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ABSTRACT

Objective: To explore the impact of the Geko neuromuscular stimulator on preoperative preparation in patients with ankle fractures.
Study Design: Quasi-experiment study.

Place and Duration of the Study: Department of Foot and Ankle Surgery and Department of Orthopaedics, Beijing Tongren Hospital,
Capital Medical University, Beijing, China, between December 2020 and 2021.

Methodology: This quasi-experiment study included patients with ankle fractures treated with Geko neuromuscular stimulator before
surgical fixation. The primary outcome was limb swelling at 24, 48, and 72 hours (h) after admission, and the secondary outcomes were
pain according to visual analogue scale (VAS) at 12, 24, and 48 hours after admission, preoperative waiting time, and comfort 4 and 72
h after admission.

Results: A total of 60 patients were included in the study; 30 in the conventional treatment group (mean age 41.16 = 2.01 years) and
30 in the Geko group (mean age 40.22 + 2.68 years). The limb swelling in patients was significantly different between the Geko and
conventional treatment groups (p = 0.004). Besides, the swelling values at 48 (p < 0.001) and 72 (p < 0.001) hours were significantly
lower than those at 24 hours. The pain in patients was significantly different between the Geko and conventional treatment groups (p =
0.007). Besides, the swelling values at 24 (p < 0.001) and 48 (p < 0.001) hours are significantly lower than those at 24 hours. Comfort
was significantly higher at 4 h (69.54 £ 2.18 vs. 67.22 + 3.14, p = 0.002) and 72 h [(88.50 (84.00 - 94.00) vs. 82.14 + 3.08, p < 0.001)]
after admission. The preoperative waiting time (3.52 = 1.8 vs. 5.15 + 2.1 hours, p = 0.002) was significantly shorter in the Geko group.
Conclusion: The Geko neuromuscular stimulator is a useful option for preoperative preparation in patients with ankle fractures to

reduce local swelling and pain and improve patients’ comfort.
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INTRODUCTION

Ankle fractures are the most common intra-articular fractures
with soft tissue damage. The ankle joint has the lowest position
and the largest load-bearing capacity among the large joints.
With increased longevity and the continuous development of
urban transportation, the incidence of traffic accidents and fall
injuries has risen. Consequently, the occurrence of ankle frac-
tures has also gradually increased."” The change of the load-
-bearing line in unstable ankle fractures usually demands
internal fixation.> However, accompanying soft tissue injury
peaks at 24-72 h after ankle fractures, with varying degrees of
local swelling delaying surgery or makingitimpossible.**
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Rapid local swelling after fracture is caused by the rupture of
capillaries and lymphatic vessels. The colloid osmotic pressure
in the interstitial space increases and various stress-induced
inflammatory factors increase vascular permeability, aggra-
vating the extravasation of intravascular fluid into the muscle
space.® Moreover, with the vicious cycle of swelling and pain,
serious consequences such as tension blisters, soft tissue
necrosis, and compartment syndrome can occur, further
delaying surgery.” Some patients miss the optimal operation
timing because they do not see a doctor immediately after
injury. As a result, surgery can only be performed once the
swelling has subsided.® Although it was reported that the
average recovery time of patients with early surgery and
middle-late surgery after ankle fracture was the same, a too
long preoperative waiting time increases the anxiety of the
patients and the financial burden of hospital stay.”® As the
optimal operation timing for ankle fractures is about 6-8 hours
after injury, controlling swelling to reduce the pain and gain
time for the operation has become a promising direction of
research.
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The Geko neuromuscular stimulator uses a patented tech-
nology to stimulate the common peroneal nerve of the lower
limbs and promote blood circulation.’ The painless electrical
impulses delivered by Geko activate the calf muscle pump
through stimulation.”® The contraction of these muscles
prompts the foot to move forward and outward to simulate
walking, increasing the patient’s blood flow rate compared with
rest."t After 3 years of research at Queen Mary University of
Cambridge, UK, theefficacy of neuromuscularelectrical stimula-
tioninactivatingthe calfmuscle pumptoincrease blood circula-
tion was verified, and the electrical muscle stimulation was well
tolerated, highly effective, and improved pain levels and ankle
pain." Previous research was mostly focused on the application
of Geko in the management of venous leg ulcers and other
wounds; " accelerating the subsidence of swelling after ankle
fractureisanotherpotential clinical application.

