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Purpose: To compare clinical outcomes in patients with pressure ulcers (PUs) who were treated 

with enzymatic debridement using clostridial collagenase ointment (CCO) with those treated 

with autolytic debridement using a hydrogel dressing.

Patients and methods: This prospective, randomized, blinded, single-site trial directly com-

pared the use of CCO and hydrogel dressings for treatment of PUs in patients in a long-term 

care facility. Changes in wound bed scores (WBS), tissue granulation, wound surface area, and 

epithelialization were assessed weekly during the 6-week treatment. Effects of treatment time, 

treatment method, and the combination of treatment time and method on continuous outcomes 

were analyzed by linear regression; the effects of covariates on epithelialization were analyzed 

by logistic regression.

Results: Overall, 27 patients completed the study; 13 patients were treated with CCO and 

14 with hydrogel. Baseline demographic and clinical characteristics were similar between the 

treatment groups. Patients treated with CCO had a granulation rate approximately twice that 

of those receiving hydrogel and showed a significantly higher rate of granulation tissue for-

mation at week 6. Treatment duration and the combination of treatment duration and method 

were significant predictors of granulation tissue formation. WBS improvements from baseline 

to week 6 were greater in patients who received CCO than in those treated with hydrogel 

(+4.6 units versus +2.6 units, respectively). Treatment duration and the combination of treatment 

duration and method were predictors of WBS improvement. Patients treated with CCO showed 

significant reductions in wound surface area from baseline (10.3 cm2) to week 6 (2.1 cm2). At 

week 6, epithelialization was numerically higher in patients treated with CCO than in patients 

treated with hydrogel.

Conclusion: Long-term care facility patients with PUs who received enzymatic debridement 

with CCO had greater improvements in granulation tissue formation, WBS, wound surface area, 

and wound closure than did those treated with hydrogel.

Keywords: debridement, wound surface area, wound bed score, epithelialization, hydrogel 

dressing, collagenase ointment

Introduction
Pressure ulcer (PU) treatment poses substantial economic and clinical challenges 

to health care systems. In the US, PU prevalence in long-term care facilities ranges 

from 2.2% to 23.9%,1 and expenditures for treating PUs have been estimated at 

$11 billion per year.2,3 Clinically, the development of PUs can interfere with functional 

recovery, may be complicated by pain and infection, and can contribute to excesses 

in hospital length of stay.4 PUs are markers of poor overall health and may contribute 

to premature mortality in some patients.5,6
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An essential component of treating chronic wounds such 

as PUs is wound bed preparation (WBP).7 WBP consists of 

controlling exudate and edema, removing necrotic tissue, 

decreasing the bacterial burden, and promoting healthy 

granulation tissue.8–10 Debridement, a key step of WBP, in 

which barriers to healing are cleared from the wound,11 may 

be performed using autolytic, biologic, enzymatic, surgical, 

and mechanical techniques.12 The recommended debridement 

approach depends on wound type, likelihood of infection, 

patient characteristics, treatment time, available medical 

expertise, and care setting resources.13,14

Within long-term care facilities, autolytic and enzymatic 

debridement methods have long been accepted as effective 

strategies for wound management, because both methods 

are considered safe, practical, and simple.15 Compared with 

mechanical debridement alone using wet-to-dry dressings 

and high-pressure irrigation or pulsed lavage and hydro-

therapy, enzymatic and autolytic debridement methods are 

more efficacious,16–18 less painful for the patient,19 and more 

cost-effective.20 Mechanical debridement using only wet-

to-dry dressings and/or hydrotherapy may be justified in the 

early stages of acute wound treatment; however, it can be 

detrimental to friable granulation tissue.7,21 Biologic (larval) 

