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ABSTRACT
This paper discusses the application of Nanoflex powder dressing for management of complex soft tissue wounds.
A case report is presented detailing the management of a 43-year-old Native American woman with diabetes
mellitus who required serial debridements for necrotising fasciitis. Following debridement, the patient was left with
a large dorsal foot wound and was transitioned through multiple advanced wound healing modalities. Negative
pressure wound therapy (NPWT) was initially utilised in the early postoperative setting to control drainage and
to promote granulation tissue; the patient was subsequently transitioned to a Nanoflex powder dressing on
postoperative day 4. She reported a decrease in pain associated with dressing changes when transitioned from
NPWT to the use of Nanoflex powder dressing. We hypothesise that this pain reduction is the result of a light
cooling effect of the exudate-controlling dressing and subsequent reduction in inflammation as well as the total
contact nature of the dressing. Nanoflex powder dressings are a recently developed advanced wound healing
modality with promise in the management of complex soft tissue wounds, both as a primary wound dressing as
well as a delivery platform for analgesics, antimicrobials and pro-angiogenic compounds.
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INTRODUCTION
Management of the soft tissue wounds created
following radical debridement in patients
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suffering from necrotising fasciitis can be
Key Points

• management of the soft tissue
wounds created following radi-
cal debridement in patients suf-
fering from necrotising fasciitis
can be difficult because of the
magnitude and complexity of
resultant soft tissue defects

• in these cases, advanced
wound care products and tech-
niques such as negative pres-
sure wound therapy (NPWT)
are often used to stimulate
wound healing and to promote
formation of granulation tissue

• this report presents the case of
a 43-year-old Native American
female with diabetes mellitus

difficult because of the magnitude and com-
plexity of resultant soft tissue defects (1–6).
In these cases, advanced wound care prod-
ucts and techniques such as negative pressure
wound therapy (NPWT) are often used to stim-
ulate wound healing and to promote formation
of granulation tissue (7–9). This report presents
the case of a 43-year-old Native American
female with diabetes mellitus who presented to
the emergency department following a 5-day
history of constitutional symptoms as well
as persistent hyperglycemia and a ‘draining’
wound along the medial aspect of the second
digit in the first interspace of the left foot.
Upon clinical exam, the patient was found to
be grossly neurovascularly intact in the left
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lower extremity, with significant liquefactive
necrosis of the soft tissues in the area of the
second digit with proximal extension along
the dorsum of the left foot to the level of
the ankle. A review of the available labora-
tory data showed an acute leukocytosis with
a WBC count of 21, blood glucose levels
>300 mg/dl, and an HgBA1C of 12·0. Imaging
studies showed the presence of subcutaneous
emphysema in the second digit extending into
the first interspace. The patient was admitted
to the hospital with a diagnosis of necrotis-
ing fasciitis and emergently underwent radical
debridement of the left foot. Following the ini-
tial debridement, the patient was referred to
our foot clinic for further management of her
complex left foot soft tissue wound.

Key Points

• imaging studies showed the
presence of subcutaneous
emphysema in the second digit
extending into the first inter-
space

• the patient was admitted to
the hospital with a diagnosis
of necrotising fasciitis and
emergently underwent radical
debridement of the left foot

• following initial debridement
that included partial second
ray resection and extensive
debridement of the dorsal and
plantar soft tissue, the patient
was subsequently admitted to
the hospital for parenteral
antibiotics, pain management,
and glycemic control

• NPWT therapy was initiated on
postoperative day 1

• on postoperative day 3, the
patient was returned to the
operating room for further
debridement

• following the secondary
debridement, it was decided to
change the therapy of choice to
Nanoflex powder dressing with
the intent of providing mois-
ture control, decreased dress-
ing changes, and stimulation
of wound healing

CASE MANAGEMENT
Following initial debridement that included
partial second ray resection and extensive
debridement of the dorsal and plantar soft
tissue (Figure 1), the patient was subsequently
admitted to the hospital for parenteral antibi-
otics, pain management, and glycemic control.
NPWT therapy was initiated on postoperative
day 1 and medicine consultation was obtained
to ensure optimisation of the patient’s other
medical issues (10). On postoperative day 3, the
patient was returned to the operating room for
further debridement (Figure 2). At this time, all
the remaining necrotic soft tissue and debris
were removed and the plantar wound was
closed utilising a foot-narrowing technique,
which has been shown to be highly success-
ful following partial central ray amputations
in diabetic patients (11) (Figure 3). Postoper-
atively, NPWT was applied for several days
to the dorsal foot wound, where a large soft
tissue defect remained (Figure 4). Two days

Figure 2. Dorsal foot wound after initial reconstruction and
foot-narrowing procedure. The patient will eventually require a
split-thickness skin graft.

following the secondary debridement, it was
decided to change the therapy of choice to
Nanoflex powder dressing with the intent of
providing moisture control (12,13), decreased
dressing changes, and stimulation of wound
healing. This nanoparticulate wound dressing
was applied along the dorsum of the foot and
was monitored daily.

