages regarding feasibility

e What uncertainties existed regarding the feasibility?
RCTs of surgical interventions for rare conditions
are challenging as both surgeons and patients have
strong preferences for particular treatments. A
feasibility study is needed to determine whether
surgeons and patients will participate in a trial of
two treatments for segmental tibial fractures.

e What are the key feasibility findings? Due to the
rarity and complexity of segmental tibial fractures,
an RCT comparing IMN and CFEF is not feasible.

e What are the implications of the feasibility findings
for the design of the main study? Alternative study
designs should be considered to aid understanding
of the best way to treat and improve outcomes for
patients with rare complex injuries including
segmental tibial fractures.

Background
Segmental tibial fractures are rare fractures of the tibial
diaphysis resulting in a separate intercalary segment of

the bone. Their severity means treatment outcomes are
often poor, and patients are at risk of amputation if
treatment fails [1]. Patients suffer greatly as they struggle
with pain, immobility and body image [2-5].

Surgical fixation is recommended for all segmental tib-
ial fracture patients as non-operative treatment out-
comes are poor [6]. Commonly used surgical options
include intramedullary nailing (IMN) or circular frame
external fixation (CFEF) [7]. IMN involves reducing the
fracture, inserting a metal rod down the centre of the
bone and fixing it in position with screws. No metalwork
is visible outside of the skin, and the metal rod stays per-
manently within the bone (Fig. 1a, radiograph showing
segmental tibial fracture fixation with IMN). CFEFs form
an external scaffold, pulling the fracture fragments to-
gether. The frame remains in place until the bone has
healed, but at the end of treatment, no metal is left in
the body (Fig. 1b, radiograph showing CFEF fixation).
Evidence comparing IMN and CFEF is of low-quality,
based largely on poorly matched cohort studies where
patient-reported outcome measures are rarely used [7].
The clinical consensus for treating these fractures

Fig. 1 a Radiograph showing segmental tibial fracture fixation with IMN. b Radiograph showing CFEF fixation
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(between IMN and CFEF) is low; however, there was
enough evidence of equipoise within the orthopaedic
community [8] to support this feasibility study.

Recruitment to trials of surgical interventions are
known to be challenging due to complex patient path-
ways, variation in surgeons’ understanding of research
protocols, limited surgical equipoise and patients’ reser-
vations about recruitment [9-11]. In trauma trials, pa-
tients can feel their treatment is compromised and feel
they lack sufficient information to make informed
choices [11, 12]. In light of these challenges, STIFF-F
aimed to assess the feasibility of a multicentre rando-
mised controlled trial (RCT) comparing IMN with
CFEE.

Methods

STIFE-F was a mixed-methods feasibility study compris-
ing a pilot RCT, qualitative interviews and an online re-
habilitation survey. The protocol for this study is
available in the online supplementary material.

Pilot randomised trial

The pilot study aimed to randomise 50 patients to
receive either IMN or CFEF in a 1:1 ratio, with 6 months
follow-up (Fig. 2, patient flow diagram for randomised
pilot within STIFF-F). Adults with a segmental tibial
fracture (open or closed) deemed suitable for either
intervention were screened at UK Major Trauma
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Centres (MTCs). Exclusions included the following
parameters: under 16 years, prior failed fixation, patho-
logical fracture, infection, pre-existing skin condition
which precluded open surgery, more than 21 days since
injury, and patients who would be unable to understand
treatment instructions regardless of their injury (for
example, patients with dementia).

Potential participants were identified in daily trauma
meetings. Patients able to give informed consent pre-
operatively were consented by the research team.
Patients temporarily lacking capacity were entered into
the study with consultee agreement. A relative/friend
(personal consultee) was informed about the study and
asked if in their opinion the patient would object to tak-
ing part. If a personal consultee was not available, a
nominated consultee (normally a surgical consultant
who was not involved in the study but knew the patient)
advised about the patient’s participation. The study was
discussed with the patient once they regained capacity,
who could confirm consent or decline to continue
participating.

Both IMN and CFEF were routinely available in all
participating sites. The study was pragmatic and peri-
operative care continued as per the National Health Ser-
vice (NHS) care provision and local policy. Operative
details were collected during participant admission.
Questionnaires were sent to participants at 3 and 6
months post-randomisation to complete a disability

Eligible patients identified

Participant randomised

Patient provided with information and consented
Patient consultee provided with information and agrees with trial participation

Circular frame
external fixation

A4

[ Intramedullary nail ]

.

4 )
Routine post-operative pathway
Continuation of consent provided by participant if enrolled
L in study under consultee agreement )
( l 7
3 month follow-up questionnaire posted to participant
3 month follow-up X-ray retrieved from clinical care
N\ J
[ 6 month follow-up questionnaire posted to participant ]

Fig. 2 Patient flow diagram for randomised pilot within STIFF-F
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rating index (DRI), a Pittsburgh Sleep Quality Index
(PSQI), a Tampa Scale for Kinesiophobia (TSK), health-
related quality of life score (EuroQol EQ-5D-5L) and de-
tails of health resource use [13-18]. Radiographs were
collected at 3 months to calculate the radiographic
union scale in tibial fracture (RUST) score [19].