debridement has been known to accelerate the wound healing 

process, assist with wound odor, and substantially decrease 

bacterial count;22–25 however, resistance of use from both US 

health care providers and patients has been reported.26 Both 

enzymatic and autolytic methods have an advantage over 

sharp debridement because they do not require a licensed 

provider (eg, physician, surgeon, nurse practitioner) whose 

education, training, and scope of practice require their physi-

cal presence to accomplish the task. This may reduce treat-

ment initiation times and potentially reduce cost.19,27,28

Autolytic debridement using a hydrogel that is composed 

of hydrophilic polymers in a dimensional matrix can be accom-

plished by placing an occlusive dressing on a wound.11 This 

generates a moist wound environment that facilitates liquefac-

tion of necrotic tissue, which can then be removed by washing 

the wound and changing the dressing.12,17,29 Benefits of autolytic 

debridement include ease of use, little/no pain, and no damage 

to healthy tissue.30 However, excessive use or use in a highly 

exudative wound may lead to maceration of the periwound 

skin, which may impede the wound healing process.30

Enzymatic debridement is an active and selective 

method of wound debridement that uses naturally occurring 

proteolytic enzymes for eliminating barriers to the healing 

process.31 Enzymatic debridement with clostridial collagenase 

ointment (CCO) (derived from Clostridium histolyticum) has 

been shown to be sparing to collagen in healthy tissue and 

newly formed granulation tissue.32 CCO has been used for 

the removal of necrotic tissue from chronic cutaneous wounds 

and burns; however, CCO activity may be adversely impacted 

when used with products that contain heavy metals such 

as silver.12 Clinical advantages of enzymatic debridement 

with CCO that contribute to granulation tissue formation 

and subsequent epithelialization include selective removal 

of necrotic debris, painless application, minimal blood loss, 

and enhanced tissue proliferation. Patients may experience 

temporary redness, especially if CCO comes into contact 

with skin around the wound.12

Effective debridement has been associated with more 

rapid and an increased probability of wound healing.15,33 

However, few studies have compared the effectiveness of 

enzymatic with autolytic debridement based upon wound 

healing parameters in the long-term care setting. To address 

this need, this study compares outcomes of PUs treated in 

a long-term care setting with enzymatic debridement using 

CCO with outcomes of PUs treated with autolytic debride-

ment using a hydrogel. Relative changes in granulation tissue 

formation, wound surface area, wound bed scores (WBS), 

and epithelialization were assessed.

Patients and Methods
This US-based, prospective, randomized clinical trial was 

conducted in a single long-term care facility. The study con-

sisted of a 6-week initial phase followed by a 6-week extension 

phase. Due to a loss to follow-up in Phase II, only results of 

Phase I (ie, the initial phase) are reported here. The results 

from the Phase II study can be found elsewhere in the litera-

ture.33 Inclusion and exclusion criteria are presented in Table 1. 

Mean time between discovery of the PU and enrolment into 

the study ranged from 3.0 to 3.7 weeks. There was no statisti-

cal difference between the two groups. Wounds were staged 

based upon recommended guidelines from the National Pres-

sure Ulcer Advisory Panel and the European Pressure Ulcer 

Advisory Panel.34 The local Institutional Review Boards of the 

long-term care facilities from which patients were recruited 

approved the study protocol. Written informed consent was 

provided by each patient or legal representative. Randomiza-

tion occurred using a random number generator after informed 

consent was obtained, to reduce selection bias.

Study design details have been reported previously.15,33 

Briefly, patients were randomly assigned to receive daily 

dressing changes with either CCO (Santyl® Ointment, Smith 

and Nephew Inc. [formerly Healthpoint Biotherapeutics], Fort 

Worth, TX, USA) or a hydrogel (SoloSite™ Gel, Smith and 
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Nephew Inc., St Petersburg, FL, USA) covered with a standard 

semiocclusive dressing. To replicate common clinical practice 

in long-term care facilities, the recommended procedure for 

CCO application (cross-hatching),35 which consists of scoring 

of nonviable tissue using a No 10 blade to expose more surface 

area for treatment exposure, was not performed in either treat-

ment arm. Since serial sharp debridement and cross-hatching 

were not performed, blood loss in the two treatment arms was 

not assessed. Application of each treatment was performed 

by the same nurses (two for each shift) in the facility, who 

were trained by the investigator to do daily applications. The 

investigator performed the treatment weekly while performing 

patient and wound assessments. Following the application of 

the treatment agents, the wound was filled to the depth equal 

to that of the surrounding wound tissue with gauze dampened 

with normal saline so there was no excess moisture. This area 

was then covered with a semiocclusive dressing (COVRSITE®, 

Smith and Nephew, Largo, FL, USA). The nursing staff per-

formed dressing changes daily unless the dressing integrity was 

lost and more frequent dressing changes were necessary. Soil-

ing with fecal or urinary incontinence or inadvertent removal 

of the dressing as to expose the wound was defined as loss of 

dressing integrity. Dressing changes consisted of normal saline 

irrigation followed by application of the assigned treatment 

agent (nickel thick) to the entire wound bed. The wound was 

then covered with a semiocclusive dressing.