DISCUSSION
Following serial debridement for necrotising
fasciitis, the patient’s wound management was
transitioned from NPWT to Nanoflex powder
dressing (Altrazeal from Uluru, Texas), which
was applied to the dorsum of the left foot. This

Figure 1. Necrotising fasciitis of the left foot following initial debridement.
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Figure 3. Plantar aspect of the left foot, following
reconstruction.

Figure 4. Application of negative pressure wound therapy
(NPWT) to the dorsum of the left foot.

modality is the first product of its kind, derived
from Nanoflex technology, a formulation tech-
nology that utilises nanoparticles which can
be engineered to produce the optimal prop-
erties for a moist wound dressing. Nanoflex
Powder is a sterile mixture of 85% poly-
2-hydroxyethylmethacrylate (pHEMA) and
15% of poly-2-hydroxypropylmethacrylate
(pHPMA), and is indicated for use in surgical

wounds, exuding superficial acute wounds,
such as donor graft sites and partial thickness
burns, as well as in chronic, slow healing ulcer-
ations (14). When applied to a moist wound
bed, the sterile nanoparticle powder interacts
with ionised fluid such as exudate, saline, or
blood and converts to an aggregated, exudate-
controlling wound dressing (Figure 5). Once
in its aggregated form, the Nanoflex wound
dressing conforms to the topography of the
wound bed, filling dead spaces and sealing the
wound margins. The porous architecture of
the polymer created upon activation provides
optimal oxygen and vapour transpiration, ten-
sile strength, and flexibility, thus protecting
the wound during healing. Capillary channels
created upon nanoparticle aggregation serve
to wick away exudate from the wound surface
in the form of a moisture vapour at a transpira-
tion rate of nearly 12 l/m2 over 24 hours, while
potentially promoting an optimal moist envi-
ronment to allow for continued wound heal-
ing (14). Additionally, the nanoscopic pores
which form this capillary network are too small
to allow bacterial migration, thus, once in the
aggregate state, the Nanoflex wound dressing
serves to further reduce the risk of bacterial
contamination (1).

Key Points

• to apply the Nanoflex wound
dressing, it is necessary that
the wound be first cleansed
utilising a saline-moistened
gauze

• once the wound is appropri-
ately prepared, the Nanoflex
powder is evenly poured over
the entire surface of the
wound, and then the wound
is lightly sprayed with nor-
mal saline, which initiates
the transformation from ster-
ile powder to the aggregate
dressing

To apply the Nanoflex wound dressing, it
is necessary that the wound be first cleansed
utilising a saline-moistened gauze (Figure 6).
Once the wound is appropriately prepared,
the Nanoflex powder is evenly poured over
the entire surface of the wound (Figure 7), and
then the wound is lightly sprayed with normal
saline, which initiates the transformation from
sterile powder to the aggregate dressing
(Figure 8). Once hydration and aggregation
have occurred, the dressing provides intimate
contact at the wound-dressing interface, thus
obviating the need for a primary wound
dressing (Figure 9).

In the case presented, following serial
debridement for necrotising fasciitis of the left
lower extremity and subsequent delayed pri-
mary closure of the plantar foot wound, the
patient was transitioned through a multitude
of advanced wound healing modalities. NPWT
was initially utilised in the postoperative set-
ting to control drainage and to promote gran-
ulation tissue (7–9,15). The patient was then
transitioned to a Nanoflex wound dressing on
postoperative day 4. This dressing modality
was selected because of the material properties
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Figure 5. With addition of ionised fluid, nanoparticles transition to active aggregated, organised state and are stabilised by
surfactant. Aggregate pore size provides capillary action to draw fluid away from the wound bed and prevent inward bacterial
migration.

