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ABSTRACT
OBJECTIVE: To determine if intermittent neuromuscular electrostimulation (NMES)
of the common peroneal nerve increases microvascular flow and pulsatility in and
around the wound bed of patients with combined venous and arterial etiology.
METHODS: Seven consenting participants presenting with mixed etiology leg
ulcers participated in this study. Microvascular flow and pulsatility was measured in
the wound bed and in the skin surrounding the wound using laser speckle contrast
imaging. Measurements were made at baseline and when the venous pumps of the
leg were activated by 1 Hz intermittent neuromuscular stimulation of the common
peroneal nerve. The nerve was stimulated transdermally at the head of the fibula.
RESULTS: When activated by NMES, wound bed flux increased by 38% (95% CI,
11%–73%; P = .023), and periwound flux increased by 19% (95% CI, 9%–32%;
P = .009). Pulsatility increased in the wound bed by 214% (95% CI, 51%–985%;
P = .017) and in the periwound by 122% (95% CI, 38%–299%; P = .014).
CONCLUSIONS: The results indicate that NMES is effective in augmenting
microvascular flow in leg ulcers with combined venous and arterial etiology.
KEYWORDS: geko, laser speckle contrast imaging, mixed leg ulcer,
neuromuscular electrical stimulation, peripheral arterial occlusive disease
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INTRODUCTION
Although themost common cause of leg ulcers is venous
insufficiency, the second most common cause is now recog-
nized to be a combined venous and arterial etiology, repre-
senting about 13% of all chronic wounds.1 The arterial
component to the etiology has important ramifications
for treatment, because the presence of peripheral arterial
disease precludes theuse of high compression.2Meanwhile,
although theprimarymanagement for purely arterial ulcers
is revascularization, studies suggest that the venous compo-
nent of a mixed etiology ulcer remains the determining fac-
tor forhealing.3 This findinghasprompted clinicians to seek
other modes of intervention to restore perfusion.4

Intermittent (1 Hz) neuromuscular electrostimulation
(NMES) of the common peroneal nerve has been shown
to activate the venous muscle pumps, producing significant
hemodynamic effects.5 Increases have been measured to ve-
nous, arterial, andmicrocirculatory perfusion6,7 in healthy in-
dividuals, as well as in those with vascular disease.8 Further,
researchhas shownmicrocirculatory fluxandpulsatility tobe
improved in andaround thewoundbedof both arterial9 and
venous10 leg ulcers. Intermittent NMES has been used suc-
cessfully over an extended period to treat nonhealing ulcers
of various etiologies,11–13 and a self-controlled randomized
trial demonstratedan increase in the rate of healing invenous
leg ulcers.14

In thismechanistic study, the researchers used laser speckle
contrast imaging (LSCI) todetermine if intermittentNMESof
the common peroneal nerve increases microvascular flow
andpulsatility in andaround thewoundbedofpatientswith
combined venous and arterial etiology.
METHODS
This study is reported in accordance with CONSORT
(Consolidated Standards of Reporting Trials) reporting
guidelines.15 The study was conducted in accordance
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Figure 1. STUDY OUTLINE AND PARTICIPANT
ACCOUNTABILITY FLOWCHART
with the principles of the Declaration of Helsinki (2013)
and in compliance with ISO14155:2011. Ethical approval
(IRAS 229471) wasobtainedprior to the study investigation.
The study is registered (NCT03186560), and the registered
protocol is available to view. The supplementary data that
support the findings of this study are available from the cor-
responding author upon reasonable request.
Patients attending outpatient clinics at the Aneurin

Bevan University Health Board and Cardiff and Vale Uni-
versity Health Board were screened over an 8-month pe-
riod. Inclusion criteria were as follows: 18 years or older, in-
tact healthy skin at the site of device application, able to
understand the patient information sheet, willing and able
to give informed consent, willing and able to follow the re-
quirements of theprotocol, anddiagnosis of amixed arterial
and venous leg ulcer. Mixed leg ulcers were diagnosed by a
wound healing expert, using a combination of ankle bra-
chial pressure index (ABPI; 0.5–0.8) and the presence of pe-
ripheral vascular disease on an arterial duplex scanning. Ex-
clusion criteria were as follows: significant wound infection
(not colonization), either acute or chronic; history of signifi-
cant hematologic disorders or deep vein thrombosis within
the preceding 6months; pregnancy; presence of a pacemaker
or implantable defibrillator; current use of any other NMES;
use of an investigational drug or device within the past
4 weeks that may interfere with this study; recent surgery
thatmay affect the study in the opinion of the chief investiga-
tor (eg, abdominopelvic or lower limb surgery); recent trauma
to the lower limbs that would prevent stimulation of the leg
with NMES; and obesity (bodymass index >35 kg/m2).

