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Aims and objectives: We investigated the effectiveness and safety of an advanced pressure 

ulcer (PU) management protocol comprising 1) ultrasonography to assess the deep tissue, 2) use 

of a non-contact thermometer to detect critical colonization, 3) conservative sharp debridement, 

4) dressing selection, 5) negative pressure wound therapy, and 6) vibration therapy in comparison 

with those of a conventional approach. Each protocol was followed by trained wound, ostomy, 

and continence nurses (WOCNs).

Background: At present, there is no systematic PU management protocol for nurses that includes 

appropriate assessment and intervention techniques for deep tissue injury and critical colonization. 

In Japan, there is no such protocol that the nurses can follow without a physician’s orders.

Design and methods: This was a prospective non-randomized controlled trial. Over a 3-week 

period, we evaluated the effectiveness of an advanced protocol by comparing the PU severity and 

healing on the basis of the DESIGN-R scale and presence of patients’ discomfort. We recruited 

ten WOCNs to follow the advanced protocol and 19 others as controls. Statistical analysis 

included a linear mixed-effects model and a logistic regression model.

Results: In week 0–1, the advanced protocol was significantly associated with prevention of 

PU deterioration. Using the linear mixed-effects model, we observed a greater decrease in the 

DESIGN-R score (healing) in the advanced protocol group. There were no reports of excessive 

bleeding, pain or infection with the advanced protocol.

Conclusion: Using the advanced protocol, WOCNs detected PU severity, assessed PUs, 

and treated PUs safely. This protocol prevented PU deterioration and/or facilitated wound 

healing.

Relevance to clinical practice: With proper training, WOCNs can assess and treat PUs safer 

and quicker than when a physician’s assessment is required, leading to an improvement in wound 

healing and prevention of PU deterioration.

Keywords: pressure ulcers, WOCN, interventions, protocols, deep tissue injury

Introduction
Pressure ulcers (PUs), also commonly called bedsores, are caused by pressure or by 

pressure in combination with shear.1 Once a PU becomes severe, it is likely to progress 

to a chronic, non-healing PU. Although there are several staging systems, such as those 

by Shea,2 the National Pressure Ulcer Advisory Panel,3 and the Japanese Society of 

Pressure Ulcers,4 the depth of PUs and damage to deep tissue are only classified by 

visual inspection. In general, severe PUs are defined as those causing full-thickness 

skin loss and categorized as stage III, IV (Table 1).
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Takeda et al5 reported that 39.6% of PUs in Japan are 

described as severe, which is considerably higher than the rate 

of 14% reported in the United States.6 Thus, the high preva-

lence of severe PUs is an important issue requiring attention. 

Some factors implicated in PU deterioration include general 

health of the patient, inappropriate pressure redistribution, 

and insufficient skin care techniques.7–9 Wound, ostomy, 

and continence nurses (WOCNs) are experts in the care of 

patients with PUs. They have specialized knowledge and 

expertise in reducing the prevalence and severity of PUs 

through methodologies such as pressure redistribution, skin 

care, wound care, and improved nutrition. Therefore, PU 

deterioration can be prevented by specialist nursing care in 

a timely manner.

However, at present, pathological examinations focus 

on deep tissue injury (DTI) caused by PU deterioration. 

The muscle is considered to be more susceptible to tissue 

damage from mechanical loading and oxygen deprivation10 

than the dermis. Consequently, injury can be induced in 

the deep tissue and progress outward (bottom-up theory);11 

this type of pressure-related injury to the deep tissue under 

the intact skin is defined as DTI.3 In general, these types 

of PUs are difficult to detect by visual inspection of the 

skin. On the other hand, critical colonization, which occurs 

when the bacterial burden in the wound bed increases in 

association with a host immune response, is a relatively 

new concept.12 Critical colonization may be associated with 

PU deterioration. There is increasing recognition of the 

concept of critical colonization, where wound healing may 

be delayed in the absence of the typical clinical features of 

infection. Therefore, the effectiveness of PU interventions 

is enhanced when DTI or critical colonization is detected 

and addressed early.

Background
Diagnosis of DTI includes observation as a primary com-

ponent according to the National Pressure Ulcer Advisory 

Panel PU staging guidelines. The Japanese PU guidelines13 

recommend diagnosing DTI by palpation for induration 

or bogginess, determining changes in skin temperature,3 

and ultrasonography (US) of the deep tissue.14 US offers 

several advantages, such as no risk of radiation exposure 

and less pain; thus, it can be easily repeated in follow-up 

observations and can be performed in real-time at the 

bedside. A previous cohort study reported that the use of 

high-frequency US can help visualize the deep tissue to 

assess the degree of damage.15 Aoi et  al reported the US 

characteristics that could predict deterioration.15

Thermography has been tested to detect latent inflam-

mation in PUs, including those with critical colonization.16 

Nakagami et al reported that PUs were classified into two 

groups depending on whether the wound site temperature 

was lower or higher than the peri-wound skin temperature; 

a higher wound site temperature may imply the presence of 

critical colonization.16 However, international studies on the 

mechanisms and effects of critical colonization are only in 

the early stages, and no interventional studies have focused 

on DTI and critical colonization with the aim of preventing 

PU deterioration or providing systematic protocols for the 

management of PUs.

Part of the management of PUs includes wound bed 

preparation (WBP) to promote the wound healing process.17 

To address excess exudate, during WBP, the necrotic tissue 

is removed by debridement, followed by the application of 

appropriate dressings or negative pressure wound therapy 

(NPWT). In Japan, only physicians can legally perform WBP 

using these methods; however, any delay in therapy can lead 

to more severe PUs and delayed healing.