During initial assessment and prior to the application 

of treatment, wounds were irrigated with normal saline 

using a device that delivered 4–15 pound-force per square 

inch (IrriMax®, IrriMax Corporation, Weston, FL, USA), 

and wound photographs were taken at baseline and weekly 

thereafter. In addition, wounds could not have been previously 

treated with either hydrogel or collagenase. Weekly subject 

evaluations, conducted by the same investigator, included 

subject assessment, wound assessment (including risk of 

infection), and wound photographs. The protocol was not 

modified between weekly assessments (ie, no adjustments 

were made to the treatment regimen between assessments). 

Clinical outcomes of interest included changes in wound 

surface area, WBS, granulation tissue formation, and 

epithelialization. Wound images were assessed by two blinded 

primary study investigators using calibrated, noninvasive 

wound measurement planimetry software (PictZar®, Biovisual 

Technologies, Elmwood Park, NJ, USA). Digital planimetry 

results in more accurate wound measurements compared with 

standard manual measurements (length × width), which may 

overestimate wound area by as much as 40%.36 The inves-

tigators followed the manufacturer’s recommendations for 

obtaining planimetry.37 Each wound photograph was scored 

using the Pressure Ulcer Scale for Healing (PUSH) tool 

(Version 3.04) and the WBS assessment. Both of these tools 

have been tested for clinical validity and reliability to track 

wound healing status over time. PUSH scores range from 

0 to 17, with lower scores signifying wound improvement.38 

The WBS has a range of 0–16, with higher scores indicating 

improvement.39

Differences in demographic and clinical characteristics 

at baseline were analyzed with one-way analysis of variance 

for continuous covariates and chi-square analysis for dichoto-

mous variables of interest. Effects of time, treatment, and an 

interaction of time and treatment on continuous outcomes 

were assessed with linear regression analyses. A goodness of 

fit test was performed to validate that outcomes were linear.40 

The effects of covariates on epithelialization were analyzed 

using logistic regression. Treatment effect was calculated 

using Cohen’s d statistic for WBS, wound surface area, and 

granulation tissue formation.

Results
During the 1-year enrolment period, 42 patients were 

approached to participate in the trial and 27 subjects 

Table 1 inclusion and exclusion criteria

Inclusion criteria
age .18 years
Presence of $85% necrotic tissue on a pressure ulcer between 1 cm2 
and 64 cm2

no current use of parenteral or oral antibiotics, except urinary tract 
suppressive therapy
hemoglobin a1c ,7.9%
Currently receiving adequate pressure redistribution to the affected 
area via devices such as a group 2 or group 3 specialty bed and a static 
air wheelchair cushion (if out of bed) and/or an offloading device if the 
pressure ulcer was located on the lower extremity
study pressure ulcer naïve to hydrogel or collagenase dressing
no allergies to hydrogel or collagenase
no allergies to semiocclusive secondary dressing
Compliance with nutritional interventions per registered dietician
Written informed consent
Exclusion criteria
steroid use .5 mg daily
Inability to cooperate with offloading recommendations
ankle brachial index ,0.85 if study pressure ulcer on a lower extremity
Presence of callus requiring sharp or surgical debridement within 3 days 
prior to treatment
Pregnancy
Medical instability as deemed by the investigator
Participation in another clinical trial or wound dressing evaluation  
30 days prior to enrolment

Note: Reproduced with permission from Milne CT, Ciccarelli aO, lassy M. 
a comparison of collagenase to hydrogel dressings in wound debridement. Wounds. 
2010;22(11):270–274.15
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consented to participate. Of 27 enrolled patients, 13 patients 

were randomized to receive CCO and 14 randomized to 

hydrogel. Phase I completion, defined as 6 weeks of treatment 

for full debridement (whichever came first), was attained by 

all enrolled patients.

