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Abstract

Background: Hand oedema is a common consequence of hand trauma or surgery. There are numerous methods to
reduce hand oedema but lack high-quality evidence to support best practice. The primary objective of this pilot trial
was to assess study feasibility when comparing treatments for subacute hand oedema after trauma.

Methods: A parallel two-arm pilot randomised controlled trial was conducted in the hand therapy department at a
regional hospital in Norfolk between October 2017 and July 2018. Patients were eligible if 18 years or over, referred to
hand therapy with subacute hand oedema. Randomisation was on a 1:1 basis to treatment as usual (TAU) (compres-
sion, elevation and massage) or trial treatment (TT) (kinesiology tape, elevation and massage). One blinded assessor
completed all assessments (prior to randomisation, 4 and 12 weeks later). Data on study feasibility, adherence and
acceptability of treatments were collected. The primary outcome measure was hand volume (volumetry). Patient-
rated severity (0-5 Likert scale), hand health profile of the Patient Evaluation Measure (PEM) and quality of life (EQ-
5D-5L) were also recorded.

Results: Forty-five patients were screened for eligibility and 26 consented and were randomised with 13 patients in
each treatment arm. Twelve participants were lost to follow-up leaving 7 participants in each group included in the
analysis. Assessor blinding was maintained in 64% of participants (9/14). Total mean acceptability scores, out of 100,
were higher for TAU (87.9) than TT (76.1). Health resource use results showed TT was marginally cheaper (~£2 per
patient) than TAU.

Individual adherence ranged between 39 and 100%, with higher levels of overall adherence seen in the TAU group.
Four participants (28%) reported adverse effects (TT group n = 3, TAU group n = 1).

Conclusion: This pilot trial has identified that modifications are required in order to make a full-scale trial feasible.
They include a formal assessment of treatment fidelity, research staff assisting with screening and recruitment of
participants and multiple blinded assessors at each study site. Whilst not designed as an efficacy trial, it should be
acknowledged that the small sample size and high loss to follow-up meant very small numbers were included in the
final analysis resulting in wide confidence intervals and therefore low precision in parameter estimates.
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Key messages regarding feasibility
1) What uncertainties existed regarding the feasibility?

« The capacity of the study team to screen, consent,
recruit and assess enough participants

« The retention of study participants for the 12-week
trial period

« The acceptance of the treatments by study partici-
pants and use of a paper adherence diary

2) What are the key feasibility findings?

« A formal assessment of skill acquisition and treat-
ment fidelity would be beneficial.

« Strategies to improve retention, such as remind-
ers messages and assessments in patients’ home,
should be considered

« The use of multiple blinded assessors and research
nurses to assist in screening patients may increase
recruitment numbers.

3) What are the implications of the feasibility findings
for the design of the main study?

+ A multicentre approach is needed to reach the
target sample size, along with a local PI in each
site, not involved in the recruitment or treatment
delivery to oversee study protocols.

A more in-depth and detailed provider training
plan, competency self-assessment before and after
teaching and a formal assessment of treatment
fidelity (treatment delivery, receipt and enact-
ment) should be included in the trial protocol
Greater emphasis on educating patients regard-
ing the need to return for follow-up, even if their
symptoms have resolved along with follow-up
assessment reminders to reduce non-attendance
rates is required.

.

.

Background

Oedema is an abnormally large accumulation of intersti-
tial fluid [1] which collects at the site of an injury dur-
ing the healing phase and can be slow to dissipate. To

maximise restitution of the hand following an injury,
it is paramount to control oedema effectively [2]. An
oedematous hand loses flexibility, strength and preci-
sion with dexterous tasks, as the increased fluid can com-
press peripheral nerves, which act as the hand’s sensory
and motor communication channels. Watson-Jones [3]
described oedema as “glue” which highlights that pro-
longed oedema can cause fixed joint contractures, lead-
ing to loss of function and long-term disability.

There is no data on the incidence or prevalence of hand
oedema as it is a sequalae of hand trauma or surgery for
elective or traumatic hand conditions. An internal audit
of hand therapy notes identified 90% of patients required
treatment for hand oedema. The treatment of oedema
forms a core component of a hand therapist’s manage-
ment of patients with hand conditions.

Many different interventions are used to reduce hand
oedema. Sixteen oedema management interventions
were identified in the literature [4]. These include tra-
ditional methods such as compression (i.e. glove, finger
sleeve or compressive wrap), elevation and massage,
which are often seen as the mainstays of oedema man-
agement, but also newer methods such as kinesiology
tape (an adherent elasticated tape). Compression, eleva-
tion and massage were identified as the most commonly
used treatments for subacute hand oedema in a survey of
UK members of the British Association of Hand Thera-
pists (BAHT) in 2015/2016 [5]. For this reason, they were
used as the control treatment in this pilot trial.

Kinesiology tape is designed to mimic the elastic prop-
erties of the skin by lifting the skin to allow greater inter-
stitial space and encourage lymphatic drainage. As the
tape is elastic and stretches up to 55-60% of its length,
it allows for unrestricted movement [6, 7]. It leaves the
volar surface of the hand free to allow sensory feedback,
which is essential for functional use. The tape can also be
worn in water.