A systematic protocol is required that allows nurses 

to undertake appropriate assessment and intervention for 

addressing DTI and critical colonization as early as possible. 

This protocol must be safe and must involve non-invasive 

assessment techniques and minimally invasive treatments. 

Table 1 NPUAP staging system

Stage Definition/descriptors

Stage I Intact skin with non-blanchable redness of a 
localized area usually over a bony prominence. 
Darkly pigmented skin may not have visible 
blanching; its color may differ from the 
surrounding area.

Stage II Partial-thickness loss of dermis presenting as a 
shallow open ulcer with a red pink wound bed, 
without slough. May also present as an intact 
or open/ruptured serum-filled blister.

Stage III Full-thickness tissue loss. Subcutaneous fat may 
be visible but bone, tendon, or muscle are not 
exposed. Slough may be present but does not 
obscure the depth of tissue loss. May include 
undermining and tunneling.

Stage IV Full-thickness tissue loss with exposed bone, 
tendon, or muscle. Slough or eschar may be 
present on some parts of the wound bed. 
Often includes undermining and tunneling.

Suspected deep  
tissue injury – depth  
unknown

Purple or maroon localized area of discolored 
intact skin or blood-filled blister due to damage 
of underlying soft tissue from pressure and/or  
shear. The area may be preceded by tissue 
that is painful, firm, mushy, boggy, warmer, or 
cooler as compared to adjacent tissue.

Abbreviation: NPUAP, National Pressure Ulcer Advisory Panel.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Chronic Wound Care Management and Research 2015:2 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

41

Evaluation of an advanced pressure ulcer management protocol

In the present study, we created a protocol to meet this 

requirement.

Based on results from a previous study, it is thought that 

low-frequency vibration promotes skin blood flow.18 In addi-

tion, the effects and safety of vibration have been tested in a 

preclinical study with human volunteers.19 In clinical studies, 

vibration therapy facilitated the healing of stage I PUs20 and 

stage III, IV PUs with the necrotic tissue.21 These results 

suggest that vibration therapy is an easy and safe therapeu-

tic option in nursing that can accelerate healing. Therefore, 

this non-invasive adjunctive treatment may be useful for the 

management of PUs by WOCNs.

The purpose of this study was to investigate the effec-

tiveness and safety of an advanced protocol independently 

followed by trained WOCNs to prevent PU deterioration and 

accelerate healing in comparison with those of a conventional 

protocol also followed by WOCNs but under the direction 

of physicians.

Methods
Design
This was a prospective, non-randomized controlled trial to 

investigate the effectiveness of an advanced PU manage-

ment protocol by comparing the severity of PUs and heal-

ing in two groups: an intervention group treated by trained 

WOCNs following an advanced PU management protocol, 

and a conventional protocol group treated by WOCNs fol-

lowing a conventional protocol. This protocol included six 

steps: 1) US to assess the deep tissue; 2) use of a non-contact 

thermometer (ST-717; Sukara Corp, Tokyo, Japan) to detect 

critical colonization; 3) conservative sharp debridement; 4) 

dressing selection; 5) NPWT, and 6) vibration therapy (Rela-

Wave; Matsuda Micronics Corp, Chiba, Japan) as an adjunct 

treatment to improve tissue microcirculation. It was difficult 

to assemble enough facilities to implement the intervention 

because of legal issues with regard to it being an advanced 

PU management protocol; hence, random allocation was 

not possible.

The DESIGN-R validated PU status assessment tool was 

used to evaluate these two variables.4,22 The tool includes 

assessment of the depth, exudate, size, infection/inflammation, 

granulation tissue, necrotic tissue, and pocketing. The total 

score is calculated from six items, excluding the depth, and 

ranges from 0 to 66 points, with higher scores representing 

more severe PUs. The inter-rater reliability and predic-

tive validity for wound healing using this scale have been 

established previously.22,23 The conventional protocol group 

(control group) received standard of care on the basis of PU 

prevention and topical treatment guidelines issued by the 

Japanese Society of Pressure Ulcers.13

Participants
We recruited ten WOCNs registered with the Japanese Soci-

ety of Wound, Ostomy, and Continence Management to fol-

low the advanced protocol as well as 20 WOCNs to serve as 

controls. All the nurses had at least 3 years of WOC (wound, 

ostomy, and continence) experience and had managed PU 

care in a hospital setting; the nurses were recruited from all 

across Japan. We used an optimal matching ratio of 2:1 for 

WOCNs because this was an observational study in which we 

could not control the randomization of the advanced protocol 

and control patient groups. Thus, the 2:1 ratio would result in 

a higher statistical power for the study than the 1:1 ratio. One 

of the original 20 WOCNs dropped out of the study before 

data collection; therefore, 19 WOCNs served as controls, 

thereby reducing the ratio to less than 2:1 (since ten nurses 

followed the advanced protocol) and affecting the number 

of patients in the advanced protocol group versus (vs) the 

conventional protocol group (123 vs 189). The two WOCN 

groups were matched in terms of years of WOC experience 

and the number of beds and type of hospital in which they 

worked.

WOCNs participating in the present study followed a 

series of PU prevention and topical treatment guidelines 

issued by the Japanese Society of Pressure Ulcers (2009). 