Baseline demographic and disease characteristics were 

similar and not statistically different between treatment groups 

(Table 2). The average wound surface area was 10.0 cm2. 

The majority of wounds in the CCO group were stage 4 

PUs (69%), while the majority of wounds in the hydrogel 

group were stage 3 PUs (64%). However, differences across 

these two groups were not statistically significant (P=0.082). 

Overall, 44.4% of the study wounds were caused by devices 

such as splints, braces, ill-fitting wheelchair arm rests, or 

prostheses. The devices were removed upon discovery of the 

PU. The majority of wounds (in both groups) were located 

on the coccyx (30.8% in the CCO group and 21.4% in the 

hydrogel group, respectively) and the left leg (15.4% for 

patients treated with CCO and 14.3% in the hydrogel cohort, 

respectively). Difference in wound location across both treat-

ment groups was not statistically different (P=0.516).

Changes in granulation tissue formation throughout 

the study are shown (Figure 1). Prior to initial application 

(ie, baseline), wounds in the hydrogel treatment group had a 

Table 2 Demographics and baseline clinical characteristics by treatment group

All patients 
N=27

CCO 
N=13

Hydrogel 
N=14

P-valuea

Demographic characteristics
Female, % 55.6 61.5 50.0 0.547
age, years
 Mean (sD) [range] 79.5 (13.5) [44–94] 80.2 (14.5) [44–94] 78.8 (12.9) [54–94] 0.787
Clinical characteristics
Pressure ulcer stage, % 0.082
 3 48.2 30.8 64.3
 4 51.8 69.2 35.7
Wound location, % 0.516
 Coccyx 25.9 30.8 21.4
 sacrum 7.4 7.7 7.1
 scapula 3.7 0.0 7.1
 scalp 3.7 7.7 0.0
 left leg 14.8 15.4 14.3
 left knee 7.4 15.4 0.0
 left arm 3.7 0.0 7.1
 left chest 3.7 0.0 7.1
 left hip 3.7 0.0 7.1
 Right leg 3.7 0.0 7.1
 Right knee 3.7 0.0 7.1
 Right hip 3.7 7.7 0.0
 Right elbow 3.7 7.7 0.0
 Right heel 3.7 0.0 7.1
 Right posterior thigh 3.7 0.0 7.1
 RlQ abdomen 3.7 7.7 0.0
 Device-related ulcers, % 44.4 38.5 50.0 0.547
 age of wound, weeks
  Mean (sD) [range] 3.4 (2.7) [1–12] 3.7 (3.4) [1–12] 3.0 (1.9) [1–7] 0.471
 Prealbumin level
  Mean (sD) [range] 16.7 (1.1) [16–20] 16.8 (1.3) [16–20] 16.6 (0.8) [16–18] 0.629
 Wound surface area, cm2

  Mean (sD) [range] 10.0 (16.4) [2–57] 12.3 (19.3) [2–57] 7.9 (13.5) [2–54] 0.499
 PUsh score
  Mean (sD) [range] 11.4 (2.5) [8–16] 11.2 (2.6) [8–15] 11.7 (2.4) [9–16] 0.566
 WBs
  Mean (sD) [range] 9.4 (1.8) [4–13] 8.9 (1.7) [7–13] 9.8 (1.9) [4–12] 0.226
 Viable wound bed, %
  Mean (sD) [range] 9.6 (7.7) [0–30] 8.8 (8.6) [0–30] 10.3 (7.1) [0–20] 0.626

Note: aDifferences in characteristics between treatment groups were analyzed with one-way analysis of variance for continuous covariates and chi-square analysis for 
dichotomous variables.
Abbreviations: CCO, clostridial collagenase ointment; sD, standard deviation; RlQ, right lower quadrant; PUsh, Pressure Ulcer scale for healing; WBs, wound bed score.
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greater, but not statistically higher, percentage of granulation 

tissue than those in the CCO treatment group (18% versus 

7% of wound bed tissue, respectively). Beginning at week 2, 

the percentage of healthy granulation tissue in the wounds 

treated with CCO was comparable with that of the hydro-

gel group. After 6 weeks, wounds treated with CCO had a 

significantly greater percentage of granulation tissue than 

those treated with hydrogel (P=0.003) Patients receiving 

CCO demonstrated an average 2% gain in granulation tis-

sue per day, compared with 1% per day for patients receiv-

ing hydrogel. Significant predictors of healthy granulation 

tissue formation were healing time and the interaction of 

healing time and treatment method (P,0.0001 and P=0.002, 

respectively). The effect size was 0.8, which was indicative 

of a large clinical benefit (treatment with CCO was associ-

ated with 0.8 of one standard deviation increase in healthy 

granulation tissue).