Whilst these different methods may appear to be effec-
tive in a clinical setting, there is little empirical evidence
to support their use, and clinicians often employ a range
of methods through trial and error. A systematic review
[4] found limited low to moderate quality evidence to
support the use of a combination of interventions (in
addition to standard care), known as manual oedema
mobilisation or modified manual lymph drainage, when
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treating problematic subacute hand oedema compared
to standard treatment alone. The results need to be inter-
preted with caution however due to numerous limita-
tions associated with the included studies. The various
methods employed to treat oedema, which are often
prescribed in conjunction with each other, have different
proposed modes of action. Elevation uses gravitational
forces to enhance the flow of oedema away from the limb
[8], massage relies upon the stimulation of lymphatic
system and mobilisation of the fluid [9], and compres-
sion acts as an external counter pressure [10, 11] which
pushes the fluid proximally in to the venous and lym-
phatic systems [12, 13]. In contrast, kinesiology tape pro-
posedly creates a pulling force on the skin which allows
greater interstitial space and encourages lymphatic drain-
age [6].

There is a lack of scientific corroboration of these pro-
posed mechanisms of action; therefore, comparing treat-
ments in a clinical trial, when the treatments themselves
are not fully understood, creates further uncertainties.
For these reasons, oedema management could be viewed
as a complex intervention [14] where it is acknowl-
edged that the evaluation of these “is difficult because
of problems developing, identifying, documenting, and
reproducing the intervention” No previous studies have
compared kinesiology tape with compression, which
propose opposing mechanisms of action, in patients
with subacute hand oedema. A definitive (phase III) ran-
domised controlled trial is premature. There is a need to
collect preliminary information, to inform a definitive
trial and to ensure that all the components of the study
run as proposed.

Methods

Study design and setting

A pilot, single-blind, parallel, randomised controlled trial
was conducted between 30th October 2017 and 31st July
2018 in the hand therapy department of the Norfolk and
Norwich University Hospital. This is a regional specialist
hospital for orthopaedics and plastic surgery and covers
a catchment area of approximately 1,016 000 people [15].

The focus of the study was on the processes of recruit-
ment, randomisation, treatment and follow-up assess-
ments. An assessment of the collection of the primary
outcome was made, and a comparison was made between
the study groups as a preliminary estimate of treatment
efficacy.

Ethical approval to conduct the study was obtained by
the East of Scotland Research Ethics Service (REC ref:
17/ES/0098), the Health Research Authority (HRA) and
Research Governance Department at the Norfolk and
Norwich Hospital.
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Eligibility and recruitment

Eligible participants were aged 18 years and over,
referred to the outpatient hand therapy department
after trauma or surgery, able to give informed consent,
and for whom treatment of sub-acute hand oedema
was indicated, as confirmed by their treating thera-
pist. Subacute was defined as oedema which presented
from 3 days up to 6 weeks after trauma or surgery. Due
to low recruitment numbers and a re-evaluation of
the literature this timeframe was amended during the
recruitment phase to include oedema present up to 12
weeks following trauma or surgery. This amendment
received HRA approval. Patients were excluded if their
oedema was longer than 12 weeks in duration or if they
had already commenced oedema management treat-
ments. Other exclusions were as follows: tendon repairs
within the first 4 weeks, patients with chronic vascular,
cardiac or lymphatic conditions or any other physical
or mental health condition which would have affected
the patient’s ability to safely apply and monitor the use
of compression or kinesiology tape. Complex regional
pain syndrome (CRPS) was not an exclusion criterion,
and it is plausible that participants may have developed
CRPS whilst enrolled in the trial.

Participants were screened for eligibility by their
treating hand therapist who introduced the study
to them. Patients who met the eligibility criteria
and provided verbal consent to take part were for-
mally recruited by the principal investigator (PI) who
explained the study in detail and obtained written
consent.

Allocation and randomisation

Participants were randomly allocated on a 1:1 basis to
either the intervention arm/trial treatment (TT) which
consisted of kinesiology tape, elevation and massage
or the control arm, treatment as usual (TAU) including
compression, elevation and massage. The trial statisti-
cian generated the block randomised allocation sequence
(block length of 2, 4 or 6). A therapy assistant, who was
not involved with the trial, prepared sequentially num-
bered opaque sealed envelopes which housed the inter-
vention allocation. These envelopes were stored in a
lockable storeroom in the hand therapy room.

Interventions

Table 1 provides a description of the interventions fol-
lowing the TIDieR (template for the intervention descrip-
tion and reporting) structure recommended by the
Equator network [16] in conjunction with the CONSORT
statement [17].



Page 4 of 14

(2022) 8:72

Miller et al. Pilot and Feasibility Studies

ade) ASojoisauny

A._..._.v jusuwilesal] |el]

NvLJod se :uoneas|y

Ny Jad se :abessep

[61 ‘g1] 1USWISAOW P3IDLISSIUN 10J SMOJR OS[e 1l ‘Y1BU3)| )1 JO 9509-GS 01 dn say21a1Is
pue dnsed st ade) 3yl Sy IS1em Ul UIOM 3 OS[e UBD 1| "9SN [BUOIIOUNY 10§ [BIIUSSI S
YDIYM Y2eqpa) AIOSUSS IO 9314 9DBJINS UBYS 341 JO ALIO[PW SU) S9ARS| 11 1BY) SI ‘UOIS
-521d W02 JO UIIOJ J3Y10 4O 3A0|6 BUISPIO UE 331|un ‘puey 3y Ui 1l Buisn Jo 1yauaq ay |

‘Apoq 10 9284 3Y1 UO a1aymAue palidde aqg ued adey jeuondunynul siy] [g1] pandde si

