
Volume 31 Number 1 – March 202319

Swanson et al Low frequency ultrasound contact debridement

R ES EA RC H

Terry Swanson*1, Catherine Hirst1, Scott Salzman2, Nicoletta Frescos3

1South West Healthcare, Ryot Street, Warrnambool, VIC 3280, Australia
2Deakin Business School, Department of Information Systems and Business Analytics, Department of Economics, Deakin 
University, Warrnambool Campus, VIC 3280, Australia
3Adjunct Lecturer, St Vincent’s Hospital, Melbourne VIC 3065, Adjunct Lecturer, La Trobe University, VIC 3086

*Corresponding author Email swansonterry7@gmail.com

Keywords debridement, low frequency ultrasound contact debridement, pain, ultrasonic wound assisted debridement, wound 
bed preparation

For referencing Swanson T et al. The influence of technique and type of sonotrode on debridement and patient experience 
using a low frequency ultrasound contact debridement device; a case series. Wound Practice and Research 2023; 31(1):19-27.

DOI https://doi.org/10.33235/wpr.31.1.19-27

Submitted 24 July 2022, Accepted 9 September 2022

The influence of technique and type of 
sonotrode on debridement and patient 
experience using a low frequency 
ultrasound contact debridement device; 
a case series 

Abstract
Wound bed preparation is essential for treatment of chronic and hard to heal wounds and clinicians have several options 
depending on skill and availability of equipment. There is growing evidence of benefit and usage of low frequency 
ultrasound contact debridement (LFUCD) across the globe but few studies that explore what the best sonotrode, technique 
using that sonotrode, intensity of ultrasound, or level of flow of irrigation have on the outcome of treatment or the patient 
experience. This observational case series study of 114 treatments of a convivence sample of 45 patients explored the use 
of three different sonotrodes / handpieces and five different techniques – mainly 100% ultrasound intensity and irrigation 
flow greater than 40% – to determine any variation in outcome or patient experience. The minimum data set (MDS) captured 
information regarding percent of tissue type and size of the wound before and after treatment, level of pain before, during 
and after treatment, technique(s), analgesia, length of treatment, aetiology and demographics. The results indicate LFUCD 
assisted in removing non-viable tissue and fibrin within minutes, while sparing granulation tissue, and was well tolerated 
regarding pain. This study did not find any significant difference in the type of techniques, but the type of sonotrode did.

Introduction
Wound bed preparation is a recognised paradigm and 
accepted essential practice for chronic and hard to heal 
wounds1–3. Wound debridement plays an important role 
in wound bed preparation; it consists of the removal of 
unhealthy or non-viable tissue and cellular debris to promote 
healing4.

Different methods of debridement are utilised depending on 
patient risk factors, clinician skill, and access to equipment 
and technologies. Common debridement techniques include 
autolytic, chemical, mechanical, biological, sharp, surgical, 
hydrosurgical and low frequency ultrasound debridement1,2,5,6.

A recent systematic review and meta-analysis regarding 
the use of low frequency ultrasound contact debridement 
(LFUCD) for diabetic foot ulcers showed higher healing rates 
and greater percentage of wound reduction, although non-
statistical significance was observed7. Several authors have 
suggested that LFUCD is a safe and effective alternative when 
surgical debridement is contraindicated or not available7–9. 
However, there is limited and conflicting evidence in regard 
to wound bed preparation or debridement. A systematic 
review in 20136 suggested that although ultrasound-assisted 
debridement may promote healing there was little evidence 
for debridement, yet other studies found that LFUCD was 
effective in removing non-viable tissue without damaging 
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healthy tissue7,10. Removal of fibrin was also seen as a 
positive in this study11. Further evidence suggests that 
ultrasound debridement appears most effective when used 
three times a week, and it has the potential to decrease 
exudate, slough and patient pain, disperse biofilm, and 
increase healing of various wound aetiologies8. There are 
also differences between non-contact and contact low 
frequency ultrasound in regard to debridement activity7,10,11. 
Madhok et  al suggested that low frequency non-contact 
ultrasound was not as effective in debridement due to 
a lack of the cavitation effect, but did share benefits of 
increased protein synthesis6, promotion of growth factors11, 
antibacterial effects12,13, and enhance fibrinolysis14,15.

