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Abstract 

Aims This study assesses anonymous patient-level data on the use of sub-epidermal moisture (SEM) 

assessment technology as a tool in the prevention of pressure ulceration in at-risk hospital patients. 

Methods The relationship between technology-generated prompts for clinical action (patient turning, 

application of pressure re-distributing equipment, heel protection or cream) and consequent clinical 

action was evaluated using data cross-tabulations (using data aggregated over multiple anatomical 

sites); in a multilevel model with patients clustered within wards, clustered in turn within hospitals, 

and controlling for additional patient- and institution-level factors; and using receiver operating 

characteristic (ROC) analyses of anatomy specific data. The ability of the SEM assessment technology 
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to detect deep and early stage pressure ulcers/injuries on specific anatomical areas of a patient’s body 

on admission, earlier than visual and tactile skin tissue assessments (STA), was assessed.  

Results Most incidences of nurse action were in response to a prompt from SEM assessments 

(4944/5494; 90.0%). Although less than half of SEM assessment prompts; a SEM delta (Δ)≥0.6 resulted 

in nurse action of any kind (4944/13,071; 37.8%), the multilevel model revealed strong evidence that 

a SEM Δ prompts were significantly associated with nurse action (p<0.001; adjusted odds ratio=1.99). 

Conclusions: SEM assessement technology effectively prompts nurses for action than skin reddening 

diagnosed via trained clinician judgement and STAs. While baseline responses of nurses’ actions 

remian low, with or without SEM Δ prompts, , findings verify “clinical utility” of SEM assessment 

technology as an objective prompt for early clinical action over and above existing mechanisms. 
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Introduction 25 

Pressure Ulcers (PUs), also known as pressure injuries, or bedsores, are a type of chronic wound 26 

associated with significantly adverse clinical and financial implications. They are defined as ‘localised 27 

damage to the skin and/or underlying tissue, as a result of pressure or pressure in combination with 28 

shear’ 1. Their prevention is a prominent aspect of effective healthcare delivery to patients. Health 29 

delivery campaigns designed to improve of standards of care for patients, evidences the importance 30 

of improving this aspect of care and is fundamental to optimising healthcare in the National Health 31 

Service (NHS) and other health and social care areas. The introduction of the ‘Stop the Pressure’ 32 

programme in 2016, and its core curriculum was developed to guide wound care education for nurses 33 

2 and has put the prevention of PUs at the forefront of patient care. The programme was designed to 34 

raise awareness, educate staff, and develop preventative strategies to reduce PU development and 35 

provides a framework for educating and training clinicians in wound care. Despite the success of the 36 

initiative, PUs are still problematic to patient health, with an annual incidence rate of 0.9% in England 37 

alone, 3 corresponding to approximately 200,000 people in the United Kingdom (UK) developing a new 38 

PU in 2017-18. 4 Furthermore, the daily costs for treating patients with a PU are conservatively 39 

estimated at £1.4 million, 4 with the majority of this expense stemming from the clinical nursing time 40 

involved in treating and caring for this patient group. 5  41 

Pressure ulcers (PUs) are generally preventable, and guidelines from the National Institute of Health 42 

Care and Excellence (NICE) 5 state the importance of a comprehensive visual risk assessment of the 43 

patient’s skin, alongside utilisation of appropriate validated risk assessment scales to identify patients 44 

considered most vulnerable. A skin assessment should involve a systematic full body examination, 45 

specifically over bony prominences, checking for signs of existing tissue damage and changes in skin 46 

condition such as skin integrity, moisture, rashes, and skin redness. 6 Although this method of risk 47 

stratification and diagnosis can be effective for specialists in skin integrity and tissue viability, it can 48 

be problematic for more generalist staff, who may not feel competent in their decision-making or 49 
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possess the required experience and knowledge to judge when a patient’s skin is deteriorating. 50 

Moreover, tissue damage is only visible when significant underlying deterioration has already 51 

occurred. Many pre-registration nurses in the UK are known to have limited education and training 52 

around tissue viability, and therefore timely diagnosis via skin and tissue assessments and clinical 53 

judgement is extremely challenging. 7 This is reiterated by Ayello et al., 8 who found that 70% of nurses 54 

described not receiving enough education about wound prevention and care. A diagnostic latency in 55 

employing appropriate preventive strategies severely compromises patients’ skin integrity. 56 

 The NHS and NICE recognise the importance of education and training in undertaking a visual skin 57 

assessment and subsequently deciding on appropriate clinical interventions 5, but nursing staff still 58 

describe not having the competence to confidently identify patients at risk of PUs. 9 This means that 59 

employing appropriate clinical action such as patient turning, application of pressure re-distributing 60 

equipment, heel protection or cream, for patients at risk of developing of a PU can be delayed or failed 61 

to be implemented at all.  62 

Current literature reports SEM (sub-epidermal moisture) assessment technology as an adjunct to the 63 

current standard of care in the detection of deep and early-stage PUs. 10-13 The technology assesses 64 

changes in tissue biocapacitance (evaluation of the electrical properties of the tissues located 65 

directly under the integrated sensor) to detect early tissue damage before it is visible on the patients’ 66 

skin and alerts clinicians to patients who are at an increased risk of developing a PU.11 Designed to be 67 

used as an adjunct to visual assessment and risk assessment scales, this technology prompts nursing 68 

action and the employment of early, anatomy specific interventions, thus limiting the development of 69 

potential tissue damage. Providing an objective measure of the early signs of tissue damage means 70 

that the SEM assessment technology offers a mechanism to support objective clinical decision-making, 71 

empowering clinicians to make informed data driven decisions about patients in daily practice.  72 
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Multiple studies demonstrate the benefits of using the SEM assessment technology in the prevention 73 

of PU incidence without a reliance on subjective clinical assessment. Ore et al. 14 found that staff who 74 

implemented SEM assessment technology on palliative care patients being cared for in the community 75 

reported that the SEM assessments had a positive impact on their clinical decision making in 40% of 76 

the patients scanned and resulted in a 46.7% reduction in hospital-acquired PUs (HAPUs). Similarly, 77 

