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Abstract

OBJECTIVES—To examine the relationship between a measure of subepidermal moisture 

(SEM) and visual skin assessment (VSA) of erythema and Stage 1 pressure ulcers (PUs) 

performed a week later in nursing home (NH) residents.

DESIGN—Descriptive, cohort study.

SETTING—Two NHs.

PARTICIPANTS—Thirty-five residents.

METHODS—Concurrent VSAs and SEM readings were obtained at the sacrum, right and left 

trochanters, buttocks, and ischial tuberosities weekly for 52 weeks. SEM was measured using a 

handheld dermal phase meter, with higher readings indicating greater SEM (range 0–999 dermal 

phase units [DPUs]). VSA was rated as normal, erythema/Stage 1 PU, or Stage 2+PU. SEM was 

modeled as a predictor of VSA of erythema and PUs 1 week later (controlling for clustering), with 

concurrent moisture, Braden Scale PU risk status, anatomic site, and ethnicity as covariates.

RESULTS—Participants had a mean age of 84.7, 83% were female, and 80% were non-Hispanic 

white. SEM measures were lowest for normal skin (97 ± 122 DPU), higher for erythema/Stage 1 

PUs (192 ± 188 DPU), and highest for Stage 21PUs (569 ± 320 DPU) across all sites (all P <.001). 
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SEM was responsive to changes in VSA, and higher SEM predicted greater likelihood of 

erythema/Stage 1 PU the next week (odds ratio = 1.26 for every 100-DPU increase in SEM, P = .

04).

CONCLUSION—SEM measures are associated with concurrent erythema and PUs and future (1 

week later) development of erythema/Stage 1 PUs. SEM may assist in predicting early PU 

damage, allowing for earlier intervention to prevent skin damage.
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Pressure ulcers (PUs) are a common occurrence in nursing home (NH) residents, the 

majority of which are Stage 1 and 2 ulcers, with annual incidence rates of 2.2% to 24% 

reported.1,2 Stage 1 PUs account for up to 47% of all PUs in older people,3,4 and it has been 

suggested that they are predictors of more-severe PU development. Recently, in a study of 

68 acute care patients and 115 long-term care residents with erythema or a Stage 1 PU 

identified, 14% deteriorated to more-severe ulcers (22% in acute care over 7 days and 9% in 

long-term care over 14 days).5 Other studies have shown that Stage 1 PUs deteriorate to 

more-severe ulcers, with proportions ranging from 26% (10/38) to 58% (11/19) in 

hospitalized and long-term care patients, respectively.6,7 Moreover, erythema has been 

shown to be a strong predictor of Stage 1 and 2 PUs, is stable over time, and occurs 

frequently in incontinent NH residents.8–10 Thus, detection of erythema and Stage 1 PUs is 

significant, because early intervention in these early-stage PUs may prevent deterioration to 

more-severe ulcers.

Early-stage PUs have also been suggested as an outcome measure of PU prevention care 

processes in NHs because they occur more frequently than Stage 3 and 4 PUs.1,8 However, 

detection and accurate identification of erythema and Stage 1 PUs with the standard method, 

visual skin assessment (VSA), is unreliable and often fails to detect skin color changes in 

darkly pigmented skin. In a recent prevalence study of acute care patients, Stage 1 PUs 

accounted for 48% of all ulcers in Caucasian patients but only 20% of all ulcers in African-

American patients.4 This difference in reported prevalence likely reflects difficulties in 

detecting early-stage PUs in darker skin.

Historically, a Stage 1 PU was defined as persistent redness or nonblanchable erythema of 

intact skin, and detection was accomplished using VSA.11 In 1998, the National Pressure 

Ulcer Advisory Panel revised the definition of a Stage 1 PU to include nonvisual 

characteristics independent of skin color to better encompass persons with darkly pigmented 

skin. The additional characteristics include skin temperature, skin consistency (hardness or 

boggy feel), and sensation (pain or itching).12

Despite the more comprehensive definition of Stage 1 PUs, researchers and clinicians 

continue to depend on VSA for detecting early PUs. The use of the original definition of 

Stage 1 PUs remains evident in studies published since 1998, and there have been minimal 

attempts to validate the revised definition.13–16 Noninvasive biophysical measures of skin 
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integrity that do not rely on skin color to detect erythema and Stage 1 PUs are few and have 

not been well studied.