Figure 6. Two-day follow-up after negative pressure wound
therapy (NPWT). Dorsal foot wound shows areas of desiccation.

of the Nanoflex technology and the ability to

Key Points

• the patient continued with the
Nanoflex wound dressing upon
discharge, and the wound
was evaluated at weekly inter-
vals when the dressing was
changed

• at 3 weeks following original
debridement, the patient was
noted to have developed a
healthy wound bed that was
now ready for definitive wound
closure

• the patient was returned to the
operating room, and following
wound bed preparation, a
0·016-inch split-thickness skin
graft (STSG) was applied to the
dorsum of the left foot

• the wound was noted to be
85% closed at 4 weeks follow-
ing placement of STSG, and
completely closed at 6 weeks
following graft placement

provide a moist wound healing environment
without the drawbacks of more conventional
wound dressings such as repeated applica-
tion, pain with dressing changes and the need
for secondary dressings (14). Additionally, the
patient reported a decrease in pain associated
with dressing changes transitioning between
the NPWT and the use of Nanoflex powder
dressing. We hypothesise that this reduction
in pain is the result of a light cooling effect
of the exudate control via vapour transpira-
tion and subsequent reduction in inflammation

as well as the intimate contact nature of the
dressing.

The patient continued with the Nanoflex
wound dressing upon discharge, and the
wound was evaluated at weekly intervals
when the dressing was changed. Interestingly,
a reduction of previously noted dead space in
the area of the resected second metatarsal head
was observed at this time, and the nanopartic-
ulate plug that had previously filled the space
was noted to have been pushed free as granula-
tion tissue infiltrated this location (Figure 10).
This suggests that the Nanoflex wound dress-
ing’s nano-pore dimensions prevent cellular
and matrix in-growth during wound bed mat-
uration, thus eliminating increased patient dis-
comfort with dressing changes. At 3 weeks
following original debridement, the patient
was noted to have developed a healthy wound
bed that was now ready for definitive wound
closure (Figure 11). The patient was returned
to the operating room, and following wound
bed preparation, a 0·016-inch split-thickness
skin graft (STSG) was applied to the dorsum
of the left foot (16) (Figure 12). The wound was
noted to be 85% closed at 4 weeks following
placement of STSG, and completely closed at 6
weeks following graft placement.

CONCLUSION
In the case presented, Nanoflex wound dress-
ing was utilised to provide exudate control and
to promote wound healing following radical
debridement of the left lower extremity. This
technology is a recently developed advanced
wound healing modality that shows promise
in the management of acute and chronic
exudating wounds. Upon activation with
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Figure 7. Application of Nanoflex hydrogel powder to the wound bed.

Figure 8. Ionic media activates nanoparticle aggregation, and the resultant aggregate hydrogel seals and conforms to the wound,
providing moisture control and reducing bacterial contamination.

Figure 9. Nanoparticle aggregate dressing following application of ionic media (saline).

serum or exudate, the subsequent Nanoflex
powder dressing provides moisture control
for actively exudating wounds, in addition to
reducing the risk of bacterial contamination.
While this technology is in its early stages,

there is significant potential for usage of the
Nanoflex technology to serve as a delivery
platform (14,17–20) for analgesics, antimicro-
bials, and pro-angiogenic compounds, and as
such further research is necessary.

Key Points

• while this technology is in its
early stages, there is signifi-
cant potential for usage of the
Nanoflex technology to serve
as a delivery platform for anal-
gesics, antimicrobials, and pro-
angiogenic compounds, and as
such further research is neces-
sary
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Figure 10. The nanoparticulate aggregate plug which had originally filled the dead space left following second metatarsal head
resection was lifted up as granulation tissue formed in this location.

Figure 11. Dorsal foot wound approximately 2 weeks following revision surgery and application of nanoparticulate wound dressing.
Granulation tissue formation and neo-epithelialisation is noted under nanoparticulate dressing layer.

Figure 12. Placement of a 0·016-inch split-thickness skin graft to the dorsum of the left foot to provide definitive soft tissue
closure.

138 © 2009 The Authors. Journal Compilation © 2009 Blackwell Publishing Ltd and Medicalhelplines.com Inc



Nanoflex powder dressing for necrotising fasciitis

ACKNOWLEDGEMENTS
Disclosure: The authors relate no industry
funding for this manuscript.

REFERENCES
1 Armstrong DG, Lipsky BA. Advances in the

treatment of diabetic foot infections. Diabetes
Technol Ther 2004;6:167–77.