Randomisation was stratified by site using random
permuted blocks of varying sizes. The allocation se-
quence was generated by the trial statistician, then pro-
grammed into the Oxford Clinical Trials Research Unit
(OCTRU) randomisation system. The site research
teams completed randomisation online via secure log-
ins. As the CFEF intervention was clearly visible, no par-
ticipant or assessor blinding was possible.

Qualitative interviews

The study drew on phenomenology to develop an un-
derstanding of the participants lived experience in light
of their social and cultural context [20]. Patients, includ-
ing those who declined participation in the pilot study,
took part in an interview about their experience of in-
jury, treatment, recovery and trial participation. A pur-
posive sample of staff took part in an interview about
their experience of participating in the study such as
contextual factors affecting trial processes, their experi-
ence of recruitment and the treatment pathway. Inter-
views were lightly structured, conducted face to face or
over the telephone in the workplace, by an experienced
female qualitative researcher with a background in
health sciences and a PhD (ET). Four of the staff partici-
pants were known to the researchers prior to the study.
Interviews were audio-recorded, transcribed verbatim,
took place between November 2019 and April 2020 and
were 20-93-min long. Analysis was thematic, with
codes, categories and themes of experience identified
from interview transcripts (conducted by ET, EP) [21].
NVIVO 11 (QRS International, Warrington, UK) was
used to manage the data. In this paper, we present key
findings from the qualitative data that relate to the feasi-
bility of a full RCT of IMN and CFEF for segmental tib-
ial fractures. Themes developed from our analysis of
staff experiences were saturated, where no new categor-
ies and themes are evident in the data. These data will
be presented elsewhere. Participants chose not to have a
copy of their transcripts.

Several strategies were adopted to ensure rigour [22].
ET and EP were immersed in the data, held regular dis-
cussions and reflected upon their positionality through-
out analysis. Verbatim quotes are present to illustrate
our interpretation of participants’ experience, and de-
tailed description of the context is provided to enable
transferability of findings. Resonance with the findings
was identified by surgeons, research staff and a PPI
representative.
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Rehabilitation survey

To understand the context of patient care for this study,
an online survey aimed to determine current rehabilita-
tion and recovery pathways for patients with IMN or
CEEF following segmental tibial fractures. The survey
(Online surveys, Jisc) was publicised to health profes-
sionals involved in the care of patients with segmental
tibial fractures, through professional societies (British
Orthopaedic Association and Association of Trauma and
Orthopaedic Chartered Physiotherapists), pilot site
teams and the study teams’ Twitter accounts. Participant
consent was implied by completion and submission. The
survey covered the start, frequency and nature of post-
operative in-patient rehabilitation and discharge destin-
ation for patients. The data were analysed descriptively.

Results

The pilot study opened for recruitment in six sites be-
tween May 2019 and February 2020. Recruitment was
initially planned for 6 months but was extended to ac-
count for the delay in setting up sites. The study closed
in February 2020 as it was apparent that the recruitment
target could not be achieved. During this time, four sites
screened 11 patients, and three were recruited to the
study (Fig. 3, flow diagram of randomised pilot). Of
these, two completed follow-up questionnaires and one
died. Patients declined participation due to treatment
preferences (n=2) or felt randomisation was unaccept-
able (n=1). In addition, three patients did not meet the
inclusion criteria, one was excluded as they lacked ability
to understand, and for one patient, there were no re-
search staff. Given the low number of participants re-
cruited, no summary statistics were calculated. No
adverse events were reported. A purposive sample of
nineteen staff and four patients participated in qualita-
tive interviews; no patients or staff declined to take part.
Staff included surgeons and research and clinical staff
involved in the study. Eleven physiotherapists from 11
hospitals including three MTCs responded to the re-
habilitation survey (the number of staff able to respond
to the survey is unknown).

Summary of findings

The findings of this feasibility study show that a multi-
center RCT comparing IMN with CFEF is not feasible
due to the rarity of the injury. Due to the low recruit-
ment number, not all of the study objectives were met
(Table 1, objectives and outcomes for the STIFF-F
study). Key findings from this study are as follows:

i) The incidence of segmental tibial fractures was
rarer than anticipated,
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Table 1 Objectives and outcomes for the STIFF-F study
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Objectives

Outcomes

Summary of feasibility findings

Primary objective:

Assess the feasibility of a
multicentre RCT comparing IMN
with CFEF.

Secondary objectives:

Identify conflicts or areas of concern
for the research pathway compared
with the clinical pathway.

Assess compliance with the
randomised allocation.

Estimate standard deviation of the
outcome measure to estimate the
definitive sample size.

Evaluate feasibility of a definitive
economic evaluation of IMN versus
CFEF.

Estimate quality of life post-fixation.