Inflammation is the earliest sign of impending ulceration in PUs and diabetic foot 

ulcers.17,18 Inflammatory changes with resultant tissue edema can occur from 3 to 10 days 

before there is skin breakdown.18,19 In an example of a biophysical measure used to identify 

inflammation, one study found that persons with diabetes mellitus could evaluate surface 

skin temperature using a handheld infrared skin temperature probe to monitor for signs of 

impending ulceration.20 In a randomized, controlled trial of 85 patients with diabetes 

mellitus assigned to standard therapy or enhanced therapy using an infrared thermometer, 

the standard therapy group was 10.3 times as likely to develop a foot complication as 

patients using the handheld infrared thermometer to assess skin temperature and, if elevated, 

see a healthcare practitioner (95% confidence interval = 1.2–85.3). As another example, 

dermatologists have used tissue reflectance spectroscopy as a common noninvasive 

measurement of skin color changes before and after skin treatments in office or clinic 

settings.21

Subepidermal moisture (SEM) can be used to assess the epidermal barrier function of skin. 

SEM has been associated with maintaining a mature epidermis and is related to initial 

epidermal wounds.22,23 Surface electrical capacitance can be used to measure SEM and to 

evaluate reestablishment of an intact stratum corneum (the outermost layer of the skin) after 

injury with formation of the epidermal barrier as a function of hydration. The impedance of 

the skin to electrical forces is used to calculate surface electrical capacitance, which directly 

reflects the moisture in the epidermal tissues. Surface electrical capacitance has been used to 

quantify wound healing in burn patients and to examine the relationship between SEM and 

chronic wound healing in small case series.22,24–26 One study measured SEM at PU wound 

margins to assess periwound edema at four standardized sites in a small case study of six 

patients with spinal cord injury and chronic nonhealing Stage 3 or4PUs. The authors found 

higher SEM values at wound margins than at control sites. They suggested that periwound 

edema can be detected using SEM and that, as tissue edema decreases, the potential for 

healing increases.26 Nevertheless, no data exist comparing SEM measures with visual 

detection of erythema and Stage 1 PUs in NH residents.

The purpose of this study was to examine the relationship between SEM and direct VSA of 

erythema and Stage 1 PUs. The following research questions are addressed in this article: 

Does a relationship exist between SEM and visual detection of the presence of erythema/

Stage 1 PUs? Can SEM measures be used to predict the presence of or changes in erythema 

and Stage 1 PUs?

METHODS

Subjects and Setting

This study was conducted as part of a large randomized trial to improve nutrition in NH 

residents. Residents were recruited from one nonprofit and one proprietary NH in the Los 

Angeles area. Residents were eligible for the skin health study if they were participating in 

the larger nutrition trial. The University of California at Los Angeles Human Subject 
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Protection Committee approved the protocol. Research staff obtained written informed 

consent to participate in the current study from residents who were able to provide informed 

consent or from their designated representatives (in residents unable to provide consent) 

with assent obtained from the resident. Figure 1 shows the flow of participants for this study.

Medical Record Data

At baseline, research staff extracted medical and demographic information from all 

consented participants’ charts and their most recent Minimum Data Set (MDS) assessment. 

Medical records were reviewed monthly to identify changes in care.

Braden Scale Risk Assessment Scores

Research staff assessed participants’ risk for PU development each month using the Braden 

Scale. The Braden Scale comprises six subscales that conceptually reflect degrees of sensory 

perception, moisture, activity, mobility, nutrition, and friction and shear.27,28 All subscales 

are rated from 1 to 4 (4 = best, 1 = worst for subscale), except for friction and shear, which is 

rated from 1 to 3. The subscales may be summed for a total score, with a range from 6 to 23, 

with lower scores indicating lower function and higher risk for developing a PU. In older 

patients, cutoff scores of 17 or 18 have been shown to be predictors of risk status.28 In the 

current study, interrater agreements tested by comparing two raters’ total scores on 31 cases 

of observations resulted in a Pearson correlation of 0.90 (P < .001). Interrater agreements on 

being at risk (total score≤18) versus not being at risk (total score 19–23) in these 31 cases 

resulted in a kappa statistic of 0.69 (P <.001).