Prior to initial application, the mean WBS of wounds in 

the hydrogel treatment group (10.7) was better than that of the 

CCO treatment group (9.2; Figure 2); however, this difference 

was not statistically different (P=0.226). By week 3, however, 

wounds treated with CCO had better mean WBS values than 

those treated with hydrogel (Figure 2). After 6 weeks of treat-

ment, patients treated with CCO improved by 4.6 WBS units 

compared with 2.6 units in the hydrogel group. Results from 

the linear regression model indicated that the WBS values 

of wounds treated with CCO improved more rapidly than 

those treated with hydrogel. Time and the interaction between 

treatment and time were significant predictors of WBS gains 

(P,0.0001 and P=0.001, respectively). Effect size comparing 

the two treatment groups was 0.7, demonstrating that CCO 

treatment has a strong effect on WBS.

Baseline wound surface area was larger, but not sig-

nificantly higher (P=0.499), in the CCO group than in 

the hydrogel group (10.3 cm2 and 6.5 cm2, respectively; 

Figure 3). After 6 weeks of hydrogel treatment, there was a 

trend toward reduced wound size (from 6.5 cm2 at baseline 

to 3.0 cm2 at week 6), although this reduction was not sta-

tistically significant. In contrast, wounds treated with CCO 

were significantly smaller after treatment (from 10.3 cm2 

at baseline to 2.1 cm2 at week 6; P=0.009). Linear regres-

sion analysis showed no significant predictors of wound 

surface area reduction. Given that the change in wound 

surface area from baseline to week 6 for the hydrogel group 

was not significant, effect size was only examined within 

the CCO group. From baseline to follow-up, the effect size 

for CCO was 0.6, which indicates a moderate impact of 

change in wound surface area.

Closure rates, as measured by percentage of epithelialized 

cells in the wound, were numerically higher in wounds treated 

with CCO (31%) than in those treated with hydrogel (14%), 

although this difference was not statistically significant 

(Figure 4). Wound closure began earlier in wounds treated 

with hydrogel than in those treated with CCO.
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Discussion
PU treatment remains a major therapeutic challenge. There is a 

pressing need for clinically effective treatments that reduce the 

burden of care and increase patient quality of life. To promote 

healing, a healthy ulcer environment must be created by remov-

ing barriers to healing and maintaining an appropriate moisture 

balance. This blinded, randomized, controlled trial compared 

two methods of wound debridement: enzymatic debridement 

with CCO and autolytic debridement with a hydrogel. In this 

study, wounds treated with CCO had significantly faster rates 

of healthy granulation tissue formation, greater WBS gains, 

and more rapid improvements in wound surface area.

Debridement of chronic wounds aims to clear away 

impediments to healing rapidly and effectively.11 The choice 

of debridement methods depends on the clinician and the 

care setting. Suitable methods might include serial sharp 

debridement or alternative methods such as enzymatic or 

autolytic debridement.

