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Introduction
The incidence of soft tissue ankle injuries is high, with over 2 
million ankle sprains treated each year in emergency depart-
ments in the UK1,2 and the United States of America (USA).3 
Despite the high occurrence and significant socioeconomic cost 
in addition to the acute debilitating symptoms (pain, swelling, 
and ecchymosis) of an ankle sprain,4 treatment selection remains 
inconclusive.5 Current routines suggest that early management 
including rest, ice, elevation, compression, non-steroidal anti-
inflammatory drugs, and exercise advice is effective in promot-
ing the recovery of the ankle.4,6 Commonly, physiotherapy 
treatment aims are to promote normal movement and loading, 
and the return to function as quickly as possible. However, the 
long-term prognosis of acute ankle sprain is poor, with a high 
proportion of patients reporting persistent residual symptoms 
and injury recurrence.7,8 This may be as it can be difficult for 
patients to implement and integrate traditional oedema man-
agement strategies (such as icing and limb elevation) into nor-
mal work and social activities.

In addition to activation via the bodies’ nervous system, 
muscles can be contracted by the application of electrical stim-
ulation to the common peroneal nerve. Neuromuscular electri-
cal stimulation (NMES) devices are reported to reduce oedema 
by compressing venous and lymphatic vessels and inducing an 
increase in venous return and lymphatic flow;9 however, they 
are not currently used during routine treatment following an 
ankle sprain. Preliminary work has found NMES to facilitate a 
reduction in oedema in other populations,10,11 and therefore, 
this pilot study aims to assess the feasibility of a larger trial to 
determine whether NMES (firefly™ manufactured by 
Firstkind Ltd., High Wycombe, UK) could help to reduce 
oedema in ankle sprain patients when used in addition to 
standard care.

The firefly device12 was chosen because it is a small and 
unobtrusive (149 mm × 42 mm × 11 mm), lightweight (18 g), 
self-adhesive, disposable, internally powered, NMES device, 
using technology and stimulation settings which have previ-
ously been proven to increase blood flow and reduce oedema.9 
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It has seven stimulation modes with selectable pulse widths of 
70, 100, 140, 200, 280, 400, and 560 µs (±5% + 20 µs). The 
repetition rate is 1 Hz (±5%), with a maximum charge of 20 
µC per pulse. The device is intended to be used for up to 24 h 
(maximum of 30 h), before being replaced. It produces activa-
tion of the extensor muscles and additional stretch of the 
antagonistic flexor muscles which are thus compressed by the 
fascial envelopes as they are pulled in a distal direction during 
dorsiflexion of the ankle joint. The passive motion of the flexor 
muscle acts as a calf muscle pump, promoting venous return by 
increasing intramuscular pressure. Subsequently, increased 
venous return may reduce stasis and oedema.

Methods
Trial design

This was a single-centre, pilot randomised controlled study, 
recruiting patients from a UK district general hospital’s acci-
dent and emergency (A&E) department who were referred to 
physiotherapy following an ankle sprain (registration number: 
FKD-ffANK-001/NCT02307955, ethical approval: Research 
Ethics Committee [REC] Reference: 14/EE1018). Following 
written informed consent, participants (n = 24) presenting 
with oedema were randomised to one of two treatment groups: 
(1) the current standard of care and (2) the current standard of 
care plus NMES use. Participants were identified in an emer-
gency department and referred to a physiotherapy department 
for treatment 1 to 5 days following the injury and the partici-
pants returned to clinic 7 days after their first visit.

Participants

Twenty-four participants were recruited from a UK district 
general hospital’s A&E department between September 10, 
2014 and December 3, 2015 following diagnosis of an ankle 
sprain and referral to physiotherapy. It is recommended to 
have 12 participants per group during a pilot trial when 
there is no prior information to base a sample size on.13 In 
addition, having 12 participants within each group allows a 
clinical trial to provide a reliable answer to the question 
addressed.13

Fifty-three patients were screened for eligibility, with 29 
participants not fulfilling the inclusion criteria. Reasons 
included appointment not arranged within study time (8), 
patient’s not attending their appointment (7), inability to con-
tact patient (5), declined participation (5), minimal swelling at 
physiotherapy appointment (4), fracture shown during x-ray 
(2), sensory loss (1), other foot injuries (1), and a body mass 
index (BMI) outside of the eligibility guidelines (1).