These guidelines are similar to those of the National Pressure 

Ulcer Advisory Panel.24

Patients who had at least one PU at any stage were 

recruited by WOCNs in each participating hospital. The 

patients were excluded if they were about to be discharged, 

their ulcer healed within 1 week. Also, the patients were 

excluded if their life expectancy was below 3 months because 

the goal of PU management of terminal care was different. If 

a patient had multiple ulcers, the most severe ulcer, defined 

as that with the highest DESIGN-R total score, was chosen 

for inclusion in the study. All the patients were admitted to 

facilities from July 2009 to December 2009. The patients 

participating in the present study were elderly, with no 

minor children.

Sample size determination
Based on a previous study,25 to detect a 3-point (standard 

deviation [SD] 7.72) clinically significant difference in 

the DESIGN-R4,22 score over 3 weeks with alpha =0.05, 

100 subjects were required in each group for achieving 

a power of 80% and detecting statistical significance for 
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intergroup differences in DESIGN-R scores. We exceeded 

the required statistically significant sample size and success-

fully recruited a total of 312 patients (ie, 123 patients in the 

advanced protocol group vs 189 in the conventional protocol 

group) as study participants.

Intervention
Protocol
Based on a literature review, an advanced PU management 

protocol was created to prevent wound deterioration and 

facilitate healing. As mentioned above, this protocol included 

six steps, and these steps were implemented for 3 weeks 

depending on the wound status.

The difference between the advanced protocol and the 

conventional protocol (control group) was that WOCNs in 

the advanced protocol group were trained to determine which 

of the six techniques/steps in the protocol could be used and 

were then permitted to perform these interventions without a 

physician’s assessment. WOCNs in the conventional protocol 

(control group) were not permitted to use these techniques 

without a physician’s assessment and permission because 

this is the standard of care in Japan.

In the conventional protocol group, according to the 

standard of care, debridement was solely performed by 

physicians, only if they noted a need for debridement. In 

the advanced protocol group, both physicians and WOCNs 

performed debridement and WOCNs were permitted to 

perform dressing selection and NPWT.

Training in advanced PU management
Training in advanced PU management for WOCNs using 

the advanced protocol was conducted by a nurse practitio-

ner from the United States, expert nurses and physicians 

from March 6, 2009 to March 8, 2009 and May 26, 2009 

that included lectures, skill demonstration, practice, and 

group discussion. The lecture component lasted for 45 

hours, with various lectures being held by nurses, physi-

cians, and radiologists who underwent training through our 

program; the lecture-based instruction was followed by 60 

hours of onsite clinical experience, with physicians at each 

facility leading these efforts. WOCNs were instructed to 

assess the need for and implementation of the six steps 

as follows:

1.	 US: palpation for induration or bogginess; WOCNs fol-

lowing the advanced protocol were also trained to inter-

pret the US findings on the basis of four types of abnormal 

signs: unclear layered structure, hypoechoic lesion, dis-

continuous fascia, and heterogeneous hypoechoic area. 

These signs were representative of DTI.15

2.	 Non-contact thermometer: temperature in a non-necrotic 

wound, peri-wound skin and wound edge was taken 

weekly. A higher temperature in the peri-wound skin com-

pared with that in the wound may indicate critical colo-

nization.16 This technique was applied for all patients.

3.	 Training in conservative sharp debridement based on the 

necrotic score (N score) of the DESIGN-R tool.

4.	 Training in dressing selection based on Japanese Society 

of Pressure Ulcers (2009) guidelines.

5.	 Training in NPWT, applied for stage III or IV non-necrotic 

wounds.

6.	 Training in vibration therapy, applied for all patients.

Data collection
Each group of WOCNs was provided with instructions 

on data collection and completion of the questionnaire 

(Tables 2−4).

A researcher and a plastic surgeon, both blinded to the 

two protocol groups, determined the DESIGN-R score on 

the basis of photographs taken during the initial intervention 

and 1, 2, and 3 weeks later, without evaluating the exudate 

amount, wound size and pocketing (undermining). The intra-

class correlation coefficient was 0.851. Because it was not 

possible to evaluate the exudate amount on the basis of the 

photographs, these data were directly recorded by WOCNs. 

Table 2 Characteristics of the hospitals and WOCNs

Intervention  
group 
n=10

Control  
group 
n=19

P-value

Type of hospital n (%) 0.492b

  Community hospital 2 (20.0) 8 (42.1)
 L ong-term care 2 (20.0) 2 (10.5)
  University hospital 6 (60.0) 9 (47.4)
Number of beds,  
mean (SD)

747.2 (260.2) 718.9 (253.2) 0.946a

RN staff/patient ratio 0.82 (0.26) 0.87 (0.12) 0.640a

The number of WOCNs  
at the facility

2.2 (0.6) 2.0 (1.0) 0.542a

Nursing experience 18.0 (4.9) 16.6 (5.5) 0.330a

WOC care experience 7.4 (3.3) 5.6 (2.4) 0.195a

Educational background n (%) 0.162b

 �N ursing School  
(3 years)

6 (60.0) 14 (73.7)

 �N ursing Junior  
College (3 years)

0 3 (15.8)

 �N ursing University  
(4 years)

0 0

 � Master of Science  
in Nursing

3 (30.0) 2 (10.5)

  Doctor of Philosophy 1 (10.0) 0

Notes: aMann–Whitney U test; bFisher’s exact test.
Abbreviations: WOCNs, wound, ostomy, and continence nurses; SD, standard 
deviation; RN, registered nurse; WOC, wound, ostomy, and continence.
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Table 3 Comparison of patient characteristics

n Intervention  
group (n=123)

n Control  
group (n=189)