Estimate healing rates.

Review current post-operative re-
habilitation regimens.

Examine variability of patient
experiences of injury, treatment and
recovery.

Explore the views of clinicians and
patients on the factors that facilitate
or inhibit trial recruitment.

Primary outcome:
Rates of recruitment and follow-up in a randomised
pilot study.

Secondary outcomes:

Screening of all adults with segmental tibial fractures,
including rationale for eligibility; patient interviews to
identify challenges in pathway and factors influencing
willingness to consent; staff interviews to determine
surgeon and community equipoise, and challenges in
the research pathway and culture.

Completion of allocated surgical procedure, rationale
for all surgical/treatment activity.

Disability Rating Index (function) (DRI) [13].

Health resource use and Health-Related Quality of life
(EQ-5D-5L) [14].

Pittsburgh Sleep Quality Index (PSQI) (15), Tampa
Scale for Kinesiophobia (fear of movement/injury)
(TSK) [16-18] and EQ-5D-5L [14].

Radiological images assessed by the Radiographic
Union Scale in Tibial fractures (RUST) score [19].

Rehabilitation survey and interviews with staff and
patients to identify current experience of
rehabilitation.

Interviews with patients to determine the impact of
both treatments and outcomes important to them.

« Rates of recruitment show that a multicentre RCT is
not feasible.

- Sites reported screening patients in daily multi-
disciplinary meetings and online systems with little
conflict with clinical pathways. Both these methods
were well established, and the trauma research teams
were experienced. However, there iswas a lack of ex-
ternal data to put the study screening numbers in
context. For example, segmental tibial fractures are
not reported separately by the Trauma Audit and Re-
search Network.

- Three patients declined participation in the study,
two due to treatment preferences and one due to a
dislike of randomisation.

- Surgeon difficulty with equipoise was identified as a
barrier to recruitment in this study, with surgeons
holding strong preferences based on their beliefs,
experience and training.

- Two patients received their allocated treatment, and
1 died before treatment.

- This was not estimated due to low recruitment
numbers.

+ The feasibility study collected data on the use of
health care services as well as costs to society in
order to capture the overall cost of treatment for
segmental tibial fracture. This study has shown that it
is possible to collect the data necessary for a full
cost-effectiveness analysis of IMNs and CFEFs. There
were no practical issues to accessing information for
collection and evaluation of the interventions.

« This was not estimated due to low recruitment
numbers.

« This was not estimated due to low recruitment
numbers.

+ 11 hospitals responded to the survey.

- The findings of the survey suggest that protocols to
direct rehabilitation for patients with a segmental
tibial fracture are lacking.

- Interviews with patients and staff reveal that recovery
for patients with a segmental tibial fracture is slow
and arduous, and support is needed.

- Staff perceived patients with CFEF to have greater
rehabilitative needs.

- Patient interviews revealed that recovery was slow
and arduous for patients who received both IMN and
CFEF.

Interviews with staff and patients/consultee to identify Staff identified the following factors that inhibited

the feasibility of undertaking a full trial.

recruitment to this study:

« Rarity of injury.

- Complexity and severity of the injury.

- Lack of individual surgeon equipoise.

- Surgical skill

« Slow site setup and a short recruitment window
« Concerns about the pragmatic nature of the trial
Staff identified the following factors that could
facilitate recruitment to this study:

+ A mix of surgical skills within the team

+ Willingness to randomise to expertise

« Keen and experienced staff at sites
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ii) Several factors including the complexity and
severity of injury, lengthy study setup and surgeon
treatment preferences inhibited recruitment,

iii) Recovery from a segmental tibial fracture is
challenging, and rehabilitation protocols for patients
are inconsistent,

iv) This research question is still valued by staff who
endeavour to find a way to move forward with it.

The incidence of segmental tibial fractures was rare

Staff in participating sites reported fewer segmental tibial
fractures than anticipated, expressing surprise at the rarity
of the injury.

Although we all thought we saw more,... the true
segmental diaphyseal fractures we were interested in
for the purposes of STIFF-F is actually incredibly
rare to the point where, I don’t think, certainly in
this centre we’re missing any.

Staff 17 (surgeon)

Staff reported vigilant screening practices and were
confident that they were not missing patients. They
expressed a need to find all potential patients as they
were aware they may not achieve their recruitment
target. They screened patients in daily multi-
disciplinary meetings and online systems. Both these
methods were well-established, and the trauma re-
search teams were experienced. Unfortunately, there
is a lack of external data to put the study screening
numbers in context. For example, segmental tibial
fractures are not reported separately by the Trauma
Audit and Research Network.

You do really need to be proactive and kind of ques-
tion everything and if you see a tibial fracture on
the admissions list you've got to go into it further,
you might be sat in a meeting and it’s discussed and
it's not one, but that’s fine. Because our recruitment
numbers were so low, we were all very hyper vigi-
lant, looking out for them, knowing that we weren’t
doing particularly well. It wasn’t until a few months
later that we realised, that nationally, that people
weren’t doing well.