Okonkwo et al  11 found that this technology identified early developing PUs in at-risk patients in a 78 

hospital setting when used by generalists on average 5 days earlier than specialists using visual skin 79 

assessment alone exemplifying the ability of SEM assessment technology to empower clinicians who 80 

may feel less confident in their decision-making to take appropriate action. Raizman, MacNeil and 81 

Rappl 15 found a 93% reduction in HAPU incidence when SEM assessments were used in clinical 82 

decision-making to determine appropriate interventions, with staff reporting that using the SEM 83 

assessment technology increased their confidence in making such decisions. Other studies have also 84 

found that using this technology for PU prevention is associated with reduced incidence in a variety 85 

of clinical settings. Smith 16 found timely, anatomical-specific interventions on hospitalised patients 86 

considered at risk of skin damage, driven by SEM assessment data, resulted in no patients developing 87 

a PU during their stay, despite recording SEM readings that could be indicative of the early signs of 88 

pressure damage. Furthermore, Littlefield and Kellett 17 reported a 95% reduction in category 2-4 89 

HAPUs in a sample of 234 patients when SEM assessment technology was incorporated into PU clinical 90 

pathways suggesting that such readings prompted appropriate and early clinical interventions. 91 

Aims and objectives  92 

This study assesses the patient-level impact of SEM assessment technology when used as a diagnostic 93 

tool in the prevention of pressure ulceration in hospital patients. 94 
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Methods 95 

Recent advancements in SEM (sub-epidermal moisture) assessment technology have been used to 96 

reduce pressure ulcer (PU) incidence alongside standard PU care pathways as an adjunct to the current 97 

standard of care 18.  A global pressure ulcer reduction program (PURP) was implemented to evaluate 98 

the clinical impact of implementing SEM assessment technology in everyday PU prevention care 99 

pathways. PURP is a potential tool to reduce incidence of pressure ulceration in hospital patients by 100 

enabling clinicians to collect data on the inclusion of SEM in clinical practice. PURP programmes are 101 

designed using a pragmatic framework to replicate routine clinical practice in daily PI/PU care. The 102 

framework and implementation methodology aligns with NICE guidelines described in the Real World 103 

Evidence DSU Technical Support Document 17, 2016 and is compliant with the General Data 104 

Protection Regulation 2016/279 19.    105 

Clinicians were trained to perform SEM assessments on the sacrum and heel for at-risk patients. No 106 

changes were made to existing standard of PU care or PU protocols, except for the addition of SEM 107 

assessments in everyday PU prevention and care practice. Patient risk assessments were performed 108 

using risk assessment scales (Waterlow, Braden etc.) and visual assessments as per facility protocols; 109 

on admission, periodically as per SoC and as required by clinician judgment. Inclusion criteria included 110 

patients with (a) a risk assessment score at or above medium risk and all high-risk patients (for 111 

example Waterlow >10); (b) 18 years or older; (c) able to provide verbal consent to scanning; (d) 112 

unbroken skin on the heels and sacrum. Patients who were unable to provide verbal consent and for 113 

whom the device was contraindicated, were excluded from the scanning. The PURP was designed as 114 

a quality improvement process using a pragmatic framework, to be used in everyday PU care practice 115 

with minimal modifications to existing care pathways. The device was used on-label and verbal 116 

consent was required before scanning patients. Due to the non-invasive and non-significant risk use 117 

of the device and a quality improvement focused study design, these implementation studies were 118 

not subject to Institutional Review Board (IRB) oversight and ethics committee approvals. Anonymised 119 
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data was collected on assessments reported on patients from 24 facilities in the United Kingdom, 120 

Ireland, Belgium and Spain between June 2015 and February 2020. For each patient assessment, the 121 

following information was recorded: hospital, setting, ward, risk score scale used (if applicable) and 122 

risk score (if applicable). Setting type was dichotomised into two categories using the ward 123 

classification: Category A (including elderly/long-term care; orthopaedic/trauma; rehabilitation; 124 

stroke; neurology; medium-to-long-term stay medical; community settings); and Category B (including 125 

general medical; ICU; mixed surgical; renal; vascular; orthopaedic/short stay trauma; diabetes; 126 

palliative settings). Setting type was modelled as a binary indicator variable Setting. 127 

Up to three anatomical locations: the sacrum, left heel and right heel, were considered per patient 128 

assessment, with all three locations being measured in the majority of cases. Any skin reddening at 129 

each location was recorded as confirmed by trained clinicians (recorded using the binary variable 130 

Reddening). The trained clinician made the distinction between blanchable and non-blanchable 131 

erythema during their assessment. The SEM delta (Δ) readings of any scan taken at each location was 132 

also recorded. Delta readings were coded as high (equal to 0.6 or above) or low (less than 0.6); with 133 

high delta readings indicating a high risk for developing PUs and a need for subsequent nurse action. 134 

A composite measure was derived such that the recording of one or more high delta readings on the 135 

SEM assessment technology was considered to act as a prompt for nurse action. This dichotomised 136 

variable was modelled using the binary indicator variable Prompt. 137 

Nurse action following the SEM delta reading was also reported. Action could comprise one or more 138 

of the following: patient repositioning; transfer of patient to a pressure-re-distributing mattress, use 139 

of heel boots or heel elevation, use of barrier creams or dressing. A composite measure was derived 140 

such that the recording of one or more unambiguous instances of nurse action was considered to 141 

represent nurse action. This dichotomous variable corresponding to nurse action was modelled using 142 

the binary indicator variable Action and was treated as the primary outcome measure in the analyses. 143 
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Statistical methods 144 