LFUCD for wound debridement has been used in Australia 
for over a decade; it has the major advantage of being an 
effective but relatively painless debridement method16. It 
provides a mechanical debridement alternative when surgical 
debridement is not an option16,17. The therapeutic effects of 
LFUCD include cavitation for debridement and rapid lysis 
of fibrin on the wound surface, bactericidal activity and 
upregulation of cellular activity10,11,16–19. The application of 
LFUCD has shown great potential, with sufficient evidence to 
indicate a safe and effective method when used for wound 
bed preparation9,20–23.

The LFUCD device consists of a generator, a sonotrode 
(handpiece) and an irrigation set (Figure 1). The ultrasound 
is delivered through the oscillating sonotrode tip which 
creates micro-gas bubbles in the fluid (cavitation) and fluid 
motion (acoustic streaming). When the bubbles collapse, 
emulsification of dead and non-viable tissues occurs, biofilm 
is disrupted, and cell membranes in healthy tissues are 
stimulated24.

There are three different sonotrode types that can be used to 
debride the wound (Figure 2); each has specific capabilities 
in removing debris, fibrin depositions or slough based on the 
shape of the sonotrode tip edge and debridement technique 
used. The double ball tip is used for cavity wounds, the 
hoof is used for undulated flat surfaced wounds with sloped 
edges, and the spatula is used for large, flat surfaced 
wounds.

The type of techniques using the sonotrode are: undermining; 
slicing; sliding; sliding with rotation and milling; and a non-
contact option of moistening (Figure  3). The moistening 
technique (E) is a non-contact option for treating patients that 
have a highly sensitive wound to touch or testing sensitivity 
to the LFUCD; this is then titrated up to the other options 
or stays with moistening. The most aggressive techniques 
are slicing  (B) or sliding with rotation and milling  (E) as the 
sonotrode is used to contact the wound, and uses the 
technique and instrument to mechanically remove and lift 
unwanted tissue. Undermining  (A) occurs using the double 
ball sonotrode for cavities.

The type of sonotrode and technique used, the level of flow 
of solution, and the intensity of the ultrasound amplitude all 
depend on the wound size, shape and wound bed contours 
and patient tolerance/preference.

Study rationale

To date there are no studies that have explored whether 
there are differences in the efficacy for wound debridement 
between the sonotrode types or if they influence the pain 
perspective of the patient, nor how the sonotrodes are used 
(type of technique) in the clinical environment. The user can 
also influence how the treatment is completed by titrating the 
flow of the solution, but again no research has explored this 
aspect of LFUCD. These variables in practice were therefore 
the impetus to initiate this study as information regarding 
technique and sonotrode type and how it influenced efficacy 
and the patient experience was unknown or limited.

The aim of this study was to evaluate the effectiveness of 
LFUCD for debridement and to explore if using three different 
types of sonotrodes or different techniques influenced the 
wound debridement outcome or the patient’s experience of 
pain.

Methods
An observational case series study was conducted in an 
outpatient wound care clinic in a community health centre 
attached to an acute hospital in regional Australia between 
August 2018 and June 2019. The study used convenience 
sampling to recruit participants who were either currently 
being treated in the wound clinic or being admitted into the 
service.

Patients were eligible if they were aged 18 years or over and 
had a wound that required single or sequential debridement 

Figure 1. SONOCA 185 generator device (Söring) 
https://www.soering.de/en/products/soering-ultrasonic-
generators/sonoca-185/

Double ball Hoof Spatula

Figure 2. The three sonotrode types (tips)
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for wound bed preparation. Patients were excluded if healing 
was not anticipated or if they had a medical condition that 
could contraindicate ultrasound treatment or had uncontrolled 
medical condition (e.g., diabetes, hypertension). Patients 
were also excluded if they were pregnant or breastfeeding, 
had a malignant wound, or self-reported AIDS or HIV.

Ethical approval for the study was obtained from the 
relevant institutional ethics committee HREC14-2017 and all 
participants gave written informed consent.