P-value

Age, mean (SD) 123 77 (16) 189 74.5 (14.1) 0.235a

Sex, n (%) 123 189 0.327b

  Male 64 (52.0) 109 (57.7)
  Female 59 (48.0) 80 (42.3)
The number of ulcers, mean (SD) 123 1.8 (1.4) 189 1.4 (1.0) 0.010a

Serum albumin level (g/dL), mean (SD) 115 2.7 (0.6) 180 2.7 (0.7) 0.634a

Hemoglobin level (g/dL), mean (SD) 121 10.5 (2.1) 187 10.3 (2.1) 0.479a

Serum C-reactive protein level (mg/dL), mean (SD) 122 6.5 (7.3) 183 7.2 (7.6) 0.255a

Braden score, mean (SD) 123 11 (3.2) 189 12.3 (3.2) 0.018a

Diagnosis, n (%)
  Cerebrovascular 123 46 (37.4) 189 53 (28.0) 0.105b

  Bone 123 14 (11.4) 189 17 (9.0) 0.562b

  Cancer 123 22 (17.9) 189 37 (19.6) 0.768b

 I nfection 123 44 (35.8) 189 59 (31.2) 0.460b

  Dementia 123 15 (12.2) 189 12 (6.4) 0.098b

 H ypertension 123 23 (18.7) 189 19 (10.1) 0.041b

  Diabetes 123 27 (22.0) 189 44 (23.3) 0.890b

  Renal failure 123 9 (7.3) 189 19 (10.0) 0.544b

 E lectrolyte disorder 123 12 (9.8) 189 11 (5.8) 0.267b

  Others 123 49 (39.8) 189 57 (30.2) 0.087b

Pressure ulcer site, n (%) 0.828b

 S acrum 55 (44.7) 78 (41.3)
  Coccygeal 21 (17.1) 40 (21.1)
 G reater trochanter 12 (9.8) 19 (10.1)
 H eel 7 (5.7) 6 (3.2)
 S pine 3 (2.4) 6 (3.2)
  Others 25 (20.3) 40 (21.1)
Pressure ulcer depth, n (%) 123 189 0.455b

 S tage I 5 (4.0) 4 (2.2)
 S tage II 39 (31.7) 67 (35.4)
 S tage III 28 (22.8) 32 (16.9)
 S tage IV 16 (13.0) 21 (11.1)
  Unstageable 35 (28.5) 65 (34.4)
Type of pressure-redistributing mattress, n (%) 123 188 ,0.001c

 A lternating pressure air mattress 42 (34.2) 38 (20.2)
  Foam mattress 20 (16.2) 69 (36.7)
 L ow air pressure relief mattress (alternating air mattress) 59 (48.0) 74 (3.7)
  Others 2 (1.6) 7 (39.4)

Notes: aStudent’s t-test; bPearson’s chi-squared test; cFisher’s exact test. Table is a comparison of the intervention and control groups. Pressure ulcer depth categorized using 
National Pressure Ulcer Advisory Panel staging system.
Abbreviation: SD, standard deviation.

Of note, it has been reported that both wound size and pocket-

ing were high intra-class correlation coefficient (r=1).4 Thus, 

we evaluated both wound size and pocketing obtained from 

the clinical notes by WOCNs.

To assess the safety of the advanced protocol and conven-

tional protocol, patients’ physical discomfort was evaluated 

using the National Cancer Institute’s Common Terminology 

Criteria for Adverse Events version 4.0 (2009). The inter-rater 

reliability and validity for Common Terminology Criteria for 

Adverse Events have been established previously.26–28 Physi-

cal discomfort was defined as excessive bleeding due to sharp 

debridement or NPWT, or pain or infection associated with 

these interventions.

The characteristics of the participating hospitals, WOCNs, 

patients and PUs were recorded for comparison (Table 2). 

Hospital characteristics included the type of hospital, number 

of beds, registered nursing staff/patient ratio, and number of 

WOCNs at the facility. WOCN characteristics included nurs-

ing experience, WOC experience, and educational background 

(Table 2). Patient demographics included age, sex, number of 

ulcers, serum albumin, hemoglobin, serum C-reactive protein, 

Braden score,29,30 and diagnosis (Table 3).

PU characteristics included the ulcer location (Table 3) 

and total DESIGN-R score (Table 4). The type of pressure 

redistribution mattress used in the hospital setting was also 

recorded (Table 3).
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Calculation of the percentage of 
implementation of the advanced protocol 
techniques by WOCNs vs physicians
We recorded the percentage of implementation of each of 

the six techniques in the advanced protocol by WOCNs. 

A researcher and a plastic surgeon involved in wound man-

agement determined which patients should undergo US for 

“suspected DTI” on the basis of photographs taken during the 

initial intervention. WOCNs used their training to determine 

which patients would undergo US.

A stage III or IV wound with no necrotic tissue is a com-

mon criterion for NPWT. PUs with an N score of 3 and 6 points 

of DESIGN-R (possible scores: N=0: none; 3: soft necrotic 

tissue exists; 6: hard and thick necrotic tissue is attached to 

the wound) were assessed as those requiring debridement.  

A non-contact thermometer, vibration therapy, and dressings 

were used in all the patients, regardless of US findings or the 

DESIGN-R score. The percentage of implementation of each 

technique by WOCNs (vs physicians) in the advanced protocol 

group was calculated using the total number of patients who 

underwent each technique as the denominator, with the number 

who received the technique on the basis of an advanced pro-

tocol group WOCN’s and physician’s (vs physician’s [control 

group]) assessment as the numerator.