An independent retrospective analysis of the dataset was performed in Stata Version 14 I/C 20 and 145 

SPSS (Version 26.0) 21. The dataset was analysed and summarised descriptively. Nurse action, or 146 

absence of action in response to the presence or absence of a SEM assessment technology-derived 147 

prompt was cross-tabulated for all cases.  148 

The data formed a 3-level hierarchy, with patient assessments at the lowest level of the hierarchy 149 

(Level 1), clustered within wards at the second level of the hierarchy (Level 2) and hospitals at the 150 

upper level (Level 3). To assess the significance of the SEM technology prompt on the probability of 151 

nurse action, a multilevel random intercepts multiple logistic regression model was constructed, 152 

regressing the binary outcome of nurse action (Action) on the key variable Prompt acting on Level 1; 153 

and controlling for observation of skin reddening (Reddening) also acting at Level 1, type of ward 154 

(Setting), acting at Level 2, and whether or not a risk scoring tool was used (Risk Tool) acting at Level 155 

3. The large proportion of missing risk score data precluded the use of this variable in a multilevel 156 

model. However, the presence or absence of a risk tool was available for inclusion in the model.  157 

The variance partition coefficient (VPC) derived in the main model was calculated, to assess the 158 

relative contributions to residual variance accounted for by variation between patients within wards 159 

and hospitals, and by variation between hospitals and between wards within hospitals. However, for 160 

binary response models, there is no single VPC measure, since the Level 1 variance is a function of the 161 

mean, which depends on the values of the explanatory variables in the model. Hence a simulation 162 

method was used to estimate Level-1 variance for a null model.  163 

The possibility of skin reddening being a contributory cause of nurse action was assessed in sensitivity 164 

studies. A cross-tabulation analysis was derived for all cases where skin reddening had not been 165 

observed; and a corresponding multilevel analysis excluding the Reddening variable was also 166 

conducted.  167 
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The discriminatory ability of the SEM assessment technology at each anatomical location was 168 

determined by classification tables of SEM Δ≥0.6 and SEM Δ<0.6. Receiver-Operating Characteristic 169 

(ROC) analysis compared the diagnostic utility of SEM assessment technology against skin reddening, 170 

as diagnosed by trained clinicians as a confirmatory test, using skin reddening as the test variable. For 171 

each location, an ROC curve was derived, and overall performance was assessed using the area under 172 

the ROC curve (AUROC). Sensitivity and specificity were calculated for the set threshold. 173 

Results 174 

Descriptive summary of data 175 

A total of 15,574 patient assessment (“cases”) were reported on 1995 patients. Individual patients 176 

were assessed between 1 and 56 occasions. The median number of assessments per patient was 13 177 

(inter-quartile range 7 to 25 assessments). Multiple assessments conducted on the same patient were 178 

assumed to be equivalent to one assessment conducted on the same total number of different 179 

patients. 180 

Risk tools were applied in 12,618 (81.0%) of cases. Valid scans were obtained from the sacrum in 181 

13,341 cases (85.7%); from the right heel in 14,480 cases (93.0%), and from the left heel in 14,208 182 

cases (91.2%).  183 

The sample is summarised descriptively in Table 1. 184 

Table 1: descriptive summary of sample 185 

Variable Frequency (valid %) 

Hospital (n=15,574) 
   Site 1 
   Site 2 
   Site 3 
   Site 4 
   Site 5 
   Site 6 
   Site 7 
   Site 8 
   Site 9 
   Site 10 

 
  576 (3.7%) 
  617 (4.0% 
  132 (0.8%) 
  550 (3.5%) 
    67 (0.4%) 
    98 (0.6%) 
    98 (0.6%) 
    91 (0.6%) 
  658 (4.2%) 
3270 (21.0%) 
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   Site 11 
   Site 12 
   Site 13 
   Site 14 
   Site 15 
   Site 16 
   Site 17    
   Site 18 
   Site 19 
   Site 20 
   Site 21 
   Site 22 
   Site 23 
   Site 24 

  439 (2.8%) 
  385 (2.5%) 
  552 (3.5%) 
    61 (0.4%) 
  187 (1.2%) 
  557 (3.6%) 
  729 (4.7%) 
  508 (3.3%) 
  307 (2.0%) 
  289 (1.9%) 
  330 (2.1%) 
  381 (2.4%) 
2549 (16.4%) 
  161 (1.0%) 

Ward setting (n=15,574) 
   Category A 
   Category B 

 
9665 (62.1%) 
5909 (37.9%) 

Risk tool used (n=12,618) 
   Norton 
   Purpose T 
   Waterlow 
   Yes/No 

 
2097 (16.6%) 
  552 (4.4%) 
7987 (63.3%) 
1982 (15.7%) 

Risk score recorded where used (n=12,618) 

   Score recorded 
   No score recorded 

 
6444 (51.1%) 
6174 (48.9%) 

Valid scanner delta reading obtained (n=15,574) 
   At sacrum 
   At right heel 
   At left heel 

 
13,341 (85.7%) 
14,480 (93.0%) 
14,208 (91.2%) 

Definitive observation of skin reddening at one or more locations (n=15,375) 
   Reddening observed 
   No reddening observed 

 
   5172 (33.6%) 
10,203 (66.4%) 

Consequence of scanner readings at all locations (n=15,574) 
   Prompt for nurse action given 
   No prompt for nurse action given 

 
13,071 (83.9%) 
   2503 (16.1%) 