A nurse practitioner (NP) wound management with 30 years’ 
experience and a clinical nurse consultant (CNC) wound 
management with 10 years in the field with 8 years’ experience 
in use of the LFUCD device, who both worked in same 
wound clinic, conducted the treatment procedures and data 
collection. For consistency, additional training was provided 
on the assessment of the wound bed to determine the type 
of wound tissue and percentage of necrotic, slough, fibrin, 
granulation or epithelial tissue. The minimum data set (MDS)/
case report form (CRF) was pre-trialled by the two healthcare 
professionals to determine agreement on identification of 
tissue types and percentages of wound tissue, ease of use, 
and if any further information should be included. Minor 
modifications were made at that time.

LFUCD sonotrode type, debridement technique and setting 
of device

In this study, the NP and CNC conducted the wound 
debridement using the SONOCA  185 generator device, 
(Söring GmbH, Germany). The selection of a specific 

sonotrode type and the technique used to debride followed 
the manufacturer’s recommendations25 and was based on 
initial clinical evaluation of the wound including wound depth, 
type of tissue and wound edges. The double ball tip was 
used for cavity wounds, the hoof was used for undulated 
flat surfaced wounds with sloped edges, and the spatula 
was used for large, flat surfaced wounds. The different 
techniques used were either undermining, slicing, sliding, 
sliding with rotation and milling, or moistening25.

Device settings such as ultrasound intensity (amplitude) 
and rate of saline flow (irrigation) were manually set. The 
practitioner selected the intensity in accordance with patients’ 
tolerance and acceptance and per clinical judgement. The 
baseline settings were intensity at 100% and flow greater 
than 40%.

Data was collected on the device setting which included the 
percentage of the intensity of the LFUCD and the irrigation 
flow of saline fluid, the type of sonotrode and debridement 
technique used, and the duration of debridement for each 
debridement session.

Wound characteristics

Participants’ wound characteristics were assessed before 
and after each wound debridement. Assessment of the 
wound characteristics included wound size measurements, 
wound bed tissue type, periwound appearance, exudate 
levels, presence of oedema and signs of infection.

To determine the overall estimated volume of the wound 
area, length (cm), width (cm) and depth (cm) were recorded 

Figure 3. The debridement techniques using the different sonotrode types

A: Undermining technique B: Slicing technique

C: Sliding technique D: Sliding with rotation and milling technique E: Moistening technique

Swanson et al Low frequency ultrasound contact debridement
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and used to calculate wound volume in cm3. The appearance 
of the wound bed was described indicating the percentage 
of different types of tissue observed such as necrotic tissue, 
slough, fibrin and granulation. Necrotic was described for 
the purposes of this study as black or brown tissue, slough 
was described as yellow or cream coloured soft tissue, 
fibrinous tissue was described as filmy yellow, white or grey 
substance found on the surface of a wound, granulation 
tissue was described as red (varying in depth of colour) 
tissue, and epithelial tissue was described as pink healed 
tissue. We required differentiation of the tissue types so that 
classification would be consistent26–32.

Patient pain

Pain intensity was measured throughout consultation using 
the validated numerical rating scale (NRS)33,34. This involved 
asking the patient to identify the level of wound-related pain 
where 0 represents no pain and 10 represents excruciating 
pain. Pain levels were assessed at three key points: before 
commencing debridement; during the procedure; and after 
debridement. Patients were encouraged to self-medicate 
with oral over-the-counter analgesia such as paracetamol 
prior to any appointment and, if instructed, they were 
to apply a topical anaesthetic gel before travelling to 
the clinic for the LFUCD. If topical anaesthetic gel was 
required, a prescription and written instructions to self-apply 
was provided. If not applied prior to treatment, a topical 
anaesthetic gel was applied prior to debridement unless the 
patient had loss of protective sensation or had a previous 
treatment that was pain free.

Digital images

Wounds were photographed before and after each 
debridement procedure. The standard procedure for digital 
image of the wound was conducted and recorded as per 
the existing standard of the wound clinic procedure. The 
digital images were used to demonstrate the visual wound 
assessment information and provide confirmation between 
the photo and the recorded wound characteristics data.