Itwas hypothesisedthatelectrical stimulation of the lowerlimbs
using the Geko neuromuscular stimulator could promote blood
circulation and accelerate the subsidence of swelling after
ankle fracture, thus shortening the waiting time for surgery.
Therefore, this study aimed to explore the impact of the Geko
neuromuscular stimulator on preoperative preparation in
patients with ankle fractures.

METHODOLOGY

This quasi-experiment study included patients with ankle frac-
tures admitted to the Department of Foot and Ankle Surgery
and Department of Orthopaedics, Beijing Tongren Hospital,
Capital Medical University, Beijing, China, between December
2020and 2021. Theinclusion criteria were: Unilaterally closed
ankle fractures planned for elective surgery, hospitalisation
within 24 hours after trauma, and aged between 18-60 years,
with normal cognitive function, and willing to collaborateinthe
study. The exclusion criteria were open fracture or underlying
systemic diseases such as diabetes and heart disease or other
conditions that could potentially interfere with the study
results.

This research was approved by the Review Board of the Beijing
Tongren Hospital, and written informed consent was obtained
from all participating patients. The patients were divided into
the Geko group and the conventional treatment group
according to the orders of admission. The patients in both
groups received conventional treatment and nursing. They
were given 20% mannitol 125 ml intravenously twice a day.
Manipulative reduction of the fracture site was attempted,
followed by wearing the jig to achieve the purpose of immobil-
ising the fracture site. The affected limb was elevated above
the level of the heart, and the patients were instructed to
perform knee flexion and extension exercises and quadriceps
flexion and extension exercises three times a day for 15
minutes eachtime, aslong as the patients were not fatigued. In
addition, the patients in the Geko group wore the Geko neuro-
muscularstimulatorafteradmission. According to the patient’s
tolerance, the 5-7 grades of treatment were chosen to induce

muscle contraction of the lower leg without discomfort. The
treatmentwas applied for 3 hours persession, twice aday, with
aninterval ofabout8-10 hours betweeneachsession.

The primary outcome of this study was limb swelling at 24, 48,
and 72 hours (h) after admission. The secondary outcomes
included pain according to visual analogue scale (VAS) at 12,
24, and 48 h after admission, preoperative waiting time, and
comfort. Limb swelling was defined as the swelling of the
affectedlimb, measured and calculated at24,48,and 72 h after
admission. The swelling value was calculated by measuring the
circumference of the swollen part of the affected limb in rela-
tiontothehealthylimb, thatwas, measuring the circumference
of the ankle joint at the level of the inner ankle tip. The swelling
value was measured as the circumference difference between
the affected limb and healthy limb.” Pain was evaluated by VAS
at 12, 24, and 48 h after admission. The patients made marks
accordingtotheirfeelings orthe degree ofinfluence onsleep to
indicatethedegree ofpain.*®

Preoperative waiting time was recorded (the number of days
between hospitalisation and operation day). The comfort scale
score was evaluated within 4 h of admission and 72 h after
admission. Kolcaba'’s Comfort Status Scale (GCQ) was used for
evaluation.” The baseline demographic characteristics were
also collected, including age, gender, education level, and
body massindex (BMI).

Statistical method SPSS 19.0 software (IBM, Armonk, NY, USA)
was used for statistical analysis. Continuous variables were
assessed for normality using the Shapiro-Wilk test. For vari-
ables with a normal distribution, means + standard deviations
(SD) were presented, and intergroup comparisons were
conducted usingindependentsamplest-test. Fornon-normally
distributed data, the median (range) was reported, and inter-
group comparisons were performed using the Mann-Whitney U
test. The categorical data were presented as n (%) and anal-
ysed using the Chi-squares test or Fisher’s exact test. A gener-
alised estimating equation was used for analysing limb
swelling and pain. Atwo-sided p < 0.05 was considered statisti-
callysignificant.