Consequence of prompt (n=15,574) 
   Action taken by nursing staff 
   No action taken by nursing staff 

 
   5494 (35.3%) 
10,080 (64.7%) 

Variable Mean (SD; range) 

Scanner delta reading 
   At sacrum (n=13,341) 
   At right heel (n=14,480) 
   At left heel (n=14,208) 

 
0.773 (1.30; 0-25) 
0.836 (1.14; 0-22) 
0.838 (1.18; 0-22) 

 186 

Cross-tabulations of nurse action by prompt and skin reddening 187 

Table 2 shows the numbers of cases of nurse action and absence of action in response to the presence 188 

or absence of a SEM assessment technology-derived prompt was cross-tabulated for all cases, 189 

irrespective of skin reddening. The threshold SEM assessment technology delta value for a prompt for 190 

action (SEM Δ ≥0.6) was reached in 13,071 out of 15,574 (83.9%) patient assessments. 191 

Table 2: outcome by prompt status (all cases) 192 
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 Nurse action  No nurse action Total 

Prompt for action (SEM Δ≥0.6) 4,944 (90.0%, 37.8%)   8,127 (80.9%, 62.2%) 13,071 (83.9%, 100.0%) 

No prompt given (SEM Δ<0.6)    550 (10.0%, 22.0%)    1,953 (19.4%, 78.0%)   2,503 (16.1%, 100.0%)) 

Total 5,494 (100.0% , 35.3%) 10,080 (100.0%, 64.7%) 15,574 (100.0%, 100.0%) 

 193 

Nurse action was reported in 35.3% cases (5,494/15,574). In 90.0% of these cases, incidences of nurse 194 

action were in response to a prompt from the SEM assessment technology (4,944/5,494). In the 195 

aggregate, a SEM Δ≥0.6 resulted in a nurse action of any kind in 37.8% of cases (4,944/13,071). The 196 

majority of cases in which no prompt was given resulted in no nurse action (1953 out of 2503; 78.0%). 197 

A positive predictive value (PPV) was defined as a SEM Δ≥0.6 (prompt given) corresponding to a clinical 198 

nurse action, whereas a negative predictive value (NPV) was defined as a SEM Δ<0.6 (no prompt given) 199 

and no nurse action. Hence on this sample, the PPV of SEM assessment technology was low (37.8%), 200 

while the negative predictive value was high (78.0%); based on a prevalence for nurse action of 35.3%. 201 

Both PPV and NPV would be expected to be affected by changes in the prevalence statistic. 202 

Table 3 shows the corresponding cross-tabulation for the sensitivity study conducted on all cases 203 

where skin reddening had not been observed. Percentages indicate the cases in each cell as a 204 

proportion of (i) total numbers of prompts for action given or not given (i.e. column totals); (ii) total 205 

numbers of either nurse action or no nurse action (i.e. row totals). The threshold SEM Δ value for a 206 

prompt for action (≥0.6) was reached in 79.8% of patient assessments (8,141/10,203). 207 

Table 3: outcome by prompt status (cases with no reddening) 208 

 Nurse action No nurse action Total 

Prompt for action (SEM Δ≥0.6) 2,829 (86.6%, 34.8%) 5,312 (76.6%, 65.2%)   8,141 (79.8%, 100.0%)  

No prompt given (SEM Δ<0.6)    436 (13.4%, 21.1%) 1,626 (23.4%, 78.9%)   2,062 (20.2%, 100.0%) 

Total 3,265 (100.0%, 32.0%) 6,938 (100.0%, 68.0%) 10,203 (100.0%, 100.0%) 

 209 

In this subgroup of cases, 86.6% of incidences of nurse action were in response to a SEM Δ prompt 210 

(2,829/3,265). The PPV was 34.8% (2,829/8,141) while the NPV was 78.9% (1,626/2,062); based on a 211 

prevalence for nurse action of 32.0%.  The similarity to the proportions obtained in the corresponding 212 
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analysis conducted on all cases reveals no evidence that reddening substantively effects the outcome 213 

of SEM Δ prompts. 214 

Multilevel modelling 215 

The multilevel model results demonstrated a significantly strong association of SEM assessment 216 

prompts with nurse action (p<0.001; adjusted odds ratio=1.99); indicating that the odds of nurse 217 

action when a SEM Δ≥0.6 prompt was given were approximately double the odds of action when a 218 

prompt was not given. 219 

The model also revealed strong evidence that independently, skin reddening and use of a risk tool 220 

were both significantly associated with nurse action (p<0.001 for skin reddening, adjusted odds 221 

ratio=1.45; p<0.004 for use of a risk tool, adjusted odds ratio=6.00). Setting type was not significantly 222 

or substantively associated with nurse action. All model parameter values are summarised in Table 4. 223 

Table 4: parameters from multilevel multiple logistic regression model 224 

Variable p-value Odds ratio 95% CI for OR 

Prompt (SEM Δ≥0.6 (reference: no prompt given: SEM Δ<0.6) <0.001 1.99 (1.79, 2.23) 

Reddening (reference: no skin reddening observed) <0.001 1.45 (1.34, 1.57) 

Setting (reference: Type 1)   0.801 1.16 (0.38, 3.54) 

Risk Tool (reference: no tool used)   0.004 6.00 (1.80, 20.0) 

 225 

The VPC was evaluated at 24.8%; i.e. 24.8% of residual variance was accounted for by variation 226 

between wards within hospitals and between hospitals, leaving 75.2% accounted for by variation 227 

between patients within wards and hospitals.  228 

A sensitivity analysis excluding the Reddening variable revaled that the substantive effect of reddening 229 

on the scanner prompt was low; suggesting minimal confounding of the effects of a scanner prompt 230 

by skin reddening. Model parameters from the sensitivity analysis are summarised in Table 5. 231 