2 Reyzelman AM, Armstrong DG, Vayser DJ
Hadi SA, Harkless LB, Hussain SK. Emergence
of non-group A streptococcal necrotizing dia-
betic foot infections. J Am Podiatr Med Assoc
1998;88:305–7.

3 Armstrong DG, Lipsky BA. Diabetic foot infections:
stepwise medical and surgical management. Int
Wound J 2004;1:123–32.

4 Faglia E, Clerici G, Caminiti M, Quarantiello A,
Gino M, Morabito A. The role of early surgical
debridement and revascularization in patients
with diabetes and deep foot space abscess:
retrospective review of 106 patients with diabetes.
J Foot Ankle Surg 2006;45:220–6.

5 Lavery LA, Armstrong DG, Wunderlich RP,
Mohler MJ, Wendel CS, Lipsky BA. Risk factors
for foot infections in individuals with diabetes.
Diabetes Care 2006;29:1288–93.

6 Bowler PG, Duerden BI, Armstrong DG. Wound
microbiology and associated approaches to
wound management. Clin Microbiol Rev
2001;244–69.

7 Armstrong DG, Lavery LA. Negative pressure
wound therapy after partial diabetic foot ampu-
tation: a multicentre, randomised controlled trial.
Lancet 2005;366:1704–10.

8 Armstrong DG, Attinger CE, Boulton AJ, Fryk-
berg RG, Kirsner RS, Lavery LA, Mills JL. Guide-
lines regarding negative wound therapy (NPWT)
in the diabetic foot. Ostomy Wound Manage
2004;50(4B Suppl):3S–27S.

9 Apelqvist J, Armstrong DG, Lavery LA, Boulton AJ.
Resource utilization and economic costs of care
based on a randomized trial of vacuum-assisted
closure therapy in the treatment of diabetic foot
wounds. Am J Surg 2008;195:782–8.

10 Vora, AC, Saleem TM, Polomano RC, Eddinger VL,
Hollenbeak CS, Girdharry DT, Joshi R, Martin D,

Gabbay RA. Improved perioperative glycemic
control by continuous insulin infusion under
supervision of an endocrinologist does not
increase costs in patients with diabetes. Endocr
Pract 2004;10:112–8.

11 Bevilacqua NJ, Rogers LC, DellaCorte MP, Arm-
strong DG. The narrowed forefoot at 1 year: an
advanced approach for wound closure after cen-
tral ray amputations. Clin Podiatr Med Surg
2008;25:127–33, viii.

12 Ayello EA. New evidence for an enduring wound-
healing concept: moisture control. J Wound
Ostomy Continence Nurs 2006;33(6 Suppl):S1–S2.

13 Falabella AF, Debridement and wound bed prepa-
ration. Dermatol Ther 2006;19:317–25.

14 St John J, Formulation development and in vivo
testing of a novel powder wound dressing
employing dehydrated nanoparticle technology.
The University of Texas Southwestern Medical
Center at Dallas, Department of Plastic Surgery.
2009.

15 Armstrong DG, Lavery LA, Boulton AJ. Negative
pressure wound therapy via vacuum-assisted
closure following partial foot amputation: what
is the role of wound chronicity? Int Wound J
2007;4:79–86.

16 Baumeister S, Dragu A, Jester A, Germann G,
Menke H. The role of plastic and reconstruc-
tive surgery within an interdisciplinary treatment
concept for diabetic ulcers of the foot. Dtsch Med
Wochenschr 2004;129:676–80.

17 Degim Z. Use of microparticulate systems to
accelerate skin wound healing. J Drug Target
2008;16:437–48.

18 Garnett MC, Kallinteri P. Nanomedicines and
nanotoxicology: some physiological principles.
Occup Med (Lond) 2006;56:307–11.

19 Venugopalan P, Sapre A, Venkatesan N, Vyas SP.
Pelleted bioadhesive polymeric nanoparticles
for buccal delivery of insulin: preparation and
characterization. Pharmazie 2001;56:217–9.

20 Bayat A, Dorkoosh FA, Dehpour AR, Moezi L,
Larijani B, Junginger HE, Rafiee-Tehrani M.
Nanoparticles of quaternized chitosan deriva-
tives as a carrier for colon delivery of insulin:
ex vivo and in vivo studies. Int J Pharm
2008;356:259–66.

© 2009 The Authors. Journal Compilation © 2009 Blackwell Publishing Ltd and Medicalhelplines.com Inc 139