11 219UM Seale 93 JapUN SaNSSI1 JOs pue eidse) ayi bupyl| Ag 9oeds aiouwl Bupeasd ups
93 01 92104 bulnd e sapiroid ulelb a31|-9AeM ) PUB UDS 9y JO sanuadoud dnsejs ayx
SOIWIW 3 1eY) Ul anbiun g 03 pies s| adel ay] '[9] WaisAs direyduwA| pue snouaa ay3
o1ul Ajjewixold piny sy ysnd 01 paubisap Si 1l ‘POYIaW UOISSIdWOD [eUOIpell 9yl 01
15e3U0D U| "abeulelp dreydwA| a6einodus pue aeds [e1111SIa1Ul 121816 MOJ|e O3 UIYS
syl bunyi Ag ups sy Jo seiuedoud dnses syl diwiuw 01 paubissp st adpy Abojoisaury

uoileAs|3

deim ueqo) anas|s ey ano|3 ewapa

SNI[EPOW JAYIO YIIM UOLIRUIGUIOD
Ul PAPUSWILLODRI S| INQ BLISPO BUIDNPaI Ul 9AIIDYS 10U SI [€] dUOje uoneAd|] '[g]
quul| [RISIP SY) WOJ) BLSPSO JO dbeURIP 341 YlIM 1sISSe 0} Alaeib syuiiad uonpadj3
Enliel=e]

[BDIUID Ul PAsN a1 SpoyIaWl Yiog ‘[1 1] Ul 941 01 Xaya) Yo31a11s e 9dnpoid 03 uondalip
|euipnybuol e ur pasodoid usag sey upjs 9yl Jo bujuonoely Js1ybi| e ‘pesisul [g]
pauonsanb usaq sey pue Yum adod 03 wiaisAs d1reydwA| a1ed1jsp sy 4oy anissalbbe

001 PaJ3PISUOD S| 1N UOIDE Bul|IU, 92104 S}eISPOU B Sasn abessewl spelboiial,
[euoIpel] "sapouU ydwiA| [puoIbal SpJemO) UISPa0 Syl Buda1Ip Ups 3yl uo ainssaid
10 22104 JO $33169p snopeA Aojdwia YdIym 2in1eIll| 3} Ul PIIUSUWINI0P I8 SPOyIaUl

WRJaKId ‘€ 1] WIsAs dieydwiA| oy a1ejnwins 01 pasn ale sanbjuydal abossoyy

[€1 1 1] moy d1neydwiA| pue snousn

Buieyl|ioe) Ag Aouaidyya A101e|N2Ad saroidwl 91042134} PUB SINSSI SNO1BUWIDPO JO
A11D13SB[2UI 91 40§ $218SUSAWIOD UDIYM [| | ‘0[] 2INssaid 121unod [eUIDIXS U Se S10e
Juswleb ay] [0 1] puey ayi JO SaNSSIE 9yl Uo ainssald BHWW G —/+ G¢ punose
SHI9X3 YDIYM S2A0|D BIDAT YBNOoIYL PaASIYDR A|[ensn S| BUUSPSO pURY I04 UOISS2IdWOD)

s|eLi@jew — jeymn

Aum

(L1) 3udwieasy jeu]

(NYL) [ensn se Juswieal)

awepN

syuawieas} dnoib UOIUSAISIUL pUE |013UOD Bulqudsap a|gel Jaidll L d|qeL



Page 5 of 14

(2022) 8:72

Miller et al. Pilot and Feasibility Studies

pasiApe se Jo 1ied Ul ‘||e 1e 10U JIYla ‘siseq Apjeam
2 UO 0] PaJaype 219M SIUSWILaI] YDIYM 01 JUIXD 9Y3 PI0I3J 03 PasN sem Alelp aoualaype Juaiied v ‘A1[9py 1USWI1LaI) JO SIUSWISSISSE [BN1oe IO pauue|d Ou a1am a1ay |
(sub1p 01 s9buBYD INOJ0D) PASILIOIAUIOD AJIRINISEA JI IO USSIOM SUIOIdWAS 1O UOIIBSUIS ‘(MOQ[S JO J9P|NOYS 329U Ul) uled jI 9NURUODSI :UO11eAd|
S9seaJou| bul||ams 1o uled JI anupuodsi :abessey
UOI1BILI UIYS JO $3SD Ul SAOWY pasiuoiduwod AJ1ieNdSeA §i SAOWY
14b1u 1o Aep moj|id 1o Buljs plojpelg pue Aep ayi Ui buljs piojpeig Buisn 10 UOIBAS|D SAIIDY :UOIIBAS|T
P3103j4e S| BAJR J3|[EUIS B J| 10 9DBSSEU 918I3|0) O3 3|geun Ji uoieinp pue Aouanbalj adnpay :abesse

S9NSSI OU U23q
n g ued pouad 1531 Y47 v 3|ge|IeAR SUOISIDA 931J-X31E7]
papisgns
Sey ewsPa0 ay3 9aibe Ajjeninwi 1sidessyl pue 1ualied ay) 13Un panuiauod "pasn Hulag 10U I pury a3yl Uusym 1ybiu pue Aep ayi bupnp 3|gissod se yonw sy :uolead|y
P3A|0S21 SBY BUI|[2MS SY3 [13UN JO SY99M 7 15| 1B J0J ABp B S9UIl 9—¢ ‘Ulll (|-G :9besse

ade) |e3uad 3Y3 JO UoIsu)
9570 ‘Ioydue [ewixoid ay3 1e UOISU] ON “SAep G—¢ 10} WL [|NJ UPS 9y3 01 paljddy Soam 7| 01 dn 10} audIbAY 10} Bulrowal ‘Aep e Y 1,7—0g 10} Jep\
199yS UoeulIojul uanim e Ag parioddns pue isidesayy 412yi Ag pasiApe se uoissaldulod pue adey ABojoisauly jo uonedidde syl papnjdul siy] dwoy 1e pasialadnsun
awiweibo1d 9y J21SIUlUIPe-}|9S 01 paiInbai Sjenalew ayl yim juedpiied ayi paddinbs 1sidelayl ay] "Siseq [enplAIpUl 928}-03-908) B UO PRISAIIDP 219M SUOISSIs Adelayl ||y