NMES Device
Activation of the leg venous muscle pumps was achieved
using the geko device (Firstkind Ltd), a UKCA- and CE-
marked, small,wearable, internally poweredneuromuscu-
lar electrostimulator. The device was applied externally to
the leg at the head of the fibula, as per the manufacturer’s
instructions. The device was set so that a visible intermit-
tent dorsiflexion was observed. In this mechanistic study,
the device was applied to patients for 30 minutes to take
measurements (following a 5-minute equilibration period).
Because standard treatment of 6 hours’ daily use was not
provided, the researchers did not examine rates of healing.

Laser Speckle Contrast Imaging
Microcirculatory flow in the wound bed and periwound
area was measured using LSCI (Moor FLPI-2; Moor In-
struments Ltd), calibrated according to the manufac-
turer’s recommendations. This noninvasive, noncontact
instrument is used to measure changes in superficial mi-
crocirculatory flux: a unitless quantity proportional to
the speed of particles within the blood vessels. Pulsatility
(an indication of the strength of pulse in the signal) is calcu-
lated as the root mean square deviation (also unitless) from
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themean flux value. TheLSCI imagerwas positioned 30 cm
from the target area to record images in thewound bed, the
periwound area, and a reference marker. The device re-
corded a baseline of 5minutes followed by 30minuteswith
the NMES device active.
The study outline and participant accountability flowchart

is shown in Figure 1. At the patient’s regularly scheduled ap-
pointment, each participant was placed in a recumbent posi-
tionat roomtemperature,with the legoutstretched restingon
anevacuatedbeanbag cushion to immobilize the leg formea-
surements.Anyexcess sloughor liquidwas removedprior to
making anymeasurements.A referencemarker, consisting of
an opaque foil strip, was affixed to the skin adjacent to the
wound, to allow for correctionofmovement artifact.16All pa-
tients responded to NMES therapy, so there were no screen
failures to report.
Statistical Analysis
Sample size was based on pilot data, which suggested
that the geko increases speckle flux by 152% ± 61%.
Thus, assuming P = 0.05 and power = 90%, four
WWW.ASWCJOURNAL.COM
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Table 1. PARTICIPANT DEMOGRAPHICS (N = 7)
Variable Mean ± SD Range

Age, y 70.88 ± 10.00 56.63–82.91

Height, m 1.67 ± 0.10 1.52–1.82

Weight, kg 88.09 ± 18.27 59.50–112.80

Body mass index, kg/m2 29.51 ± 4.93 20.60–33.80

Wound area, cm2 5.99 ± 4.46 1.77–14.19
participants would be required to demonstrate an effect
based on the below formula:

N ¼ f α=2,βð Þ � 2� σ2= μ1−μ2ð Þ2

where μ1 and μ2 are the mean outcome in the control
and experimental group respectively, σ is the SD, α is
the probability of a type 1 error, and β the probability
of a type 2 error. The researchers initially increased the
sample size to 10 participants to improve confidence.
However, owing to recruitment constraints imposed by
COVID, the sample was decreased to seven participants
to reduce the overall timeline of the trial.
The trial was a within-participant controlled study de-

sign comparing differences between recordings at base-
line versus during stimulation. Participants served as
their own control. Results were calculated using a paired
Student t test, and P < 0.05 was considered significant.
RESULTS
Demographics
Of the seven participants recruited into the trial, four were
women and three were men. Given the low numbers
of patients in each group, no statistical tests were under-
taken by sex. The Table 1 provides demographic data for
Figure 2. EXAMPLE MIXED ETIOLOGY LEG ULCER WITH BAS
A, LSCI at baseline with NMES switched off. B, LSCI with NMES active.