RESULTS

A total of 82 patients were screened. Of them, eight patients
with open fractures, six patients with non-surgical treatment
options, and eight patients with underlying diseases such as
diabetes and heart disease were excluded. Therefore, 60
patients were finally included. Thirty were in the Geko group
(meanage40.22 = 2.68years),and 30 were in the conventional
treatment group (meanage 41.16 = 2.01 years). No patientsin
either group dropped out, and all patients completed the study
as planned. They were comparable in baseline characteristics
betweengroups (Tablel).

Thelimbswelling in patients was significantly differentbetween
the Geko and conventional treatment groups (p = 0.004).
Besides, the swellingvaluesat48(p <0.001)and 72 (p < 0.001)
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hours weressignificantly lowerthanthose at 24 hours (Tablell).

The pain in patients was significantly different between the
Geko and conventional treatment groups (p = 0.007). Besides,
the painvaluesat 24 (p <0.001) and 48 (p < 0.001) hours were
significantly lowerthanthoseat12 hours (Tablell).

Preoperative waiting time was also significantly shorter in the
Geko group (3.52 + 1.8 vs. 5.15 = 2.1 days, p = 0.002). The
comfort scores were significantly higher in the Geko group
24 h (69.54 £ 2.18 vs. 67.22 = 3.14, p = 0.002) and 72 h
(88.50 (84.00-94.00) vs. 82.14 = 3.08, p < 0.001) after
admission (Table Il). No adverse reactions occurred in all
patients.

Table I: Demographic characteristics of the included patients.

Characteristics Geko group Conventional p*
(n = 30) group (n = 30)
Age 40.20 = 2.68 41.13 £ 2.01 0.133
Gender 0.787
Male 19 (63.33) 20 (66.67)
Female 11 (36.67) 10 (33.33)
Education 0.622
Primary school 2 (6.67) 1(3.33)
Junior high school 4(13.33) 6 (20.00)
Senior high school 15 (50.00) 16 (53.33)
College or above 9 (30.00) 7 (23.33)
Body mass index 23.96 + 2.41 24.08 + 3.01 0.865

Data were presented as mean + SD or n (%). * The p-values were obtained
through independent sample t-test, Chi-squared test, or Fisher’s exact test.

DISCUSSION

This study found that swelling and pain in patients with ankle
fractures after admission were significantly reduced in the
Geko group compared with the conventional treatment group,
and the patients in the Geko group had higher comfort scale
scores and shorter preoperative waiting times. To the authors’
knowledge, it is the first prospective study to access the appli-
cation of the Geko neuromuscular stimulatorin ankle fractures
and report promising findings, suggesting that the device
mightbe potentially usedinfutureclinical practice for preoper-
ative preparationin patients with ankle fractures.

The Geko neuromuscular stimulator uses the “muscle pump”
principle by stimulating the common peroneal nerve in the
calf, causing the calf muscles to contract and pump blood back
to the heart. Therefore, itis actively discussed whether neuro-
muscular stimulation can reduce swelling by promoting the
venous circulation of blood and lymph. In particular, Xiong et
al. reported that neuromuscular electrical stimulation used for
the prevention of deep venous thrombosis could effectively
reduce knee swelling of lower extremities after anterior
cruciate ligament (ACL) reconstruction.® A randomised
controlled trial by Wainwright et al. also demonstrated statisti-
cally significant improvements in swelling reduction, as
measured by fluid displacement after ankle sprain." Electrical
nerve stimulation of the common peroneal nerve by the Geko
device was successfully used to treat refractory, multifactorial
leg oedema,”® as well as in a number of rehabilitation settings

and patient groups, for treatment of both upperand lowerlimb
oedema.’ In this study, the primary outcome was limb
swelling, which was significantly less prominent at 24, 48, and
72 h after admission in those patients who wore the Geko
device, confirming the results of the previous studies.