Staff 9 (research staff)

Factors inhibiting recruitment to this study

Factors that inhibited recruitment to this study were (a)
the clinical complexity of the injury, (b) the short re-
cruitment window and delays getting sites setup and (c)
surgeon difficulties with equipoise.

a. Staff considered clinical complexity to be a barrier
to the STIFE-F study. Major trauma patients with
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multiple injuries have urgent needs that require
intensive care or plastic surgery as a first priority.
For example, in STIFF-F, one participant had a
personal consultee agreement and was randomised
to receive CFEF. They became increasingly unwell
and died before fixation. Individual patient factors
also needed to be considered. CFEF required
cleaning, considerable adjustments to daily living
and could be difficult for patients to manage.
Surgeons needed to consider whether patients
could care for and cope with a CFEF.

The other thing that I would always look at when
thinking about patients with frames is, are they ac-
tually going to be capable of looking after the
frame? Again it might be the right surgical option.
However if it’s a person who’s not a great host or
has difficult living circumstances or problems with
drugs or alcohol, then we would know that their in-
fection rate is going to be a lot higher because of
the hygiene and cleaning ability, and we would al-
ways look at that.

Staff 16 (clinical staff)

b) There were delays getting the sites involved and set
up. Initially, seven MTCs agreed to take part in the
STIFE-F pilot. With only a 6-month recruitment
window, a quick setup was essential. However, the
mean site setup time was 26 weeks, varying from 15
to 41 weeks (Fig. 4, time taken for sites to open to
recruitment or decline participation from initial ap-
proach). Reasons for the delays included prolonged
(i) decision to participate (sites took between 2 days
to 25 weeks before declining the study), (ii) feasibil-
ity questionnaire return, (iii) review and sign-off of
site agreements and (iv) identification of appropriate
site staff.

These delays could be due to factors staff identified as
barriers to hospitals taking part, which were not enough
time to set up the study, the value of recruiting to stud-
ies with low recruitment numbers, lack of consistent
support for research associates, strong local and individ-
ual ways of treating segmental fractures and concerns
about the pragmatic nature of the trial.

The more I think about it, with this short re-
cruitment window, sites start panicking thinking
‘oh no we've been in this set up for two months,
what are we going to do but it still hasn’t hap-
pened, should we bail, should we carry on, how



Hing et al. Pilot and Feasibility Studies (2021) 7:93

Page 8 of 12

Hospital site

I

9 |

10 |

1-Feb-19 23-Mar-19 12-May-19 1-Jul-19 20-Aug-19 9-Oct-19 28-Nov-19

Date

. Site declined
participation

. Site opened to
recruitment
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nor declined

Fig. 4 Time taken for sites to open to recruitment or decline participation from initial approach

17-Jan-20

is this going to work’.
Staff 7 (research staff)

I think the concern by the big framing units is that
you're not comparing like with like and so most
nails are fairly similar... but comparing a four ring
or six ring frame against a TSF [Taylor Spatial
Frame] two ring with a couple of half pins is very
different and so you're trying to bundle a load of
things into one cohort...I know it’s a feasibility
study but the trial was almost too broad, looking at
too many different practices.

Staff 10 (surgeon)

iii) Lack of surgical equipoise was a barrier to the
feasibility of this study. Treating a segmental tibial
fracture was a complex decision that required a
thoughtful team approach. Staff expressed that
doing the best for patients in the longer term would
always take priority. The severity of the injury made
STIFF-F much more risky compared to other trials,
as there was more that could go wrong.

I think your eligibility criteria includes open seg-
mental tibial fractures, which are really high risk
for amputation, the more risk that you're asking
surgeons to commit to when you're asking them

to randomise a patient, I think the more respon-
sibility they feel and the more uncomfortable they
feel with it.

Staff 6 (surgeon)

Surgeons’ skills and expertise were based on their
training and experience. More surgeons were skilled
with IMN than CFEF, and preference was often linked
to their skill set. In light of these factors, staff felt group
equipoise was important, with time to discuss the pa-
tient’s needs within a team with a balanced skill set. In
this study, opportunities to include patients were missed
when a balanced team was not available, for example at
weekends.

Recovery from a segmental tibial fracture is challenging,
and current rehabilitation protocols for patients are
inconsistent

Patients and staff identified the long term, life-changing
nature of this injury and slow recovery for patients re-
gardless of treatment.

That’s it, yes, a very long process basically. It’s like a
year out of your life.
Patient

Staff described differences between the recovery path-
ways for patients with these interventions and suggested
that CFEFs require more rehabilitation support. IMNs
were often considered ‘kinder’ for patients as they were
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internal, while CFEFs were visible and could be seen as
disabling, stigmatised and burdensome. For patients with
CFEF, the importance of developing confidence with the
frame, crucial for weight-bearing activities, skillful pin
site care and the difficulty adapting to and living with a
frame were also highlighted.