Skin Assessment

Trained registered nurses assessed skin health through direct, independent VSAs each week. 

Before the project, extensive training was provided in detecting skin conditions, particularly 

for Stage 1 PUs, because this condition may be transient and difficult to detect.5,12 PUs 

more severe than Stage 1 were staged using the National Pressure Ulcer Advisory Panel’s 

four-stage definition.29 Stage 1 PUs were determined by evaluation of erythema, blanching, 

and tissue resilience. Erythema was graded as minimal, moderate, or severe discoloration, 

with minimal defined as pinkness or slight redness of the skin, moderate as bright redness in 

lightly pigmented skin and purple in darkly pigmented skin, and severe as dark red to purple 

in lightly pigmented skin and black to blue-grey in darkly pigmented skin. Blanching was 

defined as blanchable versus nonblanchable based on palpation. Resilience was determined 

by palpation and defined as normal elasticity of the tissue; bogginess or decreased stiffness; 

and indurated, hard, or increased stiffness. Stage 1 PUs were defined as moderate or severe 

skin discoloration with nonblanching and any level of tissue resilience. Erythema was 

defined as moderate or severe skin discoloration with blanching or with tissue resilience that 

was boggy or indurated. For analysis, erythema and Stage 1 PU categories were combined. 

VSAs covered seven anatomic locations: the sacrum and the right and left trochanters, 

buttocks, and ischial tuberosities. The presence or absence of urine or fecal incontinence was 

also recorded.

Interrater agreement was tested by comparing two raters’ findings on 38 cases of 

observations for the identification of the presence of erythema, erythema severity, and PU 

Bates-Jensen et al. Page 4

J Am Geriatr Soc. Author manuscript; available in PMC 2017 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



stage. Interrater agreement for presence of erythema at the sacrum, right and left ischium, 

and buttocks resulted in kappas ranging from 0.73 to 1.00, and for severity of erythema 

(blanchable vs nonblanchable), kappas ranged from 0.74 to 0.93 for the same sites. Interrater 

agreement on PU stage was 1.00 on 10 PUs in the 38 cases of observations.

SEM Measures

Concurrent with the VSAs, SEM was measured weekly at each of the anatomic locations 

using the NOVA Petite dermal phase meter (NOVA Technology Corporation, 75 Congress 

St., Portsmouth, NH). This is a standard technique for measuring skin hydration and is used 

commonly in the medical and cosmetic industry.30,31 A small probe was used to take 

readings at each of the seven anatomic locations. Readings were taken by placing the probe 

on the skin surface for 5 seconds, after which the impedance value of the skin was displayed 

in dermal phase units (DPUs). The DPU is an arbitrary relative value, and readings range 

from 0 to 999, with higher readings indicating higher SEM. SEM readings were taken 

immediately after a subject’s diaper or clothing was removed and before the VSAs were 

completed. Observers conducted the SEM measures and the VSAs but were blinded to the 

purpose of using the dermal phase meter. Three readings with the dermal phase meter were 

taken at each anatomic site. The three readings were highly correlated (correlation 

coefficient (r) = 0.90); thus, data from the third reading were used in the analysis. The third 

reading was used because of simultaneous skin surface temperature data collection, which 

requires longer probe placement for accuracy and is not relevant to this report. Interrater 

reliability was r = 0.63 for all sites. When urinary or fecal incontinence was present, the 

measure was taken after incontinence care was provided (e.g., the skin cleansed and patted 

dry). The impedance measure is independent of ambient temperature and humidity in the 

room, making it ideal for use in a NH environment.

Statistical Analysis

To assess the relationship between VSA and SEM, techniques were used that allowed for 

repeated measures, because an observation was defined according to week and anatomic 

location. The number of weeks when VSAs and SEM measures could be collected varied 

according to resident, with 28 residents having 44 or more weeks of data, two having 20 to 

30 weeks of data, two having 10 to 15 weeks of data, and two having less than 10 weeks of 

data. Of the participants with long observation periods, only one had no visible skin damage 

at any site for the duration of the study. In all analyses, the VSA data for erythema (e.g., 

moderate or severe discoloration, blanchable, or with tissue resilience boggy or indurated) 

was combined with Stage 1 PU (e.g., moderate or severe, nonblanchable, and any level 

tissue resilience) data. Thus, erythema/Stage 1 data include all visual assessments of 

moderate or severe discoloration that were blanchable or nonblanchable with any level of 

tissue resilience.