sey 243y} 41 [RIUSSSD 10U S1 INg uoliedlidde uaamiaq pas

1UsWILaJ] Yoea Bunusws|dwi JO poy1sw pue [030101d 1UsU1eaI] U1 UO |d 941 AQ PaUleLl 219M [BLL 9yl Ul PIAJOAUL Sisidelayl ||y

palinbal

se abessew pue UoIeAS|S ‘UoIsSaIdUIOD JO UONRUIqUIOD e agudsald pue A1sbins 4o Ainful Buimol|oy euspao Jisyl buibeuew 1noge siusied asiape Ajeinbai sisideisy puey
Adesayy puey ui asijerdads oym sisidesay [edisAyd Jo jeuoiednddo aie asay | ‘wieal Adesayl puey ayi Jo siaquial Ag syuaiied 0} Pa1esisuowap sem Juaulieal|

931ILLWIOD
K1osiApe Jualied e Ylm SMaIAS1 pue sbupiaaw Jo ssadoid e buinp siusiied 03 9|gIssad0e apeul Sem YdIym 13|Jea| UoIdniisul Jualied e ojul spew uayl sem swwelboid pasi
-piepuels ay] ‘suadxa Adesayy puey Ja31UN|OA 8 YIM PoyIaul SNsUasUOD 1ydjag palelpawl-19ulaiu] ue ybnolyl paubisap sawulelboid Juswabeuewl BLSPO PasIpIiepuerls

119M MoH

SuonesyIpow

Bunojie]

yanw moy pue usym

MOH

oym

sainpad>oid — 1eym

(L1) Juswieasy jeu] (NYL) [ensn se Juawieal)

awepN

(panunuod) | sjqel



Miller et al. Pilot and Feasibility Studies (2022) 8:72

Outcomes

Hand volume (Fig. 1)

The primary outcome measure was a single volume
measure of the affected hand in millimeters using a
volumeter (water displacement method). This has been
referred to as the “gold standard” method of meas-
uring hand volume, having excellent inter and intra-
rater reliability [20] and responsiveness [21] and was
the most responsive outcome measure from an obser-
vational study of 73 participants with handoedema
(unpublished).

Patient-rated oedema severity

The Oedema Rating Scale (ORS) is a self-reported sever-
ity-of-swelling scale where the participant is asked to
“rate the swelling in your hand today’, using a 7-point
ordinal scale (0 = none, 1 = minimal, 2 = mild, 3 = mod-
erate, 4 = severe, 5 = very severe, 6 = extreme). The ORS
had been devised in collaboration with a patient advisory
group made up of current and previous hand therapy
patients and was used in this study to record perceived
change in oedema.

Patient-rated functional scale

The hand health profile of the patient evaluation meas-
ure (PEM) [22] is a validated 11-item region-specific,
patient-reported outcome measure (PROM) which was
used to record changes in functional ability in this pilot
trial. It is scored on a 1-7 Likert scale, with the total com-
bined score being expressed as a percentage: the higher
the score, the greater the perceived disability. Unlike
other commonly used region-specific PROMS, the PEM
includes items on “feel” and “appearance” of the hand,
which may relate to swelling. The PEM is a reliable, valid
and responsive instrument in assessing outcomes of dis-
orders of the hand [22].

Patient-rated quality of life

The EQ-5D-5L [23] is a standardised measure of health
status which aims to provide “a simple generic measure
of health for clinical and economic appraisal” [24]. It has
been recommended by the Chartered Society of Physio-
therapists (CSP) to be used to measure change in muscu-
loskeletal outpatient settings [25]. The EQ-5D-5L has two
parts to it, the first asks 5 questions relating to mobility,
self-care, usual activities, pain/discomfort and anxiety/
depression with 5 levels of responses from no problems
to not being able to complete the task or having extreme
symptoms- the sum of which is referred to as the utility
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score. The second part is a 0—100 visual analogue scale
(VAS) where participants are asked to rate their health
today.

Acceptability of oedema treatment

A brief questionnaire was designed (see Additional
file 1) to assess how acceptable participants’ found the
oedema treatments which the PI completed with all par-
ticipants after their final follow-up assessment (week 12).
The questionnaire consisted of 10 factors relating to the
acceptability of the oedema treatment provided, such as
ease of use, durability and aesthetics, which the patient
was asked to grade on a scale of zero (negative) to 10
(positive). The final open question requested feedback
from patients on any aspect not covered by the question-
naire with responses being recorded verbatim.

Adherence

A simple paper diary was designed (see Additional file 2),
based on best practice recommendations [26]. Apart
from asking patient to indicate their treatment allocation,
the diaries were anonymous. They were placed in a box
at reception or handed to their treating therapist or the
PI after their final assessment so as not to unblind the
assessor. The diary asked participants to identify, for each
element of their treatment (i.e. massage, elevation, kinesi-
ology tape/compression) and for each of the 12 weeks of
the study, if they had completed their allocated treatment
“not at all’; “in part” or “as advised”.

Health resource use

The number of visits to hand therapy, consumable usage,
grade of treating hand therapist and total time spent
treating oedema (in therapy appointments) were also
recorded to obtain preliminary data on healthcare use
and cost.