Yes, our frame patients come every single week.
They have like a multi-user rehabilitation type clinic
where they have a room that looks like a gym in the
physio department and they come there. It’s nice for
them because they have like a group physio session,
where they progress with their physio, they get
some physio input, they see the nurse for help with
adjusting the frame and any problems they've got,
and to look at any new infections and whatever.
Staff 6 (research staff)

There are numerous complications with it (CFEF),
the adjustment of clothing, wound care, whether
someone’s going to be able to walk properly with it,
because you can’t put your feet together. Rest and
sleeping with it, what happens if the pin sites get in-
fected? There’s a lot of issues with them but I know
some doctors really like them because you can fix
them without disrupting the fracture site.

Staff 15 (research staff)

Rehabilitation survey findings The findings of the re-
habilitation survey revealed that current rehabilitation
protocols for segmental tibial fracture patients are lim-
ited. Responses indicate that only five of the 11 hospitals
(45%) have a rehabilitation programme, protocol or list
of recommendations for rehabilitation following IMN
and CFEF. In hospital, early post-operative rehabilitation
is similar across hospitals and for both interventions.
The majority of respondents report that rehabilitation
starts most frequently on day 1 postoperatively [8 (73%)
for IMN; 10 (91%) for CFEF]. Patients receive weekend
physiotherapy based on need, with ten hospitals (91%)
providing physiotherapy services every day and one (9%)
providing weekday physiotherapy only. Rehabilitation ac-
tivities are similar for both interventions. All hospitals
reported mobility-based rehabilitation activities such as
bed exercises, mobility assessment and home circum-
stance assessment, but only seven reported respiratory-
based activities such as breathing exercises and chest
check (Table 2, postoperative rehabilitation identified by
11 respondents).

Discharge destination and planned post-discharge re-
habilitation varied by hospital (Fig. 5, survey of respon-
dents’ discharge destinations for patients following IMN
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Table 2 Post-operative rehabilitation identified by 11
respondents

Aspect of care IMN CFEF

n (%) n (%)
Wound check 10 (91) 9(82)
Education and advice 11 (100) 11 (100)
Bed transfers 11 (100) 11 (100)
Breathing exercises 7 (64) 7 (64)
Respiratory assessment/chest check 6 (55) 6 (55)
Bed exercises 11 (100) 11 (100)
Mobility assessment 11 (100) 11 (100)
Home circumstance assessment 11 (100) 11 (100)

and CFEF (%)). Factors that influenced discharge destin-
ation are presented in Table 3, factors that influence dis-
charge destination for IMN and CFEF patients from 11
respondents. Most respondents (#7=10) report that either
out-patient physiotherapy or domiciliary physiotherapy
are planned for the majority of patients post-discharge.
However, in six of the 11 hospitals, respondents reported
that between 5 and 60% of patients are discharged home
without planned physiotherapy.

A way forward
Despite the frustration generated by the study, staff
learnt from taking part and felt it was worth the effort.

It is unfortunate, it’s better to have tried and failed
than not tried at all and it’'s not a failure because
we’ve still got information from the trial.

Staff 9 (research staff)

They felt the research question and outcomes such as
patient recovery, time to healing and complications con-
tinued to have validity. The way forward was identified
by participants as (i) alternative study designs to allow
for research into rare injuries where an RCT may be un-
achievable, and (ii) recognition that for this complex in-
jury, surgeons are best placed to decide treatment for
each patient within their particular circumstances and
the surgeon’s particular skill set.

So I think that’s why it’s better that the surgeon is doing
what they want, then that is doing the right thing by the
patient...I think it would be quite tough to randomise
people in the customary way, but I think it’s not difficult
to get a variation of treatment, because there are varia-
tions in opinions as to how we manage them, so let
people treat them as they wish, but follow the patients
appropriately. I think you'd get more information that
way than by only randomising three people and not get-
ting a study off the ground.

Staff 12 (surgeon)
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Discussion

This feasibility study adds to the existing evidence of the
particular challenges of conducting RCTs of surgical in-
terventions for rare and complex conditions [9-11, 23].
The primary outcome demonstrates that recruitment
was much slower than anticipated, and therefore, a full-
scale RCT is not feasible. The key findings are that (i) at
the participating sites this injury was rare, (ii) the RCT
design had limitations due to the complex nature of seg-
mental tibial fractures, and surgeons in particular had
strong treatment preferences, which was compounded
by administrative delays and lack of support, (iii) there
was a contextual difference between the two treatments
and recovery pathways, and a lack of protocols for re-
habilitation and (iv) the research question is important
and alternative study designs should be encouraged for
studies of rare complex injuries such as segmental tibial
fractures.

