Smart Dressings as Key to
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Objective
Highly complex acute, and chronic wounds are still a major challenge for patients,
caretakers, doctors and health care systems. With wound healing being a dynamic, yet
influenceable process, these wounds tend to become infected or develop other problems
significantly impairing said wound healing. The currently available wound dressings in
clinical routine are well advanced, yet static wound covers, creating an inherent
discrepancy to the dynamic wound healing process. This emphasizes the need for a
possibility to detect these deteriorating wound conditions before they reach clinical
relevance to enable an immediate and effective intervention.
Biomarkers such as e.g. pH, which shows a correlation with successful wound healing, are
a suitable diagnostic entity to detect these deteriorating wounds. In combination with the
ability to deliver active substances, dynamic wound dressings – Smart Dressings – can
react to changes in the wound milieu. With these dressings, a step towards personalized
wound medicine van be taken to closely monitor and support wound healing in wounds at
risk.
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Material and Methods
To create an easy-to-use diagnostic dressing, an advanced wound dressing made out of
biological nanocellulose containing about 98% water has been chemically functionalized
with a pH indicator dye (GJM-534). pH donors with increasing pH (7.0 to 10.0) have been
applied to said dressing to investigate the ability of the dressing to display the pH it was in
contact with. Additionally, pH donors with a pH of 7 and 10 have been applied to the
same indicator dressing alternatively to assess its ability to react to changes.
To investigate a clinically relevant and feasible way of creating drug delivery dressings, the
same carrier dressing out of biological nanocellulose was loaded with different clinically
used antiseptic solutions. Punch biopsies of these loaded dressings were used in a
standardized microbiological inhibitor test. The concentration of the antiseptic solution
within the dressing was investigated at different time points.

Figure 4. The maximal uptake concentration of different antiseptic substances within the dressing is
displayed as measured in punch biopsies after 10, 30 and 120 minutes.

Results
The diagnostic dressing showed a gradual colouring from yellow to dark orange after being
in contact with carriers of different pH (Fig. 1). After alternating and subsequent contact
with carriers of pH 7 and 10, it showed a ring-like pattern responding to the respective pH
(Fig. 2), thus proving the ability of a dynamic reaction to the milieu.
The standardized microbiological inhibitor test could show clinical relevant concentrations
of the respective solutions already after 30 minutes of contact with the substance (Fig. 3).
Punch biopsies of the antiseptic substance-loaded dressings revealed significant
concentrations of the respective substance within the dressing itself correlating with the
amount of time the dressing was in contact with the substance (Fig. 4), yielding a clinically
feasible way to create a dressing that continuously releases the respective active substance
(Fig. 5)
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In Cooperation with:

Figure 1. a) Carriers with different pH on the (yellow)
indicator dressing. b) The back of the indicator
dressing already showing different colouring with
increasing pH. c) Punch biopsies of the indicator
dressing after contact with carriers with different pH.

Figure 2. a) Indicator dressing after contact
with a carrier with pH 10. b) Subsequent
application of a smaller carrier with pH 7
(white). c) Indicator dressing after contact
with four more carriers with alternating pH.

Figure 5. Release capacity of the drug delivery dressing as measured by the relative amount retained within
the punch biopsies of the prior loaded nanocellulose dressing. The here presented results are for the
substances Octenisept and Betaisadona.

Conclusion & Outlook
We could show that bacterial nanocellulose is an adequate carrier for functionalizations of
all kind. Diagnostic dressings to show changes in pH in the wound milieu and clinically
relevant therapeutic dressings delivering antiseptic solutions could be produced.
Randomized clinical trials are necessary to show an evidence-based advantage.
A further investigation, development and improvement of Smart Dressings is a promising
approach to finally create dressings that are able to diagnose a deteriorating change in the
wound milieu and react accordingly with the release of an active substance within the
same dressing. When equipped with respective sensors, these dressings can be used in
telemedicine to virtually consult a specialist.
Smart Dressings represent an important pillar in the future of wound care paving the way
to the broad application of personalized wound medicine adapted to a specific wound.
With these dressings the optimal milieu for auto-regenerative processes can be reached
and sustained, increasing safety for patients by personalized wound treatment.

References
§ Bernardelli de Mattos I, Holzer JCJ, Tuca AC, Groeber-Becker F, Funk M, Popp D, Mautner S, Birngruber T, Kamolz LP.
Uptake of PHMB in a bacterial nanocellulose-based wound dressing: A feasible clinical procedure. Burns. 2019
Jun;45(4):898-904.
§ Holzer JCJ, Bernardelli de Mattos I, Nischwitz SP, Tuca AC, Groeber-Becker F, Funk M, Birngruber T, Mautner SI,
Kamolz LP. Delivery of antiseptic solutions by a bacterial cellulose wound dressing: Uptake, release and antibacterial
efficacy of octenidine and povidone-iodine. Burns. 2020 Jun;46(4):918-927.
§ Nischwitz SP, Bernardelli de Mattos I, Hofmann E, Groeber-Becker F, Funk M, Mohr GJ, Branski LK, Mautner SI,
Kamolz LP. Continuous pH monitoring in wounds using a composite indicator dressing - A feasibility study. Burns.
2019 Sep;45(6):1336-1341.

Contact:
Dr. med. Sebastian P. Nischwitz
sebastian.nischwitz@joanneum.at

Figure 3. Standardized microbiological inhibitor test with a nanocellulose dressing with antiseptic substances
- in this case Betaisadona. The result after 10, 30 and 120 min loading time is displayed as well as a negative
control without Betaisadona and a positive control with Betaisadona wound gauze.
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