Blinding

One experienced hand therapist (study PI) who was
blinded to treatment allocation assessed all participants
at baseline. The blinded assessor would leave the room
after taking consent from the patient during which time
the treating hand therapist would randomise the par-
ticipant and inform the participant which treatment arm
they had been allocated to. Participants were reassessed
at 4 and 12 weeks by the same blinded assessor.

Sample size

As a pilot study, principally conducted to assess the suit-
ability of the chosen research methods, the sample size
was not based upon the principles of statistical precision
nor statistical power for hypothesis testing. Instead, we
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aimed to recruit 100 patients in a 6-month period which
we believed to be practical based on the throughput of
patients being referred to the department and on a pre-
liminary review of 10 randomly selected sets of patients’
hand therapy notes which identified 90% of patients
required some form of oedema management. We antici-
pated a loss to follow-up of 20-30% (which was based on
the attrition rate of a previous observational study inves-
tigating hand oedema), thus providing 70 to 80 complet-
ing participants.

Statistical analysis

Mean and standard deviations (SD) were calculated
for each outcome at each time point, along with the
mean change from baseline to 4 and baseline to 12
weeks. The level of missing data was assessed and
compared with baseline characteristics to identify
which groups of participants, if any, were likely to
less likely to return full data. A general linear model
was used to estimate the effect of kinesiology tape
relative to the control, with respect to the effective-
ness outcomes. This included the baseline value as a
covariate and treatment arm as a fixed effect. Results
for the ORS at 4 and 12 weeks were dichotomised
into those participants scoring 0-2 (none, minimal,
mild) and those scoring 3—-6 (moderate, severe, very
severe, extreme) before a logistic regression model
was constructed. The between-group differences
were estimated with 95% confidence intervals though
as a pilot study, it was not intended for any conclu-
sion regarding effectiveness to be reached, or indeed,
should be reached. The analysis was based on the
intention-to-treat principle (analysed by group allo-
cated to); however, there were no plans for imputa-
tion of missing data. No subgroup analyses were
performed.

Descriptive statistics were used to describe patient
flow, particularly estimating the proportion of eligible
patients consenting to take part, the frequency of pre-
cluding eligibility criteria, and the frequency of losses to
follow-up, including active withdrawals (with the reason,
where available). Each proportion was calculated with a
95% confidence interval.

Patient-reported adherence was calculated for each
participant as a proportion of the total adherence over 12
weeks (treatment which was the frequency and duration
“as advised” for all 3 elements of their allocated treat-
ment according to the standardised protocol and patient
instruction booklet). This was summarised as a mean
with 95% confidence interval.

All analyses were completed using the Statistical Pack-
age for Social Sciences (SPSS), version 25.
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Results

Forty-five patients were assessed for eligibility and 26
consented and were randomised. Figure 2 shows the
CONSORT diagram [27]. Baseline characteristics of both
groups are shown in Table 2.

Baseline characteristics were similar, with the excep-
tion of “time since injury” which was 12 days longer in
the treatment as usual group, indicating more chronic
oedema.

Health resource use

Taking into account therapy staff costs and consumable
use, the trial treatment was £2.31 cheaper per participant
and required on average one fewer visit to hand therapy
during the trial period than those in the treatment as
usual group. It is likely that the health resource use costs
were underestimated due to treating therapists forgetting
to document consumable use.

Adverse effects

Two participants (14%), allocated to the trial treatment
group, experienced adverse effects issues with kinesiol-
ogy tape which resulted in them switching to treatment
as usual. These participants reported a rash with small
bumps under the skin which were sore to touch, like blis-
ters or that the tape pulled their skin. One other patient
in the trial treatment group also reported an itchy rash
at her elbow crease where the tape starts; she took a 24-h
rest period from the tape as is advised and continued
without any further issues. One participant in the treat-
ment as usual group reported adverse effects issues with
bruising to the hand which he stated to be as a result of
using the compression glove for 24 h. Following reassess-
ment by a hand therapist, he continued with treatment as
usual, although it was not used “as advised” for the first 6
days because of this.

Acceptability

Total mean acceptability score was 76.1 out of 100 for TT
and 89.7 for TAU. The largest differences in mean scores
were for overall acceptability of treatment and com-
fort where treatment as usual scored 2.4 and 2.3 points,
respectively, more than trial treatment. Comments
received from participants regarding the acceptability of
treatments are shown in Additional file 3.

Adherence

Thirteen (93%) adherence diaries were returned. Results
show consistently higher levels of adherence across the
three elements of TAU than TT over the 12-week trial
period. The treatment most adhered to in the TAU group
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Fig. 1 The volumeter set

(n = 6 diaries) was massage (mean adherence 89.9%, 95%
CI 74.2-100), followed by compression (83.8%, 95% CI
63.7-100), then elevation (57.9%, 95% CI 10.4—100). In
the trial treatment group (n = 7 diaries), kinesiology tape
had the highest adherence rate (mean adherence 63.7%,
95% CI 37.5-89.9, n = 7 diaries), followed by elevation
(53.7%, 95% CI 15.6-91.8) then massage (48.2%, 95%
CI 16.7-79.7). Individual adherence ranged from 39 to
100%. Table 3 shows cumulative adherence rates.

Assessor blinding

After completing the 12 weeks assessment, the blinded
assessor was asked to guess which treatment group par-
ticipants had been allocated to, if blinding had been
maintained up to this point. Assessor blinding was main-
tained in 9 of the 14 participants (64%) throughout the
study period. Of these 9, the assessor guessed the cor-
rect allocation on 6 occasions (66.6%). Blinding was not
maintained in five cases for a variety of reasons which
included the assessor seeing the patient with their com-
pression glove in situ, a participant asking the assessor
for a new compression glove and a therapist discussing a
participant’s allocated treatment with the assessor.