Abbreviations: LSCI, laser speckle contrast imaging; NMES, neuromuscular electrical stimulation.
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the participants. Therewas a high degree of heterogeneity
between participants in demographic variables.
Figure 2A shows an examplewound,with the foil refer-

ence marker just above (distal to) the wound. Researchers
obtained LSCI measurements at baseline (Figure 2B) and
during treatment (Figure 2C). In Figure 2, the colormap in-
dicates microvascular flux, with red indicating the highest
level of flux and dark blue indicating the lowest level of flux.
The flux pattern can be seen to change dramatically when
the NMES device is activated. At baseline (Figure 2B), there
is little perfusion in the wound bed, and perfusion in the
periwound area is confined to a narrow annulus of erythem-
atous skin. Activation of theNMES device results in a visible
increase in flux throughout the foot (Figure 2C), especially in
the bed and periphery of the wound. The opaque foil refer-
ence continues to show no flux, verifying that movement ar-
tifact is not contributing to the measured augmentation of
flux. The portion of the marker covered in microporous tape
is used as the zero reference, because this part exhibits no
specular reflection from the surroundings.
Figure 3 shows a trace of microcirculatory flux in the

wound bed and periwound over a 20-second sample
time, for the same participant as shown in Figure 2.
The blue trace shows the baseline flux in the wound
bed (NMES device switched off ), whereas the red trace
shows the flux in thewound bedwhen theNMES device
is switched on. In the baseline traces, a faint pulse is
present, in both the wound bed and the periwound.
When the device is switched on, the pulsatility increases
greatly in both areas, and the 60 beats per minute coin-
cides with the 1-Hz stimulation frequency of the device.
The peak and mean values of flux increase substantially
in both wound bed and periwound areas.
Figures 4 and 5 show the aggregated flux data for all

seven mixed etiology ulcers. Wound bed flux increased
by 38% (95% CI, 11%–73%; P = .023), and periwound flux
ELINE REFERENCE MARKER
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Figure 3. LSCI FLUX AT THE WOUND BED AND
PERIWOUND WITH VERSUS WITHOUT NMES
A, Trace of LSCI flux in the wound bed of an example ulcer over a 20-second period,
comparing NMES on with NMES off. B, Trace of LSCI flux at the periwound over a
20-second period, comparing NMES on versus NMES off.

Abbreviations: LSCI, laser speckle contrast imaging; NMES, neuromuscular electrical stimulation.

Figure 4. LSCI WOUND BED AND PERIWOUND FLUX (N = 7)
A, Wound bed. B, Periwound. Bars show the population means ± SD. Lines indicate the in

Abbreviation: LSCI, laser speckle contrast imaging.
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increased by 19% (95%CI, 9%–32%;P= .009). Pulsatility in
the wound bed increased by 214% (95% CI, 51%–985%;
P = .017), and pulsatility in the periwound increased by
122% (95% CI, 38%–299%; P = .014).
DISCUSSION
This study demonstrates that transdermal NMES of the
common peroneal nerve at the fibular head activating
the venous muscle pumps of the leg increases the micro-
vascular flow in wounds of mixed venous and arterial
etiology. Substantial increases are seen to both flow
and pulsatility in the wound bed and periwound skin.
Between 17% and 25% of leg ulcers are now consid-

ered to have combined venous and arterial etiology.17,18

This combined etiology has important ramifications for
treatment, because the presence and extent of arterial
disease are the main factors in determining a treatment
regimen.19 Whereas compression is routinely used for
patients with venous leg ulcers to increase venous veloc-
ity,20 reduce reflux,21 and assist the action of the venous
muscle pump,22 its use in patients with arterial disease is
more controversial.23

Compression has historically been contraindicated for
patients with arterial occlusive disease, and guidelines
consistently advise against the use of compression in pa-
tients whose ABPI is less than 0.5,24 owing to the risk of
arterial and microcirculatory occlusion. However, the
balance between risk and benefit in the presence of more
moderate arterial disease (eg, ABPI <0.8) is less clear,25

and more complex decision algorithms have been pro-
posed26 involving toe-brachial pressure index27 and
transcutaneous oxygen assessments.28

An intervention that provides the hemodynamic ben-
efits of compression without the attendant risks of
dividual participant measures.
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Figure 5. LSCI WOUND BED AND PERIWOUND PULSATILITY (N = 7)
A, Wound bed. B, Periwound. Bars show population means ± SD. Lines indicate the individual participant measures.