Ethical considerations
The study was approved by the Research Ethics Committee 

of the University of Tokyo Graduate School of Medicine 

(number 2436) and each participating institution. All the 

participants received detailed information about the study, 

and directors of each institution provided written consent for 

WOCNs in the advanced protocol group to use the techniques. 

All the study participants in the two protocol groups provided 

written informed consent.

Data analysis
All analyses were conducted using SAS version 9.2 (SAS 

Institute Inc., Cary, NC, USA). P-values #0.05 were con-

sidered statistically significant. Data were summarized as 

mean (SD). We used Pearson’s chi-square test or Fisher’s 

exact test as well as the Student’s t-test or Mann–Whitney U 

test to compare the groups.

Logistic regression analysis was used to determine the 

impact of the advanced protocol on PU deterioration as a 

measure of the effectiveness of the protocol. PU deterioration 

was defined as an increase in the total DESIGN-R score of at 

least 1 point or 0 for no change from before measurement.

A mixed-effects model was used to study the effect of the 

advanced PU protocol on changes in the severity of PU. The 

DESIGN-R score served as a dependent variable. A decrease 

of at least 1 point in the total DESIGN-R score was regarded 

as PU improvement. The random effect within patients was 

included for differentiating between-patients effect. The 

model was adjusted for confounding variables, including 

the nurses’ skill, WOC care experience, number of beds and 

Table 4 Pressure ulcer characteristics

Intervention  
group (n=123)

Control  
group (n=189)

P-value

n Mean SD n Mean SD

Total score  
(baseline)

123 15.4 8.9 189 16.1 10.1 0.501

  D 3.6 1.7 3.8 1.8 0.509
 E  2.1 1.6 2.2 1.6 0.529
 S  5.7 2.5 6.1 2.8 0.186
 I  0.4 1.0 0.6 1.4 0.191
 G  3.1 2.6 3.2 2.6 0.816
 N  2.0 2.2 2.4 2.2 0.093
  P 2.1 5.1 1.7 5.3 0.444
Total score  
(week 1)

123 12.8 10.4 189 15.2 12.0 0.070

  D 3.0 2.0 3.2 1.9 0.549
 E  1.8 1.6 2.1 1.7 0.100
 S  4.4 3.1 5.1 3.1 0.044
 I  0.1 0.5 0.4 0.9 0.008
 G  2.5 2.5 3.0 2.5 0.090
 N  1.7 2.0 2.4 2.1 0.004
  P 2.3 5.1 2.3 6.4 0.936
Total score  
(week 2)

105 11.4 10.6 165 13.8 12.9 0.098

  D 2.6 2.0 2.7 1.9 0.624
 E  1.6 1.6 1.9 1.8 0.108
 S  3.7 3.0 4.4 3.4 0.083
 I  0.1 0.4 0.3 0.7 0.005
 G  2.3 2.4 2.5 2.5 0.426
 N  1.4 1.9 2.1 2.0 0.006
  P 2.3 5.0 2.6 6.5 0.733
Total score  
(week 3)

99 10.6 10.8 149 12.2 13.2 0.318

  D 2.4 1.9 2.6 2.0 0.612
 E  1.6 1.5 1.9 1.9 0.231
 S  3.5 3.1 4.1 3.4 0.196
 I  0.1 0.3 0.2 0.9 0.115
 G  2.1 2.4 2.5 2.4 0.247
 N  1.4 1.7 1.9 1.9 0.022
  P 2.6 5.5 2.9 7.0 0.719
Differences in scores
  Week 0-1 123 2.5 5.2 189 0.9 5.3 0.008
  Week 1-2 105 1.5 3.4 165 1.4 4.6 0.725
  Week 2-3 98 0.8 2.5 148 0.7 4.5 0.831
  Week 0-3 99 4.8 6.6 149 3.4 7.4 0.120

Notes: Student’s t-test. The total score is calculated from six items, excluding 
D  (depth). E  (exudate), S  (size), I  (infection/inflammation), G  (granulation tissue), 
N  (necrotic tissue), P  (pocketing).  
Abbreviation: SD, standard deviation.
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significant baseline variables. The interactions between the 

group and the time course of the dependent variable were 

tested (SAS MIXED procedure, covariance structure: com-

pound symmetry). If the interaction was statistically signifi-

cant, differences in the dependent variable at each week were 

tested by post hoc analyses, and the least-square means of 

the dependent variable with 95% confidence intervals were 

calculated each week by ESTIMATE statement.

Results
Characteristics of hospitals and WOCNs
Ten WOCNs of the participating facilities followed the 

advanced protocol, whereas 19 served as controls and fol-

lowed a conventional protocol. The characteristics of the 

hospitals and WOCNs are shown in Table 2. There were 

no significant differences in basic characteristics between 

the two groups, including the mean number of years of 

experience.

Overview of patients
Patient details are shown in Figure 1. In total, 1,203 patients 

with PUs were hospitalized during the study period. 

Of these, 126 patients could have been included in the 

intervention group, but three were excluded; data from the 

remaining 123 patients were analyzed. In total, 199 patients 

could have been included in the control group, but ten 

were excluded; data from the remaining 189 patients were 

analyzed. The exclusion criteria were as follows: wound 

healed within 1 week; patient underwent surgery for PU, 

and terminal patients. Some patients declined to participate 

in the study.