Statistical analysis

Microsoft Excel™ and SPSS Ver 21.0 (SPSS Inc, Chicago, 
Ill., USA) was used for subsequent data management and 
analysis.

To test for differences between two groups, the t-test 
was used. For all paired sets of observations for each 
patient (before debridement and after debridement) the 
pre-debridement measure was deducted from the post-
debridement measure to obtain an overall estimate of the 
magnitude of change in the wound. This new variable was 
then tested against zero. That is, the mean of this new 
measure was hypothesised to be zero, in that no change 
overall had occurred.

When assessing for differences between more than two 
groups, initially an ANOVA was conducted, followed up by 

a series of post hoc t-tests, with possible inherent family-
wise error adjusted for using the Bonferroni correction. For 
all hypotheses tests conducted, alpha was initially set to 
0.05. Where applicable, a one-tailed hypothesis test was 
conducted. Confidence interval estimates (95%) for the 
mean or the median were used.

Non-parametric statistical modelling analogues such as the 
Mann-Whitney U or Sign Rank test in lieu of the t-test, and 
the Kruskal-Wallis or Welsh’s test in lieu of the one-way 
ANOVA were used for those cases where relevant modelling 
assumptions could not be met.

Where able, ordinary least squares regression was used, with 
subsequent hypotheses tests to determine if contributions of 
independent variables were significantly non-zero.

Ten independent measures were hypothesised to be 
possible predictors of wound changes as a result of 
LFUCD. The measures were – presence of fibrin, granulation 
tissue, necrotic tissue or slough, reported pain, wound 
duration, wound dimensions (depth, length and width), and 
participants’ age.

Results
A total of 45 participants were recruited and consented to the 
treatment. The overall average age was 70.5 years (SD 12.1), 
the mean age for females was 69.9 years and for males was 
70.8 years (Table 1).

In total, 114 debridement procedure data sets were analysed, 
with results showing various wound types, of which 73% 
were conducted on males. Treated wounds included venous 
leg ulcerations, pressure injuries, mixed arterial venous 
arterial ulcers, diabetic foot ulcers and other wound types 
(e.g., traumatic surgical wounds with delayed healing).

Debridement and wound characteristics
Averages of the differences in wound characteristics before 
and after debridement are presented in Table 2. Wound 
dimensions did not change significantly when observing 
the specific singular measurements of the wound pre- and 
post-debridement. The difference between width, length and 
depth were not statistically different; however, the volume of 
the wound showed significant differences before and after 
debridement t(114)=2.92 p<0.01. The increase in volume is 
assumed to be associated with the removal of non-viable 
wound tissue.

Participant characteristics
Number of participants 45
Male 36 (80%)
Age, years (range) 70.5 (43–94)
Number of LFUCD procedures 114
Wound characteristics
Wound duration, months (range) 14.7 (1–109)
Initial wound length, cm (range) 4.07 (0.5–19.0)
Initial wound width, cm (range) 3.30 (0.5–27.0)
Initial wound depth, cm (range) 0.48 (0.0–2.50)

Table 1. Participant and wound characteristics

Swanson et al Low frequency ultrasound contact debridement
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The results show that LFUCD was effective in removing 
non-viable tissue and increasing healthy granulation tissue. 
Differences in presence of tissue type before and after 
debridement show on average that there was a decrease in 
slough by 28.8%, necrotic tissue by 2.5%, fibrin by 6.5% 
and in increase in granulation tissue by 36.9%. In those 
wounds not presenting with necrotic tissue and slough 
before treatment, 80% reduction in fibrin after debridement 
was observed.

A multi-regression model was used to determine if any 
combination of wound variables (wound dimensions, tissue 
types, age of participants, duration of wound) would predict 
changes in wound tissue types post-debridement. The model 
showed a 56.3% variation in the change in fibrin deposition 
that occurs from the wound debridement procedure can 
be determined by determining the three measures of pre-
debridement of necrotic, slough and granulation tissue. It 
was found that an increase in the presence of granulation, 
slough and necrotic tissue was likely to yield a decrease in 
fibrin after debridement. The overall change in the percentage 
of fibrin post-treatment appears to alter as a function of the 
presence of these three tissue types.