Treatment effectiveness

A greater mean change was seen in the TT group for
hand volume, PEM and EQ-5D-5L VAS scores. Mean
change for ORS favoured the TAU group, whereas EQ-
5D-5L utility scores were similar, but slightly in favour of
the trial treatment. There were no statistically significant
differences between TAU and TT in any of the objective
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or patient-rated outcome measures at 4 weeks or 12
weeks. Results indicate that the participants in the TAU
group had 1.6 (baseline to 4 weeks) and 4 times (baseline
to 12 weeks) the odds of having the better ORS scores
than the TT group. EQ-5D-5L utility scores showed no
change since the 4-week assessment. EQ-5D-5L visual
analogue scale (VAS) scores improved slightly in the TAU
group but remained similar in the TT group. UK popula-
tion norms for the EQ-5D-5L do not exist. Table 4 gives
the mean and standard deviations for all outcome meas-
ures at baseline, 4 and 12 weeks. Tables 5 and 6 shows
the intention to treat (ITT) analysis for all outcomes as 4
weeks and 12 weeks, respectively.

Loss to follow-up (LTFU)

A total of 12 participants (46%) were lost to follow-up,
with equal attrition in both groups. A comparison of
completers versus those LTFU highlighted differences
in certain characteristics. Non-completers tended to be
male (58% n = 7), younger (mean difference 23.2 years),
more likely to have sustained trauma (11 trauma LTFUs,
8 trauma patients completed the study), or had a more
acute injury (time since injury 12 days less for those
LTFU) with fewer comorbidities, i.e. diabetes.

Discussion

Pilot trials are a small-scale version of a full-scale
trial, and therefore not intended to evidence between-
group differences, should they exist. Although the data
showed an improvement from baseline to 12 weeks in
four of the five outcomes measure, including the pri-
mary outcome (hand volume) in favour of TT, the high
loss to follow-up and wide confidence intervals pro-
vide limited information about the treatment effect.
The baseline difference between the groups in the time
since injury should also be considered, as those in the
treatment-as-usual group were 12 days further since
their injury, indicating a longer duration of oedema
at baseline than those in the TT group, and possibly
responding less well to the intervention. A definitive
trial should be pragmatic in its inclusion and exclusion
criteria; however, there are certain conditions which
can develop as a consequence of trauma or surgery that
may delay recovery or exacerbate hand oedema mean-
ing participants respond less well to an intervention,
such as CRPS. In a definitive trial, a subgroup analysis
could be performed, if adequately powered, on patients
who enter the trial with suspected or confirmed CRPS
or who develop it whilst enrolled in the trial, to com-
pare their results to those of the rest of the group.
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Enrollment

Assessed for eligibility (n=45)

Excluded (n=19)

+ Not meeting inclusion criteria (n=3)

I— | « Declined to participate (n=7)

+ Pl not present at NNUH to recruit
(n=9)

’ Randomized (n=26) ‘

!

{ Allocation |

Allocated to trial treatment (n=13)

+ Received allocated intervention (n=12)

+ Did not receive allocated intervention
(participant reported known allergy

Allocated to treatment as usual (n=13)
+ Received allocated intervention (n=13)

Attended 12-week assessment (n=7)

to tape) (n=1)
Loss to Loss to
follow-up — - f‘;ﬁz'“p_1
(DNA) (n=5) (DNA) (n=1)
L 4-week follow-up J

Attended 4-week assessment (n=8) Attended 4-week assessment (n=12)

Discontinued intervention (irritation Discontinued intervention (n=0)

occurred with tape) (n=2)
Loss to Loss to
follow-up D — I follow-up_
(DNA) (n=1) (DNA) (n=5)

v 12-week follow-up v

J

L Analysis

Attended 12-week assessment (n=7)

Attended 12-week assessment (n=7)
Excluded from analysis (n=0)

Fig. 2 CONSORT flow diagram

Analysed (n=7)
Excluded from analysis (n=0)

Recruitment and retention

The study failed to recruit to its target of 100 par-
ticipants due to a lack of suitable patients within the
recruitment period. One plausible explanation is that
hand oedema was not as prevalent as first thought;
however, there were other factors which also contrib-
uted to this. Recruiting hand therapists reported that,
on occasions, they were too busy to discuss the trial
with a participant who was potentially eligible. The
PI was not always notified of these, and therefore, the
number of patients assessed for eligibility recorded in
the CONSORT diagram is likely to be underestimated.
Having only one blinded assessor also affected recruit-
ment, as seven eligible patients were unwilling to wait
for the assessor to be available in order to recruit them
into the study. There were also challenges with coor-
dinating participants flow through the trial pathway
as some participants were discharged by the treating
therapist prior to the end of 12-week trial and did not

return for their planned final study assessment. Due to
therapy appointment cancellations and rescheduling
being dealt with by an administrative team, who were
unaware of patient’s enrollment in the study, the PI was
not always informed of changes to participants’ ther-
apy appointment which meant the PI was not aware
or not available to complete some of the follow-up
assessments. The amount of time, resource and energy
required for a busy acute clinical team to manage their
caseloads as well as recruit to a trial were underes-
timated. Adams et al. [28] in their paper examining
the barriers and opportunities for enhancing patient
recruitment and retention in clinical studies report
“tension between clinical and research workloads was
seen to interrupt patient recruitment into studies,
despite funding arrangements to manage excess treat-
ment costs” The findings from their study identify a
“perceived gap in national provision for dealing with
the additional burden that research could place on
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Treatment as usual (N = 7)

Trial treatment (N = 7)