Baseline information on the patients with PUs is 

shown in Table 3. The mean number of PUs per patient 

was 1.8 (SD =1.4) in the advanced protocol group and 

1.4 (SD =1.0) in the control group, indicating that the patients 

in the advanced protocol group had more PUs (P=0.010). 

The advanced protocol group had a baseline Braden score 

of 11.4 (SD =3.2) points, which was approximately 1 point 

lower than that in the control group (12.3 points [SD =3.2]). 

The advanced protocol group contained more patients 

who were at risk of developing PU (P=0.018). There were 

no differences between the two groups in terms of sex, type of 

hospital, anatomical location of PU, or PU depth. Significant 

differences between the groups were found with regard to the 

type of pressure redistribution mattress used (P,0.001) and 

the item “hypertensive disorders” (P=0.041).

Assessed for eligibility n=1,203
Intervention group n=599

Data collection (n=126)

Lost to follow-up (n=3)

Analyzed (n=123) Analyzed (n=189)

Lost to follow-up (n=10)

Centers (n=10)
Number of patients treated by each center
(median =12.3 [IQR: 10–15]; min =2, max =23)

Centers (n=19)
Number of patients treated by each center
(median =9.9 [IQR: 8–14]; min =3, max =22)

3 discharged within 1 week 8 discharged within 1 week
2 unmatched treatment protocol

Data collection (n=199)

Excluded (n=473)
PUs healed within 1 week (n=285) PUs healed within a week (n=207)
undergone surgery to treat a PU (n=30) undergone surgery to treat a PU (n=6)
receiving terminal care (n=99) receiving terminal care (n=138)
refused to participate (n=41) refused to participate (n=43)
others (n=18) others (n=11)

Excluded (n=405)

Control group n=604

Figure 1 Patient details.
Abbreviations: IQR, interquartile range; max, maximum; min, minimum; PUs, pressure ulcers.
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Characteristics of PUs
The individual item DESIGN-R score and total score at 

baseline, changes in scores over time and differences in 

scores are shown in Table 4. There were no significant dif-

ferences between the two protocol groups with regard to 

any specific DESIGN-R measurement or the total score at 

baseline. There was no significant difference in DESIGN-R 

score at the beginning and end of the observation period; 

however, a significant change (P=0.008) was observed in 

week 1, indicating accelerated healing of PUs in the advanced 

protocol group in week 1.

Percentage of implementation of the 
advanced PU management protocol
The percentage of implementation of each of the six tools 

in the advanced protocol by WOCNs (independent of 

physicians) is shown in Figures 2 and 3.

When comparing the advanced protocol group with the 

control group, it should be noted that there were significant 

differences in individual techniques used in the two groups. 

Non-contact thermometer assessment of the wound was 

performed in 100% patients in the advanced protocol group 

and in none of the patients in the control group (P,0.001). 

US was used in 76.5% patients in the advanced protocol 

group and only 5.6% patients in the control group (P,0.001). 

As noted previously, a researcher and a plastic surgeon 

involved in wound management determined that 17 patients 

should undergo US for “suspected DTI” on the basis of 

photographs taken during the initial intervention. WOCNs 

decided to use US to detect DTI in a total of 13 cases. In the 

control group, a total of 18 cases in week 1 were determined 

as “suspected DTI” on the basis of photographs; one of these 

cases underwent US performed by a physician.

NPWT was used in 69.6% of the advanced protocol 

group patients and in none of the control group patients 

(P=0.031). Vibration therapy was used in 27.6% of the 

advanced protocol group patients and in none of the control 

group patients (P,0.001). Legally, WOCNs cannot select 

the type of dressing to be used in Japan; therefore, we 

expected that dressing selection would be physician-directed 

in the control group. However, because 18 of the 19 control 

WOCNs (94%) selected the dressing despite being directed 

not to do so, this parameter could not be compared between 

the two groups. During weeks 1, 2, and 3, 70.3%, 75.9%, 

and 80.5%, respectively, of the advanced protocol group 

patients underwent debridement by either a WOCN or a 

physician and 44.0%, 43.4%, and 49.0%, respectively, of the 

control group patients underwent debridement by a physician 

(WOCNs were not permitted to perform debridement in the 

control group) (P,0.001). Based on their N scores, a total of 

64 advanced protocol group patients in week 1 should have 

undergone debridement; WOCNs and physicians performed 

debridement in 45 patients. In the control group, a total of 

116 patients in week 1 were determined to need debridement 

100%

P<0.001 P<0.001 P<0.001P=0.031
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Figure 2 The percentage of implementation of the advanced pressure ulcer management protocol.
Notes: The percentage of implementation of each technique by WOCNs and physicians (vs physicians) in each group was calculated using the total number of patients 
who underwent each technique as the denominator, with the number receiving the technique based on an advanced-protocol WOCN’s and physician’s (vs physician’s 
[conventional protocol]) assessment as the numerator. The numbers in the graph refer to the number of patients. The dotted area indicates the number of patients who did 
not undergo a given technique, whereas the white area shows the number of patients who underwent each technique.
Abbreviations: WOCNs, wound, ostomy, and continence nurses; vs, versus; G, group; NPWT, negative pressure wound therapy.
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on the basis of the N score; 52 of these patients received 

debrided by a physician.

The N score and debridement characteristics were 

observed at weeks 2 and 3.