Separate repeated measures analyses of variance (ANOVAs) for each anatomic location were 

used to determine whether mean moisture value varied according to VSA, followed by 

pairwise post hoc comparisons. A repeated-measures ANOVA with pairwise post hoc 

comparisons was also used to determine whether SEM measures were responsive to weekly 

changes in visual skin condition. Change scores for SEM measures for each week were 
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calculated, and visual skin condition changes were rated in one of three patterns of skin 

change. The skin change patterns were rated as no change, any level of skin damage to the 

same level of skin damage (e.g., no damage to no damage); deterioration, any level of skin 

damage to more severe skin damage (e.g., no damage to erythema/Stage 1 PU); and 

improvement, any level of skin damage to less-severe skin damage (e.g., erythema/Stage 1 

PU to no damage).

To determine whether increasing SEM was an indicator of subsequent skin damage, first 

observations were selected in which no Stage 2+PU damage was noted according to visual 

assessment and for which no incontinence was observed. Then, proportional odds models 

using generalized ordered logistic modeling (Stata 9, StataCorp, College Station, TX) were 

used to determine whether SEM measures predicted occurrence of skin damage 1 week later, 

controlling for within-subject clustering. Skin damage was an ordered outcome of none, 

erythema/Stage 1 PU, or Stage 2+PU. Covariates were Braden Pressure Sore Risk 

Assessment Scale score (e.g., at-risk scores of 0–18 and no-risk scores of ≥19), SEM 

readings concurrent with visual assessment, and ethnicity. An odds ratio (OR) was 

calculated for a 100-unit change in DPU reading, because 1-unit changes in DPU readings 

were too small to be of clinical use. The OR for 100-unit change in DPU reading was 

calculated using the following formula: exp(100 × β1 SEM 1 wk earlier +0 × β2 concurrent 

SEM+0 × β3 Braden Score risk status+0 × β4 ethnicity).

RESULTS

Skin health and SEM measures were obtained from 35 participants and are reported in this 

article. Table 1 presents demographic, medical, and functional characteristics of the 

participants for the variables most relevant to this study. The participants were 

predominantly non-Hispanic white (80%) females (83%) who were cognitively impaired 

(mean MDS recall score ± standard deviation 2.14 ± 1.15), functionally impaired (mean 

MDS bed mobility score 2.34 ± 3.43), and at risk for PU development (mean Braden PU 

Risk Score 16.54 ± 3.63). A total of 28 incident Stage 2+PUs developed in 16 subjects over 

the 52 weeks for a yearly incidence rate of 46% in this sample of at-risk subjects.

Table 2 shows SEM measures for each anatomic location according to VSA outcome. There 

were significant differences between SEM measures and VSA outcomes, with a clear 

relationship showing higher concurrent SEM measures with greater skin damage. For all 

sites combined, mean SEM was 97 ± 122 for normal skin, 192 ± 188 for erythema/Stage 1, 

and 569 ± 320 for Stage 2+PUs. Pairwise post hoc differences were significant between all 

skin condition categories (normal—erythema/Stage 1 PU; normal—Stage 2+PU; and 

erythema/Stage 1 PU—Stage 2+PU; all P <.001). This relationship existed across all 

anatomic sites and in observations with and without incontinence present. Consistent with 

these findings, the upper ends of the distributions of SEM scores, as indicated by 

comparison of median and 75th percentile values, differentiated across skin categories more 

than the lower ends of the distribution. Graphically, this is presented in Figure 2, with the 

cumulative percentage of observations plotted according to VSA. Although SEM values 

ranged across the distribution for all three types of VSAs, SEM increased as skin damage 

severity increased. For observations with no skin damage, approximately 50% of the 
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observations had SEM values of 50 DPU or less, compared with SEM values of 

approximately 150 DPU for erythema/Stage 1 and 750 DPU for Stage 2 or more.