When hospital administration staff contacted patients to 
arrange their physiotherapy appointment, the trial was intro-
duced to them and patients gave consent for the research 
team to contact them. Following the telephone call, the 

participant information sheet was emailed to them and then 
written consent was provided on arrival to the physiotherapy 
department before their initial physiotherapy session. 
Participants had to be over 18 years old, demonstrating a 
grade I or II clinically diagnosed ankle sprain (grade III was 
excluded), with no evidence of a fracture. The ankle sprains 
were graded following guidelines from the American 
Academy of Orthopaedic Surgeons14 (Appendix 1). The 
exclusion criteria also prevented chronically obese (BMI 
index >40 kg/m2) or pregnant individuals from taking part. 
Patients with a pacemaker or history of deep or superficial 
vein thrombosis were also excluded. Following enrolment 
into the study, participants were then allocated randomly into 
one of two treatment groups. The method of concealed ran-
domisation utilised within the study was the sealed envelope 
system, generated by the study sponsor.15

Interventions

Patients were treated and assessed by one of two senior physio-
therapists who were independent to the study design and analy-
sis of results. Participants in the first group were provided with 
the current standard of care which included patient education, 
manual therapy when indicated, and personalised exercise pre-
scription. The second group of participants was provided with 
the current standard of care with the addition of NMES. 
Participants were trained on how to apply NMES to their leg in 
accordance with the manufacturer’s instructions for use (head of 
the device to the side of the knee over the top of the fibula, with 
the tail wrapping to the rear of the leg below the crease of the 
knee).16 Participants were instructed to wear the device on their 
injured leg during waking hours each day. The device was worn 
for a minimum of eight and a maximum of 16 h per day, with 
NMES usage and any adverse events (such as pain or skin irri-
tation) recorded in patient diaries. Participants returned to the 
physiotherapy department 7 days later for a follow-up assess-
ment. Due to the nature of the study, the participants and physi-
otherapists were not blinded to the study.

Outcomes

The primary outcome measure of the trial was a comparison of 
ankle oedema reduction between the two treatment groups. 
Oedema reduction was measured using two methods. The 
‘gold standard’ for measuring oedema reduction is fluid dis-
placement17,18 and thus, the participants’ foot was placed into a 
Baseline® foot set volumetric measuring device (manufactured 
by Fabrication Enterprises Inc., PO BOX 1500, White Plains, 
New York), with the volume of water displaced recorded. In 
addition, a tape measure was used to record figure of eight val-
ues, as this method is a time-efficient and reliable alternative 
often used in clinical practice.19 The functional recovery of the 
volunteers was also compared using the Foot and Ankle Ability 
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Measure (FAAM) which is a validated, reliable, and responsive 
measure of physical function for individuals with foot- and 
ankle-related impairments20 that consist of the 21-item activi-
ties of daily living and 8-item sports subscales.

The secondary objectives of the study were to compare 
patient-reported pain scores, and the feasibility of a future, larger 
trial. The safety of participants was also monitored through the 
recordings of adverse events. Balance and proprioception were to 
be recorded using a single leg stand test; due to pain occurring in 
the first patients recruited, this objective was removed from the 
study following consultation with the physiotherapists involved. 
Pain scores were assessed using the Visual Analogue Scale (VAS), 
which is a valuable instrument for assessing pain in well-informed 
patients.21 A 10cm VAS chart was presented to the patient, 
depicting a scale between 1 and 10, with 0 representing no pain 
and 10 representing the worst pain imaginable. Participants were 
asked to record their perceived pain by making a mark across the 
line. The pain score was recorded as the number between 1 and 
10 where the patient marked the scale. Feasibility for a future trial 
was assessed by (1) recruitment rate, (2) retention rate, (3) com-
pliance to rehabilitation programme, and (4) data collection 
completion.