Table 5: parameters from multilevel multiple logistic regression model (skin reddening deleted) 232 

Variable p-value Odds ratio 95% CI for OR 

Prompt: SEM Δ≥0.6 (reference: no prompt given: SEM Δ<0.6) <0.001 2.10 (1.89, 2.34) 

Setting (reference: Type 1)   0.860 1.11 (0.36, 3.43) 
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Risk Tool (reference: no tool used)   0.005 5.76 (1.71, 19.5) 

 233 

Diagnostic properties  234 

Table 6 summarises the performance of the SEM assessment technology as a prompt for action at 235 

each of the measured anatomical sites, by cross-tabulating against skin reddening. 236 

Table 6: scanner indications by skin reddening 237 

Anatomical location Prompt status Reddening No reddening Total 

Sacrum Prompt given (SEM Δ≥0.6) 1,990   4,698   6,688 

No prompt given (SEM Δ<0.6) 1,204   7,567   8,771 

Total 3,194 12,265 15,459 

Right heel Prompt given SEM Δ≥0.6) 2,468   6,656   9,124 

No prompt given  (SEM Δ<0.6)    838   5,483   6,321 

Total 3,306 12,139 15,445 

Left heel Prompt given  (SEM Δ≥0.6) 2,431   6,511   8,942 

No prompt given  (SEM Δ<0.6)    811   5,616   6,427 

Total 3,242 12,127 15,369 

 238 

Considering skin reddening to be the “gold standard” predictor, the sensitivity and at each anatomical 239 

location associated with the given threshold of SEM Δ>0.6 were calculated and are summarised in 240 

Table 7. It is recognised there is currently no validated ‘gold standard’ predictor for deeper layers; 241 

however, a range of campaigns, including the ‘React to Red’ national UK campaign, identified this as 242 

one of the warning signs for potential skin damage. 22 The SEM allows for an extra measure to be 243 

considered during the assessment period.  A true positive (TP)  was defined as a SEM Δ prompt of >0.6 244 

and subsequent skin reddening as diagnosed by trained clinicians via STAs. A true negative (TN) was 245 

defined as a SEM  Δ<0.6 and no skin reddening. Sensitivity and specificity results were calculated using 246 

standard methods as defined by the US Food and Drug Administration. 23 247 

Table 7: Sensitivity and specificity for reddening: scanner reading ≥0.6 248 

Anatomical location Sensitivity Specificity 

Sacrum 62.3% 61.7% 

Right heel 74.6% 45.2% 

Left heel 75.0% 46.3% 

 249 

Sensitivity was higher at the right and left heels than at the sacrum; and specificity was higher at the 250 

sacrum than at the right and left heels.  251 
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The numbers of cases of nurse action and absence of action in response to the presence or an absence 252 

of skin reddening for all cases where a SEM Δ prompt was not given was also cross-tabulated (Table 253 

8). 254 

Table 8: outcome by skin reddening (cases with no SEM delta prompt) 255 

 Nurse action No nurse action Total 

Reddening observed 114 (20.7%, 29.7%) 270 (14.2%, 70.3%) 384 ( 15.7%, 100.0%) 

No reddening observed 436 (79.3%, 21.1%) 1626 (85.8%, 78.9%) 2062 (84.3%, 100.0%) 

Total 550 (100.0%, 22.5%) 1896 (100.0%, 77.5%) 2446 (100.0%, 100.0%) 

 256 

Skin reddening was noted in 15.7% cases (384/2446) when no SEM Δ prompt was received. In this 257 

subgroup of cases, the positive predictive value of skin reddening was 29.7% (114/384). Both values 258 

are quite similar to the corresponding values obtained from the entire data set. 259 

ROC analyses conducted to assess the capability of SEM assessment technology readings to 260 

discriminate between cases of skin reddening and no skin reddening are illustrated in Figures 1 – 3. 261 

 262 

Figure 1: ROC curve for scan readings at the sacrum    263 

 264 

           265 

 266 

 267 

 268 

 269 

 270 

 271 

Figure 2: ROC curve for scan readings at the right heel 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

Sensitivity 62.3% 

Specificity 61.7% 

Sensitivity 74.6% 

Specificity 45.2% 
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 280 

 281 

 282 

 283 

 284 

 285 

Figure 3: ROC curve for scan readings at the left heel 286 

 287 

 288 
 289 

 290 

 291 

 292 

 293 

 294 

 295 

Parameters from the ROC analyses and areas under the curve (AUROC) for each anatomical location 296 

are summarised in Table 9. 297 

Table 9: ROC parameters 298 
Anatomical location AUROC 95% CI for AUROC P-value1 

Sacrum 66.0% (64.9%, 67.1%) <0.001 

Right heel 62.5% (61.5%, 63.6%) <0.001 

Left heel 62.5% (61.5%, 63.6%) <0.001 
1Assessing the hypothesis that AUROC=0.5 299 
 300 

The AUROC statistics demonstrate a slightly higher diagnostic utility of SEM assessment at the sacrum 301 

when compared to both heels.  As anticipated, the ROC curve and the corresponding AUROC statistic 302 

are almost identical in the left heel and right heel (Figure 2, Figure 3). 303 

Sensitivity 75.0% 

Specificity 46.3% 
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Discussion 304 

Results from this analysis show that in patients at-risk for developing PUs,  a SEM assessment prompt 305 

(SEM Δ≥0.6) was reached in 83.9% of all reported cases (13,071/15,574). Notably, a SEM Δ prompt 306 

was reported in 79.8% (8,141/10,203) of all cases where no skin reddening was recorded.  307 