Autolytic debridement using a hydrogel facilitates liq-

uefaction of nonviable tissues; it is frequently used after 

surgical removal of necrotic tissue to provide moisture to the 

wound bed. General comparisons between this class of topi-

cal wound treatment and other, nonhydrogel treatments are 

difficult due to the large variety of hydrophilic components 

and water content of hydrogels. Overall, hydrogels have 

demonstrated superiority to moist saline gauze dressings,41 

replacing wet-to-dry dressings as the active comparator.41–44 

Evidence-based practice has supported this method to achieve 

initial debridement in certain clinical situations.45 Studies 

with multiple hydrogels have found that no particular hydro-

gel offered clinical benefit over another.44,46

In a long-term care facility, enzymatic debridement using 

CCO is an efficient alternative treatment approach for the 

treatment of PUs. Several studies have demonstrated that 

enzymatic debridement using CCO is both clinically effective 

and well tolerated.10,15,33,47–50 Using a decision analytic module, 

Mosher et al17 compared enzymatic debridement using CCO 

with autolytic debridement using a hydrogel. The probability 

of achieving complete debridement of nonviable tissue in new 

full-thickness PUs within 2 weeks was 70% for CCO versus 

50% with hydrogel.17 In an extension study, the outcomes of 

these patients were assessed 3 months later; wounds treated 

with CCO had significantly higher closure rates than those 

treated with hydrogel.33 These results are consistent with the 

current findings. Notably, statistically significant improve-

ment in WBS was achieved, although the wounds were not 

cross-hatched, which strengthens the applicability of these 

techniques to long-term care settings.

Per the inclusion/exclusion criteria of this study, patients 

had to have an ulcer size between 1 cm2 and 64 cm2 and 

receive adequate pressure redistribution to the affected area via 

devices such as a specialty bed, a wheelchair cushion, and/or 

an offloading device. The overall device-related PUs in this 

study was approximately 44.4%. This was the first study to 

report device-related PUs in a long-term care setting. While 

this number is slightly higher relative to the overall PU popu-

lation, acute care-related studies have reported device-related 

PU prevalence rates up to 34%.51,52 They are often linked with 

endotracheal tubes, tracheostomy tubes, and oxygen masks/

delivery systems.53–55 Furthermore, continence management 

devices such as urinary catheters and fecal containment devices 

are often implicated.51,53,54,56,57 It has been suggested that the 

prevalence of these ulcers may be underestimated because 

systematic evaluation for device-related PU recurrence is not 

part of a routine skin assessment.58 While PUs cause pain and 

suffering, impair quality of life, are expensive to treat, and 

require lengthy healing time, limited attention has been given 

to device-related PUs. Further work is needed to compare 

differences in long-term care and acute care populations to 

document the extent of the problem of device-related PUs, 

determine population differences (if any), and evaluate the 

most effective treatment options specific to each setting.

In support of previous findings, WBS outcomes reported 

here support the ability of the WBS to predict complete 

wound closure.39 Higher scores of the WBS favor wound 

closure in PUs. Such quantitative measurement tools can 

provide reliable objectivity to the clinician in guiding treat-

ment decisions until more advanced diagnostic testing, such 

as biological markers that correlate with wound health, is 

developed and becomes available.

Certain limitations should be considered when inter-

preting these results. First, results cannot be generalized to 
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wounds of other etiologies (ie, diabetic foot ulcers, venous 

leg ulcers, or other chronic wounds). They also cannot be 

extended to patients in other age groups or those treated in 

other care settings (ie, ambulatory, outpatient, or inpatient). 

In addition, results cannot be generalized to other autolytic 

dressings. Device-related PUs were not analyzed separately; 

however, given the low number of enrolled patients, analyz-

ing these wounds separately would have resulted in a loss of 

statistical power. Pain was not assessed, due to the difficulty 

of obtaining reliable responses for cognitively impaired 

patients in a long-term care environment. Furthermore, 

comorbidity information was collected; however, given 

that the populations were similar across most conditions, 

statistical analyses were not performed. This study is limited 

by the low number of enrolled patients, although the statisti-

cal differences between the two debridement groups suggest 

that higher enrollment numbers may not produce markedly 

different results. Future studies that compare differences in 

granulation tissue formation, wound surface area reduction, 

WBS scores, and epithelialization rates across PUs and 

device-related PUs in long-term care settings are warranted. 

Health care providers should identify differences (if any) 

across these two types of PUs and identify proper treatment 

algorithms for each to achieve the most effective method of 

wound bed healing.

Optimizing PU treatment is a continuing challenge 

for long-term care providers. In the current 6-week study, 

wounds treated with enzymatic debridement using CCO had 

more rapid granulation tissue formation, WBS improvement, 

wound size reduction, and improved closure rates than 

wounds treated with autolytic debridement using a hydrogel. 

Health care providers should consider enzymatic debride-

ment along with a validated predictive wound healing tool 

to potentially improve clinical outcomes in patients with PUs 

in a long-term care setting.
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