In addition, the Geko electrical stimulation was previously
shown to increase blood circulation successfully in the calf
muscle and improve pain levels in patients with leg ulcers,”
after ACL reconstruction,” and anterior knee pain.” Still, a
review reported insufficient and inconclusive evidence for the
usage of neuromuscular stimulation in patients with patellofe-
moral pain syndrome.” In this study, the pain at each time
point afteradmission was less prominent in patients who used
the Geko device compared to the patients who received only
conventional treatment. As a result, the reduction of pain
improvedthe comfortofthe patients, suggestingthattheappli-
cation of Geko could help relieve tension and anxiety and
improve the overall medical experience. Moreover, during
treatment, patients and their family members could intuitively
see the rhythmic contraction of the muscles and feel the effect
of the treatment so that they could cooperate with the treat-
mentwith more confidence and enthusiasm.

The inflammatory factors released after trauma and tissue
compression can aggravate swelling, further delaying
surgery.’ As neuromuscular electrical stimulation can prevent
venousstasis,’ itwas hypothesised that the promotion of blood
circulation after ankle fracture could shorten the waiting time
before surgery, shorten hospital stay, and decrease medical
expenses. Zhao et al. reported that the Geko device enhanced
recovery and demonstrated a general trend for shortening the
length of hospital stay after total hip replacement surgery."
This study confirmed that the application of the Geko neuro-
muscular stimulation device could effectively shorten the
preoperative waiting time, suggesting potential benefits for
preoperative preparationin patients with ankle fractures.

There are some limitations in this study. First, this study only
studied preoperative patients with closed ankle fractures,
limiting generalisability. Second, it was a single-centric study,
and the applicability of the results should be considered with
caution. Besides, the patients were not blinded, which might
have resulted in additional bias and interference with the
placebo effect. Third, the post hoc power analysis revealed a
powerof 64.5% (a = 0.05, effect size = 0.25, n = 60), indicating
that the statistical efficiency might have not been sufficient
using the sample size. Finally, the Geko neuromuscular stimu-
lator device stimulates the common peroneal nerve in the calf
to induce contraction of the calf muscles; whether the
contracted muscle adversely affects the wound has not been
established, and there was no conclusive evidence that Geko
can be used in patients with open ankle fractures and in
patients with ankle surgery. In future studies, the scope of the
study will be expanded to further confirm the applicability of
Gekoneuromuscularstimulator.
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Table Il: Comparison of the outcomes between the conventional treatment group and the Geko stimulation group.

Characteristics Geko group Conventional group p-value Prime P\nteraction
(n = 30) (n = 30)
Limb swelling < 0.004" < 0.001 <0.001
24 h 38411 428+1.2
48 h 2.98 £ 0.8 3.500 (2.60 - 5.70) < 0.001*
72 h 2.01+£0.6 3.46x0.9 < 0.001*
VAS 0.007 <0.001 0.047
12 h 6.00 (5.00 - 6.00) 6.00 (5.00 - 7.00)
24 h 5.00 (4.00 - 6.00) 5.00 (5.00 - 6.00) < 0.001*
48 h 3.00 (3.00 - 4.00) 4.00 (3.00 - 4.00) < 0.001*
Preoperative waiting time 3.52+1.8 515%21 0.002*
(hours)
Comfort scale
4h 69.54 + 2.18 67.22 + 3.14 0.001*
72 h 88.50 (84.00 - 94.00) 82.14 + 3.08 < 0.001%

Data were presented as mean + SD or median (range). 'vs. 24 or 12 h. *p in independent-sample t-test or Mann-Whitney U test.

CONCLUSION

The Geko neuromuscular stimulator is a useful option for
preoperative preparation in patients with ankle fractures to
reduce swelling and improve patients’ comfort.
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