The above finding should be placed in context of the current standard of PU prevention care pathways, 308 

by consideration of what might be expected to occur if the SEM assessment technology were not in 309 

place. Risk assesment scales are whole body assessments and do not provide anatomy specific risk 310 

data. Clinical judgement via STAs is subjective and a confirmatory diagnosis of a stage 1 PU is provided 311 

only after it visibly manifests on the skin surface. 24 The result is an outdated care pathway that neither 312 

enables clinicans to detect early stage PUs, nor provide anatomy-specific interventions. In other words, 313 

the current standard of PU prevention care is not significantly effective in PU prevention. 314 

 In everyday practice, when SEM assessment technology is implemented within exisiting PU 315 

prevention pathways, a SEM Δ prompt (Δ≥0.6) as well as a subsequent clinical diagnosis of skin 316 

reddening may be considered as a prompt for nurse action or enhanced interventions. In cases where 317 

both skin reddening and a SEM Δ prompt are recorded, either or both prompts may be the cause of 318 

any subsequent action, i.e interventions. Results from this analysis demonstrate that an SEM Δ  319 

prompt is a more decisive call for action than skin reddening: in cases where a high SEM Δ reading (i.e. 320 

0.6 or above) but no skin reddening was recorded, 34.8% (2,829/8,141) of cases resulted in nurse 321 

action, compared with 29.7% of cases (114/384) in which skin reddening was observed but no SEM Δ 322 

prompt was reported. The probability of nurse action was highest (44.2%) in cases where both skin 323 

reddening and SEM Δ  prompts were recorded; and lowest (21.1%) when neither skin reddening nor 324 

SEM Δ  prompts were recorded. Specifically, in cases where skin reddening was not observed, the SEM 325 

assessment technology prompt raised the probability of nurse action by 64.9%: increasing from 21.1% 326 
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to 34.8%. In cases where skin reddening was observed, the SEM delta prompt raised the probability 327 

of nurse action by 48.8%: increasing from 29.7% to 44.2%.  328 

The time to a SEM Δ prompt versus confirmatory diagnosis of skin reddening via STAs and clinical 329 

judgement was not collected as part of this analysis. Clinical studies in the literature suggest that a 330 

SEM Δ prompt (Δ≥0.6) indicates a high risk for developing PUs at a specific anatomy representing the 331 

diagnostic utility of SEM assesment technology in the early detection of developing PUs, even before 332 

visible signs manifest on the skin surface. 9, 11 333 

However, this analysis demonstrates that despite a SEM Δ prompt, subsequent clinical interventions 334 

(nurse action) did not always follow. A high proportion of patient assessments triggered a SEM Δ 335 

prompt, and only about a third of these prompt instances (34.8%) actually resulted in nurse action. It 336 

appears that there is a gap in understanding the clinical significance of SEM as an early biomarker in 337 

detecting early subclinical changes within a specific anatomy before they are visibly diagnosed. 338 

The multilevel model also confirms the relative importance of the SEM assessment technology 339 

compared to skin reddening as a predictor of nurse action, with the odds of action about double (OR: 340 

1.99) in cases where the SEM assessment technology gives an SEM Δ prompt. The AUROC statistics 341 

ranging from 62.5% to 66.0% (95% CI 61.5% to 67.1%, p<0.001) exceed the diagnostic accuracy of 342 

nurse practitioner clinical judgement alone. 25  These results align with Okonkwo’s group 26 who 343 

reported an AUC of 67.1% (95% CI 60.0% to 74.6%, p<0.001) in a blinded study which enrolled 182 344 

intention-to-treat at-risk patients; and reported  sensitivities of 82 to 87% and specificities of 51 to 345 

88%, with AUCs ranging from 78.0% to 91.8% (95% CIs: 72.2% to 88.1%, 84.0% to 95.4%, p<0.001), 346 

exceeding clinical judgement in a second observational study which enrolled 125 subjects with 347 

diagnosed PUs and 50 healthy subjects. 11 It is noteworthy that despite the clinical rigour that is 348 

typically seen in formal clinical studies, results from implementing SEM assessment technology in 349 
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everyday PU prevention practice demonstrate a diagnostic utility that far exceeds standard clinical 350 

judgement in detecting anatomically specific early stage PUs.  351 

These data from daily bedside use of SEM assessment technology reported PU incidence reductions 352 

ranging from 26.7% to 90.5% in a variety of care settings. 10, 16, 27, 28, 29 These incidence reduction rates 353 

may stem from: first, the ‘diagnostic effect’ of SEM assessments technology- detecting more of the 354 

right at-risk patients, at a specific anatomy;  and, second, the ‘intervention effect’, namely early, 355 

anatomy-specific interventions being provided at a time when they are more effective in reversing 356 

pressure-induced damage. Moreover, these results were achieved with care practitioners chosing to 357 

implement additional interventions on one-third of at-risk patients – the diagnostic effect – where 358 

SEM values were elevated at specific anatomies. Collectively, these data suggest the need for a serious 359 

translational science discussion of an updated care pathway, where SEM assessments, adjunctive to 360 

risk assessment scales and clinical judgement, enable care practitioners to act on objective data, on 361 

the right patients, on at-risk anatomies. The value-based quality outcome of such a care pathway is a 362 

substantial, at scale, and sustainable reduction in broken skin PU incidence rates. These results are 363 

exciting, particularly in light of the fact that real-world care practitioners achieved these results using 364 

existing, readily available interventions and without needing any new staff.  365 

Limitations 366 

Missing data in routine clinical practice, for a variety of reasons, is an intrinsic limitation to collecting 367 

real world evidence. Where site administrators were not able to retrospectively gather data and, or a 368 

definitive action was not recorded, these data were conservatively classified as “no action”, including:  369 