Gender male:female 43
Age—mean (SD) 63.6(19.3)
Affected hand—Ileft: right 34
Location of oedema isolated digit: global 25
Reason for oedema—trauma: surgery 4:3
Days since injury—mean (range) 39.3(2159)

Past medical history—

OA- not hand specific (n = 2)

Neuralgia

Type Il DM

HTN (n = 2)

COPD

Deaf

Condition or operation

Distal radius fracture (conservative) n=1(14%)
Dupuytren’s release n="1(014%)
Fracture/dislocation (digit) n=7228%)
Tendon repair and DR fracture n=1(14%)
Distal radius fracture fixation n="1(014%)
Fracture/dislocation metacarpal n=1(14%)
Joint replacement n=0

2:5

60.0 (17.6)

4:3

34

43

27.3 (3-45)

OA — not hand specific (n = 3)
Type | DM

Type Il DM

HTN

SOB

Under active thyroid
Anxiety

n=72(28%)
n=1(14%)
n=1(14%)

n=0

n=2(28%)

n=0

n=1/(14%)

OA Osteoarthritis, HTN Hypertension, COPD Chronic obstructive pulmonary disease, SOB Shortness of breath, type Il DM Diabetes mellitus

clinical teams”. Despite the regular presence of the PI
in the department and efforts to keep staff engaged and
motivated in the trial, there were barriers at an indi-
vidual, departmental and organisation level, with lim-
ited understanding from clinical managers of how best
to support this type of project highlighting a potentially
systematic issue with conducting research in acute
NHS trusts.

Acceptability and adherence of treatments

During the participant acceptability to treatment inter-
views, comments were made regarding the appearance of
both the glove and kinesiology tape after they had been
used for a while (see Additional file 3). One participant
reported having to hide her hand in the glove when it got
dirty, and a participant in the TT group reported carry-
ing scissors round in order to trim the edges of the tape
when they began to fray. This possible inconvenience
may have reduced adherence and acceptability in the trial
treatment group. Some participants in the trial treatment
group questioned the purpose of needing the kinesiology
tape along the entire forearm for isolated digit oedema.
Hand therapists educated participants on the process of
lymphatic drainage and the purpose of the tape’s posi-
tion; however, reduced face validity may have influenced
the lower acceptability scores for the trial treatment. The

two patients who experienced adverse effects to the kine-
siology tape and switched to the TAU rated their accept-
ability based on the treatment they had switched to and
had more experience of.

Acceptability of treatments to patients is an important
factor to consider when designing a trial. Acceptability
can be assessed by using scales or inventories, and spe-
cific ones exist for certain settings or populations, with
most using a Likert scale. Other factors which could be
included in an assessment of acceptability are the follow-
ing: drop-out rates, discontinuation, reason for discon-
tinuation, and withdrawal rates. Without interviewing
patients who were lost to follow-up, it is difficult to
attribute this to the acceptability of the treatment alone.

Individual adherence to TAU and TT varied greatly in
this study. A greater reduction in mean hand volume was
observed in the TT group, despite lower adherence rates
than the TAU group. Lower adherence rates could reduce
the effectiveness of an intervention; however, the results
from this study could indicate that the trial treatment has
the potential to be a more effective treatment. The lower
levels of adherence in the TT group may have related to
kinesiology tape being a novel treatment and may indi-
cate that participants required additional support from
clinicians throughout the trial.
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Table 4 Outcomes at baseline, 4 and 12 weeks — mean (standard deviation)
TAU Baseline TAU 4-week  TAU 12-week TAU mean TT Baseline TT 4-week TT12-week  TT Mean
mean (SD) mean (SD) mean change mean (SD) mean (SD) mean (SD) change
baseline—12 baseline—12
weeks (SD) weeks (SD)
Volumeter (ml) 507.86 (70.23)  490.71 (59.47) 473.57 (60.60) 34.29 (27.75) 505.00(102.27) 47643 460.00 (97.47) 45.00 (48.22)
(103.27)
PEM (0-100) 54.17 (16.98) 46.20 (19.39) 38.60 (18.15) 15.57 (18.18) 62.70 (15.61) 4490 (14.57) 36.31(16.98) 26.39 (16.40)
ORS (0-6) 3.14 (0.69) 243(0.79) 1.57 (0.79) 1.57 (0.98) 3.57(0.79) 2.57(1.13) 2.14(1.07) 143(1.13)
EQ-5D-5L utili- 0.55 (0.22) 0.65 (0.14) 0.69(0.21) 0.15 (0.26) 0.64 (0.13) 0.76 (0.13) 0.79(0.13) 0.16 (0.16)
ty?(—0.594-1)
EQ-5D-5L 68.57 (11.80) 70.71 (14.84) 7643 (15.74) 7.86 (20.18) 68.57 (11.07) 85.00(12.91) 85.86 (16.30) 17.29 (21.00)

VASP(0-100)

TAU Treatment as usual, TT Trial treatment, SD Standard deviation, PEM Patient evaluation measure, ORS Oedema rating scale, VAS Visual analogue scale

2 A higher score (closer to 1) indicates higher quality of life derived health utility
b A higher score indicates better health states

Table 5 Intention to treat analysis for primary and secondary outcomes at 4 weeks

Treatment as
usual (n=7)
Mean (SD)

Trial treatment (n =7)
Mean (SD)

Adjusted mean difference at 4
weeks unless stated (95% C/)

Linear regression
p-value

Volumeter (ml) 490.71 (59.47) 47643 (103.27)