Fewer than anticipated patients were screened and re-
cruited at all sites, and staff emphasised the rarity of the
injury at interview. Experienced trauma teams used all
existing methods which had proved successful in other
trauma RCTs to ensure identification of segmental tibial
fractures [5, 12]. However, systems for recording accur-
ate numbers of segmental tibial fractures in the UK are
poor, and it is possible that patients were missed. In a
recent RCT of two surgical interventions for distal

femoral fractures, almost half of the distal femoral frac-
tures (47%) seen in the recruiting centres during the re-
cruitment window were not recorded on screening logs
[23]. Recruitment was further constrained by long setup
periods and a short recruitment window. Drawing on all
the MTCs in the UK, a full study would still require a
10-year recruitment period which is untenable.

In addition to rarity and a lack of surgical equipoise as
identified within the existing literature [23], the RCT de-
sign was problematic in this study due to the complexity
of the injury. Segmental tibial fractures are often associ-
ated with multiple, complex injuries, with multiple com-
peting needs, limiting the patient’s ability to take part in
the study. Surgeons have strong preferences for treat-
ment based on their expertise and experience. The ideal

Table 3 Factors that influence discharge destination for IMN
and CFEF patients from 11 respondents

IMN CFEF

n (%) n (%)
Bed availability in MTC 1(9 1(9)
Geographical location of patient's home 4 (36) 4 (36)
Clinical presentation 9 (82) 9 (82)
Home circumstance 11 (100) 11 (100)
Medical (non-rehabilitation) requirements 5 (45) 5 (45)
Other 109 2(18)
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environment for this study was a group decision regard-
ing eligibility and treatment within a balanced team,
which includes expertise in both treatments. In practice,
this was not always possible, for example, a surgeon fa-
miliar with CFEF was not always available at weekends.
Challenges in setting up a study of a rare injury and lack
of consistent research staff support compounded these
issues and created high levels of frustration for staff.

The life changing nature of this injury regardless of
the intervention was highlighted by patients and staff.
Similar to other fractures (4), recovery was arduous for
patients requiring intense physical and psychological
work to sustain a momentum and return to daily life.
The difference between the two interventions is notable.
Additional factors for those with a circular frame in-
cluded learning to live with the frame, practically, in re-
lation to body image and the anxiety created by pin site
care. The rehabilitation survey shows that in 11 hospitals
both interventions have planned physiotherapy in hos-
pital, and the majority have planned physiotherapy post
discharge, but there is a lack of consistent protocols for
rehabilitation. At interview, staff identified the high level
of resources required to support patients with circular
frames and the variation in resources across NHS
Trusts. Further research is needed to clarify current re-
habilitation provision for patients with a segmental tibial
fracture beyond the 11 hospitals who responded to this
survey and to identify what additional support is re-
quired for patients living with CFEF.

All participants felt the research question was import-
ant. Staff believed it was still important to learn more
about patient outcomes after a segmental tibial fracture
in order to improve treatment decisions for future pa-
tients. However, for this patient group, evidence is re-
quired that derives from research designs which allow
for complexity in relation to patient characteristics, the
injury and service provision.

Strengths and Limitations

This study used mixed-methods to assess the feasibil-
ity of a RCT comparing IMN and CFEF for segmental
tibial fractures. It included a multicentre pilot RCT,
interviews with staff and patients and a survey of
physiotherapists. Interviews with patients and staff
provided an understanding of their experience of
STIFE-F and the issues raised by the pilot RCT. Due
to the low number of patients screened and recruited,
some of the secondary objectives of this study were
not met. Lack of patients meant the qualitative
patient data was not saturated and further research is
needed to explore this aspect of the study. The
limited number of centres responding to the rehabili-
tation survey limits the utility of this data.

Page 11 of 12

Conclusion

RCTs of rare and complex orthopaedic injuries can face
insurmountable challenges. In this study of segmental
tibial fractures, complexity in relation to the patient, in-
jury, treatment and recovery was identified as barriers to
inclusion in a RCT.

Abbreviations

STFs: Segmental tibial fractures; IMN: Intramedullary nailing; CFEF: Circular
frame external fixation; RCT: Randomised controlled trial; MTCs: Major Trauma
Centres; DRI: Disability Rating Index; PSQI: Pittsburg Sleep Quality Index;

TSK: Tampa Scale for Kinesiophobia; EQ-5D-5L: European Quality of Life
score; RUST: Radiographic union scale in tibial fractures; OCTRU: Oxford
Clinical Trials Research Unit

Acknowledgements

We would like to thank all the patients and staff who generously gave their
time and support for this study. Grateful thanks to Loretta Davies and Kinga
Papiez.

Authors’ contributions

CH—developed study idea, manuscript preparation. MG—developed study
idea, manuscript preparation. TS—developed study idea, manuscript review.
CC—methodological development and manuscript review. AT—developed
study idea, manuscript review. MP—developed study idea, manuscript
review. ML—patient representative, developed study idea, manuscript
review. JC—methodological development, statistical review, manuscript
review. ET—developed study idea, methodological development, qualitative
data collection and analysis and manuscript preparation. EP—qualitative data
analysis and manuscript preparation. MD—economic analysis.
MC—developed study idea, manuscript review. The authors read and
approved the final manuscript.