• those indicating that the need for action was assessed but action could not actually be taken, 370 

such as "patient refused" etc.;  371 

• those indicating that although direct patient intervention was not currently possible, intention 372 

for action was recorded, such as "[equipment] on order"; 373 
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• those indicating that equipment is already in situ; 374 

• those indicating absence of equipment noted. 375 

These cases were not removed from the analysis. However, had they been removed, the predictive 376 

capability of the SEM assessment technology may have improved slightly. The effect would be 377 

expected to be marginal, as the majority of cases are can be unambigously classified as “action taken” 378 

or “no action taken”. 379 

The odds of an action in response to a risk assessment scale used were about 3 times higher (OR 6.0) 380 

than in response to a SEM assessment prompt (OR 1.99). However, data provided for this analysis 381 

captured nurse actions in response to using a risk assessment scale alone and not in response to the 382 

risk scores. This effect of using risk assessment scales must be considered in light of the fact that: (i) 383 

all patients included in this analysis were already at-risk of developing PUs;  (ii) risk assessment scales 384 

are wholebody assessments (not anatomy specific); and, (iii) nurse action in response to a high risk 385 

assessment score is defined as the standard of PU prevention and care. In contrast, SEM assessments 386 

are anatomy-specific and provide objective SEM Δ prompts for the left heel, right heel and the sacrum. 387 

Moreover, a PURP was implemented in all facilities with the primary objective of reducing PU 388 

incidence rates using SEM assessment technology as an adjunct, where previous standard care 389 

pathways and prevention protocols were not significantly effective. Implementing SEM assessments 390 

was the only singular change to the existing standard of care protocols.  391 

The multilevel model does not account for the “clustering” within patients; with multiple assessments 392 

being conducted on the same patients. While this is not expected to have any substantive effect on 393 

the analytical results, the repeated assessments of the same patients by clinical staff may be suggested 394 

as a possible reason for the generally low levels of response to either the SEM assessment technology 395 

prompt or skin reddening observation: staff may perceive that after initial action has been taken 396 

following the first instance of a prompt on a particular patient, multiple actions conducted on the 397 
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same patient are not necessary within a certain timeframe, regardless of subsequent prompt 398 

instances. 399 

Conclusion 400 

Resuts from this study align with those in existing literature in advancing the understanding of the 401 

clinical utility of SEM assessments in PU prevention.  When implemented daily, at the bedside, as an 402 

adjunct, SEM assessments enable objective and improved nurse practitioner clinical judgement with 403 

timely, targetted interventions. Healthcare professionals should now consider a translational 404 

approach, with a focus on clinical decision-making science to implementing this technology into 405 

everyday PU care pathways. 406 

 407 
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 492 

Key points 493 

 494 

SEM measures effectively discriminate between cases with and without skin reddening. 495 

High SEM delta readings are more effective prompts for nurse-led clinical interventions than skin 496 

reddening. 497 

The odds of nurse action when a prompt from the scanner was given were approximately double the 498 

odds of action when a prompt was not given; the odds of nurse action when skin reddening was 499 

observed were about 45% higher than the odds of action when reddening was not observed. 500 

Findings verify clinical utility of SEM informed clinical pathways and SEM Delta prompts for clinical 501 

action over and above existing protocols. 502 

 503 

Reflective questions 504 

Is early, anatomy specific detection of PUs via objective SEM assessments critical to PU prevention? 505 

Can SEM delta prompts be used as effective prompts for nurse action in the prevention of broken 506 

skin pressure ulcers? 507 
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When an objective SEM delta prompt is received, what is the likelihood of action?  508 

In everyday practice, are SEM assessments more effective in a call for targeted interventions than 509 

visual observation (reddening) of the skin? 510 

How well does SEM assessment technology discriminate between cases of patient skin reddening 511 

and non-skin reddening, in deep and early pressure induced damage? 512 

Does implementing SEM assessments into everyday care practice enable health care practitioners to 513 

rethink and update existing PU prevention pathways? 514 



Table 1: descriptive summary of sample 

Variable Frequency (valid %) 

Hospital (n=15,574) 
   Site 1 
   Site 2 
   Site 3 
   Site 4 
   Site 5 
   Site 6 
   Site 7 
   Site 8 
   Site 9 
   Site 10 
  Site 11 
   Site 12 
   Site 13 
   Site 14 
   Site 15 
   Site 16 
   Site 17    
   Site 18 
   Site 19 
   Site 20 
   Site 21 
   Site 22 
   Site 23 
   Site 24 

 
  576 (3.7%) 
  617 (4.0% 
  132 (0.8%) 
  550 (3.5%) 
    67 (0.4%) 
    98 (0.6%) 
    98 (0.6%) 
    91 (0.6%) 
  658 (4.2%) 
3270 (21.0%) 
  439 (2.8%) 
  385 (2.5%) 
  552 (3.5%) 
    61 (0.4%) 
  187 (1.2%) 
  557 (3.6%) 
  729 (4.7%) 
  508 (3.3%) 
  307 (2.0%) 
  289 (1.9%) 
  330 (2.1%) 
  381 (2.4%) 
2549 (16.4%) 
  161 (1.0%) 

Ward setting (n=15,574) 
   Category A 
   Category B 

 
9665 (62.1%) 
5909 (37.9%) 

Risk tool used (n=12,618) 
   Norton 
   Purpose T 
   Waterlow 
   Yes/No 

 
2097 (16.6%) 
  552 (4.4%) 
7987 (63.3%) 
1982 (15.7%) 

Risk score recorded where used (n=12,618) 

   Score recorded 
   No score recorded 

 
6444 (51.1%) 
6174 (48.9%) 

Valid scanner delta reading obtained (n=15,574) 
   At sacrum 
   At right heel 
   At left heel 