PEM (0-100) 46.20 (19.39) 44.90 (14.57)
ORS (0—6)
0-2 3 (43%) 2 (29%)
3-6 4(57%) 5(71%)
EQ-5D-5L utility (—0.594-1) 0.65 (0.14) 0.76 (0.13)
EQ-5D-5L VAS (0-100) 70.71 (14.84) 85.00 (12.91)

11.99 (—44.74 t0 68.72)
8.86 (—2.92 t0 20.64)

1.60% (0.16 to 16.23)

—0.87 (—0.25 t0 0.07)
—14.29 (=31.36 10 2.79)

0651
0.126

0.692°

0.251
0.093

SD Standard deviation, PEM Patient evaluation measure, ORS Oedema rating scale, VAS Visual analogue scale, C/ Confidence interval

2 Adjusted (ORS score dichotomised) odds ratio
b Logistic regression

Table 6 Intention to treat analysis for primary and secondary outcomes at 12 weeks

Treatment as usual Trial treatment

Adjusted mean difference at 12

Linear regression

n=7 n=7 weeks unless stated p-value
Mean (SD) Mean (SD) (95% Cl)
Volumeter (ml) 473.57 (60.60) 460.00 (97.47) 11.21 (—33.4210 55.83) 0.591
PEM (0-100) 38.60 (18.15) 36.31(16.98) 6.70 (—12.99 to 26.38) 0470
ORS (0-6)
0-2 6 (86%) 4 (57%) 4.29°(0.79 10 63.2) 0.288°
3-6 1 (14%) 3 (43%)
EQ-5D-5L utility (—0.594-1) 0.69 (0.21) 0.79 (0.13) —0.081(=0.30t0 0.13) 0422
EQ-5D-5L VAS (0-100) 7643 (15.74) 85.86 (16.30) —9.43 (=29.02t0 10.16) 0312

SD Standard deviation, PEM Patient evaluation measure, ORS Oedema rating scale, VAS Visual analogue scale, C/ Confidence interval

2 Adjusted (ORS score dichotomized) odds ratio

b Logistic regression
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Interestingly, kinesiology tape was the most adhered
to treatment in the TT group, however, compression,
which was the second most adhered to treatment, in the
treatment-as-usual group had mean adherence levels that
were 20% greater than kinesiology tape.

Adherence was patient-reported using paper diaries.
Although cheap and simple, they have many limitations
as we are not able to confirm when the diary was com-
pleted. Retrospective completion relies on recall, whereas
prospective completion may result in hopeful inflation
of adherence levels. Asking participants to complete a
diary may in itself have raised participants’ awareness
and therefore increased adherence as was seen in a study
by Moseley [29]. An electronic diary or smartphone app
could be considered as an alternative method for record-
ing in real time in a definitive trial.

Loss to follow-up and adverse effects

Two participants in the trial treatment group reported
skin rashes that prevented them from continuing with
their allocation treatment. Potential adverse effects of
using the k-tape, for example the tape pulling on forearm
hairs or skin, were discussed with all participants dur-
ing the screening and consent process. Closer monitor-
ing of treatment fidelity strategies in particular formal
assessment of treatment delivery to ensure adherence to
the protocol (24-h rest period from the tape before rein-
troducing it to the skin) in a future trial could mitigate
some of the adverse effects and help reduce the number
of protocol deviations. There was a high attrition in this
study (54%), and whilst all those lost to follow-up were
contacted to try to rearrange their assessment, there
were no data on their reasons for discontinuing in the
study. There was equal loss to follow-up in both groups
in the study, which may indicate their withdrawal was not
related to the treatment but to other factors. Due to the
acute nature of their hand conditions, participants may
have perceived their injury to be short term and assumed
their data was of little value to the researcher, particularly
if the variable of interest, i.e. oedema, had responded to
treatment and resolved. Strategies to ensure improve
retention, particularly in participants with characteris-
tics associated with higher risk of loss to follow-up [30],
would need to be explored for a definitive trial. These
could include follow-up assessments in participant’s
home, virtual reviews, phone call or text reminders for
follow-up assessments.

Treatment fidelity

Treatment fidelity is an important aspect of therapy tri-
als. It allows greater confidence that the results obtained
were due to the effects of the treatment, and not due to
other unknown factors associated with its delivery or
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implementation. The fidelity strategies employed in this
study concentrated on the training of treating therapists.
Other strategies, such as case vignettes, competency self-
assessments before and after training and a formal assess-
ment of treatment delivery by an independent assessor
and monitoring therapist skill maintenance throughout
the trial could have been used. A challenge of assessing
treatment receipt and enactment in the study was the dif-
ficulty associated with accurately establishing if the tape,
massage and compression had been applied to the partic-
ipant’s skin to the required pressure/tension, as described
in the protocol, as this would require the use of cutane-
ous pressure sensors. The use of the written instructions
issued to each participant served to reiterate the verbal
information and demonstration by the hand therapist.
None of the participants commented in their adherence
diary about being unsure how to apply the treatments.
Whilst the therapists’ training and delivery of interven-
tions may have been adequate, we do not know if patients
enacted these as per instructions.

Conclusion

The results of this pilot trial have identified that some
modifications are required in order to make a full-scale
trial feasible. Recommendations for a future definitive
trial should use a multicentred approach in order to reach
target sample size, multiple blinded assessors, and utilise
research staff to assist with screening patients, a more
in-depth and detailed training plan for treating therapist,
and a formal and regular assessment of treatment fidelity
by an independent assessor. The use of reminder texts or
phone-calls to reduce non-attendance rates and greater
emphasis on educating participants on the importance
of returning for follow-up. Involving managers and staff
from an early stage to increase ‘buy-in’ and wider depart-
mental support for conducting a definitive trial in a busy
acute clinical department should also be sought.
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