Debridement between sonotrode types, debridement 
technique and duration

Different types of sonotrodes were used for debriding 
different types of wounds, (spatula n=45; hoof n=47; double 
ball n=22). The double ball device was used for only 19% of 
treatments, whereas the spatula and hoof devices were used 

on 39% and 41% of participants respectively. Summaries of 
the various wound types and the different sonotrode types 
used are presented in Figure 4.

Differences in wound size (cm3) before and after debridement 
showed use of the spatula sonotrode type removed, on 
average, a significantly larger non-zero amount of unviable 
tissue, t(44)=1.961, p=0.028, compared to the hoof type 
of sonotrode (0.52cm3), and the double ball (0.31cm3). For 
all the three LFUCD sonotrode types used, 50% or less 
irrigation fluid was used, which did not alter debridement 
results.

The length and width of the wound showed significant 
differences between the type of sonotrode used, but there 
were no differences for depth. It appears that the double ball, 
the hoof, and the spatula debridement devices are used on 
wounds of increasing length respectively. Wound lengths, 
on average, were 1.5cm with the double ball, 3.1cm with 
the hoof and 4.2cm with the spatula (p=0.0096). Similarly, 
a significant difference was found between sonotrode types 
for use in width of wounds, p=0.000016. It appears that the 
double ball, the hoof, and the spatula debridement devices 
are used on wounds of increasing width (cm) respectively. 
Wound widths, on average, were 1.0cm (double ball), 2.0cm 
(hoof) and 3.0cm (spatula).

Overall, the duration of the debridement procedure was, on 
average, 5.28  minutes with a range from 1–17  minutes. In 
terms of duration of use between the three types, the mean 
length of time for the spatula was 6.22 minutes (SD 3.5), the 
hoof 5.19 minutes (SD 2.86) and the double ball 3.64 minutes 
(SD  2.06). The spatula was used for a significantly longer 
amount of time when compared to the double ball (Mann-
Whitney  U 234.5, p  value 0.0005). A point estimate of this 
possible (median) difference was approximately 3  minutes 
longer.

The mean duration of debridement procedure in the wounds 
of female participants was 4.48 minutes, and 5.63 minutes in 
male participants. It appears that neither wound duration nor 
size of a wound related to the length of time spent debriding 
it. In all debridement procedures, maximum ultrasound 
intensity of 100% was used. It was found that, for all three 

Figure 4. Sonotrode types used to debride different types of 
wounds

Wound characteristic Av. diff. SD p
Dimensions of wound
Length (cm) 0.01 0.43 >0.01
Width (cm) –0.06 0.47 >0.01
Depth (cm) 0.09 0.24 >0.01
Volume (cm3) 0.56 2.04 <0.01
Tissue types
Necrotic (%) 2.52 13.57 0.02
Slough (%) –28.82 37.24 <0.001
Granulation (%) 36.87 43.12 <0.001
Fibrin (%) 39.36 64 0.08
Wound type and volume
All 
(n=114) (cm3)

0.56 2.04 0.004

Diabetic foot ulcer 
(n=36) (cm3)

0.21 0.79 >0.01

Pressure injury 
(n=7) (cm3)

0.44 0.57 0.043

Venous leg ulcer 
(n=7) (cm3)

1.12 2.14 >0.01

Mixed venous-arterial ulcer 
(n=28) (cm3)

1.01 2.84 0.065

Other wound types 
(n=36) (cm3)

0.44 2.28 >0.01

Table 2. Summary of average differences in wound 
characteristics before and after debridement

Swanson et al Low frequency ultrasound contact debridement
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sonotrodes used, irrigation ‘flow’ (40% or above) did not alter 
the size of the wound post-debridement.