 
13,341 (85.7%) 
14,480 (93.0%) 
14,208 (91.2%) 

Definitive observation of skin reddening at one or more locations (n=15,375) 
   Reddening observed 
   No reddening observed 

 
   5172 (33.6%) 
10,203 (66.4%) 

Consequence of scanner readings at all locations (n=15,574) 
   Prompt for nurse action given 
   No prompt for nurse action given 

 
13,071 (83.9%) 
   2503 (16.1%) 

Consequence of prompt (n=15,574) 
   Action taken by nursing staff 
   No action taken by nursing staff 

 
   5494 (35.3%) 
10,080 (64.7%) 

Variable Mean (SD; range) 

Scanner delta reading 
   At sacrum (n=13,341) 
   At right heel (n=14,480) 
   At left heel (n=14,208) 

 
0.773 (1.30; 0-25) 
0.836 (1.14; 0-22) 
0.838 (1.18; 0-22) 

 

Table Click here to download Table Table 1.docx 



Table 2: outcome by prompt status (all cases) 

 Nurse action  No nurse action Total 

Prompt for action (SEM Δ≥0.6) 4,944 (90.0%, 37.8%)   8,127 (80.9%, 62.2%) 13,071 (83.9%, 100.0%) 

No prompt given (SEM Δ<0.6)    550 (10.0%, 22.0%)    1,953 (19.4%, 78.0%)   2,503 (16.1%, 100.0%)) 

Total 5,494 (100.0% , 35.3%) 10,080 (100.0%, 64.7%) 15,574 (100.0%, 100.0%) 

 

Table Click here to download Table Table 2.docx 



Table 3: outcome by prompt status (cases with no reddening) 

 Nurse action No nurse action Total 

Prompt for action (SEM Δ≥0.6) 2,829 (86.6%, 34.8%) 5,312 (76.6%, 65.2%)   8,141 (79.8%, 100.0%)  

No prompt given (SEM Δ<0.6)    436 (13.4%, 21.1%) 1,626 (23.4%, 78.9%)   2,062 (20.2%, 100.0%) 

Total 3,265 (100.0%, 32.0%) 6,938 (100.0%, 68.0%) 10,203 (100.0%, 100.0%) 

 

 

Table Click here to download Table Table 3.docx 



Table 4: parameters from multilevel multiple logistic regression model 

Variable p-value Odds ratio 95% CI for OR 

Prompt (SEM Δ≥0.6 (reference: no prompt given: SEM Δ<0.6) <0.001 1.99 (1.79, 2.23) 

Reddening (reference: no skin reddening observed) <0.001 1.45 (1.34, 1.57) 

Setting (reference: Type 1)   0.801 1.16 (0.38, 3.54) 

Risk Tool (reference: no tool used)   0.004 6.00 (1.80, 20.0) 

 

 

Table Click here to download Table Table 4.docx 



Table 5: parameters from multilevel multiple logistic regression model (skin reddening deleted) 

Variable p-value Odds ratio 95% CI for OR 

Prompt: SEM Δ≥0.6 (reference: no prompt given: SEM Δ<0.6) <0.001 2.10 (1.89, 2.34) 

Setting (reference: Type 1)   0.860 1.11 (0.36, 3.43) 

Risk Tool (reference: no tool used)   0.005 5.76 (1.71, 19.5) 

 

Table Click here to download Table Table 5.docx 



Table 6: scanner indications by skin reddening 

Anatomical location Prompt status Reddening No reddening Total 

Sacrum Prompt given (SEM Δ≥0.6) 1,990   4,698   6,688 

No prompt given (SEM Δ<0.6) 1,204   7,567   8,771 

Total 3,194 12,265 15,459 

Right heel Prompt given SEM Δ≥0.6) 2,468   6,656   9,124 

No prompt given  (SEM Δ<0.6)    838   5,483   6,321 

Total 3,306 12,139 15,445 

Left heel Prompt given  (SEM Δ≥0.6) 2,431   6,511   8,942 

No prompt given  (SEM Δ<0.6)    811   5,616   6,427 

Total 3,242 12,127 15,369 

 

 

Table Click here to download Table Table 6.docx 



Table 7: Sensitivity and specificity for reddening: scanner reading ≥0.6 

Anatomical location Sensitivity Specificity 

Sacrum 62.3% 61.7% 

Right heel 74.6% 45.2% 

Left heel 75.0% 46.3% 

 

Table Click here to download Table Table 7.docx 



Table 8: outcome by skin reddening (cases with no SEM delta prompt) 

 Nurse action No nurse action Total 

Reddening observed 114 (20.7%, 29.7%) 270 (14.2%, 70.3%) 384 ( 15.7%, 100.0%) 

No reddening observed 436 (79.3%, 21.1%) 1626 (85.8%, 78.9%) 2062 (84.3%, 100.0%) 

Total 550 (100.0%, 22.5%) 1896 (100.0%, 77.5%) 2446 (100.0%, 100.0%) 

 

 

Table Click here to download Table Table 8.docx 



Table 9: ROC parameters 
Anatomical location AUROC 95% CI for AUROC P-value1 

Sacrum 66.0% (64.9%, 67.1%) <0.001 

Right heel 62.5% (61.5%, 63.6%) <0.001 

Left heel 62.5% (61.5%, 63.6%) <0.001 
1Assessing the hypothesis that AUROC=0.5 

 

Table Click here to download Table Table 9.docx 



Figure 1: ROC curve for scan readings at the sacrum    

 

           

 

 

 

 

 

 

 

 

Sensitivity 62.3% 

Specificity 61.7% 
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Figure 2: ROC curve for scan readings at the right heel 
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Figure 3: ROC curve for scan readings at the left heel 
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