Abbreviation: LSCI, laser speckle contrast imaging.
occlusion—which could exacerbate underlying periph-
eral arterial disease—has obvious attractions. The aug-
mentative effect of NMES on the microcirculation, both
in terms of flow and pulsatility, may provide a mecha-
nistic insight into its value in wound healing. These pos-
sibilities are of particular interest when compression is
contraindicated, or when there is no intervention avail-
able for improving macrovascular arterial supply. Al-
though such patients may achieve wound healing, it is
generally prolonged and requires adherence to a strict
wound care protocol.29 TheNMES device may also have
a role to play in treating patients with arterial rest pain,
without wounds, who are unsuitable for revasculariza-
tion. Some patients for whom compression is contraindi-
cated may receive similar benefits from NMES.
The appropriate level and type of compression for use

in mixed etiology leg ulcers are contingent upon certain
hemodynamic factors. It may be that some patients
receiving reduced levels of compression may enjoy
augmented efficacy by using NMES as an adjunct to
compression. There is evidence that NMES and com-
pression (including inelastic compression) have a mutu-
ally supportive effect.30
Limitations
A limitation of the study is the relatively small and het-
erogeneous sample. Given the immense heterogeneity
of patients withmixed etiology ulcers in general, it is un-
surprising to see some degree of intragroup variation.
This level of heterogeneity might be problematic in a
classic intercohort randomized controlled trial design.
However, in this self-controlled design, each partici-
pant’s baseline LSCI was compared with his/her own
WWW.ASWCJOURNAL.COM 29
NMESLSCI, accommodating these differences. The effect size
is sufficient such that statistical significance was achieved de-
spite the small sample size.
CONCLUSIONS
Research has previously found that intermittent NMES
of the common peroneal nerve is effective in augmenting
microvascular flow in healthy skin, as well as in the
wound bed of patients with venous or arterial disease.
This study verifies that NMES is also effective in aug-
menting microvascular flow in patients who have both
venous and arterial disease.•
REFERENCES
1. Jockenhöfer F, Gollnick H, Herberger K, et al. Aetiology, comorbidities and cofactors of chronic leg

ulcers: retrospective evaluation of 1000 patients from 10 specialised dermatological wound care
centers in Germany. Int Wound J 2016;13(5):821-8.

2. Lim SLX, Chung RE, Holloway S, Harding KG. Modified compression therapy in mixed arterial-venous
leg ulcers: an integrative review. Int Wound J 2021;18(6):822-42.

3. Arthur J, Lewis P. When is reduced-compression bandaging safe and effective? J Wound Care 2000;
9(10):469-71.

4. Stevens J. Diagnosis, assessment and management of mixed aetiology ulcers using reduced
compression. J Wound Care 2004;13:339-43.

5. Tucker A, Maass A, Bain D, et al. Augmentation of venous, arterial and microvascular blood supply in
the leg by isometric neuromuscular stimulation via the peroneal nerve. Int J Angiol 2010;19(1):e31-7.

6. Warwick D, Shaikh A, Worsley P, et al. Microcirculation in the foot is augmented by neuromuscular
stimulation via the common peroneal nerve in different lower limb postures: a potential treatment for
leg ulcers. Int Angiol 2015;34(2):158-65.

7. Jawad H, Bain DS, Dawson H, Crawford K, Johnston A, Tucker A. The effectiveness of a novel
neuromuscular electrostimulation method versus intermittent pneumatic compression in enhancing
lower limb blood flow. J Vasc Surg Venous Lymphat Disord 2014;2(2):160-5.

8. Das SK, Dhoonmoon L, Chhabra S. Neuromuscular stimulation of the common peroneal nerve
increases arterial and venous velocity in patients with venous leg ulcers. Int Wound J 2021;18(2):
187-93.

9. Bosanquet DC, Ivins N, Jones N, Harding KG. Microcirculatory flux and pulsatility in arterial leg ulcers
is increased by intermittent neuromuscular electrostimulation of the common peroneal nerve. Ann
Vasc Surg 2021;71:308-14.

10. Das SK, Dhoonmoon L, Bain D, Chhabra S. Microcirculatory changes in venous leg ulcers using
intermittent electrostimulation of common peroneal nerve. J Wound Care 2021;30(2):151-5.
ADVANCES IN SKIN & WOUND CARE • JANUARY/FEBRUARY 2025

http://WWW.ASWCJOURNAL.COM


11. Harris C, Ramage D, Boloorchi A, Vaughan L, Kuilder G, Rakas S. Using a muscle pump activator
device to stimulate healing for non-healing lower leg wounds in long-term care residents. Int Wound J
2019;16(1):266-74.

12. Jones NJ, Ivins N, Ebdon V, Hagelstein S, Harding KG. Neuromuscular electrostimulation on lower
limb wounds. Br J Nurs 2018;27(20):S16-S21.

13. Harris C, Duong R, Vanderheyden G, Byrnes B, Cattryse R, Orr A, Keast D. Evaluation of a muscle
pump-activating device for non-healing venous leg ulcers. Int Wound J 2017;14(6):1189-98.