Patient pain

The effects on participants’ experience of debridement in 
terms of reporting pain levels demonstrated that LFUCD 
increased wound related pain during the procedure. Using 
the NRS, pain reported during the debridement procedure 
was significantly higher, on average, than the pain levels 
reported either before, or after the procedure (Figure 5). On 
average (median), pain levels reported during the procedure 
were two pain unit levels higher than was reported either 
before (Mann-Whitney U 3232, z 6.486, p<0.0001), or after 
(Mann-Whitney U 3846, z 5.084, p<0.0001) the debridement 
procedure. Further, no significant differences were evident 
between the pain levels reported before and after the 
debridement procedure. That is, participants completed 
the debridement procedure with pain levels that were, 
on average, the same as those pain levels that they 
reported prior to the procedure beginning. Overall, females 
reported significantly higher pain compared to males before 
(p=0.0156), during (p=0.0005) and after (p=0.002) treatment 
(Figure 6).

Pain levels reported during and after the procedure did not 
appear to be associated with a change in wound volume 
(cm3), wound tissue type, nor duration of time spent debriding 
the wound. The debridement procedure, although increasing 
the wound volume and thus removing a significant amount of 
non-viable tissue, did not significantly alter the participants’ 
perspective of their level of pain following the procedure. Pain 
experienced during and after the debridement procedure did 
not appear to be related to the sonotrode type used. Of the 
five debridement techniques used with the sonotrode (e.g., 
undermining, slicing, sliding, sliding with rotation and milling, 
and moistening), only the moistening technique showed 
significantly higher levels of pain during (p=0.010) and after 
the procedure (p=0.0311).

The length of time a participant had had a wound prior to this 
treatment had no meaningful relationship with the pain they 
experienced before, during or after treatment.

Discussion
The results of this study demonstrated decreased tissue 
of necrotic, slough and fibrin with LFUCD and was well 
tolerated regarding reported pain experience; this correlates 
well with previous studies8,20,22,35,36.

An explanation for the moistening technique to have reported 
higher levels of pain relates to why that technique is reserved 
for the more sensitive wounds or wounds that are in a high 
inflammatory state. The World Health Organization (WHO) 
pain ladder suggests that mild pain is reported at 1–3, 
moderate at 4–5 and severe at 6–10; other authors have 
also discussed the merits of NRS and its subjectivity37,38. Our 
normal pain assessment used the NRS as way to titrate the 
treatment to their immediate needs, and information on full 
disclosure was encouraged39.

Stanisic et al11 observed that 25Kz low frequency ultrasound 
rapidly and selectively solubilised fibrin selectively without 
harming granulation tissue, and our findings of 80% reduction 
of fibrin at the wound base is consistent in that observation.

In Stanisic’s study they also hypothesised that technique 
of slow back and forth movement (which is similar to the 
technique of sliding in this study) would allow for greater 
penetration of ultrasound energy. It also prevented an 
increase in thermal energy and the additional mechanical 
action along with the cavitation and acoustic streaming 
that makes it such an effective debridement modality, 
although our study did not find any difference in the type of 
technique implemented, yet the type of sonotrode did. Our 
study found that the spatula was used longer and removed 
more unwanted tissue. Given that the spatula sonotrode 
is recommended by the manufacturer for larger and flatter 

Figure 6. Mean of the pain scores reported before, during and 
after debridement between gender using the NRS. Error bars 
represent a 95% confidence interval estimates for the mean.

Figure 5. Mean of the pain scores reported before, during and 
after the debridement procedure using the NRS. Error bars 
represent a 95% confidence interval estimates for the mean.

Swanson et al Low frequency ultrasound contact debridement
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surfaces, this would be expected.

In this current study, having the choices in sonotrode types 
and debridement technique allowed the clinicians to best 
adapt the LFUCD sonotrode and technique to the wound 
contours, thereby effectively removing visible unhealthy 
tissue within a relatively short period of time, on average 
5.3 minutes. Although the manufacturer provide guidelines, 
optimal settings, especially for LFUCD, have not been 
determined and, as such, there are inconsistencies in the 
literature which require further research40.

The best practice for hard to heal wounds includes: disruption 
of microbes through therapeutic cleansing using surfactant 
cleansers; mechanical or sharp debridement of the wound 
and wound edges, followed by the use of antimicrobials 
dressings to delay reformation of biofilm and slough; as well 
as appropriate moisture management and host management 
therapies8,41,42.