Funding

This study was funded by the NIHR Research for Patient Benefit Programme
(PB-PG-0317-20027). This project is funded by the National Institute for
Health Research (NIHR) under its Research for Patient Benefit (RfPB)
programme (Grant Reference Number NIHR/PB-PG-0317-20027). The views
expressed are those of the authors and not necessarily those of the NIHR or
the Department of Health and Social Care. The project was supported by the
NIHR Oxford Biomedical Research Centre, Oxford Clinical Trials Unit and
Surgical Intervention Trials Unit.

This paper presents independent research funded by the National Institute
for Health Research (NIHR) under its Research for Patient Benefit (RfPB)
Programme (Grant Reference Number PB-PG-0317-20027). The views
expressed are those of the author(s) and not necessarily those of the NHS,
the NIHR or the Department of Health and Social Care.

This study has been conducted as part of the portfolio of trials in the
registered UKCRC Oxford Clinical Trials Research Unit (OCTRU) at the
University of Oxford. It has followed their Standard Operating Procedures
ensuring compliance with the principles of Good Clinical Practice and the
Declaration of Helsinki and any applicable regulatory requirements.

Availability of data and materials
No further supplementary material is included.

Declarations

Ethics approval and consent to participate
Ethics approval HRA and HCRW REC reference: 19/SC/0073.

Consent for publication
All authors give their consent for publication.

Competing interests
The authors declare that they have no competing interests.

Author details
'Department of Trauma and Orthopaedics, St George's University Hospitals
NHS Foundation Trust, London, UK. “Nuffield Department of Orthopaedics,



Hing et al. Pilot and Feasibility Studies (2021) 7:93

Rheumatology and Musculoskeletal Sciences, University of Oxford, Oxford,
UK. *Faculty of Medicine and Health Sciences, University of East Anglia,
Norwich, Norfolk, UK. “Imperial College London, London, UK.

Received: 20 September 2020 Accepted: 10 March 2021
Published online: 10 April 2021

References

1. Teraa M, Blokhuis TJ, Tang L, Leenen LPH. Segmental tibial fractures: an
infrequent but demanding injury. Clin Orthop Relat Res. 2013;471(9):2790-6.
https.//doi.org/10.1007/511999-012-2739-z.

2. Trickett RW, Mudge E, Price P, Pallister I. A qualitative approach to recovery
after open tibial fracture: the road to a novel, patient-derived recovery scale.
Injury. 2012:43(7):1071-8. https://doi.org/10.1016/jinjury.2012.01.027.

3. Achten J, Parsons NR, Bruce J, Petrou S, Tutton E, Willett K, Lamb SE, Costa
ML. Protocol for a randomised controlled trial of standard wound
management versus negative pressure wound therapy in the treatment of
adult patients with an open fracture of the lower limb: UK Wound
management of Open Lower Limb Fractures (UK WOLFF). BMJ Open. 2015;
5(9):e009087. https://doi.org/10.1136/bmjopen-2015-009087.

4. Tutton E, Achten J, Lamb SE, Willett K, Costa ML. A qualitative study of
patient experience of an open fracture of the lower limb during acute care.
Bone Joint J. 2018;100-b(4):522-6.

5. Costa ML, Achten J, Griffin J, Petrou S, Pallister |, Lamb SE, Parsons NR, for
the FixDT Trial Investigators. Effect of locking plate fixation vs intramedullary
nail fixation on 6-month disability among adults with displaced fracture of
the distal tibia: the UK FixDT randomized clinical trial. JAMA. 2017;318(18):
1767-76. https://doi.org/10.1001/jama.2017.16429.

6. Boutin P. 25 Cases of bifocal fractures of the leg. Rev Chir Orthop
Reparatrice Appar Mot. 1956;42(5):647-63.

7. McMahon SE, Little ZE, Smith TO, Trompeter A, Hing CB. The management
of segmental tibial shaft fractures: a systematic review. Injury. 2016;47(3):
568-73. https://doi.org/10.1016/j.injury.2015.11.022.

8. Little Z, Smith TO, McMahon SE, Cooper C, Trompeter A, Pearse M, et al.
The treatment of segmental tibial fractures: does patient preference differ
from surgeon choice? Injury. 2017;48(10):2306-10. https.//doi.org/10.1016/j.
injury.2017.08.014.

9. Young JM, Solomon MJ, Harrison JD, Salkeld G, Butow P. Measuring patient
preference and surgeon choice. Surgery. 2008;143(5):582-8. https://doi.org/1
0.1016/j.5urg.2008.01.009.

10.  Wright JG, Katz JN, Losina E. Clinical trials in orthopaedics research. Part I.
Cultural and practical barriers to randomized trials in orthopaedics. J Bone
Joint Surg. 2011;93(5):e15 1-7.