Statistical methods

Following the collection of data, results were compared between 
the two groups of care from the patients’ first physiotherapy 

clinic to the follow-up time of 7 days later. The mean percent-
age in reduction in oedema swelling was calculated through 
fluid displacement. In addition, the mean percentage of change 
in the figure of eight measurements and the mean percentage 
of change in pain and ankle functionality were calculated. The 
means between each group were compared with give an aver-
age difference between the two variables. The analysis was 
undertaken using SPSS Statistics, Version 19 (IBM 
Corporation, New York, USA). An independent sample t test 
was used to record the statistical significance between each 
treatment groups.

Eleven participants (Table 1, Appendix 2) from each group 
were included within the analysis for the primary outcome. 
Two participants were excluded from the analysis. The first was 
ineligible after a fracture was revealed on their x-ray following 
randomisation. The second excluded participant did not turn 
up to their follow-up clinic and was unable to be contacted. All 
patients included within the study presented with a grade II 
ankle sprain. The results were collected between September 10, 
2014 and December 3, 2015 with the follow-up clinic taking 
place 7 days after. The trial ended when the predefined number 
of participants had been tested.

Results
The results (Table 2) show that oedema was statistically signifi-
cantly reduced for patients in group 2 (standard of care and 
NMES) compared with group 1 (standard of care) (P = .011) 

Table 1. Study participants.

AGE (±SD) FEMALE MALE HEIGHT (±SD) WEIGHT (±SD) BMI

Group 1 (standard of care) 36 ± 8 years 7 (64%) 4 (36%) 168.00 ± 10 cm 74 ± 13 kg 26 ± 4 kg/m2

Group 2 (standard of care and NMES) 44 ± 10 years 5 (46%) 6 (54%) 174.82 ± 12 cm 87 ± 13 kg 29 ± 6 kg/m2

Abbreviations: BMI, body mass index; NMES, neuromuscular electrical stimulation; SD, standard deviation.

Table 2. Pre and post intervention measures.

GROUP 1 (STANDARD OF CARE) GROUP 2 (STANDARD CARE AND NMES)
BETWEEN 
GROUP

P-
vALUE

 N PRE MEAN 
(±SD)

POST MEAN 
(±SD)

CHANGE 
MEAN (±SD)

PRE MEAN 
(±SD)

POST MEAN 
(±SD)

CHANGE 
MEAN (±SD)

DIFFERENCE 
(±SD)

 

volumetric 
displacement 
(% change)

22 1315.9 ± 235.4 1322.9 ± 224.2 –0.8 ± 3.8 1483.8 ± 184.1 1354.8 ± 163.5 8.1 ± 11.2 8.9 ± 9.2 .011

Figure of 
eight (cm)

22 53.4 ± 4.5 52.4 ± 5.0 1.8 ± 2.5 56.4 ± 3.0 55.0 ± 3.0 2.5 ± 2.2 0.7 ± 4.3 .25

Foot and 
Ankle Ability 
Measure (%)

22 55.8 ± 21.4 78.7 ± 12.4 22.8 ± 20.9 58.4 ± 11.9 81.3 ± 18.4 22.9 ± 13.3 0.1 ± 25 .50

Pain (vAS 
score)

22 2.8 ± 2.2 1.0 ± 0.8 1.8 ± 1.9 3.0 ± 1.5 1.0 ± 1.1 1.9 ± 1.1 0.1 ± 2.6 .41

Abbreviations: NMES, neuromuscular electrical stimulation; SD, standard deviation; vAS, visual Analogue Scale.
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during the recordings of fluid displacement. In contrast, the fig-
ure of eight (in cm) measure of oedema was not significantly bet-
ter for the NMES treatment group than the standard of care 
participants. None of the other outcomes produced a statistically 
significant difference between participants using NMES and 
those receiving the standard of care. FAAM and rated function 
did not significantly differentiate. There was also no significant 
difference found between NMES use and standard of care when 
assessing pain reduction using VAS; however, both groups expe-
rienced a clinically significant reduction in pain from their base-
line measurements to their follow-up clinic. Acceptance of the 
treatment after randomisation at the clinic was high, with all 
patients managing to fit the device and wearing it for the allo-
cated number of hours (8 h per day within waking hours). No 
device related adverse events were recorded.