SEM measures were responsive to changes observed visually in skin condition from week to 

week. SEM change scores were lower for those with a visual skin change pattern of no 

change in level of skin damage than for those with patterns of deterioration and 

improvement (mean change in SEM: no change 16.14 ± 149.87, deteriorated 98.32 

± 232.14, improved − 33.47 ± 230.42). All pairwise post hoc differences were significant for 

sacral and right buttock sites (all P <.05, except no change vs deteriorated for right buttock).

To determine whether SEM predicted skin damage 1 week later, proportional odds models 

were evaluated using sacral and buttocks SEM data collected at timepoints when there was 

no evidence of Stage 2+PU skin damage according to visual assessment, controlling for 

clustering of data within subjects. Other skin locations (trochanters and ischial tuberosities) 

were not used in the model because of low incidence of skin damage at these sites. SEM 

values predicted the incidence of erythema/Stage 1 PU damage identified 1 week later 

(Table 3; OR = 1.26 per 100 DPU), adjusting for concurrent SEM. The OR for SEM 

prediction of erythema/Stage 1 damage deteriorating to Stage 2+PUs was similar but not 

statistically significant, perhaps because of the small number of observations that progressed 

to Stage 2+PUs. Analyses were also performed adjusting for known risk factors (Braden 

Scale total scores 1–18 vs ≥19) and ethnicity (non-Hispanic white vs other). When only risk 

status or ethnicity was added alone to the model, results were similar to the unadjusted 

model (data not shown), with risk (at risk) or ethnicity (other) significantly related to 

subsequent skin damage. When both were added to the model, results were similar, but SEM 

was no longer significant (Table 3).

DISCUSSION

In this sample of NH residents, it was found that higher SEM was associated with concurrent 

and incident (1 week later) skin damage. The concurrent SEM measures were associated 

with level of skin damage across all anatomic locations, with and without incontinence. The 

SEM measure was responsive to changes in VSA, with SEM measures increasing 

significantly as visual skin damage increased, remaining stable with no skin change, and 

decreasing as existing skin damage improved. This supports earlier case studies of SEM and 

wound healing. One study used SEM measures to compare healing of split-thickness 

autografts with healing of cultured skin substitutes in five patients with paired site 

comparisons. It showed that SEM values decreased as sites healed and epidermis matured.25 

SEM values approached values for uninjured skin by 12 days.25 Similarly, the current study 

found decreases in SEM values associated with skin damage improvement.

It was found that SEM measures predicted erythema and Stage 1 PU skin damage visible 1 

week later at the sacrum and buttocks locations. The SEM values measured using the dermal 

phase meter were higher when there was no visible skin damage at the time but skin damage 

(e.g., erythema/Stage 1 PU or Stage 2+PU) developed and was visible on the skin the next 

week. The OR per 100-unit change in DPU of 1.26 indicated that the values obtained using 

the dermal phase meter predicted 26% of the erythema/Stage 1 PUs that developed and were 
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visible on the skin the following week in the study sample. The SEM device can be used for 

multiple patients and is a small, durable handheld unit the size of a personal digital assistant 

(PDA), with a 6″ by 1″ wand attached by a cord that fits in a laboratory coat pocket and 

displays the SEM value immediately after a light, 5-second skin touch. As such, if the 

findings from this study are replicated in a larger sample in which it is possible to determine 

more-specific cutpoints, the device would be practical and applicable for clinical settings, 

much like a blood glucose monitor. The ability to detect PUs before visible skin damage 

would allow for earlier initiation of prevention interventions such as scheduled 

repositioning, use of pressure reduction support surfaces, and skin protection with topical 

preparations.

There are several limitations of the study. First, although ethnicity was a strong predictor in 

the model, it was not possible to evaluate SEM and early skin damage in persons with darkly 

pigmented skin because of the small number of subjects with darkly pigmented skin. Others 

have reported differences in detection of early skin damage in persons with darkly 

pigmented skin.4,32,33 Second, ulcers on the heels, ischium, or trochanters were not 

evaluated because of infrequent occurrence of skin damage or (for ischium) potential 

confounding by incontinence at these sites in this NH sample. Finally, this was a small 

sample, yet the intervention was time intensive because of the frequency of the skin 

assessments performed (weekly) for 1 year. These findings need to be replicated in a larger 

sample.