14. Bull RH, Clements D, Collarte AJ, Harding KG. The impact of a new intervention for venous leg ulcers:
a within-patient controlled trial. Int Wound J 2023;20(6):2260-8.

15. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP; STROBE Initiative. The
STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin Epidemiol 2008;61(4):344-9.

16. Bahadori S, Immins T, Wainwright TW. A novel approach to overcome movement artifact when using
a laser speckle contrast imaging system for alternating speeds of blood microcirculation. J Vis Exp
2017;126:56415.

17. Guest JF, Fuller GW, Vowden P. Cohort study evaluating the burden of wounds to the UK's National
Health Service in 2017/2018: update from 2012/2013. BMJ Open 2020;10(12):e045253.

18. Körber A, Klode J, Al-Benna S. Etiology of chronic leg ulcers in 31,619 patients in Germany analyzed
by an expert survey. J Dtsch Dermatol Ges 2011;9(02):116-21.

19. Elhomsy S, Chrusciel J, Sanchez S, Elhomsy P, Guillaumat J. Clinical efficacy and safety of long-term
compression in patients with mixed arterial and venous etiology ulcers in the leg. Int J Angiol 2021;
31(1):34-9.

20. Partsch H, Mosti G, Mosti F. Narrowing of leg veins under compression demonstrated by magnetic
resonance imaging (MRI) Int Angiol 2010;29:408-10.
Working together
to help heal other

APWCA is a non-profit association of medical provide
from all disciplines who treat and prevent difficult wo
We offer unique collaboration opportunities with indu
colleagues, credentialing, exclusive member resource
publications highlighting advances in wound healing,
conference discounts, and more. 

Join your fellow wound healing heroes in the AP

6737 W Washington St, Suite 4210, Milwaukee, WI 532
P: 414-488-3913  •  E: info@apwca.org  •  W: www.apw

ADVANCES IN SKIN & WOUND CARE • JANUARY/FEBRUARY 2025 30
21. Mosti G, Partsch H. Duplex scanning to evaluate the effect of compression on venous reflux. Int
Angiol 2010;29:416-20.

22. Mosti G, Mattaliano V, Partsch H. Inelastic compression increases venous ejection fraction more than
elastic bandages in patients with superficial venous reflux. Phlebol J Venous Dis 2008;23:287-94.

23. O’Meara S, Cullum N, Nelson EA, Dumville JC. Compression for venous leg ulcers. Cochrane
Database Syst Rev 2012;11(11):CD000265.

24. Andriessen A, Apelqvist J, Mosti G, Partsch H, Gonska C, Abel M. Compression therapy for venous
leg ulcers: risk factors for adverse events and complications, contraindications—a review of present
guidelines. J Eur Acad Dermatol Venereol 2017;31(9):1562-8.

25. Mosti G, Cavezzi A, Bastiani L, Partsch H. Compression therapy is not contraindicated in diabetic
patients with venous or mixed leg ulcer. J Clin Med 2020;9(11):3709.

26. Haute Autorité de Santé. Recommandations pour la pratique Clinique. Prise en charge de l'ulcère de
jambe à prédominance veineuse hors pansement. 2006. https://www.has-sante.fr/upload/docs/
application/pdf/recommandations_finales_pdf.pdf. Last accessed November 13, 2024.

27. Høyer C, Sandermann J, Petersen LJ. The toe-brachial index in the diagnosis of peripheral arterial
disease. J Vasc Surg 2013;58(1):231-8.

28. Stansal A, Tella E, Yannoutsos A, et al. Supervised short-stretch compression therapy in mixed leg
ulcers. J Med Vasc 2018;43(4):225-30.

29. Marston WA, Davies SW, Armstrong B, et al. Natural history of limbs with arterial insufficiency and
chronic ulceration treated without revascularization. J Vasc Surg 2006;44:108-14.

30. Warwick DJ, Shaikh A, Gadola S, et al. Neuromuscular electrostimulation via the common peroneal
nerve promotes lower limb blood flow in a below-knee cast: a potential for thromboprophylaxis. Bone
Joint Res 2013;2(9):179-85.
 
s.

rs 
unds. 
stry 
s, 
 

Become a member 
now at APWCA.org

WCA.

14
ca.org

WWW.ASWCJOURNAL.COM

https://www.has-sante.fr/upload/docs/application/pdf/recommandations_finales_pdf.pdf
https://www.has-sante.fr/upload/docs/application/pdf/recommandations_finales_pdf.pdf
http://WWW.ASWCJOURNAL.COM