Discussion
This study found that using NMES in addition to standard 
care reduces oedema following a grade I or II ankle sprain and 
is statistically significant when compared with standard care 
alone, as measured by volumetric displacement. However, this 
finding did not have a statistically significant effect on func-
tional recovery, which was also a primary outcome measure of 
this study. Although the clinical relevance of the oedema 
reduction may be questioned because no other clinically mean-
ingful changes between the two groups were found, a larger-
scale trial with a longer term follow-up is warranted to allow 
accurate interpretation of the clinical implications of using 
NMES as an adjunct treatment modality to current standard 
care following acute ankle sprain.

Reducing oedema post-ankle sprain is proposed to play a 
vital role in ameliorating the level of pain and dysfunction that 
patients experience during recovery.22 The study found no sig-
nificant change in pain and FAAM scores; however, it is pos-
sible that this is attributable to the short time frame in which 
NMES was evaluated. Pain decreased and ankle functionality 
increased in both treatment groups, demonstrating the value of 
each care plan; however, the difference between the changes 
was not significant. These results align with similar studies 
which have found that a reduction in oedema does not imme-
diately improve self-reported function or pain.23 Interestingly, 
our volumetric displacement data are inconsistent with a previ-
ous study24 whereby no significant differences were found 
between three treatment groups: (1) NMES, (2) sham NMES, 
and (3) submotor electrical stimulation (control)) within 5 days 
following ankle sprain. The authors of this article consider 
their small sample size with large standard deviations, study 
design, NMES parameters, and treatment duration to be con-
tributing factors to the apparent ineffectiveness. In our study, 
physiological effects were evaluated after a period of 7 days, 
and increasing this time frame may create a longer term clini-
cally meaningful relationship between oedema reduction, pain, 
and functionality. The ‘dose-response’ relationship between 

NMES treatment induced strength gains and NMES training 
intensity has been confirmed in various clinical populations25 
and it may be that a greater intensity or duration of electrical 
stimulation is required to reduce the presence of oedema and 
its effect on pain and function.

It is important to highlight that NMES was applied inde-
pendently by patients with no problems and was well tolerated 
for at least 8 h a day, for seven consecutive days, with no adverse 
events recorded. NMES still suffers from poor clinical accept-
ability for rehabilitation,25 and a previously reported complica-
tion of NMES is skin irritation,26 of which none was reported 
within our study. Patient acceptance and tolerance support the 
feasibility of a future, larger trial, which may produce more 
clinically relevant results; however as 29 of the 53 patients 
screened for eligibility did not fulfil the inclusion criteria, 
recruitment may be a challenge. Despite this, complete data 
sets were recorded for all patients who attended their follow-up 
appointment.

Limitations of the study

Treatment with NMES was not immediate as the time delay 
between admittance to A&E and the first physiotherapy visit 
was up to 5 days after injury, which may have affected results. 
There were also differences in the demographics and baseline 
measures of the participants that may have impacted results. 
Groups were not balanced for injury severity, and there was no 
control over the manual therapy administered during the inter-
vention period.

Conclusions
In this pilot, randomised controlled trial, NMES was well tol-
erated by patients following grade II ankle sprain and demon-
strated statistically significant improvements in oedema 
reduction as measured by fluid displacement. No between-
group differences in figure of eight measurements, function, or 
pain scores were observed. Further work is feasible and required 
to confirm the clinical significance and effect on longer term 
recovery post-ankle sprain.
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Ankle sprains guidelines (American Academy of Orthopaedic Surgeons).

GRADE 1 GRADE 2 GRADE 3

Minimal tear, minimal pain, slight 
swelling, unimpaired weight bearing

Incomplete rupture, moderate pain, moderate 
swelling/bruising, weight bearing is difficult

Complete rupture, severe pain, severe swelling/
bruising, loss of function, weight bearing is 
impossible

Trial Registration
Registration number: FKD-ffANK-001/NCT02307955; 
IRAS Project ID: 154509; date of registration: December 4, 
2014 (retrospectively registered); protocol: https://clinical-
trials.gov/ct2/show/NCT02307955?term=ankle+firefly&r
ank=1
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Appendix 2

CONSORT 2010 Flowchart.