Effect of advanced protocol  
on PU outcomes
Effect of intervention on PU deterioration
To determine the effectiveness of the advanced protocol, 

a logistic regression model was used, with PU deterioration as 

a dependent variable between baseline and week 1. Adjusting 

for bias in individual nurses’ skill and quality of care at a 

facility, the number of years of experience in WOC care, 

nursing experience, educational background, and number 

of beds were included. The number of PUs, type of pressure 

redistribution mattress, baseline Braden score, and condition 

(hypertension) had a significance of P,0.05 on univariate 

analysis and were entered into our calculations. Age and 

sex were entered as moderator variables. In week 0–1, the 

number of patients with severe PU was 2.2 times higher in the 

control group than in the advanced protocol group (Table 5), 

and the advanced protocol was significantly associated 

with the prevention of PU deterioration (odds ratio =2.24, 

[95% confidence interval, 1.297–3.879], P=0.004) during the 

same time frame. No differences were observed in weeks 1–2, 

weeks 2–3, and weeks 0–3.

Effect of intervention on PU healing
A mixed-effects model was used to study the influence of 

the advanced protocol on PU severity between baseline and 

week 3. Baseline variables, including the number of PUs, type 

of pressure redistribution mattress, baseline Braden score, 

and condition (hypertension), were adjusted as potential 

confounding variables. Age and sex were also included in 

the multivariate model. The results indicated that the inter-

action term for group and time was significant (P=0.012), 

and a greater decrease in the DESIGN-R score was observed 

in the advanced protocol group than in the control group 

(Figure 4). The post hoc test revealed that least-square means 

of the total DESIGN-R score were significantly smaller in 

the advanced protocol group at 1, 2, and 3 weeks (P=0.010, 

0.009, and 0.015, respectively), showing accelerated healing 

of PUs in the advanced protocol group.

Patient safety
There were no reports of excessive bleeding associated with 

sharp debridement or NPWT, and no pain or infection was 

associated with these interventions.

Discussion
The present prospective, non-randomized controlled trial 

revealed that using an advanced PU assessment and treatment 

protocol, with objective US and non-contact thermometer data, 

permitted patients to receive appropriate care tailored for the 

stage of their PUs, and that this early intervention prevented PU 

deterioration and accelerated healing. This is the first study in 

Japan using assessment techniques performed by WOCNs.

Prevention of PU deterioration depended on two issues. 

The first issue was ascertaining the extent of DTI to pre-

vent the extension of DTI through appropriate pressure 

100%
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P<0.001
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P<0.001 P<0.001

Figure 3 The percentage of implementation of debridement.
Notes: It was calculated using the total number of patients who were determined by N (necrotic) score to need debridement as the denominator each week. The number 
receiving the debridement technique based on an advanced-protocol WOCN’s and physician’s (vs physician’s [conventional protocol]) assessment as the numerator.
Abbreviations: WOCNs, wound, ostomy, and continence nurses; vs, versus; G, group.
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Table 5 Effect of intervention on pressure ulcer deterioration; logistic regression analyses between baseline and week 1

B SE Odds  
ratio

95% CI P-value Hosmer and 
Lemeshow test 
P-value

χ2 Cox and 
Snell

Nagelkerke 
R2

Advanced pressure  
ulcer management  
(no intervention)

0.808 0.279 2.243 1.297–3.879 0.004 0.868 3.878 0.084 0.112

WOC care experience -0.002 0.006 0.998 0.987–1.009 0.688
Nursing experience 0.005 0.002 1.005 1.000–1.009 0.054
Educational background (WOC)
 �N ursing School vs  

Graduate School
0.404 0.961 1.497 0.696–3.220 0.302

 �N ursing College vs  
Graduate School

0.899 0.542 2.456 0.849–7.107 0.097

Braden score (baseline) 0.035 0.043 1.036 0.953–1.126 0.404
The number of beds 0 0.001 1.000 0.999-1.001 0.897
The number of ulcers 0.036 0.106 1.037 0.842-1.277 0.736
Type of pressure-redistributing mattress
 �A lternating pressure  

air vs foam
0.313 0.758 1.368 0.310-6.038 0.679

 L ow air pressure vs foam 0.153 0.754 1.165 0.266-5.104 0.839
  Others vs foam -0.168 0.739 0.845 0.199-3.598 0.820
Age -0.017 0.009 0.983 0.965-1.002 0.983
Sex (male) 0.385 0.248 1.470 0.904-2.389 0.120
Hypertension (no) 0.142 0.369 1.152 0.560-2.373 0.701

Abbreviations: B, baseline; SE, standard error; CI, confidence interval; WOC, wound, ostomy, and continence; vs, versus.
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Figure 4 Effect of intervention on PU healing.
Notes: Change of least square means (LSMs) of the total DESIGN-R score over 
time. P-values were obtained weekly by post hoc analysis (Dunnett’s method). 
LSMs and 95% confidence intervals, indicated by error bars, were calculated by the 
ESTIMATE statement. The interaction term for group and time was significant and 
a decrease in the DESIGN-R score was observed (P=0.012, F=3.66) in the advanced 
protocol group.
Abbreviations: PU, pressure ulcer; G, group.

redistribution and other preventive care, including frequency 

of turning and repositioning. Among the advanced protocol 

group, 76.5% patients underwent US, and there were signifi-

cant differences between the groups with regard to the type 

of pressure redistribution mattress used. Performing US may 

have helped improve subsequent mattress selection and thereby 

prevented PU deterioration. Compared with the control group, 

more low-air pressure-relief mattresses, which are 15 cm thick 

alternating air mattresses, were used in the advanced group. 