11. Rooshenas L, Elliott D, Wade J, Jepson M, Paramasivan S, Strong S, Wilson C,
Beard D, Blazeby JM, Birtle A, Halliday A, Rogers CA, Stein R, Donovan JL,
ACST-2 study group, By-Band-Sleeve study group, Chemorad study group,
CSAW study group, Optima prelim study group, POUT study group.
Conveying equipoise during recruitment for clinical trials: qualitative
synthesis of clinicians’ practices across six randomised controlled trials. PLoS
Med. 2016;13(10):21002147. https;//doi.org/10.1371/journal.pmed.1002147.

12. Keene DJ, Mistry D, Nam J, Tutton E, Handley R, Morgan L, Roberts E, Gray
B, Briggs A, Lall R, Chesser TJ, Pallister |, Lamb SE, Willett K. The Ankle Injury
Management (AIM) trial: a pragmatic, multicentre, equivalence randomised
controlled trial and economic evaluation comparing close contact casting
with open surgical reduction and internal fixation in the treatment of
unstable ankle fractures in patients aged over 60 years. Health Technol
Assess. 2016;20(75):1-158. https://doi.org/10.3310/hta20750.

13. Salen BA, Spangfort EV, Nygren AL, Nordemar R. The Disability Rating
Index: an instrument for the assessment of disability in clinical settings.
J Clin Epidemiol. 1994;47(12):1423-35. https://doi.org/10.1016/0895-43
56(94)90086-8.

14.  Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, Bonsel G, Badia
X. Development and preliminary testing of the new five-level version of EQ-
5D (EQ-5D-5L). Qual Life Res. 2011;20(10):1727-36. https://doi.org/10.1007/
s11136-011-9903-x.

15. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice and research.
Psychiatry Res. 1989;28(2):193-213. https.//doi.org/10.1016/0165-1781
(89)90047-4.

16.  Bunketorp L, Carlsson J, Kowalski J, Stener-Victorin E. Evaluating the
reliability of multi-item scales: a non-parametric approach to the ordered

20.

22.

23.

Page 12 of 12

categorical structure of data collected with the Swedish version of the
Tampa Scale for Kinesiophobia and the Self-Efficacy Scale. J Rehabil Med.
2005;37(5):330-4. https://doi.org/10.1080/16501970510036411.

Lundberg MKE, Styf J, Carlsson SG. A psychometric evaluation of the Tampa
Scale for Kinesiophobia - from a physiotherapeutic perspective.
Physiotherapy Theory and Practice 2004;20:2:121-33

Miller RP, Kori S, Todd DThe Tampa Scale: a measure of kinesiophobia. Clin J
Pain 1991: 51-52.

Leow JM, Clement ND, Tawonsawatruk T, Simpson CJ, Simpson AH. The
radiographic union scale in tibial (RUST) fractures: reliability of the outcome
measure at an independent centre. Bone Joint Res. 2016;5(4):116-21.
https://doi.org/10.1302/2046-3758.54.2000628.

Heidegger M. Being and time. Oxford: Blackwell Publishing Ltd; 1962.

Van Manen M. Researching lived experience, human science for an action
sensitive pedagogy. Albany: State University of New York Press; 1990.
Lincoln YS, Guber E. Naturalistic inquiry. In: Naturalistic inquiry. California:
SAGE Publications; 1985.

Griffin XL, Costa ML, Phelps E, Parsons N, Dritsaki M, Achten J, Tutton E,
Lerner RG, McGibbon A, Baird J, TraFFix study collaborators. Intramedullary
nails versus distal locking plates for fracture of the distal femur: results from
the trial of acute femoral fracture fixation (TrAFFix) randomised feasibility
study and process evaluation. BMJ Open 2018. https://doi.org/10.1136/
bmjopen-2018-026810

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1007/s11999-012-2739-z
https://doi.org/10.1016/j.injury.2012.01.027
https://doi.org/10.1136/bmjopen-2015-009087
https://doi.org/10.1001/jama.2017.16429
https://doi.org/10.1016/j.injury.2015.11.022
https://doi.org/10.1016/j.injury.2017.08.014
https://doi.org/10.1016/j.injury.2017.08.014
https://doi.org/10.1016/j.surg.2008.01.009
https://doi.org/10.1016/j.surg.2008.01.009
https://doi.org/10.1371/journal.pmed.1002147
https://doi.org/10.3310/hta20750
https://doi.org/10.1016/0895-4356(94)90086-8
https://doi.org/10.1016/0895-4356(94)90086-8
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1007/s11136-011-9903-x
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1080/16501970510036411
https://doi.org/10.1302/2046-3758.54.2000628
https://doi.org/10.1136/bmjopen-2018-026810
https://doi.org/10.1136/bmjopen-2018-026810

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Key messages regarding feasibility
	Background
	Methods
	Pilot randomised trial
	Qualitative interviews
	Rehabilitation survey

	Results
	Summary of findings
	The incidence of segmental tibial fractures was rare
	Factors inhibiting recruitment to this study
	Recovery from a segmental tibial fracture is challenging, and current rehabilitation protocols for patients are inconsistent
	A way forward


	Discussion
	Strengths and Limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