Results of our study confirm visible and immediate changes 
of the wound appearance as a result of LFUCD debridement. 
The effectiveness of LFUCD was measured as overall change 
in tissue post-treatment. Figure 7 is one example of a before 
and after treatment with LFUCD.

Wounds that are debrided regularly have a wound base 
properly prepared, thus maximising the effect of any 
adjunctive wound care modality such as modern wound 
dressings and/or use of skin grafts for definitive wound 
closure8,9,16. Results of our study suggest LFUCD can assist 
in preparing the wound bed for adjunctive wound care. 
These results strongly suggest that debridement with the 
LFUCD is assisted in removing non-viable tissue/unhealthy 
tissue and wound debris, while protecting healthy wound 
bed components such as granulation tissue which are 
required for wounds to progress towards healing.

Local anaesthetics were used to control participants’ pain 
during LFUCD; however, despite 100% ultrasound intensity 
being used for all LFUCD procedures, the participants 
reported an increase in pain levels during the procedure. 
This is consistent with other findings that indicated topical 
analgesia is required for almost all wounds being treated with 
LFUCD20,43. The specific aetiological basis underlying gender 
differences in pain is unknown; however, gender differences 
have been shown in pain perception, experiences and 
behaviour in people with chronic lower limb wounds44. Some 
studies have found that women report pain more frequently 

and experience painful stimuli more intensely than men; this 
has been explained as gender roles, whereby the expression 
of pain is more acceptable in women, which may imply 
that severe pain is under-reported in men45. Furthermore, 
psychosocial processes such as pain coping and early-life 
exposure to stress may also explain sex differences46.

Limitations

Several methodological shortcomings are noted in this 
observational case series. This study is a case series with 
a small sample size and did not involve a control group that 
received manual debridement of the wound. Wound volume 
was calculated by length x width x depth; this does not 
accurately reflect total volume when there is a variable depth, 
undermining or sinuses. A more formally validated wound 
assessment tool such as the Wollina Wound Score47,48 would 
have reduced subjectivity and potential bias49. However, 
as the intent was not to change but to evaluate practice 
efficacy with LFUCD, the standardised wound assessment 
tool and practices established as standard of care of this 
facility were continued. Efforts were made in the protocol and 
practical application of the MDS for consistency between the 
two wound specialists in determination of tissue type and 
percentages but some variation in inter-rater reliability or bias 
could have occurred.

The study was conducted on a sample of convenience of 
participants with wounds deemed appropriate for LFUCD 
and not wound aetiology, size or duration. Selection bias may 
have been influenced by participants wanting to undertake 
LFUCD to please the clinicians or to try a new form of 
therapy.

Conclusions
This study contributes to the growing body of literature on low 
frequency ultrasonic debridement for hard to heal wounds. It 
is one of the first studies to investigate the effectiveness of 
wound debridement using LFUCD using different sonotrode 
types and debridement techniques, and determining whether 
irrigation flow and ultrasonic intensity influenced the wound 
bed preparation.

The use of LFUCD demonstrated a decrease in non-viable 
and fibrinous tissue whilst increasing granulation within 
5  minutes of treatment. Debridement techniques, the type 
of sonotrode used, irrigation flow and intensity do not 
significantly impact on the efficacy of debridement in this 
case series. Participants’ pain experience did increase during 
the debridement procedure but resumed to pre-treatment 
levels after treatment ceased, and pain levels were managed 
well with simple analgesics and topical anaesthetics.

This study suggests that LFUCD provides debridement for 
the management of wounds by reducing the amount of 
visible slough and fibrin while increasing post-treatment of 
visible granulation. Further longitudinal studies are needed to 
confirm the findings of this study and demonstrate the use of 
LFUCD as an adjunctive modality for improved wound bed 
preparation and wound healing.

Figure 7. Venous leg ulcer right lateral ankle before and after 
using LFUCD with a spatula sonotrode
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Due to a lack of consistency in the literature or guidelines 
outside of the manufacturer’s recommendations regarding 
ideal settings for LFUCD, additional clinical research is 
needed to inform the clinician and provide best outcomes.
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