The study of SEM in PU development is new, and factors influencing variability in 

measurement are still emerging, which may obscure differences in SEM changes that 

indicate the early stages of skin damage. However, even when other single factors in the 

model were controlled for, SEM remained a significant predictor of skin damage. 

Translating SEM values into clinically meaningful indicators shows promise, even with the 

wide distributions of measures seen. The cumulative distribution frequency showed that 

SEM demonstrates increased differentiation between skin health categories at higher values 

and less differentiation between skin health categories at lower values. It may be that 

persons are being identified as positive for erythema/Stage 1 development who do not 

develop damage because of the variability in the SEM measures. However, the measure 

identifies those who may benefit from early aggressive intervention as opposed to missing 

them. SEM values may be useful to monitor for impending skin damage and as a future 

method of targeting prevention interventions.
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Figure 1. 
Flow of participants through the study. Of the 35 (40% consent rate) consented subjects, 28 

completed the 52 weeks of the study, two withdrew, and five died.
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Figure 2. 
Cumulative distribution of subepidermal moisture (SEM) is provided for each of three levels 

of visual skin assessment (VSA): no skin damage, mild skin damage (erythema or Stage 1 

pressure ulcer), and more-severe skin damage (Stage 2+pressure ulcer). When evaluated at 

the 50% level for cumulative frequency according to VSA, SEM values are lowest when no 

skin damage is observed, followed by higher values for mild damage and highest values for 

severe damage.
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Table 1

Characteristics of Study Participants (N = 35)

Characteristic Value

Female, % 82.8

Non-Hispanic white, % 80

Age, mean ± SD 84.7 ±11.1

Length of stay, months, mean ± SD 29.2 ± 29.6

MDS Bed Mobility Score (range 0–4), mean ± SD* 2.3 ± 3.4

MDS Transfer self-performance = total dependence, % 71

MDS Recall Score (range 0–4), mean ± SD† 2.1 ± 1.2

Braden PU risk score (range 0–23), mean ± SD‡ 16.5 ± 3.6

MDS PU Resident Assessment Protocol initiated at baseline, % 74.2

*
0 = independent and 4 = total dependence.

†
0 = no recall to 4 = answers four memory questions correctly.

‡
19–23 = no risk, < 18 = at risk.

MDS = Minimum Data Set; PU = pressure ulcer; SD = standard deviation.
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Table 3

Predicted Skin Damage 1 Week Later Using Subepidermal Moisture (SEM) Measures with Models 

Unadjusted and Adjusted for Ethnicity and Risk

Independent Variable

Subsequent Visual Skin Assessment (1 Week Later)

Unadjusted Model Adjusted Model

None Versus 
Erythema/Stage 1 PU

None or Erythema/
Stage 1 PU Versus 

Stage 2+PU

None Versus 
Erythema/Stage 1 PU

None or Erythema/
Stage 1 PU Versus 

Stage 2+PU

OR (99% Confidence Interval)

SEM 1.003 (0.999–1.005)* 1.003 (0.998–1.007) 1.002 (0.999–1.005) 1.002 (0.996–1.008)

Subsequent SEM (1 week later) 1.005 (1.003–1.007)* 1.008 (1.005–1.011)* 1.004 (1.003–1.006)* 1.008 (1.004–1.012)*

Anatomic location (reference = 
sacral)

Left buttock 0.353 (0.159–0.785)* (0.235 0.008–6.594) 0.323 (0.145–0.719)* 0.240 (0.009–6.668)

Right buttock 0.867 (0.421–1.785) 2.224 (0.252–19.638) 0.798 (0.373–1.709) 1.916 (0.203–18.060)

Non-Hispanic white ethnicity 3.851 (1.254–11.831)* 1.241 (0.100—15.387)

At risk for pressure ulcers 
(Braden score≤18)

2.322 (0.750–7.187) 6.775 (0.635–72.258)*

100-unit change in the SEM 
measure

1.256 1.216

*
P ≤.05; Proportional odds models using generalized logistic regression. Odds ratios (ORs) reflect a 1-unit change in the SEM measure. Excludes 

observations with incontinence or Stage 2 + pressure ulcer (PU) present during initial SEM measure.
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