However, the present study did not investigate a causal relation-

ship in the qualitative study such as mattress selection after 

detected DTI; further studies are required to evaluate each of 

the six tools in the advanced protocol, including the evaluation 

of the successful implementation. The type of hospital and 

number of beds in the advanced group were matched with those 

in the control group; thus, there were not many differences in 

the mattress type between the two groups.

We found that in week 1, the risk of severe PUs was 2.2 

times greater in the control group than in the advanced proto-

col group. The advanced PU management protocol was there-

fore effective in preventing PU deterioration at this early stage. 

Sato et al31 reported that stage I PUs took 3 weeks to develop 

and increase in severity. Early detection and intervention for 

DTI substantially reduces the time required for healing.

The second issue was that the advanced protocol group 

patients underwent debridement significantly more often than 

the conventional protocol group patients, suggesting that 

allowing WOCNs to proceed with assessment and treatment 

without physician orders led to timely treatment. Because 

it is widely accepted in wound care that wound debride-

ment should be performed with appropriate timing, timely 

wound debridement is one of the quality indicators; wound 
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debridement should be performed within 3 days after its 

clinical necessity has been documented.32 In the present 

study, less than 50% of the conventional protocol group 

patients underwent debridement by a physician. This result 

suggested that the target patients associated with debride-

ment by WOCNs and physicians differed. Compared with 

physicians, WOCNs performed additional debridement in 

a higher number of patients, leading to a higher efficacy in 

the advanced protocol group. Further studies are required to 

evaluate of the process of debridement in each group.

Critical colonization leads to refractory PUs with delayed 

healing. In the past, there were no indices for detecting 

this condition, other than gross assessment.12 Clinically, 

critical colonization is suspected when healing is not appar-

ent after 2 weeks, and treatment of infection is recommended. 

Assessment of the skin temperature using a non-contact 

thermometer in the advanced protocol group allowed early 

detection and intervention for critical colonization, resulting in 

accelerated healing. All the patients in the advanced protocol 

group were treated following this technique. Such non-invasive 

methods can be easily introduced into clinical practice because 

they can be readily performed at the bedside.

Biofilms are present in 60% of chronic wounds,33 reflect-

ing critical colonization. In patients with a chronic leg ulcer, 

a biofilm reportedly re-forms 3 days after debridement,34 

suggesting that repeated debridement is an effective way to 

eliminate biofilms in clinical settings.34 In the present study, 

debridement was performed more often by WOCNs, who 

removed biofilms that would have otherwise delayed the 

healing of chronic wounds.

According to the advanced PU management protocol, vibra-

tion therapy should be used for all patients; however, only 27.6% 

patients received vibration therapy. This result might be due to 

the difficulty of continuing use of the vibration device, because 

we educated only WOCNs in this study. Dissemination and 

implementation using vibration therapy without cooperation 

of the staff may be difficult. A lack of human resource devel-

opment, including training of multidisciplinary team, would 

make the dissemination and implementation of technologies 

impossible in clinical practice. Thus, further study is needed.

There were no reports of complications associated with 

the interventions used in this study. The advanced protocol 

involved non-invasive assessment and minimally invasive 

intervention and focused on safety. The 105 hours training is 

required to implement the protocol, and this training ensured 

that the techniques were safe and effective. Therefore educat-

ing WOCNs in performing it is also important. It is necessary 

to investigate the effects of applying our findings in a clinical 

setting with regard to factors such as clinical effectiveness, 

patient safety, and cost-effectiveness. Therefore, we plan to 

investigate the cost of implementing the advanced protocol 

in future.

The participants in our study were elderly, with a mean 

age of 76.5 years. They were undernourished, had a mean 

Braden score of 11.4 points and were subject to compromised 

healing. However, an adequate clinical effect was achieved 

even in these at-risk patients. In low-risk patients, this pro-

tocol is expected to provide equal or better results.

The present study assumed that care would be provided by 

nurses and thus required the prior consent of all participating 

facilities. Randomization was deemed difficult, and the facili-

ties were chosen by chance; therefore, there may have been a 

bias toward facilities with a clinical focus on PU care. The type 

of hospital, number of beds, and number of years of experience 

in WOC care may have affected the overall quality of care at 

a facility and the characteristics of its inpatients. However, 

WOCNs in the advanced protocol group were matched with 

control nurses to help address this issue. Bias was also consid-

ered during the study design to minimize its effects.

To avoid the occurrence of an observation bias, a researcher 

and a plastic surgeon, both blinded to the two protocol groups, 

determined the DESIGN-R score on the basis of photographs, 

without evaluating the exudate amount, wound size and pock-

eting. A previous study has reported the accurate assessment 

of wound appearance of PUs on photographs;35 thus, we 

used photographic data from digital camera images owing to 

blinding, which was a limitation of our study. In addition, we 

excluded terminal patients, patients who underwent surgery 

to treat PU, and patients whose PUs healed within 1 week; 

therefore, the findings should be generalized with caution.

Conclusion
Using our advanced protocol, WOCNs could detect PUs’ 

state early and assess and treat PUs safely. This intervention 

permits patients to receive earlier preventive care and may 

prevent severe PU deterioration and accelerate healing.

Relevance to clinical practice
The care provided by WOCNs using our advanced PU protocol 

is safe and effective in accelerating healing and preventing PU 

deterioration; these findings are likely to have considerable 

impact on the medical care system in and outside Japan. With 

proper training, WOCNs can assess and treat PUs safely and 

quickly using their own judgment, without waiting for a physi-

cian’s assessment; this early intervention by trained WOCNs 

helps decrease the incidence of severe PUs.
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